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THE YIELD OF CEREAL PRODUCTS FROM SPELT WHEAT GRAIN AND THE ECONOMIC 

EFFICIENCY OF THEIR PRODUCTION 

Liubych V.V., Novikov V.V., Polianetska I.O., Voziian V.V. 
Abstract. The article presents the results of the yield of cereal products from spelt wheat in comparison with 

the soft wheat, as well as the economic efficiency of their production. УКР-2 cereal production facility and 

Р3-АВМ-6 mill machinery of domestic production were taken into consideration for calculation. Now, low 
productivity enterprises are in demand. This is due to lower equipment costs, investment risks and 

construction costs. As spelt wheat grain is relatively new on the Ukrainian market and the products of its 

processing are little known, the use of cereal production facilities and mill machinery of low productivity is 

economically justified. It is found that the yield of cereals from spelt wheat No. 1 was higher by 24.6% 
compared to groats from milled soft wheat No. 1 and 2 were higher by 24.6%. So, if you process spelt wheat 

grain, the output of whole groats No. 1 is 84.6%, polished meal – 8.4% and waste products of I and II 

categories are 5.3%. The output of milled groats No. 1 is 9.9%, No. 2 is 50.8%, No. 3 is 17.7%, polished 
meal is 14.6% and waste products of I and II categories are 5.3%. The yield of rolled groats from spelt wheat 

is the largest (92.0%). The cost of УКР-2 cereal production facility in the maximum configuration at the time 

of the calculation was 1200 thousand UAH. Therefore, transportation costs (4%) were 48 thousand UAH, 

procurement and warehouse (1.25%) were 15 thousand UAH and installation costs (10%) were 120 thousand 
UAH. The initial cost of new equipment amounted to 1383 thousand UAH. The largest costs for building 

were construction work (3610.8 thousand UAH or 62.6%). The duration of equipment operation for all 

enterprises was 305 days, 52 days were for the equipment repair (22 days for current repair and 30 days for 
full one) and 8 days were for weekends and holidays. The daily capacity of enterprises was 24 tons per day. 

The utilization factor of grain processing enterprises is 0.8. Therefore, the actual daily output was 19.2 tons 

and the annual grain processing volume is 5.856 tons. The conducted economic calculations confirm the 
expediency of introducing the developed technologies for the production of groats from spelt wheat No. 1 

and milled groats No. 1, 2, 3, since the payback period of capital investments with an annual income of 

27850.5 thousand UAH is 0.20-0.24 g. at the profitability level of 40.5-47.6%, for rolled groats it is 11349.8 

thousand UAH with the payback period of 0.62 g. with the profitability level of 8.3%. 
Keywords: spelt wheat, cereals, economic efficiency. 
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Abstract. Fennel is a well-known essential-oil, medicinal, spicy, vegetable, aromatic and ornamental plant. 

It has abundant applications in medicine, various industries, cooking, animal husbandry, veterinary medicine. 

The medicinal applications of fennel include use as an antispasmodic, carminative, diuretic, expectorant, 
laxative, stomachic, appetite stimulant, anti-inflammatory, against colic and as a lactation promoter. In 

Ukraine the traditional zones of cultivation of the crop are Western  

regions. In recent years there was a necessity of expansion of areas under fennel and its introduction into 
rotation in new regions, in particular in the South of Ukraine. The article highlights the effect of cultivation 

technology elements (the dates of sowing, the spaces between rows, nutrition background) on the yielding 

capacity and content of essential oil in fennel seeds. The seeds’ yielding capacity of fennel, during 2014-

2016, changed according to variants of experiment from 0.74 to 1.39 tons/ha. The least favorable conditions 
for productivity process were observed without fertilizers control, sown in a later date with usual rows. The 

most favorable conditions were ensured by the interaction of early spring sowing, row spacing of 45 cm, 

nitrogen fertilizers of 60 and 90 kg reactant/ha – 1.37 and 1.39 tons/ha, respectively. Under the background 
of N90 there was irsignificant increase of the seeds’ yielding capacity in comparison with the variant of 

application N60 on 0.02 tons/ha or 1.5%. The content of essential oil in the seeds of fennel, averagely for the 

years of research, changed according to variants of experiment from 5.13 to 6.29% to absolutely dry matter. 
The least favorable conditions for accumulation of essential oil were observed in variant without fertilizers, 
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sown in a later date with usual rows, the most favorable – in variant of application N60, when sown in the 

early period with the width of the row spacing of 45 cm. Under the background of the N90 there was a 

decrease of this characteristic in comparison with the variants of application of N30 and N60. The results of 
research show that abundant sustainable fennel yields with high content of essential oil on the dark chestnut 

soils in the South of Ukraine are ensured by the interaction of early spring sowing, row spacing of 45 cm, 

nitrogen fertilizers of 60 kg reactant/ha.  
Keywords: fennel, productivity, the seeds’ yielding capacity, essential oil, fennel seeds, dates of sowing, row 

spacing, nutrition background, nitrogen fertilizers. 

 

Introduction. Fennel (Foeniculum vulgare Mill.) belongs to the family Apiaceae. It can be an annual, 
biennial or perennial plant and is native to the Mediterranean areas. It is grown almost all over the world. 

Principal fennel producing countries include India, Argentina, China, Indonesia, Russia, Japan, Italy and 

others [1]. 
Fennel is a well-known essential-oil, medicinal, spicy, vegetable, aromatic and ornamental plant. It has 

abundant applications in medicine, various industries, cooking, animal husbandry, veterinary medicine. The 

beneficial properties of plants are caused by the essential oil and its major components – anethole (anis 

camphor) and fenchone. Different organs of fennel plants contain chemicals, most interest is in fennel fruit 
(commonly known as seeds) from which an essential oil is  

extracted [1, 2]. 

Fennel oil, seeds or extracts are commonly used to flavor liquors, teas, ice cream, candy, bread, fish, 
salad, soups, cheese, meats and in manufacturing of pickles, condiments, perfumes, soaps, cosmetics and 

cough drops [1]. 

The medicinal applications of fennel include use as an antispasmodic, carminative, diuretic, 
expectorant, laxative, stomachic, appetite stimulant, anti-inflammatory, against colic and as a lactation 

promoter. Resent studies have shown that essential oil of this plant can be used as a valuable antioxidant, 

antibacterial and antifungal agent [1, 2]. 

In Ukraine the traditional zones of cultivation of the crop are Western  
regions. In recent years, due to the rapid development of various branches of industry and increase of 

production capacity, there was a necessity of expansion of areas under Foeniculum vulgare and its 

introduction into rotation in new regions, in particular in the South of Ukraine. Besides, demand for fennel 
seeds and oil is growing every year and requires searching for new ways to improve its yield and collection. 

Research materials and methods. In 2014-2016 field experiments were established and conducted in 

the Farming “Fantasy” (Great Aleksandrovsk District Kherson Region) on dark chestnut soils, typical for the 
South of Ukraine. The purpose of the research was to study the influence the dates of sowing, row spacing 

and nitrogen fertilizers on the yielding capacity and essential oil content in fennel seeds. 

The plan of experience included such factors and their variants: Factor A – nutrition background: 

without fertilizers; N30; N60; N90; Factor B – the sowing date: early (third decade of March); middle (the first 
decade of April); late (second decade of April); Factor C – row spacing width, cm: 15; 30; 45; 60.  

Experiment is laid with method of split sections, replication – fourfold. Agrotechnics of fennel 

cultivation during the experiment was usual, except for factors and options that have been studied. Essential 
oil content in seeds was determined using the method of Ginsbergh [3].  

Research results. Among various factors, which can increase the yield on per unit area basis, 

fertilizers, sowing dates and sowing methods are considered to be the most important. 

 The results of our research show the impact of the dates of sowing, row spacing and nitrogen 
fertilizers on fennel productivity in the South of Ukraine. Besides, the seeds’ yielding capacity depends on 

the effect of hydrothermal conditions.  

In 2014 it constituted, on average over experiment, 1.09 tons/ha, in 2015 and 2016 – 0.96 and 1.01 
tons/ha, respectively. The decrease of this indicator in 2015 in comparison with other years of research may 

be associated with the influence of high temperature, insufficient moisture in the period of young crops-

fructification, considerable amount of precipitation in the interphase period of fructification-ripeness. 
The seeds’ yielding capacity of fennel, during 2014-2016, changed according to variants of 

experiment from 0.74 to 1.39 tons/ha. The least favorable conditions for productivity process were observed 

without fertilizers control, sown in a later date with usual rows. The most favorable conditions were ensured 

by the interaction of early spring sowing, row spacing of 45 cm, nitrogen fertilizers of 60 and 90 kg 
reactant/ha – 1.37 and 1.39 tons/ha, respectively. Under the background of N90 there was irsignificant 

increase of the seeds’ yielding capacity in comparison with the variant of application N60 on 0.02 tons/ha or 

1.5%. 
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In average by factors of value of indicator in the variant without fertilizers was 0.88 tons/ha. The 

seeds’ yielding capacity of fennel under the background of N30 increased relative to the control test on 0.13 

tons/ha (14.8%), N60 – 0.21 tons/ha (23.9%), N90 – 0.23 tons/ha (26.1%). Seed yield increased with increase 
in nitrogen levels, but significant increase was observed up to 60 kg N/ha (Fig. 1). 
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Fig. 1. The seeds’ yielding capacity (tons/ha) and the content of essential oil in the fennel seeds (% of 

absolutely dry matter), on averagely due to the studied factors 
 

Early sowing produced higher seed yield. The maximum seed yield was obtained when fennel was 

sown on third decade of March. The seeds’ yielding capacity of fennel (sown in the early period) constituted 
1.18 tons/ha. When sown one-two decades later the analyzed characteristic fell 0.15-0.29 tons/ha or 12.7-

24.6%.  

Average factor, the highest seeds’ yielding capacity of 1.12 tons/ha was observed at row spacing of 45 
cm. Changing the width of row spacing relatively 45 cm resulted the decrease of this indicator on 0.06-0.18 

tons/ha or 5.4-16.1%. 

The results of the studies testify to the fact that the content of essential oil in the seeds of fennel 

depends on the effect of hydrothermal conditions and of the factors studied. 
In 2014 the mass fraction of essential oil in the seeds of fennel, on average over experiment, 

constituted 5.76, in 2015 and 2016 – 5.54 and 5.68%, respectively. The decrease of this indicator in 2015 in 

comparison with other years of research may be associated with losses of essential oil under the influence of 
considerable amount of precipitation in the interphase period of fructification-ripeness. 

The content of essential oil in the seeds of fennel, averagely for the years of research, changed 

according to variants of experiment from 5.13 to 6.29% to absolutely dry matter. The most favorable 

conditions for accumulation of essential oil were observed in N60, when sown in the early period with the 
width of the row spacing of 45 cm, the least favorable – without fertilizers control, sown in a later date with 

usual rows. 

In average by factors of value of indicator in the variant without fertilizers was 5.37%, nitrogen 
fertilizers have increased it 1.04-1.10 times. Mass fraction of essential oil in the seeds of fennel under the 

background of N30, N60 and N90 increased relative to the control test 0.39; 0.56 and 0.21%, respectively (Fig. 

1). Under the background of the N90 there was a decrease of this characteristic in comparison with the 
variants of application of N30 and N60 on 0.18 and 0.35%, respectively. 

The positive influence of fertilizers on the content of essential oil in the fennel seeds depended on the 

interaction with the other factors. Under the background of N60, there was increase of this characteristic 

relatively to the control test 1.08 times on the sites of late term drilling with row spacing 15 and 60 cm; 1.13 
times when sown in the third decade of March with row spacing 45 cm. 
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Mass fraction of essential oil in the fennel seeds sown in the early period, in the third decade of March 

constituted 5.81%. When sown one-two decades later the analyzed characteristic fell 0.11-0.32 percent, or 

1.02-1.06 times. 
Average factor, the highest concentration of essential oil in seeds of 5.80% was observed at sowing 

with aisle 45 cm. Changing the width of the aisle relatively 45 cm resulted in the decrease of this indicator by 

0.13-0.22 percent, or 1.02-1.04 times. 
Conclusions. The results of research show that abundant sustainable fennel yields with high content of 

essential oil on the dark chestnut soils in the South of Ukraine are ensured by the interaction of early spring 

sowing, row spacing of 45 cm, nitrogen fertilizers of 60 kg reactant/ha.  
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Қысқаша мазмұны. Өсімдіктердің табиғи жолмен өсу жағдайында және топырақтүзілу 

факторларының әсерінен топырақ кескіні қалыңдығы бойынша қысқа қабаттарға бөлінген жас 

топырақтардың қалыптасу үрдісі жүруде 
Кілтті сөздер: техногенді бүлінген ландшафт, қалдықсақтағыш, үйінді, гумус, сіңірілген негіздер 

 

Кіріспе. Адам қызметі саласына түскен табиғи биоценоздар тез өзгереді немесе түбімен 
өзгеріске ұшырайды. Кейбір ғалымдардың көрсетуі бойынша, олар инженерлік-техникалық 

құрылымдармен және кешендермен, мәдени егістіктермен, әр түрлі мақсаттағы өсімдік өсірумен, 

төменгі өнімді немесе өнімсіз тақыр жерлерге, «индустриялдық шөлдерге» немесе басқа жаңа 
түзілімдерге алмасады. Карьердің өңделген телімдерінде табиғи өсімдіктердің пайда болуы жынысты 

игерудің бастапқы кезеңі болып табылады.  

Тау кен-өндіру және тау-кен қайта өңдеу кәсіпорындары да топыраққа жағымсыз әсер етеді. 

Осындай әрекет етудің негізгі нәтижесі - топырақтың бүлінуі. Пайдалы қазбаларды өнідру кезінде 
топырақ кескіні ішінара немесе толық кесіп, алынады, қабаттары араластырылады, сондай-ақ 

топырақ органикалық және минералды материалдардың астына көміліп қалады. Мұндай 

топырақтарды көмілген топырақтар деп атайды. Бастапқы топырақтардың өнеркәсіп қалдықтарымен 
көміліп қалуы нәтижесінде толығымен ауыл шаруашылығы айналымынан шығып қалады. Бастапқы 

топырақтардың бетін жауып жатқан шөгінділерде топырақтүзілу үрдісі жаңадан басталады. 

Техногендік бүлінген жерлерге қалдық сақтағыштың астында қалған жерлер де жатады. Зырян 

тау кен байыту комбинатының қалдықсақтағышының алып жатқан ауданы 140 гектарға жуық, соның 
ішінде 80 гектары шаңды. Жыл сайын қалдық сақтағышқа 1308133,17 тоннаға жуық қалдық 

жиналады [1]. Жел жылдамдығы 5-6 м/с болғанда жергілікті жел эрозиясы пайда болатыны, ал жел 

жылдамдығы 18-20 м/с болған кезде шаңды боран болатыны белгілі және де ауада өте көп мөлшерде 
қалдық сақтағыштың бетінен ұшқан қалқымалы бөлшектер көп болады. Сағымбаевтың зерттеуі 

бойынша кен байыту фабрикаларының қалдықсақтағыштарындағы уытты ингидриенттердің орташа 

мөлшері мынаған тең: Сu - 0,033 %; Pb - 0,083 %; Zn - 0,2 %; Fe - 5,2 %; SiO2 - 54,2 %; Al2O3 - 1,5 %; 
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