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and 8250 kg ha–1, respectively, while in Skopje locality, 

same as in the previous case, the highest grain yield 

were observed in plots treated with Stellar + DASH at 

0.75 + 2.0 L ha–1 and Stellar + Trend at 0.75 + 1.0 L ha–1 

(8570 and 8510 kg ha–1, respectively) (Table 9). From 

the other side, in Tetovo locality, the lowest grain yield 

were recorded in plots treated with Stellar + White oil 

(0.125 + 0.2 L ha–1) – 4710 kg ha–1, followed by Stellar 

+ DASH (0.125 + 2.0 L ha–1) – 5180 kg ha–1 and Stellar 

+ Trend (0.125 + 1.0 L ha–1) – 5270 kg ha–1. Similar to 

in the Tetovo, in the Skopje locality, the lowest grain 

yield in herbicide and herbicide plus adjuvants 

treatments were observed in plots treated with Stellar + 

White oil (0.125 + 0.2 L ha–1) – 4460 kg ha–1 and Stellar 

+ Trend (0.125 + 1.0 L ha–1) and Stellar + DASH (0.125 

+ 2.0 L ha–1) – 4590 and 4630 kg ha–1, respectively. In 

both localities, grain yield of the full rate of Stellar 

(5980 and 5530 kg ha–1, respectively) was on the level 

of Stellar + White oil applied at 0.25 + 0.2 L ha–1 (5870 

and 5440 kg ha–1, respectively) (Table 9). Topramezone 

336 g L–1 SC applied at 20.1, 25.2 and 33.6 g a.i. ha–1 + 

MSO adjuvant produce a significantly higher yield than 

the lowest dose 13.4 g a.i. ha–1. + MSO Adjuvant 

(Tiwari et al., 2018). Post-emergence application of 

topramezone at 25.20 g ha–1 + MSO recorded a grain 

yield of 47.12 g ha–1 which was comparable with the 

hand weeding at 20 and 40 DAS (49.41 g ha–1) (Mahto 

et al., 2020). Nicosulfuron plus dicamba increased 

yield by at least 67% compared with the untreated 

control. The addition of Agral 90®and Liberate®to 

nicosulfuron plus dicamba increased yield by 24 and 

17%, respectively (Soltani et al., 2010). 

 
Table 9. Maize plant injury as influenced by POST treatments 
and grain yield as influenced by POST treatments in maize 
crop in Tetovo and Skopje localities in 2017 and 2018, 
averaged over years a–d  

Treatments Rate, L ha–1 Grain yield, kg ha–1 

Tetovo Skopje 

Untreated control – 2570 3210 

Stellar 1.0 5980e 5530e 

Stellar + White oil 0.75 + 0.2 7420c 7770b 

Stellar + DASH 0.75 + 2.0 8250a 8570a 

Stellar + Trend 0.75 + 1.0 8300a 8510a 

Stellar + White oil 0.50 + 0.2 7290c 6020d 

Stellar + DASH 0.50 + 2.0 7960b 7430c 

Stellar + Trend 0.50 + 1.0 7730b 7390c 

Stellar + White oil 0.25 + 0.2 5870e 5440e 

Stellar + DASH 0.25 + 2.0 6110e 5880d 

Stellar + Trend 0.25 + 1.0 6300d 5990d 

Stellar + White oil 0.125 + 0.2 4710g 4460f 

Stellar + DASH 0.125 + 2.0 5180f 4630f 

Stellar + Trend 0.125 + 1.0 5270f 4590f 

LSD0.05  250.41 238.09 

POST – post-emergence; DAT – days after treatments. 

Maize injury estimated at 14 and 28 DAT. 

Means followed by the same letter within a column are not significantly 

different according to Fisher’s Protected LSD at P <0.05. 

Conclusion 

Almost all reduced rates of Stellar (topremazone plus 

dicamba), except the lowest one 0.125 L ha–1 with the 

addition of properly chosen adjuvants, provided excel-

lent control of all investigated weeds, including 

grasses, such as Echinochloa crus-galli and Sorghum 

halepense. The highest efficacy of 28 DAT was 

achieved in plots treated with herbicide Stellar + Trend 

applied at 0.75+1.0 L ha–1 98% in Tetovo locality, 

while Stellar + DASH applied at 0.75+2.0 L ha–1 has 

shown slightly higher efficiencies 99% in Skopje 

locality. Therefore, the use of adjuvants in the spray 

liquid with different mechanisms of action, first, MSO 

and NIS, will improve Stellar efficacy even applied at 

the reduced rates, particularly in control of the 

monocotyledonous species in maize crop. 
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ABSTRACT. The efficiency of crop cultivation technologies, including 

potatoes, can decrease under the influence of pests, especially in the case 

of untimely or low-quality protective measures. Pathogens parasitizing the 

vegetative surface of plants have a significant impact on the quality and 

yield of potato tubers. Such pathogens are fungi Phytophthora infestans 

(Mont) de Bary, Alternaria solani Sorauer and Alternaria alternata Keis, 

which are the causative agents of late blight and early blight. Early 

manifestation and significant development of these diseases during the 

growing season can lead to losses, which are estimated at 4 billion euros 

per year. Studies by many scientists reveal a significant positive result 

from the use of fungicides during the growing season of plants, harvesting 

and storage of crops. This article investigated the efficacy of fungicides 

against late blight and early blight and their effects on yield and tuber 

quality of the early maturing potato variety Bellarosa. The research was 

conducted from 2018 to 2020 at the PE Zherm of the Zhytomyr region 

Ukraine. The experiment scheme consisted of the following variants: 

Control – spraying of plants with water; Variant 1. Ridomil Gold MC 68 

WP, (mancozeb, 640 g kg–1 + metalaxyl M, 40 g kg–1) – 2.5 kg ha–1 – the 

reference variant; Variant 2. Infinito 61 SC, 68.75% (fluopycolide, 

62.5 g L–1 + propamocarb hydrochloride, 625 g L–1) – 1.5 L ha–1; 

Variant 3. Quadris TOP 325 SC, 32.5% (azoxystrobin, 200 g L–1 + 

difenoconazole, 125 g L–1) – 0.8 L ha–1. It has been established that the 

application of fungicides in the potato plantings against late blight and 

early blight reduces the spread of the leaf spot by 1.4–2.0 times at the end 

of the vegetation period, and its development – by 1.8–2.9 times in 

comparison with the Control variant. An increase in yield of potato tubers 

of Bellarosa variety due to the application of fungicides against leaf spot 

disease was within 4.5–10.9 t ha–1 in comparison with the Control variant. 

Among the studied preparations, the best indicators were obtained when 

using the fungicide Infinito 61 SC, 68.75% in potato plantings against late 

blight and early blight. Application of this preparation helped to reduce 

the spread of the studied diseases by 2.0 times, the development of 

diseases by 2.9 times, and increase the yield by 1.4 times compared to the 

variant without fungicides application. Application of fungicides also 

contributed to the improved quality of the tubers; in particular, we 

observed an increase of the dry matter content in tubers by 0.1–0.6%, 

ascorbic acid – by 0.2–1.1 mg% 100 g–1 compared to the variant without 

using the preparations. 

© 2022 Akadeemiline Põllumajanduse Selts. | © 2022 Estonian Academic Agricultural Society. 

 

Introduction 

The effectiveness of any crop cultivation technology, 

including potatoes, can be reduced due to significant 

damage by pests, high incidence of diseases and weeds 

of crops, especially if the elements of the crop protec-

tion system against pests were not observed (Andrivon 

et al., 2003; Shpaar, 2004). 

Cultivation of varieties resistant to pests and patho-

gens is ecologically important and contributes to 
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increasing crop yields. However, varieties with increa-

sed resistance reduce their tolerance during several 

growing seasons, and then it is necessary to apply 

additional protection measures. One of the highly 

effective measures contributing to the maximum elimi-

nation of pests is the use of chemical preparations 

(Bukolova et al., 1997; Holiachuk, Kosylovych, 2018). 

The science and practice proved significant effective-

ness of chemical preparations against pathogens in 

potato plantings, the use of which is based on an inte-

grated approach to solving the problem. The pathogens 

developing on the vegetative surface of plants cause a 

significant influence on the yield and quality of tubers. 

Such pathogens are fungi – pathogens of late blight 

Phytophthora infestans (Mont) de Bary) and early 

blight (Alternaria solani Sorauer and Alternaria alter-

nata Keis.) (Zan, 1962; van der Waals et al, 2001; 
Raichuk, 2010; Filippov, 2012). The global losses in 

yield due to the development of these diseases and the 

costs associated with protection measures against them 

amount to about four billion euros per year. The 

damage of these diseases grows by early manifestation 

and rapid development during the growing season. The 

use of fungicides in potato plantings during the growing 

season is aimed primarily at destroying the pathogens 

of late blight and early blight. Vegetative surface 

protection of plants against these pathogens helps to 

maximize the preservation of tuber yields (Wastie, 

1991; Plotnytska et al., 2009; Brurberg, 2011; 

Kalenska, Knap, 2012; Tsedaley, 2014; Holiachuk, 

Kosylovych, 2018). 

Fungicides, which are chemical preparations against 

pathogens, are subdivided, depending on their purpose, 

into preparations for seed dressing, plant treatment 

during vegetation and soil treatment. Earlier studies 

have revealed a significant positive result from the use 

of fungicides in the growing season of plants, harves-

ting and storage of crops. The use of fungicides helps 

to protect potato plants from the most common 

diseases, in particular late blight and early blight, and 

increase tuber yields (Ghorbani et al., 2004; Shpaar, 

2004; Nielsen et al., 2010). 

Studies on the use of chemicals against late blight 

began in the XIX century in France after the invention 

of the Bordeaux liquid, which combined the action of 

compounds of copper and lime. However, the effective-

ness of this preparation began to decline over time, and 

this contributed to the search for the most effective 

means of protection against pathogens. Currently, 

preparations with contact and systemic action can be 

used to protect potatoes from spot disease. Contact 

fungicides do not penetrate the plant and remain on its 

surface, and their main action is to suppress the repro-

ductive organs of fungi so that the plants are not over-

infected. The effectiveness of contact action prepara-

tions depends on the duration of contact with the treated 

surface and decreases with precipitation, and the pro-

tective effect lasts no longer than eight days. The effec-

tiveness of contact fungicides against late blight and 

early blight pathogens is confirmed only if they are 

used in a timely and repeated manner (Polozhenets et 

al., 2011).  

Systemic action fungicides penetrate the plant and, 

together with the cell sap, are transferred to the 

untreated parts of the plant. They have not only a 

protective but also a therapeutic effect. Active substan-

ces of systemic fungicides penetrate the plant within the 

first thirty minutes after application, and their effective-

ness is not reduced by precipitation and can be stored 

for 10–14 days. Application of systemic phenylamide 

fungicides (Ridomil, Sandofan) against Ph. infestans 

pathogen initially contributed to the reduction of the 

disease development, but mass application led to patho-

gen mutation, formation of resistant strains of the 

pathogen, in turn, required an increase in consumption 

rates and multiplicity of drugs application (Schepers 

van Soesbergen, 1995; Lazarchuk, 2015). 

Now practical application as fungicides has received 

about 20 active substances, of which only 15 are the 

most widely used. The following active substances are 

the most common for protection against late blight: 

metalaxil, mancozeb, mephenoxam, propamocarb, 

fluopicolide, dimethomorph, etc.. Previously, contact 

preparations based on dithiocarbamates, copper and 

chlorothalonil preparations and azoxystrobin were 

mainly used to protect against early blight. However, 

an increase in the disease's harmfulness brought difeno-

conazole- and mandipropamide-based preparations to 

the market (Martynenko, 2003; Holiachuk, 

Kosylovych, 2018). 

The number of potato plantings treatments with fung-

cides during vegetation season may reach 10–15 times, 

and 4–8 times in our country. When planning protective 

measures and selecting fungicides, the resistance of 

varieties grown in specific conditions to leaf spot 

pathogens, such as late blight and early blight, should 

be taken into account primarily. Plant protection during 

the growing season should be planned to take into 

account the preventive treatments carried out before the 

disease emergence. The duration of preventive treat-

ments is calculated based on the forecast and meteoro-

logical conditions of the season. Untimely preventive 

treatments and late application of fungicides when 3–

5% of leaves are infected result in 4–5 times more yield 

losses (Bondarchuk et al., 2009). 

A considerable number of scientists and practitioners 

in all areas of culture cultivation deal with the problem 

of developing effective measures to protect potatoes 

from leaf spots by using fungicides. Even a single 

application of fungicides against late blight rot and 

early blight spot helps to reduce the development of 

pathogenic agents considerably. An increase in the 

number of fungicides treatments of potato plantations 

within a season, use of growth-promoting factors and 

micro fertilizers help not only to decrease the develop-

ment of spot diseases of potato but also reduce affection 

of potato tubers by fusarium dry rot (Schepers, van 

Soesbergen, 1995; Martynenko, 2003; Nielsen et al, 

2010; Polozhenets et al., 2011; Frost et al., 2013). 
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The constant development of new, more effective 

chemical preparations, and adjustment of application rates 

for active ingredients considering the degree of affection, 

may partially reduce the number of treatments during the 

season; nevertheless, it is impossible to exclude fungicides 

entirely from the system of potato protection from spot 

diseases of leaves. The effectiveness of preparations 

largely depends on weather conditions and growing 

conditions, it is necessary to consider specific conditions 

of soil and climate when developing a system of potato 

protection from pests (Brasovean et al., 2009).  

The study aimed to investigate the effectiveness of 

fungicides against late blight, and early blight and their 

effect on the yield and quality of tubers of early matu-

ring potato varieties. 

Materials and Methods 

Field researches in 2018–2020 were conducted in 

conditions of Ukraine housed by the private company 

Zherm in the Zhytomyr region, located in the north-

western part of Ukraine (50°31′ N 28°45′ E). The 

climate of the region, where the research took place, is 

moderate continental, mild and damp. Precipitation 

during the spring-summer period is approximately 300 

mm and in autumn-winter – over 200 mm. Average 

annual precipitation is within 600–670 mm. The 

average annual temperature is +6... +8 °С and the 

temperature in summer approaches +17... +20 °С. 

The soil cover of the research field is presented by 

sod-podzolic soils that are characterized by low content 

of nutrients and have an acid reaction to the soil 

solution. In general, soil-climatic conditions of the 

region of the private company allow the growing of 

most of the crops, including potatoes. 

Cultivation technology of potatoes in the experiment 

was generally accepted for the Polissia zone of Ukraine. 

The early maturing variety of potatoes Bellarosa, inclu-

ded in the "State Register of plant varieties suitable for 

distribution in Ukraine" was planted in the experiment. 

We investigated the effectiveness of fungicides against 

major mycoses (late blight and early blight). We deter-

mined the effect of chemical and biological prepara-

tions on the development of potato mycoses according 

to the following scheme: 

Control – spraying of plants with water; 

Variant 1 – Ridomil Gold MC 68 WP, (mancozeb, 

640 g kg–1 + metalaxil M, 40 g kg–1) – 2.5 kg ha–1 – the 

reference; 

Variant 2 – Infinito 61 SC, 68.75% (fluopycolide, 

62.5 g L–1 + propamocarb hydrochloride, 625 g L–1) – 

1.5 L ha-1; 

Variant 3 – Quadris TOP 325 SC, 32.5% 

(azoxystrobin, 200 g L–1 + difenoconazole, 125 g L–1) 

– 0.8 L ha–1. 

The area of the experimental plot was 25 m2 in four 

replications. Plants were sprayed with the investigated 

fungicides three times: during the phase of budding, at 

the appearance of disease symptoms, and 14 days after 

the second spraying.  

Spread and development of late blight and early 

blight spot was noted during vegetation of potato plants 

every 7 days starting from the seedling stage by 

examining 40 plants in each plot in all replicates. 

The progress of diseases studied was calculated by 

the Formula (1). 

𝑅 =
𝑛 × 100

𝑁
, (1) 

where R – progress of the disease (%); 

n – number of affected plants in samples; 

N – total number of accounted plants (healthy and 

affected). 

 

Progress of diseases characterizing the relation of the 

affected leaf surface to the total area of the leaf on the 

field was calculated by the Formula (2). 

𝑃 =
(𝑛 × 𝑏) × 100

𝑁 × 𝐾
, (2) 

where Р – progress of the disease, %; 

(𝑎 × 𝑏) – figures of the sum of multipliers of the 

number of affected plants (n) to the corresponding 

grade of affection (b); 

N – total number of accounted plants; 

K – the highest grade on the accounting scale. 

 

Visual inspection of the degree of affection by late 

blight rot and early blight spot was done according to 

the following scale in grades: 9 – very high resistance 

(absence of spots), and 1 – very low resistance (affected 

more than 75% of leaves of the sample) (Trybel, 2001; 

Kononuchenko et al., 2002). 

The results of the study were statistically processed 

by using MS Excel 2016 and Statistica 6.0. The analysis 

of variance was used to find statistical differences 

(P <0.05). 

Results and Discussion 

The development of pathogens Phytophthora infes-

tans (Mont) de Bary and Alternaria solani Sorauer, 

causing late blight and early blight of potato, depends 

largely on the weather conditions of the growing season 

and growing conditions. The years of the study were 

not particularly favourable for the spread of these 

pathogens on potato plants. Our research suggests that 

the fungicides studied have sufficiently high efficiency 

in protecting potatoes from pathogens of late blight and 

early blight. 

At the beginning of the growing season, the symp-

toms of mycosis on potato plants could be distinguished 

visually. However, beginning from the blossoming 

phase, the studied pathogens jointly began to parasitize 

on the vegetative surface of potato plants, and it was 

quite difficult to distinguish them visually by the avail-

able symptoms (Fig. 1). The common pathological 

process of fungi Phytophthora infestans (Mont) de 

Bary and Alternaria solani Sorauer led to the rapid 

damage of potato plants. 
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Materials and Methods 

The study was conducted by a retrospective statistical 

experiment in the herd of dairy cattle in Breeding 

Station Terezyne, which is located in the Kyiv region, 

Ukraine (49°51′27″ N, 30°6′36″E ). Materials of the 

electronic information base ORSEK have been used. 

The generated matrix of observations in the sta format 

contained information about 5 703 cows by 458 

variables. Of these, 3 908 animals had information on 

the date of calving (1989–2016) and the first lactation 

milk productivity of primiparous cows (Polupan, 

Siriak, 2019). A comparison of group averages revea-

led significant differences in the level of growing and 

feeding (estimated indirectly by the milk yield of primi-

parous cows) for chronologically different years of the 

first calving (3 671–8 054 kg). The range of variability 

of group averages (4 383 kg) is by 2.6 times higher than 

the total standard deviation of the sample (1 684 kg), 

which causes probable inaccuracy of statistical and 

genetic estimates and conclusions for chronologically 

long (19 years) periods of different conditions for 

growing, feeding and lactation of animals in the herd 

(Polupan et al., 2019, 2020). Analysis of average first 

lactation milk yield in different years at first calving 

identified a relatively similar cluster from 2003 to 

2008, taking into account the methodical requirement 

for forming a retrospective sample for the year of first 

calving no later than eight years before the date of 

analysis (Polupan, 2010). During this period, the 

average 305-d milk yield of primiparous cows ranged 

from 5 521 to 7 188 kg (lim = 1 667 kg) with a standard 

deviation (S.D.) of 1 383 kg (1.21 S.D.), which gives 

reason to expect close to reliable results of comparative 

analysis of animals of different genetic and 

genealogical groups. The level of heifer growing during 

this period provided 618 g of average daily live weight 

gain up to one year of age and 613 g at 12–18 months 

of age. The analysis included information on the 

productivity of 562 Holstein cows, 545 – Ukrainian 

Black-and-White and 100 – Ukrainian Red-and-White 

dairy cows. 

A retrospective analysis of the duration and efficiency 

of the productive lifespan of cows was carried out 

according to our proposed method (Polupan, 2010). In 

the control animal group, we took into account the 

lifetime number of lactations and calves born alive, 

lifespan (days) (L), productive lifetime (PL), total 

lactation length (TLL), lifetime milk yield (kg), fat 

yield (kg) and protein yield (kg), lifetime, productive 

life and total lactation daily milk yield (kg), daily milk 

fat (g) and daily milk protein (g) yields (Polupan, 

2010). The coefficients (%) of a productive lifetime 

(CPL), lactation (CL) and productive use (CPU) were 

calculated according to the considered periods by the 

following formula (Pelekhatyi et al., 1999; Polupan, 

2010): 

C_PL=PL/L×100;  

〖C〗_L=TLL/PL×100; 

C_PU=TLL/L×100 

 

According to age at first calving and 305-d first 

lactation milk yield, the control cows were divided into 

eight groups by age at first calving with a class interval 

of 60 days, by the milk yield of primiparous cows a 

class interval was 1 000 kg. 

The calculations were performed by methods of 

mathematical statistics using the software package 

Statistica 12.0. The results reliability was compared 

with three standard levels of statistical significance 

with their designation: P <0.05, P <0.01, P <0.001. 

Results and Discussion 

With the increase of age at first calving on average 

from 647 to 1 084 days (from less than 22 to more than 

34 months), there is a steady trend to reduce the 

longevity and lifetime productivity of cows (Table 1). 

 
Table 1. Duration and efficiency of dairy cows' productive lifespan depending on age at first calving (𝑥̅ ± S.E.) 
Parameters Group by age at first calving, months 

<22 22–24 24.1–26 26.1–28 28.1–30 30.1–32 32.1–34 >34 

Number of cows 36 116 270 311 227 148 58 26 

Age at first calving, days 647 ± 2.3 708 ± 1.5 760 ± 1.0 818 ± 0.9 877 ± 1.1 937 ± 1.4 988 ± 2.1 1 084 ± 9.7 

Lifetime no. of lactations 3.83 ± 0.310b 4.09 ± 0.174c 3.88 ± 0.097c 3.43 ± 0.093a 3.02 ± 0.107 2.75 ± 0.129 2.72 ± 0.202 2.50 ± 0.356 

calves born alive 4.65 ± 0.355b 4.53 ± 0.209b 4.45 ± 0.116c 3.99 ± 0.111a 3.85 ± 0.147 3.64 ± 0.207 3.21 ± 0.359 3.58 ± 0.452 

Duration, 

days 

lifespan 2 369 ± 115.3b 2 299 ± 69.9a 2 313 ± 39.7b 2 205 ± 38.2a 2 055 ± 48.1 2 009 ± 59.0 2 008 ± 89.9 1 906 ± 141.8 

productive lifetime 1 722 ± 115.6c 1 591 ± 69.9c 1 553 ± 39.8c 1 387 ± 38.3c 1 178 ± 48.1a 1 072 ± 59.0 1 021 ± 89.9 822 ± 141.1 

total lactation 1 494 ± 103.1c 1 378 ± 60.2c 1 348 ± 34.2c 1 212 ± 33.2c 1 030 ± 41.4b 936 ± 49.0 886 ± 76.0 711 ± 115.2 

Lifetime 

productivity, 

kg 

milk yield 27 671±2 091c 27 231±1 287c 26 059±754c 22 344 ±704c 18 231±796 16 286±959 15 617±1 572 13 547±2 390 

milk fat + milk 

protein 

1 949 ± 148.4c 1 928 ± 91.1c 1 866 ± 54.2c 1 587 ± 50.7c 1 286 ± 56.8 1 146 ± 69.4 1 092 ± 112.7 940 ± 174.5 

Daily milk 

yield per 

cow, kg 

lifespan 11.1 ± 0.28c 11.2 ± 0.28c 10.7 ± 0.18c 9.5 ± 0.17c 8.1 ± 0.21b 7.3 ± 0.24 7.0 ± 0.41 6.2 ± 0.60 

productive lifetime 16.1 ± 0.63 17.2 ± 0.30a 16.8 ± 0.21 16.1 ± 0.23 15.9 ± 0.31 15.7 ± 0.37 15.4 ± 0.69 17.9 ± 0.99a 

total lactation 18.4 ± 0.65 19.7 ± 0.31b 19.2 ± 0.23a 18.2 ± 0.24 17.7 ± 0.32 17.5 ± 0.38 17.4 ± 0.72 19.4 ± 0.89 

Daily milk fat 

and protein 

yields per 

cow, g 

lifespan 782 ± 37.6c 792 ± 20.2c 767 ± 12.9c 671 ± 12.7c 568 ± 14.9b 512 ± 17.6 488 ± 29.6 422 ± 44.8 

productive lifetime 1 132 ± 44.8 1 216 ± 22.0b 1 199 ± 15.8a 1 137 ± 16.7 1 091 ± 21.1 1 079 ± 24.9 1 064 ± 48.2 1 199 ± 64.0 

total lactation 1 296 ± 45.8 1 392 ± 22.7c 1 375 ± 17.4b 1 289 ± 17.4 1 223 ± 22.0 1 202 ± 26.1 1 201 ± 50.3 1 304 ± 59.6 

Coefficient, % productive lifetime 69.5 ± 2.12c 65.3 ± 1.23c 64.0 ± 0.73c 59.2 ± 0.75c 52.2 ± 1. 05c 48.0 ± 1.33b 46.0 ± 2.00a 36.6 ± 3.66 

lactation 87.4 ± 1.44 87.2 ± 0.53 87.4 ± 0.40 88.3 ± 0.43 89.5 ± 0.60b 89.8 ± 0.61b 88.4 ± 1.16 91.5 ± 1.70a 

productive use 60.4 ± 1.96c 56.7 ± 1.08c 55.8 ± 0.64c 51.9 ± 0.66c 46.1 ± 0.89c 42.5 ± 1.08c 40.3 ± 1.70a 32.3 ± 2.83 

Groups' significant differences were indicated by lowercase letters, where the level of the significance was denoted: a – Р < 0.05; b – Р < 0.01; 
c – Р < 0.001. 
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The most effective was the productive lifespan of 

cows with age at first calving within 22–24 months, 

which dominate the animals with age at first calving 34 

months and more by lifetime number of lactations by 

1.59 ± 0.396 or 63.6% (P <0.001), by lifetime calves 

born alive – by 0.95 ± 0.498 or 26.5% (P <0.01), by 

lifespan – 393 ± 158.1 days or 20.6% (P <0.05), by 

productive lifetime – 769 ± 157.5 days or 93.6%, 

(P <0.001), by total lactation length – 667 ± 130.0 days 

or 93.8% (P <0.001), by lifetime milk yield – 13 684 

± 2 714.4 kg or 101.0% (P <0.001), by lifetime milk fat 

and milk protein yields – 988 ± 196.8 kg or 105.1% 

(P <0.001), by lifetime daily milk yield – 5.0 ± 0.66 kg 

or 80.6% (P <0.001), by lifetime daily milk fat and milk 

protein yields – 370 ± 49.1 g or 87.7% (P <0.001), by 

coefficients of a productive lifetime – 28.7 ± 3.86% 

(P <0.001) and productive use – 24.4 ± 3.03% 

(P <0.001). At a reliable level, the majority of the 

considered traits of the duration and efficiency of 

productive lifespan, compared to the late calving group, 

remains the advantage of caws with age at first calving 

from 24.1 to 28 months. 

At the age at first calving less than 22 months, the 

efficiency of productive lifespan compared to the group 

with age at first calving 22–24 months does not 

decrease significantly, and by lifespan, lifetime calves 

born alive, productive lifetime and total lactation 

length, lifetime milk yield, milk fat yield and milk 

protein yields, coefficients of a productive lifetime and 

productive use it is even slightly increasing. 

Thus, according to the set of features, the most 

rational is the planning of the first calving before 26 

months of age, i.e. heifers need to be bred before 15 

months of age. This coincides with several scientists’ 

opinions (Nilforooshan, Edriss 2004; Haworth et al., 

2008; Do et al., 2013; Froidmont et al., 2013; Storli et 

al., 2017; Eastham et al., 2018; Almasri et al, 2020; 

Steele, 2020) and is slightly lower than the results, 

obtained by Russian scientists (Nekrasov et al., 2017), 

who consider the optimal age at first calving for 

Holstein cows 25.1–27 months, for Red-and-White 

dairy breed – 27.1–29 months. There is no significant 

precaution of age at first conception even before 13 

months with intensive rearing of heifers.  

In our study, the coefficients of a productive lifetime 

and productive use confirm the tendency to reduce the 

duration of productive lifetime and cows’ lifetime milk 

production by increasing their age at first calving. 

Nilforooshan and Edriss (2004) also found a positive 

effect of lowering the age of first calving on milk yield 

and the productive lifetime of cows. 

Correlation analysis revealed a statistically signifi-

cant (P <0.0001) inverse correlation of age at first 

calving with lifetime number of lactations (r = –0.273 

± 0.0279), longevity (r = –0.177 ± 0.0285), lifetime 

milk yield (r = –0.322 ± 0.0274 %), lifetime milk fat 

yield and milk protein yields (r = –0.325 ± 0.0275), 

lifetime daily milk fat and daily milk protein (r = –

0.438 ± 0.0261) and the coefficient of a productive 

lifetime (r = –0.459 ± 0.0257). 

Dispersion analysis confirmed a significant effect of 

age at first calving on lifetime number of lactations 

(ηx
2 = 7.7 ± 0.55%, F = 14.09, P <0.001), lifetime 

calves born alive (ηx
2 = 4.5 ± 0.90%, F = 4.98, 

P <0.001), longevity (ηx
2 = 3.3 ± 0.57%, F = 5.73, 

P <0.001), productive lifetime (ηx
2 = 8.8 ± 0.54%, 

F = 16.22, P <0.001), total lactation length (ηx
2 = 8.8 

± 0.54%, F = 16.35, P <0.001), lifetime milk yield 

(ηx
2 = 10.4 ± 0.53%, F = 19.66, P <0.001), lifetime 

milk fat and milk protein yields (ηx
2 = 10.7 ± 0.53%, 

F = 20.24, P <0.001), lifetime daily milk yield 

(ηx
2 = 18.8 ± 0.48%, F = 39.21, P <0.001), total 

lactation daily milk yield (ηx
2 = 3.0 ± 0.57%, F = 5.29, 

P <0.001), lifetime daily milk fat and milk protein 

yields (ηx
2 = 19.8 ± 0.48%, F = 41.48, P <0.001), 

productive lifetime daily milk fat and milk protein 

yields (ηx
2 = 3.0 ± 0.58%, F = 5.25, P <0.001) and total 

lactation length daily milk fat and milk protein yields 

(ηx
2 = 4.9 ± 0.56%, F = 8.80, P <0.001), on the 

coefficients of productive lifetime (ηx
2 = 21.2 ± 0.47%, 

F = 45.41, P <0.001) and productive use (ηx
2 = 20.6 

± 0.47% , F = 43.89, P <0.001). 

Thus, by comparison of group averages, correlation 

and variance analysis there was proved the feasibility 

of planning early age at the first conception of heifers 

(13–15 months), does not reduce the duration and 

efficiency of the productive lifespan of cows. 

A comparison of group averages revealed the effect 

on the duration and effectiveness of the productive 

lifespan of dairy cows (Table 2). 

Cows with the lowest 305-d first lactation milk yield 

(up to four tons, on average 3 364 ± 72.2 kg) are char-

acterized by the lowest indicators of duration and effec-

tiveness of productive lifespan. With the milk yield of 

primiparous cows increasing, the duration and effi-

ciency of the productive lifespan of cows increase 

curvilinearly. If we do not take into account the indi-

cators of the group with the first lactation milk yield 

over 10 tons due to its small number and, consequently, 

statistical uncertainty of assessment, the highest level 

of total lactations and calves, longevity, productive 

lifetime and total lactation length were observed in 

cows with 305-d first lactation milk yield 6–7 tons. 

Further increase in the milk yield of primiparous cows 

is accompanied by a gradual decrease in these indi-

cators. However, they remain higher than in groups 

with low productivity of primiparous cows (up to 

5 tons). From 153 cows with the first lactation milk 

yield up to 5 tons per there was received on average 

3.70 calves, and from 799 animals with milk yield over 

6 tons – 4.19 calves, which is higher by 0.49 heads or 

by 13.2%. The corresponding indicators of these 

animals within the lifetime number of lactations were 

2.83 and 3.62 (+0.79 lactation or 27.9%), longevity – 

1 891 and 2 302 days (+411 days or +21.7%), by 

productive lifetime – 1 042 and 1 483 days (+441 days 

or + 42.3%), by total lactation length – 920 and 1 291 

days (+371 days or +40.3%). 
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Table 2. Duration and efficiency of dairy cows' productive lifespan depending on first lactation milk yield (𝑥̅ ± S.E.) 

Parameters Group by 305-d first lactation milk yield, kg 

<4 000 4 000–5 000 5 001–6 000 6 001–7 000 7 001–8 000 8 001–9 000 9 001–10 000 >10 000 

Number of cows 50 103 225 319 293 159 25 3 

305-d first lactation average 

milk yield, kg 

3 364 ± 72.2 4 570 ± 26.5 5 556 ± 18.1 6 522 ± 15.8 7 468 ± 16.1 8 397 ± 21.6 9 311 ± 45.4 10 185 ± 122.7 

Lifetime no. of lactations 2.78 ± 0.222 2.85 ± 0.151 3.32 ± 0.121a 3.85 ± 0.095c 3.56 ± 0.096b 3.30 ± 0.120a 3.32 ± 0.325 3.67 ± 0.333a 

calves born alive 3.88 ± 0.291 3.61 ± 0.241 4.03 ± 0.160 4.31 ± 0.118b 4.18 ± 0.118a 4.04 ± 0.153 3.94 ± 0.378 3.33 ± 0.333 

Duration, 

days 

lifespan 1 910 ± 91.4 1 882 ± 60.8 2 063 ± 48.4a 2 354 ± 38.7c 2 297 ± 39.7c 2 210 ± 47.7c 2 268 ± 156.3a 2 430 ± 248.6a 

productive lifetime 1 061 ± 93.8 1 033 ± 63.2 1 237 ± 49.2a 1 532 ± 39.5c 1 486 ± 40.2c 1 389 ± 48.5c 1 421 ± 164.5a 1 564 ± 232.8a 

total lactation 927 ± 78.7 916 ± 54.0 1 068 ± 41.3a 1 321 ± 33.7c 1 301 ± 35.2c 1 211 ± 41.6c 1 274 ± 146.4a 1 419 ± 207.0a 

Lifetime 

productivity, 

kg 

milk yield 10 833±1 265 13 966±1 069 18 435±821c 24 617±697c 25 484±742c 24 837±842c 28 439±3 075c 34 169±5 030c 

milk fat + milk 

protein 

750 ± 90.1 969 ± 76.0 1 294 ± 58.7c 1 747 ± 49.7c 1 817 ± 53.5c 1 774 ± 60.6c 2 039 ± 225.5c 2 427 ± 355.5c 

Daily milk 

yield per 

cow, kg 

lifespan 5.0 ± 0.37 6.7 ± 0.31c 8.1 ± 0.20c 9.9 ± 0.16c 10.5 ± 0.16c 10.9 ± 0.20c 11.8 ± 0.70c 13.9 ± 0.64c 

productive lifetime 9.7 ± 0.45 13.1 ± 0.38c 14.8 ± 0.23c 16.1 ± 0.16c 17.2 ± 0.18c 18.5 ± 0.30c 20.9 ± 0.78c 21.9 ± 0.29c 

total lactation 11.0 ± 0.53 14.6 ± 0.41c 16.9 ± 0.25c 18.5 ± 0.17c 19.6 ± 0.19c 21.0 ± 0.28c 23.0 ± 0.74c 24.1 ± 0.24c 

Daily milk fat 

and milk 

protein yields 

per cow, g 

lifespan 346 ± 26.6 465 ± 21.8b 563 ± 14.5c 699 ± 11.2c 751 ± 12.0c 778 ± 14.3c 841 ± 51.8c 990 ± 46.5c 

productive lifetime 663 ± 31.5 899 ± 26.0c 1 027 ± 16.4c 1 134 ± 11.4c 1 223 ± 12.9c 1 323 ± 21.5c 1 487 ± 53.6c 1 554 ± 11.6c 

total lactation 751 ± 37.1 1 006 ± 28.9c 1 170 ± 17.7c 1 305 ± 12.4c 1 391 ± 13.7c 1 497 ± 20.4c 1 636 ± 53.2c 1 710 ± 6.4c 

Coefficient, % productive lifetime 50.9 ± 2.21 50.8 ± 1.46 54.6 ± 1.00a 61.4 ± 0.76c 61.4 ± 0.76c 59.9 ± 1.02c 57.5 ± 3.49 63.7 ± 3.30c 

lactation 88.9 ± 1.04 89.6 ± 0.69b 88.1 ± 0.59 87.2 ± 0.41 88.1 ± 0.43 88.2 ± 0.57 90.8 ± 1.22b 90.8 ± 0.41c 

productive use 44.9 ± 1.84 45.2 ± 1.23 47.6 ± 0.84 53.3 ± 0.65c 53.9 ± 0.68c 52.5 ± 0.87c 51.8 ± 3.02c 57.9 ± 2.77c 

Groups' significant differences were indicated by lowercase letters, where the level of the significance was denoted: a – Р < 0.05; b – Р < 0.01; 
c – Р < 0.001. 

 

Lifetime milk production increases curvilinearly with 

increasing first lactation milk yield of cows to more 

than 9–10 tons. The lifetime milk yield of cows with 

305-d first lactation milk yield 9 001–10 000 kg is 2.63 

times higher than that of the group with milk yield up 

to 4 000 kg, and the lifetime milk fat and milk protein 

yields – by 2.72 times. With primiparous cows’ milk 

yield of more than 6 000 kg, the lifetime milk yield 

exceeds 24 tons, and the lifetime milk fat and milk 

protein yields – 1.7 tons, which provides sufficient 

efficiency for the productive lifespan of cows. The 

physiological stress of primiparous cows with milk 

yield over 9–10 tons does not lead to a decrease in 

lifetime milk production, but on the contrary, is 

accompanied by its maximum growth to 29 053 kg of 

milk yield and 2 081 kg of milk fat and milk protein 

yields. 

Lifetime daily milk yield and lifetime daily milk fat 

and milk protein yields with increasing milk production 

of primiparous cows from less than 4 000 kg to more 

than 9 000 kg steadily increase by 140% (from 5.0 to 

12.0 kg) and 148% (from 346 to 857 g), respectively. 

The same increase was found in productive life daily 

milk yield (by 116%, from 9.7 to 21.0 kg), in total 

lactation daily milk yield (by 110%, from 11.0 to 23.1 

kg), in productive life daily milk fat and milk protein 

yields (by 125%, from 663 to 1 494 g), and in total 

lactation daily milk fat and milk protein yields (by 

119%, from 751 to 1 644 g). Thus, 305-d milk yield of 

primiparous cows over 6 tons can be considered quite 

effective for their productive lifespan. Such animals 

have a higher lifetime daily milk yield by 4.3 kg com-

pared to animals with 305-d first lactation milk yield 

less than 5 tones (10.4 vs. 6.1 kg) or by 70%, by lifetime 

daily milk fat and milk protein yields respectively by 

313 g (739 vs. 426 g) or by 42% (P <0.001). 

The coefficient of the productive lifetime of cows 

increases curvilinearly from 50.9 to 58.2%, and the 

coefficient of productive use – from 44.9 to 52.5% with 

increases in milk production of primiparous cows from 

less than 4 000 kg to more than 9 000 kg. According to 

the lactation coefficient, which characterizes the ratio 

of lactation and dry periods during the productive life-

time of cows, intergroup differentiation was less signi-

ficant without a clear pattern both for age at first cal-

ving (Table 1) and first lactation milk yield (Table 2).  

Correlation analysis revealed a relatively low, but 

statistically significant direct correlation between 305-d 

first lactation milk yield and lifetime number of lacta-

tions (r = 0.087 ± 0.0291, P = 0.003), longevity 

(r = 0.164 ± 0.0290, P <0.001) and more significant – 

with lifetime milk yield (r = 0.327 ± 0.0276, P <0.001), 

lifetime milk fat and milk protein yields (r = 0.336 

± 0.0275), P <0.001), lifetime daily milk fat and milk 

protein yields (r = 0.504 ± 0.0254, P <0.001) and the 

coefficient of a productive lifetime (r = 0.212 ± 0.0287, 

P <0.001). Thus, our research results refute the 

statements of several authors (Haworth et al., 2008; 

Sawa, Bogucki, 2010; Wathes et al., 2014; Karatieieva, 

2019; Levina et al., 2020; Sanova, 2020) about the 

inverse correlation between first lactation milk yield 

and longevity and a productive lifetime of cows, and 

confirm the results of majority researchers’ on the 

existence of a reliable direct correlation between these 

traits (Jairath, Dekkers, 1995; Boettcher et al., 1999; 

Haworth et al., 2008; du Toit et al., 2009; du Toit et al., 

2011; Januś, Borkowska, 2012; Abdelharith et al., 

2019; Almasri et al., 2020). 

Dispersion analysis confirmed a significant, albeit 

relatively low, effect of primiparous cows’ milk yield 

on lifetime number of lactations (ηx
2 = 3.6 ± 0.58%, 

F = 6.32, P <0.001), longevity (ηx
2 = 5.3 ± 0, 57%, 

F = 9.17, P <0.001), productive lifetime (ηx
2 = 5.6 

± 0.57%, F = 9.85, P <0.001) and total lactation length 

(ηx
2 = 5.6 ± 0.57%, F = 9.88, P <0.001), on the 

coefficients of a productive lifetime (ηx
2 = 7.5 ± 0.56%, 

F = 13.32, P <0.001) and productive use (ηx
2 = 7.1 

± 0.56%, F = 12.59, P <0.001). A more significant 

impact of 305-d first lactation milk yield is on lifetime 

milk yield (ηx
2 = 12.5 ± 0.52%, F = 23.76, P <0.001), 
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lifetime milk fat and milk protein yields (ηx
2 = 13.0 

± 0.52%, F = 24.95, P <0.001), lifetime daily milk 

yield (ηx
2 = 25.1 ± 0.45%, F = 55.36, P <0.001), pro-

ductive life daily milk yield (ηx
2 = 29.3 ± 0.42%, 

F = 69.36, P <0.001), total lactation daily milk yield 

(ηx
2 = 32.7 ± 0.40%, F = 81.18, P <0.001), lifetime 

daily milk fat and daily milk protein yields (ηx
2 = 26.3 

± 0.45%, F = 58.59, P <0.001), productive life daily 

milk fat and daily milk protein yields (ηx
2 = 32.7 

± 0.40%, F = 80.92, P <0.001) and total lactation daily 

milk fat and daily milk protein yields (ηx
2 = 35.6 

± 0.39%, F = 91.94, P <0.001). This coincides with the 

statement of Poslavska et al. (2017), who also found the 

strongest effect of first lactation milk yield on 

productive life and total lactation daily milk yield, milk 

fat and milk protein yields at significantly higher values 

of impact strength (54.97–62.47%). The results of our 

research are close to the results of Haworth et al. 

(2008), who note that neither age at first calving nor 

first lactation milk yield have a significant effect on the 

lifetime number of lactations.  

Thus, the comparison of group averages, the correla-

tion and variance analysis refuted the inexpediency 

warning for high milk production of primiparous cows 

(over 6–9 tons), which does not reduce the duration and 

efficiency of the productive lifespan of cows. 

Conclusion 

With the increasing age at first calving from less than 

22 to more than 34 months, there is a steady trend to 

reduce the longevity of dairy cows and reduce their 

lifetime production. There was found a statistically 

significant (P <0.001) inverse correlation between the 

age at first calving and indicators of duration and 

efficiency of productive lifespan (r = –0.177…–0.456). 

The age at first calving determines 3.0…21.2% of the 

phenotypic variability of the studied indicators of 

duration and efficiency of the productive lifespan of 

cows (P <0.001). The most rational is the planning of 

the first calving before 26 months, i.e. heifers need to 

be bred before 15 months of age, without the significant 

precaution of mating even at the age of 13 months with 

intensive rearing of heifers. 

With the increasing milk yield of primiparous cows, 

the duration and efficiency of the productive lifespan of 

cows increase curvilinearly. Higher longevity is typical 

for cows with an average 305-day first lactation milk 

yield of 6 001–8 000 kg, and higher lifetime production 

is typical for cows with the highest first lactation milk 

yield (over 9 000 kg). A relatively low, but statistically 

significant (up to P <0.001) direct correlation reveals 

between 305-d first lactation milk yield and lifetime 

number of lactations and longevity (r = 0.087…0.164) 

and more significant – with lifetime and daily milk 

yield (r = 0.327…0.504). The milk yield of primipa-

rous cow has a relatively low, but significant 

(P <0.001) effect on the variability of lifespan, produc-

tive lifetime and total lactation length 

(ηx
2 = 3.6…5.6%), the coefficients of a productive 

lifetime and productive use (ηx
2 = 7.1…7.5%) and 

more significant – on the indicators of a lifetime, 

productive life, total lactation and daily milk produc-

tion (ηx
2 = 12.5…35.6%). The productive lifespan of 

cows with first lactation milk yield over 6 000 kg can 

be considered quite effective, as long as provides a 

lifetime milk yield of more than 24 tons and a lifetime 

milk fat and milk protein yields of more than 1.7 tons. 
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ABSTRACT. We studied the possibility of fortification of goslings’ 

products with lithium and peculiarities of its depositing in the organs and 

tissues of goslings concerning lithium level in the mixed feed. 

Experimental studies have been conducted on the goose breed Legart. 320 

one-day-old goslings were divided on the principle of analogues into four 

groups, 80 heads each. The goslings of the first control group did not 

receive the lithium supplement with the feed mix. Experimental groups 

were fed with the feed where additionally was supplemented with different 

doses of lithium by the scheme of the experiment. After 70 days of rearing, 

three birds were randomly selected from each group and control 

slaughtered. The lithium content in the representative samples of muscle 

tissue and organs of goslings was determined by inductively coupled 

plasma-atomic emission spectrometry (ICP-AES). It was established that 

feeding the growing goslings with mixed feed containing lithium 

supplements in doses of 0.05, 0.10 and 0.15 mg kg–1, contributed to the 

increase (P <0.001) of the concentration of this trace element in the 

muscles of the thigh and drumstick 789.5, 1589.5 and 3447.4%, in the 

muscles of the breast 1096.8, 2080.6 and 3948.4%, liver are 455.4, 824.6 

and 1440.8% respectively, compared to goslings that did not receive 

lithium supplements. Significant high values of lithium accumulation 

factors in organs and tissues of gosling (3.21–14.44) indicated that this 

element has a substantial accumulating capacity. The meat of goslings 

enriched with lithium can be considered a natural product with bio-

corrective action that can be used in human nutrition. These meat products 

can be particularly useful for people that are living in regions with a low 

environmental level of lithium. 

© 2022 Akadeemiline Põllumajanduse Selts. | © 2022 Estonian Academic Agricultural Society. 

 

Introduction 

Currently we know more than 50 mineral elements 

that are constantly present in humans and animals. 

Recently, it has experimentally proved the vital neces-

sity of several trace elements, which previously were 

considered conditionally essential. Lithium is one of 

these biogenic elements. The biochemical mode of 

action of lithium is diverse and related to the action of 

hormones, enzymes, vitamins, trace elements and tran-

scription of the genes that regulate cell growth 

(Mikosha et al., 2017).  

The results of numerous scientific studies conducted 

on different species of animals and poultry demonstra-

ted that lithium has anti-stress, adaptogenic 

(Miftahutdinov, Terman, 2014; Ostrenko et al., 2017), 

antiviral (Ren et al., 2011; Chen et al., 2015; Cui et al., 

2015; Qian et al., 2018), antibacterial (Khalid et al., 

2014; Stachelska, 2015), radioprotective (Antushevich 

et al., 2013), antitumor (Kaufmann et al., 2011), anti-

metastatic (Maeng et al., 2016), antioxidative 

(Khairova et al., 2012; Plotnikov et al., 2016) and 

immunomodulatory properties (Rybakowski, 1999; 

Maddu, Raghavendra, 2015). Experimental data 

indicates the positive effects of lithium on osteogenesis 

(Clement-Lacroix et al., 2005; Wang et al., 2015).  

Lithium has been successfully used in medicine as an 

effective remedy for the prevention and treatment of 

many diseases, including bipolar disorder, manic and 

depressive phases (Machado-Vieira et al., 2009; Malhi 

et al., 2017), dementia (Mauer et al., 2014; Gerhard et 

al., 2015), Alzheimer's disease (Matsunaga et al., 2015; 

https://orcid.org/0000-0003-3239-0560
https://orcid.org/0000-0002-8450-2109
https://orcid.org/0000-0002-9614-8557
https://orcid.org/0000-0002-0748-5093
https://dx.doi.org/10.15159/jas.22.11


 Fortification of meat products of geese farming with lithium by introducing it into poultry mixed feed 155 

Agraarteadus | Journal of Agricultural Science  1 ● XXXIII ● 2022 154–161 

Nunes et al., 2015), Parkinson's and Huntington's 

diseases (Lazzara, Kim, 2015), some types of cancers 

(Li et al., 2015; Berk et al., 2017), osteoporosis (Tang 

et al., 2015). Low doses of lithium reduce total morta-

lity and promote the prolongation of human life (Zarse 

et al., 2011). 

Considering all the above, the provision of the human 

body with lithium in optimal quantities is essential. 

Currently, the majority of the world's population consu-

mes less lithium than required. The exceptions are 

some geographical regions such as Northern Chile and 

Northern Argentina (Sobolev et al., 2019; Szklarska, 

Rzymski, 2019). 

The level of lithium consumption (mg day–1) by the 

population varies from country to country: Belgium – 

0.001–0.015; Canada – 0.022; Finland – 0.035; France 

– 0.048; Turkey – 0.029–0.051; Spain – 0.011–0.105; 

England – 0.107; Austria – 0.348; Germany – 0.182–

0.546; Japan – 0.812; USA – 0.429–0.821; Denmark – 

1.009; Sweden – 1.09; Mexico – 1.485; China – 1.560 

(Van Cauwenbergh et al., 1999; Schrauzer, 2002; 

Kalonji et al., 2015).  

People with low lithium status are impaired in tissue 

growth and reproductive function, life expectancy is 

reduced due to premature ageing, and they exhibit 

increased aggressiveness and behavioural problems. 

Using correlation analysis methods, the researchers 

have established an inverted relationship between the 

level of lithium in the human body and the level of 

suicide among the population, as well as the level of 

violent crimes such as murder, rape, and robbery 

(Giotakos et al., 2015; Kohno et al., 2020). 

There are two main ways of providing the organism 

with this microelement: 1) taking lithium supplements 

in form of inorganic or organic compounds and 2) con-

sumption of lithium-enriched food. There are reports of 

ways to increase the concentration of lithium in vege-

tables and fruits, as well as products of their technolo-

gical processing (Pifferi, 2017). However, the number 

of scientific publications on the possibility and methods 

of enrichment of poultry products with lithium for 

human consumption is scarce.  

Miftakhutdinova et al. (2020) reported that with the 

introduction of lithium additives in feed for broiler 

chickens at a dose of 66.0 mg kg–1, its concentration 

increased in white meat by 211.1%, in red meat by 

426.4% and in the liver by 257.6%, compared with the 

control group, which did not receive lithium with food. 

In another paper, the authors argued that even with 

short-term feeding of broiler chickens (five days) feed 

mixed enriched with lithium at the rate of 47.5 mg kg–1, 

its concentration in white meat increases by 33.6%, in 

red at 104.2% (Miftakhutdinov et al., 2021). It should 

also be noted that recently the technology for the prepa-

ration of paste from poultry meat enriched with lithium 

has been developed (Miftakhutdinova et al., 2021).  

Analysis of the results of experimental studies sug-

gests that the amount of lithium deposition in poultry 

meat depends on its content in the diet, the form of the 

drug and the duration of introduction into the diet. In 

addition, a significant role in the accumulation of 

lithium is played by species and breed characteristics of 

poultry, which are probably due to genetic and physio-

logical factors. Some researchers have found that the 

introduction of lithium supplements in poultry diets 

increases the content of protein and fat in the muscles 

of the chest and legs, as well as their energy and biolo-

gical value (Grybanova, Sobolev, 2014), improves 

organoleptic and technological characteristics of meat 

(Miftakhutdinova et al., 2020).  

Our research aimed to study the possibility of fortifi-

cation of gosling’s meat with lithium and the investiga-

tion of peculiarities of lithium deposition in organs and 

tissues of goslings, depending on the level of this ele-

ment in the feed mix. 

Materials and Methods 

Birds and experimental conditions 

Experimental studies were conducted on goose breed 

Legart. Four groups of one-day-old goslings were 

formed on the principle of analogues. The goslings in 

the first control group did not receive the lithium 

supplement with the feed mix. Experimental groups 

were fed with the feed mixed that additionally was 

supplemented with different doses of lithium by the 

scheme of the experiment (Table 1). Each group had 80 

birds. The duration of the experiment was 70 days and 

matched the growth period of goslings for meat. At the 

end of the rearing period, the average live weight of 

goslings was 4251.0 g in the control group 1, 4309.5 g 

in the experimental group 2, 4324.2 g in the experimen-

tal group 3 and 4354.7 g in the experimental group 4.  

 
Table 1. The scheme of the feeding of goslings during the 
experiment 

Group  Lithium additive in mixed feed, mg kg–1  

1 control Complete mixed feed (CMF) 

2 experimental  CMF + 0.05 

3 experimental  CMF + 0.10 

4 experimental  CMF +0.15 

 

During the experiment, goslings were fed with the dry 

mixed feed balanced on the main nutritive and 

biologically active substances according to the existing 

norms (Table 2). Feed for the goslings was supplied ad 

libitum throughout the trial period. Lithium in feed for 

goslings was introduced as part of the mineral premix 

in the nano-aquachelated form obtained from Nano-

material and Nanotechnologie Ltd. (Ukraine). 

The birds were kept on the floor with free access to 

food and water. Technological parameters of gosling’s 

keeping in all groups were similar and corresponded to 

the existing standards, by the national recommenda-

tions for young goslings. The density of planting gos-

lings aged 1–3 weeks was eight birds per m2 and at the 

age of 4–10 weeks four birds per m2. The feeding front 

of goslings at the age of 1–3 weeks was 1.5 cm per bird, 

and at the age of 4–10 weeks 2.5 cm per bird. The 

watering front of goslings at the age of 1–3 weeks was 

1.5 cm per bird and at the age of 4–10 weeks 2.0 cm per 

bird. 
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Table 2. Composition and nutritional value of complete 
compound feeds for goslings 

Component, % Age of goslings, weeks 

1–3 4–10 

Barley  9.50 12.50 

Wheat  64.70 − 

Corn  − 56.20 

Wheat crops − 7 00 

Sunflower meal 3.00 5.00 

Sunflower oil 1.00 − 

Meat and bone meal scraps 5.00 5.00 

Fish meal 9.50 4.00 

Feed yeast 3.00 5.20 

Lysine-NSI 0.06 0.20 

Methionine  0.16 0.13 

Salt 0.32 0.45 

Monocalcium phosphate 0.26 0.75 

Limestone  2.00 2.07 

Vitamin premix 0.50 0.50 

Mineral premix 1.00 1.00 

Content in 100 g of mixed feed  

 exchange energy, kcal 280.1 277.3 

 crude protein, g 20.0 17.1 

 crude fibre, g 2.7 3.4 

 calcium, g 1.4 1.3 

 phosphorus, g 0.8 0.8 

 sodium, g 0.3 0.3 

 lysine, g 1.0 0.9 

 methionine + cysteine, g 0.8 0.7 

 

Sample collection 

At the end of the scientific experience, at the age of 

70 days, three birds (1 male and 2 females) were 

randomly selected as representatives from each group 

and their control slaughter was carried out by the law 

requirements (Zakon Ukrai'ny, 2006). After the cont-

rolled slaughter of the gosling, complete anatomical 

disassembly of their carcasses was carried out accor-

ding to the existing guidelines (Lukashenko, 2013). 

During anatomical dissection of goslings' carcasses, 

representative samples of muscles of the thigh, drum-

stick, breast muscles and liver were collected according 

to state standards. Each sample was packed in a thick, 

moisture-proof plastic bag. From the moment of samp-

ling to the beginning of the analysis, samples were 

stored at a temperature of 0 to 2 °C for no more than 24 

hours (GOST 7702.2.0-95, 2009).  

Chemical analysis 

The chemical analysis of muscle tissue and poultry 

organs for lithium content was carried out in the certified 

laboratory of analytical chemistry and monitoring of 

toxic substances of the State Institution Kundiiev 

Institute of Occupational Health of The National 

Academy of Medical Sciences of Ukraine (Kiev).  

The lithium content in the muscle tissue and organs of 

poultry was determined by inductively coupled plasma-

atomic emission spectrometry (ICP-AES) using Optima 

210 DV by Perkin Elmer (USA). The operation of the 

spectrometer was controlled by WinLab32 software. The 

results were processed by the device and displayed on 

the monitor in the required format.  

Preparation of samples for analysis was carried out 

according to the guidelines (Andrusyshyna et al., 

2014). Samples were prepared for analysis in two 

stages. In the first stage, the muscles of the thigh, 

drumstick, breast and liver were dried to a constant 

mass in a drying cabinet (Memmert UF55, Germany) at 

a temperature of 103 ± 2 °C (DSTU ISO 1442:2005, 

2008). Moisture content in the muscles of the thigh and 

drumstick the average for the groups ranged from 71.4 

to 74.3% and in the muscles of the breast – from 73.2 

to 74.8%. In the second stage, 0.1g of dried muscles of 

the thigh, drumstick, breast and liver were added to 

2.0 ml of concentrated nitric acid (HNO3) (Мerck, 

Germany) followed by mineralization in the microwave 

MWS-2 (Berghof, Germany). The resulting mineralized 

substance was dissolved in deionized water (18 Ω) at a 

volume of 10 ml and analyzed by the ICP-AES. 

The intensity of the biological accumulation of 

lithium in the muscle tissue and liver of goslings was 

estimated by the accumulation coefficient (AC), which 

was calculated by the formula:  

AC =
CT

D
, (1) 

where CT – is the lithium content in the tissue of 

muscle or liver of goslings mg kg–1 of fresh tissue; D – 

is the dose of the introduction of lithium in the feed 

mix, mg kg–1. 

Statistical analysis 

The computer program of statistical processing of 

Microsoft Excel 2010 was used for the mathematical 

processing of obtained results. To detect a statistically 

significant difference between the mean values in the 

experimental groups' analysis of variance (оne-way 

ANOVA procedure) was used. Differences between 

average values were considered statistically significant 

at Р <0.05. 

Results and Discussion 

The obtained data showed that with the increase of 

lithium levels in compound feeds for goslings, its 

concentration in the muscle tissue and liver of poultry 

probably increased (Fig. 1).  
 

 
Figure 1. The concentration of lithium in muscle and liver of 
70-days-old geese (± sd), µg 100 g–1 fresh tissue (experimental 
groups: 1 – control, 2 – 0.05, 3 – 0.10 and 4 – 0.15 mg kg–1 Li 
content in the mixed feed, с – similar lowercase letter indicate 
the statistical difference between the control group and all 
research groups was considered reliable at P <0.001) 
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Analysis of the samples of muscle tissue of goslings 

demonstrated that in the muscles of the thigh and drum-

stick of the second experimental group the concentra-

tion of lithium was 16.9 ± 0.28 µg 100 g–1 (Р <0.001), 

the third group was 32.1 ± 0.50 µg 100 g–1 (Р <0.001) 

and the fourth – 67.4 ± 0.97 µg 100 g–1 (Р <0.001) while 

in the control group the concentration of lithium in the 

same tissue was only 1.9 ± 0.03 µg 100 g–1. Thus, the 

lithium content in these groups increased by 789.5, 

1589.5 and 3447.4% correspondingly. 

In the breast muscles of the control group of goslings, 

the concentration of lithium was 3.1 ± 0.04 µg 100 g–1, 

while in their peers from the second experimental group 

it was 37.1 ± 0.62 µg 100 g–1 (Р <0.001) or 1096.8% 

higher than in the control group, in the third group it was 

67.6 ± 1.21 µg 100 g–1 (Р <0.001) or 2080.6% of what 

was in the control and the fourth was 125.5 ± 2.02 µg 

100 g–1 (Р <0.001) or 3948.4% higher than in control. 

The liver is commonly considered the main trace ele-

ments depot in the animal and poultry bodies 

(Falandysz, 1991; Suttle, 2010; Counotte et al., 2019). 

Therefore, expectedly the maximum concentrations of 

lithium were found in the liver tissues of goslings. Like 

in the muscle tissue, the concentrations of lithium in the 

liver also are depended on its content in the given feed 

mix. In particular, the concentration of lithium in the 

liver of goslings from the second experimental group 

was 72.2 µg 100 g–1 (Р <0.001), the third was 120.2 

(Р <0.001) and the fourth 203.3 µg 100 g–1 (Р <0.001) 

while in the control birds the amount of lithium in the 

liver was 13.0 ± 0.45 µg 100 g–1. Proportionally the 

difference in lithium concentration between the control 

and experimental groups was slightly less significant 

than in muscle tissue. Thus, in the second, third and 

fourth groups the liver’s lithium was correspondently 

455.4, 824.6, 1440.8% higher than in the control group. 

The calculations of the coefficients of dose-dependent 

accumulation of lithium in different tissues revealed that 

they were not linear i.e. the increase in the concentration of 

lithium in the body of goslings was not proportional to the 

amount of lithium consumed with the feed mix (Fig. 2). 

Thus, when the lithium was supplied at a dose of 

0.05 mg per 1 kg of feed mix, the accumulation coeffi-

cient in the gosling’s muscles of the thigh and drum-

stick of the second experimental group was 3.38, in the 

muscles of the breast was 7.42 and, in the liver 14.44. 

Although the third experimental group was fed with a 

feed mix enriched with lithium at a dose of 0.10 mg kg–1, 

the corresponding coefficients were slightly lower 

compared to the second group and amounted to 3.21, 

6.76 and 12.02 respectively. The goslings of the fourth 

experimental group received a feed mix enriched with 

lithium at a dose of 0.15 mg kg–1. For them, the coeffi-

cients of accumulation of lithium in two groups of 

muscle and liver were 4.49, 8.37 and 13.35. Thus, the 

intensity of the biological accumulation of lithium in 

the muscle tissue and liver of the geese was undulating. 

High values of lithium accumulation factors in organs 

and tissues of gosling (3.21–14.44) indicated that this 

element has a substantial accumulating capacity.  

 
Figure 2. Lithium accumulation coefficient in the muscle tissue 
and liver (± sd) of the goslings from experimental groups 
(experimental groups: 2 – 0.05, 3 – 0.10 and 4 – 0.15 mg kg–1 
Li content in mixed feed) 

 

The obtained results are consistent with the findings 

of other scientists who in experiments on broiler chic-

kens found that with an increase in the level of lithium 

in mixed feed its concentration in poultry products 

increases. However, data on the effect of adding diffe-

rent doses of lithium to mixed feed on its accumulation 

in the organs and tissues of broiler chickens are contra-

dictory and do not always allow correct comparison. 

Miftahutdinova et al. (2020) reported that the introduc-

tion of lithium additives in mixed feed for broiler 

chickens at the rate of 66.0 mg kg–1 helped to increase 

its concentration in white meat to 4.18 mg kg–1, in red 

meat increase up to 4.52 mg kg–1 and in the liver 

increase up to 3.40 mg kg–1. The difference compared 

to the control group was 211.1, 426.4 and 257.6%. 

In their later study, Miftakhutdinov et al. (2021) 

obtained results that prove that when feeding broiler 

chickens five days before slaughter with the mixed feed 

which was enriched with lithium at the rate of 

47.5 mg kg–1, lithium concentration in the white meat 

was 1.43 mg kg–1, in red meat was 1.54 mg kg–1, which 

is 33.6 and 104.2% more than in the control group. In 

broiler chickens of the control group, which were raised 

with the natural content of lithium in mixed feeds its 

concentration in white and red meat in the first research 

accordingly was 1.98 and 1.06 mg kg–1 and in the 

second study was 1.07 and 0.71 mg kg–1. 

At the same time, there is evidence in the literature 

that in the absence of lithium supplements in feed, the 

average content of lithium in the breast muscles of 

broiler chickens is 2.581 mg kg–1, and in the leg musc-

les is 2.130 mg kg–1 (González-Weller et al., 2013). 

Differences in the concentrations of lithium in broiler 

chicken meat of the control groups can be explained by 

differences in geochemical zones feeding conditions in 

which research was conducted and the composition of 

the diets. In general, this does not contradict previously 

published data that in poultry meat, lithium levels can 

range from 0.006 mg kg–1 (Leblanc et al., 2005) up to 

3.217 mg kg–1 (Mueller et al., 2010). 
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Our experimental data once again confirmed the 

dependence found previously by other researchers and 

allows us to state with a high degree of confidence that 

poultry meat products can be enriched with lithium by 

introducing it into poultry feed. This approach will also 

exclude cases of toxicosis in the population, in the case 

of excessive consumption of individuals enriched with 

micronutrient meat, due to the buffer effect of animal 

tissues. It should be noted that the threshold of the toxic 

dose of lithium ranges from 90 to 200 mg day–1 for 

humans and it depends on the sex, body weight, age and 

physiological status of a particular individual 

(Shaposhnikova, Bolgova, 2012). 

At present, there are no official recommendations of 

FAO/WHO experts on dietary standards of lithium 

consumption for humans (WHO/IAEA/FAO, 1996). At 

the same time, an adequate and upper acceptable (safe) 

level of lithium consumption has been established by 

separate countries for their citizens. For example, in 

Russia, these limits are set accordingly to 0.1 and 

0.3 mg day–1 (Tutel'jan et al., 2004). Existing research 

recommends that the suggested dose of lithium con-

sumption with food and water for an adult weighing 

70 kg be set at 1.0 mg day–1 (Schrauzer, 2002). Subse-

quently, the recommended dose of daily lithium con-

sumption is 14.3 µg per 1 kg of human body weight 

(Aral, Vecchio-Sadus, 2008). 

Since muscle tissue, unlike the liver, has a significant-

ly higher portion than the edible parts of the poultry 

products, it can be considered the main source of 

lithium for humans. Our calculations show that the 

consumption of lithium-enriched goslings’ meat within 

the recommended physiological norms in Ukraine 

(145 g day–1 meat and giblets) (Postanova Kabinetu 

Ministriv ..., 2016) on average can cover from 3.9 to 

14.0% of the daily requirement of an adult in this trace 

element, depending on gosling’s diet and hence on the 

concentration of lithium in gosling’s products. Based 

on the proposed dose of daily lithium consumption at 

14.3 µg per 1 kg of body weight, it is possible to esti-

mate the level of physiological needs in this trace 

element in children and adolescents. Similar calcula-

tions can be made for the main social and demographic 

groups of the population in other countries considering 

the norms of consumption of meat and meat products 

operating in these countries.  

Our experimental data allow us to assert with a high 

degree of confidence that gosling’s meat products can 

be enriched with lithium by introducing it into the all 

mash for poultry. This approach will also exclude cases 

of toxicosis in the population, in the case of excessive 

consumption of individuals enriched with micronut-

rient meat, due to the buffer effect of animal tissues. 

Conclusion 

The amount of lithium in poultry products for human 

consumption and particularly in geese products can be 

efficiently regulated by supplementing feed mixes for 

birds with lithium additives. Analysis of the collected 

data allowed us to establish some facts and patterns: (i) 

lithium was found in all samples that were studied; (ii) 

with an increase in the level of lithium in the feed mix 

for geese its concentration in muscle tissue and liver of 

poultry was increasing correspondently; (iii) the con-

centration of lithium in tissues and organs increases in 

the following range: the muscles of the thigh and 

drumstick < muscles of the breast < liver. From the 

food hygiene point of view the introduction of lithium 

in the nano-aquachelated form into the feed mix for 

goslings at doses of 0.05, 0.10 and 0.15 mg kg–1, 

provides an increase in the concentration of this trace 

element in the muscles of the thigh and drumstick 

respectively at 789.5, 1589.5 and at 3447.4% higher, in 

the muscles of the breast at 1096.8, 2080.6 and at 

3948.4% higher, liver at 455.4, 824.6 and at 1440.8% 

higher when compared to similar indicators in goslings, 

which were fed with feed mix without lithium additi-

ves. Non-linear increase of lithium accumulation coef-

ficients in the muscle tissue and liver of geese with the 

dose of lithium in the feed mix may indicate a stepwise 

biochemical mechanism of lithium metabolism in the 

organism. Additional research is required for the eluci-

dation of lithium homeostasis. 

Our results demonstrate that the meat of young gos-

lings can be significantly enriched with lithium, and 

consequently can be considered a natural lithium forti-

fied product that may be included in daily the diet of 

the human. These meat products can be particularly 

useful for people who are lived in regions with low 

levels of lithium in the natural environment. 
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ABSTRACT. During the years of 2015–2016 in Greece, an increase of 

imports of poultry meat has been occurred on a level of 10.2%, whereas in 

the years of 2018–2019 the increase has only reached the level of 1.9%. 

On the contrary, a reduction on a level of 14.2% on poultry meat imports, 

in Greece, between the years of 2019–2020 have shown the possible 

implications of the COVID-19 pandemic to poultry meat consumption and 

possibly to chicken meat consumption. Moreover, the Food related 

lifestyle (FRL) can be defined as a system of consumers' cognitive 

categories and relationships that connect a set of food-related behaviours, 

with a set of personal values of each consumer. Hence, this paper aims to 

segment Greek consumers according to their food-related lifestyles values 

and is tried to identify the aspects that may determine consumers' 

behaviour towards chicken meat preference, during the first wave of the 

COVID-19 pandemic. Four consumer segments appeared: "Sociable and 

safety seekers", "Light concerned and cooks", "Unconcerned and price 

seekers", "Innovative and moderate concerned". Uni- and multivariate 

statistical techniques have been used. Consumers' profiles that demonst-

rated different food-related attitudes towards the pandemic were analysed 

with the use of variables: gender, age, marital status, educational level, 

monthly income and chicken meat quality cues. Significant differences 

were found between the four segments in terms of gender, age and income. 

Moreover, "Light concerned and cooks" and "Innovative and moderate 

concerned" consumers revealed to consider the place of purchasing as a 

dominant extrinsic quality cue of chicken meat. Furthermore, these 

consumers appeared to trust butcher in terms of the safety of chicken meat 

that they purchased, whereas only the consumers of the segment of "Light 

concerned and cooks" showed a willingness to pay a higher amount for 

chicken meat that is produced by animal welfare standards. 

© 2022 Akadeemiline Põllumajanduse Selts. | © 2022 Estonian Academic Agricultural Society. 

 

Introduction 

In an ever-changing world, diverse and different 

consumer eating preferences are causing trends in meat 

consumption (Grunert, 2006). Particularly in the 

western world, the consumers' consumption of meat has 

changed in the last decade, due to their socio-economic 

changes, ethical concerns, religious beliefs, tradition, or 

dietary scandals (Font-i-Furnols, Guerrero, 2014). 

Since the meat market and its products are shaped 

through unexpected, complex and rapid changes which 

are caused by nutritional, economical and health events 

(Henchion et al., 2014), meat production and consump-

tion usually, create several controversial issues that 

concern consumers (Verbeke et al., 2015). Thus, even 

though the meat has been recognized as a fundamental 

element of a human's diet, both from biological and 

social perspectives (Leroy, De Smet, 2019), nowadays, 

meat consumption and production have been regarded 

as problematic by consumers, due to health and safety 

issues, together with the animal welfare and environ-

mental consumers' concerns (Vinnari, Tapio, 2009). On 

the other hand, the media attention to food scandals can 

change the time disclosure of a food incident and 

https://orcid.org/0000-0003-1695-1479
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subsequently might affect the consumers' behavioural 

response (Rieger et al., 2016). Consequently, consu-

mers' preferences for meat are complex and alter due to 

different situations (Verbeke et al., 2015). 

Historically, meat was treated as a food that promotes 

health and gives energy to the consumer (Chong et al., 

2009). Moreover, western societies still consider meat 

as an important part of their culture (Latvala et al., 

2012), whereas it can be usually identified through the 

psychological dimension of human's habitual eating, or 

as a bonding effect in a community, and as a need for 

differentiation in the human's social hierarchical scale 

(Leroy, Praet, 2015). However, during the time, and 

especially halfway of the twentieth century, meat's 

positive image has been altered by negative consumers' 

perceptions (Leroy, De Smet, 2019) and meat 

consumption has been tended to be rather controversial 

for consumers (Latvala et al., 2012). Specifically, the 

consumer's negative perception is focused on the 

consumption of red meat, which has been associated 

with chronic human diseases and cancer (Leroy, De 

Smet, 2019). In contrast, a negative health-compromi-

sing effect of white meat consumption, mainly derived 

from poultry meat, hasn't been reported yet, nor chronic 

diseases have ever been reported in the scientific 

literature (Marangoni et al., 2015). However, there 

have been studies indicating a rather health-protective 

effect, due to white meat consumption, such as the 

protective effect of chicken meat consumption against 

age-related macular degeneration (Chong et al., 2009). 

Thus, human diseases related to the increasing 

lifestyle, such as diabetes which is associated with 

obesity as a function of a poor diet and a sedentary life-

style, have led consumers to shift towards the consump-

tion of chicken meat as a healthier option, due to its less 

fat and cholesterol content (Ripoll et al., 2015). 

Moreover, chicken meat in developing markets has 

been considered as a value-oriented food, since it is 

identified as a cheap choice, has no religious restric-

tions and satisfies the consumer's need for new 

experiences through convenience packages or ready to 

eat meals (Michel et al., 2011b). But chicken meat is 

also associated with foodborne illness, such as 

campylobacteriosis (Bearth et al., 2014) and poultry 

diseases such as avian influenza, that may lead to a 

possible economic loss in the food market and more 

dramatic, to human losses, according to the severity of 

the disease infection and the immediate public response 

(Kraipornsak, 2010). Despite the chicken's meat safety 

issues, it is regarded as one of the best sources of animal 

protein and is usually chosen by low-income consu-

mers, because it is an affordable and accessible source 

of protein with low-fat content and limited religious 

restrictions (Tan et al., 2018). 

Therefore, chicken meat could be considered as one 

of the most globally consumed meat (Wen et al., 2019), 

since, according to the Food and Agriculture Organiza-

tion (FAO), poultry meat represented about 39% of 

global meat production in 2019. The FAO recognizes 

China as the world's largest poultry meat producer 

followed by USA and Brazil. Whereas, in the European 

Union (EU) between the years of 2010–2018, a 

cumulative rise of about one quarter (3.3 million tonnes 

of poultry meat) has occurred despite avian influenza's 

cases in the several EU Member States (Eurostat, 

2019). Moreover, the statistical analysis of the Hellenic 

Statistical Authority shows that Greek poultry meat 

production has increased throughout the years 2011–

2019. Specifically, the total poultry meat production, in 

the year 2011 was 175.23 thousand tonnes and raised to 

230.0 thousand tonnes in the year 2019. However, the 

total poultry meat production cannot satisfy the Greek 

domestic consumption since the self-sufficiency is on a 

level of 65–70%, leading to poultry meat imports. 

Thus, almost 84 thousand tonnes of poultry meat 

imported in Greece, in the year 2019, representing an 

increase of 1.9% in the total amount of poultry meat 

imports between the years 2019–2018, whereas in the 

years 2015–2016 in Greece, the increase of poultry 

meat imports was on a level of 10.2%. 

All the above are witnessed the importance of chicken 

meat consumption in the meat sector. Therefore, there 

is a lot of research concerning the factors that affect 

chicken meat consumption. Specifically, a lot of 

research is focused on the evaluation of the consumer's 

behaviour that contributes to the understanding who is 

the consumer in the market area, what the decision-

making process is and what influences (socio-economi-

cal and psychological) (Lantos, 2015) may lead him to 

the final purchase food choice. Thus, consumers can be 

motivated to consume chicken meat:  

a) according to their perceptions of chicken meat 

quality, and or healthiness and nutritional value 

(Kennedy et al., 2004; Krystallis et al., 2007; 

Michel et al., 2011b; Kuttapan et al., 2012; Imran 

et al., 2014; Naspetti et al., 2015; Samant, Seo, 

2016; Skunca et al., 2017; Djekic et al., 2018); 

b) according to their perceptions of its sensory 

characteristics, like taste, colour, freshness 

(Kennedy et al., 2005; Sismanoglou, Tzimitra-

Kalogianni, 2011; Pirvutoiu, Popescu, 2013; 

Walley et al., 2014; Walley et al., 2015; 

Raimundo, Batalha, 2015; Predanocyová et al., 

2019); 

c) according to its nutritional superiority over the red 

meat and that it can be treated as a health benefits 

food e.g. delay in the appearance of macular 

degeneration (Chong et al., 2009; Jaturasitha et 

al., 2016; Kulprachakarn et al., 2017), or as 

functional food (Shan et al., 2017); 

d) according to their animal welfare concerns (Hall, 

Sandilands, 2006; Vukasovič, 2009; Tsakiridou et 

al., 2010; Pouta et al., 2010; Toma et al., 2011; 

De Jonge, Van Trijp, 2014; Van Loo et al., 2014; 

Lassoued et al., 2015; Thaxton et al., 2016; 

Vanhonacker et al., 2016; Erian, Phillips, 2017; 

Mulder, Zomer, 2017; Vukasovič, Stanton, 2017; 

Otieno, Ogutu, 2019); 

e) according to their perceptions of chicken rearing 

systems or chicken breeds, such as slow growth 
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chickens, that may affect the overall quality of 

chicken meat (Tuyttens et al., 2015; Naspetti et 

al., 2015; Jaturasitha et al., 2016; Devatkal et al., 

2019); 

f) according to their demographic characteristics 

and their general purchasing habits for chicken 

meat consumption (Kennedy et al., 2005; 

Krystallis, Arvanitoyannis, 2006; Sismanoglou, 

Tzimitra-Kalogianni, 2011; Pirvutoiu, Popescu, 

2013; Sahin et al., 2013; Walley et al., 2014; 

Raimundo, Batalha, 2015; Ripoll et al., 2015; 

Walley et al., 2015; Skunca et al., 2017; 

Predanocyová et al., 2019); 

g) according to their perceptions of health and safety 

issues that are usually associated with chicken 

meat consumption, such as dioxins, campylobac-

teriosis, salmonella, avian influenza 

(Kraipornsak, 2010; Bearth et al., 2014; Rieger et 

al., 2016; Siettou, 2016; Zhou et al., 2016; Clark 

et al., 2019; Hessel et al., 2019; Wen et al., 2019; 

Zhang et al., 2019); 

h) according to their trust in the quality label, in the 

country of origin, or the place of sale (butcher 

shop) (Kennedy et al., 2004; Krystallis et al., 

2007; Michel et al., 2011a; Sismanoglou, 

Tzimitra-Kalogianni, 2011; De Jonge, Van Trijp, 

2014; Heerwagen et al., 2015; Lassoued et al., 

2015; Samant, Seo, 2016; Vanhonacker et al., 

2016; Vukasovič, Stanton, 2017; Kehagia et al., 

2017; Lusk, 2018); 

i) according to their food-related lifestyle (Ripoll et 

al., 2015; Escriba-Perez et al., 2017; 

Wongprawmas et al., 2018S). 

 

Nowadays the outbreak of coronavirus 2019 

(COVID-19) pandemic has caused dramatic changes in 

human patterns due to its health and economic 

problems (Safara, 2020). The consumers' purchasing 

power, especially after the first wave of the COVID-19 

pandemic, together with the increased feeding costs and 

the prices of raw ingredients may affect negatively the 

growth of the poultry industry (Hafez, Attia, 2020) and 

consequently the chicken meat consumption. Specifi-

cally, in Greece between the years of 2019 and 2020, 

due to COVID-19 restrictions, together with the restric-

tions on tourism which caused a lower summer meat 

consumption (7.37 million tourists arrived in Greece in 

the year 2020 whereas, in 2019, 31.3 million tourists 

arrived), poultry meat imports reduced on a level 14.2% 

(Pramantiotis, 2021). Moreover, the European poultry 

meat sector has been significantly affected by the 

COVID-19 crisis, mainly in terms of consumption. 

Thus, in March 2020 an increase in demand for poultry 

meat in retail (+20%) has occurred while the overall 

consumption levels in the foodservice sector fell since 

this sector was forced to close down. Usually, the 

foodservice sector absorbs poultry meat production. 

Hence, European poultry slaughterhouses ordered 10–

30% fewer chickens for slaughter at that period 

(Pramantiotis, 2021).  

All the above contribute to the fact that food consu-

mers' choice, and particularly meat choice, although it 

seems a simple process, has nevertheless been descri-

bed as a complex consumers' behaviour which is 

influenced by a variety of factors that interact with each 

other (Hamlin, 2016). Its complexity lies in the fact 

that, at a given moment, the food choice is determined 

by an interaction of factors related: a) to the personal 

characteristics of the consumer, b) to the food itself 

(internal and external characteristics of the food) and c) 

to the consumer's environment (Marian, Thøgersen, 

2013). Moreover, the quality evaluation of meat is 

considered a dominant factor influencing consumers' 

food purchasing intention (Papanagiotou et al., 2013). 

Consequently, personal influences of each consumer, 

together with the factors that affect meat consumption 

as well as the consumer's lifestyle towards the food, 

may contribute to shaping the consumer's behaviour 

towards meat (Predanocyová et al., 2019) and chicken 

meat particular. A food-related lifestyle, FRL, is defi-

ned as a system of consumer's cognitive categories and 

relationships that connect a set of food-related beha-

viours, with a set of personal values of each consumer 

(Brunsø et al., 2004). These consumer's cognitive 

structures are reflected by five dimensions, namely: a) 

purchase motives (e.g. self-realization), b) consump-

tion situations (e.g. eating at home), c) cooking 

methods (e.g. cooking at home), d) ways of shopping 

(e.g. shopping in specialized stores), and quality 

aspects (e.g. healthy food, taste) (Grunert, 2006; 

Szakály et al., 2012; Escriba-Perez et al., 2017). The 

FRL instrument has been developed and tested in 

several European countries in terms of its intercultural 

validity, while, it has been proven stable over time and 

has been used for the application of Pan-European food 

consumer segments, particularly in meat preference 

(Scholderer et al., 2004; Brunsø et al., 2004; Grunert, 

2006; Bernués et al., 2012; Szakály et al., 2012; Ripoll 

et al., 2015; Buitrago-Vera et al., 2016; Escriba-Perez 

et al., 2017; Wongprawmas et al., 2018). Thus, the 

food-related lifestyle (FRL) construct has been 

proposed as one of the best segmentation tools in the 

food sector (Grunert, 2019). Moreover, health consu-

mers' concerns and sociodemographic features have 

been proved the main factors influencing consumers' 

behaviour towards meat consumption (Escriba-Perez et 

al., 2017) and consequently chicken meat consumption. 

Furthermore, the perceived quality that is combined by 

intrinsic and extrinsic cues of meat is influenced by the 

subjectivity of the consumer and affects the final 

purchasing decisions (Henchion et al., 2014).  

Also, the Greek's market self-deficiency of poultry 

meat production together with the high poultry meat 

imports in 2019 has indicated the importance of poultry 

meat in the Greeks' diet. Despite the importance of 

poultry meat consumption, the availability of research 

on Greeks consumers' preferences and habits, particu-

larly as regards chicken meat, is limited (Krystallis, 

Arvanitoyannis, 2006; Krystallis et al., 2007; 

Tsakiridou et al., 2010; Sismanoglou, Tzimitra-
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Kalogianni, 2011; Kehagia et al., 2017), and to the best 

of our knowledge, no published research has used the 

FRL approach on the meat consumption of Greeks 

consumers. Furthermore, the social distancing and the 

advice on self-isolation due to the virus pandemic may 

have pronounced implications to meat consumption 

(Nicola et al., 2020) and possibly to chicken meat 

consumption, as the reduction of poultry meat imports 

in Greece between the years 2019 and 2020, has shown.  

Therefore, this study aims to fill these gaps by 

investigating Greeks' consumers' behaviour towards 

chicken meat consumption on the first wave of the 

COVID-19 pandemic with the use of the FRL model. It 

is focused on the segmentation of Greek consumers 

based on their food-related lifestyles and is tried to 

identify the aspects that may determine consumers' 

behaviour towards chicken meat during that period. In 

addition, the present survey has the following objec-

tives: a) to identify the consumers' segments, after the 

first wave of COVID-19 pandemic, according to their 

food-related lifestyle values, b) to determine the 

consumers' profiles by different sociodemographic 

variables, and c) to identify which extrinsic quality cues 

of chicken meat affect the consumers' segments, after 

the first wave of COVID-19 pandemic. 

Material and Methods 

Study area and data collection 

The present survey was conducted in two phases, the 

qualitative survey and the quantitative one. The 

qualitative survey included 43 consumers who were 

interviewed by the method of in-depth interviews in the 

period of December 2018 to January 2019, one year 

before the pandemic. The motivation of the qualitative 

study was derived from the fact that chicken meat 

consumption in Greece has pointed to high demand 

through the years, while there was limited scientific 

evidence that studied chicken meat consumption in 

terms of consumers' behaviour. The quantitative survey 

was conducted after the lifting of the restrictive 

measures due to the pandemic, from June to September 

2020, in the urban complex of Thessaloniki. Τhe 

survey's sample has consisted of 689 consumers 

yielding an error of 2.76% with a confidence level of 

95%. Besides, the least suitable size sample for 

consumers' behaviour research is considered 500 

consumers (Zafeiropoulos, 2005). The sample size was 

determined by Stathakopoulos (2005) mathematical 

relation [n =
z2(p(1–p))

e2
, for 95% confidence level 

and an error of 2.76%, p = analogy of consumers (from 

a preliminary study) in a specific chicken attribute, e.g. 

purchasing chicken meat at least once a week, 1–p = 

analogy of consumers (from a preliminary study) 

without the specific chicken attribute, e.g. purchasing 

chicken meat less than once a week]. The afore-

mentioned mathematical relation is used since a large 

number of Thessaloniki's population simplifies all 

other mathematical relations (Siardos, 2005) to 

Stathopoulos's one. The census data of 2011 by the 

National Statistical Service of Greece has been used for 

the determination of the size of consumers' sample of 

each Thessaloniki's region. Consumers aged from 18 

to >75 years old. Random stratified, by region, 

sampling was used. The consumers selected from 

various points of chicken meat sale, such as 

supermarkets, butchers, restaurants, fast food outlets, at 

various hours during the day and all days of the week, 

in the city of Thessaloniki. At that period, due to the 

COVID-19 pandemic, there was strong advice on social 

distancing. Therefore, each respondent completed the 

questionnaire with the proper guidance, while each 

questionnaire was answered after the respondent's oral 

statement that he/she was personally responsible for 

purchasing chicken meat in and out of the home. Thus, 

the consumers in the present study were the end-users 

that form the final chicken meat chain. 

Questionnaire and variables 

The structured questionnaire was designed according 

to the literature mentioned in the Introduction regarding 

chicken meat researchers, as well as the results from the 

qualitative phase. Specifically, the qualitative question-

naire was divided into six thematic sections that they 

included: i) the attitudes of consumers towards the 

purchase of chicken meat, ii) the attitudes regarding the 

consumption of ready-cooked chicken, iii) consumers' 

perceptions towards the quality of chicken meat, the 

information and safety of the food, iv) consumers' 

perceptions towards price, v) consumers; beliefs 

towards rearing systems and vi) consumers' perceptions 

towards packaging and labelling.  

The questionnaire of the quantitative study was 

structured in three parts: 1) safety and quality percep-

tion towards chicken meat 2) food-related lifestyle and 

3) consumer and household characteristics. The variab-

les that were examined to profile consumers were their 

sociodemographic variables, the questions of the food-

related lifestyle (FRL) and the perceived quality cues 

of chicken meat. 

As stated in the Introduction, the full version of the 

FRL construct with 69 questions (Brunsø et al., 2004) 

including in its five dimensions, has already been tested 

for its validity in several segmentation studies. There-

fore, a reduced version of the FRL model is preferred 

in this study to segment and profile consumers. 

Furthermore, its reduced version would not overload 

the respondents with many questions. Moreover, the 

FRL model can include a different number of items, so 

that each of them may effectively capture the various 

dimensions of consumer's lifestyle (Scholderer et al., 

2004; Buitrago-Vera et al., 2016). The present FRL 

instrument included 20 questions regarding the aspects 

of food life culture (Scholderer et al., 2004) and the 

pandemic situation. 

According to previous researchers (Liang, 2014; 

Buitrago-Vera et al., 2016; Escriba-Perez et al., 2017) 

5-point Likert scale has been preferred in the 

conduction of the FRL model. Therefore, the questions 

of the food-related lifestyle were measured on a 5-point 

Likert scale ranging from 5 "strongly agree" to 1 
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"strongly disagree" and there was a neutral midpoint at 

3 "neither agree nor disagree". A missing data value of 

16 cases, concerning the lifestyle questions, was 

identified after the collection of the data. Since the 

missing values were fewer than 10% of the total 

responses, we assumed that these cases were represen-

tatives of the random missing values (Buitrago-Vera et 

al., 2016; Escriba-Perez et al., 2017). Therefore, they 

were removed and 673 valid cases remained. 

Statistical analysis 

The survey's data were analysed with IBM SPSS 

Statistics version 25 (IBM Corp., 2017), and uni- and 

multivariate statistical techniques have been used. 

Descriptive statistics were applied for the description of 

Greek consumers in terms of their sociodemographic 

characteristics and terms of their food-related lifestyle 

perceptions. Then multivariate analysis was employed 

to reduce the 20 items related to the FRL model by the 

use of exploratory factor analysis. The combination of 

factor and cluster analysis was preferred for the 

definition of food-related lifestyle segments (Liang, 

2014; Ripoll et al., 2015; Buitrago-Vera et al., 2016; 

Escriba-Perez et al., 2017; Wongprawmas et al., 2018; 

Kumar, Smith, 2018 ).  

At first, principal component analysis (PCA) based 

on factor analysis was applied for defining the dimen-

sions that could describe the consumers. Bartlett's 

sphericity test and the Kaiser-Meyer-Olkin measure of 

sampling adequacy (KMO) were used aiming the 

minimal information or item loss (Escriba-Perez et al., 

2017). Afterwards, a cluster analysis method was 

applied, to group the consumers according to the 

previous dimensions. The cluster analysis method was 

divided into hierarchical and non-hierarchical (Szakály 

et al., 2012). The use of the two-stage clustering 

method has been recommended to overcome the limi-

tations that can be occurred by hierarchical and partitio-

ning clustering procedures (Kumar, Smith, 2018). 

Firstly, cluster analysis using hierarchical procedures 

based on Ward's method was applied to identify the 

number of clusters. Then, non-hierarchical K-Means 

cluster analysis was performed to classify the samples 

into clusters.  

The final clusters have been evaluated according to 

the sociodemographic variables and tested for differen-

ces in attitudes towards using chi-square and one-way 

ANOVA analysis. 

The reliability of the values dimensions and clusters 

was assessed by Cronbach's alpha. This study used 0.6 

as the acceptable threshold, as suggested by Siardos 

(2005) together with similar food-related lifestyle 

studies (Liang, 2014). 

 

Results and Discussion 

Descriptive statistics of the sample 

The results from the qualitative phase revealed that 

consumers seemed to search mainly for "nutritional 

value" and "convenience" on their chicken meat 

consumption, while the main criteria of chicken meat 

purchasing were the "quality" and the "country of 

origin". However, the purchase criteria varied accor-

ding to the type of chicken meat they consumed (bulk, 

cooked and packaged). Moreover, the preferred quality 

chicken meat attributes were the "colour and the 

flavour" while the "butcher" is considered the main 

credence quality chicken meat attribute, as 37.8% of 

consumers stated that "the butcher supplied them with 

safe", "fresh" and "properly prepared for cooking 

meat". The price of chicken meat is considered "low" 

and the label that indicated the "quality control" as well 

as "the dates of production – slaughter" was the most 

important label information. It is noteworthy that the 

majority of the consumers argued that they are not 

interested in knowing the welfare conditions in which 

the chicken they consume has been bred, since they 

didn't trust the provided information label. However, 

the majority of the respondents trusted the information 

that is provided by the University and government 

agencies of control. 

Moreover, the results of the quantitative appeared as 

follow: 

Table 1 summarises that the gender of the consumers 

were 61.8% females and 38.2% males. Since the 

respondents have been asked whether they were 

purchasing chicken meat before answering the survey's 

questions, this imbalance was likely to have occurred. 

This is caused to the fact that chicken meat consump-

tion is usually considered a female preference 

(Kennedy et al., 2004; Sismanoglou, Tzimitra-

Kalogianni, 2011; Raimundo, Batalha, 2015; Ripoll et 

al., 2015). Moreover, food purchasing and preparation 

are usually regulated by women (Tsakiridou et al., 

2010; Liang, 2014). The most common age ranged to 

46–55 years old (36.6%), followed by the age of 36–45 

(26.1%) and the age of 26–35 (12.2%). Most of the 

consumers were married 63.2% and the majority of the 

respondents had no children at home, in a percentage of 

44.9%, whereas the 53.0% of the consumers stated that 

they had two adults in their household. Moreover, the 

survey's results revealed that chicken meat respondents 

were highly educated, as the majority of them posses-

sed at least a university degree in a percentage of 

56.3%. This result may be related to the fact that these 

consumers were more willing to answer the questions. 

In addition, the most common monthly income ranged 

from 1001 to 1500 euro (37.1%), followed by the 

monthly income of 501–1000 euro (25.6%). The 

descriptive statistics for the sociodemographic variab-

les of the sample are presented in Table1. 
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Table 1. Participants 'sociodemographic characteristics (%) 

Variable  Level Percent 

Gender Men 38.2 

 Women 61.8 

Age 18–25 8.9 

 26–35 12.2 

 36–45 26.1 

 46–55 36.6 

 56–65 10.6 

 66–75 4.9 

 >75 0.7 

Marital status Married 63.2 

 Single 20.4 

 Divorced 13.7 

 Widow 2.7 

Educational level Primary 3.3 

 Intermediate 40.4 

 Advanced 56.3 

Monthly respondent's income, euro ≤500 12.1 

 501–1000 25.6 

 1001–1500 37.1 

  1501  25.2 

 

Table 2 demonstrates the descriptive statistics for the 

items measuring food-related lifestyles. The majority 

of the items depicted the consumers' agreement. The 

items that received the most strongly, agreement of the 

consumers' perceptions were: "Eating is an enjoyment" 

and "I check the expiration dates of food products", 

followed by the items "I prefer to buy natural products 

without preservatives" and "Ι like to cook for me, my 

family and my friends". Some food values that 

appeared in Table 2 depicted a trend on efficient food 

purchasing as it was also supported in the study of 

Buitrago-Vera et al. (2016). Furthermore, the items that 

assembled the lower scores were: "After the pandemic, 

I don't trust the takeaway food", "I find cooking tiring", 

and "After the pandemic, I prefer not eating out". 

Hence, the food values that seemed to be associated 

with the pandemic revealed that consumers in cases of 

emergencies tend to behave with an "illusion of 

control" since they try to manage a world that they can't 

control, as Wang et al. (2020) noted. Moreover, 

cooking was found to be a pleasurable activity 

(Escriba-Perez et al., 2017). 

 

Table 2. Descriptive statistics for the items measuring food-related lifestyle 

Item Average SD 

I always make a list, before I go shopping for food 4.04 1.03 

I like shopping for food for me or my family 4.39 0.77 

I like shopping and tasting gourmet foods 3.51 1.06 

Eating out with my friends or with my family is an important part of my social life 4.01 0.92 

Eating is an enjoyment 4.40 0.76 

I try to schedule the weekly menu, so as not to waste time and money 3.81 1.00 

I like to read the labels of the food products that I buy to know what they contain  3.95 0.90 

Ι like to cook for me, my family and my friends  4.07 1.01 

I check the prices and compare them  4.01 0.93 

I check the expiration dates of food  4.40 0.81 

I read recipes and experiment in cooking  3.58 1.09 

Members of my family like to involve in cooking  3.46 1.09 

I prefer to buy products firstly for their nutritional value and then for their taste  3.53 1.11 

I prefer to buy natural products without preservatives  4.16 0.91 

At home, I eat take away food, at least once a month  3.49 1.28 

After the pandemic, I prefer not to eat out  2.82 1.26 

I find cooking tiring 2.79 1.23 

After the pandemic, I pay attention to the places from where I buy food (cleanliness, without overcrowding) 3.66 1.16 

After the pandemic, I don't trust the takeaway food  2.73 1.19 

I use the internet to inform me and to entertain me 3.95 1.01 

 

Multivariate analysis 

Dimensions and reliability analysis 

Factor analysis using principal component (PCA) was 

performed for the reduction of 20 items regarding the 

questions on FRL. PCA with varimax rotation was 

employed on this data. 

The test KΜΟ measures the sampling adequacy and 

received the value of 0.750 which is considered a good 

value since it was higher than an acceptable value of 

0.50 (Siardos, 2005; Liang, 2014; Buitrago-Vera et al., 

2016; Escriba-Perez et al., 2017). Moreover, in this 

study, Bartlett's sphericity test is considered statistical 

acceptable, since the adequacy of the factor analysis, 

was yielding a p-value of 0.000 at a significance level 

of 0.05 (Escriba-Perez et al., 2017). Therefore, the 

factorability of the correlation matrix was achieved 

(Wongprawmas et al., 2018). The reliability of the axis 

values was 0.746 and it was assessed by Cronbach's 

alpha. In this study, it is considered to be acceptable, 

since it was higher than the acceptable threshold of 0.6 

(Siardos, 2005; Liang, 2014; Kumar, Smith, 2018). 

Maximum variation was employed for the examined 

dimensions and the extracted factors were eigenvalues 

larger than one, whereas items and dimensions with 

factor loadings lower than 0.5 (Liang, 2014) were not 

concerned. 

The factor analysis yielded six factors that explained 

59.29% of the total variance. This result is considered 

acceptable as according to Buitrago-Vera et al. (2016) 

a variance value of 60% or even less is considered 

acceptable in the social sciences. The six factors are 

demonstrated in Table 3 and compliance with the 

relevant literature (Szakály et al., 2012; Buitrago-Vera 

et al., 2016; Escriba-Perez et al., 2017; Wongprawmas 

et al., 2018) are identified as: i) "Nutritional value and 

innovation", ii) "Food security after the first wave of 

the pandemic", iii) "The role of food in social life", iv) 

"Ways of shopping", v) "Planned consumption and 

enjoyment", and vi) "Love for cooking". 
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Table 3. Matrix of rotated components in factor analysis 

 

Factors 

Nutritional 

value and 

innovation 

Food safety 

after the first 

wave of the 

pandemic 

The role of 

food in 

social life 

Ways of 

shopping 

Planned 

consumption 

and 

enjoyment 

Love for 

cooking 

I prefer to buy products firstly for their nutritional value 

and then for their taste 
0.756      

I like shopping and tasting gourmet foods 0.630  0.443    

I prefer to buy natural products without preservatives 0.621      

Members of my family like to involve in cooking 0.498      

I like to read the labels of the food that I buy to know 

what they contain 
0.469   0.458 0.313  

After the pandemic, I don't trust the takeaway food  0.843     

After the pandemic, I prefer not to eat out  0.809     

After the pandemic, I pay attention to the places from 

where I buy food (cleanliness, without overcrowding)  
 0.702     

Eating out with my friends or with my family is an 

important part of my social life 
  0.725    

Eating is an enjoyment   0.661    

At home, I eat takeaway food, at least once a month   0.640    

I use the internet to inform me and to entertain me   0.497 0.367   

I check the prices and compare them     0.754   

I check the expiration dates of food products    0.638   

I like shopping for food for me or my family     0.741  

I always make a list, before I go shopping for food     0.737  

I try to schedule the weekly menu, so as not to waste time 

and money 
   0.361 0.539  

I find cooking tiring      –0.799 

Ι like to cook for me, my family and my friends 0.301     0.683 

I read recipes and experiment in cooking 0.397     0.680 

Underlined values indicate factors loading ≥0.5 

 

The first factor is described as "Nutritional value and 

innovation" and explained 21.2% of the total variance 

whereas high loads (over 0.621) showed three of the 

seven subjects. This factor contained variables regar-

ding consumers' preferences of healthy, nutritional 

food as well as innovative ones, such as gourmet food 

(Buitrago-Vera et al., 2016; Escriba-Perez et al., 2017). 

The second factor is labelled "Food safety after the first 

wave of the pandemic" and explained 11.74% of the 

total variation with charges being over 0.702. This 

factor accumulated variables regarding the consumers' 

concerns on safe food consumption after the pandemic 

by selecting places that were not crowded and not 

trusting convenience food or eating out. The third factor 

is classified as "The role of food in social life" and 

explained 8.20% of the total variation with charges over 

0.640. It is related to variables that depicted the role of 

food in the social life of consumers together with their 

enjoyment of eating. The fourth factor, which explai-

ned 6.57% of the total variance and loaded on 2 subjects 

over 0.638 is identified as "Ways of shopping". It 

collected variables that showed the consumers' interest 

in food pricing and food safety by the use of expiration 

date. The fifth factor is characterised as "Planned 

consumption and enjoyment", explained 6.16% of the 

total variance, and loaded on three subjects over 0.539. 

It is assembled variables that indicated the importance 

of planning in terms of food shopping as well as the 

family meals. It is also included the enjoyment from the 

activity of food shopping. The sixth factor is labelled 

"Love for cooking" and explained 5.44% of the total 

variation with charges at 2 issues above 0.680. The 

variables of this factor expressed the consumers' 

preference for cooking and their willingness for 

cooking experimentation. 

Consumers' profiles after the first wave of pandemic 

towards chicken quality cues  

The segments are estimated by the procedure of 

hierarchical cluster analysis. The clusters were obtai-

ned by Ward's method with the use of squared 

Euclidean distance that was applied to measure the 

similarity between the items. Four clusters were deter-

mined by the use of a non-hierarchical K-means cluste-

ring. Following the regularity test, the one-way 

ANOVA analysis was applied to investigate the 

possible differences between the four consumer seg-

ments with the six factors that are resulted from the 

factorial analysis of main components. These results 

are illustrated in Table 4. According to the items that 

yielded the clusters, and in compliance with the 

relevant literature (Krystallis, Arvanitoyannis, 2006; 

Krystallis et al., 2007; Bernués et al., 2012; Ripoll et 

al., 2015; Buitrago-Vera et al., 2016; Escriba-Perez et 

al., 2017; Kumar, Smith, 2018; Wongprawmas et al., 

2018) the final food consumer segments were labelled 

as: "Sociable and safety seekers", "Light concerned and 

cooks", "Unconcerned and price seekers", "Innovative 

and moderate concerned". Analytically:  

 

i) The "Sociable and safety seekers" segment repre-

sented 26.8% of the total sample size (n = 180). It 

is comprised of the only group of consumers that 

have depicted high food safety concerns due to the 

COVID-19 pandemic. These consumers, due to 

the pandemic, manifested a strong alteration in 

their eating habits than the other segments. Thus, 
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they preferred not eating out, not purchasing 

convenience food and they avoided crowded food 

places after the pandemic. Although this segment 

was the only one that was characterised by consu-

mers who regarded food as a dominant element in 

their social life, since they found eating an 

enjoyable activity, they preferred out of home 

consumption and purchasing convenience food. 

Furthermore, they indicated strongly preference 

than the segments of "Light concerned and cooks" 

and "Unconcerned and price seekers" for purcha-

sing natural, innovative and nutritional food, but 

they showed no interest in pricing and labelling in 

terms of expiration dates, but greater than the 

segment of "Light concerned and cooks". More-

over, this segment evaluated shopping and coo-

king as a pleasant activity more than the segment 

of "Innovative and moderate concerned". Finally, 

this segment is determined by consumers who 

searched for food quality cues in terms of its 

nutritional value, and who have strongly switched 

their food consumption behaviour, due to the 

COVID-19 pandemic, even though the food was 

strongly regarded by its social aspect. 

ii) The "Light concerned and cooks" segment repre-

sented 10% of the total sample size (n = 67). It 

included consumers who illustrated a more ratio-

nal behaviour in food purchasing by planning the 

purchasing household food and the weekly meals 

and revealed light food safety concerns due to 

pandemics, but more than the "Unconcerned and 

price seekers" consumers reveal. This might have 

derived from the fact that this segment had less 

interest of all segments of eating out and purcha-

sing convenience food. Moreover, this was the 

only consumers' segment that strongly evaluated 

shopping as a pleasant activity maybe because it 

involved purchasing for their family members. 

Thus, this segment indicated an interest in 

cooking as a social act and experimentation, while 

it showed less interest than the segment of 

"Innovative and moderate concerned" consumers 

towards the nutritional value of the food. Additio-

nally, the occurrence of the pandemic had a light 

effect in this segment while food-related aspects 

did not comprise a social component.  

iii) The "Unconcerned and price seekers" segment 

was the second largest one with 30.6% of the total 

sample size (n = 206). This segment was the only 

one with the least consumers' concerns on the 

COVID-19 pandemic. However, the consumers' 

values regarding food consumption by its social 

aspect, were higher than those of "Light concer-

ned and cooks" and "Innovative and moderate 

concerned" segments. Thus, light changes in their 

eating habits after the pandemic might derive 

from the fact that food consumption is considered 

by these consumers a fulfilment act. Furthermore, 

it included consumers who illustrated a more 

rational behaviour in food purchasing by planning 

the schedule of household week meals and they 

indicated an interest in cooking as a social act and 

experimentation maybe because it involved 

purchasing and cooking for their family members, 

while they had no interest and less than the 

segment of "Sociable and safety seekers" towards 

the nutritional value of food. Finally, the minimal 

concerns regarding food safety aspects since the 

scare of a pandemic might, also, derived, from the 

fact that this segment was the only one in compa-

rison to others that showed a high preference for 

extrinsic quality cues, such as price and food 

labels regarding expiration dates. Therefore, price 

and freshness might be strong food attributes that 

lead to their eating habits.  

 
Table 4. Classification and differences of the sample's clusters 

Factor Cluster F value Scheffe 

comparison Sociable and safety 

seekers 

Light concerned and 

cooks 

Unconcerned and 

price seekers 

Innovative and 

moderate concerned 

Nutritional value and 

innovation 

0.39748 –0.66747 –0.54884 0.39198 660.376 (1) > (2), 

(1) > (3), 

(2) < (4) 

Food safety after the 

first wave of the 

pandemic 

0.79598 –0.06806 –0.62227 –0.04786 900.919 (1) > (2), 

(1) > (3), 

(1)> (4), 

(2) > (3) 

The role of food in 

social life 

0.68582 –0.65716 0.23338 –0.57952 930.622 (1) > (2), 

(1) > (3), 

(1) > (4), 

(2) < (3) 

Ways of shopping –0.04882 –10.7111 0.57741 0.02037 1450.523 (1) > (2), 

(1) < (3), 

(2) < (4), 

(2) < (3) 

Planned consumption 

and enjoyment 

0.24861 0.40843 0.35743 –0.66248 610.449 (1) > (4), 

(2) > (4) 

Love for cooking 0.25434 0.22832 0.10534 –0.37626 170.373 (1) > (4), 

(2) > (4) 

Cluster size 180 67 206 220   

p < 0.001, the cluster means are based on factor scores 
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iv) The "Innovative and moderate concerned" seg-

ment was the largest one and represented 32.7% 

of the total sample size (n = 220). It showed 

moderate concerns due to the pandemic. This 

might have derived from the fact that these 

consumers had no interest in food consumption in 

terms of social activity. Thus, as the food did not 

place a dominant element in their social life, the 

scare of pandemic did not alter many of their 

eating habits. These consumers showed strong 

concerns for nutritional value and innovative food 

and more interest than the segment of "Light 

concerned and cook". They, also, demonstrated a 

light preference for price and food freshness 

labelling, but they showed no concern about any 

other food-related aspects such as cooking and 

food shopping. This segment in comparison to the 

segment of "Light concerned and cooks" consu-

mers valued more the food price and the food 

freshness in terms of the expiration food dates, 

while they demonstrated the least concerns on the 

COVID-19 pandemic concerning the segment of 

"Sociable and safety seekers". 

 

Previous studies like Bernués et al. (2012), Ripoll et 

al. (2015), Buitrago-Vera et al. (2016), Escriba-Perez 

et al. (2017), Kumar and Smith (2018) and 

Wongprawmas et al. (2018), provided empirical 

support to the segments that have been obtained in the 

current study. This relies on the fact that similarities 

have been occurred among the present segments with 

the ones from the relevant literature, despite the 

different aims of the above studies. Therefore, as long 

as the FRL power has already been verified (Buitrago-

Vera et al., 2016; Escriba-Perez et al., 2017), the 

validity of the FRL instrument across different cultures 

is conducted. 

Furthermore, the above results appeared to be consis-

tent with the psychological belief that consumers in 

extreme situations tend to behave with the illusion of 

control in an effort of managing their changeable world, 

as Wang et al. (2020) noted. Thus, "Unconcerned and 

price seekers" consumers since they considered eating as 

an enjoyable activity of their social life, refused to alter 

their food social habits, due to pandemics.  

A chi-square test was performed to define the 

differences across the sociodemographic characteristics 

of the sample and the obtainable clusters, as shown in 

Table 5. Significant difference was found between the 

four clusters in terms of gender (χ2 = 12.101, p = 0.007 

< 0.01), age (χ2 = 37.065, p = 0.005 < 0.01) and income 

(χ2 = 31.526, p = 0.007 < 0.01). Each segment is 

comprised mainly of women with a prominent range of 

age between 36 and 55 years old and monthly income 

ranging from 1001 to 1500 euro. The distinguished age 

group in the segment of "Sociable and safety seekers" 

consumers is ranged between 36 and 55 years old 

(18.3%), whereas the women were accounting 19.1% 

and the prominent monthly income was 1001 to 1500 

euro (8.8%). The "Light concerned and cooks" segment 

is comprised mostly of women (5.8%) aged between 36 

to 55 years old (5.3%) with the highest monthly income 

of 1001 to 1500 euro (3.7%). The "Unconcerned and 

price seekers" segment included mostly women 

(18.9%) with a notable age between 36 to 55 years old 

(17.8%) with the highest monthly income of 1001 to 

1500 euro (13.3%). Finally, the segment of "Innovative 

and moderate concerned", involved mostly women 

(18.0%) with the highest age of 36 to 55 (21.6%) and a 

monthly income of 1001 to 1500 euro (11.3%). 
 

Table 5. Sociodemographic characteristics of the four consumers' segments (%) 

Variables Sociable and safety 

seekers 

Light concerned and 

cooks 

Unconcerned and 

price seekers 

Innovative and 

moderate concerned 

Total 

Age*      

18–25 1.3 0.9 3.9 2.8 8.9 

26–35 3.0 1.5 5.5 2.2 12.2 

36–45 8.2 2.0 7.1 8.8 26.1 

46–55 10.1 3.3 10.7 12.8 36.6 

56–65 3.3 1.6 1.7 4.0 10.6 

66–75 1.0 1.0 1.6 1.3 4.9 

>75 0.0 0.1 0.1 0.5 0.7 

Gender*      

Men 7.6 4.2 11.7 14.7 38.2 

Women 19.1 5.8 18.9 18.0 61.8 

Marital status       

Married  17.2 5.4 18.2 22.4 63.2 

Single 4.5 2.1 7.5 6.3 20.4 

Divorced 3.7 2.0 3.4 4.6 13.7 

Widow 0.9 0.4 1.0 0.4 2.7 

Educational level      

Primary 1.0 0.5 0.6 1.2 3.3 

Intermediate 9.1 4.9 14.2 12.2 40.4 

Advanced 16.8 4.6 15.9 19.0 56.3 

Monthly income, euro*      

≤500 2.0 1.5 4.0 4.6 12.1 

501–1000 7.7 2.2 9.1 6.6 25.6 

1001–1500 8.8 3.7 13.3 11.3 37.1 

≥1501 8.2 2.4 4.4 10.2 25.2 

* Statistically significant at 99% confidence level.  
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Following, Wongprawmas et al. (2018), the 

identification of the extrinsic quality attributes of 

chicken meat that affected consumers' segments was 

performed by chi-square test, as Table 6 shows. The 

extrinsic chicken quality attributes that were chosen 

to be investigated were involving consumers': a) 

willingness to pay a higher price for chicken meat 

rearing with animal welfare conditions (Pouta et al., 

2010; Tsakiridou et al., 2010; De Jonge, Van Trijp, 

2014; Vanhonacker et al., 2016; Djekic et al., 2018), 

b) trust on the information provided to them (Toma et 

al., 2011) especially by personal contact (Verbeke et 

al., 2015) such as the local butcher (Krystallis et al., 

2007), c) trust on the labelling that demonstrates the 

rearing system (Naspetti et al., 2015; Samant, Seo, 

2016; Erian, Phillips, 2017), d) purchasing place 

(Kennedy et al., 2004; Krystallis et al., 2007; Walley 

et al., 2015; Wongprawmas et al., 2018). The results 

showed statistically significant differences among the 

consumers' segments concerning the place of 

purchasing chicken meat and trust in local butchers in 

terms of purchasing safe meat. The "Innovative and 

moderate concerned" consumers, on an average of 

54.9% considered that the place of purchasing 

guaranteed the quality of chicken meat while the 

41.8% of the "Light concerned and cooks" consumers 

had the same perception. Moreover, trust in local 

butcher regarding chicken meat's safety revealed a 

percentage of 49.3% by "Light concerned and cooks" 

consumers, then the "Innovative and moderate 

concerned" consumers (35.6%). Furthermore, only 

one segment appeared with a statistically significant 

difference in consumers' willingness to purchase 

higher price chicken meat that was produced by 

animal welfare standards. Especially a rate of 32.8% 

was revealed on the "Light concerned and cooks" 

consumers. In contrast, the perception of labelling 

information regarding the rearing systems and the 

perception that local butcher provided the consumers 

with the desired quality of chicken meat, didn't show 

a statistically significant difference to all segments.

 
Table 6. Results of chi-square tests on consumers' segments with chicken meat attributes 

Items χ2 Df P-value 

Willingness to pay a higher price for chicken meat that is produced by animal welfare standards 61.519 15 0.000 

I do not believe the label information regarding the rearing system of the chicken 5.955 12 0.918 

The place that I purchase chicken meat e.g. supermarket, steakhouse, etc., offers me quality meat 34.521 12 0.001 

My butcher offers me the quality meat I desire 17.515 12 0.131 

I trust my butcher for the safety of the chicken meat that I purchase 28.320 12 0.005 

 

Additionally, the above results appeared to be 

consistent with the findings of other studies (Kennedy 

et al., 2004; Krystallis et al., 2007; Ripoll et al., 2015; 

Walley et al., 2015; Wongprawmas et al., 2018). 

Analytically, consumers of the current study, especially 

of the segments "Innovative and moderate concerned" 

and "Light concerned and cooks", considered the place 

of purchasing as a dominant extrinsic quality cue of 

chicken meat. Moreover, as previous studies (Kennedy 

et al., 2004; Krystallis et al. 2007; Sismanoglou, 

Tzimitra-Kalogianni, 2011; Raimundo, Batalha, 2015; 

Ripoll et al., 2015) have noted the butcher as the one 

that provided consumers safe chicken, the consumers 

of this study ("Light concerned and cooks" and 

"Innovative and moderate concerned") appeared, also, 

to trust the local butcher for providing them safe 

chicken meat. Furthermore, inconsistent with the 

literature (Tsakiridou et al., 2010; Van Loo et al., 2014; 

Vanhonacker et al., 2016) the consumers ("Light 

concerned and cooks") of the present study revealed to 

be a willingness to pay a higher amount for chicken 

meat that is produced by animal welfare standards. 

Although, in contrast with other studies (Pouta et al., 

2010; De Jonge, Van Trijp, 2014; Van Loo et al., 2014; 

Kehagia et al., 2017) consumers of this study didn't 

demonstrate a preference for labelling information 

concerning the rearing system, whereas the perceived 

chicken meat quality wasn't related with the butcher. 

These findings might have derived from the fact that as 

Krystallis and Arvanitoyannis (2006) and Krystallis et 

al. (2007) have noted, Greek consumers usually trust 

their visual chicken meat evaluation (like smell, colour, 

tenderness) together with their contact with the butcher, 

consequently, making difficult to be replaced them by 

trademarks and quality certifications for chicken meat. 

Conclusion 

The European poultry meat sector has been 

significantly affected by the COVID-19 crisis, mainly 

in terms of consumption. Specifically, in Greece, 

between the years 2019 and 2020, the level of reduction 

in poultry meat imports was 14.2%. Additionally, the 

socioeconomic implications of the COVID-19 pande-

mic may influence meat consumption (Nicola et al., 

2020) and possibly chicken meat consumption. More-

over, the FRL construct has been proposed as one of the 

best segmentation tools in the food sector (Grunert, 

2019) and according to the best of our knowledge, no 

published research has used the FRL approach on 

chicken meat consumption of Greeks consumers. Thus, 

the current study tried to segment chicken meat from 

Greek consumers after the first wave of the COVID-19 

pandemic. Greek consumers' segmentation was develo-

ped by the use of a food-related lifestyle model.  

Exploratory factor analysis was conducted and six 

factors were identified: i) "Nutritional value and 

innovation", ii) "Food security after the first wave of 

the pandemic", iii) "The role of food in social life", iv) 

"Ways of shopping", v) "Planned consumption and 

enjoyment", and vi) "Love for cooking". The hierar-

chical cluster analysis yielded the final food consumer 

segments that by the relevant literature (Krystallis, 
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Arvanitoyannis, 2006; Krystallis et al., 2007; Bernués 

et al., 2012; Ripoll et al., 2015; Buitrago-Vera et al., 

2016; Escriba-Perez et al., 2017; Kumar, Smith, 2018; 

Wongprawmas et al., 2018) were labelled as: "Sociable 

and safety seekers", "Light concerned and cooks", 

"Unconcerned and price seekers", "Innovative and 

moderate concerned".  

Analytically, the results revealed that only the 

segment that strongly switched their food consumption 

behaviour, due to the COVID-19 pandemic was the 

"Sociable and safety seekers" consumers. In contrast, 

the "Unconcerned and price seekers" consumers 

demonstrated the least concerns towards the COVID-

19 pandemic, concerning all other segments. However, 

the segment of "Light concerned and cooks" consumers 

appeared to have minimal concerns regarding food 

safety aspects like crowded places or safe convenience 

food, after the first wave of the pandemic. Additionally, 

the segment of "Innovative and moderate concerned" 

showed moderate concerns, but more in comparison to 

the "Light concerned and cooks" consumers  

Finally, "Light concerned and cooks" and "Innovative 

and moderate concerned" consumers appeared to 

consider the place of purchasing as a dominant extrinsic 

chicken meat quality cue. In addition, these consumers 

revealed to trust the butcher in terms of providing them 

safe chicken meat. Additionally, only "Light concerned 

and cooks" consumers showed a willingness to pay a 

higher amount for chicken meat that is produced by 

animal welfare standards, but there was no evidence 

that Greek consumers trusted the label information 

concerning the rearing system. 

The scientific value of this study was to lead 

marketers to orient their marketing strategy towards the 

external quality attributes of chicken meat, like animal 

welfare standards and place of purchasing. Hence, 

chicken meat can be differentiated and this product can 

be targeted to specific Greek consumer segments like 

"Light concerned and cooks" and "Innovative and 

moderate concerned" that was identified after the first 

wave of the COVID-19 pandemic. The limitation of 

this research lay in the exclusion of analysis of types of 

chicken meat products on all consumers' segments as 

well as the analysis of intrinsic quality cues of chicken 

meat on all consumers' segments. 

Additionally, further research might be conducted for 

identification of the quality cues that might dominate the 

Greek chicken meat food chain, whereas the results of this 

study might be used as a fundamental element for 

enhancing the knowledge of consumers' behaviour 

towards chicken meat after the first wave of the pandemic. 
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microbial activity is a sensitive indicator of soil 

agricultural practices, the input of fertilizers, organic 

matter and crop rotation (Emmerling et al., 2001; 

Bending et al., 2004).  

The application of a balanced amount of fertilizers 

and manures could increase enzymatic activity and soil 

respiration (Kanchikerimath, Singh, 2001). Organic 

fertilizers usually increase soil microbial biomass 

(Liang et al., 2005; Kaur et al., 2005). Organic manure-

stimulated biological activity and soil microbial bio-

mass have been proven to be positively correlated with 

improved soil fertility and quality as indicated by 

higher crop biomass and higher concentration of soil 

available nutrients and plant nutrient uptake (Bending 

et al., 2004; 2005; Tu et al., 2006; Kaminskyi et al., 

2021). Furthermore, these biological parameters can be 

used as sensitive bio-indicators of soil nutrient 

transformation, biological turnover and bio-availability 

(Tu et al., 2006). Long-term use or overuse of organic 

fertilizers had a relatively less positive effect on soil 

microbial biomass and activities than organic fertilizers 

(Hopkins, Shiel, 1996; Plaza et al., 2004; Hryhoriv et 

al., 2021). Numerous studies showed that microbial 

biomass could be decreased by the application of 

mineral N fertilizer (Hopkins, Shiel, 1996; 

Sarathchandra et al., 2001; Bittman et al., 2005), which 

may be caused by direct toxicity and reduced pH 

because of ammonium-based fertilizers (Hopkins, 

Shiel, 1996). 

In the scientific works of Ukraine’s scientists 

(Andreyuk, 2001; Tsyuk, 2018) the theoretical bases of 

the formation of soil’s structure and the functioning of 

their microbic cenoses (Patika et al., 2014, 2015) are 

devoted to researching the elements of formation of 

microbic groups in agrocenoses and application of 

microbial solutions as well (Bilyavskaya et al., 2010).  

In black soils, the total number and species composi-

tion of microorganisms depend on weather and climatic 

conditions, crops, e.g. the level of application of mine-

ral fertilizers and plant protection products and agrono-

mic tillages. Changes in the degree of influence of these 

factors on the soil are affected by the activity of the 

microflora and the products of its metabolism 

(Demyanyuk, 2016, 2018a,b,c).  

The information available in the scientific literature 

are different and indicates that the role of growing crops 

in the regulation of soil biodynamics has not been 

studied enough. It can be stated the effect of techno-

logies for growing crops on the soil’s microbial popu-

lation is sophisticated. To avoid negative consequen-

ces, it’s necessary to concentrate more attention on this 

question. 

However, despite the great amount of theoretical and 

methodological investigations, some questions about 

the transformation processes of nitrogen compounds оn 

deep typical black soil is too little studied. 

Our research aimed to estimate the changes in the 

number of microorganisms, and the direction of the 

mineralization processes intensity of typical black soil 

for different soil’s tillage and fertilizers. 

Materials and Methods 

The experimental part of the scientific work was 

performed in the research field of the National 

University of Life and Environmental Sciences of 

Ukraine (2014–2020).  

 
Тable 1. Soil’s capacities (mechanical, chemical) 

Soil’s type Content 

Humus, % Light hydrolyzed nitrogen 

(by Cornfield),  

mg 100 g–1 soil 

P (by Chirikov), 

mg 100 g–1 soil 

Cationic-change K, 

mg 100 g–1 soil 

Soil’s density, 

g cm3 –1 

pH 

Black soil typical, deep big 

cloggy medium-loam оn the loess 
4.6–4.8 14.4 15.2 15.2 1.24 6.4 

  

The scheme of crop rotation in the field was 1–2. 

Аlfalfa, 3. Winter wheat, 4. Sugar beets, 5. Barley, 6. 

Soybeans, 7. Winter wheat, 8. Corn for silage, 9. Winter 

wheat, 10. Sunflower. This crop rotation uses three 

levels of fertilizer per 1 ha of crop rotation area:  

 for the mineral system – compost 4.5 tonnes + 

N80P96K108;  

 organic-mineral system – compost 4.5 tonnes + 

N40P48K54 + 3.5 tone by-products and green 

manure and organic-compost 4.5 t + 3.0 tone of 

secondary products and green mass.  

 

The experiment used fertilizers: compost, ammonium 

nitrate, granular superphosphate and potassium chlori-

de. The second factor studied was the system of basic 

tillage: 1) differentiated tillage (control), which is 

recommended in the Forest-Steppe zone. It provides 

five ploughs for crop rotation, two surface tillage for 

winter wheat at 10–12 сm after soybeans and corn for 

silage and one chisel tillage under barley at 20–22 сm; 

2) Plough with unplough system that provides two 

ploughs for crop rotation under sugar beets at 28–30 сm 

and sunflower at 25–27 сm and unplough cultivation 

for other crops; 3) surface unplough tillage at 10–12 сm 

for all crops. Our investigations were held in the 

biocenosis of winter wheat after alfalfa.  

The plot area was 240 m2 with four times repetitions. 

Soil samples were taken up to deep 20 cm. The number 

of microorganisms was determined by the methods of 

sowing soil suspension on solid nutrient solutions 

(Iutinskaya, 2006). Meat-peptone agar was used to 

account for the number of nitrogen-absorbing bacteria 

in organic compounds; on starch-ammonia agar – the 

number of bacteria that assimilate mineral forms of 

nitrogen (Zvyagintsev, 1991). The direction of micro-
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biological processes in the soil was determined by the 

methods described by Volkogon (2010b). 

Statistical analysis of the results was performed using 

Statistica 6 software. 

Results and Discussion 

The functioning of microbial complexes in the soil 

provides continuous processes of transformation of 

organic matter in terrestrial ecosystems. The study of 

the dynamics of their numbers makes it possible to 

reveal the mechanisms that determine the general direc-

tions of the soil’s matter transformation and the state of 

ecosystems in general (Patika et al., 2010; Loboda et 

al., 2019). 

The number of soil microorganisms of different 

ecological and trophic groups in typical black soils and 

their ratio varies depending on the system of tillage and 

fertilizer. 

It was found that in variants with different tillage 

systems, independently of the applied mineral ferti-

lizers, a biologically different tillage layer of the soil is 

formed, in some parts of the arable layer the microorga-

nisms are unevenly distributed. There is a decrease in 

the number of all groups of microorganisms down the 

soil profile, which is associated with changes in ther-

mal, air and nutrient regimes, as well as an increase in 

soil density with depth. 

The influence of the systems of the basic autumn 

processing of the soil on the microbiocenosis of the 

typical black soil showed itself differently. Unplough 

processing stimulates the rapid development of soil 

microorganisms in the upper 0–10 cm soil layer 

compared with plough processing, but not in the deeper 

layers. 

Intensive technologies for growing crops, based on 

plough cultivation with the use of high rates of mineral 

fertilizers and plant protection chemicals, significantly 

change the taxonomic structure of microbial associa-

tions and their functional activity. The biological cycle 

of substances and energy are increased with soil’s 

biological activity, increasing the mineralization of 

organic matter according to maintaining the level of 

humification processes (Sherstoboeva, 2017; Rieznik et 

al., 2021). So in modern agrocenoses, there is a degra-

dation of humus and a decrease in soil fertility (Saiko, 

2002). The use of unplowed tillage with the saving of 

stubble and plant remains on the soil surface in combi-

nation with organic and mineral fertilizers, is accom-

panied by the formation of favourable conditions for 

microbiological processes and especially humus accu-

mulation. According to (Balaev, Tonhka, 2013; Manko 

et al., 2019), the humification coefficients of plant 

residues are increased by 20–30% together with un-

plowed cultivation and the processes of their minera-

lization are attenuated compared to ploughed cultiva-

tion. 

Another approach is held Nikiforenko (1982), who 

believes that unploughed tillage reduces microbio-

logical activity in the soil, changes the group composi-

tion of microorganisms, reduces the number of nitri-

fications organisms and deteriorates the conditions of 

plant’s mineral nutrition. 

Thus, in the variants without fertilizers, the number 

of microorganisms using mineral forms of nitrogen 

(potassium ammonium nitrate) increased by 27%, and 

on the organic-mineral by 1.6 times (Fig. 1).

 

 
Figure 1. The number of microorganisms (million CFU g–1 of absolutely dry soil) of the main ecological and trophic groups in terms 
of application of the system of tillage and fertilizer (2014–2020 years) (LSD0.05 for tillage – Ff<F0.05; LSD0.05 for fertilizers – 0.1; 
LSD0.05 for soil’s layer – 0.15) 

  

Similar indicators were obtained for bacteria using 

nitrogen of organic compounds. The increase in their 

number, depending on the ground of fertilizer, was, 

respectively 1.5 and 1.7 times. In the case of unplough 

small tillage, the 0–10 cm layer remained richer in 

microorganisms throughout the growing season, due to 

the dominance of the plant residues on it, organic and 

mineral fertilizers, as well as better temperature condi-

tions, higher moisture supply and good access to 

oxygen (Fig. 2). 
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Figure 2. The number of bacteria (million CFU g–1 of absolutely dry soil) of the main ecological and trophic groups in terms of 
application of the system of tillage and fertilizer on 2014–2020 years (LSD0.05 for tillage – Ff<F0.05; LSD0.05 for fertilizers – 1.12; 
LSD0.05 – 1.14 for soil’s layer) 

  

It’s necessary to note in terms of unploughed system 

the lower part of the treated layer is somewhat more 

microflora. Our research has shown a decrease in the 

number of microorganisms that absorb nitrogen mine-

ral compounds by 9–24% and ammonifying bacteria – 

by 1.5–5.7% compared to plough processing. 

The effect of fertilizers on the soil’s microbial grouping 

was much stronger than the effect of soil’s tillage. Their 

effect both during ploughing and unploughed tillage was 

observed in all parts of the treated layer, with a maximum 

at a depth of 0–10 cm. Under the influence of organo-

mineral fertilizers, the number of microorganisms using 

mineral forms of nitrogen changed most significantly 

(1.5–2.0 times). As for bacteria using nitrogen of organic 

compounds, their number has decreased. 

The organic-mineral fertilizer system increases the 

number of microorganisms in the soil and creates 

favourable mobilization processes compared to the 

variant without fertilizers. This is clear to both variants 

for processing at the depth of the treated layer.  

The dynamics of the number of microorganisms in 

the main groups indicate the direction of microbiolo-

gical processes toward degradation or restoring soil 

fertility. Microbiological processes occurring in black 

soils typical of the coefficient of mineralization-im-

mobilization of nitrogen compounds were evaluated 

(Table 2). This coefficient characterizes their intensity 

and direction (Andreyuk, 2001; Parkhomenko et al., 

2021). 

 
Table 2. The intensity of mineralization processes of typical 
deep black soil 

System of 

soil’s tillage 

Fertilizer systems Soil layer, cm Nitrogen 

mineralization-

immobilization 

coefficient 

Differentiate 

(control) 

Without fertilizer 0–10 2.18 

10–20 2.04 

Organic-mineral 0–10 2.74 

10–20 2.44 

Shallow 

unplough 

processing 

Without fertilizer 0–10 1.91 

10–20 1.87 

Organic-mineral 0–10 2.57 

10–20 2.15 

The enhancement of mobilization processes on ferti-

lized variants can also be judged from the ratio between 

the number of microorganisms recorded on potassium 

ammonium nitrate and МPA. According to our data, on 

fertilized variants, compared to variants without ferti-

lizers, its value is higher by 20–26% for shelf cultiva-

tion and by 14–35% for shallow cultivation. According 

to our investigations, on fertilized variants, compared 

to variants without fertilizers, its value is higher by 20–

26% for shelf cultivation and by 14–35% for shallow 

cultivation. 

As for the absolute values of mineralization-immobi-

lization coefficients, their value, independently of the 

agrochemical ground, is 3–13% less than shallow 

tillage.  

Microbiocenosis, formations in black soil typical for 

the variant from differentiated processing is increased 

the process of mineralization, due to the mineralization 

of organic matter, and a small unploughed processing 

is inhibit this process. It pleases with the thought 

(Andreetta et al., 2011) obtained results on the content 

and reserves of total humus.   

On typical deep soils with a low buffering capacity, it 

is impractical to apply high rates of mineral fertilizers, 

which causes a significant imbalance of microbioce-

nosis and does not contribute to the preservation of 

organic matter (Volkogon et al., 2010a). 

Conclusion 

A study of the impact of the transformation of 

nitrogen compounds of chernozem typical of tillage 

and fertilizer systems showed that without the use of 

fertilizers microorganisms that use mineral forms of 

nitrogen, their number increased by 27%, and the 

organo-mineral system – by 1.6 times. There was a 

decrease in ammonifying bacteria in non-shelf tillage 

by 1.5–5.7% compared to shelf tillage. The coefficient 

of mineralization – immobilization of nitrogen is 

significantly reduced by 3–13% with shallow tillage 

compared to differentiated. 
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ABSTRACT. The sowing unit is one of the most important working 

bodies of the drill. It is used to select from the total mass of a certain 

number of seeds and the formation of their output flow with the specified 

parameters. Therefore, the advantages and disadvantages of seeders, in 

terms of the quality of seed distribution in a row and general in the sown 

field, are mainly determined by the work of sowing machines. The 

research was carried out to develop a model of random packing of seeds 

of small-seeded crops in the tank of the sowing apparatus of the selection 

drill. The research was conducted based on numerical simulation in the 

software package of the CAE-system Simcenter STAR-CCM +. Because 

of research, the mathematical model of casual packing of seeds of small-

seeded cultures in the capacity of the sowing device of a selection seeder 

is developed that allowed defining the equation of regression of its density 

from the effective diameter of seeds and coefficient of variation of this 

diameter. As a result of research of process of work of the batcher of the 

sowing device of a selection seeder regularity of change of its throughput 

from an angle of inclination of a gate, type of a form of executions 

(triangle, semicircle, rectangle) in the form of a polynomial of the third 

degree are received. It is established that the choice of the triangular shape 

of the dispenser allows for ensuring the highest accuracy of seed dosing. 

© 2022 Akadeemiline Põllumajanduse Selts. | © 2022 Estonian Academic Agricultural Society. 

 

Introduction 

In the sphere of selective production of small-seeded 

crops’ seeds, the interest in sowing problems has grown 

significantly in recent times. This is due to the signifi-

cance of obtaining high-quality crops at the initial point 

of research and preliminary propagation of new 

varieties and hybrids of small-seeded crops (Molotsky 

et al., 2006; Hakansson et al., 2013; Shepelev et al., 

2016; Vasylkivsky, Kochmarsky, 2016; Shackley et al., 

2019; Mazur et al., 2021). By the conditions required 

for the normal development of plants, high agrotech-

nical requirements are put forward to the quality of 

crops sown on selection sites for preliminary reproduc-

tion and variety testing, since more expensive sowing 

material is used. Important agronomic requirements 

have to ensure uniform distribution of seeds along the 

row at a level not lower than 95% (Kryuchin, 2009). 

The sowing method depends on soil and climatic 

conditions and the sowing qualities of small-seeded 

crops’ seeds. The task of sowing is to create favourable 

conditions for the germination of seeds and plants, as 

well as to ensure their required density with uniform 

placement in rows. The required density of crops and 

the order of seeds placement in the field is the basis for 

choosing the method of sowing the seeds of small-

seeded crops. On this basis, the row spacing and the 

interval between seeds are selected (Khalansky, 

Gorbachev, 2004; Kryuchin, 2009). 

Technical-operational and production-technological 

indicators make an integral part of agro-technical requi-

rements to seeders. They determine the main para-

meters of the sowing unit: capture width, operational 

speeds, power consumption, output, service life, coeffi-

cients of technological process’s preparedness and 

https://orcid.org/0000-0003-0502-1356
https://orcid.org/0000-0002-1599-5720
https://orcid.org/0000-0002-4614-2245
https://orcid.org/0000-0003-4006-8803
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reliability, occupational safety conditions and operatio-

nal convenience, the quantity of service personnel, etc. 

(Alhassan et al., 2018; Ovtov, Abrosimov, 2020; 

Hrushetskyi et al., 2021). In addition, the seeds should 

be aligned in size and free from pubescence, hooks and 

similar roughness, characterized by high germination 

(Aliiev et al., 2019; Aliiev, 2020; Paziuk et al., 2021; 

Shevchenko et al., 2021). 

Thus, the main qualitative, quantitative and operational 

characteristics of sowing and other machines are 

determined based on agrotechnical requirements, the 

perfection and exact execution of which ensure the 

development of efficient and cost-effective sowing units. 

The sowing unit is one of the most important working 

bodies of the seeder. It is used to select the particular 

number of seeds from the total mass and to form an out-

put stream from them with specified parameters (Pankov 

et al., 2016; Shevchenko et al., 2018). Therefore, the 

advantages and disadvantages of seeders, in terms of 

quality of seed distribution in rows and sown fields in 

general, are mainly determined by the seeder's operation. 

When sowing small-seeded crops in varietal testing 

and pre-propagation areas, electromechanical seeders 

have become widespread. However, the problem with 

their use lies in an insufficient uniformity of seed 

distribution along the row, which is due to random 

processes that occur during sowing. As a result, crops 

appear to be uneven – with thickening or rarefying of 

plants in a row, which ultimately leads to a decrease in 

yields of selection-valuable small-seeded crops. 

In this regard, studies aimed at improving the process 

of seed dosing by sowing units of selection seeders are 

of great scientific and practical significance.  

Methods 

Sowing of small-seeded crops’ seeds in the electro-

mechanical sowing unit is reduced to the process of 

their dosing and transportation to the seed pipeline. In 

most designs of electromechanical seeders, the seeds 

are unloaded into the seeders reservoir, wherein mathe-

matical terms are formed into random packages. 

Further, using a valve through dosing holes so formed, 

seeds enter the distributor, being supplied to the seed 

pipeline. Given the fact that the said study was conduc-

ted to develop the model for random packaging of 

small-seeded crops’ seeds in the reservoir of selection 

seeders sowing unit. 

Recent theoretical studies of mechanical and techno-

logical processes of seed movement under the action of 

the machines’ working bodies are reduced to analytical 

methods, this leading to the compilation of complex 

systems of differential equations with boundary and 

initial conditions (Aliev et al., 2018). In practical terms, 

these systems cannot be solved in conventional ways, 

so the need exists for their numerical solution using 

computer simulation. 

Among up-to-date methods of computer simulation 

of mechanical and technological processes of bulk 

medium’s (seed mixture’s) movement, particular 

emphasis is put on the methods based on the concept of 

discrete representation of matter – the method of 

particle dynamics and the method of discrete elements 

(Rutkevych et al., 2022). The method of particle 

dynamics is represented by media in the form of sets of 

interacting particles – material points or solids. Their 

motion is described by equations of classical 

mechanics. When simulating the motion of particles 

using the method of particle dynamics at each step, 

iterative methods solve the Cauchy problem – 

differential equations are integrated under given initial 

conditions. The best-known programs for calculations 

using the particle dynamics method are AMBER, 

CHARMM, GROMACS, GROMOS and NAMD. The 

discrete element method may be deemed the genera-

lization of the finite element method. When simulating 

the process, this method sets particles’ initial positions 

and velocities. Then, based on these initial data of given 

physical laws of particles’ interaction, forces acting on 

each particle are calculated. At the same time, it is 

possible to consider various laws of interaction them-

selves; the existence of solvable equations to describe 

them is sufficient. For each particle, the resultant force 

is calculated and the Cauchy problem is solved at a 

selected time interval. The result is initial data for the 

next step. The following programs implementing the 

method of discrete elements are the best-known ones: 

Chute Maven (Hustrulid Technologies Inc.), PFC2D 

and PFC3D, EDEM (DEM Solutions Ltd.), GROMOS 

96, ELFEN, MIMES, PASSAGE and Star CCM +. The 

discrete element method is based on the laws of 

momentum conservation and impulse-momentum for 

Lagrange models of multiphase medium (Aliev et al., 

2018). However, to generate a physical-mathematical 

model, one should assume that particles of components 

are represented by balls with particular density and 

effective diameter. 

Therefore, further theoretical research was conducted 

based on numerical simulation in Simcenter STAR-

CCM + CAE-system software package. 

The first stage of theoretical research lies in the 

development of the model for random packaging of 

small-seeded crops’ seeds in the reservoir of selection 

seeders sowing apparatus and substantiation of its 

dispenser’s geometrical parameters. 

Let us approximate the geometrical shape of small-

seeded crops’ (rapeseed, mustard, camelina, millet, 

etc.) seeds in the form of balls with the effective dia-

meter of D. According to previous studies (Shevchenko 

et al., 2018; Aliiev et al., 2019; Aliiev, 2020) even 

calibrated seed mixtures contain seeds with different 

effective diameters. Therefore, let us assume that 

seeds’ effective diameters are subject to normal distri-

bution and characterized by the probability density of: 

 
 

2

D 2

D

D D1
f D,D , exp

22







 
   
  
 

, (1) 

where Dμ is the average value of the effective seed 

diameter, m; σD is the standard deviation of the 

effective seed diameter, m 
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That said, the seeds may have the effective diameter 

being in the range of  min maxD D ;D , where Dmin is the 

minimum value of the effective diameter, m; Dmax is the 

maximum value of the effective diameter, m 

Assuming that the seeds’ density is the same and 

equals ρ, the weight of 1000 seeds is determined using 

the formula: 

3

1000

500
m D

3
  , (2) 

where ρ is the seeds’ density, kg m3 –1. 

 

The reservoir of selection seeders seed sowing unit 

has the form of a rectangular parallelepiped with the 

height of h, the base of which being a square with the 

side of a.  

Generation of random packaging consists of the 

consecutive launch of spherically shaped seeds with 

randomly chosen coordinate at the top face of the 

reservoir of the selection seeders seed-sowing unit 

(Fig. 1) in its bottom direction. The initial sedimenta-

tion rate for all particles is set as the same. For the 

random generation of seeds, let us assume that the 

upper plane of the selection seeders seed sowing unit 

reservoir is divided into  2 2

GN 4a D  cells of equal 

size. In these cells, seeds are generated (1) or not 

generated (0). The probability of seed generation in 

each cell equals 0.5. 

 

 
Figure 1. Simulation of filling the selection seeders seed 
sowing unit reservoir with spherical seeds 

 

The movement of launched seeds is subsequently 

monitored. To exclude the calculation of the seed’s 

movement from the reservoir’s upper limit to its first 

contact with the already formed package, the seed is 

launched from some point inside the reservoir above 

the package, in which such moving seed is close 

enough to the level of the package. z` coordinate of 

controlled seed acquires z`value = z + D1/2 + D2/2, 

where z is the coordinate of the centre of the highest 

seed from among the seeds that settled at the bottom of 

the reservoir; D1 is the diameter of the moving seed and 

D2 is the diameter of the seed in the package centred in 

z. x` and y` coordinates are determined by a random 

number generator, which with equal probability 

acquires the values from 0.5a - (λ - D1/2) to 0.5a + (λ - 

D1/2), where λ is the predetermined number between 

Dmin/2 and Dmax/2. Setting λ number allows us to set the 

size of the seed launch source. With λ = D1/2, launched 

seeds are on x` line = 0.5a and y` line = 0.5a. 

When the seed collides with a seed in the package, the 

spring/dash-pot contact occurs. One can assume that 

the following forces can act on seeds: 

- gravity (Dinesh, 2009): 

3

gF D g / 6,    (3) 

where
gF  is gravity vector, N. 

 

- the total force of seeds’ contact interaction between 

themselves and the wall, which is based on Hertz-

Mindlin’s spring/dash-pot contact model (Di Renzo, Di 

Maio, 2004; Komiwes et al., 2006): 

contact n tF F F  , (4) 

where contactF is the interaction effort between the 

seeds and the wall, H; nF  is a normal effort component, 

H; tF  is a tangential effort component, N. 

 

The normal force component is determined using the 

following equation: 

n n n n nF K d N V   , (5) 

where Kn is the elastic component’s normal stiffness 

factor, kg s2 –1; 

n eq n eq

4
K E d R

3
 , (6) 

where Nn is the damping component’s normal 

damping ratio, kg s–1; 

 n n eq n dampN 5K M N . (7) 

According to researches (Di Renzo, Di Maio, 2004; 

Komiwes et al., 2006), the tangential component of 

force is defined as: 

t t t t tF K d N V    (8) 

if t t n n fsK d K d C , where Сfs is the statistical 

coefficient of friction between the seeds or with the 

wall. Otherwise, the tangential component of force is 

determined using the following equation: 

t n n fs t tF K d C d / d , (9) 

where Kt is the elastic component’s tangential 

stiffness factor, kg s2 –1; 
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t eq t eqK 8G d R , (10) 

Nt is the damping component’s tangential damping 

ratio, kg s–1; 

 t t eq t dampN 5K M N , (11) 

Ndamp is the attenuation factor 

   
2

2

damp n rest n restN ln C ln C    , (12) 

Req is the equivalent radius of two seeds A and B, m; 

1

eq

A B

2 2
R

D D



 
  
 

, (13) 

Meq is the equivalent weight of two seeds A and B, 

kg; 

1

eq

A B

1 1
M

M M



 
  
 

, (14) 

Eeq is the two seeds’ equivalent Young's modulus ‘ A 

and B, Pa; 

1
2 2

A B

eq

A B

1 1
E

E E



   
  
 

, (15) 

Geq is the equivalent shear modulus of two seeds A 

and B, PA; 

     
1

A A B B

eq

A B

2 2 1 2 2 1
G

E E



       
  
 
 

 (16) 

MA, MB are weights of seeds A and B, kg; dn, dt, being 

virtual overlaps of seeds A and B in normal and 

tangential directions, m; DA, DB are effective diameters 

of seeds A and B, m; EA, EB are Young's modules of 

seeds A and B, Pa; νA, νB are Poisson's ratios of seeds 

A and B; nV , tV  are normal and tangential compo-

nents of seed surface’s relative velocity at the point of 

contact, m s–1. 

For the process of interaction between seeds and the 

wall, (2.5) – (2.16) dependencies are adequate, 

however Dwall radius = ∞ and Mwall wall mass = ∞ are 

assumed for the wall. As a result, (2.13) and (2.14) 

expressions transform into 

Req = Dp/2, Meq = Mp. (17) 

Given the above-mentioned forces, let us write the 

system of differential equations of motion of one 

spherical seed in the reservoir of the selection seeder's 

sowing unit: 

p p3 3

n t

p p

p

p

p

d V1 1
D D g F F ,

6 dt 6

d S
V ,

dt

d
V ,

dt t


      







 

  


 (17) 

where 
pV  is seed velocity vector, m s–1; 

pS  is seed 

movement vector, m. 

 

To determine the position of each seed in the reservoir 

of the selection seeders seed sowing unit, one should 

solve the system of differential equations (17) taking 

into account formulas (3)–(16), which is analytically 

quite difficult to do. Therefore, we will subsequently 

use Star CCM + software package, which is based on 

the presented mathematical apparatus. 

Numerical simulation factors are represented by the 

average value of effective seed diameter Dμ (0.001; 

0.002; 0.003 m) and variation coefficient δD (0.1; 0.2; 

0.3), which is calculated as the ratio of the standard 

deviation of effective seed diameter σD to its average 

value (Table 1). The simulation was performed for a 

full-factor experiment concerning two factors with nine 

experiments in five repetitions. 

The evaluation criterion is represented by package 

density, which is determined as follows: 

N
3

i

i 1

2

1
D

6

a h





 


 
(18) 

where i is seed No.; N is the total number of seeds. 

 
Table 1. Factors and levels of numerical simulation of random packaging of seeds in the seeders reservoir  

No. Effective seed 

diameter Dμ, m 

Variation factor 

δ 

Standard deviation of effective seed 

diameter σD, m 

Minimum seed diameter 

value Dmin, m 

Maximum seed diameter 

value Dmax, m 

1 0.001 0.1 0.0001 0.0007 0.0013 

2 0.001 0.2 0.0002 0.0004 0.0016 

3 0.001 0.3 0.0003 0.0001 0.0019 

4 0.002 0.1 0.0002 0.0014 0.0026 

5 0.002 0.2 0.0004 0.0008 0.0032 

6 0.002 0.3 0.0006 0.0002 0.0038 

7 0.003 0.1 0.0003 0.0021 0.0039 

8 0.003 0.2 0.0006 0.0012 0.0048 

9 0.003 0.3 0.0009 0.0003 0.0057 
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Please note that for one-dimensional spheres, the 

densest package in space is represented by a regular 

icosahedron, which contains 12 vertices (Fig. 2a). 

Centres of spheres are located at the vertices of this 

three-dimensional figure. As noted in studies (Conway, 

Sloane, 1999; Aste, Weaire, 2008), the average density 

of such packaging is 0.7405. For simple packages 

(4 spheres): cubic (Fig. 2b) and hexagonal (Fig. 2c) the 

density is 0.5236 and 0.6043, respectively. Given the 

above, one can state that for uniform-sized spheres in 

space, packaging density may range from 0.5236 to 

0.7405. 

 

 
 a b c 

Figure 2. Examples of packages of uniform-sized spheres in space 

 

The next step is to determine the patterns of the 

dispenser’s operation, which is presented in the form of 

a valve that opens holes of different shapes. Holes of 

the cylindrical dispenser are made in three designs 

(Fig. 3): I – as a triangle, II – as a semicircle, and III – 

as a rectangle. Dependencies between the area of the 

dispenser’s one hole S and valve rotation angle α for 

different designs are shown in Fig. 3.

 

 
Figure 3. Dependencies between the area of the dispenser’s one hole S and valve rotation angle α for different designs 

 

The factors of numerical simulation are represented 

by package density   (0.550; 0.575; 0.600) and valve 

rotation angle α (0.1–1.5 through 0.1).  

The evaluation criterion is represented by the 

reservoir dispenser’s throughput Qd, which is deter-

mined using the formula: 

d

n
Q

t
  (19) 

where t is time, s; n is the number of seeds. 
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Physical models for dosing process simulation using 

Star CCM + software package are as follows: three-

dimensional model, nonstationary implicit model, the 

mathematical model of one-component gas (air), model 

of an ideal gas (air), model of turbulent airflow, k-ε 

model of air turbulence, isothermal equation of fluid 

energy, Reynolds-averaged Navier-Stokes equation 

(Gunko et al., 2021), separate flow, gradient and 

boundary methods, Lagrangian model of the multi-

phase medium (Solona et al., 2020; Kovbasa et al., 

2021), multiphase interaction model, discrete elements 

model (DEM), gravity field (Kubicki, Lo, 2012; Satish 

et al., 2013; Iguchi, Ilegbusi, 2014; Yaropud et al., 

2021; Rutkevych et al., 2022). 

The seeds are presented in the form of the Lagrange 

phase according to the following models: constant 

density, pressure gradient force, particle resistance 

force, spherical particles, single-component solid 

particles, and DEM particles. For example, rapeseed 

was selected as the seed, which according to the 

analysis of literature has the following physical and 

mechanical properties: Poisson's ratio – 0.2; Young's 

modulus – 0.2 MPa; density – 700 kg m3 –1; coefficient 

of static friction – 0.58; normal recovery factor – 0.5; 

tangential recovery factor – 0.5; rolling resistance 

coefficient – 0.3 (Aliiev, 2019; Paziuk et al., 2019). 

Results 

According to numerical modelling results, visualiza-

tion of random packaging of small-seeded crops’ seeds 

in the reservoir of the selection seeders sowing unit with 

different geometrical sizes of seeds was obtained (Fig. 

4). For each numerical experiment, packaging density is 

calculated, and the results are summarized in Table 2. 

 

 

 

 
Figure 4. Visualization of random packaging of small-seeded crops’ seeds in the reservoir of selection seeders sowing unit 

 

Table 2. Results of simulation of random packaging of small-seeded crops’ seeds in the reservoir of selection seeders sowing unit 

Effective seed 

diameter 

Diameter variation 

ratio 

Packaging density φ 

Repeatability 
  

σφ δφ 

Dμ, mm x1 δ x2 1 2 3 4 5 

0.001 –1 0.1 –1 0.5628 0.5684 0.5552 0.5611 0.5594 0.5614 0.0048 0.0086 

0.001 –1 0.2 0 0.5991 0.6024 0.5955 0.5970 0.5969 0.5982 0.0027 0.0045 

0.001 –1 0.3 1 0.6164 0.6227 0.6112 0.6192 0.6130 0.6165 0.0046 0.0075 

0.002 0 0.1 –1 0.5587 0.5611 0.5524 0.5585 0.5559 0.5573 0.0033 0.0059 

0.002 0 0.2 0 0.5944 0.5977 0.5912 0.5930 0.5939 0.5940 0.0024 0.0040 

0.002 0 0.3 1 0.6041 0.6063 0.5975 0.6048 0.6010 0.6027 0.0035 0.0058 

0.003 1 0.1 –1 0.5532 0.5564 0.5496 0.5546 0.5522 0.5532 0.0026 0.0046 

0.003 1 0.2 0 0.5884 0.5938 0.5842 0.5923 0.5857 0.5889 0.0041 0.0070 

0.003 1 0.3 1 0.5995 0.6048 0.5952 0.6032 0.5990 0.6003 0.0038 0.0063 

  is the average value of packaging density; σφ is the standard deviation of packaging density; δφ is the coefficient of packaging density 

variation  
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Using the Wolfram Mathematica software package, let us present the obtained table data in the form of a second-

order regression equation in coded form: 

𝜑 = 0.592558 − 0.00560667 𝑥1 + 0.00171333 𝑥1
2 + 0.0246133 𝑥2 − − 0.001995 𝑥1 𝑥2 − 0.0117867 𝑥2

2. (20) 

Statistical processing of the obtained equation (20) is presented in table 3. Taking into account the number of 

degrees of freedom of obtained results matrix, the Student's tabular criterion is t(0.05; 36) = 2.03. Comparing the 

Student's tabular criterion with the one calculated in Table 3, we could discard insignificant coefficients of a 

regression equation (20) and finally obtain: 

𝜑 = 0.592558 − 0.00560667 𝐷𝜇  +  0.0246133 𝛿 − − 0.001995 𝐷𝜇  𝛿 − 0.0117867 𝛿2. (21) 

 
Table 3. Statistical processing of equation (20) 

Ratio Value Student's criterion 

a00 0.592558 465.7 

a10 –0.00560667 –8.04488 

a20 0.0246133 35.3171 

a12 –0.001995 –2.33729 

a11 0.00171333 1.41937 

a22 –0.0117867 –9.76439 

 

A graphical representation of equation (21) is shown 

in Fig. 5. With the decrease in effective seed diameter 

Dμ and increase in variation coefficient δ, the increase 

in random packaging density φ of small-seeded crops’ 

spherical seeds in the reservoir of the selection seeders 

sowing unit is observed. This is because seeds of 

smaller diameter fill the voids between the seeds of 

larger diameter. Increasing the density of random seed 

packaging can lead to the formation of arches, which 

renders dosing impossible. Let us test this hypothesis 

by determining the regular patterns of dispenser opera-

tion. 

 
Figure 5. A regular pattern of change in random packaging 
density φ of small-seeded crops’ seeds in the reservoir of 
selection seeders sowing unit in terms of effective seed 
diameter Dμ and its δ factor 

 

The results of dispenser operation modelling, obtai-

ned was a visualization of the process shown in Fig. 6, 

while numerical data were summarized in Table 4. 

 

 
Figure 6. Visualization of dispenser operation process in selection seeders sowing unit 

 
Table 4. Throughput Qd of selection seeders seed sowing unit (pcs s–1) 

φ Hole option Valve rotation angle α, rad 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 

0.550 І 0 0 0 6 18 35 63 103 155 227 319 438 584 764 985 

ІІ 0 0 16 38 69 109 161 227 307 403 516 648 802 978 1179 

III 0 1 30 71 124 187 263 351 450 562 685 819 965 1124 1293 

0.575 most 

common 

І 0 0 0 3 13 32 60 99 151 224 316 434 580 761 981 

ІІ 0 0 13 35 66 107 160 224 305 399 513 646 800 976 1176 

III 0 0 11 52 105 169 246 333 432 544 667 801 947 1105 1275 

0.600 І 0 0 0 1 12 30 58 97 149 222 314 432 579 760 979 

ІІ 0 0 0 30 61 101 154 219 299 395 508 641 794 971 1172 

III 0 0 0 36 89 153 229 318 417 528 650 786 932 1090 1259 

Avg. І 0 0 0 3 14 33 60 99 152 224 316 435 581 762 981 

ІІ 0 0 10 34 65 106 158 224 303 399 513 645 799 975 1176 

III 0 0 14 53 106 170 246 334 433 545 667 802 948 1106 1276 

And – a triangle; ІІ – semicircle; III - a rectangle 
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It follows from Table 4 that the throughput of dispenser Qd of the selection seeders sowing unit does not depend 

on the density of random packaging φ of small-seeded crops’ seeds in the reservoir. However, one can see that at 

the valve’s inclination angle of α = 0–0.3 rad, the throughput of metering unit Qd = 0. This is due to the formation 

of arches in the seeders reservoir. Having found the average value of dispenser’s throughput Qd for three values 

of density of seeds’ random packaging φ, let us approximate the obtained data in the form of a third-degree 

polynomial (Fig. 7): 

 

- for an option I (triangle): 

𝑄𝑑 = =  494.05 𝛼3 − 387.74 𝛼2 + 130.04 𝛼 −  13.729; 𝑅2  =  0.9998, (22) 

- for the II variant (semicircle): 

𝑄𝑑 = 220.92 𝛼3 + 213.26 𝛼2 − 34.755 𝛼; 𝑅2 = 0.9999, (23) 

- for option III (rectangle): 

𝑄𝑑 = − 57.688 𝛼3 + 753.18 𝛼2 − 150.99 𝛼; 𝑅2 = 0.9998. (24) 

 

 
Figure 7. A regular pattern of change in the throughput of dispenser Qd of selection seeders sowing unit depending on gate α 
inclination angle 
  

Discussion 

Analysis of presented studies (Molotsky et al., 2006; 

Hakansson et al., 2013; Vakhnenko, Poliakov, 2010; 

Makhova, Polyakov, 2012; Poliakov, Vakhnenko, 

2012) and selection operation patterns (Alhassan et al., 

2018; Ovtov, Abrosimov, 2020) depending on biolo-

gical characteristics of small-seeded crops suggests the 

need to create such a small seeder that can ensure 

sowing at all stages of the selection process (creating 

populations for selection; selection of desired genoty-

pes – original elite plants; progeny testing, reproduction 

to production-significant volumes). 

According to studies (Vakhnenko, Poliakov, 2010; 

Makhova, Polyakov, 2012; Poliakov, Vakhnenko, 

2012; Khalansky, Gorbachev, 2004; Kryuchin, 2009) 

and the conditions required for normal development of 

vegetation, before sowing in select areas of preliminary 

propagation and varietal testing, significant agronomi-

cal requirements mean ensuring a uniform distribution 

of seeds along rows at the level not lower than 95 % 

(Kryuchin, 2009). Compliance with this requirement 

contributes to the best possible supply of nutrients to all 

plants. 

As a result of patent data analysis (Pankov et al., 

2016; Shevchenko et al., 2018), it has been established 

that electromechanical seeders are the most expedient 

for the selection of small-seeded crops, as they ensure 

high enough accuracy of sowing and have perspective 

opportunities for management of changes in varietal 

samples directly during sowing in different areas. 

As a result of theoretical studies of seed movement in 

the reservoir of the selection seeders sowing unit, a 

respective system of differential equations (17) was 

compiled taking into account formulas (3) to (16) 

forming the basis of the mathematical apparatus of Star 

CCM + software package. According to the results of 

numerical simulation, obtained was the visualization of 

random packaging of small-seeded crops’ seeds in the 

reservoir of selection seeders sowing unit and equation 

of its regression φ (21) between density and effective 

seed diameter Dμ, as well as coefficient of this 

diameter’s variation δ. According to the results of 

numerical simulations, it has been established that the 

throughput of dispenser Qd of selection seeders sowing 

unit does not depend on the density of random packa-

ging φ of small-seeded crops’ seeds in the reservoir. 

Because of data approximation, the regular pattern 

between the change in the throughput of dispenser Qd 

of selection seeders seeds sowing unit and valve α 

inclination angle in the form of a third-degree polyno-

mial (22)–(24) has been obtained. Analysis of Figure 7 

and dependencies (22)–(24) allows us to the state where 

it is necessary to ensure the throughput of dispenser Qd 

from 1 pc s–1 to 100 pcs s–1, the angle of valve α should 

vary from 0.3 rad to 0.8 rad. At the seeders movement 

speed of 1 m s–1 (4 m s–1), the dispenser’s throughput 

of 1 pc s–1 and 100 pcs s–1 corresponds to the sowing 

rate of 50 000 pcs ha–1 (12 500 pcs ha–1) and 5 million 

pcs ha–1 (1.25 million units ha–1). To clarify this 

relationship, it is necessary to conduct additional 

research to be implemented in the future. In addition to 
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the foregoing, graphs Qd (α) show that the graph angle 

for an option I of the dispenser hole (triangle) is the 

smallest one. That is, the selection of the triangular 

shape of the dispenser allows for ensuring the greatest 

accuracy of seed dosing. 

Conclusion 

Because of research, the mathematical model of 

casual packing of seeds of small-seeded cultures 

incapacity of the sowing device of a selection seeder is 

developed that allowed defining the equation of 

regression of its density from an effective diameter of 

seeds and coefficient of variation of this diameter. As a 

result of research of process of work of the batcher of 

the sowing device of a selection seeder regularity of 

change of its throughput from an angle of inclination of 

a gate, type of a form of executions (triangle, 

semicircle, rectangle) in the form of a polynomial of the 

third degree are received. It is established that the 

choice of the triangular shape of the dispenser allows 

for ensuring the highest accuracy of seed dosing. 
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lose-polyacrylonitrile (PAN) or starch PAN graft 

copolymers; 3 – cross-linked copolymers of maleic 

anhydride. The SAPs used in agriculture are poly-

electrolyte gels often composed of acrylamide (AM), 

acrylic acid (AA), and potassium acrylate (Zohuriaan-

Mehr, Kabiri, 2008). They are used in gardens, land-

scapes, and agriculture to protect and preserve soil 

moisture and slow the release of water through the soil 

(Orzeszyna et al., 2006; Thombare et al., 2018). Super-

absorbent polymers promote better growth and higher 

yields by increasing the water storage capacity in the 

soil (El-Hady et al., 2006; Sarvas et al., 2007), reducing 

the consumption of the water and soil nutrients 

(Adams, Lockaby, 1987), reducing the water evapora-

tion from the soil surface (Sivapalan, 2001) and 

increasing the soil aeration (Orzeszyna, 2006). These 

materials increase the interval between watering which 

saves water and energy. 

The use of absorbent polymers, especially the super-

absorbent ones, has several benefits such as conser-

vation of the water, lowering the surface of runoff, 

avoiding soil erosion, and improving the performance 

of different soil fertilizers (Scott, Blair, 1988; Xi, 

Zhang, 2021). 

The yield of garlic is quite low and is 10–14 t ha–1 (in 

Ukraine), which is 30–50% of the theoretically possib-

le. This leads to the need for the development and 

improvement of the elements of cultivation technology 

for each soil-climatic zone to significantly increase the 

yields. It is impossible to achieve this without the use 

of mineral fertilizers (Bondarchuk, 2008; Chaithra, 

Sridhara, 2018; Mao et al., 2021). In addition, the use 

of fertilizers significantly affects biochemical compo-

sition, nutritional value and taste, and shelf life. Mine-

ral fertilizers have a high cost, they should be used with 

the greatest efficiency and payback. One of the most 

rational ways to apply fertilizers that can significantly 

increase their efficiency and reduce their costs per unit 

of yield is local. Studies examining the comparative 

effectiveness of spreading and local fertilization meth-

ods have shown the advantage of the latter in growing 

different crops (Trapeznikov, Tavilskaya, 1980; Jing et 

al., 2012). 

Intensive agriculture indicates that fertilizers are the 

material basis for the quantity and quality of crop pro-

ducts and a source of nutrients for plants. It is known 

that with this method of application it is possible to 

obtain a higher return from a much lower rate of ferti-

lizer (Kubareva, 1980; Islam et al., 2011; Fernando et 

al., 2017). The influence of the local method of ferti-

lizer application on physiological processes is mani-

fested not only in the early stages of plant development 

but also in the period of crop formation, that is this 

method affects the size of the crop and its quality 

(Kardinalovskaya, 1980; Fomenko et al., 2015; 

Vasiliev et al., 2022).  

Intensive technology, unbalanced mineral nutrition, 

and less or no organic fertilizers lead to depletion of soil 

fertility (Palm et al., 1997). The local use of mineral 

fertilizers is of great importance today for their efficient 

use and optimization of crop productivity (Shalini et 

al., 2002; Belousov et al., 2020). 

After analyzing the above provisions, an experimen-

tal study was conducted to identify the impact of local 

application of mineral fertilizers in combination with 

the absorbent on the level of realization of the biologi-

cal potential of the winter garlic cultivar 'Lubasha' 

which has special relevance and practical significance 

in the dynamic climate conditions. 

Materials and Methods 

Research on the technology of growing the winter 

garlic variety 'Lubasha' in the Right Bank Forest-

Steppe of Ukraine using spreading and local methods 

of application and different rates of fertilizers to opti-

mize mineral nutrition of the winter garlic plants and 

rational use of fertilizers, conducted in 2019–2021 

Uman National University of Horticulture. 

The soil was black, puddle, heavy loam with a well-

developed humus horizon (about 2.9% of humus) 

(Krupskiy, Polupan, 2018), (Table 1), in the depth of 

40–45 cm. Soil pH was determined in the water (soil to 

water ratio 1:1). The electrical conductivity (ECe) of the 

soil suspension was measured using the conductivity of 

the meter. The P and K were determined by the am-

monium bicarbonate-diethylenetriaminepentaacetic 

acid (ABDTPA) method (Ryan et al., 2001). 

Total N, including nitrate and nitrite, was determined 

by distillation after digestion of the sample with a 

mixture of salicylic acid and sulfuric acid plus sodium 

thiosulfate (Bremner, Mulvaney, 1982). Nitrate N 

(including nitrite-N) was extracted with 1.0 mol L−1 N 

hydrochloric acid (HCl) solution (Blacquiere et al., 

1987), reduced with zinc powder (Broaddus et al., 

1965) and then determined using the Griess-Ilosvay 

nitrite method (Keeney, Nelson 1982).  

The organic matter contents of compost and soil were 

determined by the loss of weight at 450 C (Gagnon et 

al., 1997). 

 
Table 1. Physical and chemical parameters of the soil of the 
experimental field (X ± SD) 

Indicator Actual content before fertilizer 

application 

2018/19 2019/20 2020/21 

Organic carbon% 1.48 ± 0.11 1.40 ± 0.08 1.43 ± 0.10 

Acidity (рН) 6.0 ± 0.09 6.2 ± 0.13 6.2 ± 0.12 

EC , µS cm– 24.6 ± 0.48 25.1 ± 0.50 26.2 ± 0.54 

Extractable P 

(ABDTPA), mg kg–1 
4.2 ± 0.10 5.5 ± 0.12 4.7 ± 0.12 

Extractable K 

(ABDTPA), mg kg–1 
4.9 ± 0.12 6.3 ± 0.15 5.9 ± 0.15 

NO3N, mg kg–1 3.5 ± 0.06 4.2 ± 0.08 4.4 ± 0.11 

 

The establishment of experiments was performed by 

randomized design. Repetition of the experiment – four 

times. The accounting area one variant of the research 

land is 100 m2. Garlic planting was carried out on 

October, 10–15 according to the 45×6 cm scheme. The 

scheme of the experiment included the method of 

cultivation (factor A – without absorbent (control) and 

with absorbent at the rate of 25 kg ha–1) and mineral 
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rates (25, 50, 75 and 100% of the recommended rate) 

of fertilizers (urea (46% nitrogen content), double 

superphosphate (50% phosphorus content) and potas-

sium sulfate (50% potassium content) with spreading 

and local application in rows before planting. The 

option with 100% by the application of fertilizers is 

taken as a control (Table 2). 

 
Table 2. The lack of nutrients for the formation of the planned 
harvest and the rate of application of mineral fertilizers 
(X ± SD) 

Variant Fertilizer need, kg ha–1 Fertilizers, kg ha–1 were applied 

2019 2020 2021 

Control* N240P120K120  

(spreading 100%) 

N236,5P115,8K115,1 N235,8P114,5K113,7 N235,6P115,3K114.1 

100% N240P120K120 (locally) N236,5P115,8K115,1 N235,8P114,5K113,7 N235,6P115,3K114.1 

75% N180P90K90 (locally) N176,5P85,8K85,1 N175,8P84,5K83,7 N175,6P85.3K84,1 

50% N120P60K60 (locally) N116,5P55,8K55,1 N115,8P54,5K53,7 N115.6P55.3K54.1 

25% N60P30K30 (locally) N56,5P25,8K28,8 N55,8P24,5K23,7 N55.6P25.3K24.1 

* – control (100% of the recommended rate of NPK scatter) 

 

Analysis of the above data on air temperature and 

precipitation from October 2018 to September 2020, 

compared to average long-term data (for 30 years – 

from 1961 to 1990), indicates a characteristic feature of 

this agricultural year was increased temperature back-

ground, an insufficient amount of precipitation in sum-

mer and autumn. The average air temperature of the 

agricultural year during the growing season of garlic 

plants was significantly higher in 2019 (May–June) 

was 17 and 23.4 °C, which was 1.6 and 4.4 °C higher 

than the long-term average (Fig. 1). 

The total amount of precipitation during the growing 

season of garlic plants significantly exceeded the 

average long-term mark in May 2020 and June, July, 

and August 2021, which reduced the variation in 

growth and productivity in 2021. The long-term sum-

mer deficit of precipitation was noted in 2019 and 2020 

which was a limiting factor for the growth and develop-

ment of garlic (Fig. 2). 

MaxiMarin granules: 1 kg of absorbent can accumu-

late up to 400 litres of water. The information provided 

by the manufacturer prevents soil compaction, it is safe, 

neutral, non-toxic, and inert to pesticides. The term of 

efficiency of the absorbent in the soil is up to 10 years. 

Because it is based on potassium, it decomposes into 

nitrogenous compounds, carbon dioxide, and water 

after decomposition. 

Characteristics of the absorbent: 

Basis: crosslinked copolymer of polyacrylamide and 

potassium polyacrylate. 

Form: white granules. 

Particles size: from 70 to 2000 microns. 

Density: 0.5–0.6 g cm³ –1. 

pH: 6.0–6.8. 

Moisture content: 5% (± 2%) 

 

The powder (granules) of the absorbent before the 

application was thoroughly mixed with fertilizers. The 

local application of absorbent and mineral fertilizers 

was applied before planting by a cultivator with ferti-

lizer spreaders to a depth of 20–25 cm. 

The scheme of the experiment was based on the 

results of chemical analysis of the soil that the content 

of nutrients was brought to the optimum level. 

Biometric research. The leaf length and width, leaf 

blade area, and total leaf area per plant on the BBCH 

53 were determined; the number of leaves per plant was 

calculated, and the leaf blade area was determined by a 

calculated (linear) method (Nichiporovich, 1969), 

using the parameters of length and width of the leaf by 

the formula: 

𝑆𝑛 = 0.74 × 𝑎𝑏, (1) 

where:  

Sn – single leaf area, cm²;  

a – the largest leaf width, cm;  

b – leaf length, cm;  

0.74 is the leaf configuration coefficient. 

 

Leaf index is the ratio of the total leaf area of plants to 

the area of soil on which they are located and was 

determined by the formula (Nichiporovich, 1969): 

𝐿𝐴𝐼 =  
𝑆𝑡𝑜𝑡𝑎𝑙

0.1 ℎ𝑎−1
, (2) 

where  

LAI – the leaf index;  

Stotal – total leaf area (thousand m2 ha–1).

 

 

 

 
Figure 1. The average air temperature, °C (2019–2021)  Figure 2. The amount of precipitation, mm (2019–2021) 
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We studied the effect of superabsorbent and local 

application of fertilizers on the garlic plant (enzymes 

activity, the productivity of plants, pigments contents 

in leaf; protein, fats, carbohydrate, and ash in cloves 

and enzymatic activity of soil). All analyzes were 

performed in four replicates. 

Plant material. Garlic (Allium sativum L.) cv. 

'Lubasha'. 

 

Determination of chlorophylls 

The plant material was washed with distilled water 

and air-dried in a shady, well-ventilated room at the 

temperature of 22–25◦C. Then, 0.10–0.05 g of the 

sample was weighed and triturated with 5 mL of the 

solvent (ethanol) for 15 min. The obtained suspension 

was filtered into a volumetric flask (capacity of 10 mL) 

and supplemented with ethanol. Concentrations 

(µg mL–1) of chlorophylls a and b, were determined 

using equations published by Lichtenthaler and 

Buschmann (2001):  

Chlorophyll 𝑎 = 13.36𝐴664.1 − 5.19𝐴648.6 (3) 

Chlorophyll 𝑏 = 27.43A648.6 − 8.12A664.1 (4) 

The activity measurements of antioxidant enzymes. 

Enzyme activities were determined: A 1 g of plant 

tissue from control and treated plants was homogenized 

on ice in 4 ml extraction buffer (50 mM–1 phosphate 

buffer pH 7.0, containing 1 mM EDTA, 1 mM phenyl-

methylsulfonyl fluoride, and 1% polyvinylpolypyrro-

lidone). The homogenate was centrifuged for 25 min at 

15 000 and 4 °C. The supernatant was used for enzyme 

activity assays. The means ± SD were calculated from 

the data of at least three independent measurements. 

SOD (superoxide dismutase) activity was determined 

spectrophotometrically by measuring the ability of the 

enzyme to inhibit the photochemical reduction of nitro 

blue tetrazolium (NBT) in the presence of riboflavin in 

light (Dhindsa et al., 1981). One unit (U–1) of SOD was 

the amount that causes 50% inhibition of NBT reduc-

tion in light. The enzyme activity was expressed in 

terms of specific activity (U mg protein–1). POD (per-

oxidase) activity was determined by monitoring the 

increase in absorbance at 470 nm during the oxidation 

of guaiacol (Upadhyaya et al., 1985). The amount of 

enzyme-producing 1 µmol min–1 of oxidized guaiacol 

was defined as 1 U-1. GST (glutathione S-transferase) 

activity was determined spectrophotometrically by 

using an artificial substrate, 1-chloro-2.4-dinitrobenze-

ne (CDNB), according to Habig et al. (1974). One U is 

the amount of enzyme-producing 1 µmol conjugated 

product in 1 min, ℇ340=9.6 mM cm–1. The protein 

contents of the extracts were determined by the method 

of Bradford (1976). 

The enzymatic activity of soil. Samples for soil enzy-

matic activity testing were collected from 20 random 

locations, from the topsoil (0–25 cm) from each fertili-

zation variant, once after the crop was harvested. Tests 

covered the activity of dehydrogenases, urease, and 

protease. The enzyme activity was determined by the 

following methods: the activity of dehydrogenases was 

expressed in cm3 H2, required to reduce triphenyltetra-

zole chloride (TTC) to TFP (triphenyl formazan) 

(Thalmann et al., 1968); urease, in mg N-NH4+, 

obtainned from hydrolyzed urea (Ladd, Butler, 1972); 

proteases, in mg of tyrosine developed from sodium 

caseinate (Von Mersi et al., 1991; Wolinska et al., 

2010). The activity of tested enzymes was analyzed in 

soil with natural humidity, and the results were conver-

ted into absolutely dry soil mass. Dehydrogenases, by 

the Thalmann method, using a 1% solution of TTC as a 

substrate and 96-h incubation at 37 oC, expressing their 

activity in cm3 H2 kg−1 d−1 (for 1 kg of soil in 24 h). 

Urease (AU), by the method of Zantu (Zantua, 1976), 

using a 2.5% urea solution as a substrate and an 18-h 

incubation at 37 oC, expressing the enzyme activity in 

mg N-NH4 + kg−1 h−1 N-NH4 + (for 1 kg of soil in 1 h). 

Proteases (AP), by the method of Ladd and Butler 

(1972), using a 1% solution of sodium caseinate as a 

substrate and using a 1 h incubation at 50 oC, 

expressing the enzyme activity in mg of tyrosine kg h−1 

(per 1 kg of soil in 1 h). 

The bulb dry matter (%). The average dry matter 

weight (g) of bulbs after curing was measured by drying 

10 randomly sampled bulbs in an oven with a forced 

hot air circulation at 70 °C until a constant weight was 

obtained. The percentage of bulb dry matter was calcu-

lated by taking the ratio of the dry weight to the fresh 

weight of the sampled bulbs and multiplying it by 100. 

The nutritional value. Proteins, fats, carbohydrates 

and ash content were determined by using standard 

methods described in the procedures of the American 

Organization of Analytical Chemists (International 

Organization of International, AOAC International) 

(Horwitz, Latimer, 2005). The crude fat was determi-

ned using a Soxhlet apparatus (Behr R 106 S, Germany) 

with petroleum ether, according to the AOAC 920.85 

methodology (Horwitz, Latimer, 2016). The content of 

ash was determined by burning at 600 °C to constant 

mass following procedures AOAS 923.03 (Horwitz, 

Latimer, 2016). The energy was calculated by the 

formula:  

𝐸𝑛𝑒𝑟𝑔𝑦, 𝑘𝑐𝑎𝑙 = 4 × (𝑝𝑟𝑜𝑡𝑒𝑖𝑛) + 4 × (𝑐𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒)
+ 9 × (𝑓𝑎𝑡) 

(5) 

Statistical analysis 

Statistical processing of the obtained results was 

performed with the calculation of the arithmetic mean 

(x) standard deviation (SD), calculated using Microsoft 

Excel 2016 and Statistica 10. The obtained data were 

compared using an analysis of variance. The validity of 

the research and the significance of the differences 

between the mean values of the variables examined 

were evaluated by the dispersion and correlation analy-

sis. 

Results 

The formation and proper functioning of the leaf 

apparatus is a determining factor in the productivity of 

the plant and its crops. The chlorophyll content 
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increased with increasing the concentration of fertili-

zers. The content of chlorophyll a decreased with the 

introduction of SAP, while the content of chlorophyll b 

and total chlorophyll increased. The highest content of 

chlorophyll b (0.78% d.w.–1) and total chlorophyll 

(2.01% d.w.–1) was obtained in plants grown using 

absorbent and local application of 100% fertilizer 

(Table 3). 

 
Table 3. Pigment and leaf complex of garlic plants of the winter cultivar 'Lubasha' depending on absorbent and fertilizer (2019–
2021) (X ± SD) 

Growing method 

(factor A) 

Fertilizer rate,% of 

recommended (factor B) 

Chlorophyll content in the leaves,% d.w.–1 No. of leaves, 

pcs plant–1 

Leaf area, 

cm2 

Leaf index 

Chl. a Chl. b ∑ Chl. а+b 

Without 

absorbent 

Control (100% NPK spreading)* 1.26 ± 0.032 0.57 ± 0.015 1.83 ± 0.225 8.1 ± 0.7 60.6 ± 3.2 1.09 ± 0,04 

25% NPK locally 0.98 ± 0.027 0.47 ± 0.010 1.45 ± 0.147 7.7 ± 1.1 53.3 ± 0.4 0.92 ± 0,13 

50% NPK locally 1.21 ± 0.005 0.57 ± 0.007 1.77 ± 0.200 7.7 ± 1.1 57.2 ± 1.4 0.98 ± 0,11 

75% NPK locally 1.32 ± 0.036 0.58 ± 0.019 1.90 ± 0.200 8.2 ± 1.1 60.8 ± 1.0 1.11 ± 0,13 

100% NPK locally 1.34 ± 0.012 0.61 ± 0.019 1.94 ± 0.155 8.4 ± 0.8 63.8 ± 0.8 1.19 ± 0,13 

Application of 

absorbent 

25 kg ha–1 

Control (100% NPK spreading)* 1.21 ± 0.025 0.70 ± 0.011 1.91 ± 0.079 8.4 ± 0.5 74.4 ± 3.3 1.39 ± 0,02 

25% NPK locally 0.91 ± 0.020 0.62 ± 0.011 1.53 ± 0.045 8.5 ± 0.5 67.1 ± 2.4 1.26 ± 0,03 

50% NPK locally 1.11 ± 0.012 0.73 ± 0.017 1.84 ± 0.034 8.8 ± 0.4 71.8 ± 2.8 1.40 ± 0,01 

75% NPK locally 1.14 ± 0.014 0.77 ± 0.016 1.91 ± 0.032 9.0 ± 0.6 75.6 ± 3.3 1.51 ± 0,03 

100% NPK locally 1.17 ± 0.013 0.84 ± 0.023 2.01 ± 0.050 9.3 ± 0.6 80.1 ± 2.9 1.65 ± 0,04 

LSD0.05 

А 0.029 0.017 0.010 0.10 0.88 0,02 

В 0.046 0.027 0.016 0.15 1.39 0,02 

А×В 0.065 0.038 0.023 0.22 1.96 0,03 

Years 

2019 1.21 ± 0.152 0.51 ± 0.108 1.72 ± 0.158 7.8 ± 0.64 65.2 ± 10.77 1.15 ± 0.28 

2020 1.17 ± 0.142 0.59 ± 0.112 1.89 ± 0.179 8.8 ± 0.43 63.1 ± 8.77 1.24 ± 0.23 

2021 1.15 ± 0.115 0.64 ± 0.119 2.00 ± 0.183 8.3 ± 0.51 64.1 ± 9.74 1.20 ± 0.25 

LSD0.05 0.047 0.023 0.075 0.41 2.56 0.059 

* – control (100% of the recommended rate of NPK scatter) 

   

The indicator "number of leaves, pcs plant–1" with the 

introduction of the absorbent increased on average, 

compared to the options without absorbent by 0.7–1.1 

(LSD0.05 – 0.22). The local application of fertilizers at 

the rate of 25 and 50% of the recommended contributed 

to an increase in the number of leaves against control 

by 0.1 pcs plant–1. With the application of 75 and 100% 

of fertilizers locally, this figure increased by 0.6 and 0.8 

pieces. (8.6 and 10.5%). When using an absorbent with 

local application of fertilizers, garlic plants increased 

the number of leaves by 0.2; 0.5; 0.8 and 1.1 pcs plant–1. 

(+2.4...+12.7% relative to control). 

The indicator of leaf area increased with the use of 

absorbent by 14.8–26.1% compared to similar options 

without absorbent. The local application of fertilizers 

without absorbent contributed to the increase of this 

indicator by 8.9–30.4%, with the introduction of 

absorbent the difference increased to 19.6–42.7%. The 

use of absorbents contributed to an increase in the leaf 

area of plants by 24.4–42.5% compared to similar 

options without absorbents. Moreover, the difference 

was the most significant for the application of 50% of 

fertilizers locally. The increase in the number of leaves 

and their area in total contributed to the formation of 

the leaf area of the plant and the leaf index greater than 

the control without the introduction of absorbent by 

11.0–44.1%; for the use of absorbent by 22.4–60.8, 

which significantly affected the performance indica-

tors, (Table 3). Our results are similar to those obtained 

by Ulianych et al. (2020) using absorbents in the 

cultivation of spinach, Havrilyuk et al. (2021) with 

basil. 

Besides the direct effect of SAP application on plant 

growth and development, the increases in amino acid 

contents of plants make them more tolerant to the stress 

conditions during the vegetation period, as an indirect 

positive effect of SAP. The present results show that 

the SAP application does not cause any oxidative stress 

in plants. On the contrary, it reduces the formation of 

free oxygen radicals causing cellular damage. 

Plants that were under stress with water deficiency 

showed a significant increase in the activity of SOD, 

GST and POD in the leaf compared to the versions 

without absorbent. The use of superabsorbents reduced 

the activity of antioxidant enzymes (SOD by 9.5–

23.2%; GST by 7.4–13.4%; POD by 8.4–19.0%), 

(Table 4). 

The regression analysis shown in Figure 2 showed a 

close dependence of dehydrogenase activity on the 

level of nitrogen fertilization (R2 = 0.90); the weak 

relationship between urease activity and nitrogen level  

(R2 = 0.37) and did not show the dependence of 

protease activity on the level of nitrogen fertilizer 

application. 

The activity of soil enzymes reflects the general range 

of the oxidative activity of soil microflora, and there-

fore is used as an indicator of microbial activity 

(Perucci, 1992; Masciandaro et al., 1994). The results 

of the research indicate obvious changes in the 

enzymatic activity of the soil under the influence of 

absorbent and differentiated fertilizer. In the variants 

fertilized locally in the norm of 50% or more, the acti-

vity of the analyzed enzymes was significantly higher 

than in the control variant (100% of the spreading 

norm). The activity of enzymes during the growing 

season depended mainly on the individual characteris-

tics of the studied enzyme. The impact of years of 

research on enzymatic activity was high, especially in 

2021, due to the different responses of enzymes to 

atmospheric conditions during the years of study. The 

data show that the absorbent significantly reduced the 

activity of enzymes.
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Table 4. The activity of enzymes in the leaves and rhizosphere of garlic depends on the absorbent and fertilizer (2019–2021) (X ± SD) 

Growing method  

(factor A) 

Fertilizer rate,% of 

recommended (factor B) 

Enzyme activity 

In the leaves In the rhizosphere 

SOD, U mg–1 

protein 

GST, U mg–1 

protein 

POD, U mg–1 

protein 

Adh, cm3 H2 

kg−1 d−1 

AU, mg 

NH4NO3 + 

kg−1 h−1 

AP, mg 

tyrosine  

kg−1 h−1 

Without 

absorbent 

Control (100% NPK spreading)* 8.36 ± 1.34 21.73 ± 3.84 73.14 ± 14.45 2.19 ± 0.14 12.35 ± 0.42 15.35 ± 0.95 

25% NPK locally 8.50 ± 1.59 21.90 ± 4.12 75.53 ± 18.39 2.03 ± 0.14 10.79 ± 0.61 15.19 ± 0.50 

50% NPK locally 8.65 ± 1.61 22.53 ± 3.92 80.00 ± 18.24 2.33 ± 0.19 13.38 ± 0.49 15.90 ± 0.59 

75% NPK locally 8.82 ± 1.66 23.80 ± 4.10 86.04 ± 18.28 2.98 ± 0.15 14.33 ± 0.49 16.44 ± 0.66 

100% NPK locally 10.32 ± 0.76 26.74 ± 2.07 99.33 ± 7.92 3.27 ± 0.24 15.24 ± 0.85 17.18 ± 0.54 

Application of 

absorbent  

25 kg ha–1 

Control (100% NPK spreading)* 6.54 ± 0.25 18.87 ± 1.03 67.01 ± 2.50 1.97 ± 0.10 8.87 ± 0.15 14.24 ± 0.20 

25% NPK locally 6.62 ± 0.34 18.97 ± 1.86 61.20 ± 1.63 1.85 ± 0.13 8.69 ± 0.10 13.56 ± 0.21 

50% NPK locally 6.69 ± 0.36 19.60 ± 1.84 65.63 ± 2.10 2.11 ± 0.13 9.49 ± 0.09 14.62 ± 0.12 

75% NPK locally 6.77 ± 0.40 20.40 ± 1.70 69.73 ± 1.18 2.57 ± 0.10 9.93 ± 0.10 15.47 ± 0.11 

100% NPK locally 9.33 ± 0.17 24.77 ± 1.03 82.13 ± 1.72 3.00 ± 0.10 11.92 ± 0.37 15.81 ± 0.15 

LSD0.05 

А 0.141 1.30 5.33 0.070 0.221 0.209 

В 0.224 2.06 8.43 0.110 0.350 0.331 

А×В 0.317 2.92 11.93 0.156 0.496 0.468 

Years 

2019 8,97 ± 1.66 25.03 ± 3.05 84.82 ± 16.07 2.62 ± 0.53 11.97 ± 2.62 15.84 ± 1.24 

2020 8.20 ± 1.53 21.77 ± 3.28 78.50 ± 12.92 2.38 ± 0.48 11.43 ± 2.23 15.41 ± 1.06 

2021 7.02 ± 1.27 18.99 ± 2.57 64.60 ± 12.37 2.28 ± 0.48 11.09 ± 2.11 14.88 ± 0.97 

LSD0.05 0.40 1.09 3.79 0.12 0.45 0.76 

* – control (100% of the recommended rate of NPK scatter); SOD – superoxide dismutas; GST – glutathione S-transferase; 

POD – peroxidase; Adh – dehydrogenases; AU – urease; AP – proteases. 

 

 

 

 

 

 

Figure 2. Spot graphs and theoretical regression line at 
rectilinear correlation with enzyme activity indicators and 
N fertilizer rate (Adh – dehydrogenases; AU – urease; AP – 
proteases) 

   

The bulb weight on average with the use of absorbent 

increased by 8.3–21.9 g (31.2–45.4%) compared to 

similar options without absorbent. Local application of 

fertilizers without absorbent contributed to an increase 

in the bulb weight by 3.1–13.0 g (18.4–22.6%) relative 

to control, at LSD0.05–0.90 (A), garlic plants of similar 

variants with the application of absorbent, increased the 

bulb weight by 1.2–12.3 g (2.1–21.2%) which indicates 

that the presence of sufficient moisture increases the 

efficiency of fertilizers and the level of realization of 

the biological potential. However, this figure in both 

versions of the experiment with 25% of the fertilizer 

rate was lower than the control by 8.1% in the version 

without absorbent and 6.8% with absorbent. 

Garlic growing with the introduction of absorbent 

contributed to an increase in yield by 2.4–7.1 t ha–1 

compared to similar options without absorbent. The 

local application of fertilizer without absorbent contri- 
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buted to the increase in garlic yield by 0.4–1.5 t ha–1 

(3.5–13.9%) relative to the control at the level of 

LSD0.05–0.37 t ha–1. With the application of the absor-

bent, the local application of fertilizers contributed to 

the increase in yield by 0.6–3.9 t ha–1 (4.2–25.4%) 

relative to the production control with 100% applica-

tion of spreading fertilizers (Table 5). 

Similar results of seed yield were obtained with rape-

seed (Shekari et al., 2015), green mass of spinach 

(Ulianych et al., 2020) and basil (Havrilyuk et al., 

2021), hay (Jnanesha et al., 2021). 

The level of realization of biological potential was 

quite low. This phenomenon can be explained by the 

fact that in the years of research, during the rooting 

period, there was a fairly small amount of precipitation, 

especially in the 2019/20 agricultural year. At the same 

time, a sufficient amount of precipitation during the 

period of intensive growth contributed to the formation 

of a larger mass of bulbs, relative to 2018/19, which 

affected the yield, but in 2019/20 and 2020/21 increa-

sed the rate of rot by plants, which reduced yields. 

Without the use of the absorbent, the yield is reduced, 

but the biochemical characteristics of garlic are signifi-

cantly improved and the caloric content of the product 

is generally increased (Table 6). 

Depending on the application of absorbent, the con-

tent of absolutely dry matter in garlic bulbs decreased 

by 2.0–4.1% compared to similar variants without 

absorbent. Thus, when growing garlic without absor-

bent, the dry matter content decreased from 30.9% in 

the control to 27.7% in the variant with 100% topical 

fertilization. With the application of absorbents, this 

figure decreased from 26.8% in the control to 24.3% in 

the version with 100% application of fertilizers locally. 

The maximum dry matter content was observed in the 

variants with the application of 25 and 50% of ferti-

lizers. 

 

Table 5. Bulb weight and yield of garlic depending on the absorbent and fertilizer (2019–2021) (X ± SD) 

Growing method (factor A) Fertilizer rate,% of recommended (factor B) Mass of bulbs, g CV, % Yield, t ha–1 CV, % 

Without absorbent Control (100% NPK spreading)* 44.6 ± 9.2 21 11.7 ± 2.4 20 

25% NPK locally 37.1 ± 7.3 20 8.8 ± 1.2 14 

50% NPK locally 46.1 ± 10.1 22 11.8 ± 2.3 19 

75% NPK locally 47.5 ± 9.9 21 12.4 ± 2.4 19 

100% NPK locally 50.0 ± 10.3 21 13.1 ± 2.6 20 

Application of absorbent  

25 kg ha–1 

Control (100% NPK spreading)* 54.8 ± 7.3 13 15.0 ± 0.8 6 

25% NPK locally 47.5 ± 5.0 10 11.9 ± 1.6 13 

50% NPK locally 56.2 ± 6.4 11 15.0 ± 0.9 6 

75% NPK locally 60.2 ± 8.1 13 15.6 ± 0.8 5 

100% NPK locally 65.2 ± 9.3 14 17.0 ± 1.0 6 

LSD0.05 

А 4.11  0.83  

В 6.50  1.31  

А×В 9.19  1.86  

Years 

2019 43.0 ± 11.87 28 11.6 ± 3.30 28 

2020 60.2 ± 9.58 16 14.5 ± 2.32 16 

2021 49.6 ± 3.76 8 13.6 ± 2.09 15 

LSD0.05 2.54  0.66  

* – control (100% of the recommended rate of NPK scatter) 
 

Table 6. The content indicators of the components of biochemical composition and nutritional value of garlic depending on the 
absorbent and fertilizer rate (X ± SD) 

G
ro

w
in

g
 

m
et

h
o

d
 

(f
ac

to
r 

A
) Fertilizer rate,% of 

recommended 

(factor B) 

Nitrates, 

mg kg–1 

Dry matter, 

% 

Ash,  

g 100 g f. w.–1 

Protein,  

g 100 g f. w.–1 

Carbohydrates, 

g 100 g f. w.–1 

Fat,  

g 100 g f. w.–1 

Energy,  

kcal 100 g f. w.–1 

W
it

h
o

u
t 

ab
so

rb
en

t 

Control (100% 

NPK spreading)* 
68.5 ± 2.50 30.9 ± 3.25 1.16 ± 0.02 5.84 ± 0.49 27.40 ± 0.20 0.28 ± 0.02 135.48 ± 1.02 

25% NPK locally 66.4 ± 3.10 32.8 ± 2.66 1.10 ± 0.02 5.69 ± 0.48 25.18 ± 0.18 0.24 ± 0.03 125.68 ± 0.99 

50% NPK locally 85.0 ± 4.75 30.9 ± 2.96 1.22 ± 0.03 5.90 ± 0.53 27.84 ± 0.25 0.41 ± 0.02 138.61 ± 1.29 

75% NPK locally 105.0 ± 7.75 29.3 ± 3.82 1.27 ± 0.02 6.43 ± 0.70 26.68 ± 0.19 0.45 ± 0.03 136.49 ± 1.90 

100% NPK locally 113.5 ± 6.03 27.7 ± 3.89 1.33 ± 0.04 6.61 ± 0.60 24.21 ± 0.16 0.38 ± 0.04 126.70 ± 1.46 

A
p

p
li

ca
ti

o
n
 

o
f 

ab
so

rb
en

t 

2
5

 k
g

 h
a–

1
 

Control (100% 

NPK spreading)* 
61.5 ± 1.63 26.8 ± 2.12 1.21 ± 0.01 5.29 ± 0.20 28.04 ± 0.10 0.31 ± 0.03 136.11 ± 1.18 

25% NPK locally 58.9 ± 0.90 30.9 ± 2.35 1.15 ± 0.01 5.18 ± 0.19 25.80 ± 0.16 0.26 ± 0.03 126.29 ± 0.37 

50% NPK locally 78.7 ± 3.45 28.3 ± 2.20 1.30 ± 0.03 5.48 ± 0.27 28.57 ± 0.29 0.46 ± 0.03 140.37 ± 0.62 

75% NPK locally 97.7 ± 8.0 25.8 ± 2.35 1.34 ± 0.04 5.67 ± 0.21 27.23 ± 0.17 0.50 ± 0.04 136.10 ± 0.44 

100% NPK locally 103.0 ± 8.94 24.3 ± 2.35 1.38 ± 0.02 5.89 ± 0.16 25.05 ± 0.04 0.41 ± 0.03 127.45 ± 0.17 

LSD0.05 

А 1.62 0.53 0.013 0.14 0.08 0.017 0.31 

В 2.57 0.85 0.021 0.22 0.13 0.027 0.49 

А×В 3.63 1.20 0.030 0.32 0.18 0.038 0.69 

Years 

2019 83.8 ± 19.94 31.99 ± 3.58 1.22 ± 0.09 6.16 ± 0.57 26.38 ± 1.41 0.33 ± 0.08 133.17 ± 5.46 

2020 80.5 ± 34.20 29.34 ± 3.82 1.26 ± 0.10 5.96 ± 0.59 26.61 ± 1.48 0.37 ± 0.10 133.58 ± 6.00 

2021 71.9 ± 28.99 26.69 ± 3.63 1.25 ± 0.09 5.29 ± 0.28 26.80 ± 1.49 0.41 ± 0.09 132.04 ± 5.79 

LSD0.05 3.93 1.47 0.061 0.29 1.06 0.018 6.64 

* – control (100% of the recommended rate of NPK scatter) 
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The use of absorbent and local application of fertilizers 

increased the ash content from 1.16 g 100 g f. w.–1 in the 

control without absorbent up to 1.38 g 100 g f. w.–1 with 

the introduction of absorbent and 100% fertilizer. 

The content of nitrates and protein decreased with the 

use of the absorbent but increased with the local 

application of fertilizers. These findings may be be-

cause protein is considered a good indicator of plant 

resistance to water deficiency, as the water intake 

causes hydrolysis and catabolism of proteins, releasing 

free amino acids and ammonia, as well as proline 

(Fayed et al., 2018; Mayer et al., 2021). Moreover, 

fertilizer application rate and soil moisture have been 

reported to significantly affect protein content in garlic 

bulbs (Diriba-Shiferaw et al., 2014). The local applica-

tion of fertilizers contributes to a greater accumulation 

of nitrates in the bulbs, so it is advisable to use these 

products for processing. The maximum permissible 

concentration of nitrates is 80 mg kg–1, while in our 

studies their content exceeded the permissible level at 

50% of fertilizers application locally without absorbent 

and 75% with absorbent. 

The nutritional value of the studied garlic genotypes is 

presented in Table 6 and is within the range of the values 

suggested by Brewster (2008) regarding proteins, 

carbohydrates, fat, and energy content, and 

Haciseferogullari et al. (2005) for crude protein and ash. 

The concentration of carbohydrates and fats also 

increased which indicates the greater efficiency of 

fertilizers using absorbents. However, within the 

framework of factor A, the maximum values of carbo-

hydrate content were reached with the application of 

50% of fertilizers, with the application of 100% a 

significant decrease in their content was observed. The 

maximum fat content was observed for the application 

of 75% of fertilizers and a significant decrease for the 

application of 100%. The same trend is observed with 

the caloric content of products where the energy value 

of the product is highest in the options with 50% of 

fertilizers and decreases significantly with the intro-

duction of 100%. 

Discussion 

Scientific substantiation of the local application of 

fertilizers in combination with the absorbent is an 

important tool for improving the productivity and sus-

tainability of agriculture (Li et al., 2019a,b). 

The chlorophyll content is an important biochemical 

indicator of stress tolerance in plants (Percival et al., 

2003). Therefore, the increase in chlorophyll levels of 

SAP treated plants can be considered an indication that 

plants are not experienced with water and nutrient 

stress. In other words, these plants take water and 

nutrients sufficiently. SAP treatment increased, espe-

cially, N and Mg uptakes, allowing to form the central 

ion of chlorophyll and, consequently, building a darker 

green leaf colour (Buehner, 1956). Similar to our 

findings, SAP addition significantly increased the 

amounts of chlorophyll in cucumber (Li et al., 2019a) 

and pepper (Sayyari, Ghanbari, 2012) plants. 

Moghadam (2017) reported that total chlorophyll con-

tent in the wheat plant was increased by SAP appli-

cation doses (5 and 10 g per kg soil). 
Our results are consistent with those of other scien-

tists who show a decrease in the enzymatic activity with 

the introduction of absorbent in rapeseed (Foyer, 

Halliwell, 1976), corn (Habibi et al., 2009), basil 

(Havrilyuk et al., 2021). The lack of moisture (drought 

stress) directly or indirectly leads to the formation of 

oxygen radicals which leads to increased peroxidation 

of lipids which, in turn, can increase the formation of 

free radicals and cause oxidative stress (Johnson et al., 

2003). In our study, the superabsorbent polymer redu-

ced the activity of these enzymes, possibly by elimina-

ting free radicals. 

The use of hydrolytic enzymes in the soil is a 

common approach to assessing soil quality. Enzyme 

activity in the soil depends on several factors. They 

include, for example, the content of organic matter, soil 

pH, the content of biogenic elements, and the quantity 

and condition of microorganism species (Wolinska, 

2010; Bielinska, Mocek-Plociniak, 2012). According to 

Koper et al. (2004), Bielinska and Mocek-Plociniak 

(2012), Natywa et al. (2014) and Wang et al. (2020), 

the cultivation system, as well as various agrotechnical 

procedures, such as the correct crop rotation, the 

amount and type of fertilization, and the species and 

cultivar of crops, also have a great influence of the 

enzymatic activity and thus the fertility of the soil. As 

shown in Table 4 and Figure 2, the activity of enzymes 

in the soil with increasing fertilizer rate increased from 

50% relative to the control with 100% scatter, but 

decreased significantly with the application of absor-

bents, which can be explained by improved water regi-

me and soil stabilization. High activity of dehydroge-

nases in objects with higher nitrogen fertilization might 

have resulted from higher concentration of root exuda-

tes secreted by the root system of garlic. 

Consistent with our findings the positive effects of 

SAPs applications on plant weight, height, and yield in 

cucumber, pepper, tomato, and soya bean are shown 

(Maboko, 2006; Yazdani et al., 2007; Sayyari, 

Ghanbari, 2012; Başak et al., 2016; Li et al., 2019b). 

The increases in plant growth and yield by SAP 

treatment can be attributed to the presence of a suffi-

cient amount of water and nutrients which can be easily 

taken with low pressure in the root area. 

The local application of fertilizers improves the 

availability of NPK in the root zone which increases the 

absorption of nutrients by the plant. The studies show 

that such an increase in nutrients contributes to the 

accumulation of plant biomass due to greater intensity 

of photosynthesis (Chen et al., 2018). However, excess 

fertilizers can lead to low water availability for plants 

due to high osmotic conditions in the soil (Studer et al., 

2007), but this can be compensated by absorbents that 

will help evenly provide plants with easily accessible 

moisture and nutrients. 

The use of superabsorbent polymer improves plant 

growth. For example, the total amount of raw cucumber 
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biomass (Cucumis sativus L.) and fruit biomass increa-

sed with the addition of 2% absorbent to the substrate 

mixture by 840 and 494 g–1 per plant, by Montesano et 

al. (2015). Another study with different varieties of 

potatoes (Solanum tuberosum L.) found an increase in 

tuber yield using superabsorbents locally in the furrows 

to a depth of 25 cm–1 (Salavati et al., 2018). A similar 

result was found with the application of 60 and 

90 kg ha–1, which increased the yield of potatoes by 

38.2 and 50.5% relative to the control when applying 

superabsorbents to a depth of 20 cm (Hou et al., 2017). 

Although the use of superabsorbents can improve plant 

growth, the depth of its use can significantly affect its 

effectiveness. 

In conditions of insufficient moisture, superabsor-

bents have a greater impact on plant productivity 

(Fazeli Rostampour et al., 2013; Eneji et al., 2013). The 

dry matter of sorghum (Sorghum bicolor L. Moench) 

increased only when there was a shortage of water in 

the sandy loamy soil (Fazeli Rostampour et al., 2013). 

Similar results were obtained with beans (Phaseolus 

vulgaris L.) grown with superabsorbents (Satriani et al., 

2018). The use of absorbent materials has increased the 

yield of Citrus limon (Pattanaaik et al., 2015), and 

coffee plants (Pieve et al., 2013). 

Conclusion 

In the variants with local application and increasing 

fertilizer rate, the activity of the analyzed enzymes 

increased relative to control. The intensity of biochemi-

cal processes in the soil depended on the type of 

enzyme which is associated with the individual sensi-

tivity of the enzyme to environmental factors and the 

content of minerals for the enzymatic reaction in the 

soil. The activity of dehydrogenase increased with 

increasing levels of fertilizers, including nitrogen. 

However, the use of absorbents contributed to the 

stabilization of the soil environment, increasing the 

availability of nutrients and, accordingly, reducing the 

activity of enzymes of one variant without absorbent. 

To use fertilizers more efficiently and improve soil 

fertility it is advisable to apply fertilizers locally in rows 

immediately before or during the planting of garlic. 

When growing garlic for food purposes (with or 

without absorbent) and saving fertilizers up to 50% they 

should be applied in the norm N120P60K60 kg ha–1 which 

will ensure the formation of garlic yield at 11.8 t ha–1 

(without absorbent) and 15.0 t (with absorbent). 

To grow garlic for processing and to obtain the 

maximum yield in the Right-Bank Forest-Steppe of 

Ukraine the fertilizers should be applied locally at the 

rate (N240P120K120 kg ha–1) which will ensure crop yield 

of 13.1 t ha–1 (without absorbent) and 17.0 t ha–1 (with 

absorbent). 

SAP application increased growth, yield, leaf 

chlorophyll, and nutrient composition contents. This 

increase did not only have a positive effect on plant 

development but also made plants more tolerant to the 

stress conditions. 
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