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INTRODUCTION

The objectives of this study were:

i) to determine an affection of the winter wheat by a complex of pest insects,

ii) to draw a conclusion about resistance of the crop to these pests,

iii) to propose the ways of enhancing of the resistance (if needed) and keeping its durability in conditions of the central part of the Forest-Steppe zone of Ukraine. 

The suggestions as to the above items were done taking into account winter wheat resistance to other pest organisms and all the complex of demands to this crop. The study embraced eight groups of pest insects revealed in perceptible density in the study area, namely: 1. Cereal flies in fall (the Hessian fly, Mayetiola destructor Say, the frit fly, Oscinela frit L.), 2. Sucking insects in fall (the green bug, Schizaphis graminum Rond., the leaf-hoppers, Macrosteles laevis Rib. and others related species of the leaf-hoppers), 3. Cereal flies in spring (the Hessian fly, the frit fly, the opomiza fly, Opomiza florum F.), 4. Sucking insects in spring and summer ( the cereal aphid, Sitobion avenae Fabr., the wheat thrips, Haplothrips tritici Kurdyumov ), 5. Leaf-eating insects (the cereal leaf beetles, Oulema melanopus L., O. lichensis Voet.), 6. Stem insect pests in summer (summer generations of the Hessian fly, the stem saw-flies, Cephus pigmaeus L., Trachelus tabidus F.), 7. Root-eating insect pests (the wire-worms - larvae of the click-beetles, Elateridae spp.; grubs of the cockchafer, Melolontha melolontha L., M. hippocastani F.; grubs of the cereal spike beetles, Anisoplia spp. and grubs of other Coleoptera ), 8. The cereal spike beetles (Anisoplia austriaca Hrbst., A. segetum Hrbst., A. agricola Hrbst.). 

MATERIALS AND METHODS

The study was conducted in 1986-2001 mainly in The V.M.Remeslo Myronivka Institute of Wheat of UAAS (MIW), in Bila Tserkva Research Breeding Station of UAAS (BTRBS), and Institute of Agriculture of UAAS. Two former institutions were situated in southern part of the Kyiv Region, Institute of Agriculture was in the central part of the Region. In MIW, the study embraced the nurseries on the conventional breeding process: a successive row - crossing and hybrid (F1,F2,F3), breeding (F4), a check, a preliminary test, a competitive strain test, as well as such the nurseries: a collection, an ecological test and a seed reproduction. In BTRBS, it was studied the effect of various cultural practices on affection of the winter wheat by pest insects (the effect of the practices on the resistance). Here, in the study's period, it was being conducted the long-term test as to the effect on grain yield of the only variety (Veselka) of divers regimes of cultural practices - a soil treatment with various intensity (surface loosing, tillage on a depth from 10 cm to 30 cm), several forecrops in a crop rotation system, fertilization with the rate from zero to four-fold. Breeding nurseries in the station were evaluated also. 

In Institute of Agriculture of UAAS in 1986, it was recorded density of insect pest in various nurseries of the winter wheat. 

With the aim to study durability of the resistance in extreme conditions, it was used a plot with increased loading by pest organisms (PILPO), where selected breeding entries were sown at deviation with norms of cultural practices. This plot was situated in fields of MIW, and the studies were conducted over a number of years.

 Some observations were done in fields of wheat growers.

 In all the above situations, insecticides with the aim of control of winter wheat pest insects were not being used.

The resistance of plants to pest insects can be evaluated by means of registration of the following phenomena: 

i) density of pest insects on these plants, 

ii)  negative effect of the pests on the plants,

iii) degree of expression of plant's traits that serve as factors of the resistance (they are called "marker traits of the resistance").

 In this study, it was used all the above three methods of resistance evaluation. The need to use all these methods was determined by the following circumstances. Although a density of a pest insect species, it seems, gives the most reliable data, due to various level of plant's tolerance, an effect of pests on wheat’s entries can be very different at the same density of a pest species. Therefore, a value of the negative effect can be a useful index of the resistance. In both these methods, the conclusion as to the resistance was drown by comparing of the registered indices with a definite value in every concrete case, which served as an economic threshold of damage (ETD).

Further, density of many insect herbivore species undergoes potent fluctuations in time. Population dynamics of these insects can be subdivided roughly on two stages - outbreak and innocuous (depression) ones. Because over the study period, the density of most the pest's insects groups stayed below ETD in spite of the complete lack of temporary suppressive measures, there were the grounds to suppose that the situation under the study was characteristic for the innocuous stage. Therefore, the usage of the marker traits of the resistance it seemed to be useful for evaluation of the resistance in the case of outbreaks of insect pests. It was possible to develop the marker traits for the pest's groups 4 and 6. In so doing, it was recorded within an entry a level of expression of a trait, which had been adopted by the author as a factor of resistance against a given pest's insect group. On the ground of the level of expression, it was drown a conclusion as to resistance of an entry. 

With the aim to differ the data obtained by the above-mentioned methods of the evaluation, let it be "the current resistance" if it was evaluated by registration of pest's density and pest's negative effect, whereas "the potential resistance" was evaluated by means of usage of the marker traits. 

In the literature on crop resistance to pest insects, the most dubious point is a ETD. In some publications, the idea of ETD was not used at all. Instead of it, the rating scales with numeric scores reflecting various levels of the resistance were proposed (Shapiro, 1978a; Shapiro, 1978b; Zagovora, 1980). These publications often did not give legible recommendations as to the level of the resistance, which was admissible at selection of evaluating plants. In other cases, as ETDs it served the definite numbers of cereal flies caught by 100 sweep-net wages (Tansky, 1988, p.166). This operation was unsuitable for a breeding process, where a plot occupied by an entry usually too small to make 100 wages by a sweep net. Sometimes, the recommendations as to ETD were obviously wrong as it was in V.P.Omelyuta et al. (1986, p 86.), where 5-10% level of affection of wheat plants or tillers was served as ETD for the Hessian fly. Although the affection up to 30% of wheat plantlets with the Hessian fly at proper cultural practices did not decrease yield (Znamensky, 1926, p. 221). 

 Taking into account the above difficulties, it was developed some modifications of the evaluation methods and correspondent values of ETD. 

At evaluation of the resistance to the pests of groups 1 and 3, it was used the principle proposed by A.V.Zagovora and E.D.Pashchenko (1980, p. 33). In so doing, the level of resistance was indicated by comparing the number of tillers survived after attacks by the Hessian fly with the number of ones, which necessary for desirable yielding. Instead of the rating scale with four numeric scores of this publication, it was used two categories -"resistant" if the number of survived tillers was sufficient for obtaining high grain yield, and "susceptible" - in the opposite case. 

As to the pest's group 1(cereal flies in fall), ETD was the ratio of healthy tillers to affected ones by cereal flies 2:1 at the end of vegetation (the second part of October). This is because at affection of plantlets of the winter wheat in fall with the cereal flies, the presence of two healthy tillers allows to a plantlet to survive and develop normally in the next season. Winter wheat plantlets with one tiller, when attacking by the Hessian fly, died in 83.7% cases, whereas the plantlets having three tillers or more at affecting one of them survived as intact ones (Susidko, 1969, p. 26). It seems, the ratio 2:1 of healthy to affected tillers is valid as a ETD in the pest's group 1.

 For the pest's group 3 (the cereal flies in spring), ETD was the presence no less than four tillers per plantlet in the beginning of the booting stage. This is so because in the booting stage, wheat tillers get inaccessible for affection by the cereal flies. Such a suggestion is based on the fact that the cereal flies do not infest tillers with 2-3 leaves, i.e. in the beginning of the booting stage (Kryshtal, 1959, p. 214). V.F. Samersov (1988) also noted the importance of this point. Further, the number four tillers per plantlet in this stage is sufficient for forming of optimal density of a stem stand (Remeslo, 1977, p. 84).

 In the pest's group 5 (leaf-eating insects), as ETD it was used the damage equaled 50% of a flag leaf surface. In so doing, it was used the fact that this value of affection did not decrease grain yield of the wheat (Guslits and Zubkov, 1980).

As to the pest's group 6 (the stem insect pests in summer), the recommendations for the stem saw-flies (Tansky, 1988, p. 167) were unpractical - 40-50 imagoes on 100 sweep-net wages, and ETD for summer generations of the Hessian fly was not proposed at all. Therefore, as ETD for the group 6, it was used the number of deformed by insects of this group wheat stems equaled 5%.

For the pest's group 7 (the root-eating insect pests), it was not found in literature values of ETD. In this report, 5% mortality level of plantlets was settled as ETD. 

In the pest's group 2 (sucking insects in fall), density of the insects in the second part of October was compared with ETD equaled 400-1000 individuals of the green bug and 150 leaf-hoppers per square meter. These values were recommended by V.P.Vasyl'yev and M.P. Lisovyi (1993, pp. 55 and 108). 

The resistance to the pest's groups (4 and 8) was evaluated as V.I.Tansky (1988, pp. 165-167) proposed.

In the pest's group 4 (the sucking insects in spring and summer), the resistance to the cereal aphid was evaluated by comparing its density with the recommended ETD - 20-30 aphids per spike in the stage of milk maturity. The resistance to thrips was evaluated in the stage of flowering (ETD was 15-20 thrip’s larvae per spike). 

In the pest's group 8 (the cereal spike beetles), the evaluation was conducted in the second part of June and in the beginning of July at ETD equaled 6-8 beetles per square meter. 

The methods of evaluation of the potential resistance as to the pest's groups 4 and 6 were developed on the grounds of the following considerations. As to the cereal aphid, it was shown that grain yield of winter wheat plants did not decrease if they entered in into the stage of milky maturity before density of the cereal aphid reached a density known as ETD - 20-30 individuals per spike (Baran and Pidany, 1975). Therefore, the plants that entered into the stage of milky maturity before the term, when the aphid reached the above value should be considered as resistant to this species. In central part of the Forest-Steppe zone in Ukraine, the cereal aphid reaches the above density in the middle of June at normal weather situation (Borisova, 1966). Those winter wheat plants, which entered to the stage of milky maturity before this term, were evaluated as resistant ones. To reveal these plants, it is convenient to register within an entry the percentage of plants, which have entered in the heading stage in the first half of the third 10-days period of May at weather situation to be close to early average. In contrast to the milky maturity stage, the heading is registered easily, and it is conducted at a standard breeding practice.

 For evaluating of the potential resistance of the winter wheat to the cereal aphid, it was proposed the rating scale with six numeric scores. In this scale, the score «0» corresponded the level of the highest resistance (100% of stems within an entry had spikes or began heading), and the score «1» showed the level of acceptable resistance (80-99% of stems within an entry had spikes or began heading). There were the grounds to suppose that these scores showed the resistance to all the pest's group 4, including the thrips. 

For evaluating of the potential resistance of the winter wheat to the group 6 (summer generations of the Hessian fly and the stem saw-flies), it was used the characteristics of stem‘s strength, namely: the number (percentage) of stems within an entry, which had no any signs of deformation (lodging, crooks, fractures, shortening). This was so because literature showed dependence of such a resistance on stem' s strength. As to the larvae of the Hessian fly in summer, they feed under wheat sheathes. Feeding by the larvae resulted in a specific damage - brown stains on stem surface, thinning of stem wall, then crook of this stem and fracture at subsequent growth. V.N.Shchyogolev (1949, p. 388) who describes such a damage continues that an affected field have an appearance as if the plants are trampled down or knocked by hail, and grain yield losses reaches 90%. Such a picture is characteristic for plants with weak stem tissue. On the other hand, tough stem's tissues (with high content of silica) limit the feeding by outer layer of a stem (cuticula), which does not inflict a serious damage. The entries resistant to these larvae might be revealed by means of general character of a stem's stand as to the level of their strength.

 For the characteristics, it has been developed the rating scale with six numeric scores, where the score "0" reflects the highest level of resistance, when the number of stems with above-mentioned defects is less 1%. The score "1" shows the admissible level of the resistance, when the number of stems with the defects is more then 1% but less then 3%. These numeric scores show the level of resistance to other insects of this group - the stem saw-flies. At a choice of ETD of the stem saw-flies, it should understand what is the negative effect of these insects. This issue is not quite clear. In fact, A.A.Lyubishchev (1931) calculated that 1000-kernel mass of affected stems got less no more than 10%. I.Pavlov (1991) basing on seven-year studies insisted on the increase of a spike weight of infested by saw-flies stems. This strange conclusion might be a result of preference the most developed stems by saw-flies females at oviposition. In any case, the negative effect on a spike weight is weak. The significant damage due to this insect consists in thinning of stem walls that results in lodging. Such spikes are lost at harvesting. Therefore, for protection against the stem saw-flies, it should breed the varieties, which are able to keep vertical position at feeding by these insects. It has been achieved a significant success in developing of such varieties. O.S.Kgayevskaya et al. (1980) reported that the stems with lodging composed no more 20% among those affected by the stem saw-flies. For evaluation of the potential resistance, it should look over all the area of an entry, count a percentage of stems with a given marker of the resistance, and write down a numeric score of this entry. 

It was studied the affection of a number of winter wheat varieties in the conditions of artificial infestation. The study was conducted in Yurjev Plant Production Institute of UAAS (Kharkiv Ukraine), at developing in this institute the program of breeding resistant to Hessian fly spring wheat cultivars for Kazakhstan, where this species was dangerous.

In so doing, seeds were sown in the soil on a plot, after that this plot was covered by a tent with a transparent film, and Hessian fly cocoons were got under the tent with the rate two females per twenty plantlets. The cocoons had been collected in a field and kept in a refrigerator. The details of this method were given in A.V.Zagovora (1980, p. 34). 

RESULTS

The demonstration of obtained data as to the current resistance is limited by the nurseries of competitive, preliminary and ecological trials of winter wheat entries over the five years (1996-2000). These data are presented in the Table 1.

Considering the data of the Table 1 allows to reveal some peculiarities general for all the eight pest's groups. In the first, the evaluated values stay actually below of ETD with a little exclusion over all the five-year period (1996-2000). This is characteristic for both entries bred by MIW and by other breeding centers. The latter entries are numerous in the nursery of ecological competition, where traits of the wide range of winter wheat varieties bred outside of this institute are compared with the varieties of the local origin.

The second important conclusion (although it is no possibility to show this in the Table 1) consists in the fact that any differences as to the resistance among entries of the winter wheat have not been recorded (an exclusion is the pest's group 8). This conclusion about the cereal flies is in the concordance with the words by V.N.Remeslo et al. (1971, p. 17), namely: "...the varietal peculiarities as to the resistance to these pests have not been recorded". This fact is rather surprising. True, in many thousands of winter wheat entries over numerous seasons, there was no a difference in affection by cereal flies, which might be explained by their hereditary traits. 

The density and negative effect of a number pest's insects groups reveals yearly fluctuations. In some cases, those might be explained by diversity of weather situation in the period of activity of a given pest's group. Worm weather in the end of September and in October results in increased activity of the cereal flies (the pest's group 1) and the sucking insects (the pest's group 2). The fluctuations of density of the cereal spike beetles (the pest's group 8) might be explained by periodicity of their life cycle. The beetles appear in increased density every third year. Further, eggs and young larvae of the beetles are very susceptible to the level of soil humidity - they are killed if soil humidity exceeds 30% (Susidko, 1969, p. 18). Hence the role of weather situation in their population dynamics is great.

The cereal leaf beetles (the pest's group 5) demonstrate surprising stability of their density over the study period. 

The insects of the pest's group 6 (the stem saw-flies and summer generations of the Hessian fly) and the pest's group 7 (the root-eating insect pests) are characterized by insignificant effect on the winter wheat.

Considered the above-mentioned exclusions. In some years, density of the pest's group 2 (the sucking insects in fall) occurred to be higher of ETD.

However, any signs of negative effect of these pests on the plants have not been recorded. This fact gives the grounds to doubt in validity of the conventional value of ETD. It would be true to use as ETD for the green bug the presence of red dots on leaves infested by these insects. This proposition is based on the data by O.P. Kryshtal (1959, p. 193) who has observed red dots as an initial sign of damage by the aphid and confluence of the dots in brown or red stains at the developed damage. Thus, let it be density of the pest's group 2 stayed below ETD over all the period of evaluations.

As to the cereal spike beetles (the pest's group 8), it should note that such a trait as a term of ripening exerts a significant effect on the resistance to the pests. Early-ripened entries are more preferred than late-ripened ones.

 Table 1. The results of evaluation of the current resistance of winter wheat entries to complex of pest insects in the nurseries of The V.M.Remeslo Myronivka Institute of Wheat a competitive strain test, a preliminary test and a ecological test in 1996-2000.

	 The numbers and names of pests’ groups
	An economic threshold of damage
	The period of the evaluation
	Density of the pest insects and affection of winter wheat by them

	
	
	
	1996
	1997
	1998
	1999 
	2000

	 1
	 2
	 3
	 4
	 5
	 6
	 7
	 8

	1.Cereal flies in fall
	The ratio of healthy tillers to affected ones 2:1
	The middle of October
	 75:1


	 88:1
	65:1
	54:1
	94:1

	2.Sucking insects in fall 

2.1.The green bug 

2.2.The leaf-hoppers
	400-1000 insects per square meter

150 insects per square meter
	The middle of October 

The middle of October
	 120

 0
	 36 

 22 
	 24 

 16
	906

62
	1860 

81

	3.Cereal flies in spring 
	Four healthy stems per plant in the booting stage 
	The second 10-day period of May
	 7.4
	5.2
	6.9
	8.4
	 7.2

	4.Sucking insects in spring and summer 

4.1.The cereal aphid

4.2.The wheat thrips
	20-30 insects per spike

15-20 thrips per spike
	The middle of June

The

 beginning of July
	4.2

0


	0.1

0


	0.9

0
	1.2

0
	0.7

1-2

	1
	2
	3
	4
	5
	6
	7
	8

	5. Leaf-eating insects
	50% of a flag leaf surface
	The be-

ginning of July
	10-20
	15-20
	10-20
	15-20
	15-20

	6. Stem insect pests in summer
	5% of deformed stems affected by these insects
	The first or the second 10-day periods of July
	1
	1
	1
	1
	1

	7.Root-eating insect pests
	5% mortality of winter wheat plants
	The be- ginning of May
	1
	1
	1
	1
	1

	8.The spike beetles 

8.1.The early ripening winter wheat 

8.2. The late ripening winter wheat 

8.3.The spring wheat (1-meter strip near by the nursery of competition testing)


	Eight beetles

 per square meter 


	July
	< 1 

 4

 -

 
	< 1

 2 

 -

 
	 2 

 6 

 -

 
	 1

 2

 -
	 1-2

 2-4 

 70




Some information can be presented about evaluations of the resistance, which are not demonstrated in the Table 1. The evaluations have been conducted in 1987-2001 in various nurseries of MIW. In so doing, it occurred to be impossible to obtain the data for all the eight pest's groups for the wide diversity of the nurseries. However, it has been revealed the same trends as it in the Table 1.The same results have been obtained in nurseries in BTRBS at the evaluations during several years. Taking into account the prerequisite - proper cultural practices, density of all the pest's groups or their negative effect with little exclusions stay below ETD.

The evaluations in Institute of Agriculture of UAAS in 1986 showed the difference within entries as to density of the cereal aphid in the collection nursery, where nearly 1000 entries of diverse origin were grown. Ten entries of this stock had zero or negligible density of this species. The most part of them was hybrids of cultivars with wild species of the wheat or with the couch-grass, Agropyrum repens L. Only two varieties were free from the aphid. They were Khiroshiri Komeigi of Japanese origin and Ai-Ai of French origin. However, when these resistant to the aphid varieties were grown in a greenhouse, where density of the aphid was very high (up to a thousand individuals per stem), they occurred to be susceptible. 

 Some examples of evaluation of the potential resistance are shown in the Table 2. 

Table 2. The distribution of entries of the winter wheat in some nurseries of The V.M. Remeslo Myronivka Institute of Wheat according to the numeric scores (0 - 5) characterizing of the level of the potential resistance in 1997 and 2001.

	The nursery 

and 

a forecrop in crop rotation
	 The pest's insect group
	Replications
	The number of entries within a numeric score (0 - 5). The left ciphers are the real number, the right ciphers are the number in percents

	
	
	
	 0
	 1
	 2
	 3
	 4
	 5
	 Total

	 1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Competitive strain

 test (the pea), 1997
	4.Suck-ing insects in spring and sum-mer
	1

2

3

4

Mean
	10/19

12/23

11/22

10/19

11/21
	13/25

13/24

12/23

20/29

14/25
	19/35

18/35

15/29

18/34

17/33
	10/19

9/17

10/19

2/4

8/16
	1/2

0/0

3/5

3/4

3/3
	0/0

1/2

2/3

0/0

1/2


	53/100

53/100

53/100

53/100

53/100

	Competitive strain test (the corn), 1997
	4.Suck-ing insects in spring and sum-mer
	 1

 2

 3

 4

Mean


	12/20

11/18

10/16

11/18

11/18


	10/16

16/27

 3/5

 9/10

10/16
	10/16

14/24

30/49

24/39

19/31
	20/33

12/19

9/17

11/19

13/23
	 4/7

 4/7

6/10

 2/3

 4/7
	 4/8

 3/5

 2/3

 3/5

 3/5 
	60/100

60/100

60/100

60/100

60/100



	Competitive strain test (the pea), 1997
	6.Stem insects in summer
	 1

 2

 3

 4

 Mean 

 
	10/19

12/22

12/22

13/24

12/22
	21/39

20/38

22/41

20/38

21/39
	20/38

19/36

17/32

18/34

18/35
	 0/0

 0/0

 0/0

 1/2

 0/0
	 1/2

 1/2

 1/2

 0/0

 1/2
	 1/2

 1/2

 1/2

 1/2

 1/2
	 53/100

 53/100

 53/100

 53/100

 53/100

	Competitive strain test (the corn), 1997
	6.Stem insect pests in summer
	 1

 2

 3

 4

 Mean


	22/38

22/38

20/34

23/39

22/39
	24/39

25/41

27/45

27/43

25/42
	13/22

12/20

12/20

10/17

12/20
	 0/0

 0/0

 0/0

 0/0

 0/0
	 0/0

 0/0

 0/0

 0/0

 0/0 
	 1/1

 1/1

 1/1

 1/1

 1/1
	60/100

60/100

60/100

60/100

60/100

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Preliminary

 test, 1997


	4.Sucking insects in spring and sum-mer
	1

2

3

Mean
	37/13

45/16

41/14

41/14


	34/12

34/12

30/10

33/12

 
	46/16

35/12

30/10

37/13


	 14/5

 13/5

 16/6

 14/5
	 1/0

 0/0

 2/1

 1/0


	150/54

155/55

163/59

156/56


	282/100

282/100

282/100

282/100

	Preliminary

 test,

1997


	6.Stem insect

 pests in summer
	1

2

3

Mean
	121/43

110/39

114/40

115/40
	157/55

167/59

164/58

162/57
	5/2

6/2

4/1

5/2
	0/0

0/0

0/0

0/0
	0/0

0/0

0/0

0/0
	0/0

0/0

0/0

0/0
	282/100

282/100

282/100

282/100

	Ecological test, 1997
	4.Sucking insects in spring and sum-mer
	1

2

Mean
	10/10

8/8

9/9
	15/15

13/13

14/14


	15/15

16/16

15/15
	21/20

19/19

20/20
	9/9 12/12

11/10
	32/31

34/32

33/32


	102/100

102/100

102/100

	Ecological test,

 1997
	6.Stem insect pests in summer
	1

2

Mean
	33/31

30/29

31/30


	39/38

37/36

38/37
	14/14

18/18

16/16
	15/15

15/15

15/15
	1/1

1/1

1/1
	1/1

1/1

1/1
	102/100

102/100

102/100

	Competitive strain

 test (the pea), 2001
	4.Suck-ing insects in spring and sum-mer
	1

2

3

4

Mean


	17/18

16/17

15/16

14/15

15/16
	11/11

7/7

12/12

9/9

10/10


	16/16

15/16

14/15

12/12

14/15
	25/27

34/35

28/29

27/29

29/30


	18/19

17/18

17/18

28/29

20/21
	9/9

7/7

10/10

6/6

8/8


	96/100

96/100

96/100

96/100

96/100



	Competitive strain test (the corn), 2001
	4.Suck-ing insects in spring and sum-mer
	1

2

3

4

Mean
	7/15

3/6

2/4

4/9

4/8
	9/19

10/21

10/21

7/15

8/17
	8/17

8/17

9/19

10/21

9/19
	13/27

17/37 17/37 15/31

16/35


	6 /13

6/13

6/13

7/15

6/13
	4/9

3/6

3/6

4/9

4/8
	47/100

47/100

47/100

47/100

47/100

	Competitive strain test (the pea), 2001


	6. Stem insect pests in summer
	1

2

3

4

Mean
	4/4

5/5

2/2

1/1

3/3
	13/13

11/11

16/16

9/9

13/13


	28/29

38/40

25/27

24/26

28/30
	32/34

29/31 42/44

49/51

38/40


	14/15

10/10

9/9

11/11

11/11
	5/5

3/3

2/2

2/2

3/3
	96/100

96/100

96/100

96/100

96/100

	Competitive strain 

test (the corn), 2001


	6.Stem insect pests in summer
	1

2

3

4

Mean
	16/34

12/26

7/15

19/41

13/28
	12/25

8/17

8/17

8/17

9/19
	7/15

8/17

10/21

8/17

8/16
	4/8

6/13

7/15

7/15

6/12
	2/4

3/6

2/4

2/4

2/4
	6/13

10/21

13/28

1/2

10/21


	47/100

47/100

47/100

47/100

47/100

	Preliminary test,

2001
	4.Suck-ing insects in spring and sum-mer
	1

2

3

Mean
	28/11

28/11

36/15

32/13
	12/17

17/15

31/13

37/15
	23/10

30/13

34/14

29/12


	50/21

28/11

41/17

39/17
	50/21

43/18

53/22

48/20
	47/20

74/32

45/19

55/27
	240/100

240/100

240/100

240/100

	Preliminary test, 2001
	6.Stem insect pests in summer 
	1

2

3

Mean
	11/5

13/5

10/4

11/5
	21/8

38/16

14/6

24/10
	49/20

66/28

38/16

51/21
	64/27

66/27

62/26

64/27


	45/19

37/15

50/21

44/18
	50/21

20/8

66/27

45/18
	240/100

240/100

240/100

240/100

	Ecological trial, 2001
	4.Suck-ing insects in spring and sum-mer


	1

2

3

Mean
	17/22

16/21

19/26

17/22


	19/26

18/24

12/16

16/22
	7/9

4/5

11/14

7/9
	7/9

16/21

11/14

11/14


	13/17

12/16

14/18

13/17
	13/17

10/13

9/12

11/14
	76/100

76/100

76/100

76/100

	Ecological trial, 2001
	6. Stem insect pests in summer
	1

2

3

Mean
	9/12

9/12

9/12

9/12
	10/13

5/7

 7/8

7/9
	22/29

12/16

11/16

15/20
	16/21

19/26

67/21

17/21
	8/11

15/1818/23

14/19
	11/14

16/21

15/20

14/19
	76/100

76/100

76/100

76/100


The distribution of the entries over the numeric scores in the Table 2 reflects the wide diversity as to the traits under the study. It is remarkable, however, that the number of entries with a definite numeric score is unequal in various replications. This is unnecessary a result of an inaccuracy at determining of a numeric score. It might be a reflex of variability of the potential resistance traits even in the same ecological conditions. True, an area occupied by an entry in the nurseries is very limited one - ten square meters. Nevertheless, the usage of the evaluation data in several replications allows to reveal the most resistant entries, i.e. those keeping the highest numeric scores - 0 and 1.

Consider the effect of a forecrop (the pea and the corn) in a crop rotation system. In the pest's group 4, this effect is unseen. In fact, the numbers of the entries with the scores 0 and 1 are nearly equal at divers forecrops. On the other hand, in the pest's group 6, in the nursery after the corn, the number of entries with such scores is higher than that after the pea in both seasons. In 1997, the values are 61% and 81%, and in 2001 - 8% and 25%. This difference can be explained by increased content of nitrogen in the soil at usage of the pea. This results in the intensive growth in the soil the sugar fungi. These fungi produce toxins, which affect wheat root systems. In turn, weakened roots suffer due to the root rots. This leads to increase of the percentage of defected stems. Therefore, in the case of the pea as a forecrop, the number of entries with highest numeric scores gets decreased although grain yield as a whole increases. Nevertheless, some entries are resistant in such a provocative situation. 

In the seasons with an amount of rains in May and June close to yearly average, the role of a forecrop gets insignificant.

In 2001, the above-mentioned trend occurred to be even more expressed. This was probably because to one stressor (the increased content on nitrogen in the soil due to the pea as a forecrop), two other stressors were added. These were uncommon abundance of rains in May and June of 2001, and breach in balance of nutrients in the soil in a result of deficiency of expensive phosphorus and potassium, whereas cheaper nitrogen was applied as usually (V.V.Shelepov, pers. comm.). These stressors decreased numeric scores of potential resistance to the pest's group 6 in the nursery, but gave a possibility to reveal the best entries, which retained high values of traits under the study in such severe conditions. 

In other nurseries (a preliminary test and an ecological test), it was used various forecrops. Therefore, it was not possible to reveal the role of this factor.

In the Table 3, it is shown some examples of a distribution of the numeric scores within an entry along replications, and within the same entry depending on a forecrop (in the competitive strain test nursery), as well as the list of entries with the highest values of the numeric scores over three categories of the nurseries.

Also, the Table 3 shows names of the entries prospective as having the potential resistance or as sources of this trait at breeding. The values of the numeric scores in replications within an entry are nearly even. The data on the potential resistance to the pest's group 6 should be considered as unique ones because they have been obtained in uncommon weather situation, which allows to select the entries with the highest expression of this trait. It should pay attention on the new variety Remeslyvna, which occurred to be high resistant in the three nurseries - the competitive strain test after the pea, and after the corn as well as in the nursery of the preliminary test. This variety named in the honor of prominent wheat breeders V.M. Remeslo and V.V.Remeslo is very prospective as to the issue under study. The entry Erithrospermum 30354 occurred to be resistant to both pest's groups - 4 and 6. 

In conclusion, the used methods of evaluation of the potential resistance can give information about affection of an entry in the conditions of increased aggressiveness of pest insects. This information would be more reliable if such an entry is evaluated in many replications and in the environmental conditions, which promote to reveal of durability of the trait under the study, for example at increased content of nitrogen in the soil. It is desirable to repeat the evaluation in a number of seasons that increases probability to meet a relevant stressor. As an example of such a stressor can serve squalls of the wind, which give a possibility to reveal entries with developed toughness of stem tissues. Such entries should be selected as resistant to some groups of pest insects.

The results of studies on the effect of divers cultural practices are given in the Tables 4, 5 and 6. All the manipulations with these practices exerted the effect only on three pest's groups - 1, 2 and 3. It was recorded the increase of the number of tillers affected by the frit fly and the increase of density of the green bug, when the practices were deviated from conventional ones. As to the other cereal fly (Hessian, opomyza), their density was too low to draw conclusions. 

Table 3. A list of winter wheat entries interesting with a standpoint of the potential resistance in some nurseries of The V.M.Remeslo Myronivka Institute of Wheat, 2001.

	A nursery and a forecrop
	The pest's group
	The number of an entry and its name
	Numeric scores of the potential resistance of an entry in replications 

	
	
	
	1
	2
	3
	4
	Mean

	1
	2
	
	4
	5
	6
	7
	8

	Competitive strain test (the pea)
	4.Sucking insects in spring and summer
	12.Myr. rannyostygla

13.Lyut. 28630

15.Er. 31007

16.Er. 31008

17.Er. 31010

18.Er. 31011

21.Myr. 29

44.Lyut. 30125

61.Myr. rannyostygla

62.Er. 31991

65. Er. 31994

71. Er. 30354

74. Er. 28653

81.Myr. rannyostygla

86.Er.30486

87. Er. 30492

94.Lyut. 30580
	0

1

0

0

0

0

0

2

0

1

0

0

1

0

0

0

0
	0

2

0

0

0

0

0

1

0

1

0

0

0

0

0

0

0
	0

1

0

0

0

0

0

2

0

1

0

0

1

0

0

0

0
	0

2

0

0

0

0

0

2

0

1

1

0

1

0

0

0

0
	0

0

0

0

0

0

0

2

0

1

1

0

1

0

0

0

0
	

	1
	2
	3
	4
	5
	6
	7
	8

	Competitive strain test (the corn)
	4.Sucking insects in spring and summer
	12.Myr.

rannyostygla

13.Lyut. 28630

15.Er. 31007

16.Er.31008

17.Er.21010

18.Er.31011

21.Myr. 29

44.Lyut. 31025

81. Myr. rannyostygla

101.Lyut

.29775

103.Lyut.

29793

105.Er.30610

109. Er.30690
	0

0

-

-

-

-

-

0

0

0

1

1

0
	0

1

-

-

-

-

-

1

0

0

0

0

1
	0

1

-

-

-

-

-

1

0

0

1

1

1
	0

1

-

-

-

-

-

1

0

0

1

0

1
	0

1

-

-

-

-

-

1

0

0

1

0

1

	Competitive strain test (the pea)
	6.Stem insect pests in summer
	2.Myr. 33

9.Myr. 67

11.Remeslyvna

47.Lyut.30606

52.Er.30721

71.Er.30354

77.Lyut.28458

78.Lyut.27047

79.Lyut.27099 85.Lyut.30478

94.Lyut.30580

98.Lyut.24579

99.Lyut.26748

100.Lyut.

29771

102.Lyut. .29793

108.Lyut.

30651
	3

3

0

1

0

1

2

0

0

1

1

-

-

-

-

-

-
	1

2

0

0

0

1

2

0

1

1

1

-

-

-

-

-

-
	2

3

0

1

1

1

2

0

1

1

1

-

-

-

-

-

-
	3

2

0

2

1

1

2

1

2

1

1

-

-

-

-

-

-
	2

3

0

1

1

1

2

0

1

1

1

-

-

-

-

-

- 

	Competitive strain test (the corn)
	6.Stem insect pests in summer
	2.Myr. 33

9.Myr. 67

11.Remeslyvna 

52.Er. 30721

77.Lyut. 28458

78.Lyut. 27047

79.Lyut. 27099

98.Lyut. 24579

99.Lyut. 26748

100.Lyut. 29771

102.Lyut. 29793

108.Lyut. 30651 
	0

1

0

0

1

0

0

0

0

0

0

0
	0

1

0

0

0

0

1

0

0

0

0

0
	0

1

0

1

1

0

1

1

0

0

0

0
	0

1

0

1

0

0

0

1

0

0

0

0
	0

1

0

1

1

0

1

1

0

0

0

0

	Preliminary test
	4.Sucking insects in spring and summer
	2.Myr. rannyostygla

6.Lyut. 31972 

7.Lyut. 31973

9.Er. 31975

13.Er. 31979

14.Er. 31980

15.Er. 31981

20.Er. 31986

21.Er. 31987

25.Lyut. 31054

41.Er. 31111

42.Er. 31134

45.Lyut. 31159

47.Er.31161

49.Er. 31168

50.Er. 31169

58.Er. 31234

61.Myr. rannoyostygla

62.Er.31245

65.Er. 31262

66.Er. 31263

68.Er. 31266

69.Er. 31267

70.Lyut. 30425

74.Er. 30485

75.Er. 30487

76.Lyut. 30789

83.Er.31293
	0

1

1

1

1

1

1

0

0

1

0

0

1

1

0

0

1

0

0

0

0

1

1

1

1

1

1

1
	0

0

0

1

1

1

1

0

0

1

0

1

1

1

0

0

1

0

1

0

0

1

1

1

0

1

1

1
	0

1

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

1

0

1

1

1

1

0
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
	0

0

1

1

1

1

1

0

0

1

0

0

1

1

0

0

1

0

0

0

0

1

1

1

1

1

1

1

	Preliminary test
	4.Sucking insects in spring and summer
	85.Er. 31299

86.Er. 31300

103.Er. 31351

105.Er. 31354

118.Er. 31454

119.Er. 31458

121.Myr. rannyostygla

122.Er. 31460

126.Er.31502

130.Er. 31548

132.Er. 31563 

133.Er. 31564 

134.Er. 31567

135.Er. 31570

139.Er. 31600

159.Er. 31674

161.Er. 31683

173.Er. 31740

181.Myr. rannyostygla

199.Er. 31828

200.Er. 31829

211.Myr. rannyostygla

220.Lyut.

31904

221.Lyut. 31905

239.Er. 32169
	0

0

1

1

0

0

0

0

1

0

0

0

0

0

1

1

1

1

0

1

1

0

1

1

0
	1

1

1

1

1

0

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

1

1

0
	0

0

0

1

1

0

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

1

1

0
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
	0

0

1

1

1

0

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

1

1

0



	Preliminary test
	6.Stem insect pests in summer
	46.Er. 31160

50.Er. 31169

59.Er. 31237

78.Gordeiforme 30515

133.Er.31564

152.Lyut. 31639

195.Lyut. 31819

196.Lyut.

31820

199.Er. 31828

201.Er. 31834

213.Lyut. 31996
	0

0

0

1

1

2

0

0

1

1

2
	1

1

0

1

1

1

0

1

0

0

1
	1

0

0

0

2

1

0

0

2

0

0
	-

-

-

-

-

-

-

-

-

-

-
	1

0

0

1

1

1

0

0

1

0

1

	Ecological test
	4.Sucking insects in spring and summer
	9.Myr. 29

19.Myr. rannyostygla

33.2000/825 

34.2000/834

35.2000/863

36.2000/869

(the entries 33-36 have been bred by Institute of Agriculture of Southern Region of Ukraine in Kherson)

37.Bilotserkiv-s'ka nanivkarlykova

38.Olessya

42.Nikoniya

43.Odes'ka 61

44.Odes'ka 267

46.Ukrainka odes'ka

47.Er. 4214/92

48.Er. 3220/92

49.Er. 3253/94

50.Er. 783/96

51.Er. 2982/95

52.Er. 333

56.Donets'ka 66

59.Kh. 96-350

60.Kh. 98-123

61.Kh. 98-125

63.Er. 807/95

64.Er. 1476/96

65.Er. 2528/95

67.Er. 2549/93

68.213-98 (this entry has been bred in Hungary)


	0

0

0

1

0

0

0

0

1

1

1

1

0

0

0

0

0

1

1

0

1
	0

0

0

1

0

0

0

0

1

1

1

1

0

0

0

0

0

1

1

0

1
	0

0

0

1

0

0

0

0

1

1

1

1

0

0

0

0

0

1

1

0

1
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
	0

0

0

1

0

0

0

0

1

1

1

1

0

0

0

0

0

1

1

0

1

	1
	2
	3
	4
	5
	6
	7
	8

	Ecological test
	4.Sucking insects in spring and summer
	74.Dalma

76.Mambo
	1

1
	0

1
	1

0
	-

-
	1

1

	Ecological test
	6.Stem insect pests in summer
	13. Myr.33

18.Remeslyvna

40.Kyivs'ka ostysta

41.Myr. 61

67.Er. 2549/93

68.21398 (this entry has been bred in Hungary)

69. Palotas

70.Prizma

73.MV29-98
	1

0

1

1

0

0

0

0

0
	1

0

1

1

0

0

0

0

0
	1

0

1

1

0

0

0

0

0
	-

-

-

-

-

-

-

-

-
	1

0

1

1

0

0

0

0

0


Table 4. The effect of sowing dates on affection of the winter wheat by the pest's groups 1 and 3 (the frit fly). In the period from August to the first 10-day period of May, it is shown the ratio of healthy tillers to ones affected by the fly per meter of a row. In the second and the third 10-day periods of May, it is shown the number of tillers in the invulnerable stage (the booting stage) per plant. In July, it is shown the number of productive stems per plant. The plot with increased loading by pest organisms, 1999-2000.

	Evaluation dates
	 Sowing dates

	Months and seasons
	The 10-day periods of months
	The end of July
	The middle of August
	The middle of September
	October

	September

1999
	1

2

3
	280/7

279/25

280/27
	180/7

190/16

190/16
	-

-

60/0
	-

-

-

	October

1999

 
	1

2

3
	290/5

292/0

290/0
	210/6

270/2

270/0
	150/3

160/3

160/1
	-

-

80/0

	May 2000
	1

2

3


	280/5

4.3

4.4
	260/8

4.1

4.3
	 280/3

 3.9

 4.2
	188/5

200/15

3.8



	July 2000
	1
	3.2
	3.3
	3.0
	2.2


The Table 4 shows that sowing dates effect on the number of tillers affected by the frit flies. When the data is the middle of September, this number is insignificant in fall of the current season and in next spring. At early sowing (in July and August), the number of affected tillers in the fall gets greater than that as sowing in September. Sowing in October leads to increase of the number of affected tillers in spring of the next season. Importantly, in all the cases in the pest’s group 1, the ratio of healthy to affected tillers exceeds the value 2:1, so that the affection does not reach ETD. At sowing dates from July to September, the number of survived tillers is sufficient to form the number of stems in the invulnerable for the pest's group 3 stage (the booting stage). ETD in this group is four stems per plant. At sowing in October, the value of stems per plant is lower - 3.8. However, this value is not determined by the frit fly. True, in the second third of May, the ratio of the healthy to affected tillers is high - 200/15. Hence, the above mentioned decrease of stems per plant is determined by biology of the winter wheat. At early sowing dates (in July and August), the number of affected tillers evaluating in October equals zero. This is so because tillers infested by the flies in the initial weeks after appearing of plantlets get rotten and invisible, whereas later the flies evade these plants, which enter in invulnerable stage and grow in a dense stand. The cereal flies prefer scattered plants especially at low air temperatures. 

The check in July showed that at all the sowing dates, the number of productive stems per plant was higher than that (2.9 – 3.2.) considered in MIW as optimal for obtaining of maximal grain yield. The optimum is 2.0 – 2.2 productive stems per plant (Zhurda, 1992). 

In conclusion, a sowing date in the study area does not effect on resistance of the winter wheat to the frit fly, and this suggestion might be spread on other species of the pest' groups 1 and 3. 

 The table 5 shows that at sowing from July to the middle of September, density of the green bug exceeds the ETD proposed by literature - 400-1000 aphids per square meter. However, any signs of plant affection (deterioration of host-plant tissues) were not recorded in all the cases. Therefore, there are the grounds to suppose that density of the aphid stays below the relevant ETD, and the winter wheat entries bred in MIW are resistant to the green bug independently to sowing dates. Because the same is true for the leaf-hoppers, this suggestion might be spread on all the pest's group 2. Although density of the pest's group 2 is essential as to a danger on the part of virus diseases. 

At sowing in the middle of September, the green bug was recorded on the winter wheat up to the first 10-day period of November. Observations in various places revealed that this was true for warmer habitats protected from the wind. In other cases, this species disappear earlier. Also it disappeared in October at sowing in July and August.

This fact might be explained by hardening of tillers, which partially enter in the invulnerable for the aphid (booting) stage, and by increase of density of a wheat stand. In a thick grass stand, microclimatic conditions get unfavorable for the green bug at progression of fall. The conditions are high humidity and low air temperatures. The green bug is recorded on the winter wheat in the beginning of the next season (in April) on little plantlets in scattered cover, i.e. in the condition of juvenile tissues and warmer microclimate. These observations suggest the important role of hardness of host-plant tissues and microclimate for dynamics of green bug density. 

Table 5. The effect of sowing dates on affection of the winter wheat by the pest's group 3 (the green bug) in nurseries of The V.M. Remeslo Myronivka Institute of Wheat, in the plot with increased loading by pest organisms. The number of aphids per square meter on 10-day periods of months, 1999-2000

	Evaluation dates


	 Sowing dates

	Months and seasons
	The 10-day periods of months
	The end of July
	The middle of August 
	The middle of September
	October

	August, 1999
	1

2

3
	 -

 -

 54
	 -

 -

 - 
	 -

 -

 -
	 -

 -

 -

	September,1999
	1

2

3
	 258

 690

 42
	 72

 450

 774
	 -

 -

 222
	 -

 -

 -

	October, 1999
	1

2

3
	 0

 0

 0


	 78

 0

 0


	 1152

 690

 48 
	 -

 -

 0

 

	November, 1999
	1

2
	 0

 0
	 0

 0
	 66

 0
	 0

 0 

	April, 2000
	2
	 0
	 0
	 24 
	 30 


The Table 6 demonstrates an attempt to reveal the effect of the progressive decrease of cultural practices on resistance of the winter wheat to the frit fly. For a gradation of the decrease, it was used three fields with divers methods of soil tillage and fertilization. The level "high" is secured by deep furrow, fertilizing by manure in the optimal rate in the nursery of MIW. The level "intermediate" in a field, where the wheat was grown for livestock fodder with worth tillage and usage of a decreased rate of mineral fertilizers. The level "low" - this is a plot in the test "Stationar" in BTRBS with surface tillage and the lack of fertilizers. At the high level, the effect of the frit fly was obviously insignificant. At the intermediate level, the number of affected tillers was much higher, whereas the number of affected tillers was less.

Table 6. Relationship between the level of cultural practices and affection of the winter wheat by the pest's groups 1 and 3 (the frit fly) in 1999-2000. The sowing date - the second 10-day period of September 1999.

	Traits and evaluation dates
	 The level of cultural practices

	
	High. The nursery of competitive strain test in The V.M. Remeslo Myronivka Institute of Wheat
	Intermediate. The winter wheat growing in a field for producing of livestock fodder
	Low. The plot in the test "Stationar" with surface tillage and the lack of fertilizers

	 1 
	 2
	 3
	 4

	1. The number of tillers per meter of a row (the range and mean)

1.1. The first 10-day period of October 1999

1.1.1. Healthy

1.1.2. Affected by the fly

1.2. The third 10-day period of October 1999

1.2.1. Healthy

1.2.2. Affected by the fly

1.3. The third 10-day period of April 2000

1.3.1. Healthy

1.3.2.Affected by the fly

1.4.The first 10-day period of May

1.4.1. Healthy

1.4.2. Affected by the fly


	270.0-294.0 (282.0)

0-28.0 (3.0)

369.0-401.8 (385.4)

0-28.0 (3.0)

521.1-567.0 (548.1)

0-2.8 (2.0)

512.1-549.0 (530.2)

0-6.5 (3.8)
	121.0-255.0 (195.0)

0-72.0 (25.0)

215.6-356.4 (290.4)

0-72.0 (25.6)

306.0-489 (405.3)

0-4.1 (3.2)

432.0-691.2 (572.3)

0-5.9 (4.0)
	114.2-171.3 (125.8)

0-19.2 (12.5)

191.3-94.4 (260.8)

0-19.2 (12.5)

200.1-315.5 (261.5)

4-20.3 (12.0)

230.0-322.8 (299.8)

6.0-23.7 (14.1)



	2.The percentage of plants died due to:

2.1. Winter stress in 1999-2000

2.2. Affection by the fly in fall of 1999

2.3. Affection by the fly in spring 2000
	3.6

0

0


	9.5

6.6

1.2
	17.8

8.2

11.6



	3.The number of stems in the booting stage per plant in the second 10-day period of May (the range and mean) 
	3-8 (5.2)
	3-6 (4.3)


	1-2 (1.7)

	4.The number of productive stems per 1 square meter in the first 10-day period of July (the range and mean) 
	510-560 (540)
	374-494 (420)
	181-263 (220)


However, the ratio of healthy tillers to affected ones was much larger than ETD (more 2:1), and the number of tillers in invulnerable stage was also more than ETD (more 4 tillers per plant). In the category "low", it is noticeable the decrease of the affection in spring. This fact might be explained by retarded regrowth due to weak soil resource, and heavy affection of plantlets by the snow mould. Probably, the mould induced high winter mortality (17.8%) also is a result of weak soil resource. The affection of plantlets by the snow mould that led to high winter mortality. In a result, the number of tillers per plant in the invulnerable was little (1.7) comparing with ETD (4 stems per plant). The number of productive stems per square meter occurred to be low (220). Importantly, these stems were thinner, and spike weight was less than in the categories of "high" and "intermediate". This fact gives the grounds to suppose that worth state of the winter wheat in the category "low" is determined by the weak soil resource rather than the effect of the frit fly. 

Table 7. The effect of a forecrop on affection of the winter wheat by the frit fly in some nurseries of the V.M.Remeslo Myronivka Institute of Wheat (mean for a number of entries), October 2001.

	A forecrop
	The ratio of healthy tillers to ones, affected by the frit fly

	
	Competitive strain test
	Preliminary test
	Ecological test

	The corn
	18:1
	-
	-

	The pea
	28:1
	-
	-

	It was not a forecrop (a bare fallow)
	-
	31:1
	38:1


 The Table 7 shows that the corn as a forecrop promotes an increase of affection of the wheat by the frit fly. This is so because the corn is a favorable host-plant for the fly. In addition, in a corn field, there are a lot of cereal weeds. In such circumstances, density of the fly gets higher comparing with other cases under the study. Nevertheless, even in the case of the corn, density of the fly is little one, because the ratio is much more than 2:1.

The data of the Table 8 allow to draw some conclusions. At the first, tillering of all the MIW's varieties is very high, and the affection by the Hessian fly spreads only on the less part of the tillers. The rest is sufficient for obtaining of relevant density of productive stems. In the second, the values of tillers affected by the fly are surprisingly low taking into account the infestation loading. 

Table 8. Affection of some winter wheat varieties by the Hessian fly in the conditions of the artificial infestation (in average during a number of years). The data have been offered by E.D.Pashchenko from Yurjev Plant Production Institute of UAAS (Kharkiv, Ukraine). 

	Varieties of the group "Myronivs'ka"
	Percentage of affection

 
	Ratio of tillers

	
	plantlets
	tillers
	healthy
	affected

	Myr. 19
	51.1
	12.6
	8
	1

	Myr. 25
	72.2
	20.4
	5
	1

	Myr. 27
	35.8
	11.5
	9
	1

	Myr. 40
	18.0
	5.5
	18
	1

	Myr. 60
	35.0
	7.8
	13
	1 

	Myr. 61
	26.6
	7.4
	13
	1

	Myr. 808
	23.7
	7.6
	13
	1

	Myr.nyz'korosla
	70.5
	19.5
	5
	1

	Myr. ostysta
	70.5
	26.4
	4
	1

	Mean
	44.8 
	13.2
	10 
	1


True, according to the method of artificial infestation, the Hessian fly was inserted with a rate of two females per wheat plant. A fecundity of the Hessian fly is in the range 48-500 eggs. These values are much more than sufficiently for infesting all the tillers. In addition, in the conditions of artificial infestation, the Hessian fly was protected from its parasites and weather stressors. Explanation of the contradiction between the high infestation loading and the low affection is not simple. One may propose that it is need for the heavy affection a very precise coincide of oviposition and appropriate state of winter wheat. Probably, the most part of the Hessian fly progeny occurs in the conditions, which do not allow the progeny to survive. Also, it may be that aggressiveness of the Hessian fly population in the period of this study was less than that in the periods of Hessian fly outbreaks. Fluctuation of an aggressiveness of insect populations is an obvious fact, although it is far from understanding. At the present level of this trait, the developed tillering of winter wheat varieties bred by MIW provides sufficient protection from this pest even at a high infestation loading. 

Because breeding activity directed on enhancing of the resistance to pest insect can effect on resistance to pathogens, it should take into account these organisms. Therefore, it was collected the data as to a situation with the pathogens on entries under the study. These data might be useful at discussion of recommendations. It occurred to be possible to obtain the values of affection by leaf pathogens, including the leaf rust (Puccinia recondita Rob. ex Desm. f. sp. tritici Erikss), the powdery mildew (Erysiphe graminis D.C. f. tritici March.), the septoriosis (Septotiosis spp.), and root rots (Ophiobolus spp.), stem rots (Pseudocercosporella spp.) , grain yield at various levels of the affection and to calculate an effect of the affection on grain yield. The data were offered by V.A.Vlasenko, V.V.Shelepov and G.Eu. Borsuk. The numeric score 9 reflects the highest level of the resistance category insusceptibility. The results are given in the Table 9.

Table 9. The relationship between affection of some winter wheat entries with some pathogens and grain yield. The values of the affection and grain yield were determined by The V.M. Remeslo Myronivka Institute of Wheat. 

	Cultivars
	Years
	Grain yield, metric tons per hectare 
	Mean grain yield, metric tons per hectare
	Resistance to pathogens, numeric scores or percents of affection

	
	
	
	
	leaf rust
	Mildew
	root and stem rots
	Septori-osis

	 1 
	 2
	 3
	 4
	 5
	 6
	 7 
	 8

	Myr 808
	Various
	5.0-6.35
	5.67
	5.0
	3-5

(4.0)
	-
	-

	Myr.

ostysta
	Various
	6.5-7.2
	6.85
	7-8

(7.5)
	5-6

(5.5)
	-
	-

	Myr.

napivin-tensyvna
	Various
	6.0-8.0
	7.0
	7.5
	7-8(7.5)
	-
	-

	Myr. 27
	Various
	7.9-8.25
	8.75
	7-8(7.5)
	7-8(7.5)
	-
	-

	1
	2
	3
	4
	5
	6
	7
	8

	Myr. 28
	Various
	7.0-8.09
	7.54
	5-6(5.5)
	5-6(5.5)
	-
	-

	Myr. 30
	Various
	7.27-8.37
	7.82
	7-8(7.5)
	7-8(7.5)
	-
	4.0

	Myr. 30
	1991-

1993
	-
	6.25
	7.0
	7.0
	-
	-

	Myr. 31
	Various
	7.25-7.82
	7.53
	5-7(6.0)
	5-7(6.0)
	-


	-

	Myr. 32
	1991-1993
	-
	6.51
	7.0
	6.3
	-
	4.3

	Myr. 33
	Various
	7.98-10.55
	9.26
	7-9(8.0)
	7-9(8.0)
	20%
	-

	Myr. 33
	1993-1995
	-
	8.42
	7.0
	7.0
	-
	-

	Myr.34
	Various
	7.79-8.78
	8.28
	7-8(7.5)
	-
	-
	5-6(5.5)

	Myr. 34
	1993-1995
	 -
	 7.81
	 7.0
	 7.0
	 -
	 -

	Myr. 61
	Various
	8.1-8.5
	 8.30
	 5.0
	 5.0
	 -
	 -

	Myr. 61
	1993-1995
	 -
	 6.03
	 5.0
	 5.0
	 -
	 3.6

	Myr. 61
	1993-1995
	 -
	 7.38
	 5.0
	 5.0
	 -
	 -

	Myr. 61
	1993
	 -
	 8.78
	 6.0
	 5.0
	 44%
	 -

	Myr. 61
	1993
	 -
	 7.69
	 5.0
	 5.0
	 -
	 -

	Myr. 65
	1993-1995
	 -
	 8.28
	 7.0
	 6.0
	 -
	 -

	Myr. 66
	1993-1995
	-
	8.02
	5.0
	6.0
	-
	-

	Mirkhad
	1993-1995
	-
	8.34
	7.0
	7.0
	-
	-

	Mirleben
	Various
	8.07-95.0
	8.78
	7.0
	5-6(5.5)
	-
	-

	Lyut. 20669
	1993
	-
	10.55
	9.0
	8.0
	42%
	-

	Lyut. 20449
	1993


	-
	9.39
	7.0
	5.0
	46%
	-

	1
	2
	3
	4
	5
	6
	7
	8

	Lyut. 17280
	1993
	-
	10.37
	7-9(8.0)
	7.0
	38%
	-

	Lyut. 51994
	
	1993
	10.57
	5-7(6.0)
	8.0
	17%
	-

	Lyut. 24491
	1993
	-
	8.36
	5.0
	7.0
	-
	-

	Lyut. 24574
	1993
	-
	8.14
	7.0
	7.0
	-
	-

	Lyut. 51990
	1993
	-
	9.42
	6-7

(6.5)
	5.0
	23%
	-

	Erith. .20792.
	1993
	-
	10.0
	7-9

(8.0)
	8.0
	14%
	-

	Erith. 50137.
	1993
	-
	9.22
	6-7(6.5)
	5.0
	27%
	-

	Erith. 24995
	1993
	-
	8.15
	5.0
	7.0
	-
	-

	Erith. 25276
	1993
	-
	8.63
	5.0
	7.0
	-
	-


It was calculated the following correlation coefficients (r): grain yield - score of the leaf rust = +0.191, Standard error (SE) of r=0.115, grain yield - score of the mildew=+0.420, SE of r=0.108, grain yield - percentage of affection by the root rots = -0.102, SE of r= 0.077.

Of all the pathogens, only the mildew renders the perceptible negative effect on grain yield. Validity of all the correlation coefficients is low: P < 0.95. There are the grounds to suppose the significant level of resistance in the cultivars to the leaf rust, the mildew and root rot. This resistance has a character of insusceptibility and tolerance. The latter is characteristic for the variety Myronivs'ka 61. At a moderate score of resistance to the leaf rust (5), this variety produced high grain yield. It is noticeable low values of the scores as to the septoriosis. However, the data too little to make a conclusion about its effect on grain yield. 

Evaluation of winter wheat resistance to pathogens in nurseries of the breeding centers under the study is conducted by means of determining of numeric scores or percentage of affection at natural or artificial inoculation. This study has been conducting by workers of MIW, BTRBS, Institute of Agriculture of UAAS and Institute of Plant Protection of UAAS. Because intensity of pathogen's growth is in close dependence on weather situation in a vulnerable for a given species host-plant stage, a valid evaluation cannot be done in every season. Very favorable possibilities for such an evaluation was found in season of 2001, when precipitation in May and June occurred to be exclusively abundant. In July 2001, many entries in nurseries of MIW was affected by the fusarium head blight, the spike septoriosis, foot rots, Pseudocercosporella spp., the root rots, Bipolaris spp., Fusarium spp., and Gaeumannomyces graminis Arx. et Ol. (determined by O.A.Klechkivs'ka). Importantly, all the entries with high indices of potential resistance to the pest's group 6 (numeric scores 0 and 1) in this season had a little signs of affection of a spike by the diseases and full-grown kernels. On the other hand, the entries with numeric scores 3-5 had undersized spikes. This is a common effect of the foot and root rots.

H.M.Kovalyshina and I.Z.Kryvovyaz (pers. comm.) revealed that in 2001 two cultivars -Remeslyvna and Kryzhynka occurred to be resistant to all the pathogen complex. Being a variety of the multilateral resistance, Remeslyvna in 2001 in the conditions of undue precipitation was the most productive - 5 metric tons of grain per hectare, whereas the standard variety Myronivs'ka 61, which was considered in MIW as the most yielding over ten years, produced 4.6 metric tons of grain per hectare (V.V. Krylenko, pers. comm.). 

The usage of PILPO, where conditions for activity of wheat pathogens get better allows to obtain some information as to affection by pathogens in every season. In fact, at early sowing dates (in July or August), it was observed a heavy affection of leaves in fall of the same season in most of wheat entries by leaf diseases - the leaf rust, the mildew, the septoriosis. Importantly, this affection was pertinent to the entries, which had been considered as resistant to these pathogens at evaluation by conventional methods - at the end of May or in June at natural or artificial inoculation. Nevertheless, some entries occurred to be resistant to leaf diseases even at early sowing. 

DISCUSSION

In this part, it will be considered the following items:

i) the character of observed resistance, 

ii) an origin of the resistance and an effect of accompanying environmental factors on it, 

iii) the causes of resistance losses,

iv) the ways of operating a resistance of the winter wheat to pest organisms - keeping its stability, enhancing its expression, and the usage in integrated pest management.

 The character of observed resistance

A review of the study's data reveals an operation of various types of winter wheat resistance to pest organisms. First of all, it is obvious an important role of host-plant tolerance. In this report, the tolerance is considered as an ability of plants to produce admissible grain yield in spite of affection by pest insects. Within this category of the resistance, it might be seen three subcategories, namely: 

i) compensation of tissue losses,

ii) indifference to tissue losses,

iii) deactivation of digestive enzimes injected in host tissues by sucking insects.

The second category of the resistance is host-plant evasion, which implies a non-coincidence of a vulnerable stage in a host-plant development and dangerous density of a given pest insect species. Host-plant evasion is provided by intensive rate of plant's development or by cultural practices. 

The last category of the resistance is host-plant antibiosis. This is biochemical or morphological traits, which contradict feeding by pest insects.

The compensation of tissue losses operates as means of self-protection against the cereal flies of the pest's groups 1 and 3. A winter wheat plant has a resource for restoration of tillers' losses. Such losses are common due to winter stresses and attacks by the cereal flies. This trait is inherent to all the cereal species, and it is especially well-developed in winter wheat cultivars bred in MIW. Here is a citation (D.D.Brezhnev and V.F.Dorofeyev, 1976, p. 130) for Myronivs'ka 808, but it is true for all the cultivars bred after this variety, i.e. after 1960-ies, because it has been used for breeding all them: "Mironovskaya 808 has well-developed winter-hardness, which is determined by its traits of intensive growth and leaf-flushing in early spring. This variety has a large stock of growing cones. And in a case of loss of tillers or the main growing cone at overwintering, the spare cones are able quickly to restore these losses".

E.D.Pashchenko (pers. comm.) having a large experience in studies of the winter wheat resistance to the Hessian fly has noted an ability of a variety, which determines a trait of the resistance. The ability gets clear at comparing. In a variety with a moderate level of the resistance (Bezosta 1), an attack by the fly results simply in mortality of an affected tiller, whereas in a variety with the developed resistance (Myronivs'ka 808), such an attack induces appearing of additional tillers. 

Nevertheless, even in the variety Bezosta 1, P.I.Susidko (1969, p. 26) observed the trend to increase of tillering at affection by the Hessian fly. In fact, in 1954-1955, the range of an average productive tillering was 2.2-3.8 in the affected plantlets, and 2.5-2.7 in healthy ones; in 1966, the range was 1.9-4.5 and 1.8-3.2, respectively. 

The compensation of tissue losses operates also in the root-eating insects (the pest group 7). An ability of the winter wheat to restore its root is surprising. One may cut roots in the booting stage close to a root collar, stretch this plant from the soil, keep it in water during a 24-hour period, and insert it in the wet soil again. Such a transplantation with losses of all the roots does not result in mortality of this plant. It survives and produces some grain yield, although a part of its stems will die. In the same manner, the winter wheat is able to compensate root losses due to insect feeding. Evaluation of this resistance is possible by an indirect method - by recording the endurance of an entry to lodging. If this endurance is really high, this means that an entry has not only a hard stem, but also a potent root system. The matter of fact that high hardness of a stem correlates with a well-developed root system (Pikush et. al., 1988, p.32). The endurable to lodging semi-dwarf varieties have both a hard stem and a potent root system with an index of root developing 0.20, whereas the varieties with high stems have such an index equals 0.18. This idea is clearly expressed by M.A. Il'inskaya-Tsentilovich (1968, p. 46) in the next words: "The intensity of forming of mechanical tissue of a stem is related closely with a character of development and vital activity of a root system. In endurable to lodging varieties, a root system is characterized by potent development, whereas in susceptible to lodging ones, it is squeezed and short". Importantly, between the traits of potency of a root system and its ability to regenerate after losses, it exists a close correlation (Protsenko et al., 1975). These authors have shown that development of a secondary root system growing from a root collar after cutting is well-expressed in the varieties of the winter wheat with a potent root system. In their studies, the authors cut wheat roots simulating damage by the root pests - grubs or wire-worms. Hence, the level of the endurance to lodging evaluated in the wide range of ecological conditions reflects the level of resistance to the pest's group 7. 

The indifference to tissue losses operates in relations of the winter wheat with cereal flies in spring (the pest's group 3). Such an indifference is a cause of high value of ETD for feeding by the cereal leaf beetles (the pest's group 5). Moreover, I.S.Guslits and Zubkov (1980) drew conclusion that the damage by the cereal leaf beetle O. melanopus increased grain yield in the winter wheat if an area of affected flag-leaf surface is lower 50%. I.M.Sokolov (1999) supposed that this conclusion was wrong, and explained it by methodical drawbacks. As if the cereal leaf beetle laid its eggs on the most developed stems, and the authors did not take into account this fact. However, the choice by the beetle the best stems is doubtful. The distribution of the damage by the larvae within a stem stand is very equal, and contemporary winter wheat varieties have the narrow range as to spike weight. Even if the beetles choose the most developed stems, the weight of their spikes remains higher one in spite of feeding by the larvae. This is an evidence of an insignificant impact of the beetle at affection less than 50% of a flag-leaf surface. I.M.Sokolov (1999) concluded that ETD for the cereal leaf beetle on the winter wheat is 0.5-1.5 larvae per stem or 20-30% of damage in a flag-leaf surface in the early period of a season - the heading stage. As to the later period of wheat growth, this author supposed that any damage is insignificant, and evaluations of the values of damage are not needed. In the present study (in the Forest-Steppe zone of Ukraine), the damage 20-30% was not recorded even at end of feeding by cereal leaf beetles’ larvae - in the wax stage of the winter wheat.

A very high ETD of the cereal leaf beetle was recorded by J.A. Webster and D.H.Jr. Smith (1983): "Significant (P<0.01) grain losses occurred in plots that had a least 9.0 larvae per stem." 

 The subcategory of the host-plant tolerance - indifference to tissue losses is based on the fact that biomass produced by winter wheat plants occurred to be redundant one. A plant has a potential productivity much more than a possibility to realize it in a field due to shortage of the soil resources (nutrients and moisture) and the light resource. The factor of limited resources enters in an action with a lag, when plant's tissues have developed in the period of abundant resources. Because this limitation, the most part of plant's tissues gets useless, i.e. it might be lost without a decrease of amount of grain yield. 

Let us confirm these suggestions by concrete facts. In optimal conditions, a plant of Myronivs'ka 808 gives up to 50 productive stems (E.D.Pashchenko, pers. comm.) At author's observations, in the conditions of the lack of competition, the maximal number of productive stems per plant in entries bred in MIW was 19, and maximal total tillering was 39. In the field conditions, at the end of the tillering stage (it occurs usually in the first 10-day period of May), cultivars bred in MIW give up to ten tillers per plantlet at the conventional sowing rate - 4-5 million seeds per ha. However, only a less part of these tillers results into productive stems. It is thought to be at the conventional sowing rate, the value of 2.0-2.2 productive stems per plant is optimal for obtaining the excellent for local condition yield -9.0-10.0 metric tons per ha (Zhurda, 1992). The maximal average number of productive stems that has been recorded consists only 3.1 per plant (Zhivotkov et al., 1992). Hence, up to 80% of tillers can be affected by the cereal flies without a negative effect on value of grain yield.

Moreover, the number of productive stems occurs to be much less of sown seeds, although grain yield is recorded as maximal one. Thus, V.N. Remeslo (1977, p. 84) has reported such data about growing of the variety Myroniv’s’ka 808: the sowing rate 3.5 million seeds per hectare, the average numbers of productive stems 290 pieces per square meter, and productive tillering per plant - 4.0. Hence, density of matured wheat plants is 290 : 4 = 72 per square meter, whereas it has been sown 350 seeds per such an area. 

Such reports agree with earlier ones. D.A.Sabinin (1948, p.40) has reported: ‘’…percentage of mortality of the wheat at normal cultural practices is very high….at absence ruinous outer impacts, like drought, and at normal cultural practices in fields of the spring wheat, the mortality as a rule reaches 30-40%”. Nevertheless, numerous experiments have shown that lessening of the rate results in a decrease of grain yield. The same is observed at an increase of the sowing rate over 5 million per ha. 

It is logical to put the question why it is need to saw the wheat with the rate 4-5 million grains per hectare if the most parts of tillers inevitably will die due to a lack of soil resources? This rate of sawing was adopted by an empirical way as optimal one. One possible explanation of this fact consists in the beneficial role of competition for vital resources in the soil among separate plants of the wheat and among separate stems within a stem stand. Such a competition results in surviving most vigorous plants and stems, which produce maximal grain yield. Vigor of wheat plants is uneven because a significant percentage of seeds bear inner infection. In the same time, at the optimal sowing rate, the competition does not get redundant. Another explanation consists in a better possibility of a dense wheat stem stand to compete with weeds. Comparing with the losses of tillers at the competition, mortality of them due to the cereal flies is insignificant. 

Also I.Pavlov (1991) pointed out that over 50% of winter wheat tillers are unable to produce spikes independently the presence of the cereal flies. He argued that the earlier the spare tillers die, survived ones will produce the higher grain yield. Because the cereal flies promote mortality of redundant tillers, these insects increase grain yield. 

Divers effects of the sowing rates have been considered by V.A.Chulkina et al. (2000, pp.240-241). These authors have analyzed the rates below 3.5 million seeds per hectare and 4.5 mi1llion per hectare. It occurred to be the first (low) rate retards growth of the wheat, leads to increase of a lower story and abundance of weeds. In a result, the harvesting gets 30-40% more expensive. The retarding of growth and better conditions for vectors of pathogens promote affection by diseases. Pest insects also are favored by increased sunlit in a thin stem stand. So that grain yield and its quality get lower. 

In Russian literature, there exists a pluralism of opinions as to impact of herbivorous insects on their host-plants within cereal crops. Naturally, it prevails the opinion about serious harmfulness of these organisms. A.A.Lyubishchev (1940) who argued an insignificant negative effect of them comparing with wrong cultural practices. At last, N.V.Kurdyumov, A.V. Zhukovsky (cited in I.F.Pavlov (1991), N.N.Shcherbinin (1933) and I.F.Pavlov (1991) suggested a positive effect of these insects at proper cultural practices. 

The idea of the host-plant tolerance in this crop might be spread on a population level. True, it is considered as normal a mortality of 5.3-7.7% of plantlets in the winter period due to seed inadequacy without relations to pest insects (Remeslo, 1977, p. 84). These losses are compensated by increased tillering in nearby plantlets. The effect of the cereal flies in the study's conditions is obviously less. A.T. Tishchenko et al. (1983) in the review of practice of winter wheat growing in various countries suppose that mortality of 10-20% of plantlets is normal at optimal conditions of wintering.

The surprising ability of a winter wheat stand to compensate losses of its components was demonstrated by the study conducted in Ukrainian Plant Protection Institute (now Institute of Plant Protection of UAAS) in 1986-1990 (Areshnikov et al., 1990). The aim of this study consisted in determining of ETDs of diverse pest insect species in the conditions of a low level of their density. The effect of these pests was simulated by thinning of a stand -destruction of a part of plants and their stems. This operation allowed to reveal the dependence of grain yield values on a rate of the thinning. The study was conducted in the Forest-Steppe zone (the Kyiv and Cherkassy Regions and in the Steppe zone (the Kherson Region). It was shown that the destruction up to 50% of wheat plantlets in the stage of third leaf (simulation of affection by wire-worms, cereal flies, grubs) did not decrease neither the number of productive stems, nor grain yield. In so doing, density of wheat plants in fall decreased from 470-630 to 260 per square meter. The amputation of a central leaf in the booting stage (simulation of spring affection by the opomiza and other flies, wire-worms, cereal mites and the sunn bug after overwintering, mice) led to a decrease of the productive stems numbers from 400-500 per square meter up to 20%. Nevertheless, this amputation did not effect on grain yield. The essence of the compensation consisted in increase of 1000 kernel weight, when the thinning did not exceed above-mentioned values. These results it seemed to be differed from other reports as to the sowing rate of 4-5 million seeds per hectare as an optimal one. However, the cause of the difference might be in specific conditions of the study. Environmental conditions and cultural practices in all the localities were optimal - proper moistening of the soil, good a forecrop in a crop rotation system - the pea in the Forest-Steppe zone and bare fallow in the Steppe zone; it was grown the excellent for that time winter wheat varieties Kyyanka and Odes'ka napivkarlykova. The authors of this study noted that the damage at the simulation, which did not effect on grain yield was much more than that due to the above-mentioned pest organisms in most seasons. 

As to winter wheat ability to compensate tillers' and stems' tissues losses, these traits are well-expressed even in the Steppe zone, where there exists a significant obstacle of growing of the winter wheat, namely: common deficiency of precipitation. Nevertheless, the observations by M.V.Krut (1992, 1998, pp. 51-52) showed that affection by the Hessian fly up to 46% of tillers (the maximal observed value) and up to 14% of sheaths of stems (the maximal observed value) in various varieties over several seasons did not decrease grain yield.

These exists an apprehension supported in particular by N.A.Sabodin (pers. comm.) that losses of the main stem even at the stage of tillering due to affection by cereal flies results in significant decrease of grain yield. However, above data give the ground to suppose that in the range of common values of the affection the negative effect is insignificant. 

 The role of the third subcategory of the tolerance (deactivation of substances injected in host tissues by sucking insects and mites) might be illustrated by the different negative effect at the same density of these organisms on various varieties. M.P.Nikolenko et al. (1990, p. 22) reported that in the variety Obriy, ETD for the cereal aphid occurred to be twice as high as it is in the variety Odes'ka 51. This subcategory, according to the above-cited authors, is characteristic for the winter wheat varieties of the intensive type. Probably, in this case, it operates also the subcategory of compensation of tissue losses (plant's sap), because the difference gets clear at abundant supply of the wheat by moisture and nutrients. Just in such conditions, the plants are able to compensate losses of their sap. 

Host-evasion as a measure of protection against of cereal flies in fall (the pest's group 1) is achieved by the usage the only measure of cultural practices. This is a sowing date, which determines the number of affected by the flies tillers in fall. The Table3 demonstrates that the earliest the sowing is done, the more is this number. By empirical ways, it has been found out the optimal sowing date for a given area. This means that tillers appear, when activity of the flies is low, but a cultivar is able to winter successfully, and its growth in the next season will be well. This fact has been repeatedly described in entomological literature. Let us cite the earliest and highly competent report on this dependence (Znamensky, 1926, p. 49).

Table 10. The dependence of grain yield and an affection by the cereal flies on sowing dates in the winter wheat. Poltava Research Station, 1925 (Znamensky, 1926, p. 49).

	Sowing date
	Affection of tillers by the Hessian fly, %%
	Affection of tillers by the frit fly, %%
	Grain yield, metric tons per desyatyna (1.06 ha)

	1
	2
	3
	4

	August, 15
	 67.6
	 50.9
	 1.409

	1
	2
	3
	4

	August, 20
	 55.3
	 62.8
	 1.655

	August, 25 
	23.8
	2.675
	

	August, 30
	 33.5
	 47.1
	 2.245.

	September, 5
	 23.2
	 25.9
	 3.097

	September, 10
	 2.0
	 4.0
	 2.522

	September, 15
	 0
	 0
	 2.520 

	September, 20
	 0
	 0
	 2.225

	September, 25
	 0
	 0
	 1.866


In MIW, it was obtained the same data reported by V.N.Remeslo et al. (1971, p. 17). In two winter wheat varieties, at sowing August 20, affection at the end of season by the Hessian and frit flies was in the range 21.8-46.1% of plantlets, whereas at the sowing date September 20, the range was 0-0.9%. In this institute, the sowing date September 10-20 is used as optimal one.

It should stress that in the conditions of the present study, the sowing date had no significance for protection against these insects. At early sowing dates (in July or August), the number of affected by the flies tillers increased, but simultaneously it increased the number of healthy (alive) tillers. The latter exceeded the former in many times. In this case, ETD was reached never.

However, in the conditions of cereal flies outbreaks, a sowing date has crucial significance for winter wheat protection against the flies in fall. This is true, in particular for North America, where the Hessian fly is a serious pest. Here, it was developed the optimal sowing dates for the winter wheat depending on the latitude of an area. In the book by H.T.Fernald (1926, p. 316), these sowing dates have been shown as follows: "....it is generally safe to plant wheat in northern Michigan after the first of September; in southern Michigan and northern Ohio, about the twentieth of that month; in southern Ohio, after October 7; in Kentucky, after October 15; in Georgia, from the last week in October to the middle of November". 

This measure has been used until now (Cox, 1987). Only in southern areas, where the Hessian fly is active nearly all the year, this measure is less effective, namely: "....the "fly-free" sowing dates are of limited utility in the Southeastern U.S." (Johnson et al., 1996).

A delay with a sowing date especially in combination with worth cultural practices bear danger as to affection by the cereal flies in next season. An example of such a situation was supplied by V.M.Remeslo et al. (1971, p. 17). Sowing of the winter wheat at the end of September after an inadequate forecrop in a crop rotation (the sugar beet) resulted in spring in weak tillering and retarded regrowth; then 63.3% of plantlets were affected by the frit fly. This 100-ha field was needed to be resown. The nearby field sown September 10 and having the pea as a forecrop had no signs of affection by spring generation of the frit fly and produced high grain yield. 

An effect of host-evasion for protection of plants against cereal flies in spring (the pest's group 3) can be seen in the Table 1. In this case, a part of winter wheat tillers reach an invulnerable stage (the booting stage) before density of cereal flies get so high to bear damage (to decrease of grain yield). If this part of tillers (unaffected by cereal flies) equals four per plantlet or more, it is quite sufficient for obtaining of the number of productive stems, which needs for high grain yield. In this case, the success of host-evasion is determined by two factors - intensity of spring regrowth (a hereditary trait) and by a sowing date. At the conventional sowing date, which is considered by the breeders of MIW as optimal one (the second 10-day period of September), no problems with cereal flies in spring arise in winter wheat fields on this institute (the Table 1, the pest' group 3). 

Importantly, the trait of intensive spring regrowth is retained in the environmental conditions, which very differ from Ukrainian ones. This is true for the variety Kryzhynka (that means "an ice piece"). In the conditions of continental climate (the Steppe zone in the Trans-River Volga region, Russia), due to its ability of spring regrowth, this variety occurred to be the most productive at severe drought and resistant to the leaf rust ( Shelepov et al., 1992). 

In the spring wheat, the efficacy of host-evasion as to cereal flies is less, because the vulnerable stages in this crop appear lately than those in the winter wheat. Nevertheless, early sowing dates have been recommended as a measure that decreases damage by the flies in the crop.

How the evasion operates, one might see in the case with the cereal fly Phorbia securis Tien. (Anosov, 1964). At intensive growth and maturation of tissues, a newly-hatched larva is unable to feed nearly a site of its hatching and is forced to move to upper part of a tiller. Since this way is long, it dies due to starvation. 

 Host-evasion is significant in resistance of the winter wheat to the sucking insects and mites. As an example of effective host evasion, it might serve the lack of negative effect on grain yield by the cereal aphid in condition that wheat plants enter into invulnerable stage before the middle of June. Just in this term, the aphid can reach dangerous density (Baran and Pidany, 1975). This term is true for seasons with weather conditions in spring and beginning of summer close to yearly average. In seasons with fresh weather in this period, many winter wheat entries evaluated in nurseries of MIW finish their vulnerable stages before the increase of aphid density. On the other hand, at droughty weather in this period, a risk of the affection gets high for those entries that have no the trait of early ripening. 

The role of fluctuations in weather situation, which can interrupt success of the evasion has been noted by a number of authors, in particular by M.G.Kostyukovsky and V.M. Kushnerik (1990). Nevertheless, the entries with intensive development in spring and the beginning of summer have a good chance to evade the damage due to the cereal aphid. This trait is considered as a factor of resistance against Thrips spp. (Krasilovets, 1980; Stukun, 1986). 

The role of host-evasion as a factor of wheat resistance to mites has been shown by A.V.Badulin (1984, pp. 41-42). According to this author, the difference in 5-10 days at entering of the winter wheat in the stages of flowering and grain-fill is very important for value of damage by the flower wheat mite, Steneotarsonemus panshini Weinstein et Beglarov. At sufficient fertilization by phosphorus, these stages arrive earlier that allows grains to evade from the damage. This is so because completing of the grain-fill stage is accompanied with hardening of cell's walls that worsens conditions of feeding by the mite. Therefore, the next stage (the milky maturity) is an invulnerable one for the mite. Coming this stage on 5-10 days earlier in a result of the fertilization is important for expression of the resistance. The same effect might be achieved by means of growing of the varieties with intensive development in spring and the beginning of summer.

The resistance to the cereal leaf beetles (the pest's group 5) also is related to host-evasion. Its role gets clear at comparing of affection of the winter wheat and the spring wheat in the same territory (fields of MIW). Here, the winter wheat is affected by leaf beetles’ larvae no more than 20% of a flag-leaf area, whereas the spring wheat in some seasons is affected up to 90% of a flag-leaf area. Thus, in the winter wheat, the resistance to the leaf beetles is determined by a cooperation of the indifference to tissue losses and the host-evasion. 

In the Forest-Steppe zone, it was recorded the infestations of the cereal leaf beetles in the winter barley and the winter wheat occupying usually a small part of a hectare with heavy affection of flag-leaves (T.I.Gorbach, O.A.Grikun, L.O.Paley, pers. comm.). These infestations were located in hollows within a field. An arising of the infestations might be explained by a delay in hardening of a flag-leaf cuticula in the conditions of excessive moistening of the soil, where juvenile tissues of the leaves attracted the cereal leaf beetles for oviposition.

In this connection, it is interesting the observation by M.P.Dyadechko (1986) about an aggregation of the beetles on young leaves of the couch-grass and other wild cereals regrowing after mowing in edges of shelter belts. Here, the females lay many eggs. These facts give an additional evidence as to importance of the host-plant evasion. 

The resistance's category antibiosis is considered in this report as a presence in a plant of obstacles for feeding by arthropods by means of biochemical (physiological) or structural (morphological) factors, which kill attacking pests or limit their impact on host-plants. This category of the resistance operates in self-protection of the winter wheat against summer generations of the Hessian fly. On condition that the high strength of stem tissues, larvae of this fly feed by an outer layer (cuticula) of stem tissue. Such a feeding does not cause breakage of a stem and does not effect on a value of grain yield.

It is more difficult to classify the character of resistance in the case of stem saw-flies. It was shown long ago that larvae of these species exert weak negative effect of a 1000 kernel weight - the decrease was only 5-10% (Lyubishchev, 1931). Surprisingly, Ukrainian peasants else in the first third of XX century appreciated as the best those wheat stems, which were affected by the stem saw-fly; these stems had the largest spikes (V.S.Fedorenko, pers. comm.). However, when stem tissues are lax, such a stem occurred to be broken and its spike is lost at harvesting. Recently, it has been reported that the saw-flies infest wheat stems regardless properties of their tissues, but the stems with tough straw although allow the larvae to feed, remain in vertical position (Shapiro et al., 1991). Furthermore, imagoes cannot emerge on such stems and die. Probably, this is true when the stems are not cut at harvesting. It seems, in this case, there is a combination of the resistance' subcategory indifference to tissue losses (a weak negative impact on grain yield) and some signs of antibiosis (killing of the pests). 

Evaluation of this kind of the resistance might be done by recording of the endurance an entry to lodging. A high value of the endurance index in the wide range of ecological conditions reflects a high level of resistance of an entry to the pest's group 6. Above, the same was argued for the pest's group 7.

The innumerous entries with zero density of the cereal aphid recorded at the outbreak of this species in 1986, should be considered as those having antibiosis to this insect. In the resistant hybrids of winter wheat cultivars with wheat wild species of this genus or the couch-grass, this antibiosis might be of a structural character. This is so because outer tissues of a spike in such entries were more thick than those in susceptible ones. On the other hand, in the cultivars Khirishiri Komeigi and Ai-Ai, the probable character of antibiosis was biochemical one. In fact, there was no difference in the structure of their spikes comparing with spikes in susceptible entries. 

The diversity of categories of the multilateral resistance of the winter wheat is given in the Table 11.

Table 11. A list of categories of the resistance in the winter wheat operating against the complex of pest insects in the central part of the Forest-Steppe zone in Ukraine 
	Groups of pest insects
	Affected parts of the winter wheat
	Categories of resistance operating in plant’s parts under risk of the affection 

	1
	2
	3

	1. Cereal flies in fall (frit and Hessian flies) 
	Young tillers
	1.Tolerance (compensation of losses of young tillers), 

2. Evasion

	1
	2
	3

	2. Sucking insects in fall (the green bug, leaf-hoppers) 
	Young tillers
	1. Tolerance (deactivation of digestive enzimes)

	3. Cereal flies in spring (frit, Hessian, opomiza flies)
	Young tillers
	1. Tolerance (indifference)

	4. Sucking insects in spring and summer
	Spikes
	1. Evasion. 2. Tolerance (deactivation of digestive enzimes) 

	5. Leaf-eating (the cereal leaf beetles)
	Flag leaves 
	1. Evasion 

2. Tolerance (indifference) 

	6. Stem pest insects (summer generation of the Hessian fly, stem saw-flies)
	Stems
	1. Tolerance (indifference)
2. Antibiosis 



	7. Root-eating (grubs, wire-worms)
	Roots
	1. Tolerance (compensation of losses)

	8. Cereal spike beetles
	Spikes
	1. Evasion


An origin of the resistance and an effect of accompanying environmental factors

As one may see, all the winter wheat entries have a significant level of the current resistance to pest insects (the exception is the pest’s group 8). It should explain why such the resistance operates taking into account that the breeders in MIW and BTRBS have had no a task to provide their varieties with such a trait. The matter of fact that factors of the resistance are embraced by the totality of traits of so-called varieties of the intensive type. The traits of such varieties are shown, in particular, in V.V.Shelepov (1992). At breeding of such varieties, the resistance has been developed itself.

In fact, the high tillering in fall and the advanced regeneration of tillers' losses in spring are the traits of developed winter-hardness of the crop. The intensive regrowth in spring is a valuable trait contributing to drought tolerance. The high lodging endurance reflects well-developed tough of stem tissues, which ensures the resistance to the stem saw-flies and summer generations of the Hessian fly.

Beside with the entries bred in MIW, it has been evaluated the resistance of numerous entries of the winter wheat of other provenance. Hundreds of such entries were grown in the nurseries of ecological testing, collection and quarantine. Among these entries, there were those with worse expressed traits than in varieties of the intensive type. Nevertheless, the difference as to a level of affection by pest insects in all the diversity has not been recorded. It seems, in the study's area, an activity of pest insects is not too high. Try to explain this fact.

First of all, it should pay attention on high level of cultural practices in fields of MIW. It is characterized by the usage of crop rotation with bare fallow and abundant fertilization by manure (up to 60 metric tons per hectare). In nearby husbandry, cultural practices are not so perfect, but until recently, it has been met the demands. Interesting, in 2000, in the nursery of reproduction of new-bred varieties, it was recorded significant affection by the stem saw-flies that induced lodging (G.M.Kovalyshina, pers. comm.). This might be related with breakage of cultural practices in a nearby husbandry, in particular the lack of furrow in fall that allowed to the pests to overwinter successfully.

It might be significant the wide usage in Ukraine winter wheat varieties of the intensive type, which are able to exert a suppressive effect on vitality of stem saw-flies.

In the study area, there exist significant plots of woody stands, in particular shelter belts, where natural enemies of the pests can thrive and suppress their insect hosts.

The next set of suggestions as to the problem in question consists in the climatic conditions of the study region, which are out of optimal for pest insect outbreaks. This fact gets clear, when comparing situations with pest insect activity in the Forest-Steppe and Steppe zones. In the latter, the role of pest insects is more significant. Such species, which in the study area stay continually on the level below ETD - the sunn bug, Eurygaster integriceps Put. and the cereal carabide beetle, Zabrus tenebrioides G. should be controlled in the Steppe zone in a significant part of seasons. In the zone, it is rather common high density of cereal thrips, cereal aphids and the cereal leaf beetles. Hot and dry climate promotes herbivorous arthropods in various ways, in particular by shortening their life cycle, increase the number of generations per year, suppression their enemies - pathogens, parasites. Here, the participation of cereals in a crop rotation system is high.

At last, it is possible the prolonged decrease of pest insect aggressiveness in an area-wide scale. There exist an unexplained phenomenon of the general decrease of aggressiveness of the species known as persecute pests. The situation with the Hessian fly it seems is just a case. In the past, this species was a very serious pest. It appeared in Russia in the middle of XIX century. It first outbreak was recorded in Russia in 1847. Since the outbreaks were recorded in 1879-1885, 1890, 1896-1898, 1906-1908, 1911-1913, 1923-1925, 1937-1938, 1948-1955, 1961-1963 (Pavlov, 1967, pp. 47-48). The level of affection gets clear from the report by A.Ph. Kryshtal (1947, p.12). According to this author, in 1938, the fly's outbreak was the most sever over 40-50 preceding years. On 1,621,731 hectares of surveyed area in Ukraine, density of the fly (the number of larvae or pupae per square meter) composed in the spring wheat 300 individuals on 34.8% and 1000 individuals on 8.6% of the area. In the winter wheat, the affection with the rate over 300 individuals was on 12.8% of the crop's area

After 1960-ies, outbreaks of the Hessian fly were forecasted in 1979-1980, 1991-1992 and in 2000-2001 (Biletsky, 1994). However, any increase of density of this species in 1987-2001 was not recorded (G.A. Posylayeva, pers. comm. and author's observations). Over last decades, in the study area, it is known only one case of significant damage due to this species, namely: in 1972 in BTRBS, several hectares of the winter wheat were wiped out by the fly (L.A.Burdenyuk, pers. comm.). Even in the Steppe zone, where activity of the fly is usually more expressed, it has not been recorded over last decades the decrease of grain yield in the winter wheat at the highest of the revealed values of the density - affection of 46% of tillers in fall and presence of cocoons in 14% in sheaths of stems in summer (Krut, 1992; 1998, pp. 51-52).

In the past, aggressiveness of the Hessian fly in the Steppe zone was higher. This problem was studied by P.I. Susidko (1969) who reported the following terms of Hessian fly outbreaks in the south of Ukraine (pp. 19,27): 1881, 1884-1885, 1890, 1892, 1896-1897, 1907-1908, 1910-1911, 1922-1924, 1930-1932, 1937-1938, 1947-1948,1951-1952, 1959, 1966. In 1959, in some localities, the density of the Hessian fly exceeded 1000 larvae per square meter, so that one affected stem contained in average more three larvae. To the point, P.I.Susidko (1969, p. 19) stressed that outbreaks of the Hessian fly did not demonstrate any periodicity. Its high density continued 1-2 years. After that, it occurred a depression, which continued 1-10 years. This standpoint differed from one keeping by Eu. S. Biletsky (1994) who tried to connect arising of Hessian fly outbreaks with the periodicity of the solar activity. 

 It seemed the data of the Table 8 suggests in favor of the limited aggressiveness of the Hessian fly. True, in spite of a very high invasion loading, the fly cannot occupy all the stems of its host-plant. This is possible if vitality of the fly population is not too high one due to bearing of an inapparent infection. This might result in high mortality of eggs or young larvae especially if attacked tillers have attained some level of hardness of their tissues. Thus, a combination of developed ability of the varieties bred in MIW to compensate losses of tillers, evasion by means of early hardening of tillers and decreased vitality of the Hessian fly population secure an admissible level of the resistance of the varieties. An increase of a vitality of a Hessian fly population leads to arising of an outbreak. However, the environmental resistance (activity of natural enemies, especially inapparent forms of pathogens) in the study area does not allow such an outbreak to spread on a significant territory.

In the European part of Russia, the last decades have been relatively quiet as to the Hessian fly. The significant decrease of grain yield and resowing of several tens hectares of the winter wheat were recorded only in the beginning of 1960-ies (Kuznetsova, 1967).

The forecast by Eu.S. Biletsky (1992) as to outbreaks of the Hessian fly in Ukraine in 1991-1993 and in 2000-2001 occurred to be mischance.

On the other hand, in North Kazakhstan, damage due to the Hessian fly continues to be significant one. That is so because in this region of the distinctly continental climate, it is used the spring wheat, which is more exposed in vulnerable stages for the Hessian fly, and possibility for compensation of tillers’ losses is worst in dry climate.

Interestingly, that the Hessian fly in Kazakhstan got a serious pest in 1970-ies (Zharmukhamedova, 1987). It might be the fly is a newcomer in this region. The matter of fact that mass growing of the wheat in North Kazakhstan, where the Hessian fly occurred to be a serious pest, begun in the middle of 1950-ies, when vast areas of the virgin soils were ploughed. Because wild cereal vegetation is not a preferred food for the Hessian fly, this species occupied this area with the beginning of wide-scale growing of the spring wheat. For new invaded pests, it is characteristic high aggressiveness, which begins after roughly ten years after an invasion and continues until natural enemies (introduced or native) adapt to this pest.

 In this connection, consider the situation with the Russian wheat aphid, Diuraphis noxia Mordv. In the countries of Former Soviet Union, this species is known as the barley aphid, Brachycolus noxius Mordv. Now, it is very dangerous in America and South Africa. According to its species name (noxius), it was very dangerous in Russia in the period of its description - at the end of XIX century. The aphid is shown in textbooks of this country as a pest of cereal crops. For example, N.A. Kholodkovsky (1912, p.488) reported that this species (at that time, it was used the name the barley aphid, Brachycolus korotnevi Mordv.) was appeared sometimes in huge masses in south of Russia, so that its imagoes composed vast clouds. However, contemporary literature does not report about outbreaks of this species. D. noxia is mentioned as a satellite of more important pest - S. avenae in south Ukraine ( Nikolenko and Omel'chenko, 1974). In the Forest-Steppe zone, the role of the aphid is considered as insignificant. In fact, the studies in 1976-1979 showed the presence of four species of aphids on the winter wheat, including D. noxia, however, the occurrence of S. avenae was equal 92.4% (Dudnik, 1983, p. 6).

In Eastern Germany, participation of S. avenae in a total aphid stock on the winter wheat was about 90% (Assman and Wetzel, 1990) that also suggests the minor role of D. noxia.

It was reported that D. noxia is a species of Central Asia origin (Schliephake et al., 1998). It spreads westward beginning with XIX century. The low density of this species in Ukraine and Russia in nowadays might be explained by adaptation to it of local natural enemies.

It seems, the Hessian fly spreads eastward, whereas the Russian wheat aphid spreads westward bearing damage in a recently invaded area as the gypsy moth, Porthetria dispar L. does in North America.

It is probable, that high activity of the Hessian fly in North Kazakhstan is determined by a number of causes. N.Ya. Yevdokimov et al. (1986) suggested the following causes of it: soil treatments without furrow (in this area, it is used the surface tillage - sharing for protection of the soil from wind erosion), so that the fly overwinters successfully into shready stalks; also it is important actually monoculture of the wheat, and the growing of the spring wheat, which is more vulnerable to the fly than the winter wheat. 

In addition, in southeastern areas of Europe and North Kazakhstan, there are bad conditions for existence of natural enemies of this species. Here, areas of natural woody ecosystems, where pest's parasites and predators find favorable conditions for overwintering and additional feeding are very limited. The role of this factor might be seen from the data on affection of eggs of the sunn bug in a cereal field depending on the distance to a forest skirt (Shapiro, 1959). The percentage of the parasitization was as follows: beside the skirt -65.1, on the distance 100 meters - 61.3, 200 meters - 52.2, 500 meters - 32.0.

The ways of operating a resistance of the winter wheat to pest organisms - keeping its stability, enhancing its expression and the usage in integrated pest management

It is known four causes of a loss of resistance to pest insects in host-plants. At the first, this loss can occur on the hereditary level in a result of directional selection. Such a selection operates at high level mortality of pest insects at their attempts to attack host-plants. The individuals survived at such attacks get a source of a pest population, which is able to overcome factors of this resistance. This case implies the presence in host-plants a developed antibiosis of a biochemical subcategory, whereas the antibiosis of a structural (morphological) subcategory is quite durable. In the case of present study, it operates the antibiosis of a structural subtype (hardness of wheat stems, developed thickness of outer tissue of grains), and a biochemical subtype. As to the former, it hardly to be overcame by increased aggressiveness of the pest insects. The latter, which operates in self-protection of such winter wheat cultivars as Khiroshiri Komeigi and Ai-Ai against the cereal aphid seems to be less prospective than antibiosis of a structural subtype. 

A reliability of this resistance was checked by growing of these cultivars in a greenhouse in MIW, where density of the cereal aphid is high every year. It occurred to be at the density of several hundreds aphids per stem, they had no advantages comparing with the entries susceptible in the field conditions. 

M.P.Nikolenko (pers. comm.) who studied the resistance of the winter wheat in the Steppe zone of Ukraine, where density of this species got high more often than in the Forest-Steppe zone, kept the following ideas. Although the sources of antibiosis to the cereal aphid are available, the cultivars with such traits are not adapted to local environmental conditions. Therefore, they can be used only at hybridization with native cultivars. In so doing, it is probable the decrease of both expression of this resistance and agronomic or quality traits. Due to high polyvoltinity of the cereal aphid (more than ten generations per season), microevolutionary process of adaptation to new host-plants in its population goes quickly, so that such a resistance is overcame for a few years. M.P.Nikolenko supposed that host-plant tolerance is more prospective as a trait of winter wheat resistance to the cereal aphid. 

Eu.Eu.Radchenko (1987, p.13) has concluded that genepool of the mild and hard wheat species is poor as to sources of resistance to the cereal aphid: of 2780 checked entries, only 48 occurred to be infested weakly. Because ability of diverse aphid species to produce aggressive biotypes is developed well, the resistance of the category antibiosis might be overcame easily at wide-scale growing of the varieties with this trait. The innumerous relatively resistant entries might be having this ability due to host-plant evasion, because "Weak colonization of resistance's sources is, probably, caused by early-ripening of these entries" (Radchenko, 1987, p. 13). 

The second cause of a loss of resistance consists in a decline of physiological state of host-plants in a result of inadequate conditions of their growing - bad cultural practices, especially at combination with weather stressors - heavy drought, severe winter. At such conditions, weakened plants have no a possibility to realize their ability to tolerate pest damage, evade from them or protect themselves by means of antibiosis. This is a very probable cause of resistance losses, and, therefore, it is need to test durability of the resistance under effect of this cause in a special trial.

The third cause of the loss is an abrupt increase of pest aggressiveness. Probably, this is a result of sanitation of a pest insect population, i.e. disappearing of various forms of infection (acute, inapparent, latent). In a result, individuals get very numerous and voracious. Such a danger is quite tangible. There are a number of cases, which might be considered as just the appearing of sound pest insect populations in the region under study. Above, it is reported about a small outbreak of the Hessian fly in 1972 in BTRBS. Here, in 1996, it was observed the similar damage by the alfalfa weevil, Otiorrhynchus ligustici L. (L.A.Burdenyuk, pers. comm.). In MIW in 1977, according to V.G.Novokhatkа (pers. comm.), density of the cereal leaf beetle was above ETD. In so doing, it was affected even those cultivars, which were considered to be resistant to this species with the category of antibiosis having leaves with dense thrichomes. In 1987 and 1988 in MIW, a significant damage was done by the cockchafer, Melolontha melolontha L., which destroyed thin-sown winter wheat plantlets. The cockchafer and the alfalfa weevil are nearly unknown as pests of the winter wheat in Ukraine. This fact points out a danger on the part of a wide range of insect herbivores for the winter wheat. The list of pest insect species, which have been found out in perceptible density in the study's area by the author is a little part of the stock of insect species being recorded as pests of the wheat in Ukraine (Znamensky, 1926; Vasil'yev, 1987,1988). 

 The fourth cause of a loss of resistance consists in a huge increase of a pest insect stock due to an area-wide improvement of the conditions of their reproduction. In so doing, the pressure on the part of pests on their host-plants overbears their ability to protect themselves.

The danger due to this cause, it seems to be, most tangible and acute. The current situation with pest insects on agricultural crops in Ukraine is similar to that described in the first part of 1920-ies by A.V.Znamensky (1926). The problem deserves the extensive citation of this author. Here it is. "In the end of XIX and in the beginning of XX centuries up to the period of World War I, in a result of development of our agriculture and expansion of arable areas, a significance of the locust insects was decreasing year after year, and their infestation spots moved in south-eastern direction - to flood plains and deserted steppes. The human population of Ukraine and the middle Russia forgot completely an existence of these pests. Although in the past, the locusts bear significant damage in many governorships of southern Ukraine and the Middle Chernozem Belt of Russia. The events after World War I induced heavy degradation and regress in agriculture. Cultural practices changed sharply in the direction of extensiveness; fields were abandoned, grown with weeds that favored to the locusts. Waves of locust pests in 1922-1925 overflowed the southeastern half of Ukraine ...and even in the central Russia (Kursk, Voronezh, Tambov, Ryazan Regions), it was conducted a control these pests. In eastern and southeastern frontier counties bordering with the continual reservations of these pests, the situation was much worth. The second example of dependence of pest status of an insect on agricultural conditions is an outbreak of the Noctuids moths, which were able to reach outbreak level on condition that no fall plowing was used, and sowing was conducted over shready stocks." (Znamensky, 1926, p. 14).

In 1929-1933, it was recorded a new locust outbreak of a less scale with participation of Calliptamus italicus L. and several other species. The turnip moth, Euxia (Scotia) segetum Schiff. also appeared in mass density that was shown by publishing the book for control it (Bil's'ky, 1932). An arising of these outbreaks can be explained by abandoning of vast arable areas at the "collectivization" conducted by the Soviet government, when millions of Ukrainian peasants died due to starvation. 

Now in the beginning of XXI century, the situation with above-mentioned pest species is the same. In the end of XX century and in the beginning of XXI, as in 1920-ies, outbreaks of the locust insects are known from Kazakhstan to the central part of Ukraine. In fall of 2000, density of the turnip moth in some Regions of Ukraine reached 80 caterpillars per square meter - much more ETD (Kolesnichenko and Syadrysta, 2001). This fact might be considered as a result of the downfall of agriculture developing after the collapse of Soviet Union. It is supposed to be that the area of abandoned fields in Ukraine now consists in 6 million hectares (M.P.Lisovyi, pers. comm.) or 8 million hectares (V.M Chaika, pers. comm.) of 33 million hectares of arable lands in this country. In Russia, now the area of abandoned fields reaches 30 million hectares (V.F.Drozda, pers. comm.). The prevailing in last years species C. italicus and close to its in ecological habits Acrididae reach high density on abandoned fields with abundance of the couch-grass (Kryshtal, 1959, p.257). The Noctuid pests have their ecological optimum in wheat fields with abundant broad-leaf weeds. B.I. Bil's'ky (1932, p. 5) explains this fact by the fact that females of this species need to feed by nectar of flowers. In addition, the females having up to 2000 eggs are bad flyers. Therefore, they lay eggs in vicinity of feeding places. 

After World War II, mass outbreaks of these pest insects in agriculture in Ukraine were not been recorded. It seems, the present depression in Ukrainian economics is more serious than that in a result of the terrible war. In addition, the average grain yield in the cereal crops in Ukraine decreased from 4 metric tons per hectare in 1990 to 2 metric tons in 2000 (M.P.Lisovyi, pers. comm.). 

Importantly, all the factors of the resistance to pest insects are valuable agronomic and quality traits, which are embraced by the complex of the traits of so-called winter wheat varieties of the intensive type. A compendium of such traits one may find in the thesis by V.V.Shelepov (1992). Here is the list of them. 

The developed tillering in fall (4-6 tillers at the end of vegetation) and intensive regrowth in spring. They are the traits providing the crop with endurance to winter stresses (hard frost at weak snow cover, affection by excessive moistening, affection by the snow mold). The same way of winter wheat breeding has been used in Canada in the climatic conditions, where winters are rather severe and moistening is not usually a problem. Here, winter hardness is kept by developed tillering in fall and intensive regrowth in spring; both these traits allow to compensate losses of tillers (Bulman and Hunt, 1988). 

The intensive regrowth in the beginning of a season and development until the stage of the milky maturity are the traits providing the crop with drought tolerance. The plants with such traits use more effectively a stock of moisture in the soil.

The high level of lodging endurance both of the stem and root subcategories operating in the wide range of ecological conditions are the traits that allow to safe grain yield in seasons with abundant precipitation, and to increase grain yield by the usage of high rate of nitrogen fertilizations. 

Indeed, the complex of traits according to demands to the varieties of intensive type embraces factors of resistance to pest insects. This suggestion explains why varieties bred in MIW in last decades have a significant level of the current resistance, although the breeders have had no task to provide their varieties with the resistance. True, at breeding such varieties, the resistance has been developed itself. Nevertheless, with a standpoint of the potential resistance, expression of some traits in the winter wheat should be increased. 

 At the first, consider the problem of an increase of resistance to the pest's group 4 (sucking insects in spring and the beginning of summer). The varieties with early date of entering in the stage of the milky maturity have good chance to evade from damage by these organisms. Such a trait is characteristic for the varieties Myronivs'ka 29 and Dons'ka napivkarlykova. The problem consists in the fact that this trait correlates with early ripening, and this leads to decrease of grain yield. It should combine in a variety the traits of entering at early date to the stage of milky maturity and ripening in optimal date. This aim has been achieved in the variety Myronivs'ka ostysta (V.V.Shelepov, pers. comm.).

The next trait that should be improved in the winter wheat is the resistance to lodging. Developed expression of resistance to stem lodging will protect the plant from the pest group 6, whereas endurance to root lodging needs for protection against the pest group 7. An expression of this trait is dependent on weather conditions. In the seasons with abundant precipitation, nearly all the entries bred in MIW have low values, when evaluation of this trait. The progress in this direction is quite probable. In fact, a number of cultivars of foreign breeding tested in the same conditions demonstrate high endurance to lodging.

Both these propositions are useful with standpoint of increase of grain yield and quality of production. It is difficult to combine in a variety the traits of high grain yield and high protein content in the grain. This problem might be solved by selection of genotypes of the winter wheat with traits of a well-developed root system, its high activity up to the stage of wax ripening, early date of heading, and retarded ripening (Sozinov, 1980).

The so-called physiological and genetic model of a winter wheat variety (Orlyuk and Korchinsky, 1989) has proposed with the aim to breed the varieties with an optimal combination of traits. In it, it is argued that shortening of the growth period up to the milky maturity stage even for a week will increase drought-tolerance and quality of grain. The model suggests the need to increase the thickness of straw walls from 1000-1110 mcm to 1550 mcm, strength of a stem on breakage from 1600-1850 units to 2350-2400 units, the number of conductive bundles from 33-34 to 45-48 that allow to improve lodging endurance on a numeric score.

 It is possible to reach a significant level of resistance against of such voracious pests as the cereal spike beetles, Anisoplia spp. It has been revealed that the beetles in different degree affect winter wheat varieties ( Susidko and Fed'ko, 1975). Their studies over four seasons showed that the varieties Dniprovs'ka 521, Dniprovs'ka 775, Veselopodil'ska 485 were damaged more that 50%, whereas the damage in the varieties Kavkaz, Dniprovs'ka 440, Orbita, Zaporizs'ka 5, Myronivs'ka yuvileina, Avrora, Stepnyachka 30, Myronivs'ka 808 was below 15%. The authors explained this difference as a result of various attractiveness of these varieties. However, the cause of the difference in attractiveness was not revealed. This might be the traits of term of ripening or structure of a spike. 

The significant effect of host-evasion on affection of the winter wheat by the cereal spike beetle (Table 1) promises a method of beetle control, namely: to use the spring wheat as a lure for the beetles by means of sowing of a spring wheat stripe around of a massif of the winter wheat. In the data of the Table 1, a stripe of the spring wheat composed only several percents of the area occupied by a winter wheat nursery attracted most of the beetles in this area, so that their density on the winter wheat (2 or 4 individuals per square meter of a wheat field) occurred to be below the threshold of damage (8 beetles per square meter). 

It should recall the recommendation to control this pest by means of lure crops proposed by I.M.Krasil'shchik (1909, cited in I.V.Vasil'yev, 1914). According to this recommendation, a massif of the main crop (the winter wheat) is encircled by a lure crop (the spring wheat). For attraction of the most part of a beetle population, it is sufficient to sow a lure crop on an area approximately equals 4% of a main crop area. The usage of such a lure is supposed to be expedient, when a soil excavation predicts appearance of the beetles with the density above ETD. 

The proposed breeding measures will be useful for self-protection of the winter wheat at appearing of aggressive pest insect populations. However, the absolute self-protection is unachieved. Therefore, the usage of resistant to pest insect varieties does not exclude the monitoring of pests and treatment with insecticides, when it is needed.

Taking into account of the resistance allows to limit insecticidal treatments, which are used often without necessity. Now in Ukraine, the area treated by insecticides has decreases sharply comparing with that not long ago. But in the time, when such treatments were cheap, the treated area was obviously excessive. Thus, in 1985, in Ukraine with the aim to control the cereal insect pests, it was treated with insecticides 1,500,000 hectares. The significant part of this area was protected against the sunn bug in the Steppe zone that was necessary. But many areas were treated for control the cereal flies with doubtful benefit.

Above propositions as to improvement of winter wheat resistance to pest insects should be evaluated from the standpoint how these measures would influence on affection of the crop by other pest organisms.

 It has been revealed that affection by the leaf rust even50% of a wheat flag leaf surface actually does not decrease an yield if it occurs after entering of the wheat in the stage of milky maturity (Stepanov and Chumakov, 1972). In the study area, the intensive appearing of the leaf rust is observed in the middle of June. The wheat entries that enter in the stage of the milky maturity before this term are tolerant to the leaf rust (their productivity does not decrease). The situation with some other leaf diseases (the mildew and the septoriosis) is similar one - the shortening of the period of early stages diminishes negative effects of the pathogens on grain yield. 

Host-evasion by means of a delay in sowing dates is prospective for protection against virus diseases. Considering this problem, I.V.Panarin (1985, p. 10) has concluded that "the earlier plants are infested, the heavier negative effect of a virus on plant height, on the number of grains per spike, and on grain weight ". He has provided an example, when at sowing in the early date (August, 1), the wheat striate mosaic, Marmor virgatum var. typicum Mc Kinney affects 100% of wheat plants and reduces grain yield up to 1.75 metric tons per hectare, whereas at sowing in the optimal for southern Ukraine date (October 5), the virus affects only 0.6% of wheat plant, and grain yield is 4.47 metric tons per hectare (Panarin, 1985, p.11). 

High hardness of stems, i.e. the developed lodging endurance, is in the same time the resistance against the foot rot, Pseudocercosporella spp., whereas the well-developed root system with a potent ability to regenerate provides tolerance to the root rot, Ophiobolus graminis Sacc. (Bockmann, 1966) and against the phytonematodes (Sigaryova, 1986 ).

The intensive development in spring, numerous tillering and the traits correlated with high resistance to lodging (short stems, broad leaves) allow to entries to compete effectively with weeds (Pikush et al., 1988).

As it has been shown, breeding of the intensive winter wheat varieties gives a possibility to reach the significant resistance to pest insects and the resistance to what extent to other pest organisms - pathogens, weeds and phytonematodes. In so doing, naturally it arises a question to verify the durability of such a multilateral resistance in the conditions, which deviated from optimal ones in breeding centers and are more relevant for growing of the crop in common agriculture. Some information in this respect was obtained in PILPO and the nurseries with variations as to cultural practices. It was obtained the data in favor of significant durability of pest insect resistance. In fact, only at rough breaches of cultural practices, this resistance fails. This was observed at a very late sowing and at absence of fertilizers in the soils. In such conditions, the plants grew slowly in spring, had low tillering that led to significant decrease of productive stems. A low sowing rate enhances damage due to root-eating pest-insects (the pest’s group 7). 

 The effect of deviations in cultural practices it seems to be more expressed as to the affection by pathogens. Such a provocative situation is useful for valid evaluating of crop's resistance to pathogens. This is an urgent problem because an evaluating of such a resistance in breeding nurseries might be unreliable even if it is conducted in the conditions of increased loading by agents of pathogens. The matter of fact that for affection by pathogens it is need an appropriate weather situation, which coincides with a vulnerable stage of a crop. Such a situation occurs not too often. That is why the varieties evaluated as quite resistant in the conditions of conventional breeding nurseries get much less resistant in the conditions favorable for vital activity of pathogens. This is true, for example, for such varieties as Myronivs'ka 33, Myronivs'ka 34, Myronivs'ka 61. At evaluation in the laboratory conditions, the high number of plants in these varieties (32-67%) was susceptible or had weak resistance to the leaf rust (Rudenko, 1997).

The favorable conditions for affection of winter wheat varieties can arise also in the field at appropriate weather situation. Such a situation was in 1999, when the high values of affection by the leaf rust were pertinent to actually all the entries in nurseries of MIW with the exception of the variety Kryzhynka (Z.M.Dovgal, pers. comm.).

The interesting data as to instability of winter wheat resistance to the leaf rust are provided by literature. Here is the data by V.N.Remeslo (1977, p.101) presented in the Table 12.

Table 12 shows that affection by the pathogen in various seasons is very uneven. This fact gives evidence in favor of the prevalent effect of weather situation on a value of the affection. Also, there exists a trend in the affection to be increased in successive years. At last, there is no correlation between percentage of the affection and amount of grain yield. This suggests the high level of host-plant tolerance and host-evasion to the leaf rust in this variety. True, plant breeders of MIW consider an affection by the leaf rust as inessential because its signs appear in the late stages of winter wheat growth, when the pathogen actually does not decrease grain yield (A.F. Mel'nikov, pers. comm.). But the trend of increase as to percentage of the affection in the course of reproductions points out on advisability to maintain an admissible level of varietal resistance by means of selection of healthy plants within a variety.

Table 12. The affection of the winter wheat of the variety Myronivs'ka 808 by the leaf rust and grain yield in various years. 

	Elite and reproduc-tions
	Affection, %%
	Grain yield per hectare, metric tons

	
	1965
	1966
	1967
	1965
	1966
	1967

	Elite
	54
	3
	8
	5.31
	4.69
	4.42

	The first
	59
	46
	15
	5.25
	4.63
	4.47

	The second
	68
	49
	15
	5.06
	4.25
	4.31

	The third
	76
	48
	17
	5.02
	4.41
	4.16 

	The fourth
	-
	50
	20
	-
	4.27
	4.12

	The fifth
	-
	-
	20
	-
	-
	4.02


Because the conditions favorable for affection of crops with pathogens occur rather rarely, the testing of entries and maintenance of varietal quality should be done in PILPO.

There is a recommendation to use PILPO for valid evaluation of winter wheat resistance to the root and stem rots (Lesovoy et al., 1981). In so doing, it was proposed to test breeding entries in the conditions of monoculture, deep (on the depth 10-12 cm) sowing and early sowing. These measures are needed because the level resistance of the wheat to the root and stem rots gets clear on condition that it occurs the weakening of physiological state of host-plants. This is confirmed by nearly general lodging of entries bred in MIW in seasons with abundant precipitation. At excessive moistening of the soil, wheat roots weaken due to oxygen deficiency that allows the root and stem rots to affect them. In a result, heavy lodging occurs. Nevertheless, some wheat entries (for example, Remeslyvna and those of foreign breeding) retain endurance to lodging even in such conditions.

At last, the provocative conditions of growth are useful for testing of winter wheat entries on the trait of winter hardness (V.V. Shelepov, pers. comm.).

Because the factors of resistance to pest insects are embraced by the traits of winter wheat varieties of the intensive type, it is advisable to test entries on their pest insect resistance at a late stage of the breeding process, when it is available the material with stable traits – strains. This material is called in MIW "breeding lines", and it is tested in the nurseries of preliminary test and competitive strain test. Simultaneously, the breeding lines should be tested in the conditions provocative as to diverse stressors -biotic and abiotic.

It is prospective to modify cultural practices if it promises benefit for protection the crop against pest organisms. The significant damage of the winter wheat is exerted by the yellow dwarf virus, Hordeum virus nanescens Rademacher et Schwarz. A.I.Yukhymenko et al. (2000) did not find plants resistant to this virus among five thousand entries of the winter wheat in nurseries of MIW. These authors evaluated the losses in grain yield due to this pathogen in the varieties Myronivs'ka 61 and Myronivs'ka 33 in 1999 as equaled more than 50%. Although such an evaluation seems to be undue one, this is indeed a problem. Because intensity of affection by the virus is determined by density of its vectors - sucking insects, a decrease in the affection can be gained by a delay of the sowing date that diminishes density of these insects in the same season. The relatively old winter wheat varieties, for example Myronivs'ka 808, responded by the significant decrease of grain yield at sowing at a little delay (the end of September) in the study area (Remeslo et al., 1971). On the other hand, the recently bred varieties are more tolerant to late sowing dates (V.T.Kolyuchyi, pers. comm.). Therefore, a delay at sowing dates should be recommended, when high density of the virus vectors is probable. The probability might be known by means of counting of density of these insects in the beginning of September, when the trend gets clear. The density is determined on voluntary wheat or a plot, where the winter wheat is sown in the beginning of August. As a criterion of the danger, it is served an approach of the density to the lower limit of ETD - 400 insects of the green bug or 150 insects of leaf-hoppers per square meter. Forecast of weather on the third 10-day-period of September and all the October is important for evaluation of the danger. High air temperatures and low values of precipitation in this period contribute density of the vectors. 

CONCLUSIVE REMARS

The main conclusions of this study are the followings: 

i) all the winter wheat entries under the study actually occurred to be resistant to wide diversity of pest insect species (with the exception of pest’s group 8),

ii) there exist situations, when affection by pest insects gets increased that, however, might be explained by cultural practices and weather factors rather then hereditary traits.

 Such conclusions should be limited by the conditions of moderately worm and wet climate, where activity of pest insects is not too significant, and where the winter wheat is able to display all its potential at good breeding. Here, the crop evades from serious damage by pest insects, compensates losses of affected tissues, deactivates digestive enzimes injected by sucking arthropods, have increased resistance to other pest organisms – pathogens, phytonematodes, weeds. This is characteristic for the Forest-Steppe zone of Ukraine especially its central part. Taking into account a possibility of pest insects to increase of aggressiveness, the factors of resistance to should be enhanced. Before the usage of newly bred cultivars in practice, it is advisable to test breeding strains at completing of the breeding process on durability of the resistance in the conditions, which are deviated from optimal ones for winter wheat growing and contribute activity of pest insects. This is useful even more for testing of breeding strains for their resistance to pathogens. Because this resistance has trend eventually to decrease, the testing is prospective for selection of resistant plants within a cultivar with the aim of improving of it. The proposed means are the following: sowing in early and late dates, monoculture, presence in vicinity of a source of pest organisms (wild cereals), deep sowing, manipulations with fertilization and irrigation.

Until now, there is no a possibility to exclude completely plant protection with chemicals (pesticides) at winter wheat growing in the study area. In fact, it needs to use fungicides regularly at seed dressing for control soil and seed borne pathogens. In some seasons, the septoriosis and the fusarium head blight should be controlled. Herbicides are needed to apply every season. The probable sudden increase of aggressiveness of pest arthropods obliges to control them if they bear danger. Nevertheless, the combination of breeding of winter wheat cultivars of the intensive type, which have a significant level of the multilateral resistance, and proper cultural practices has resulted in an important success as to establishing of an environmently friendly cropping system in the study area. 

The analysis of literature suggests that the same be true to what extent for other regions of Ukraine including the Steppe zone, where environmental conditions less favorable for expression of resistance to pest insects and these pests are more aggressive. Nevertheless, good varieties and proper cultural practices allow to reduce greatly the need in protective measures with pesticides. 

The thresholds of damage recommended in guidebooks for some pest insects on the winter wheat (cereal flies, the green bug and leaf-hoppers) are invalid. They assume as dangerous the values of pest’s densities, which are common in the field conditions, especially at air temperatures in late September and October higher than early average. The usage of these thresholds in practice would lead to useless for crop protection and environmently harmful vast treatments by insecticides. It is need to develop new criteria of advisability of temporary suppressive measures on winter wheat based on forecast of pest insects’ density taking into account trends in their population dynamics and in weather situation. For protection of the winter wheat against virus diseases, it is recommended a delay with a sowing date that decreases danger on the part of vectors of the diseases. 
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