
30

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 14, No 4, pp 30-35, 2022
Published by Faculty of Agriculture, Trakia University, Bulgaria

ISSN 1313-8820 (print) 
ISSN 1314-412X (online)
http://www.agriscitech.eu

DOI: 10.15547/ast.2022.04.046

Production Systems

Organic oat production (Avena sativa L.) in the conditions of Northeastern Bulgaria

D. Vasilev*

Department of Plant protection, Botany and Zoology, Faculty of Natural Sciences, Konstantin Preslavski 
University of Shumen, 115 Universitetska Str., Shumen 9700, Bulgaria

(Manuscript received 20 June 2021; accepted for publication 11 November 2022)

Abstract. The study took place in the period 2018 - 2020 in the village of Milanovo, Shumen region. In the period March 
23 - 30, in accordance with the climatic factors of each year, the spring oat variety Scorpion was sown at a sowing rate 
of 3000 - 4000 germinating seeds per ha. Oats were sown after a predecessor crop of nettle. The aim of the present 
study is to prove that the oat variety Scorpio is suitable for organic production and it gives a quality product for direct 
consumption. The cultivation method and the finished product processing are also described in the study. The soil is 
gray-brown forest soil (Luvisols, Lessive - FAO UNESCO). Oats were grown following the requirements for field crop 
organic cultivation. In the period of vegetation, the crop was watered twice at a rate of 0.4 - 0.6 m3 /ha. The crop was 
harvested for green mass, at the maturity stage, as mowing was done in late June in two stages with a herb mower. The 
harvested area was 1.23 ha, and the green mass yield obtained was 10 t, on average for the period. The green mass 
followed a drying process in the sun, as a result of which 2470 kg of dry oat stalks were obtained. After that, we could 
prepare bundles measuring the length of 20 - 25 cm, packed in nylon and also aligned at the rear end. Each bundle 
weight varied from 100 to 300 g. After the dedusting process of bundles we were able to obtain a product for direct 
consumption showing fiber length of 0.4 - 3 mm. The sown area was identified as having the following groups of weeds: 
winter-spring (Chamomilla recutita Rauchert, Consolida regalis SPGray, Centaurea cyanus L. and Papaver rhoeas 
L.), early spring (Sinapis arvensis L., Bifora radians MB, Polygonum convolvulus L., Galium tricorne With, Avena fatua 
L.), ephemeral (Veronica hederifolia L., Stellaria media (L.), Holosteum umbelatum toothed swan) and root-shoot 
(Cirsium arvense Scop., Convolvulus arvense L. Cardaria draba L.). We could not detect any fungal disease attacks by: 
Puccinia coronata, Ustilago avenae, Ustilago hordei, Fusarium sp. Powdery mildew (Erysiphe graminis De Candole f. 
Sp. Avenae) and striped leaf spots (Pyrenospora avenae) had a weak effect on the crop (up to 25%). The study period 
showed the average content in the crop as follows: protein - 10.56%, starch - 43.62%, ash - 4.24%, and fiber - 13.47%.

Keywords: oats, variety, weeds, green mass, sheaves

*e-mail: d.v.dimitrov@shu.bg

Introduction

Recently oats (Avena sativa L.) have become 
increasingly popular cereal. Respectively, oats are widely 
used in organic food production and the raw materials 
industry. Moreover, there has been a growing demand for 
oat organic food from both healthy eating enthusiasts and 
vegan communities. A large part (95%) of the organic food 
production in our country is exported and a very small part 
of it is offered at the local market.

According to Rasane et al. (2015), oats are high in 
healthy fiber nutritional value, oat-based food products such 
as bread, biscuits, probiotic drinks, cereals, flakes and baby 
food makes it a preferred crop to grow in organic farming. 
According to Bozhanova et al. (2014), the most suitable for 
organic cultivation are the cereal varieties showing high 
yield potential and fast growth rate indicators.

The productive potential of different winter oat 
genotypes varies widely from 2444.1 to 4277.3 kg/ha 
(Zorovski et al., 2014).
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Comparing fetch-oat mixture (60:40, 50:50 and 
40:60) to pure oats, Markovic et al. (2018) concluded that 
the dry mass yield (t/ha - 1) was the highest in oats - 14.15 
t/ha - 1. Oats are less demanding of the predecessor 
crop and can be used as a sanitary crop against root 
rot, which does not tolerate sowing after it (Zhelev and 
Hristova, 1999). According to other authors (Maneva and 
Atanasova, 2014; Atanasova et al., 2018), crop rotation is 
a basic principle in organic cereal production. 

About 70 perennial and annual species belong 
to genus Avena and only 4 are cultivated (Common, 
Byzantine, Sandy and Abyssinian), and some species 
are dangerous weeds (Zhelev and Hristova, 1999). 
Fetvadzhieva et al. (1991) reported that winter cereal 
crops grew faster, rye in particular, especially in early 
stages and manifested competition with cereal weeds 
compared to spring barley and oats.

Atanasova et al. (2018) reported identification of the 
following weed families in winter oat crops - Astaraceae, 
Borraginaceae, Brassicaceae, Ranunculaceae, Rubiceae, 
Polygonaceae, Papaveraceae, Scrophulaceae, Violaceae, 
Apiaceae; very common were also Polygonaceaea, 
Apioceae, Apiaceae, Apioceae, Apiaceae, Astaraceae, 
Fabaceae and Poaceae.

After examining amber oats conventional and organic 
cultivation, some authors (Maneva and Atanasova, 2020) 
concluded that the highest density showed the flowering 
weed species: Papaver rhoeas L., Sinapis arvensis L. and 
Ranunculus ssp. 

The listed primary pathogens in oats were: Crown 
(leaf) rust (Puccinia coronata var. Avenae), Bacterial 
blight (Pseudomonas syringae), Powdery head (Ustilago 
avenae) Striped leaf spot (Pyrenospora avenae) and 
Powdery mildew (Erisiphe graminis De Candole f. sp. 
Avenae (Nakov et al., 1999; Atanasova et al., 2018; 
Atanasova et al., 2019).

The purpose of the present study is to demonstrate 
that oat variety Scorpio is suitable for organic production 
and can be used to supply a good quality competitive 
product for direct consumption, which has its position on 
the European market.

Material and methods

Oats are sown after a predecessor crop of nettle 
(Urtica dioica L.). The study was conducted in the period 
2018 - 2020 in the village of Milanovo, Shumen region. It 
is an organic production certified field. In the period March 
23 - 30, taking into account climatic specifications of each 
year, spring oat variety Scorpion was sown at a sowing 
rate of 3000 - 4000 germinating seeds per ha. The soil is 
gray-brown forest soil (Luvisols, Lessive - FAO UNESCO). 
Oats were grown following the requirements for organic 

field crop production.
The weed species composition was determined by 

the route method (by placing meters). That was done on 
the field diagonals. Five square meters of each variety 
were closely inspected. Weed control was done manually. 
Weeds were removed before seed formation. 

Disease attacks were also established by the route 
method on the field diagonals. During the growing season 
a fungal disease examination of oats was performed. 

Weed distribution degree in oats:

+  weak   - up to 25% 
++  average  - 25 to 50% 
+++  strong   - 50 to 75% 
++++  very strong  - 75 to 100% 

Degree of fungal disease attacks in oats: 

0  without damage 
+  minor damage   - 0.1 to 25% 
++  average damage  - 25 to 50% 
+++  severe damage   - 50 to 75% 
++++  very severe damage  - 75 to 100% 

For its green mass value the crop was weighed 
immediately after harvesting the entire area - 1.23 ha. 
Harvesting was performed using a Bonino herb mower. 
The main part of the green mass followed sun drying 
process until it reached 12% humidity. The crop was 
watered twice during the vegetation with an irrigation rate 
of 0.4 and 0.6 m3/ha. After that, the dry mass ratio (g) was 
determined by weight. The bundles of oats then went 
through a drying process in a cereal dryer at 105°C for 8 
hours. The quality indicators were determined in Organic 
Commerce Laboratory - Khan Krum.

Statistical data processing was performed by 
variance analysis (Zapryanov and Marinkov, 1978). 
Table 1 data shows information about the total amount of 
precipitation, from January till the end of the year (2018) 
- 623 mm, which is normal for our country. The amount 
of precipitation per month differed greatly and was quite 
unevenly distributed. It is clear that in January, April and 
August the precipitation amount was from 18 to 22.4 mm, 
whereas in October and November precipitation was not 
reported. A distinguishing precipitation rate of over 100 
mm showed the spring month of March, as well as the 
summer months of June and July, 42 mm of precipitation 
were measured in September, and no precipitation was 
reported in October and November.

The precipitation ratio for 2019 (Table 1) shows that 
from the beginning until the end of the year they were only 
369.0 mm.
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Table 1. Climatic factors for the period (2018 – 2020)

Month
Year

Temperature, 
norm ° C 2018 2019 2020 mm /m2 2018 2019 2020

I - 0.6 1.6 0.2 1.7 45 18.2 36.8 36.2

II 1.3 2.1 2.0 2.3 49 67.5 4.5 42.4

III 5.6 4.6 7.1 7.8 47 108.3 11.5 67.5

IV 10.1 15.5 12.1 11.7 55 22.4 24.1 19.8
V 16.3 18.0 17.3 15.9 70 76.5 63.5 72.5
VI 19.0 20.4 20.8 19.4 82 128.1 78.0 123.4
VII 21.6 21.5 22.5 21.6 65 100.3 32.4 68.4
VIII 21.0 23.3 21.1 22.5 51 21.2 - 57.6
IX 17.4 18.4 17.5 15.7 40 42.1 - 110.9
X 10.6 13.4 11.3 11.6 40 - 26.5 63.6

XI 6.9 5.2 9.8 5.7 55 - 66.3 99.2

XII 3.2 2.2 2.3 3.8 53 38.4 25.4 86.6

In that context, we can determine the year as „a dry 
year“. It is evident that during the spring months February 
(4.5 mm) and March (11.5 mm) the rainfall was insufficient. 
In April and May the precipitation increased and in June 
it reached 78.0 mm. No precipitation was reported during 
the summer months of August and September. Rainfall in 
October was only 26.5 mm, which is totaly insufficient for 
normal plant growth.

The amount of precipitation in 2020 was 848.1 
mm, which determines the year as „a rainy year“. It is 
noticeable that the months of January, February and April 
are characterized by rainfall rate less than normal. The 
remaining months of the year exceeded the standard.

Most of the average monthly temperatures for the 
period exceeded the standard, which could explain the 
snowless winters during those years.

Results and discussion

Table 2 shows information about annual cereal 
weeds and the wild cereal species Avena fatua L. having 
wide distribution (50-75%). Considering the fact that wild 
oats is a very harmful weed for the growing crop, manual 
cleaning was performed. There was impressively strong 
weediness with wild oats. Probably the weediness from 
the preceding crops caused that ratio. Annual deciduous 
weed species Sinapis arvensis L., Polygonum convolvulus 
L., and Papaver rhoeas L. are very common. 

Table 2. Weed species in oats and their average distribution 
for the period (2018 - 2020)  

Weed species Degree
1. Annual weeds
1.1 Annual cereal weeds

 
 

Echinochloa crus - galli L.
Avena fatua L.

+
+++

1.2 Annual deciduous weeds
Chenopodium album L.
Solanum nigrum L.
Galium tricorne L.
Papaver rhoeas L.
Amaranthus retroflexus L.
Anthemis arvensis L.
Consolida regalis - Gray.
Xanthium strumarium L.
Sinapis arvensis   L.
Polygonum convolvulus L.

 
++
+
++
+++
+
++
+
+
++++
++++

2. Perennial weeds
2.1 Pernnial root and shoot weeds
Sonchus arvensis L.
Cirsium arvense (L). Scop .
Convolvulus arvensis L.
Aristolochia clematitis L.

 
 
+
++
++
+

 Degree of weed distribution                 
+ - weak - up to 25%
++ - average - 25% to 50%
+++ - strong - 50% to 75%
++++ - massive - 75% to 100%.
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Savova (2013) reported protein content of 11.39% 
to 12.79%. after analyzing protein content data in some 
Bulgarian oat varieties and some other candidate oat 
varieties. Rasane (2015) reported oat protein content of 
11-15%.

Protein content determination is an important 

indicator for measuring oats nutritional factors. The 
data presented in Table 3 show that the protein content 
varies from 10.23 to 10.83% in different years. In our 
opinion, soil and climatic factors, as well as varieties’ 
characteristics led to the difference in the results 
obtained in our study.

Table 3. Scorpion variety quality indicators for the period (2018 - 2020).

Indicators Years Average for the period2018 2019 2020
Protein content,% 10.23 10.62 10.83 10.56 `

LSD 5% 0.12
Starch,% 41.23 42.82 46.81 43.62
LSD 5% 12.07
Fiber,% 12.92 13.57 13.92 13.47
LSD 5% 2.11
Ash,% 4.15 4.32 4.25 4.24

LSD 5% 1.23

There is a slight difference in the protein content 
indicator for the period 2018 - 2020. Resane (2015) 
reported for about 60% starch in oat grain. The values 
obtained in our study are comparatively lower. The 
percentage obtained in our study is comparatively 
low. These differences can be explained by cultivation 
technology, differences in soil and climate, and applied 
agricultural techniques. This is due to cultivation 
technology, soil and climatic differences and the usage 
of agricultural methods. The data provides information 
that the starch content indicator varies from 41.23% to 
46.81% for the study period. The processed raw material 
ash content varies from 4.15% to 4.32%, as the highest 
content found in 2019. Fiber content in plant foods is an 
important indicator that characterizes the healthy food 

quality index. Flanders (2007) reported 2.3% to 8.5% 
dietary fiber content (beta-glucan). The high percentage 
of fiber content obtained in our study is due to the fact 
that we did not take into account only beta-glucan, but 
also the total mass.

Information about green mass yield, dry mass 
yield and the ratio between them is presented in Table 
4. Green mass yield is an indicator closely related to the 
raw material productivity. During the study years, the yield 
varied from 9.200 to 11.300 kg, which can be explained by 
the climatic factors fluctations. The yield in question was 
obtained from the entire harvested area - 1.23 ha. Dry 
mass yield is an important raw material for the preparation 
of ready-to-eat products. The average dry mass yield 
obtained for the period is 2470 kg. 

Table 4.  Quantitative indicators of oat variety Scorpion

Indicators
Years

Average for the period
2018 2019 2020

Green mass, kg 9200 9500 11 300 10.000
LSD 5%    3.41

Dry weight, kg 2100 2242 3068 2470
LSD 5%    2.71

Green / dry mass ratio 4.38 4.24 3.68 4.10
LSD 5%    1.32

The average bundle weight in 1 kg dry weight produce 
gives us an idea of the product profitability. In this regard, 
the number of bundles in 1 kg is 4 on average, ranging in 
weight from 205 to 300 g, or 250 g on average. Processing 

and cutting the dry mass material on a machine gives a 
final product with fiber length of 0.4 to 3.00 mm. Fractions 
of 0.6 and 0.8 mm (22.1% - 22.5%) have the highest 
percentage in 1 kg of raw dry material.
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Table 5. Technological indicators

 

Bundle weight in 1 kg dry weight
g On average, g

205 220 275 300 250

Distribution of fractions in 1 kg of 
finished product for consumption,%

0.4 mm 0.6 mm 0.8 mm 1.0 mm 2.0 mm 3.0 mm

18.0 22.5 22.1 19.2 8.2 10.0

 Table 6. Attack to diseases average for the period (2018 – 2020)

Fungal 
diseases

Puccinia 
coronata

Ustilago 
avenae

Ustilago 
hordei

Erisiphe graminis De 
Candole f.sp. a Avenae

Fusarium sp. Pyrenophora
avenae

0 0 0 + 0 +

The results indicate that there were no attacks 
detected by phytopathogens Crown rust (Puccinia 
coronata), Powdery head (Ustilago avenae), Covered 
head (Ustilago hordei), Fusarium root rot (Fusarium sp.). 
Rare attacks (up to 25%) were reported by Powdery 
mildew (Erisiphe graminis De Candole f. Sp. Avenae) and 
Striped leaf spot (Pyrenospora avenae). As a result of the 
study we can conclude that oat variety Scorpio products 
are suitable for export safe organic food manufacture. 
The relatively low disease percentage during the three 
years of study is due to both higher values of normal air 
temperature and the reported amount of precipitation 
(Table 1).

Conclusion

The following groups of weeds have been identified 
in the sown area: winter-spring (Chamomilla recited  
Rauchert, Consolida regalis SPGray, Centaurea cyanus 
L., and Papaver rhoeas L.), early spring (Sinapis arvensis 
L., Bifora radians MB, Polygonum convolvulus L., 
Galium tricorne With, Avena fatua L.) (Veroepolihe L.), 
Stellaria media (L.), Holosteum Umbelatum Jagged 
chickweed) and root - shoot (Cirsium arvense Scop., 
Convolvulus arvensis L., Cardaria draba L.). On average 
for the period was obtained protein content - 10.56%, 
starch - 43.62%, ash - 4.24% and fiber - 13.47%. The 
yield of green mass is an indicator related to the fertility 
of the produced raw material. During the test years, 
the yield varied from 9.200 to 11.300 kg, which can be 
explained by differences in climatic conditions. Dry mass 
is an important raw material used to prepare a ready-to-
eat product. The average dry mass obtained for the period 
is 2470 kg. By processing and cutting the dry mass of a 
mouth machine, a direct product with fiber length of 0.4 to 

3.00 mm is obtained. Fractions 0.6 and 0.8 mm have the 
relatively highest percentage (22.1% - 22.5%) in 1 kg of 
dry raw material.
No attack by fungal diseases of crown rust (Puccinia 
coronata), powdery head (Ustilago avenae), covered 
head (Ustilago hordei), fusarium root rot (Fusarium sp.). 
There is a slight attack up to 25%) of oats from powdery 
mildew (Erisiphe graminis De Candole f. sp . Avenae) and 
striped leaf spots (Pyrenospora avenae) 
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