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INFLUENCE OF BIOTIC AND ABIOTIC FACTORS ON THE PRODUCTIVITY OF SORTS AND LINES OF SPELTA WHEAT (TRITICUM SPELTA L.)
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The results of study of forming of the productivity of sorts and lines of spelta wheat are resulted in the article. It is set that the productivity and maintenance of albumen in grain of spelta wheat depend on the weather terms of vegetation period, height of plants, stability to lodging and defeat the exciters of mycotic illnesses. The highest stability to lodging is characterize the lines of LPP 1304, P 3, LPP 1221, the productivity of which changes from 6,74 to 9,64 t/he. The table of contents of albumen in grain of spelta wheat depends on the height of plants and index of development of illnesses. High maintenance of albumen is characterize grain of sorts Zoria of Ukraine, Schwabenkorn and lines of LPP 1221, P 3 TV 1100 – 16,8–22,5 %.
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Formulation of the problem. Use of plant varietal potential is one of the directions of increasing the efficiency of material and technical resources. However, the varieties have different morphological-agrarian- biology features and properties, genetic potential of productivity, reaction to cultivation conditions, adaptive properties, therefore, differ in yield and quality of products [3]. Spelt wheat (Triticum spelta L.) is a hexaploid wheat species (2n = 42) with the AuBD genome. This grain crop was widespread in ancient times only in small areas of mountainous regions of Europe and Asia. Nowadays the demand for its growing, first of all as crops whose grain is used for the production of products of high biological value [1, 4]. The research topic is relevant because the spread of spelt wheat in the conditions of the Right Bank Forest-Steppe and inadequate study of the formation of productivity of varieties and lines.
An analysis of the latest research and publications on this problem. A number of studies [5–8] confirm that important factors in the implementation of grain crop productivity are the weather conditions of the growing season, the height of plants, their resistance to laying and the development of pathogens. The coefficient of height variation can vary from 12 to 19 %, and the resistance to laying – from 5 to 66 % depending on weather conditions. However, there is not always a correlation between the height and resistance to laying and the height and grain yield of the grain [6]. Thus, in the researches of A. K. Niniieva [1] for the cultivation of local varieties of spelt wheat from Tajikistan in the favorable weather conditions the plant height was 136 cm, and the resistance to the laying is 4 balls. In the unfavorable conditions, the height dropped to 108 cm, and the resistance to laying was 3 balls.

The potential productivity of spelt wheat is high enough. Thus, grain yield varies from 3.09 to 9.83 t/ha depending on the variety and the line, and the protein content is from 12.3 to 25.0 % [1, 4, 9]. However, the resistance to defeat by fungal diseases varies from 4 to 9 balls, depending on the variety and the line of spelt wheat [1].
Thus, the productivity of spelt wheat depends on weather conditions and indicators of growth and development of plants, therefore, a comprehensive assessment of new varieties and lines of this culture is required. 

The purpose of the research is to determine the influence of the abiotic and biotic factors on the formation of the harvest and the content of protein in the grain of varieties and lines of spelt wheat.

Materials and methods of research. The experimental part of the work was carried out in the laboratory «Grain Quality and Grain Products Assessment» at the Department of Technology of Storage and Processing of Grains at Uman’ National University of Horticulture. We used grain of spelt wheat varieties by selection of European countries – Schwabenkorn (Austria), NSS 6/01 (Serbia), Sweden 1 (Sweden), lines obtained by hybridization Tr. aestivum / tr. Spelta – LPP 1197, LPP 3117, LPP 1304, LPP 1224, LPP 3122/2, P 3, LPP 3132, LPP 3373, LPP 1221, Intragressive lines NAK 34/12-2 and NAK 22/12 obtained by hybridization Tr. aestivum / amphipolide (Tru durum / Ae. tauschii) and an introgressive line TV 1100 obtained by hybridization Tr. aestivum (variety Kharkiv 26) / Tr. kiharae, with a selection of winter forms grown in the conditions of Right Bank Forest-Steppe of Ukraine. Raionized variety of spelt wheat Dawn of Ukraine (st) was a control (standard). 
The research used the technology of growing winter wheat, commonly accepted for the region. We apply the method of systematic placement of sites. The square of ​​the experimental site is 10 m2. Repetition rate is fourfold. The height of plants and the resistance to laying were determined by the method [10]. The intensity of the defeat by the pathogen of brown leaf rust was determined by the scale of T. D. Strakhov, septoriosis – by the scale of A. Bronnimann, resistance to defeat (the tier in which the affected leaves are located) – by the E. E. Saari and 
J. M. Prescott. The protein content was determined according to DSTU 4117: 2007. 
The index of disease development was determined by the following formula:

[image: image1.wmf]100

100

)

(

´

=

å

N

ab

R

,
where Σ (ab) is the sum of the composition of the infected stems to the corresponding intensity of the defeat;

N is total  number of analyzed stems, pcs.

The stability index was determined by the following formula:
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where HE is the greatest manifestation of the sign;

LE is the smallest manifestation of the sign.

Mathematical processing of data was carried out by the method of single-factor dispersion analysis [10]. To assess the correlation between the studied indicators, the R. E. Chaddock [2] scale was used, which is weak with  correlation coefficient 0.1–0.3, moderate with  correlation coefficient 0.3–0.5, essential with  correlation coefficient 0.5–0.7, high with  correlation coefficient 0.7–0.9, and very high with  correlation coefficient 0.9–0.99.
Research results. The results of our studies have shown that the height, resistance of spelt wheat plants to laying, and disease damage significantly changed depending on weather conditions. Thus, in 2013 and 2016, weather conditions were characterized by less rainfall. Between April and July, 209 and 236 mm of precipitation fell respectively, or by 15–25 % less than the average long-term indicator (277 mm). Sufficient rainfall was in 2014 and 2015. Between April and July, 292 and 271 mm of precipitation fell respectively, but their distribution was different. In 2013, in the phase of plant outlet into the tube, only 13.3 mm fell in precipitation, 45.8 mm in 2015, 140.8 mm in 2014, and 179.5 mm in 2016. The air temperature also affected the growth and development of plant varieties and lines of  spelt wheat. Thus, in the period of intensive growth of the stem (output of plants in the tube – earing) in 2013, it was unfavorable compared with the optimal (9–16 ºС) and was 18–21 ºС. The air temperature during this period during the rest of the years of research was optimal. Therefore, the lowest plants were in 2013, the highest ones – in 2016, the height was somewhat lower in 2014 and 2016.
On average, over four years of research, the height of spelt wheat plants varies from 91 to 166 cm, depending on the variety and the line (table 1). The height of varieties of spelt wheat varies from 136 to 143 cm at V = 7–14 %. Height of lines obtained by hybridization Tr. aestivum / Tr. spelta, varied from 101 to 134 cm or by 5–28 % below the standard (V = 9–15 %). This index was 102–126 cm in plants of introgressive lines of  spelt wheat.
1. Height of plants of varieties and lines of  spelt wheat, cm
	Variety, line
	Year of Study
	Elements of Variational Variability

	
	2013
	2014
	2015
	2016
	х ( Sх
	lim
	V, %

	The Star of Ukraine (st)
	120
	141
	136
	166
	141 ( 19
	120–166
	14

	Swedish 1
	111
	151
	141
	153
	139 ( 19
	111–153
	14

	NSS 6/01
	123
	144
	135
	143
	136 ( 10
	123–144
	7

	Schwabenkorn
	128
	148
	140
	155
	143 ( 12
	128–155
	8

	LPP 3373
	91
	100
	94
	118
	101 ( 12
	91–118
	12

	LPP 3122/2
	97
	109
	103
	124
	108 ( 12
	97–124
	11

	LPP 1304
	98
	108
	103
	121
	108 ( 10
	98–121
	9

	P 3
	98
	108
	102
	122
	108 ( 11
	98–122
	10

	LPP 1221
	99
	123
	117
	128
	117 ( 13
	99–128
	11

	LPP 1197
	101
	110
	106
	138
	114 ( 17
	101–138
	15

	LPP 1224
	102
	113
	107
	142
	116 ( 18
	102–142
	15

	LPP 3132
	103
	138
	127
	145
	128 ( 18
	103–145
	14

	LPP 3117
	112
	141
	132
	150
	134 ( 16
	112–150
	12

	NAK34/12–2
	102
	120
	110
	123
	114 ( 10
	102–123
	8

	TV 1100
	113
	130
	132
	143
	130 ( 12
	113–143
	10

	NAK 22/12
	126
	146
	138
	154
	141 ( 12
	126–154
	8

	НІР05
	5
	6
	6
	7
	–
	–
	–


The height of wheat plant varieties and lines varies depending on the year of the study. Thus, in unfavorable conditions in 2013, it varied from 91 to 128 cm, in favorable in 2016 it varied from 118 to 166 cm, in 2015 it varied from 94 to 141 cm, in 2014 it varied from 100 to 151 cm, depending on the variety and line. 
In 2014, plants layed in the earing phase, in 2015 – in the beginning, in 2016 – at the end of the milk ripeness phase of spelt wheat grain (table 2). The resistance of the plants to laying varied from 3 to 9 points, depending on the variety and the line. It should be noted that after the first laying (3–5 balls) wheat plants restore the vertical placement of the stem (7–9 balls).
2. Resistance of plants of varieties and lines of spelt wheat to laying, balls
	Variety, line
	Year of study

	
	2014
	2015
	2016

	
	29.05
	8.06
	18.06
	28.06
	19.06
	29.06
	9.07
	19.07
	22.06
	2.07

	The Star of Ukraine (st)
	5
	7
	7
	7
	9
	9
	7
	7
	7
	7

	Schwabenkorn
	3
	5
	5
	7
	5
	7
	1
	5
	5
	7

	NSS 6/01
	5
	7
	7
	7
	5
	9
	1
	5
	3
	5

	Swedish 1
	5
	9
	9
	7
	1
	5
	5
	3
	3
	5

	LPP 3122/2
	5
	7
	7
	7
	7
	9
	9
	7
	5
	5

	LPP 3117
	5
	7
	7
	7
	9
	9
	7
	7
	3
	5

	LPP 1197
	9
	9
	9
	9
	9
	9
	9
	9
	5
	5

	LPP 1304
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	LPP 1224
	5
	7
	7
	7
	9
	9
	9
	9
	5
	3

	P 3
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	LPP 3132
	5
	7
	7
	7
	5
	7
	7
	7
	3
	5

	LPP 3373
	9
	9
	9
	9
	9
	9
	9
	9
	5
	3

	LPP 1221
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	NAK34/12–2
	9
	9
	9
	9
	5
	7
	5
	5
	7
	7

	TV 1100
	3
	5
	5
	3
	3
	7
	3
	3
	5
	3

	NAK 22/12
	5
	7
	7
	7
	1
	5
	5
	3
	3
	5

	НІР05
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


We found out that the height in different ways influenced the resistance of plants to laying. The plant height of lines LPP 1304, P 3, LPP 1221 didn’t affect this index (thay didn’t layed, 9 balls). The plants of lines LPP 3122/2 (r = -0.95), LPP 3117 (r = -0.96), LPP 1197 (r = -0, 97), LPP 1224 (r = -0.98), LPP 3132 (r = -0.93), LPP 3373 (r = -0.95), TV 1100 (r = -0.91) had very high inverse correlation between the height and the resistance of the plants to laying.  The high correlation is found in the plants of the Star of Ukraine variety (r = -0.73), the essential for varieties NSS 6/01 (r = -0.67), Sweden 1 (r = -0.61), line NAK 22/12 (r = -0,51), and other varieties and lines had moderate correlation.

We found out that plants of varieties and lines of spelt wheat had a different resistance to disease by pathogens. However, the weather conditions of 2013 were favorable for the development of the pathogen of brown leaf rust, and in 2014 and 2016 were favorable for the development of septoriosis (table 3).
3. Index of development and resistance of plants to leaf diseases in the phase of milk ripeness of grain of varieties and lines of  spelt wheat
	Variety, line
	Year of Study

	
	2013
	2014
	2016

	
	Brown Leaf Rust
	Septopiosis

	
	1
	2
	1
	2
	1
	2

	The Star of Ukraine (st)
	–
	–
	–
	–
	9.4
	7

	Swedish 1
	9.2
	7
	9.8
	5
	23.4
	5

	Schwabenkorn
	–
	–
	7.7
	7
	17.6
	5

	NSS 6/01
	–
	–
	15.6
	7
	18.7
	5

	LPP 1197
	2.6
	9
	12.3
	5
	19.1
	5

	LPP 3117
	25.1
	7
	69.8
	5
	54.6
	5

	LPP 1304
	28.9
	7
	24.7
	7
	27.6
	7

	LPP 1224
	17.7
	7
	37.9
	5
	38.4
	5

	LPP 3122/2
	31.2
	7
	61.3
	5
	61.2
	5

	P 3
	3.0
	9
	2.6
	9
	8.2
	7

	LPP 3132
	10.5
	9
	67.6
	5
	63.7
	5

	LPP 3373
	2.1
	9
	53.7
	5
	62.4
	5

	LPP 1221
	–
	–
	2.7
	9
	16.2
	7

	NAK34/12–2
	15.5
	7
	15.9
	7
	13.5
	7

	NAK 22/12
	10.8
	9
	7.1
	7
	9.4
	7

	TV 1100
	–
	–
	8.5
	5
	22.4
	5

	НІР05
	0.8
	1
	1,9
	1
	2.1
	1


Note: 1 – index of disease development, %; 2 – Resistance by E. E. Saari and J. M. Prescott, balls
Plants of three varieties and two lines had very high resistance, since they were not affected by the brown leaf rust, and the index of development of the disease of plants of the variety Swedish 1 was 9.2 %. Three lines plants were most affected, since the index of brown leaf rust development varied from 25.1 to 31.2%, while in the rest of the lines the disease development index was 2.1–10.5 %. However, the leaves of the lower tier (7–9 balls) were affected.

The septoriosis development index varied from 2.6 to 69.8 %, depending on the variety and the line. During 2014 and 2016, septeriosis pathogen affected the middle tier leaves (5 balls) of the plants of the variety Swedish 1 and lines LPP 1197, LPP 3117, LPP 1224, LPP 3122/2, LPP 3132, LPP 3373, TV 1100. In the remaining varieties and lines of spelt wheat, leaves of the lower tier (7–9 balls) were affected.

It should be noted that the signs of defeat by pathogens of fungal diseases of spelt wheat plants in the tillering phase, and phase of plants' put out into the tube were absent, and the stability was the highest (9 balls). In the earing phase of  2014 and 2016, only six lines had signs of the septophoresis development (with an intensity of 8–18 %).
We found out that the grain yield of spelt wheat varied significantly depending on the variety and the line. Thus, on average, over four years of research, it varied from 2.89 to 8.78 t/ha (Table 4). 
4. Yield of grain of varieties and lines of spelt wheat, t/ha
	Variety, line
	Year of Study
	Average for four years
	Stability index

	
	2013
	2014
	2015
	2016
	
	

	The Star of Ukraine (st)
	5.79
	5.30
	5.18
	5.59
	5.47
	1.12

	Schwabenkorn
	3.68
	3.53
	3.02
	3.67
	3.48
	1.22

	NSS 6/01
	4.00
	3.68
	3.11
	3.57
	3.59
	1.29

	Swedish 1
	4.02
	3.75
	3.13
	3.92
	3.71
	1.28

	LPP 3122/2
	6.04
	5.74
	6.24
	5.89
	5.98
	1.09

	LPP 1224
	6.77
	6.47
	6.98
	6.61
	6.71
	1.08

	LPP 3373
	6.48
	7.07
	7.19
	6.94
	6.92
	1.11

	LPP 3132
	7.49
	7.00
	7.28
	7.13
	7.23
	1.07

	LPP 1304
	6.74
	7.58
	7.28
	7.69
	7.32
	1.14

	LPP 1197
	7.33
	7.85
	7.93
	7.25
	7.59
	1.09

	LPP 3117
	8.05
	7.87
	7.83
	6.74
	7.62
	1.19

	P 3
	8.21
	8.57
	8.25
	9.27
	8.58
	1.13

	LPP 1221
	8.14
	8.53
	8.79
	9.64
	8.78
	1.18

	NAK 22/12
	4.67
	4.93
	4.13
	4.57
	4.58
	1.19

	NAK34/12–2
	4.91
	5.08
	4.71
	5.26
	4.99
	1.12

	TV 1100
	2.51
	2.74
	2.89
	3.42
	2.89
	1.36

	НІР05
	0.24
	0.21
	0.23
	0.27
	–
	–


The yield of varieties of spelt wheat was 3.48–3.71 t/ha or 57–68 % less than the standard (The Star of Ukraine variety) – 5.47 t/ha. Yields of lines obtained by hybridization Tr. aestivum / Tr. spelta, was 0.51–3.31 t/ha more compared to the control. The highest yield was obtained from the lines P 3 and LPP 1221, and the smallest – from line LPP 3122/2. Lines obtained by hybridization Tr. aestivum / amphipolias (Tr. durum / Ae. tauschii), formed 4.58–4.99 t/ha of grain yield or 10–19 % less control. However, the smallest yield was formed line TV 1100, obtained by Tr. aestivum / Tr. kiharae, which was 2.89 t/ha or 2.58 t/ha less than the standard.
The stability index characterizes the variability of the indicator, depending on the factors of the environment. The higher this indicator, the higher the variability, but the highest stability with the index of equal unit. We found out that among the four varieties and 12 lines, the plants of The Star of Ukraine variety and the eight lines had the highest stability – 1.07–1.14. Plants of the introgressive line TV 1100 had the least stability (1.36 or 21 % lower compared to the standard), the line NAK 22/12 had stability 1.19 or 6 % lower compared to the standard. The stability index of three varieties of spelt wheat was 1.22–1.29, or lower by 9–15 % compared to The Star of Ukraine variety (st). Spelt wheat lines obtained by hybridization Tr. aestivum / Tr. spelta, LPP 1304, LPP 1221, LPP 3117 had a stability index of 1.14–1.19, or lower by 2–6 % compared to control.
The yield of grain of varieties and lines of spelt wheat depending on the year of the study. Thus, in lines LPP 1304, P 3, LPP 1221, NAK34 / 12-2 it significantly (HIP05 = 0.21–0.27) increased from 4.91–8.21 to 5.26–9.64 t/ha in the most favorable weather conditions in 2016, 5.08–8.57 t/ha – in 2014 and 4.71–8.79 t/ha in less favorable conditions in 2015 compared to The Star of Ukraine variety (st) due to high resistance to laying. The grain yield of the LPP 3373 line in 2016 was smaller, since the resistance to laying decreased from 5 to 3 balls. The yield of the introgressive line TV 1100 increased from 2.51 to 3.42 t/ha, as in 2016, the plants were in a state of end of the phase of grain waxy maturity.

The yield of the remaining varieties and lines depended on the resistance of the plants to laying. A direct very strong correlation between these indices was found for the lines LPP 3117 (r = 0.90), NAK34 / 12-2 (r = 0.98), high – for The Star of Ukraine varieties (r = 0.78), Schwabenkorn (r = 0.87), NSS 6/01 (r = 0.86), Sweden 1 (r = 0.81), lines LPP 3132 (r = 0.71) and NAK 24/12 (r = 0.77), essential – for lines LPP 3122/2 (r = 0.69), LPP 1197 (r = 0.65), LPP 1224 (r = 0.57). In addition, the yield of some of the lines affected by pathogens. Thus, for lines LPP 3122/2 (r = -0.96), LPP 1197 (r = -0.97), a very strong inverse correlation relationship is established, and for LPP 1224 (r = -0.83) and LPP 3132 (r = -0.84) defined a reverse strong correlation.

We found out that protein content in the wheat grain varies in a wide range – from 11.2 to 22.5 % depending on the variety and the line (table 5). 
5. Content of protein in grain of varieties and lines of spelt wheat, %
	Variety, line
	Year of  Study
	Average for four years
	Stability index

	
	2013
	2014
	2015
	2016
	
	

	The Star of Ukraine (st)
	20.7
	21.9
	19.3
	22.5
	21.1
	1.17

	Swedish 1
	10.7
	11.3
	15.0
	13.4
	12.6
	1.40

	NSS 6/01
	14.3
	20.2
	15.8
	17.1
	16.9
	1.41

	Schwabenkorn
	16.8
	18.3
	17.6
	18.8
	17.9
	1.12

	LPP 3117
	11.2
	11.7
	13.9
	11.2
	12.0
	1.24

	LPP 1224
	12.4
	13.5
	14.5
	12.6
	13.3
	1.17

	LPP 3122/2
	13.4
	12.1
	14.0
	14.5
	13.5
	1.20

	LPP 3132
	13.8
	14.7
	14.6
	12.8
	14.0
	1.15

	LPP 1304
	11.6
	12.6
	15.4
	17.3
	14.2
	1.49

	LPP 3373
	16.7
	12.4
	17.6
	11.3
	14.5
	1.56

	LPP 1197
	13.8
	14.6
	14.6
	15.6
	14.7
	1.13

	P 3
	15.1
	16.2
	16.4
	17.3
	16.3
	1.15

	LPP 1221
	18.7
	19.2
	19.6
	20.3
	19.5
	1.09

	NAK34/12–2
	13.6
	15.9
	14.6
	15.3
	14.9
	1.17

	NAK 22/12
	15.3
	12.5
	17.4
	18.2
	15.9
	1.46

	TV 1100
	17.1
	19.0
	18.4
	17.7
	18.1
	1.11

	НІР05
	0.6
	0.7
	0.5
	0.8
	–
	–


In the grain of spelt wheat varieties, the average for four years of research, it varied from 12.6 to 17.9 %, or less by 18–67 % compared to the standard in the grain of which this index was 21.1 %. The grain of Schwabenkorn variety (1.12) and The Star of Ukraine variety (1.17) had the highest stability.

Protein content in the grain of lines obtained by hybridization Tr. aestivum / Tr. spelta, was by 8–76 % lower compared to control. Protein content was the highest in the grain of lines Р 3 and LPP 1221 (16.3–19.5 %), and the lowest it was in  LPP 3117, LPP 1224 and LPP 3122/2 (12.0–13.5 %). The protein content stability index varied also in a wide range from 1.09 to 1.56. The plant of lines LPP 1221 and LPP 1197 formed the most stable protein content (1.09–1.13).

The protein content in the grain of the introgressive lines varied from 14.9 to 18.1 %, or lower by 17–42 % compared with the standard with the stability index 1.11–1.47.

It is known that the content of protein 18 % is very high for wheat, high in the range 16–18, the average is 14–16, the low is 12–14, and the lowest is 12 %.

On average, over four years of research, very high protein content was in the grain of spelt wheat of The Star of Ukraine variety (21.1 %), lines LPP 1221 (19.5 %) and TV 1100 (18.1 %), high – in grain of  the varieties NSS 6/01 (16.9 %), Schwabenkorn (17.9 %) and P3 line (16.3 %), average – in grain of the lines LPP 3132, LPP 1304, LPP 3373, LPP 1197 (14.0–14.7 % ), low – in the grain of Sweden 1 variety (12.6 %), lines LPP 1224, LPP 3117 and LPP 3122/2 (12.0–13.5 %).

Protein content in grain of spelt wheat varieties and lines also varied depending on the year of the study. There was a direct very high correlation between protein content and plant height for Schwabenkorn variety (r = 0.98), lines LPP 1197 (r = 0.94), NAK34 / 12-2 (r = 0.93), high – for the NSS 6/01 variety (r = 0.86), the lines LPP 1304 (r = 0.78), P3 (r = 0.89), LPP 1221 (r = 0.83), the essential correlation – for The Star of Ukraine variety (r = 0.65), moderate – for the Swedish variety 1 (r = 0.47), lines LPP 3122/2 (r = 0.37), TV 1100 (R = 0.41). It is obvious that with the increase in plant height, the proportion of the reutilised from the vegetative mass of nitrogen for protein formation increased. Laying did not affect on the protein content, since the spelt wheat plants restored the vertical placement of the stem after laying. However, the LPP 3373 line has a reverse strong correlation between protein content and plant height, since the resistance to laying in 2016 was low – 3 balls.

The damage of plants by the causative agents of brown leaf rust and septoriosis affected on the protein content too. Thus, there is a reverse very strong correlation between the protein content and the disease index for the lines LPP 3132 (r = -0.92), LPP 3373 (r = -0.98), the strong correlation for the lines LPP 3117 (r = -0.71), LPP 1197 (r = -0.76), LPP 1224 (r = -0.87), moderate correlation – for the Swedish 1 variety (r = -0.31) and line LPP 3122/2 (r = -0.32). For other forms diseases was not affected on the protein content in the grains of the spelt wheat.

Conclusion. The yield and protein content in the spelt wheat grains depends on the weather conditions of the growing season, the height of plants, resistance to laying and damage to pathogens of fungal diseases. The optimum air temperature and sufficient rainfall in the period of intense growth contributes to an increase in plant height by 30–40 % compared with unfavorable conditions of the year. The highest resistance to laying has lines LPP 1304, P 3, LPP 1221, whose plants form the largest yield that varies from 6.74 to 9.64 t/ha. The protein content in spelt wheat grains depends on the height of plants and the index of disease development. High protein content is in the grain of The Star of Ukraine variety, Schwabenkorn, lines obtained by hybridization Tr. aestivum / Tr. spelta, LPP 1221, P 3 and introgressive line TV 1100 (16.8–22.5 %).
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