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Corn stem moth (Ostrinia nubilalis Hbn.) is one of the most economically important pests of corn crops now. It’s the reason of the loss of 4–25 % of the crop according to different published sources. The seed producers are advised to use resistant against stem moth of corn hybrids. Resistance involves an assessment of the hybrids toughness to the stems breakage (direct losses) and to the reduction of productivity (hidden losses). Resistance of modern hybrids to the stems breakage is high enough, so in 2015–2016, on the territory of Central Ukraine studies have been conducted concerning the reduction of productivity of corn plants damaged by caterpillars of the stem moth. The research was conducted on commercial corn crops in Poltava region. The population of stem moth was on the 18,6–56 % of crops, and yield losses from stem moth  damage was 4,9–19,2 kg/ha.
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Statement of the problem. The annual production of corn in the world is up to 1 billion tones per year, making it one of the main cereal crops along with wheat and rice. Improving efficiency and obtaining more harvest per unit area is a key issue in the production of corn. Producers try to sow high-yielding and pest-resistant hybrids. Stem moth remains one of the main pests of corn and is causing annual losses in yield of corn from 4 to 25 %. The caterpillars damage the stalks and corn cobs complicating metabolic processes in the plant. This is subsequently affects productivity. In addition, the lesions of Fusarium and molds are formed in areas of larval feeding and degrade the quality of the products.
The difficulties of the fight against stem moth and as a consequence the annual harvest shortfalls due to the following reasons:

· The hidden way of life of this insect (night active of butterflies, development of caterpillars inside the stems and cobs that is why the pest is hard to find on the plant without proper experience). Often loss of harvest and the true number of pests seen too late when protective actions have no meaning.

· Difficulty of protective actions (fight against stem moth should be carried out when the height of corn plants can't use most of the ground equipment for the processing).

· Prolongation (throughout 1 month) the timing of egg-laying by the stem moth.

In connection with these reasons stem moth annually causes yield losses and combating it remains an important problem in the cultivation of corn.
Analysis of the main achievements and publications regarding a problem. The increase in acreage was the reason for the increase in numbers of many corn pests. 190 insect species (22 of which are the most prevalent and malicious) damage the corn on the territory of Ukraine. Stem moth (Ostrinia nubilalis Hbn.) is the most dangerous in the zone of Forest-Steppe and Steppe. Caterpillars inhabit up to 11–14 % cobs and 22–28 % corn stalks [1], which is the reason for the loss of 12–15 % of the grain harvest and 25 % or more in favorable years for pest development [2].

Weather conditions affect the number of stem moth. Therefore the population density by year varies significantly [3]. Precipitation and increased temperature contribute to the rapid development and accumulation of pest, and, on the contrary, the lack of rainfall and low temperature restraining it. Terms are favorable when the average daily temperature in June and July is above 20 °C, and rainfall during this period more than 200 mm. Stem moth deals the greatest damage to corn in Ukraine in Chernivtsi, Vinnytsia, Cherkasy, Poltava, Kirovohrad and Kharkiv regions [1].

Stem moth in Poltava region usually develops in one generation. Second generation point out sometimes in the southern areas, however optional. However the impact of the second generation on the harmfulness is insignificant [2]. Moths are able to travel tens of kilometers in search of places to lay their eggs, but more of them prefer to lay eggs near their hatching [4]. Flying period of stem moth prolonged from the first decade of June to the second decade of August. Its peak is from the first to the twentieth of July. The duration of the oviposition is from the twentieth of June to the twentieth of August [2]. Mortality of caterpillars in the early stages of its development (the first and second ages) is very high. Mortality rate is up to 75 % on the favourable for the developments lines and hybrids, and up to 95 % or more on the resistant to moth hybrids.

The harmfulness of stem moth caterpillars depends on the corn development phase. Damage is applied the greatest harm in the period from the start of ejection of panicles to the phase of formation of the grain. In the phase of maximum close corn to ripening the effect of damage on plant productivity is smaller [5]. Caterpillars of fifth age inflicted the greatest harm. They bite into the stem in the lower and middle part, damage the stem of the cob and the cob.
Yield losses caused by stem moth is divided into: 

1) visible (stems brittle and breaking off the cobs) which cause losses in yield during mechanical harvesting;
2) hidden (when the activity of the caterpillar inside the stem causes reduced grain weight and yield of certified seeds);
3) direct (losses are the reason for the activity of the caterpillar inside the stem);
4) indirect (harm occurs as a consequence of the activities of bacteria and fungi which penetrate the plant through the holes and damage done by the caterpillars).
Analysis of hidden losses in the areas of development of one generation stem moth is particularly relevant. This is due to the prolixity of the flying period of stem moth and laying them eggs in various phases of plants development. Therefore resistant against damage to the leaves hybrids are able to withstand the damage of the caterpillars of the stem moth only at a certain stage [5].

The purpose of the research is determination of biological and economic harmfulness of the corn stem moth (Ostrinia nubilalis Hbn.) in the conditions of Forest-Steppe zone of Poltava region in the commercial cultivation of corn.

Materials and methods of research. Field studies were conducted on the territory of Kotel’va area Poltava region in 2015–2016. Account of stems and ears of corn damage did in the second half of September before the harvesting in the three farms. As the basis we taken the technique of V. A. Schepetil’nikova (1968) [6]. 
We were examined for 150 plants (50 plants in three replicates) on each field. We were conducted the count in 
10–15 meters from the edge of the field. Each study consisted of 10 samples from 5 plants in different areas of the same study. We selected 10 cobs from damaged and undamaged plant in process of plants inspection in each study.
We carried out the determination of the mass of grains damaged and undamaged corn cobs by weighing with a conversion using the Dual formula on 14 % moisture for each study separately. We measured humidity by hygrometer Wilе 55. 

The results of the research. Modern corn hybrids are very strong that makes the stems of plants resistant to lodging in case of damage by the stem moth. Just the lodging of damaged stems is the main apparent reason for the loss of corn grain during harvesting. We focused on identifying the hidden losses of the corn harvest in our studies.
Manufacturers of corn seeds doesn’t always indicate the stability of the proposed hybrids to defeat by stem corn moth when characterize of its hybrids. For example, the description of corn hybrid of «Pioneer»® indicated the tolerance to damage by the stem corn moth of certain hybrids and for some recommended chemical or biological control of stem corn moth population. But the «Monsanto» ® doesn’t provide such data from 2016, although early in the descriptions of the hybrids was indicated high resistance to lodging corn stalks in case of damage by the pest.
Tolerance is the complex of plants defense mechanisms that enable to maintain satisfactory yields and product quality affected by the pest. There is another definition: «Tolerance is the ability of cultivar to give higher yields at equal defeat with other varieties» (Buddenhagen, 1984). Term «tolerance» indicates that significant yield losses do not occur after damage these hybrids stem corn moth. Only company «Pioneer» ® pointed to the need for chemical or biological control of stem corn moth in the description of the hybrids, which were investigated in 2015–2016. In the hybrids description of company «Monsanto» ® any data on the resistance of hybrids to lodging after the damaged stems of corn moth are absent. Our researches have shown damage and their number in the commercial cultivation of corn (Table 1). 
Table 1. Damage by the stem corn moth of different corn hybrids
 (Poltava region, Kotel’va area, 2015–2016)

	The name of the hybrid
	Ripeness group/days of growing period
	Average damage, %

	DКS 3795
	medium-early / 250
	38

	PR39D81
	medium-early / 260
	56

	PR39B76
	medium-early / 280
	28,7

	DКS 3705
	medium-ripe / 300
	33,3

	DКS 4014
	medium-ripe / 310
	24

	DКS 3511
	medium-ripe / 330
	33,3

	DКS 4964
	medium-ripe / 380
	22,6

	PR37N01
	medium-ripe / 390
	18,6



Mid-season corn hybrids were the most damaged by the stem corn moth. The average index of their population was 40,9 %, compared to the mid-season – 26,4 %.

The next step of our research was to determine the effect of the stem corn moth caterpillar on hidden losses of the corn harvest. Table 2 shows how much lower the corn harvest depending on the damaged plant by the stem corn moth.
Table 2. The effect of stem corn moth on the corn grain yield  

(Poltava region, Kotel’va area, 2015–2016)

	The name 
of the hybrid
	Damage
	The weight of cobs of 100 plants, kg
	Weight in conversion to 14 % moisture, kg
	Yield losses,
centners/ha

	DКS 3795
	Undamaged
	15,1
	15,0
	10,1

	
	Damaged
	11,2
	11,2
	

	PR39D81
	Undamaged
	21,13
	20,4
	19,2

	
	Damaged
	15,7
	15,5
	

	PR39B76
	Undamaged
	16,37
	16,46
	5,9

	
	Damaged
	13,43
	13,52
	

	DКS 3705
	Undamaged
	16,7
	16,6
	12,9

	
	Damaged
	11,04
	11,0
	

	DКS 4014
	Undamaged
	19,95
	19,61
	6,3

	
	Damaged
	15,78
	15,84
	

	DКS 3511
	Undamaged
	23,1
	22,1
	13,8

	
	Damaged
	16,4
	16,1
	

	DКS 4964
	Undamaged
	18,49
	17,50
	5,1

	
	Damaged
	14,57
	14,28
	

	PR37N01
	Undamaged
	18,82
	18,50
	4,9

	
	Damaged
	14,85
	14,73
	


The table shows that hidden losses (constituting the difference between the weight of cobs damaged and undamaged by caterpillars of the stem corn moth) ranged from 3,8 to 13,5 %. In terms of hectares, this is the reason of harvest loss in 490–1920 kg/ha.
The economic damage which is a consequence of hidden losses from damage of corn by the stem corn moth is presented in Table 3.
Table 3. Hidden losses  from damage of corn by the stem corn moth
(Poltava region, Kotel’va area, 2015–2016)
	The name 
of the hybrid
	Damage, %
	Yield losses,
centners (hundred weights)/ha
	The cost of 1 ton 
of corn
	The cost of harvest losses, UAH/ha

	DКS 3795
	38
	10,1
	4000
	4040

	PR39D81
	56
	19,2
	4000
	7680

	PR39B76
	28,7
	5,9
	4000
	2360

	DКS 3705
	33,3
	12,9
	4000
	5160

	DКS 4014
	24
	6,3
	4000
	2520

	DКS 3511
	33,3
	13,8
	4000
	5520

	DКS 4964
	22,6
	5,1
	4000
	2040

	PR37N01
	18,6
	4,9
	4000
	1960


The price of corn grain today is in the range of 4000 UAH. We want to note also more higher infection of plants by stem corn moth were noted in some farms of Kotel’va area in the commercial monoculture cultivation  of corn hybrids DKC 4608, DKC 4964, KWS 381, PR37Y12, KWS Commandos. On some fields stem corn moth damaged up to 96 % of corn plants.

The data obtained indicated insufficient attention of farmers to this pest, which is the reason for annual significant harvest losses of corn.

Conclusion. Production of resistant to lodging from stem corn moth corn hybrids solved the problem of direct harvest losses, on the one hand. But at the same time, it diverted the attention of the farmers from hidden losses which are the consequence of life of the stem corn moth caterpillars inside the stem. Caterpillars settled on average 40,9 % of the plants on the medium-early hybrids and 26,4 % on the medium-ripe. As a result, the activity of caterpillars inside the stems led to loss 3,8–13,5 % of corn grain yield. In quantitative terms, this is 4,9–19,2 kg/ha, and in value it’s 1960–7680 UAH/ha.
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