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ABSTRACT 

Since the yield and quality of wheat grain significantly depends on genetic potential of the variety in 

interaction with environmental conditions and cultivation technology, so it have been studied features of the 

manifestation and variability of yield and grain quality indicators of winter bread wheat depending on growing 

season conditions, genotype, sowing date and preceding crop in environment of the central part of the 

Ukrainian Forest-Steppe. The conditions of the growing season had a decisive influence on yield, 1000 kernel 

weight, and test weight. The preceding crop had more influence on yield, test weight, 1000 kernel weight, 

protein content; sowing date had more influence on yield. The significant influence of the genotype on the water 

absorption of flour, dough tenacity, alveogram configuration ratio, bread volume and evaluation score, protein 

content was established. There were determined the quality indicators with stable strong correlations under the 

influence of various natural and anthropogenic factors. The identified features of the manifestation and 

variation of grain quality indicators should be taken into account when growing winter bread wheat for baking, 

as well as in breeding process to increase the efficiency of selection of promising genotypes, reduce the number 

of tests and “capacity” of laboratories.  

 

Keywords: Triticum aestivum L., yield, grain quality indicators, growing season conditions, sowing date and 

preceding crop. 

 
INTRODUCTION 

 

heat (Triticum aestivum L.) is one of 

the main crops for human nutrition 

that provides about one-fifth of all nutrients 

(Li S. et al., 2021; Karaduman et al., 2021). 

Therefore, increased production of high-quality 

grain is one of the important tasks of agricultural 

science and practice (Betsiashvili et al., 2020; 

Li T. et al., 2021). The quality of wheat grain 

used for bread production is evaluated by 

flour milling (test weight, 1000 kernel weight, 

grain vitreousness, grain size, etc.) and baking 

properties (protein content, sedimentation 

volume, wet gluten content and its quality, 

physical properties of the dough, volume 

bread, etc.) (Zhygunov et al., 2018). 

Physical indicators of grain quality, 

namely, 1000 kernel weight, test weight, 

characterize large, uniform, well-filled grain 

(Deivasigamani and Swaminathan, 2018; 

Ulianych, 2020). The nutritional value of 

bakery products, groats and pasta is related to 

the protein content, wet gluten content and its 

quality (Al-Saleh and Brennan, 2012; Doneva 

et al., 2018; Jernigan et al., 2018). Potential 

properties of the protein complex are 

characterized by sedimentation value (Sasani 

et al., 2020). The quality of the final product 

depends on the physical properties of the 

dough, namely, deformation energy (or flour 

strength), dough tenacity, dough extensibility, 

alveograph configuration ratio (the ratio of 

tenacity to extensibility), elasticity index, 

water absorption ability of flour, dough 

development time, dough stability time, 

degree of dough softening, valorimetric 

value, which determine its behavior in the 

technological process, characterize the shape-

retaining ability of products and determine 

the volume of the final product (Cappelli et 

al., 2018; Sapirstein et al., 2018; Boltenko et 

W 
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al., 2019; Cappelli and Cini, 2021). Volume of 

baked experimental breads and bread crumb 

quality by quality score visually characterize 

the baking properties of the studied wheat 

samples (Živančev et al., 2019). 

Wheat yield and grain quality largely 

depends on the characteristics of the variety, 

abiotic and anthropogenic factors (Bagulho et 

al., 2015; Nadew, 2018). Realization of 

genetic potential of the variety, both in terms 

of yield and in quality indicators, at a high 

level is possible under effective agronomic 

management practices (Senapati, 2019). Only 

when sowing at the optimal time and after 

properly chosen preceding crops, it is possible 

to obtain a sufficient level of grain yield with 

high quality (Silva et al., 2014). The influence 

of sowing dates, preceding crops on yields 

and certain grain quality indicators of winter 

wheat is covered in the scientific papers by 

other researchers (Kulig et al., 2010; Saleem 

et al., 2015; Madhu et al., 2018; Siroshtan et 

al., 2021). 

The aim of the research is to identify the 

features of the manifestation and variability 

of yield and grain quality indicators of winter 

bread wheat depending on the growing 

season, genotype, sowing date and preceding 

crop in conditions from the central part of the 

Ukrainian Forest-Steppe. 

 

MATERIAL AND METHODS 

 

The tests were conducted during three the 

crop years (2016-17 – 2018-19) at the V. M. 

Remeslo Myronivka Institute of Wheat 

NAAS of Ukraine in the Tsentralne village, 

Obukhiv district, Kyiv region, Ukraine 

(49°38’41.5’’ N latitude, 31°05’33.2’’ E 

longitude). The experiment included seventeen 

genotypes of winter bread wheat (Triticum 

aestivum L.) bred at Myronivka: ‘Podolianka’ 

(St), ‘MIP Valensiia’, ‘MIP Vyshyvanka’, 

‘MIP Kniazhna’, ‘Trudivnytsia myronivska’, 

‘Balada myronivska’, ‘Vezha myronivska’, 

‘Hratsiia myronivska’, ‘Estafeta myronivska’, 

‘MIP Assol’, ‘MIP Dniprianka’, ‘Avrora 

myronivska’, ‘MIP Vidznaka’, ‘MIP Darunok’, 

‘MIP Lada’, ‘MIP Fortuna’, ‘MIP Yuvileina’ 

which were sown in three sowing dates         

(I – September 26, II – October 5, and         

III – October 16) after five preceding crops 

[GM: green manure (mustard), MS: mustard, 

SF: sunflower, CR: corn, SB: soybean].  

Soil is deep, with low humus content, 

slightly leached chornozem. The thickness of 

the humus horizon is 38-40 cm. The content of 

humus is 3.7-3.9%, alkaline hydrolyzed nitrogen 

is 55-64 mg, phosphorus is 205-238 mg, 

exchangeable potassium is 82-110 mg per 

1 kg of soil. Soil pH is 5.1-6.6. The specific 

weight of the solid phase of the soil is in the 

range of 2.62-2.71 g cm
-3

.The soil bulk density 

in the profile does not exceed 1.29 g cm
-3

, in 

the arable layer it is 1.27 g cm
-3

. 

Winter wheat growing techniques is 

conventional for the Ukrainian Forest-Steppe. 

Sowing was carried out with breeding seed 

drill SN-10 Ts to a depth of 3-4 cm, with 

sowing rate of 5 million viable seeds per 1 ha. 

Plots were placed according to randomized 

scheme in four repetitions with net area 

10 m
2
. The crop was harvested by direct 

combining with “Sampo-130” and converted 

to standard (14%) grain moisture. 

Grain quality indicators were determined 

from each replication. Thousand-kernel 

weight (TKW) was determined by subtracting 

and weighting two samples of 500 grains to 

the nearest 0.1 g (the difference between the 

masses of the two samples did not exceed 

5%) and summing these values; test weight 

(TW) was determined using a Liter Purk in 

two repetitions, the difference between the 

parallel definitions did not exceed 5 g, the 

final result was taken as the arithmetic mean 

of the two measurements and expressed in 

g l
-1

; protein content of flour (PC) was 

determined using the near-infrared reflection 

spectrometer (spectral range 1400-2400 nm) 

on the SPECTRAN 119M instrument; 

sedimentation value (SE) was determined 

according to the micro method by A.Ya. 

Pumpianskyi; wet gluten content (WGC) was 

determined after manually washing the dough 

resulted from mixing 25 g of flour with 12 ml 

of 2% saline solution from starch and covers 

of grain; gluten deformation index (GDI) was 

determined by using the device IDK-1M; 

deformation energy (which is referred to as 

flour strength) (W), dough tenacity (P), 

alveogram configuration ratio (P/L), and 
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dough elasticity index (Ie) were determined 

using the device Alveograph Chopin 

(France); water absorption of flour (WA), 

and degree of dough softening (DS), were 

determined using the device Farinograph 

Brabender (Germany); valorimetric value 

(VV) was determined using the device 

Valorimeter Brabender (Germany); kneading 

the dough was performed on the Swanson 

dough mixer, model 100-200 A; thermostat 

model 505-SS was used for fermentation and 

keeping the dough; baking bread took place in 

an electric oven with a horizontally rotating 

hearth (at t=230°C); volume of bread (VB) 

was determined on the device OMKh; bread 

evaluation was reformed on a 0 to 5 scale.  

Statistical processing of experimental data 

was performed by methods of descriptive 

statistics and analysis of variance (ANOVA) 

using Microsoft Office Excel 2013. 

Clustering of yields and sixteen quality 

indicators of winter bread wheat was 

performed using the program Statistica 12 

with Ward’s method. The 1-Pearson r 

distance was used as a measure of the 

similarity of the studied indicators to detect 

the relationship between variables. 

 

RESULTS AND DISCUSSION 

 

Hydrothermal mode 

Growing seasons in 2016-17 – 2018-19 

had significant differences (Table 1), 

compared with long-term data and influenced 

the formation of yield and grain quality 

indicators of winter bread wheat. 

 
Table 1. Average monthly values of hydrothermal regime for the period of the research 

(2016-17 – 2018-19) 

 

Growing 

season 

Month 
Indicator 

Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. 

Air temperature, °С 
Average, 

°С 

± to 

ALT 

2016-17 21.1 15.7 6.7 1.4 -1.8 -5.3 -2.6 6.0 10.4 15.4 20.6 20.9 9.0 0.8 

2017-18 22.4 17.0 8.6 3.5 2.2 -2.9 -3.6 -1.8 13.3 18.4 20.2 21.1 9.9 1.7 

2018-19 22.0 16.7 10.6 0.0 -1.8 -5.0 0.3 4.6 10.4 17.4 22.7 19.6 9.8 1.6 

ALT 19.5 14.4 8.2 2.2 -2.3 -4.6 -3.7 1.2 9.1 15.3 18.5 20.2 8.2 - 

Precipitation, mm Sum, mm 
% to 

ALT 

2016-17 37 2 75 44 31 31 33 12 43 23 20 102 453 78 

2017-18 20 13 74 52 115 63 37 93 21 33 97 79 697 120 

2018-19 15 89 28 22 72 40 26 27 23 50 87 50 529 91 

ALT 60 50 36 40 42 36 31 34 41 51 79 79 579 - 

*ALT: the average long-term value for 1980-2016. 

 

During the period 2016-17 – 2018-19, the 

annual mean air temperature exceeded the 

average long-term (ALT) temperature by  

0.8-1.7°С. The most variation in monthly 

mean temperature over the years was 

observed mainly from November to March. 

In general, 2016-17 and 2018-19 were the dry 

growing seasons, and the 2017-18 was the 

wet one, with the amount of precipitation of 

78%, 91% and 120%, respectively, as compared 

to the ALT amount. It should be noted the 

lack of precipitation in August, September, 

May, and June in 2016-17; in August, 

September, April, and May in 2017-18; in 

August, October, and April in 2018-19. 

 

Level of manifestation and variability of 

yield and quality indicators 

Table 2 shows the average values for 

varieties of winter bread wheat by sowing 

dates after different preceding crops in 

experimental years. The maximum values of 
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yield (6.28 t ha
-1

), 1000 kernel weight 

(42.6 g), test weight (782 t ha
-1

) for all 

genotypes and sowing dates for experimental 

years were observed after preceding crop green 

manure; the most protein content (13.4%) and 

wet gluten content (28.9%) were after soybean, 

sunflower, and green manure; high levels of 

deformation energy (298-301 10
-4

J) bread 

volume (843-856 cm
3
) and bread evaluation 

(3.2-3.3 points) were after mustard, sunflower, 

and soybean. After the preceding crop 

mustard there were received the minimum 

degree of dough softening and the maximum 

valorimetric value, because these is strong 

negative correlation between them. In studies 

by Gawęda et al. (2021) the maximum yield, 

protein content and sedimentation volume 

were obtained after soybean. Significantly the 

lowest yield, protein content, and wet gluten 

content were obtained after corn as preceding 

crop (Zhemela and Shakalii, 2012; Zaitsev 

and Kovalenko, 2020). 

With the shift of the sowing date from 

September 26 to October 16, it was 

established a general tendency of decreasing 

average yield, 1000 kernel weight, test 

weight, but increasing sedimentation volume 

(significantly after sunflower and corn), 

protein content and wet gluten content. On 

average in the experiment, the significant 

impact of sowing dates on other quality 

indicators was not found. Saleem et al. 

(2015) and Arshad et al. (2017) also obtained 

higher yields on early sowing dates. Seleiman 

et al. (2011) and Saleem et al. (2015) 

obtained a higher protein content and wet 

gluten content on late sowing dates, they also 

found a significant increase in the water 

absorption of flour. In our studies, we 

followed a similar trend for water absorption, 

but within the least significant difference. 

Sasani et al. (2020) did not establish a 

significant impact of sowing dates on quality 

indicators of winter wheat. 

 
Table 2. Yield and quality indicators of winter bread wheat depending on preceding crops and sowing dates 

(2016-17 – 2018-19) 
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GM 

І 6.71 42.8 785 13.3 67 28.6 69 292 105 1.4 60 60.7 87 50 781 80 3.0 

ІІ 6.56 43.3 782 13.3 66 28.6 71 284 104 1.5 60 61.2 92 48 789 81 3.0 

ІІІ 5.57 41.7 778 13.1 67 28.4 71 285 104 1.5 59 61.0 80 50 822 80 3.1 

Mean 6.28 42.6 782 13.2 67 28.5 71 287 104 1.5 60 61.0 87 49 797 80 3.0 

LSD05 0.32 0.8 2 0.4 3 0.7 3 20 7 0.2 2 0.7 8 2 44 2 0.2 

MS 

І 5.35 41.7 774 13.0 66 28.6 71 307 109 1.5 62 61.1 78 53 840 81 3.1 

ІІ 5.25 40.9 771 12.7 66 28.0 69 295 106 1.6 61 60.6 81 52 847 82 3.3 

ІІІ 4.58 40.4 767 13.2 67 28.6 66 302 106 1.5 62 60.7 80 52 841 82 3.2 

Mean 5.06 41.0 770 12.9 66 28.4 69 301 107 1.5 61 60.8 80 52 843 82 3.2 

LSD05 0.33 0.7 2 0.4 3 0.7 3 19 8 0.2 2 0.7 7 3 43 2 0.2 

SF 

І 5.14 40.0 760 12.9 65 27.6 68 288 104 1.5 61 60.9 85 50 851 82 3.3 

ІІ 4.52 39.4 759 13.0 65 28.1 64 300 106 1.5 63 60.8 82 51 865 82 3.3 

ІІІ 3.81 39.2 757 13.7 68 30.1 68 307 106 1.5 63 61.1 83 52 851 82 3.2 

Mean 4.49 39.5 759 13.2 66 28.6 67 298 105 1.5 62 60.9 83 51 856 82 3.3 

LSD05 0.34 0.7 2 0.4 3 0.8 3 20 8 0.2 2 0.7 7 3 42 2 0.2 

CR 

І 4.61 40.5 759 11.9 60 25.1 65 277 102 1.5 60 60.1 86 46 818 81 3.1 

ІІ 4.58 39.4 757 12.7 64 27.1 65 284 104 1.5 60 60.6 89 47 814 81 3.1 

ІІІ 3.86 39.9 761 13.0 64 28.1 67 284 102 1.5 62 60.6 85 47 806 81 3.2 

Mean 4.35 39.9 759 12.5 63 26.8 66 282 103 1.5 60 60.4 87 47 813 81 3.1 

LSD05 0.34 0.7 2 0.4 3 0.7 3 20 8 0.3 2 0.7 7 2 41 2 0.2 

SB 

І 5.38 39.3 756 13.3 66 28.4 67 295 101 1.4 62 60.8 86 51 866 82 3.3 

ІІ 4.95 39.2 753 13.3 66 28.9 69 300 101 1.4 62 60.9 88 51 862 81 3.2 

ІІІ 3.81 38.4 750 13.6 67 29.3 68 308 105 1.4 63 61.2 92 50 831 81 3.0 

Mean 4.72 39.0 753 13.4 66 28.9 68 301 102 1.4 62 61.0 89 51 853 81 3.2 

LSD05 0.33 0.7 2 0.4 3 0.7 3 19 7 0.2 2 0.7 8 2 44 2 0.2 

*For pre-crops GM: green manure; MS: mustard; SF: sunflower; CR: corn; SB: soybean; **For sowing dates I: September 26; II: October 5;        

III: October 16; ***YLD: yield; **** For quality indicators TKW: 1000 kernel weight; TW: test weight; PC: protein content; SE: sedimentation 

value; WGC: wet gluten content; GDI: gluten deformation index; W: deformation energy; P: dough tenacity; P/L: alveogram configuration ratio;  

Ie: dough elasticity index; WA: water absorption of flour; DS: degree of softening dough; VV: valorimetric value; VB: volume of bread,             

PB: porosity of bread crumb, BE: bread evaluation score; un. GDM: units device of gluten deformation meter; UF: units device of Farinograph 

Brabender; UV: units device of Valorimeter Brabender; LSD05 is the least significant difference at p<0.05. 
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Analysis of variance 

The analysis of variance for the 

experimental data revealed a significant 

(p≤0.01) influence of the factors year 

(growing season), genotype, sowing date, 

preceding crop and their interaction on all 

indicators under study (Table 3). It was 

revealed the predominance of the influence of 

growing season on winter bread wheat yield 

(66.2%), 1000 kernel weight (63.2%), and 

test weight (58.8%). Significant influence of 

the environment on yield and physical 

indicators of grain quality was found by Bilgin 

et al. (2016), Khazratkulova et al. (2015), Van 

der Laan et al. (2020), and Aucamp et al. 

(2006). Sasani et al. (2020) found that yield of 

winter wheat was significantly influenced by 

sowing dates (68.8%), and the 1000 kernel 

weight was by genotype (57.1%). However, 

Bagulho et al. (2015) argued that formation of 

the 1000 kernel weight was significantly 

influenced by sowing date, and the test weight 

was by genotype. 

The part of sum square in variation of 

sedimentation volume, gluten deformation 

index, deformation energy, dough elasticity 

index, degree of dough softening, valorimetric 

value, and porosity of bread crumb for growing 

season conditions was also significantly higher 

(31.7-43.1%), as compared to other factors. 

There was revealed significant influence 

of genotype on dough tenacity (36.6%), 

alveogram configuration ratio (34.8%), bread 

volume (25.9%) and its evaluation (26.0%) 

and, especially, on water absorption of flour 

(52.1%), but a little less on protein content 

(15.3%). The influence on wet gluten content 

for year (19.7%) and genotype (19.8%) was 

at the same level. Bilgin et al. (2016) found 

less effect on protein content for genotype. 

The most influence of the preceding crop 

was found on yield (12.5%), test weight 

(9.4%), 1000 kernel weight (4.8%), protein 

content (5.0%); the most influence of the 

sowing date was on yield (6.1%). Interaction 

of factors growing season × genotype maximally 

affected the volume of bread (19.5%) and 

water absorption of flour (16.6%). Van der 

Laan et al. (2020) and Kitil et al. (2020) also 

found a significant impact for interaction of 

factors growing season × genotype on both 

quality indicators and yield of winter wheat. 

The most part of sum square variation in 

alveogram configuration ratio (10.5%), 

valorimetric value (10.2%) and bread evaluation 

score (10.3%) was revealed for interaction of 

factors growing season × genotype × preceding 

crop. 

The protein content and wet gluten content 

was significantly influenced by most factor 

interactions, except for the genotype × 

growing season, genotype × preceding crop, 

and growing season × genotype × preceding 

crop interactions. 
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Table 3. The part of sum square (%) variation in yield and quality indicators of winter bread wheat 

during three growing seasons (2016-17 – 2018-19) 
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A
 ×
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 ×

 C
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E
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o
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df 16 2 4 2 32 64 32 8 4 8 128 64 16 128 256 2295 

YLD 1.7 66.2 12.5 6.1 0.9 0.3 0.4 3.6 0.9 0.6 1.2 0.7 1.3 0.8 1.7 1.1 

TKW 7.0 63.2 4.8 0.4 3.1 1.0 0.7 7.4 0.3 0.3 2.8 1.1 1.8 1.9 3.7 0.6 

TW 12.6 58.8 9.4 0.3 2.5 1.0 0.5 6.9 0.1 0.2 2.0 0.8 1.2 1.2 2.4 0.1 

PC 15.3 3.8 5.0 1.8 11.9 3.6 2.1 14.8 1.4 2.5 6.0 3.1 7.9 5.5 12.2 3.0 

SE 22.2 31.7 1.6 0.5 7.0 2.2 1.6 5.9 0.5 0.5 4.9 2.6 2.0 4.3 9.2 3.4 

WGC 19.8 19.7 2.6 1.2 9.7 2.7 1.6 10.6 0.9 1.5 5.8 2.4 5.9 5.3 9.4 1.0 

GDI 26.6 33.6 0.8 0.01 12.9 2.7 0.8 2.2 0.3 0.5 7.7 1.9 1.1 3.1 4.9 1.1 

W 21.3 41.3 0.5 0.1 6.8 3.9 1.1 3.7 0.4 0.2 8.2 1.3 1.0 3.8 5.3 1.3 

P 36.6 16.1 0.4 0.01 11.8 4.7 1.0 4.0 0.6 0.2 9.2 1.9 0.4 3.4 7.5 2.5 

P/L 34.8 3.9 0.8 0.04 14.0 4.9 0.9 5.0 0.7 0.1 10.5 2.0 0.8 4.1 10.6 7.1 

Ie 22.2 37.9 0.5 0.1 6.9 4.1 1.2 1.7 0.2 0.2 7.7 2.0 0.9 4.3 9.1 1.1 

WA 52.1 2.9 0.8 0.1 16.6 3.9 0.6 2.2 0.2 0.5 6.3 1.5 0.9 2.8 5.1 3.5 

DS 21.1 37.7 0.5 0.04 8.7 3.6 1.0 4.0 0.6 0.3 7.7 1.4 0.9 3.8 7.7 1.0 

VV 12.5 43.1 1.5 0.02 7.0 5.0 1.0 5.4 0.4 0.2 10.3 1.4 0.8 3.2 7.3 0.9 

VB 35.9 7.8 2.6 0.03 19.5 3.5 0.9 3.6 0.9 0.6 7.4 1.7 1.6 3.5 7.2 3.4 

PB 16.9 35.7 0.9 0.03 13.3 3.3 0.7 4.9 0.6 0.2 9.1 1.5 0.4 2.3 4.7 5.6 

BE 26.0 17.6 1.4 0.1 11.3 4.5 1.1 9.4 0.9 0.6 10.3 1.7 1.3 2.9 6.4 4.6 

Note. df: degrees of freedom; other abbreviations remained the same as in Table 2. 

 

In terms of each year, there was found an 

increase in the part of sum square variation in 

yield and quality indicators for the factors 

such as genotype, preceding crop, sowing 

date and their interactions (Table 4). At the 

same time, the part of sum square varied 

significantly over the years, which also 

indicates a significant influence of growing 

season conditions on yield and quality 

indicators of winter bread wheat. Such 

features are confirmed by studies of 

Cesevičienė et al. (2009). 

As for genotype high (more than 60%) 

part of sum square variation was found in 

2016-17 for dough tenacity (64.43%); in 

2017/18 for water absorption of flour 

(78.08%), wet gluten content (70.84%), 

sedimentation volume (65.59%), gluten 

deformation index (61.93%); in 2018/19 for 

volume of bread (81.65%), water absorption 

of flour (73.04%), porosity of crumb bread 

(65.51%), test weight (65.25%), bread 

evaluation score (64.52%), gluten deformation 

index (63.76%), dough degree of softening 

(63.72%), deformation energy (62.98%), 

dough tenacity (61.14%). The share of 

genotype influence in all years of the research 

for gluten deformation index and water 

absorption of flour was more than 50%. 

 



7 

OLEKSANDR DEMYDOV
 
ET AL.: MANIFESTATION AND VARIABILITY LEVEL OF YIELD 

AND GRAIN QUALITY INDICATORS IN WINTER BREAD WHEAT DEPENDING ON NATURAL 

AND ANTHROPOGENIC FACTORS 
 

Table 4. The part of sum square (%) variation in yield and quality indicators of winter bread wheat depending on 

growing season conditions 

 

Indicators  

Sources of variation 

Genotype 

(А) 

Pre-crop 

(C) 

Sowing date 

(D) 
A × C A × D C × D A × C × D Error 

df 16 4 2 64 32 8 128 765 

2016-2017 

YLD 1.90 75.02 4.86 3.61 2.15 3.63 6.42 2.41 

TKW 27.15 39.78 0.81 6.68 4.27 4.60 15.79 0.92 

TW 38.78 35.07 0.74 6.30 3.47 2.64 12.83 0.18 

PC 12.43 30.24 0.96 11.58 4.13 12.83 24.12 3.70 

SE 21.08 17.01 2.48 14.93 6.16 5.52 28.80 4.02 

WGC 20.62 22.46 0.86 13.51 5.53 10.62 25.61 0.80 

GDI 53.23 7.50 0.86 17.32 4.11 3.06 12.40 1.53 

W 48.86 8.67 0.80 21.26 3.77 2.59 12.60 1.45 

P 64.43 1.50 0.75 15.29 3.25 0.84 11.61 2.32 

P/L 49.26 4.47 0.32 17.91 3.69 1.36 17.03 5.97 

Ie 45.67 6.88 0.21 21.84 4.62 1.51 17.94 1.33 

WA 55.22 4.47 0.74 16.89 2.75 1.86 13.32 4.75 

DS 29.10 4.30 2.55 29.11 4.91 2.78 24.57 2.69 

VV 23.78 15.60 0.65 36.26 3.21 1.74 17.76 1.00 

VB 46.26 17.66 1.42 10.72 2.97 0.94 16.13 3.90 

PB 35.13 16.69 0.58 22.36 4.71 0.39 10.58 9.56 

BE 43.10 22.18 1.08 14.75 2.79 1.04 9.90 5.15 

2017-2018 

YLD 14.22 38.93 25.77 4.65 3.31 2.39 6.43 4.30 

TKW 30.07 31.81 1.82 7.78 4.70 10.69 11.01 2.11 

TW 25.03 55.92 1.17 4.95 3.34 4.92 4.47 0.19 

PC 50.76 2.49 1.65 9.67 10.00 5.02 14.90 5.51 

SE 65.59 3.03 0.34 5.57 6.51 1.84 12.30 4.83 

WGC 70.84 2.49 1.46 5.85 6.14 2.79 7.98 2.45 

GDI 61.93 2.86 0.16 16.32 5.04 1.98 10.05 1.66 

W 38.65 7.50 0.54 22.02 4.87 1.24 22.20 2.99 

P 48.18 10.98 1.03 18.32 3.10 0.45 15.06 2.88 

P/L 54.84 8.35 1.55 15.23 1.90 0.71 11.19 6.24 

Ie 40.08 0.86 0.14 21.40 6.22 1.57 27.78 1.95 

WA 78.08 1.14 0.02 8.78 1.75 1.09 6.54 2.61 

DS 41.53 11.75 0.65 22.22 3.70 1.53 17.45 1.17 

VV 43.24 11.48 0.52 19.51 5.99 2.00 15.37 1.89 

VB 49.55 2.97 1.54 19.46 3.67 5.75 13.33 3.73 

PB 32.20 13.15 2.12 28.20 3.01 1.51 10.39 9.42 

BE 33.01 11.33 2.10 27.85 3.57 4.53 12.40 5.21 

2018-2019 

YLD 7.71 29.94 30.67 5.22 3.93 9.98 9.12 3.42 

TKW 23.45 12.66 6.14 26.53 6.79 2.01 19.15 3.27 

TW 65.25 2.80 0.24 18.86 1.75 1.17 9.36 0.58 

PC 28.78 21.89 5.29 9.17 4.58 11.80 16.54 1.94 

SE 45.19 12.38 1.54 9.79 5.83 3.27 15.62 6.39 

WGC 41.73 15.06 5.42 9.24 3.73 10.13 13.57 1.14 

GDI 63.76 2.63 0.20 13.14 3.18 1.87 13.63 1.59 

W 62.98 0.56 0.46 14.18 3.40 1.71 13.60 3.11 

P 61.14 2.08 0.19 15.61 3.99 0.44 12.23 4.32 

P/L 45.58 3.95 0.14 14.55 3.76 0.74 19.75 11.52 

Ie 57.48 0.50 0.77 10.88 5.27 2.54 20.30 2.25 

WA 73.04 5.23 0.54 7.20 2.29 1.68 5.85 4.17 

DS 63.72 3.35 0.77 8.53 3.82 1.75 16.63 1.43 

VV 50.96 1.78 1.25 10.39 4.72 1.51 26.07 3.32 

VB 81.65 0.12 0.13 6.04 1.71 0.82 6.04 3.48 

PB 65.51 0.73 0.22 10.62 2.92 0.99 11.46 7.55 

BE 64.52 0.84 0.05 10.33 4.04 1.2 12.12 6.9 

All abbreviations remained the same as in Table 2. 
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The most influence of the preceding crops 

was found in 2016-2017 on yield (75.02%), 

1000 kernel weight (39.78%), test weight 

(35.07%), protein content (30.24%); in  

2017-2018 on test weight (55.92%), yield 

(38.93%), 1000 kernel weight (31.81%); in 

2018-2019 on yield (29.94%), protein content 

(21.89%), and wet gluten content (15.06%). 

The sowing date had the most effect on yield 

of winter bread wheat than on quality 

indicators. A significant part for the 

interaction of genotype × preceding crop and 

genotype × preceding crop × sowing date in 

formation of all quality indicators was 

followed which indicates a different response 

of genotypes on various sowing dates after 

different preceding crops. 

 

Cluster analysis 

According to the results of Ward's 

clustering yield and quality indicators, five 

groups of similar indicators were formed for 

each growing season, i.e. five clusters  

(Figure 1). In 2016-2017, Cluster 1 combined 

yield, 1000 kernel weight, test weight; 

Cluster 2 combined gluten deformation 

index, degree of softening dough, water 

absorption of flour; Cluster 3 combined protein 

content, wet gluten content, sedimentation 

value, valorimetric value; Cluster 4 combined 

volume of bread, bread evaluation score, 

porosity of bread crumb; Cluster 5 combined 

deformation energy, dough elasticity index, 

alveogram configuration ratio, dough tenacity. 

In 2017-2018, Cluster 1 included yield, 1000 

kernel weight, test weight; Cluster 2 included 

sedimentation value, valorimetric value, 

volume of bread, bread evaluation score, 

porosity of bread crumb; Cluster 3 included 

deformation energy, dough elasticity index, 

dough tenacity; Cluster 4 included protein 

content, wet gluten content, gluten deformation 

index; Cluster 5 included alveogram 

configuration ratio, water absorption of flour, 

degree of softening dough. In 2018-2019, 

Cluster 1 combined yield, 1000 kernel weight, 

test weight; Cluster 2 combined protein 

content, wet gluten content, sedimentation 

value; Cluster 3 combined gluten deformation 

index, degree of softening dough, water 

absorption of flour; Cluster 4 combined 

content deformation energy, dough tenacity, 

alveogram configuration ratio; Cluster 5 

combined dough elasticity index, 

valorimetric value, volume of bread, bread 

evaluation score, porosity of bread crumb.  
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Note. The abbreviations remained the same as in Table 2. 

 

Figure 1. Dendrograms of the results of cluster analysis (Ward's method, 1-Pearson r) of yield 

and quality indicators of winter bread wheat  
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Of practical breeding value are the 

indicators that have been consistently 

included in the same cluster for three 

different growing seasons: yield, 1000 kernel 

weight, test weight in the Cluster 1; volume 

of bread, porosity of bread crumb, baking 

evaluation score in the Cluster 2; protein 

content, wet gluten content in the Cluster 3; 

deformation energy, dough tenacity in the 

Cluster 4; fifth group water absorption of 

flour, degree of softening dough in the 

Cluster 1. These indicators have been 

consistently linked for each growing season. 

Other indicators formed different clusters  

that is the strength of the relationship 

between these indicators changed across the 

growing seasons. 

 

CONCLUSIONS 

 

As a result of the research, it was revealed 

a decisive influence of growing season 

conditions on yield, 1000 kernel weight, test 

weight of winter bread wheat grain.  

The preceding crop was most affecting 

yield, test weight, 1000 kernel weight, 

protein content; sowing date was most 

affecting yield.  

The genotypes realized the maximum 

average yield, 1000 kernel weight, test 

weight after the preceding crop green 

manure. The highest protein content and wet 

gluten content was achieved after soybean, 

sunflower, and green manure. The 

deformation energy, volume of bread, and 

bread evaluation score were achieved after 

mustard, sunflower and soybean. It was 

determined that delaying the sowing date 

(from September 26 to October 16), the 

average yield, 1000 kernel weight, test 

weight decreased, but the sedimentation 

value, protein content and wet gluten content 

increased.  

These features of the manifestation and 

variation of grain quality depending on the 

growing season conditions, preceding crops 

and sowing dates should be taken into 

account when growing winter bread wheat 

for baking. Significant influence of genotype 

on water absorption of flour, dough tenacity, 

alveogram configuration ratio, bread volume, 

bread evaluation score, protein content was 

revealed.  

Accordingly, these indicators are more 

informative and reliable for the evaluation 

and selection of promising genotypes in 

breeding process. The quality indicators 

belonging to the same cluster under the 

influence of different natural and anthropogenic 

factors may be interchangeable in some way 

when determining the baking qualities of 

winter bread wheat in order to reduce the 

number of tests and increase the “capacity” of 

laboratories. 
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