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Purpose. This research was carried out to assess barley genotypes yield and quality
parameters under various environmental conditions. Methods. The experiments were set up with 25
barley genotypes in a completely randomized blocks design with four replications at four locations
in the 2018-2019 cycles in the Trakia region, Turkey. Data on grain yield, plant height, days of
heading, 1000-kernel weight, test weight, protein ratio and grain uniformity were investigated.
Results. The combined ANOVA revealed significant differences (p <0.01) among genotypes and
environments for all parameters investigated. In the study genotype G4 (8514 kg ha™!) had a higher
yield followed by G9 (8369 kg ha™!). The highest thousand kernel weight was 52.0 g in G14 and the
test weight was 75.1 kg in G5. There was a significant difference among genotypes for protein ratio
and genotype G22 had a higher protein ratio, followed by G23 and G24. The grain uniformity in
barley is an essential parameter and G14 had a higher ratio of grain uniformity. Correlation analyses
showed that a negative correlation was determined between grain yield with days of heading
(r =—-0.506**), plant height (r = —0.583*%*), and protein ratio (r =—0.542*%*). 1000-kernel weight
and test weight were significantly positively correlated (r=0.708**). Grain uniformity had a
positive correlation with 1000-kernel weight (r = 0.898**) and test weight (r = 0.539**). Protein
ratio was positively associated with plant height (r = 0.692**). According to stability analysis
genotypes G9, G3, G15, G2, and G17 were adaptable to less fertile environmental conditions. It was
determined that G10 and G16 were well adaptable to all environmental conditions and also were
ideal in terms of higher-yielding ability and stability. Conclusions. While genotype G9 has high
yield potential, G10 and G16 have high adaptability to different environmental conditions. The
environmental effect was found to be very important according to the parameters examined. Early
and short genotypes have higher yield potential. Environment E4 was the ideal environment
because located close to the first concentric circle in the environment-focused biplot. Therefore, it
should be regarded as the most suitable to select widely adapted barley genotypes.
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Introduction

Barley (Hordeum vulgare L.) is the primary cereal in many areas of the Trakya region and is
essential for the livelihoods of many farmers. Barley is an annual cereal crop grown in
environments ranging the many areas. Because of various environmental conditions during the
growing season (October-June), in weather conditions, some biotic and abiotic stress factors could
reduce grain yield [1]. Barley is one of the more important cultivated crops in the Mediterranean
region, where drought and high temperatures during the grain filling stage are the main abiotic
stresses limiting its production [2]. Climate change presents geographically varied risks to barley
production. Due to the large proportion of barley used for animal feed, it is not surprising that the
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effect of future shocks to supply has been assessed mainly from food security or feed use
perspective [3]. Improving crop yields is essential to meet the increasing pressure of global food
demands. The loss of high-quality land, the slowing in annual yield increases of major cereals,
increasing fertilizer use, and the effect of this on the environment indicate that we need to develop
new strategies an increase grain yields with less impact on the environment. One strategy that could
help address this concern is by narrowing the yield gaps of major crops using improved genetics
and management [4, 5]. Grain yield in barley is a complex character depending on a large number
of environmental, agronomic and physiological characteristics. Grain yields also depend upon other
yield components [6]. Genotype X trait biplot analysis is highlighted among the multivariate
methodologies because it assesses genotypes based on multiple traits and identifies those that are
superior to the desired variables; these can be used as parents in breeding programs or even as
possible commercial cultivars. A quick and practical visualization of the genetic correlation
between traits is also provided by this analysis [7]. The long-term value of a genotype depends not
only on its absolute productivity or the possession of some other desirable traits but also on its
ability to maintain sufficient levels of these traits under different environmental conditions.
Experiments that include testing cultivars for several years under a range of locations (or
treatments) require analysis of genotype-environment interaction (GE) in addition to the analysis of
means [8]. GGE biplot analysis has been widely used to determine performance stability in
multilocation trials when identifying superior genotypes [9, 10]. G x E interactions are of major
importance, because they provide information about the effect of different environments on cultivar
performance and have a key role for assessment of performance stability of the breeding materials
[11]. Barley grain is used primarily as an energy and protein source for animal feed. The high
protein content is desirable for feed production. Variations in weather conditions, environmental
effects, soil fertility and pest management can affect barley grain quality significantly [12].

The aim of the study. It was to investigate and compares yield quality and physiological
parameters under various rainfed environment conditions by using four experiments and advanced
genotypes.

Material and methods

The experiments were set up in 2018-2019 growing cycles at four locations in the Trakya
region, Turkey. The research was carried out on a total of 25 barley genotypes. A randomized
complete block design (RCBD) with four replications was used. Each plot had 6 meters long, in
6 rows, spaced 0.17 meters apart. Sowings were performed by using a plot drill and a seed rate of
500 seeds m? and fertilizer 170 kg ha™' N and 40 kg ha™! P,Os was used.

Data on; grain yield (kg ha™'), plant height (cm), days of heading, 1000-kernel weight (g), test
weight (kg), protein ratio (%), and grain uniformity (%) were investigated. The parameter days to
heading (DH) was estimated from 1% January to the moment when 50% of main stems in a plot had
at least half of emerged ears. The parameter plant height of ten randomly taken plants was measured
at harvest maturity from the ground level to the tip of the tallest spike in centimeters and averaged.
Thousand kernel weights and test weight [13], protein ratio [14, 15] were investigated.

The data were subjected to analysis of variance (ANOVA) according to the statistical methods
[16] and mean performance and LSD of all genotypes were calculated for the comparison of means
[17]. The differences between genotype means of parameters were tested by the L.S.D test (0.05).
Letter groupings were generated by using a 5% level of significance. The regression equations were
also calculated [18, 19]. Regression graphs were used to predict the adaptability of genotypes and
the correlations between the quality parameters were determined by Pearson’s correlation analysis.

Results and discussion

The results of the variance analysis (ANOVA) of the research are presented in Table 2. The
combined ANOVA revealed significant differences (P < 0.01) among genotypes for all parameters
investigated, and significant differences (P < 0.01) for all traits among environments (Table 1).
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Table 1
Combined analysis of variance for barley genotypes across four environments
for parameters
Parameters Genotypes ' Environments .
SS MS F Ratio SS MS F Ratio

Grain yield (GY) 735541.0 | 30647.5| 6.05** | 3217541.0 | 1072514.0 | 50.46**
Days of heading (DH) 982.86 40.95 | 8.30** 3116.20 1038.73 | 210.49**
Plant height (PH) 5066.94 | 211.12| 5.01** 5064.35 1688.12 | 40.02**
g?&%eme' weight 3460.11 | 144.17 | 26.90%* |  666.39 |  222.13 | 41.45**
Test weight (TW) 629.33 26.22 | 9.52** 75.36 25.12 9.12**
Protein ratio (PRT) 39.90 1.66 | 3.29** 50.69 16.90 | 33.47**
Grain uniformity (GU) | 23406.10 975.25 | 10.30** 2464.31 821.44 8.68**

*, ** Significant at p < 0.05 and p < 0.01 respectively. ns: non-significant. SS: Sum of square,
MS: Mean of square.

Due to various environmental conditions, grain yield is a complex character depending on a
large number of environmental, agronomic and physiological characteristics [6]. There was a
significant difference among genotypes for yield across four environments. In the study genotype
G4 (8514 kg ha™!) had a higher yield followed by G9 (8369 kg ha™!). There was a highly significant
difference (p <0.01) in the thousand kernel weights of barley genotypes. The highest thousand
kernel weight was 52.0 g (G14) and the lowest was 29.0 g (G10) across four environments. The
mean test weight of genotypes indicated that the highest test weight was 75.1 kg in G5, whereas, the
lowest test weight was observed in G17 (64.7 kg). There was a significant difference among
genotypes for protein ratio. The maximum and lowest protein ratio varied from 12.4% to 10.0%.
Genotype G22 had a higher protein ratio, followed by G23 and G24. The grain uniformity in barley
is an essential parameter and the uniformity of grain depends to a large extent on the structure of the
genotype of the spikes. There was a highly significant difference among genotypes for grain
uniformity and the minimum was 49.85% and a maximum of 96.0%. Genotypes G14 had a higher
ratio of grain uniformity (Table 2). Earliness is a favourable character in barley production areas,
especially for second crop cultivation in the same growing year. In the study, the earliest heading
was in G3 and the latest was in G11. Stem length and solidness are the most essential selection
criteria in barley breeding study, being a direct component of lodging resistance. In the study, the
lowest and highest plant height varied from 95.0 cm to 122.3 cm over four environments. The mean
plant height was 106.9 cm (Table 2).

Table 2
Mean grain yield and parameters investigated across four environments
in 2018-2019 cycles
Genotype GY DH PH TKW TW PRT GU
1 2 3 4 5 6 7 8
G1 7605d-g| 109.0c-f| 105.0e-1| 46.5b-e| 72.5bcd| 11.6a-d| 90.l1abc
G2 8128abc| 106.5e-1 96.51j 48.3bc| 72.8abc| 10.3fgh| 89.4abc
G3 8208abc| 106.0f-1 95.0j 48.7b| 73.3abc 10.0h| 88.9abc
G4 8514a| 106.8e-1 97.8h1j| 45.0def| 71.5cde| 10.7c-h| 86.3a-d
G5 7817cde| 105.5ghi| 110.0c-f 44.1ef 75.1a| 11.3b-f| 85.3a-d
G6 8118abc| 108.5c-g 103.3f-j| 46.7b-e| 72.9abc| 10.6e-h| 87.3a-d
G7 8203abc| 108.5c-g| 104.5e-1 36.5gh 69.6efg| 10.6d-h| 58.4ghi
G8 7764c-f 103.81| 107.0d-g 42.3f| 72.2bcd| 10.6d-h| 67.3efg
G9 8369ab| 107.0d-h| 103.3f-j| 45.1c-f| 71.8b-e 10.2gh| 81.9bcd
G10 8043a-d| 105.5ghi 98.09-j 29.01) 70.2def| 10.3fgh 34.0j
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Continuation of the Table 2

1 2 3 4 5 6 7 8
Gl1 7148gh 118.5a 102.8f-j| 47.8bcd 74.0ab 10.9c-h| 84.5a-d
G12 8015bcd 110.8c 97.3h1j 38.1g 70.4def| 11.1c-g 63.2f-1
G13 7417e-h 106.3f-1| 109.8c-f| 45.9b-e 73.8abc 11.5a-e| 90.3abc
Gl4 7379e-h 105.3h1| 109.0def 52.0a 72.7bc| 11.7abc 96.0a
G15 8169abc| 105.5ghi| 111.3c-f 44.1ef | 72.1bcd 11.1c-g| 79.1cde
G16 8089a-d| 106.8e-1| 112.8b-e 38.59 67.3gh 11.5a-e| 85.6a-d
G17 8041a-d 110.0cd| 106.3d-h 30.71 64.71 11.4a-e 49.81
G18 7025h| 109.5cde| 118.3abc 43.9ef 67.7gh 10.7c-h| 79.2b-e
G19 7287fgh| 109.5cde| 105.5d-1 37.2gh 69.1fgh| 10.8c-h| 63.7fgh
G20 7771c-f| 108.3c-h| 114.5a-d| 44.9def| 72.0bcd 11.4b-e| 88.5a-d
G21 7188gh 110.3c| 104.8e-1 34.4h 68.3fgh 11.4b-e 52.0h1
G22 7481e-h 114.0b| 110.3c-f 34.0h 68.9fgh 12.4a| 74.8def
G23 7380e-h 111.3bc 120.8ab 38.3¢ 67.2h 12.2ab| 74.9def
G24 7040h 111.3bc 122.3a| 48.1bcd 70.3def 12.2ab 92.9ab
G25 7774c-f| 106.5e-1| 107.3def 42.1f 73.0abc 11.4b-e| 74.9def
Mean 7759 108.4 106.9 42.1 70.9 11.1 76.7
CV ) 49.3 2.04 6.07 55 2.34 6.39 12.6
LSD (0.05 9.2 3.12 9.13 3.26 2.33 1 13.69

GY: Grain yield (kg ha™!), DH: days of heading, PH: Plant height (cm), TKW: 1000-kernel weight (g),
TW: Test weight (kg), PRT: Protein ratio (%), GU: Grain uniformity (%).

Correlation coefficients were determined by Pearson’s correlation analysis and given in
Table 3. Correlation analyses showed that a negative correlation was determined between grain
yield with days of heading (r =-0.506**), plant height (r =—0.583**), and protein ratio
(r =—0.542**). There was no correlation between grain yield and 1000-kernel weight. The results
revealed that test weight was negatively slightly correlated with days of heading and plant height.
1000-kernel weight and test weight was significantly positively correlated (r = 0.708**). Grain
uniformity had a positive correlation with 1000-kernel weight (r =0.898**) and test weight
(r =0.539**). Protein ratio was positively associated with plant height (r = 0.692**).

Table 3
Correlation coefficients among yield and other parameters in 2018-2019
Parameters GY DH PH TKW ™ PRT
DH —0.506**
PH —(0.583** 0.165
TKW —0.067 —0.150 0.047
TW 0.138 —0.276 —0.313 0.708**
PRT —(0.542%%* 0.370 0.692** —0.108 —0.280
GU —0.081 —0.049 0.244 0.898** 0.539** 0.174

Significance at *: P <0.05; **: P <0.01; GY. Grain yield (kg ha™'), DH: days of heading, PH: Plant
height (cm), TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%), GU: Grain
uniformity.

Genotype environment interaction is the main issue in improving high-yielding and stable
genotypes across variable environments. Several methods of measuring the stability of genotypes
tested across a range of environments have been proposed. Genotypes with high average yield (x),
regression coefficient (b) equal to one, mean of squares leaving the regression (S?d) close to zero,
high coefficient of determination (R?), positive coefficient of determination (a) and high are
considered as stable genotypes. The stability parameters of the genotypes are presented in Table 3.
Genotypes G4, G9 and G3 had higher yield potential across four environments. Genotypes G12 was
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very stable due to the highest determinations coefficient (R?). In the study, the regression
coefficients (b) values varied between 0.60 (G17) and 1.57 (G18) among genotypes. The variation
in the b value showed a wide range of stability in genotypes. Genotypes G11, G21, G14 and G25
had optimum b values. Across four locations, a total of 11 genotypes had the highest positive
intercept values (a). This result showed that genotypes G9, G3, G15, G2, and G17 were well
adaptable to less fertile environmental conditions. It was determined that G10 and G16 were well
adaptable to all environmental conditions and also were ideal in terms of higher-yielding ability and
stability. In the study, the lowest standard deviation was determined in G23 and G17 according to
grain yield in barley genotypes (Table 4).

Table 4
The stability parameters and standard deviation of the barley genotypes
across four environments

No Genotype X R? b s a

1 Gl 7605 +102.9 0.66 0.81 453.6 135.41
2 G2 8128 +£99.3 0.75 0.83 307.3 168.13
3 G3 8208 + 101.5 0.61 0.77 497.7 225.16
4 G4 8514 £ 89.6 0.92 0.83 81.1 208.11
5 G5 7817 £141.7 0.90 1.30 244.6 —226.46
6 G6 8118 + 137.5 0.82 1.20 429.6 —120.37
7 G7 8203 + 156.8 0.88 1.42 361.6 —282.84
8 G8 7764 + 87.1 0.89 0.79 105.9 161.36
9 G9 8369 + 87.6 0.82 0.77 169.8 241.88
10 G10 8043 +103.2 0.96 0.97 57.8 48.21
11 G11 7148 £ 141.7 0.86 1.27 346.4 —271.18
12 G12 8015+ 121.3 0.99 1.16 22.1 —101.83
13 G13 7417 +89.9 0.81 0.78 190.1 134.69
14 G14 7379 £ 113.7 0.96 1.07 71.7 —95.12
15 G15 8169 £97.6 0.84 0.87 185.3 145.03
16 G16 8089 +94.3 0.98 0.90 26.7 111.26
17 G17 8042 + 77.5 0.64 0.60 271.4 339.48
18 G18 7025 +167.9 0.94 1.57 201.3 —518.79
19 G19 7287 +£123.2 0.96 1.16 81.8 —174.52
20 G20 7771 £ 100.6 0.90 0.92 130.4 63.36
21 G21 7188 +£101.6 0.98 0.97 31.2 —33.18
22 G22 7481 £ 175.3 0.72 1.43 1094.8 —362.56
23 G23 7380 + 74.8 0.79 0.64 147.9 240.69
24 G24 7040 + 98.0 0.87 0.88 155.8 19.03
25 G25 7774 £ 113.2 0.96 1.07 59.6 —54.97

X: mean yield, R% coefficient of determinations, S?d: Deviation from regression, a: intercept value,
b: regression coefficient

The genotype and environment interaction varieties were evaluated according to GGE biplot
analysis across 4 environmental conditions. Obtained GGE biplot analysis results are explained
below. About the discriminating power of environments can be obtained by the environment-vector
view of the GGE-biplot. A long environmental vector reflects a high capacity to discriminate the
genotypes. Furthermore, the cosine of an angle between vectors of two environments approximates
the correlation between them. A wide obtuse angle indicates a strong negative correlation, an acute
angle indicates a positive correlation while a close-to-90° angle indicates a lack of correlation
[7, 20]. With the longest vectors from the origin, environments E1 were the most discriminating
while E3 was the least discriminating. While there was a very high positive correlation between E3
and E2, these two locations were also positively correlated (Fig. 1a).

10
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la 1b

Fig. 1. GGE biplot for the evaluation of the relationships among the four environments (1a),
and GGE biplot with scaling focused on environments, for the evaluation based on the ideal
environment of genotypes across four environments (1b)

The ideal environment is representative and has the highest discriminating power [7].
Similarly to the ideal genotype, the ideal environment is located in the first concentric circle in the
environment-focused biplot, and desirable environments are close to the ideal environment. In the
study, Environment E4 was the ideal environment. Therefore, it should be regarded as the most
suitable to select widely adapted genotypes (1b).

2a 2b
Fig. 2. The GGE biplot to show which genotypes performed best in which environments

and a genotype by trait biplot represent genotypes measured for parameters (2b) and the
relationship among test environments and genotypes based on parameters investigated (2b)

11
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The angle between the vector of any genotype and any trait gives information about the state
of the genotypes. According to this description, plant height was positively correlated with protein
ratio and days of heading. Grain yield was negatively correlated with PH, DH and protein ratio.
Among other parameters, there was a positively highly correlation between grain uniformity and
1000-kernel weight (Figure 2a). With the longest vectors from the origin, traits GU, TKW, DH, TW
and PH were the most discriminating. PRT was moderately discriminating, while GY was least
discriminating. Considering the angles between parameter vectors, parameter results in GY and TW
were strongly correlated, similarly to those obtained in grain yield and days of heading.

Conclusions

The environment affected the characters examined in the study at different rates. In the study,
there were significant differences among genotypes and environments for all parameters
investigated. Genotypes G4 and G9 had a higher yield. The highest thousand kernel weight was in
G14 and the test weight was in G5. There was a significant difference among genotypes for protein
ratio and genotype G22 had a higher protein ratio, followed by G23 and G24. The grain uniformity
in barley is an essential parameter and G14 had a higher ratio of grain uniformity. Correlation
analyses showed that a negative correlation was determined between grain yield with days of
heading, plant height, and protein ratio. 1000-kernel weight and test weight were significantly
positively correlated. Grain uniformity had a positive correlation with 1000-kernel weight and test
weight. The protein ratio was positively associated with plant height. According to stability analysis
genotypes G9, G3, G15, G2, and G17 were adaptable to less fertile environmental conditions. It was
determined that G10 and G16 were well adaptable to all environmental conditions and also were
ideal in terms of higher-yielding ability and stability. While genotype G9 has high yield potential,
G10 and G16 have high adaptability to different environmental conditions. The environmental
effect was found to be very important according to the parameters examined. Early and short
genotypes have higher yield potential. Environment E4 was the ideal environment because located
close to the first concentric circle in the environment-focused biplot. Therefore, it should be
regarded as the most suitable to select widely adapted barley genotypes.
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Meta. OuiHKa MOKa3HUKIB YpOXKaHOCTI Ta SKOCTI T€HOTUIIB SUYMEHIO 3a PI3HUX YMOB
HaBKOJIMIIIHBOTO cepefioBuia. Meroau. Y AociipkeHH1 0yJI0 BUKOPUCTAHO 25 TEHOTHIIIB SYMEHIO.
Cxema eKCIIepUMEHTY — MOBHICTIO PaHIOMI30BaHi OJIOKM 3 YOTHpMa MOBTOPAaMH y YOTHPBOX
Micisix y perioni Tpakist (Typeuunna) Bnpomoxk 2018-2019 pp. Busnaganu BpokaiiHICTh 3epHa,
BUCOTY POCIHMH, JaTy KojociHHs, macy 1000 3epeH, HacUIHY Bary, BMICT OiIka i BHUpPIBHSHICTb
3epHa. Pesyabratu. 3a gomomororo komOiHoBaHOro merogy ANOVA Oyiio BUSBIEHO 3HauHI
BimMiHHOCTI (P <0,01) yciX mochiKyBaHUX MOKAa3HHUKIB MiXK TE€HOTHUIIAMHU H CepelOBHUIIAMH.
I'enorunm G4 (8514 kr/ra) MaB BUILy BpOXKalHICTh, 32 HUM OyB G9 (8369 kr/ra). HaitBumuit
nokazHuk macu 1000 3epaun maB G14 — 52,0 1, a HaliBunyy Hacunny Bary G5 — 75,1 kr. ['eHoTHIM
3HAYHO BIAPI3HAIMCA 3a BMIcTOM Oinka: reHotun (G22 MaB HaWBHUINMA BMICT OUTKa, 3a HUM
ciigyBanu G23 1 G24. OgHOPIHICTD 3epHA SYMEHIO € BAXXIMBUM MapaMmeTpoM, 1 renotun G14 maB
BUILIMI Koe(illieHT OAHOPIIHOCTI 3epHa. Kopensmiitnuil aHani3 BUSBUB HETATUBHY KOPEJSIIII0 MIXK
ypoaiiHicTIo 3epHa ¥ nartoiro kosociHa (I =—0,506**), Bucororo pociaun (r=-—0,583*%*) i
BMicToM Oinka (I = —0,542**). Maca 1000 3epeH 1 HacuITHA Bara KOPEJIIOBAIM ICTOTHO TIO3UTUBHO
(r =0,708**). OnHOPIAHICTH 3epHA Majia MO3UTHBHY Kopersiito 3 Macoro 1000 3epen (r = 0,898**)
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1 HacumHOW Baror (r=0,539**). BwmicT Oinka TO3UTUBHO KOPEIIOBAB 13 BHUCOTOI POCIHH
(r = 0,692*%*). 3a pe3ynbraramu aHanizy cradinpHocTi renotunu G9, G3, G15, G2 1 G17 BusBmIMCS
aJanTOBAaHUMU JIO MEHIII CIIPUSATIMBUX YMOB cepenoBuia. byno Bu3znadyeno, mo G10 1 G16 mobpe
aanTYIOThCS 10 OyJb-SIKUX YMOB HAaBKOJMIIHBOIO CEPEIOBHUINA, & TAKOXK € 1CATbHUMH 3 TOUYKHU
30py BHCOKOi BpOXaWHOCTI Ta cTabinbHOCTI. BucHoBKH. ['enotnn G9 Mae BHCOKHH IMOTEHITIA
ypoxaitnocti, a G10 i G16 MaloTh BUCOKY aJanTHBHY 3JaTHICTh J0 PI3HUX YMOB CEpPEIOBHUIIA.
BrniuB HaBKOJNMIIHBOTO CEpefOBMINA HA JOCHIKYBaHI MOKA3HWKH BUSBHUBCS 3HAYHUM. Bumuit
MOTEHIANl yPOKaWHOCTI MarTh paHHI ¥ HU3bKOpoch reHoturnu. CepenoBumie E4 BusBuimocs
17lealbHUM, OCKUIBKM BOHO OyJi0 po3TalioBaHe OJM3bKO 10 MEPLIOr0 KOHLEHTPUYHOTO Koja
MapHUX JUISHOK CEpPEelOBHIL, TOMY HOTO CIiJl pO3IISAaTH SK HAOUIBII MpUaaTHE Ui BiIOOpY
TEHOTUIIB SYMEHIO 3 IIUPOKOIO aJaITUBHOIO 3[aTHICTIO.

Knrwowuosi cnosa: suminw, cemomunu, ckuadosa epodicaunocmi; enaus cepedosuwya, G*E
63AEMOOIA.

Haoiiwna / Received 02.09.2022
Tlozo0aceno oo opyky / Accepted 19.09.2022

YK 633.63:631.52 DOI: https://doi.org/10.47414/np.30.2022.268940

HaciHHeBa NpOAYKTHUBHICTb a/IONJIAa3MOTUYHHUX JIiHIA
Ha OCHOBI CTepUJILHUX IMTOIIAa3M Beta patula i B. maritima
3a alO3UIOTUYHOrO CIOCO0Y penpoAyKILii HaCiHHA

Poik M. B., Baaarypa O. B., Kopaasuyk H. C.",
3inuenko O. A., Banacwok B. I, ®enopomak JI. T'.

Inemumym bioenepeemuunux xKynomyp i yykposux oypsikie HAAH Yxpainu, eyn. Kniniuna, 25,
M. Kuis, 03110, “e-mail:natalakovalcuk461@gmail.com

Meta. BuBunTH BIUIMB LUTOIIa3MaTUYHOTO T€HOMY 3aMillIEHHX JIiHIHA 3 HOBOIO MJIa3MO0 BiJl
JTMKUX BUIB Beta patula i B. maritima i anosurotuunux JjiHidi A4—A8 3 S vulgaris nuroriazmoro
OyeHa Ha OCHOBHI YMHHHUKHU allO3UTOTUYHOI PENpOAyKIii HACIHHS, HACIHHEBY NPOJYyKTHBHICTB,
CXOXICTh PO3JIIIIbHOKBITKOBICTh, CTEPUIIBHICTh 3aJI€)KHO B1Jl TEHETUYHOIO NMOXOPKEHHS MaTepiaiy.
Metomm. JlocnikeHHsI TPOBEIEHO 3 BUKOPUCTAHHSAM MOJBOBUX, JIAOOPATOPHUX, CTATUCTHYHHUX
MetoniB B Jsabopartopii wurtoreHetukn IBKillb, maGopatopii amomikcucy 1 MOJIMIIOLNIT
SAntymkieekoi JICC, nmaGopatopii agantuBHOi cenekuii Becenonoainsebkoi JCC. Otpumane
aro3UrOTHYHE HACIHHA B YMOBax O€3MMIKOBOTO pexxumy 3a meronukoro IBKillb 3 Bukopuctanusm
MIPOCTOPOBOT 130JIALIT 1 MepraMeHTHUX 130JTopiB. [1i/1 yac UBITIHHSA HACIHHUKIB Y KOKHOI POCIMHU
BU3HaYaiM ii peHOTHN 32 CTEPUIIBHICTIO MIIKY Ta PO3IUIbHOKBITKOBICTIO. Kiacudikamito pocinux
npooawin 3a OyeHom (1945), inmentudikyroun pocnunHu uc-0 Tumy, 4c-1 Tumy, 4c-2 TuUmy.
Po31i1bHOKBITKOBICTh HACIHHHKIB OIIIHIOBAIH Bi3yallbHO 32 HASBHICTIO PO3JITBHOILTIAHUX TUIOIB
Ha TeHTpambHux maroHax. Y 2021 p. xopeHeruiogu 3amimieHux JdiHIA Becenomominscrkoi JCC
MocajpkeHi B yMOBax 0e3MuiIKoBoro pexxumy Ha gociigHomy noii IBKillb. Jlocnimpkena HaciHHEBa
MPOAYKTUBHICTh IPU allO3UroTii, BpaXOBYIOUH KIIBKICTh 3aB’3aHUX IJI0OIB Ha BiApi3ky 10 cMm npu
5 moBTOpax Ui KOXHOTO HaciHHHMKa. CxoxicTh Bu3Hauamack Ha 10-ty 100y, eHepris
nmpopocTaHHs — Ha 5-Ty 100y. Pe3dyabtatH. HoBi mkepena HUTOIIa3MAaTHYHOI YOJIOBIUOT
crepuibHocTi (IITUC) BuaineHi B maOopaTopii IMTOr€HETMKH HAa OCHOBI TE€HETHYHOI MOjeNi
aHaJII3yI0uOT0 CXpEIlyBaHHS, 3 BHUKOPUCTaHHAM JudepeHmiamnii 1 go0opy 3a MapKepHUMHU
3UCIUICHUMH TeHaMHU 3a0apBlIEHHS TINOKOTENI0 R-+7—, OJHONITHBOTO 1 JBOJITHBOTO ITUKITY
po3BUTKY B+b—. AHasizaTopaMu IpUpOIH CTEPUILHOCTI BUKOPUCTAHI 3aKpIILUTIOBaYl CTEPUIBHOCTI
IyKPOBUX OYPSIKiB, JOMIHAHTHI TOMO3UTOTH 32 PEIICCUBHIMH I'€HAMH aHTOI[IaHOBOTO 3a0apBIICHHS,
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