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FOREWORD

The Latvia University of Life Sciences and Technologies and Organizing Committee of Annual 27" International
Scientific Conference ‘Research for Rural Development 2021 tried to continues a tradition of bringing together
researchers, academic and professionals in Jelgava, from 12 to 14 May, 2021 from all over the world. But,
unfortunately, this year again the rules were set by the Covid -19 virus pandemic.

We did start new tradition from 2020, account from 1* until the 27" conference and totally are 36 Volumes.

The interdisciplinary papers contributed the most recent scientific knowledge in crop production, animal
breeding, agricultural engineering, agrarian and regional economics, food sciences, veterinary medicine,
forestry, wood processing, water management, environmental engineering, information and communication

technologies.

These Proceedings will furnish the scientists of the world with an excellent reference volume. We trust also that
this will be an impetus to stimulate further study and research in all these areas.

We thank all authors for their contributions.

We thank you for your interest in the Conference ‘Research for Rural Development 2021’ and look forward to
the 28™ conference in 2022.

Ausma Markevica

Chairperson

Annual 27" International Scientific Conference
‘Research for Rural Development 2021°
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ASSESSMENT OF PERENNIAL RYEGRASS (LOLIUM PERENNE L.) GENOTYPES
UNDER LATVIA AGRO-ECOLOGICAL CONDITIONS

*Sarmite Rancane, Ivo Vézis, Dzidra KreiSmane, Aija Rebane, Aldis Jansons
Latvia University of Life Sciences and Technologies, Latvia
*Corresponding author’s email: sarmite.rancane@llu.lv

Abstract

Within the frame of the Nordic/Baltic public-private partnership *PPP for pre-breeding in perennial ryegrass’
various activities were performed, including assessment of L. perenne (Lp) genotypes under agro-ecological
conditions of Latvia. This article summarizes the data obtained in two harvest years for 19 intermediate
tetraploid (4x) Lp genotypes. In order to compare the results obtained in ryegrass with performance of grass
interspecies hybrids (F1), which become especially relevant in the recent years, two varieties, developed in
Latvia — Lolium x boucheanum Kunth. ‘Saikava’ and x Festulolium ‘Vizule’ were included in the experiment.
Various scores were performed, including evaluation of regrowth, intensity of culm development, sward cover,
crown rust (Puccinia coronata) susceptibility, etc. The dry matter yield (DMY) and fodder quality were also
determined. It can be concluded that the genotypes showed relatively good results in the first two harvest years.
Wintering conditions were favourable. Despite the intensified drought and heat in the 1* ley year, relatively high
DMY, which ranged from 9.30 to 12.15 t ha'!, for Lp were harvested in three cuts. In the 2™ ley year, under more
favourable humidity conditions, Lp in four cuts provided similar DMY, which ranged from 8.81 to 11.50 t ha’.
If we compare the average DMY of Lp and F1 genotypes, it can be concluded that in the first two harvest years
no significant differences were found, the average DMY was 10.30 and 10.64 t ha!, respectively. No significant

differences were found between Lp and F1 in terms of forage quality.
Key words: festulolium, variety, dry matter yield, phenological assessment, fodder quality.

Introduction

Perennial ryegrass (Lolium perenne L.) is a very
importantspecies in providing a feed base for ruminants.
It is high-yielding with excellent forage quality under
frequent cutting regime; therefore, perennial ryegrass
is the most important forage grass species in many
regions with mild, humid climate. As the temperature
is rising, it is expected that in near future the growing
area of perennial ryegrass will expand to the north. In
the Nordic-Baltic region perennial ryegrass becomes
increasingly important, especially in view of the
prospective climate changes. Currently, the cultivation
of perennial ryegrass in Northern Europe is a challenge
due to unstable wintering circumstances with black-
frost in winter and sharp temperature fluctuations in
spring. Heat and drought periods in summer are also
becoming more present and pronounced. It is of great
importance to contribute to increasing the diversity of
ryegrass genetic material in order to improve winter
hardiness, persistence and stress tolerance of perennial
ryegrass. For this purpose the researchers and breeders
in the Nordic and Baltic countries joined their forces
in collaboration within the long-term Public-Private
Partnership (PPP) project on pre-breeding of perennial
ryegrass (Rognli ef al., 2019; Rancane et al., 2021).
The PPP project aims to assess available genetic
resources and develop new germplasm which can be
used to develop resilient cultivars highly adaptable in
new conditions. Current perennial ryegrass germplasm
is probably restricted since the species is not native
to the northern and continental regions (Rognli ef al.,
2013). The best strategy for future breeding could be

hybridization of germplasm developed in northern
countries with more exotic materials that allows to
develop new varieties combining high yield potential,
good winter survival and superior disease resistance
(Helgadottir et al., 2018).

For increasing the genetic diversity of perennial
ryegrass and improving its properties tetraploid forms
are created. During the studies of the effect of variety
ploidy and heading date on milk production and herbage
intake of dairy cows it was found that later heading
varieties had increased dry matter intakes (DMI) and
milk production over intermediate heading varieties,
but ploidy did not have a significant effect. Tetraploid
swards had lower post-grazing sward heights than
diploid swards but milk production did not differ
significantly. Tetraploids exhibited significantly better
graze-out performance than diploids. The proportion
of tetraploid varieties in intensively grazed swards
should be optimized. Breeding for improvements
in grazing efficiency is possible which is confirmed
by genetic variation between varieties within each
ploidy (O’Donovan & Delaby, 2005; McClearn ef al.,
2019; Tubritt et al., 2020). Increasing genome size
during selective breeding process by whole genome
duplication, changes the productivity and stress
tolerance of new varieties. Lee af al. (2019) found that
tetraploids exhibited a greater biomass under severe
drought, whereas diploids had a greater biomass under
the current rainfall and likely drought scenarios. Local
climate forecasts will need to be taken into account
when selecting new varieties, allowing for variable
future reductions in precipitation.

RESEARCH FOR RURAL DEVELOPMENT 2021, VOLUME 36 7
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However, some grass breeders (Berzins et al.,
2015, 2018; Nekrosas & Kemesyté, 2007; Ostrem,
Volden, & Larsen, 2013) believe that under the climatic
conditions of Northern Europe more promising is the
development of interspecific (Festuca x Lolium) grass
hybrids that allows to combine the best properties of
both species in one variety. Forage nutritive value and
the regrowth capacity of xFestulolium could make it as
promising species for high-latitude regions (Ostrem,
Novoa-Garrido, & Larsen, 2013). Previous studies
have shown that many varieties of xFestulolium
have improved winter-hardiness and persistence
in comparison with L. perenne (Lemeziene et al.,
2004; Gutmane & Adamovics, 2008; Ghesquiere,
Humphreys, & Zwierzykowski, 2010; Berzins et al.,
2015). In Sweden, they found that the decline in dry
matter yield at first harvest over three years was largest
in perennial ryegrass, it was significantly less in loloid
festulolium, while the smallest reduction in yield
was found for festucoid festulolium (Halling, 2012).
Research in this area is still lacking; therefore, in the
experiment tetraploid (4x) perennial ryegrass varieties
and accessions from different locations, and two local
varieties of interspecific hybrids were included. The
aim of the study was to compare and find the most
productive and persistant perennial ryegrass varieties
and accessions under Latvia agro-climatic conditions,
and evaluate their performance in comparison with
festulolium.

Materials and Methods

The field trials were conducted at the Research
Institute of Agronomy (56°37 N, 25°07 E) of Latvia
University of Life Sciences and Technologies. The
experiment included 19 intermediate tetraploid
(4x) perennial ryegrass (Lp) varieties and genebank
accessions (hereinafter genotypes) and two grass
interspecific hybrid (Fl) varieties developed in
Latvia — the hybrid ryegrass (Lolium boucheanum
Kunth.) ‘Saikava’ and festulolium (XFestulolium)

120

‘Vizule’. Genotypes were randomized in two
replicates. The size of the plot for each genotype in one
replicate was 10 m?. The trial was established in June
0f 2018 in Eutric Retisol (WRB, 2014), granulometric
composition was loamy sand, with pH KCI 5.7,
organic matter 22 g kg!, plant available phosphorus
(P,0,) 85 mg kg™ and potassium (K,0) 95 mg kg™ In
the sowing year before establishment of experiment
a fertiliser with 20 kg ha' N; 40 kg ha' P,O, and
100 kg ha! K,O (hereinafter 20-40-100 NPK) was
applied. In the harvest years the following fertilisation
scheme was used: 70-50-50 NPK in the spring after
vegetation recovery; N60 after the 1% and 2" mowing;
10-40-80 NPK after the last mowing in September.
Thus, during each season, the total amount of fertiliser
200-90-130 NPK per season was applied.

During the season, various features for the
ryegrass swards were scored visually, including:
regrowth in spring and after harvesting; intensity of
culm formation in the aftermath; crown rust (Puccinia
coronata) susceptability; intensity of grass greening or
grass health, etc. For the visual assessment, a 9-point
scale was used: lower marks indicate a less pronounced
trait expression, while higher marks indicate a more
pronounced trait expression. Rust susceptibility
was assessed according to the methodology of
EUCARPIA Multisite Rust evaluation (Schubiger et
al., 2010). A scale from point 1 to 9 was used, where:
1 —no rust disease, 2 — traces of rust, 3—5% of the leaf
surface is covered with rust pustules, 4-10%, 5-25%,
6-40%, 7-60%, 8-75%, 9 — more than 75% of the
foliage covered with rust, the grass is dominated by
necrotic leaves. The rating values represent a relative
estimate of visual assessment of sward area in the plot
occupied by rust pustules. The heading date, when first
shoots emerged, was fixed and it was expressed as a
number of days from the 1% of May. The persistence or
sward cover was determined by visual assessment of
the proportion of area covered by perennial ryegrass
plants, expressed in %.

100
80
60
40
20

Feb Jun

Jan

90000003 Precipitation - Long term === Precipitation 2019
Temperature - Long term == == Temperature 2019

Jul Aug Sep Oct
mmmm Precipitation 2020

seeees Temperature 2020

Figure 1. Amount of precipitation and average air temperature by months in 2019-2020 in comparison with
long-term averages (Skriveri weather station data).
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Theregistration of DM yield was performed in three
mowings in the 1% ley year (2019) and four mowings
in the 2™ ley year (2020) using the experimental
green mass harvester ‘Haldrup’. To determine the DM
content, the green mass samples, approximately 500
g, from each plot before mowing were taken, weighed
and placed in drying cabinets at 55 °C. Feed quality
for dry matter samples was determined: crude protein
(LVS EN ISO 5983-2: 2009); neutrally detergent fiber
— NDF (LVS EN ISO16472: 2006); acid detergent
fiber — ADF (LVS ENISO13906: 2008). Net energy
for lactation (NEL), net energy for maintenance
(NEM), net energy gain (NEG), DM digestibility, DM
intake capacity (DMI) and relative feed value (RFV)
were determined using the calculation methodology
(Summary of feed..., 2013).

Results were analysed by ANOVA with a
significance level of 0.05. For the evaluation of
data obtained, the tests of statistically significant
differences (LSD, ;) were used.

To characterize meteorological conditions, the
amount of precipitation by months and the average
monthly air temperatures are listed (Figure 1).
In both, the 1* ley year (2019) and the 2" ley year
(2020), the average air temperatures in winter and
summer months were generally higher than the long-
term averages. The exception was May of 2020, when
the air temperature was below the long-term average,
but this did not prevent grass growth. In terms of
precipitation, the vegetation period of 2019 can be
assessed as atypically dry — almost all months from
April until the end of year, the monthly precipitation
was well below the long-term averages. The season
of 2020 also started with reduced rainfall: in April
and May the amount of precipitation was well below
the long-term average. In the following months of
the season, precipitation normalized: June was rich
in rainfall, when it fell by 30 mm more than usual.
August was dry, but precipitation in September and
October was similar to long-term averages. In general,
the precipitation in vegetation period 2020 can be
considered as typical.

Results and Discussions

In terms of heading time, perennial ryegrass
genotypes differed within six days: the heading date
for earliest ‘LIA 58’ fixed on the 29" day; for latest
(‘Raminta’, ‘LVA02526° and ‘LVA 1058’) — on
the 34" day, calculating from the 1% May. For most
genotypes heading date was fixed on the 31:-33
day, for interspecific hybrid varieties — ‘Saikava’ and
‘Vizule’ — on the 31% day (Table 1).

Growth rate ranged from 6.4 to 9.0 points in spring
and from 6.0 to 9.0 points after the 1% cut (Table 1).
The Lp ‘Elena DS’ and the hybrid ryegrass ‘Saikava’
grew more intensively both in spring and after mowing

(scored with 9.0 points). Lp ‘SW Birger’ also grew
rapidly (8.0). Lp ‘EST 50’ (8.0), “Vir 51515’ (7.5),
“Vir 50929’ (7.5), ‘Verseka’ (7.5), ‘Raite’ (7.5) stood
out in the 2" cut. Both interspecific hybrid varieties
‘Saikava’ and ‘Vizule’ also had intensive regrowth
in the 2" cut (7.5 and 8.5 points). Intensive regrowth
allows the variety to compete better with weeds and
overcome other stressors, and usually it promotes
higher yields.

The characteristic feature for Lp is more or
less intensive development of generative shoots in
aftermath, while Festuca hardly forms them (Berzins
et al., 2019). With each subsequent mowing, the
intensity of culm development decreases. In the 3™
cut the intensity of culm development varied widely —
from 2.9 to 8.6 points. Particularly intensive culming
was observed for Lp ‘Elena DS’ (8.6); several Lp
genotypes were evaluated with 4.5 to 6.0 points. Very
weak culm development in the 3™ cut was noticed for
“Vir 51516’ (2.9), ‘EST 158’ (3.0) and ‘Garbor’ (3.0).
Genetic material with such characteristics could be
used in the development of pasture and ornamental or
lawn-type varieties. The intensity of culm development
of interspecific hybrid varieties ‘Saikava’ and ‘Vizule’
in the 3 cut was assessed as moderately intensive, it
ranged from 4.9 to 5.0 points.

In the first ley years perennial ryegrass persists
relatively well, especially under favorable wintering
conditions (LemeZiene et al., 2004; Berzins et al.,
2018). In the years of the study, winters in Latvia
were unusually warm, the average air temperature
significantly exceeded the long-term averages (Figure
1), and there was no pronounced black-frost periods.
The vegetation season of 2019 was extremely dry,
which affected the growth rate, but not the persistence.
The cover of the evaluated genotypes in the autumn
of the 2" ley year ranged from 74% to 91%.
Significantly (p <0.05) denser swards were formed by
varieties ‘Raite’ and ‘Vifelt’, its coverage was 91%.
The most thinned was the sward of Lp ‘Elena DS’
(74%). Varieties of interspecific hybrids ‘Saikava’ and
“Vizule’ in the 2™ ley year persisted well, the cover for
both varieties was estimated as 81% (Table 1).

During the warm and wet seasons, ryegrass tends
to be infected with various types of rust. This can
be reduced by appropriate agronomic techniques,
but experience shows that a very important role is
Jaskiing, 2019). In the process of breeding material
evaluation, high attention is paid to rust resistance. In
the trial the susceptibility to crown rust was evaluated
(1-9 points); therefore, the genotypes with lower
marks have higher resistance. Ratings ranged from
2.0 to 6.5 points. More resistant to crown rust in the
conditions 0f 2019 were Lp ‘Ovambo’(2.0) and ‘ Vifelt’
(2.1). For interspecific hybrids, rust susceptibility was
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Table 1

Assessment of L. perenne and x Festulolium varieties and genebank accessions in two ley years

Regrowth, points

Heading, g (1_9)p Culms in Sward suscczovt?ttilﬁl:t in Grass health

Genotypes days from ter th the 3* cut, | cover in the the 31 Ic) b (ISlyLY) (2™ LY),
st . . alter the 1 nd EE) 5 .

I*of May | in spring 1* oyt points 20 LY** % points points
SW Birger 31 8.0b* 6.0e 4.4cde 83abced 3.5bed 6.2abc
Raite 33 7.0cd 7.5bcd 4.5bcde 9la 4.6ab 6.0abc
Elena DS 32 9.0a 9.0a 8.6a 74d 3.6bcd 6.4abc
Alduva 31 6.9cd 6.5de 6.0b 80bed 3.6bcd 5.9abc
Verseka 31 7.6 bc 7.5bed 5.1bc 79bcd 4.9ab 4.6¢d
Garbor 31 6.5d 6.5de 3.0e 80bcd 2.6¢cd 5.3abed
Ovambo 32 7.0cd 6.5de 3.1de 88ab 2.0d 7.1a
Vifelt 32 7.1cd 6.5de 4.5bcde 9la 2.1d 6.labc
LIA 58 29 7.1cd 6.5de 3.5cde 76cd 3.3bed 5.4abcd
Vir 50774 31 6.9cd 6.5de 5.0bc 8labed 2.6¢cd 5.0abed
EST 158 33 7.4 be 7.0cde 3.0e 79bcd 3.2bed 5.2abed
Vir 51515 33 7.5 be 7.5bed 4.4bcde 8labcd 4.4bc 5.4abcd
EST 50 33 6.4d 8.0abc 4.0cde 82abcd 4.1bc 5.6abcd
Vir 51516 33 7.1cd 7.0cde 2.9¢ 84abc 4.8ab 5.1abcd
Vir 50929 33 7.0cd 7.5bed 4.5bcde 82 abcd 4.4bc 4.6¢d
LVA 02526 34 7.0cd 8.0abc 3.4cde 80bcd 6.5a 4.9bcd
LIA 1058 34 7.0cd 6.0¢ 4.1cde 84abed 4.2bc 3.7d
155238 33 6.4d 6.5de 4.0cde 8labed 4.4bc 6.5abc
Raminta 34 6.5d 7.0cde 4.0 cde 87abc 4.4bc 6.9ab
Saikava 31 9.0a 8.5ab 4.9bcd 8labcd 3.8bcd 6.8ab
Vizule 31 8.1b 7.5bcd 5.0bcd 8labed 4.5bc 7.0a
LSD, . 1.4 0.54 0.75 1.38 7.7 1.41 1.51

*a, b, c,... — Mean values followed by different letters in each column differ significantly from each other at the p < 0.05;

**LY — ley year

moderate — 3.8 points for ‘Saikava’ and 4.5 points for
“Vizule’. In the 2™ ley year, the weather conditions
were such that a pronounced outbreak of rust
infection was not provoked, but in autumn significant
differences in terms of greening or sward health
there were observed, the ratings ranged from 3.7 to
7.1 points. The healthiest swards were developed
by Lp ‘Ovambo’ (7.1) and ‘Raminta’ (6.9); and FI
“Vizule’ (7.0) and ‘Saikava’ (6.8) (Table 1).

The average dry matter (DM) yield in the two
years of use ranged from 9.06 to 11.4 t ha!, depending
on the genotype. More productive were Lp ‘SW
Birger’ and ‘Elena DS’; significantly (p<0.05) lower
DM yield was found for Lp ‘No 155238, ‘EST 158,
and ‘Ovambo 1’ (Table 2). Usually in the 1* ley year
perennial ryegrass grows particularly intensively;
however, the prolonged drought in 2019 contributed
to only three harvests. In the 2" ley year, the humidity
conditions were much more favorable, there was a
possibility to harvest four mowings. If we compare the

average yields of Lp and Fl, it can be concluded that
there were no significant DM yield differences in the
first two years. Slightly higher DM yield on average
in the 1**and 2" ley year was provided by FI: 10.96 /
10.56 and 10.32 / 10.05 t ha! Fl / Lp, respectively.
Productivity and persistence of forage grasses is
mainly determined by the genetic potential of species
and varieties (Moser & Hoveland, 1996).

The highest proportion of DM yield, similar to
other grass species, perennial ryegrass provides in the
1% harvest. In this experiment, the average DM yield
of the 1% cut was 58% of the total DM yield (Figure 2).
Depending on the genotype, it slightly varied between
56 and 62%, calculated on the basis of the average
DM yield over two years. The yield proportion of the
2" and 3" harvests were relatively similar, 21% and
17%, respectively (Figure 2). The 4™ harvest in the
2 Jey year was only 4% of the total yield. Although
sometimes the last harvest does not give a significant
increase in the total yield, it is important to mow it in
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Table 2

Dry matter yield of L. perenne and x Festulolium varieties and genebank accessions in two ley years

An average in two ley years
Genotype I*tley year, t ha! 2m Jey year, t ha!
tha'! % to control
Lolium perenne (Lp)
SW Birger 11.48% 11.27% 11.38° 100
Raite 10.13b 10.4870 10.30%0d 91
Elena DS 11.30% 11.50° 11.40? 100
Alduva 10.35%¢ 10.46%* 10.40%<d 91
Verseka 10.88* 10.142b 10.5120d 92
Garbor 12.15° 9.87%¢ 11.01* 97
Ovambo 1 9.70 9.01% 9.35bd 82
Vifelt 10.75%¢ 10.5070 10.62%0d 93
LIA 58 10.32% 9.40%¢ 9.86% 87
Vir 50774 10.76%¢ 10.24¢¢ 10.50%¢d 92
EST 158 9.36¢ 9.07% 9.21« 81
Vir 51515 10.48¢ 10.042* 10.26%<d 90
EST 50 11.27% 10.96%* 11.12# 98
Vir 51516 9.96" 10.51%b 10.232bed 90
Vir 50929 10.76%* 9.83bc 10.290cd 90
LVA02526 10.14¢ 9.96%¢ 10.05%cd 88
LIA 1058 10.99abc 8.98" 9.99¢bed 88
No155238 9.30¢ 8.81° 9.06¢ 80
Raminta 10.57%¢ 9.87%¢ 10.22bed 90
Festulolium (F1)
Saikava 11.18% 10.522¢ 10.85at 95
Vizule 10.73%¢ 10.112%¢ 10.420d 92
An average of Lp 10.56 10.05 10.30
An average of Fl 10.96 10.32 10.64
LSDO0.05 1.32 1.72 1.26
*a, b, c,... — The mean values in each column followed by different letters differ significantly from each other at the p < 0.05

order to provide better overwintering. It is known that
large green mass, left for the winter, can cause snow
mold and other infectious diseases, which generally
worsen winter hardiness and, consequently, the
persistence. The forage quality of the 1 mowing was
evaluated. The content of crude protein (CP) ranged
from 6.99 to 10.68% for Lp; slightly lower (7.84 to
8.31%) it was for FI (Table 3). The highest (>10%)
CP content was provided by Lp genotypes ‘LIA
1058’ and “Vir 51515°. The ADF fraction negatively
correlated with the digestibility of ingested feed.
On the other hand, with increase of NDF content
its intake decreases. For high-quality dairy cows,
the ADF should not exceed 40% in the dry matter,
while the NDF should be below 50%. Exceeding
these values for fiber fractions in fodder will result
in less food being eaten and less processing of what

is eaten. In this experiment, the ADF for Lp ranged
from 19.92% to 25.11%, while the NDF ranged
from 38.79 to 46.74%. This proves that Lp provides
a high-quality fodder. The dry matter value of
interspecific hybrids ‘Saikava’ and ‘Vizule’ was also
high enough. Net energy for lactation (NEL), which
is very important for dairy cows ration compilation,
was relatively similar for all genotypes, ranging from
6.6 to 7.02 MJ kg'. Dry matter digestibility ranged
from 69.34 to 73.38%. Dry matter intake (DMI)
indicates the amount of dry matter that an animal will
be able to eat. It depends on how quickly the fodder is
digested and passes through the intestinal tract. This
indicator is most directly affected by NDF — as NDF
increases, fodder DM intake capacity decreases. In
the experiment the DMI ranged from 2.57 to 3.09%
of cow body weight.
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Figure 2. The distribution of dry matter (DM) yield by mowings in two ley years.

The Relative Feed Value (RFV) index is used to
compare feed, taking into account the digestibility and
intake of the feed. The higher this index, the higher
the value of fodder. The threshold is 100, below which

feed is considered to be of low quality (Summary of
feed..., 2013). High-yielding dairy cows need a feed
with an index above 124. In the experiment, for Lp it
was significantly higher and ranged between 149 and

Table 3
Fodder quality of the 1* cut of Lolium perenne and x Festulolium genotypes
Genotype Crgde0 NPF, ADF, NEL,}I NEMfl NEG,»IMJ diz::ﬁ_ 123’3;? d‘;f RFV
protein, % % % MJ kg Ml kg kg bility, % weight

W Birger 9.09 42.75 | 23.85 6.71 7.34 432 70.32 2.81 153
Garbor 7.15 39.01 | 19.92 7.02 7.71 4.69 73.38 3.08 175
Raite 9.59 44.05 | 23.61 6.73 7.36 434 70.51 2.72 149
Elena DS 7.16 42.57 | 22.75 6.79 7.45 4.43 71.18 2.82 156
Alduva 7.71 42.08 | 21.95 6.86 7.52 4.50 71.80 2.85 159
Verseka 6.99 40.07 | 21.75 6.87 7.54 4.52 71.96 2.99 167
Ovambo 1 7.40 42.17 | 21.85 6.87 7.53 4.51 71.88 2.85 159
Vifelt 9.14 38.79 | 21.94 6.86 7.52 4.50 71.81 3.09 172
LIA 58 8.29 4391 | 22.95 6.78 7.43 441 71.02 2.73 150
Vir 50774 9.44 42.77 | 23.38 6.74 7.39 437 70.69 2.81 154
EST 158 7.96 41.95 | 21.86 6.87 7.53 4.51 71.87 2.86 159
Vir 51515 10.10 4136 | 21.72 6.88 7.54 4.52 71.98 2.90 162
EST 50 8.42 42.15 | 2231 6.83 7.49 4.47 71.52 2.85 158
Vir 51516 7.56 41.80 | 22.60 6.81 7.46 4.44 71.29 2.87 159
Vir 50929 8.85 39.67 | 20.82 6.95 7.63 4.61 72.68 3.02 170
LVA02526 7.93 43.18 | 22.86 6.79 7.44 441 71.09 2.78 153
LIA 1058 10.68 40.24 | 21.37 6.90 7.58 4.56 72.25 2.98 167
No155238 9.29 4242 | 2243 6.82 7.48 4.46 71.43 2.83 157
Raminta 9.90 41.97 | 22.26 6.83 7.49 4.47 71.56 2.86 159
Saikava 7.84 46.74 | 25.11 6.61 7.22 4.20 69.34 2.57 138
Vizule 8.31 45.07 | 24.01 6.69 7.33 4.31 70.20 2.66 145
An average 8.51 42.13 | 22.44 6.82 7.48 4.45 71.89 2.85 158
Min 6.99 38.79 | 19.92 6.61 7.22 4.20 69.34 2.57 138
Max 10.68 46.74 | 25.11 7.02 7.71 4.69 73.38 3.09 175
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175. The RFV index was relatively lower for the Fl
‘Saikava’ (138) and ‘Vizule’ (145); however, they also
provided high-quality fodder. Assessing the forage
quality indicators as a whole, it can be concluded
that the highest forage quality was found for Lp
‘Raite’, ‘Vifelt’ and “Vir 50929, Other genotypes also
performed very well, which confirms that by mowing
perennial ryegrass at the begining of heading, it is
possible to obtain high-quality fodder.

Conclusions

Currently, two-year data have been collected, and
we can conclude that the highest Lolium perenne (Lp)
DM yield proportion is provided in the 1% cut giving
58% of the total DM yield. The yields of the 2™ and
3" cuts were similar, 21% and 17%, respectively. Lp
provided satisfactory DM yields — on average 10.56
and 10.05 t ha! in the I* and in the 2™ ley year,
respectively. Lp DM yields did not differ significantly
from xFestulolium (F1).
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Abstract

Scientific evidence is robust about the environmentally destructive side-effects of the current industrial civilization
and that requires radical actions to safeguard sustainable management of natural resources and liveable Planet Earth.
Agroecology as a broader movement serves some of this role in demonstrating alternative practices in food production
and ecosystem management. This paper demonstrates that the permaculture movement in Latvia is developing
as a recognized alternative on the pathway to solutions, linking to the work elsewhere done on management of
common natural resources — the things that no one owns and are shared by everyone. The author have explored the
development of the permaculture movement in Latvia since its first roots in the late 2000s and the establishment of
the Latvian Permaculture Association (LPA) in 2011. The contribution of the movement manifests itself in diverse
aspects. It unifies various sustainability-oriented people, grounds itself in locality and traditions, organises practically
oriented events to upskill people, and collaborates with Latvian environmental organisations and internationally.
Within the research the author consciously opted for an in-depth involvement and co-creation of initiatives within
the permaculture movement, leading the LPA since 2016 and organizing multiple events and workshops. That leads
to further reflections on the role and necessity for participatory action research for sustainability transformations and
common natural resources.

Key words: agroecology, permaculture, commons, regeneration, sustainability transformations, participatory action

research.

Introduction

‘The philosophy behind permaculture is one of
working with, rather than against, nature’ (Mollison,
1988). World scientists are issuing ‘warnings to
humanity’ (Ripple et al., 2017) that we are indeed
working ‘against nature’ — many concerns relate
to the current land management practices that are
affected by the climate crisis (IPCC, 2018; IPCC,
2019), contributing to the ongoing biological
annihilation (Ceballos et al., 2017) and one million
species at risk of extinction (IPBES, 2019) as side-
effects of our development and growth (Beck, 2009).
One of the worldwide responses to such dilemmas
is agroecology and within it the permaculture
movement (Mollison & Holmgren, 1978) which is,
however, little covered in the scientific literature
(Ferguson & Lovell, 2014).

It is reasonable to argue that ‘permaculture’ has
been practiced for thousands of years and still is
somewhere practiced by people who have never heard
of permaculture. The term itself was formulated in the
1970s by two Australians, Bill Mollison and David
Holmgren (1978). Initially, it was predominantly
focused on the agricultural aspects as in ‘permanent
agriculture’ and attempts to mimic natural ecosystems,
for example, in forest gardens, but it has developed
over time and continues to change and develop. By the
early 1990s permaculture already has been redefined
as ‘...a design system for creating sustainable human
environments. The word itself is a contraction not
only of permanent agriculture but also of permanent
culture, as cultures cannot survive long without a

sustainable agricultural base and land use ethic.’
(Mollison & Slay, 1991).

Permaculture as both philosophical and practical
framework is establishing itself as reliable in
transformative action (Henfrey, 2018). Permaculture is
probably the best-known movement within a broader
global agroecological movementbuthasbeenrelatively
neglected in the scientific literature in spite of the high
level of general interest and widespread practice in
already most of the world (Ferguson & Lovell, 2014;
Hathaway, 2016; Rhodes, 2012). For example, it
is one of the key inspirations in the development of
the international Transition Network that now covers
more than 50 countries and thousands of transition
groups (Hopkins, 2011). Such examples highlight
the role the permaculture movement can play beyond
the focus on alternative agroecological practices and
provide a broader ethical and philosophical guidance
to transcend current unsustainable paradigms (Gopel,
2016) and develop regenerative ‘permanent cultures’.
In essence, permaculture is not only about particular
practices, but about changes in the whole lifestyles
to be regenerative — to turn the human negative
ecological impact into a positive one.

A common line of criticism is summed up
by Ferguson and Lovell (2014) who claim that
permaculture literature tends to have ‘simple solution
populism’. In other words, solutions to environmental
and social crises are both simple and known and hence
permaculture only requires the recombination of the
existing knowledge rather than the generation of new
knowledge (Mollison & Holmgren, 1978).
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On the contrary, in permaculture literature
academic institutions and researchers are commonly
criticized for conservativism, slow pace of change,
lack of vision, and strong ties to unsustainable
corporate interests (Mollison & Holmgren, 1978;
Mollison, 1988; Shepard, 2013). One of the origins
for this stance is the university colleagues’ rejection
of Mollison’s plea for a cross-disciplinary holistic
approach in the 1970s. His work was one of the first
attempts to develop a regenerative design approach that
drew on the knowledge of traditional cultures while
adapting to the opportunities of new technologies and
systems thinking.

The core ethics of permaculture can be summarised
in the threefold: ‘Earth care, people care and fair
share’ (Holmgren, 2002). That resonates with ongoing
discussion in environmental philosophy and ethics
about the risks associated with anthropocentrism and
related risks of ecosystem and resource exploitation
(Keller, 2010; Kingsnorth, 2017). It is essential to see
permaculture not as a revolutionary novel approach
to farming or living, but as an overall framework that
brings together many diverse environmental ideas
in a coherent pattern. Most of the specific ideas and
practices under the heading of permaculture are not
unique to it and were not originated by people who
call themselves ‘permaculturists’ (Whitefield, 2004).
Ironically, in that sense permaculture does reflect
the ideal of scientific knowledge accumulation in
Newtonian ‘standing on the shoulders of giants’,
however, permaculture covers a broad spectrum of
disciplines and focuses on human and ecosystem long-
term well-being and permanent solutions through
practical action. Therefore, it is useful as a holistic
framework to advance sustainability transformations
and management of common natural resources in
Latvia and this article demonstrates the current
achievements and challenges.

As mentioned above, permaculture is relatively
neglected in the scientific literature internationally
and in Latvia and hence this paper aims to summarise
the history and development of the permaculture
movement in Latvia, its support for transformative
regenerative actions, and contributions to the
management of common natural resources through
participatory action research approach.

Materials and Methods

This paper is based on an ongoing participatory
action research with a wide spectrum of involvement
avenues in sustainability-oriented initiatives in Latvia
beginning in 2016. The research was initiated within
a broader research network — Marie Curie Innovative
Training Network SUSPLACE (www.susplace.net)
and is further advanced during the Latvian Council
of Science funded project ‘Ready for change?

Sustainable management of common natural resources
(RfC)’. The logic of such participatory action research
includes, firstly, synthesis of natural and climate
science evidence of the immense sustainability
transformations required and, secondly, engagement
in active knowledge brokerage and societal change
advancement, including management of commons.

Essentials for action-oriented, transformations
and climate change research, summarized on the
basis of individual and collective outputs in two-year
collaboration of almost 50 scientists (Fazey et al.,2018)
are reflected in much of the author’s work carried out
since 2016 in Latvia. The essentials recommended are
based on the expressed need for ‘massive upscaling
of research that can rapidly enhance learning about
transformations:

1) Focus on transformations to low-carbon, resilient
living; 2) Focus on solution processes; 3) Focus on
‘how to’ practical knowledge; 4) Approach research
as occurring from within the system being intervened,;
5) Work with normative aspects; 6) Seek to transcend
current thinking; 7) Take a multi-faceted approach to
understand and shape change; 8) Acknowledge the
value of alternative roles of researchers; 9) Encourage
second-order experimentation; 10) Be reflexive’
(Fazey et al., 2018). Such essentials indicate that
research itself needs to undergo fundamental changes if
it wants to contribute to sustainability transformations
and regeneration.

The summary of Julia Wittmayer methodological
contribution in her research on ‘Transition
Management, Action Research and Actor Roles:
Understanding local sustainability transitions’ (2016)
outlines the types of advantages and challenges the
author is also experiencing in the research — action-
oriented approaches are ‘creating spaces for reflexivity,
interaction and learning and in generating scientific,
social and reflexive knowledge as well as actual action
and thus supporting sustainability transitions whilst
studying them. These approaches are challenging in the
actual operationalization in messy, contested and diverse
contexts, which put high demands on researcher’s
identity and integrity” (Wittmayer, 2016: 260).

A particular difficulty of research addressing
societal problems arising from sustainability problems
is the explicit normative component that inevitably
arises. A researcher spending years studying
sustainability challenges or regeneration potential is
likely to struggle to provide an open-ended process
in discussing sustainability definition and approaches,
but instead will be inclined towards a more normative
standpoint stemming from the informed position as
to what actions should be preferential to lead to more
sustainability. Such paradoxes ‘cannot be solved in
general terms but only through being embedded in
a specific local context, which is where questions of
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ethics and normativity arise’ (Wittmayer, 2016: 255).

Therefore, this paper provides insights in attempts
to do so in the particular circumstances of Latvia —
researching the ongoing processes and leading or co-
creating multiple activities since 2016:

a) two internationally recognised Permaculture
Design Certificate (PDC) courses in 2017; b) The
Diploma in Applied Permaculture process initiated in
2018 and the first Diploma holder graduation in 2020; ¢)
Plans for the PDC course in Latvian tailored to the local
needs in 2021; d) five annual permaculture festivals
with multiple lectures and practical workshops; ¢)
more than ten Rocket Mass Heater (RMH) practical
workshops; f) six successful project applications and
implementation (completed and ongoing — Nordplus,
Erasmus+, LEADER LAGs, Latvian Environmental
Protection Fund, Society Integration Foundation); g)
>10 national-level radio appearances on permaculture,
climate change and degrowth; h) more than ten
university guest lectures in four different Latvian
universities to students of economics, management,
sociology, agriculture and eco-technologies — about
sustainability science, permaculture, degrowth and
participatory action research; i) more than ten public
lectures in various settings, for example, the annual
discussion festival LAMPA; j) Leading the Latvian
Permaculture Association (LPA) as its chairman
since 2016; k) Leading the multifunctional open
permaculture homestead ‘Zadini” and the foundation
‘Zadini’ since 2018.

Co-created events and activities are providing
diverse sources of information and data. Firstly,
photos and video material of events and daily work.
Secondly, in-depth insights into the day-to-day
operation of permaculture activists and homesteads
(including recorded interview and discussion
material). Thirdly, evaluation material from workshop
participants (quantitative and qualitative). Fourthly,
overall development of in-depth insight about the
people interested in permaculture practices and
their individual steps towards sustainability and
regeneration — from multiple workshops, seminars
and the permaculture festivals.

However, the aim in the participatory action
research process is not only to document some of
the sustainability-oriented actions based on people’s
claims in interviews, evaluations or discussions,
but predominantly to contribute to sustainability
transformations and management of common
natural resources in the society through co-creation
of activities, events, workshops and longer lasting
collaborative networks as summarised above.

Results and Discussion
The LPA was chosen in the author’s research and
activism as one of key entry points to contribute to

sustainability transformation and management of
common natural resources in Latvia. The LPA is
founded in late 2011. However, the first encounters
with permaculture as a theoretical and practical
framework happened when Latvian organic farmers
visited Austria in late 2000s. In the foundation of the
LPA some farmers were joined by various enthusiasts
across the country who had encountered permaculture
as a part of solution to the various sustainability
problems of the world that they had been trying
to understand. The LPA includes a wide variety of
Latvian population, foreigners in Latvia and Latvians
living abroad.

The author has been elected chairman of it since
the spring 2016, and the number of its members
doubled from 68 to 150 in early 2021. 23% of its
members live in Riga, 23% in a near proximity to
it — Pieriga, 27% live in the Vidzeme region and less
in other regions — 11% in Kurzeme, 7% in Latgale and
Zemgale and 4% abroad.

The new LPA website (www.permakultura.lv)
was launched in April 2017 and its visitors have
more than doubled if to compare the April-December
2017 with the April-December 2018 and increased
further in 2019 and 2020. There are remarkable
daily visitor peaks before bigger events and after
public appearances on the radio or other media about
permaculture. The Facebook Latvian permaculture
group (www.facebook.com/permakultura.lv) has also
multiplied its follower numbers since 2016, exceeding
2500 in early 2021.

These quantifications correspond to qualitative
research evidence that the LPA has become
recognised as a practically oriented environmental
Non-Governmental Organisation (NGO) among other
Latvian environmental organisations and multiple
people from the organisation are regularly invited to
relevant discussions, film screenings, petition signings
and protests. This is the privilege of a relatively small
country like Latvia that it is possible to quickly
personally get to know a whole range of people if the
activities are relevant, ambitious and compelling.

Further recognition of the permaculture
practices as alternatives in agricultural practices and
management of commons is through the work of
LPA members within the Latvian Rural Advisory and
Training Centre (LLKC). In 2020 and 2021, there
have already been multiple LLKC seminars including
topics of permaculture and agroecology, and there
are further expressions of interest from the regional
LLKC branches. The attitude within the LLKC has
been significantly shifting, especially within the
last five years in recognition of need and feasibility
of agricultural and resource management practices
that are regenerative (organic farming, agroecology,
permaculture) and help to reduce the risks of
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environmental breakdown and improve the capacity
to somewhat adapt to that.

Many of the practices in permaculture are aiming
for regeneration as indicated in the sub-title ‘Principles
and pathways beyond sustainability’ and re-appearing
throughout the 12 core permaculture principles:

1. Observe and interact; 2. Catch and store energy;
3. Obtain a yield; 4. Apply self-regulation and accept
feedback; 5. Use and value renewable resources and
services; 6. Produce no waste; 7. Design from patterns
to details; 8. Integrate rather than segregate; 9. Use
small and slow solutions; 10. Use and value diversity;
11. Use edges and value the marginal; 12. Creatively
use and respond to change (Holmgren, 2002).

This is not a strict list of principles every
‘permaculturist’ should or does follow, but rather this
is an important guide towards an overall ecologically
aware and embodied lifestyle. Some people in the
organic farming movement admit that it often lacks
the coherent set of ecological ideas/worldviews, or,
in other words, ideology. Permaculture is useful in
providing this encouraging ideology and personal
integrity for any actions that one takes.

The LPA is also a member or in regular contacts
with multiple relevant international organisations
— European Permaculture Network (EUPN),
ECOLISE Network, Global Ecovillage Network,
Baltic Ecovillage Network, Transition Network,
Nordic Permaculture Institute, Danish Ecovillage
Association, Finnish Permaculture Association,
Estonian Permaculture Association (founded in April
2018), Small Footprint Ecovillage (Estonia), Suderbyn
Permaculture Ecovillage (Sweden) and others.

Together with different LPA members there have
been several successful project applications that are
oriented towards achieving aims that are aligning with
the permaculture principles, resilient, regenerative
lifestyles, and sustainable management of common
pool resources, for example:

1. ‘School gardens for Latvian Centenary’—creation
of co-designed permaculture school gardens by four
Latvian schools and website creation with advice for
other schools to follow the example (www.skoludarzi.
net, Latvian Environmental Protection Fund, 2017
2018); 2. ‘Growing Seed Savers: Baltic-Nordic Seed
Savers Education Innovation’ — development of seed
saving database, international experience exchange
and popularisation of seed sharing practices with
partners in Estonia, Lithuania and Denmark (https://
growingseedsavers.org, Nordplus, 2018-2020); 3.
‘OFF-GRID: Renewable Energy Do-It-Yourself
for rural development’ — targeting specifically self-
sufficiency energetically and technically of those
that are not already financially privileged and
running practical workshops in three Latvian regions,
creation of open source paper and online handbook

for self-build installations and devices; in total 10
partners in 5 Baltic Sea Region countries — Sweden,
Finland, Estonia, Latvia and Lithuania (LEADER
LAGs, 2018-2020); 4. ‘Support to the Latvian
Permaculture Association for popularisation of
sustainable agriculture in Latvia’ (www.permakultura.
lv/ilgtspejiga-lauksaimnieciba.html, ~www.mantots.
permakultura.lv, Society Integration Foundation,
2020); 5. Media campaign ‘Alive Earth’ within the
Society Integration Foundation (SIF) funded project
with regular press releases, articles and social media
posts throughout 2020 — regarding pesticide use,
pesticide drift, sustainable agricultural practices etc.
(http://www.permakultura.lv/dziva-zeme.html); 6.
‘Eco-active for Planet’ — project coordinated by the
NGO Trainers’ Association in Poland, with partners
from Czechia, Finland, Luxembourg (Erasmus+,
2020-2022).

There are multiple pathways of project
implementation with the involvement of the LPA.
Sometimes projects are submitted directly by the LPA,
in other projects the LPA is included as the partner and
on other occasions the projects are submitted through
other NGOs of active LPA members or in collaboration
with the Local Action Groups (LEADER). The active
LPA members are very resourceful and persistent in
trying to secure support for the ideas that make sense
for rural resilience development and permaculture.
Projects are predominantly initiated on the basis of
advancing quicker the sustainability transformations
that permaculturists would like to see anyway and
that would be slower or not possible without the grant
funding.

The overarching theme that enables the multi-
stakeholder involvement is the openness for others
to learn what is done in the homesteads of the LPA
members and how the owners can inspire and
empower others in reception of voluntary workers,
aspiring back-to-the-landers, permaculture enthusiasts
and journalists. Indeed, since 2016 permaculture
related activities and places increasingly more often
appear on local and national radio, TV and YouTube
channel episodes as well as on newspaper and
journal articles. The campaign ‘Alive Earth’ during
2020 was a particularly recognizable in that respect
and resonated well with growing Latvian societal
sentiments about the dangers of pesticide use and
pesticide drift. Throughout the year both LPA official
membership and following on Facebook was rising
faster than in 2019 or 2018. The representatives from
the State Plant Protection Service (www.vaad.gov.lv)
that is in charge of permissions for plant protection
substances and monitoring of their use in several
personal discussions have admitted that the activity of
people in reporting possible breaches in pesticide use
has been unprecedented in 2020.
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The continuous work through several LPA projects
on the seed saving and heritage heirloom seeds is an
important work in the direction of maintaining the plant
genetic diversity as common pool resource. David
Bollier also recognizes the work of the permaculture
movement among other in resurrecting heirloom
varieties (Bollier, 2014: 50). Annual seed exchanges
in the beginning of the year is the longest-running
LPA event for over a decade. In early 2020 this event
was joined with the seed savers weekend-long training
and in early 2021 this training was brought online
with three whole-day sessions that brought more than
60 people in attendance.

The biggest annual event of the LPA is
Permaculture Festival that was running for the 7"
time in the summer 2020 (www.permakultura.lv/
festivals.html). Since 2016 it is annually attended
by 120-180 people and 30-50 of them are children,
indicating about the friendly atmosphere for all
generations and appeal that permaculture ideas are
appreciated among families thinking of the future of
their children. The festival traditionally includes a
combination of lectures and practical workshops in
a wide range of issues LPA members have expertise
about — practitioners on the Diploma in Applied
Permaculture pathway are forming the core group of
teachers, supplemented by other active LPA members.
The ongoing funded project outputs are always
incorporated in the festival program, for example,
the OFF-GRID project workshops were tailored with
the 2019 and 2020 festival. Throughout the years
there is a strong emphasis on practitioners and people
speaking from their experience of applying various
agroecological and permaculture theories into practice
and Latvian climatic conditions. Practical workshops
also include ‘forest walks’ or ‘field walks’ with lively
discussions about the biological diversity of different
ecosystems and what human management approaches
can be to manage those common natural resources
sustainably and regeneratively. The practices include
sustainable forestry approaches without clear-cuts,
forest gardens, silvo-pastures, holistic management of
grazing systems and other approaches benefiting from
various aspects of plant succession and mimicking
ecosystem functioning.

Conclusions

In conclusion, this paper has explored the role of the
permaculture movement in supporting regeneration,
and it can be concluded that permaculture in Latvia
is contributing to sustainability and management of
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Abstract

Pyrenophora tritici-repentis is a major wheat pathogen in all wheat (7riticum spp.) growing areas worldwide. Up
to date, eight P, tritici-repentis races have been described based on chlorosis, necrosis, or both symptoms caused on
race differential wheat genotypes: ‘Glenlea’, 6B662, 6B365, and ‘Salamouni’. Symptom development on differential
genotypes depends on the interaction of the pathogen’s necrotrophic effectors named Ptr ToxA, Ptr ToxB, and Ptr
ToxC with host susceptibility genes. Ptr ToxA is encoded by the single copy gene ToxA and induces necrosis on
sensitive wheat cultivars. Ptr ToxB causes chlorosis and is encoded by the multicopy gene 7oxB. The Ptr ToxC is the
non-proteinaceous, polar, low molecular mass molecule that also induces chlorosis, but up to date, the gene encoding
this toxin is unknown. Races producing Ptr ToxA are predominant in the global P#r population. There are several
reports about new putative races of P. tritici-repentis that do not conform with the current race system, so further
research is required. This study aims to collect and systematise available information about the virulence and races

of P. tritici-repentis.

Key words: races, necrotrophic effectors, population, tan spot, wheat.

Introduction

Tan spot caused by Pyrenophora tritici-repentis
(Ptr), from the phylum Ascomycota order Pleosporales
is a notable wheat foliar disease in all major wheat
(Triticum spp.) growing regions (Ciuffetti et al,
2014; Strelkov & Lamari, 2003). It is one of the most
devastating wheat diseases in Latvia and Lithuania
(Ronis et al., 2009; Svarta et al., 2020).

Besides wheat, triticale (x Triticosecale), rye
(Secale cereale), barley (Hordeum vulgare), also
various grasses from Poaceae family are known as
host plants of Ptr (Ali & Francl, 2003; Hosford, 1971;
Krupinsky, 1982; Misra, Pandey, & Misra, 1979).

The first who described and isolated the asexual
stage of this pathogen from Elymus repens was
Diedicke in Germany in 1902 (Diedicke, 1902).
Diedicke classified the newly found fungus as
Helminthosporium graminearum Rab. ex Schlecht. f.
sp. tritici-repentis Died., with Pleospora trichostoma
(Fr.) Fuckel. as its teleomorph. In 1903, Diedicke
renamed this species as Helminthosporium tritici-
repentis Died. and Pleospora tritici-repentis Died.
Later, in 1923, Drechsler classified it as Pyrenophora
tritici-repentis (Died.) Drechs. based on setae
presence on the fruiting body (pseudothecia). In 1928,
the fungus asexual stage was isolated from wheat
and identified as Helminthosporium tritici-vulgaris
(Nisikado) by Nisikado. In 1930, Ito, based on
conidia germination peculiarities, renamed H. tritici-
vulgaris as Drechslera tritici-vulgaris (Hosford,
1981; Maraite, 1997). All synonyms for both morphs
were revised by Shoemaker (1962) as Pyrenophora
tritici-repentis (Died.) Drechs. for sexual state and
Drecshlera tritici-repentis (Died.) Shoem. for the
asexual state (Hosford, 1981; Maraite, 1997). In 2014,
the scientific community supported using the genus

name Pyrenophora over Drechslera, thus adopting
Pyrenophora tritici-repentis (Died.) Drechs. as a sole
name (holomorph) of the pathogen (Wijayawardene et
al.,2014).

Up to date 8 different Ptr races have been
described, based on necrotrophic effectors (NEs)
they produce and symptoms they cause on defined
host-plant differential set (Lamari et al., 2003).
These NEs are called Ptr ToxA, Ptr ToxB, and Ptr
ToxC and can cause two different symptoms on the
host plants — necrosis and/or chlorosis (Lamari &
Bernier, 1989).

The diversity of the pathogen’s population is
related to different aspects of disease development
and control possibilities, such as overcoming cultivar
resistance and sensitivity to fungicides. This study
aims to collect and organise available information
about Ptr populations to understand wheat-pathogen
interactions better and gain knowledge for the
adaptation of plant protection strategy.

Materials and Methods

In the present study a monographic approach
was used. The results of worldwide research on the
taxonomy, biology and population diversity focusing
on the virulence of Ptr were summarised and analysed.

Results and Discussion
Races of P. tritici-repentis

Ptr can cause two different types of symptoms —
necrosis and chlorosis. Lamari and Bernier (1989)
proposed to group Ptr isolates into four pathotypes
based on the expressed symptoms on a set of race-
differential wheat genotypes. Initially, isolates
belonging to pathotype 1 were thought to cause either
extensive necrosis or extensive chlorosis (nec” chl),
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until Lamari, Bernier and Smith (1991) reported that
wheat genotypes are able to express both necrosis
and chlorosis simultaneously. Isolates that induced
only necrosis were grouped into pathotype 2 (nec*
chl’), while isolates that caused only chlorosis were
considered pathotype 3 (nec™ chl®). Avirulent isolates
were classified as pathotype 4 (nec™ chl).

Sorting Ptr isolates into four pathotypes proved
insufficient as Lamari et al. (1995) found chlorosis
(nec chl’) inducing isolates from Algeria, which had a
different virulence pattern from previously described
pathotype 3. These isolates were virulent on the wheat
cultivar ‘Katepwa’ and avirulent on the line 6B365,
which was directly opposite to pathotype 3, which
caused chlorosis on 6B635 and was avirulent on
‘Katepwa’. Therefore, Lamari et al. (1995) proposed
to use race designation to specify Ptr virulence
(Table 1). Races 1, 2, 3 and 4 represent the formerly
described four pathotypes; the newly characterised
isolates were assigned as race 5. Race 6 combines
the virulence patterns of races 3 and 5, as it causes
extensive chlorosis on both ‘Katepwa’ and 6B635.
Likewise, race 5 induces chlorosis on wheat line
6B662 that is resistant to the first four races (Strelkov
et al., 2002). Race 7 causes necrosis on ‘Glenlea’ and
chlorosis on 6B662, combining the virulence patterns
of races 2 and 5. Race 8 induces necrosis on ‘Glenlea’,
and chlorosis on 6B662 and 6B365, combining the
virulence of races 2, 5, and 3 (Lamari et al., 2003;
Lamari et al., 2005).

Virulence factors of P. tritici-repentis

Necrotrophic effectors determine virulence factors
of the known Ptr races (NEs), historically called host-
selective toxins (HSTs) (Ciuffetti et al., 2010; Tomas
& Bockus, 1987). The set of race differential wheat
genotypes defined by Lamari et al. (2003) is based on
the symptoms expressed by these genotypes inresponse
to the infection by a specific race of the pathogen
(Table 1). Previous research (Ballance, Lamari, &
Bernier, 1989; Effertz et al., 2002; Orolaza, Lamari,
& Ballance, 1995) revealed that these reactions follow
an inverse-gene-for-gene model, as wheat sensitivity
to the specific NEs produced by Ptr is determined by
compatibility between NEs and host susceptibility
genes, while insensitivity is observed if the host and
NEs are incompatible (Lamari et al., 2003). Ciuffetti
et al. (1998) published a standardised nomenclature
for Ptr virulence factors and genes involved to resolve
problems arising from the multiple names for the same
necrotrophic effector and the regulating gene. NEs are
named as Ptr ToxA, Ptr ToxB, and Ptr ToxC in the
order of their characterisation. The genes are named
according to the NEs and encode ToxA, ToxB, ToxC,
respectively (Ciuffetti et al., 2014).

Ptr ToxA produced by races 1, 2, 7 and 8 induces
necrosis on susceptible wheat cultivars (Lamari &
Bernier, 1989; Lamari et al., 2003). Ptr ToxA is a
protein that is synthesized ribosomally and is encoded
by a single ToxA gene. ToxA encodes a 23 amino acid
signal peptide, a 38 amino acid (4.3 kDa) pro-domain

Table 1

The reaction of differential wheat genotypes to the known races of Pyrenophora tritici-repentis

Race* (ToxA, Hexaploid genotypes Tetraploid genotypes
ToxB. ToxC Reported by
oxB, ToxC) Glenlea | 6B662 | 6B365 | Katepwa | Salamouni | ND495 | Coulter | 4B1169
_ b
1 (+~71) (Lamari & S(N) R S(C) S(N) R S(N) | S(N) R
2(+—) Bernier, 1989) S(N) R S(N) R S(N) | S(N) R
3 (=) (Ali & Francl, R R S(C) R R R S(N) R
4 (= 2002) R R R R R R R
(Lamari et al.,
1995)
5(-H0) (Al & Francl, R S(C) S(C) R R S(N) R
2002)
(Strelkov et al.,
2002)
6 (—+,1) (Al & Francl, R S(C) | S(©) S(C) R - S(N) R
2002)
7 (+4+) (La“zlgfoi;)’ al, | sNy | s©) S(N) R SN/C) | s(N) R
8 (++,4) (Ahz‘g(‘)onrfnd’ SN) | SO | S(© | s R S(N) | S(N) R

2Races are characterised by their production of three NEs - Ptr ToxA, Ptr ToxB, and Ptr ToxC.
®S — susceptible; R — resistant; (N) — necrosis; (C) — chlorosis; (N/C) — necrosis and chlorosis; - — symptoms are unknown.
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Table 2

Geographic distribution of P. tritici-repentis races and their proportion (%) in analysed populations

Country Race, proportion (%)

1 2 3 4 5 6 7 8
USA 40-84 1-4 32 13-32 1 0 0 0
Canada 62-90 36-50 2 0 0 0 0 0
Argentina 2 6 1.5 22 2 2 0 20
Brazil 35 65 0 0 0 0 0 0
Algeria 41 0 2 5 4 40 2
Morocco 0 0 47 44 2 0
Tunisia 0 1 4 0 49 0
Iran 90 10 0 0 0 0 0 0
Kazakhstan 46-95 5-35 0-23 0 0 0 0 0-34
Azerbaijan 64 3 1 0 13 0 8 11
Kyrgyzstan 100 0 0 0 0 0 0 0
Uzbekistan 100 0 0 0 0 0 0 0
Syria 8 0 58 0 8 0 17 8
Russia 13-23 0-45 0-33 5-61 0 0 0-5 5-13
Finland 19 19 4 10 0 10 0 38
Romania 80 16 2 0 0 0 0
Lithuania 48 1 20 5 0 0 0
Latvia 90 10 0 0 0 0

peptide responsible for proper protein folding. Both
regions are cut off before synthesizing the final 13.2
kDa (118 amino acid) Ptr ToxA protein (Balance et
al., 1996, Ciuffetti et al., 2010; Tomas et al., 1990;
Tuori, Wolpert, & Ciuffetti, 1995). Ptr ToxA activity
is determined by solvent-exposed loops containing
arginyl-glycyl-aspartic acid (RGD) (Sarma et al.,
2005). Manning et al. (2008) reported that a RGD loop
is necessary for Ptr ToxA activity, receptor recognition
and internalization. The internalization mechanism of
Ptr ToxA is unknown. One of the hypotheses is that
Ptr ToxA is uptaken via receptor-mediated endocytosis
(Ciuffetti et al., 2014). Chloroplasts are the localization
targets of internalized Ptr ToxA, and cell death induced
by Ptr ToxA is light-dependent. Ptr ToxA causes the
accumulation of reactive oxygen species (ROS), which
correlates with the induction of necrosis symptoms.
Necrosis is prevented by inhibiting ROS accumulation
(Manning et al., 2009; Manning & Ciuffetti, 2005).
Races 5, 6, 7 and 8 produce Ptr ToxB (Lamari
et al., 2003; Strelkov et al., 2002). Orolaza, Lamari,
and Ballance (1995) were the first who identified Ptr
ToxB in culture filtrates of Ptr. Ptr ToxB is a small
protein of 6.6 kDa mass known to induce chlorosis
on sensitive wheat cultivars by a mechanism that
affects chlorophyll photooxidation (Strelkov, Lamari,
& Ballance, 1998; 1999). Depending on each race and
isolate Ptr ToxB coding, 7oxB is found in multiple

copies varying from 2 to 10 copies (Lamari et al.,
2003; Martinez, Oesch, & Ciuffetti, 2004). Copy
number of 7oxB correlates with Ptr ToxB expression
level and isolate virulence (Amaike et al., 2008;
Strelkov et al., 2002; 2006). Ptr race 4 has a single
copy of the gene foxb that is 86% similar to 7oxB gene
and codes a protein that is 81% similar to Ptr ToxB
(Martinez, Oesch, & Ciuffetti, 2004) and is avirulent
in Ptr ToxB sensitive wheat genotypes (Figueroa Betts
et al., 2011). There is evidence that besides chlorosis
induction, Ptr ToxB has additional functions connected
to basic pathogenic abilities (Aboukhaddour, Kim, &
Strelkov, 2012; Amaike ef al., 2008).

Ptr ToxC is produced by races 1, 3, 6 and 8
(Gamba, Lamari, & Briilé-Babel, 1998; Lamari et
al., 2003; Strelkov et al., 2002). Ptr ToxC is a non-
proteinaceous, low molecular mass, non-ionic, polar
molecule (Effertz et al., 2002). Like Ptr ToxB, it
can cause chlorosis on susceptible hexaploid wheat
genotypes while causing necrosis on susceptible
tetraploid wheat lines (Lamari et al., 1995). To date,
there are no data about which gene encodes Ptr ToxC
production.

Geographic distribution of P. tritici-repentis races

The population of Pt is plastic and adapts to
various climatic and agroecological conditions.
Studies show that the P#r population varies depending
on the geographic location and host diversity (Table
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Table 3

The reaction of differential wheat genotypes to the potentially new P. tritici-repentis races

Strain (ToxA, Hexaploid genotypes Tetraploid genotypes
Reported by .
ToxB, ToxC) Glenlea | 6B662 | 6B365 | Katepwa | Salamouni | ND495 | Coulter | 4B1169
ncl(——-)? | (Alieral,2002) | S(N)° x S(N) | S(N) S(N) S(N) x x
SO3(y,- (Andrie, S(N) R R S(N) R x x x
Pandelova, &
PT82(+—+) | Ciuffetti, 2007) | S(N) | S(C) | S(C) S(C) R x x x
AR CrossAS
S R S(C x R x x x
(=—71) (Ali, Gurung, & @) ©
Adhikari, 2010
AR LonB2 ) R R S(C) S(C) R y y y
(_,_3+)
(Benslimane et
Ptr24(——— al., 2011) R R R x R x S(N) R
A029(+,—— S(N/C) R R R R x x x
B028(+,~-) R R R R R x x x
CHOO7(+,—~ S(C) R R S(N) R x x x
CHO09(——,-) R R R R S(N) x x x
CP0O21(+,—— S(N/C) R R S(N) R x x x
CRO819(+,—,+) R R S(0) R R x x x
G032(——— S(N) R R R R X X x
GO316(+,—,+) S(N) R S(C) R R x x x
(Moreno,
G0321(——+) Stenglein, & R R S(C) R S(0) x x x
G0328(+,—+) | Perello, 2015) S(N) S(C) | S(O) R R x x x
G0333(+,—,-) R R R S(N) R x x x
HOO1(+,—— S(N) S(C) | S(C) | S(IN/C) S(N) x x x
HO014(+,—— S(0) R S(C) R R x x x
HO16(+,—,-) S(N) S(C) | S(C) R S(0) x x x
25MO31(+,—— R R R S(N/C) R x x x
25MO036(+,—— R R S(C) | S(N) R x x x
00019(+,—,-) S(N) | S(C) R S(N/C) S(0) x x x
P028(+,—— S(N/C) | S(C) | S(C) R R x x x
nc2(—,—+) (Abdullah ez al., | S(N) R S(C) x R x x x
ne3(——— 2017) S(N) R R x R x x x
- (Guo, Shi, &
B16 (——-) Liu, 2018) S(N) R R x R S(N) x x
T128-1(—+,-) (Kaglg; S)’ a sy | s | R x R x x x

* if the name of the strain is not stated in the publication, then the code nc (not conform) is assigned.

®S — susceptible; R — resistant; (N) — necrosis; (C) — chlorosis; (N/C) — necrosis and chlorosis; x — symptoms were not
investigated;

2). In Canada, races 1 and 2 are predominant in the
local Ptr population (Aboukhaddour, Turkington, &
Strelkov, 2013).

In Argentina, Moreno, Stenglein and Perelld
(2015) it was reported that only 54% could be assigned
to the eight known races, with races 4 and 8 being the
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most widespread. Ptr race 2 is predominant in Brazil
(Bertagnolli et al., 2019). These findings contradict
the earlier report by Ali and Francl (2002), which
indicated that race 1 is the most dominant Ptr race in
South America.

Races 1 and 7 formed most of the Algerian
Ptr population, while races 4, 5 and 6 were rarely
observed. (Benslimane et al., 2011). The situation is
similar in Tunisia, where, according to Kamel et al.
(2019), race 7 is predominant, and races 2, 4 and 5 are
in the minority. In Morocco, races 5 and 6 are the most
typical representatives of the population (Gamba,
Bassi, & Finckh, 2017).

The Ptr population in Iran is dominated by race
1 (Momeni et al., 2014). Race 1 also is predominant
in Kazakhstan, and in some sites, race 8 was found
the second most widespread Ptr race (MomnaxkaHoRa,
Maysen6ait, & Pcanues, 2020). Lamari et al. (2005)
analysed Ptr race diversity near the centre of wheat
origin — the Fertile Crescent and the Caucasus — and
found that the most diverse Ptr populations are in
Syria and Azerbaijan.

Race 4 is predominant in southern Russia, and
race 1 is the most widespread in northern Russia.
Races 1, 2, 3 and 4 are commonly seen in the western
part of Russia, with no race being distinctively
predominant. The Ptr population of Finland is
dominated by race 8 (Muponenko, Kosanenko, &
Bapanosga, 2019).

In Europe and the Baltic states, the diversity of
the Ptr population is insufficiently studied. Abdullah
et al. (2017) reported that in Lithuania and Latvia,
the most common race is race 1. They also observed
that in Romania, similarly to the Baltic states, race 1
is predominant. More detailed research is necessary.
Indications of new P. tritici-repentis races and their
geographic distribution

References

Some researchers have reported about possible
new Ptr races with different virulence patterns
(Table 3). Ali et al (2002) reported a putative
necrotrophic effector that caused extensive chlorosis on
the tetraploid wheat line ND495, which is insensitive
to Ptr ToxC. This NE was similar in size to Ptr ToxC,
but had distinct chemical properties. Pandelova and
Ciuffetti (2005) identified a proteinaceous toxin in the
Ptr strains lacking ToxA4 gene that induced the same
symptoms on the wheat differential set as Ptr ToxA.
The current race system can describe only eight
races, so discovering the new NEs like Ptr ToxD, Ptr
ToxE, etc., and/or new differentials is necessary to
incorporate new races in the existing model (Lamari
& Strelkov, 2010).

Conclusions

1. Races capable of producing Ptr ToxA are
predominant in the global Pz population, and
possibly this is the result of the selective pressure
from cultivars used in modern agriculture.

2. Various researchers worldwide have reported new
Ptr races, but further research is needed as the key
elements necessary for the description of these
races have not yet been found.

3. There are many regions where the diversity of the
Ptr population is not sufficiently investigated, and
these knowledge gaps should be filled to gain a
better understanding of the global Pt population
and wheat-pathogen interaction mechanisms.
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Abstract

Triticale (x Triticosecale Wittmack) is a promising cereal crop that has a number of economically valuable properties
that are absent in wheat (7riticum aestivum L.). The research was conducted at Uman National University of
Horticulture (Ukraine) in a long-term stationary experiment, founded in 1964. The aim of the work was to study
the influence of long-term application of different fertilizer systems (mineral, organic and organo-mineral) on the
yield and grain quality of spring triticale. It has been established that in the conditions of high air temperature and
soil moisture deficit, mineral and organo-mineral fertilizer systems have an advantage. In sufficient wet conditions,
all studied fertilizer systems are highly efficient. Spring triticale (Kharkiv Hlibodar variety) has a high reaction to
fertilizers, as grain yield increases from 6.3-6.6 to 9.0-9.5 t ha' (p<0.05). Mineral and organo-mineral fertilizer
systems have the greatest effect on protein content. In conditions of sufficient moisture, all levels of mineral and
organo-mineral fertilizer systems significantly increase the protein content in spring triticale grain. In arid conditions,
saturation of crop rotation area with N, P, K, (M2), N ..P K . (M3) and Manure 9 t +N, P K. (OM2), Manure
13.5 t + NP, K., (OM3) is preferred. It should be noted that spring triticale is quite reactive with fertilizers, as
the protein content increases from 13.2-14.0 to 15.2-16.0% (p<0.05) depending on the fertilizer system. The high
influence of fertilizer system and year factors on yield and protein content in triticale grain has been established. It

should be noted that spring triticale grain yield varies most from the weather conditions of the growing season.
Key words: spring triticale, long-term fertilization, yield, quality.

Introduction

According to Eurostat (FAOSTAT data, 2020
March, available at: http://www.fao.org/faostat/
en/#data/QC), the gross production of cereals is
about 300 million tons per year. Currently, the main
crop is soft wheat (Triticum aestivum L.) (Kiseleva
et al., 2016). However, world production of triticale
(xTriticosecale Wittmack) is more than 20 million
tons per year, half of which falls on Germany and
Poland. Triticale has a number of economically
valuable properties that are absent in wheat. They are:
fast growth force of green matter, high cold resistance,
the higher protein content in grain and average baking
properties. Triticale usually grows well under abiotic
stress compared to wheat (Furman, 2016). In addition,
triticale is characterized by high resistance to major
fungal diseases (Liubych ef al., 2020). However, the
plants are not resistant to Claviceps purpurea (Fr.)
Tul. (Furman, 2016).

Triticale is a highly productive grain crop. Grain
yield can be 7-8 t ha! (Liubych, 2019). The crop is
highly reactive with fertilizers (Lalevi¢ et al., 2019).
Triticale grain is used for food and fodder purposes
(green fodder, silage, haylage, hay). In addition, it is
also an energy crop (Karl, 2017). Triticale grain is
a promising raw material for the production of high
quality cereal products (Liubych et al., 2020). Triticale
flour is used to replace rye (Oryza sativa L.) one in
the recipe of wheat and rye bread. The soft-grained
varieties of triticale are used to make waffles. Triticale
flour has no specific properties and recommendations
that differ from wheat one (Wrigley & Bushuk, 2017).
In addition, the grain of this crop is suitable for the

production of a number of products: cakes, cookies,
cupcakes, waftles, noodles and spaghetti (Salmon,
Mergoum, & Macpherson, 2004). Therefore, research
to increase triticale productivity is relevant.

The use of triticale fertilizers has some features.
Fertilizer efficiency also depends on soil type,
preceding crop, weather conditions of the growing
season, variety potential, etc. (Darguza & Gaile,
2020). Nitrogen in interaction with other elements of
mineral nutrition plays a significant role in triticale
yield and quality. Plant nutrition with nitrogen has
a great influence on the yield and grain quality of
triticale (Dekic et al., 2014). To form the high yield
and grain quality, it is necessary to provide plants with
nitrogen throughout the growing season. However, the
use of nitrogen fertilizers, especially high doses, can
contribute to environmental pollution, which should be
taken into account when developing a fertilizer system
for this crop (Nikolic et al., 2012). The research results
(Terzic et al., 2018) showed that triticale changes the
reaction to intensive nitrogen nutrition in different
agroecological conditions. In Serbia, the highest yield
was obtained using 120 kg N ha™', 60 kg P,O, ha'' and
60 kg K,O ha' for three years of research. In these
researches, it was found that triticale grain yield can
vary from 2.06 to 4.29 t ha! depending on weather
conditions. The strong influence of weather conditions
on the efficiency of triticale fertilizer was statistically
confirmed. However, these researches did not include
the use of organic and organo-mineral fertilizers.

Nitrogen fertilizers are one of the biggest factors
influencing the formation of grain yield of cereals
and its quality (Novak ef al., 2019). In researches
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(Litke, Gaile, & Ruza, 2017) the use of N120(90+30)
and N150(90+60) increased the grain yield of winter
wheat from 4.83 to 8.71-9.11 tha™! per cultivation after
winter rape. Increasing the dose of nitrogen fertilizers
to N180-240 did not significantly increase this
indicator. The efficiency of winter wheat fertilization
in the experiment varied from other elements of
agricultural technology. However, the research did
not include the study of grain productivity formation
in the field crop rotation with long-term fertilization,
which does not allow to determine crop reaction to
the level of soil fertility. In addition, the study was
conducted with winter wheat, the fertilizer of which
differs from spring triticale.

Researches by other scientists have shown high
efficiency of nitrogen fertilizers in spring triticale
cultivation. However, studies were performed with
the forage variety, so the optimal dose was the use of
N, (Obour, Holman, & Schlegel, 2020). Given the
insufficient study of spring triticale reaction at the
soil fertility level of podzolic chernozem, created by
long-term use of fertilizers in the field crop rotation,
research is relevant.

The aim of the work was to study the influence
of the long-term application of different fertilizer
systems (mineral, organic and organo-mineral) on the
yield and grain quality of spring triticale.

Materials and Methods

The research was performed in the field conditions
of Uman National University of Horticulture during
2007-2009 in the stationary experiment of the
Department of Agrochemistry and Soil Science. The
experiment was launched in 1964, and it is based on
a 10-field crop rotation extended in time and space
(spring triticale + meadow clover (7rifolium pretense
L.), meadow clover, winter wheat, sugar beet (Beta
vulgaris L. saccharifera), maize (Zea mays L.), peas
(Pisum sativum L.), winter wheat, silage maize, winter
wheat, sugar beet). The efficiency of fertilizer systems
was studied on 10 backgrounds (average saturation of
crop rotation area with fertilizers) — without fertilizers
(control), NP Ky (M), Ny P K, (M2), N, Py K5
(M3), Manure 9 t (O1), Manure 13.5 t (02), Manure
18 t (O3), Manure 4.5 t+N,.P, K . (OM1), Manure 9
t+N, P K, (OM2), Manure 13.5 t+N P, K. (OM3).
Fertiliser rates were applied in the form of half-rotted
cattle straw manure, ammonium nitrate, granulated

superphosphate, mixed potassium salt and potassium
chloride. The total area of the plot was 180 m?, the
experimental plot covered 100 m?, the experiment was
repeated three times on the same location. ‘Kharkiv
Hlibodar’ spring triticale variety was used in the
experiment.

The experimental plot was located in Mankivka
natural-and-agricultural district of the Middle-
Dnieper-Buh district of the Forest-Steppe Right-Bank
province of the Forest-Steppe zone with geographical
coordinates of 48° 46°56,47” of north latitude and
30° 14°48,51” of ecast longitude by Greenwich.
Height above sea level was 245 m. The soil of the
experimental field was podzolized chernozem.
Before the experiment the soil was under a long-
term cultivation under field crops. Soil samples taken
before the experiment (1964) had the following
parameters: content of physical clay — 66.5%, base
saturation — 95%, humus content — 3.31%; content
of easily hydrolysable organic nitrogen (according
to the Tjurin-Kononova method); mobile compounds
of phosphorus and potassium (according to Chirikov
method) — 122 and 135 mg kg respectively; pH, ., —
6.2. Soil was characterized by such indicators at the
time of setting up the experiment.

The protein content was determined by the
method of infrared spectroscopy using Infratek 1241.
Statistical data processing was performed using
STATISTICA 10. Interpretation of the influence
level by partial coefficient (thumb rule — Cohen):
0.02-0.13 — weak, 0.13-0.26 — medium, >0.26 — high.
The null hypothesis was confirmed or refuted during
the performing of variance analysis. The p-value
was determined for this purpose, which showed the
probability of the corresponding hypothesis. In cases,
where p<0.05, ‘the null hypothesis’ was refuted and
the influence of the factor was significant.

The timing of sowing and harvesting of spring
triticale varied depending on weather conditions (Table
1). The higher air temperature in 2007 contributed to
the earlier sowing and harvesting of spring triticale. In
2008 and 2009, sowing and harvesting were typical
for the Right-Bank forest-steppe zone.

The characteristic feature of 2007 (Table 2) was
the increase in air temperature, low rainfall and
drought, which lasted from May to July. Thus, during
April-July period, only 92.9 mm of precipitation fell,
which is 3.4 times less than the long-term average.

Table 1
Spring triticale sowing and harvesting time date in spring during trial years
. Year of research
Indicators
2007 2008 2009
Sowing time March 17 March 29t April 7
Harvesting time June 30" July 22 July 19%
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Table 2
Weather conditions at the experimental site
Year
Month 2007 2008 2009 1961-1990 2007 2008 2009 1961-1990
Precipitation (mm) Temperature (°C)
March 12.8 49.6 46.8 39.0 5.5 4.6 2.2 0.4
April 10.0 54.5 0.0 48.0 8.5 10.0 10.1 8.5
May 6.5 33.7 38.5 55.0 18.4 13.9 14.6 14.6
June 353 51.2 49.0 87.0 20.9 18.6 20.2 17.6
July 28.3 44.7 86.1 87.0 23.0 21.1 21.2 19.0

This resulted in the lowest yield of spring triticale.
Weather conditions in 2008 were more favourable
for the growth and development of spring triticale
although during the growing season 233.7 mm of
precipitation fell, which is 1.4 times less than the
average long-term amount. Weather conditions in
2009 were characterized by uneven distribution of
precipitation during the spring triticale vegetation and
a slow increase in heat at the beginning of the growing
season. April was dry and warm, the moisture in a
meter layer of soil was enough to get even sprouts.
In general, weather conditions contributed to the
high yield of spring triticale although 220.4 mm of
precipitation fell in April-July, which is 1.4 times less
than the long-term average.

Characteristics of Kharkiv Khlibodar spring
triticale variety. Applicant and owner is V. Ya Yuryev
Institute of Plant Breeding. The variety is hexaploid.
The type of development is spring. Anthocyanin
colour of the seedlings is medium. The bush is semi-
straight. The stem is medium-sized with very strong
pubescence near the ear. The ear is white, long, of
medium density. The awns are long, located along the
entire length of the ear. The kernel is red, large. Weight
of 1000 grains is 40.0 g. Plants are 114—117 cm high.
It is medium-ripe, ripens for 96-97 days. Variety
lodging resistance is 7.6 points, drought resistance is
8.0 points. The variety is weakly affected by powdery
mildew, brown rust and root rot. It is recommended
for the Forest-Steppe and Polissia of Ukraine.

Results and Discussion

The research results show that all fertilizer systems
significantly increased the yield of spring triticale
grain compared to the variant without fertilizers
(p<0.05) (Figure 1). The lowest fertilizer efficiency
was established in 2007. Thus, the grain yield of
spring triticale under the mineral fertilizer system
increased by 1.3—-1.7 times (2.7-3.5 t ha'), and that
of the organic system by 1.1-1.2 (2.4— 2.6 t ha'),
organo-mineral system — 1.2—1.6 times (2.6-3.3 t ha'')

depending on the level of crop rotation saturation with
fertilizers. In 2008, this indicator increased by 1.2—
1.5 times (7.7-9.5 t ha') depending on the fertilizer
system and the level of crop rotation area saturation. A
similar tendency in the formation of the spring triticale
crop was established in 2009.

It should be noted that in the best years in terms of
precipitation distribution, the variants of the mineral
and organo-mineral fertilizer systems significantly
increased the grain yield between the levels of crop
rotation area saturation. The application of manure in
field crop rotation had different efficiency. Thus, the
average saturation of crop rotation area with manure
ata dose of 13.5 tha' (02) and 18.0 t ha'! (O3) did not
significantly affect the grain yield of spring triticale
compared to Manure 9 t ha' (O1) variant in 2007. In
2008, the variant with average manure saturation at
a dose of 13.5 t ha! was significantly higher in yield
compared to a single dose. In 2009, even the saturation
of 18.0 t ha! with manure significantly increased
compared to the Manure 13.5 t ha! variant.

In conditions of moisture deficiency, the efficiency
of mineral and organo-mineral fertilizers is higher
compared to the organic system. In years with the
best distribution of precipitation, the efficiency of the
mineral and organo-mineral fertilizer system is the
same. The efficiency of the organic fertilizer system is
not stable: in 2008, the yield was significantly lower
than in other fertilizer systems, and in 2009 it was at
their level.

The effect of long-term application of fertilizers in
field crop rotation on spring triticale grain yield was
different depending on weather conditions. In the dry
year of 2007, this indicator was the lowest. It should
be noted that the organic system was less efficient
as a result of deteriorating conditions of soil organic
matter mineralization. The formation of significantly
lower yield of spring triticale in the organic system in
2008 is due to the use of nutrients from the previous
crop. In 2009, this phenomenon did not exist, so grain
yield was at the level of other fertilizer systems. The
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Figure 1. Spring triticale grain yield depending on fertilizer and trial year, t ha': Without fertilizer — control;

M1 -N,.P, K,,M2-N P K ,M3-N_ P K _OI

457 457745 90~ 90" 90° 1357 1357 7135°
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OMI1 — Manure 4.5 t+N_.P. K , OM2 — Manure 9 t+N, P._ K., OM3 — Manure 13.5 t+tN_P K

237 347718

obtained tendencies are similar to the results given in
the works of other scientists. Thus, in the long-term
field experiment, the effectiveness of fertilization
for winter wheat significantly changed depending
on the precursor and fertilizer system. Scientists
statistically obtained a higher yield for the application
of N ,.P. K +5 t ha'! organic fertilizer — 7.15 t ha™.

1357 30" 7100
The use of N, P, K increased this indicator to only

1357 30" 7100

46" 68" 36’ 697 1027 754"

6.65 t ha' for cultivation after pea precursor. The
use of such a fertilization system of winter wheat for
growing after the winter barley precursor, grain yield
was significantly lower than pea precursor. The yield
also varied with the weather conditions of the study
year. Thus, this indicator varied from 5.98 to 8.29 t ha'!
for cultivation after pea and from 4.94 to 6.93 t ha! —
after winter barley. It should be noted that the share of
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Figure 2. Protein content in spring triticale grain depending on the fertilizer and trial year, %: Without fertilizer —
control; M1 -N, P, K, , M2 -N P K, M3-N P K,.,Ol-Manure9t 02 —Manure 13.5 t, O3 — Manure
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18 t, OM1 — Manure 4.5 t+N,.P, K ., OM2 — Manure 9 t+N, P K, , OM3 — Manure 13.5 t+N_P K
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cereals in field crop rotation did not affect the efficiency Thus, in 2007 this indicator was significantly
of fertilizer (Babulicova, 2014; Terzic et al., 2018). affected by crop rotation saturation of N, P, K,

Different fertilizer systems in the field crop (M2), N, P K _ . (M3) and Manure 9 t +N, P _K_
rotation had different effects on the protein content of (OM2), Manure 13.5 t +N_P K., (OM3), as well as
spring triticale grain (Figure 2). the variant with the highest manure saturation (O3).
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The protein content in these variants increased by
3—7% compared to areas without fertilizers. In 2008,
all levels of crop rotation saturation with mineral and
organo-mineral fertilizers significantly increased the
protein content. It should be noted that the highest
(15.8-16.0%) indicator was in N, P ..K .. (M3) and
Manure 13.5 t + NP, K., (OM3) variants. Under
the organic fertilizer system, the protein content
significantly increased by 4-9% at the second and
third levels of manure saturation. In 2009, all levels
of saturation and fertilizer systems in the field crop
rotation significantly increased the protein content
in grain. However, the mineral and organo-mineral
fertilizer system had the greatest effect. Thus, the
protein content increased by 9-17% for the mineral,
by 8-15% for the organo-mineral and by 7-12% for
the organic fertilizer system.

The research results show that the improvement of
mineral nutrition, especially nitrogen one, contributes
to increase the grain protein content. Researches by
scientists (Jaskiewicz & Szczepanek, 2018) confirm
this pattern. In addition, they note a significant effect of
weather conditions of the growing season (precipitation
and air temperature) on the content of nitrogen-
containing compounds in the grain. The fall of more
precipitation in 2008-2009, provided that the mineral
nutrition of spring triticale plants improved, contributed
to an increase in grain yield with an increase in protein
content. This tendency was found in their researches by
scientists studying the features of nitrogen nutrition of
different triticale varieties (Lalevié et al., 2019).

Spring triticale cultivation with long-term
saturation of crop rotation with mineral fertilizers
is environmentally safe, as confirmed by previous
researches (Hospodarenko et al., 2019). The obtained
research results can be used for the spring triticale
variety ‘Kharkiv Hlibodar’ or varieties of this type. In
addition, it can be grown on soils with medium and
high fertility, as it has a high reaction to it. For other
varieties or types of crop rotation it is necessary to
conduct separate researches.

The organic fertilizer system had less effect on the
protein content, as manure nutrients were first used
by sugar beet plants and then by spring triticale. In
addition, the nutrients were in organic form. During
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Abstract

Feeding livestock a balanced diet with a differentiated crude protein (CP) content, depending on the lactation phase,
can reduce nitrogen emissions from livestock excrement and urine. A higher content of non-starch polysaccharides
in livestock diets improves feed absorption in the livestock body and, consequently, nitrogen is emitted more from
protein present in livestock manure than from urea acid present in livestock urine. The aim of the study is to calculate
the ammonia emission reduction potential in Latvia by optimizing the feeding of dairy cows and ensuring life
longevity, as well as provide justification for ammonia emission reduction in dairy farms. Calculations made by using
the NorFor Model for optimization of dairy cow (Bos primigenius f. taurus) diets revealed that compared with low-
yielding cows, a higher CP content diet fed to high-yielding cows at the beginning of lactation increased the amount
of nitrogen (N) in their excrement and urine by 90—180 g d!. Reducing the CP content in the cow diet by an average
of 10 g kg dry matter (DM) during mid-lactation resulted in the same trend. Reducing the CP content in the cow
diet during late lactation and the dry period by another 20-30 g kg! of DM, N emissions from excrement and urine
significantly decreased. Increasing the lifespan of dairy cows also means reducing ammonia emissions from the farm.
By increasing the number of lactations per cow on dairy farm, it is possible to reduce the number of heifers per cow.
The total reduction of ammonia emissions in Latvia was calculated based on a long-term projection of a decrease of
0.1 heifer per dairy cow. Ammonia emissions could be reduced by 0.051 kt by decreasing the number of heifers by

12.54 thou. at the planned increase in the lifespan of dairy cows by 2030.
Key words: crude protein, stage of lactation, climate policy.

Introduction

In 2018, the agricultural sector accounted for 12.83
kt (83.0%) of total (15.46 kt) ammonia emissions in
Latvia and was the largest contributor to ammonia
emissions in the country (Latvia’s Informative
Inventory..., 2020). An air pollutant inventory report
lists ammonia emissions from:

e management of manure from cattle (Bos
primigenius taurus), sheep (Ovis aries), goats
(Capra aegagrus hircus), horses (Equus
ferus caballus), pigs (Sus scrofa domesticus),
poultry and fur animals, accounting for 51% of
the total emissions;

e agricultural soils, including the application of
nitrogen fertilizers, manure, sewage sludge
or other organic fertilizers and the deposition
of urine and manure on pastures, as well as
from crop production (Latvia’s Informative
Inventory..., 2020).

In 2015, compared with the base year 2014,
ammonia emissions from the agricultural sector
decreased by 0.89 kt or 6.4%, while in 2016 compared
with 2015, the emissions increased by 0.08 kt or
0.6%, but in 2017 compared with 2016, the emissions
increased by 0.25 kt or 1.9%. A larger decrease
of emissions was in 2018 compared with the base
year by 1.15 kt or 8.2%. The decrease in ammonia
emissions could be explained by a decrease in the
number of livestock, especially dairy cows, from
165.9 thou. in 2014 to 144.5 thou. in 2018. Dairy
farming is one of the most important agricultural

industries in Latvia. The number of dairy cows was
relatively steady, yet it tended to decrease in recent
years. In the period 2014-2018, the number of cattle
decreased by 5.2 thou. or 2.0%, while the number of
dairy cows decreased by 21.4 thou. or 12.9%. As the
number of livestock decreased, ammonia emissions
from manure management also tended to decrease,
while the emissions from crop production and the
application of fertilizers (including livestock manure
and slurry) had mixed trends. Although the amount
of ammonia emissions from manure management
decreased, the decrease is insufficient to meet the
target set for Latvia to reduce ammonia emissions to
14.44 kt in 2030, which would be 1% less than in 2005.
Without controlling economic activity in agriculture
and implementing no measures for reducing ammonia
emissions, the emissions from agriculture in Latvia
in 2030 are projected to account for approximately
89% of total ammonia emissions, and the projected
total ammonia emissions will be 8.6% more than in
2016 and 18.5% more than in 2005. Therefore, the Air
Pollution Reduction Action Plan of Latvia for 2020-
2030 envisages additional measures to achieve the
ammonia emission reduction target'. Research studies
around the world report different ammonia emissions
per cow in the range of 3.8-21.0 g d! for cows that
graze or are fed balanced alfalfa (Medicago sativa
L.) and maize (Zea mays) silage diets. The mentioned
per cow emissions were lower than those from cows
kept in free-stall housing facilities and not grazed,
with an average of 109 g of ammonia d' per cow

' On the Air Pollution Reduction Action Plan of Latvia for 2020-2030. Cabinet decree No. 197 (2020). https://likumi.lv/ta/
1d/314078-par-gaisa-piesarnojuma-samazinasanas-ricibas-planu-2020-2030-gadam

36 RESEARCH FOR RURAL DEVELOPMENT 2021, VOLUME 36


https://orcid.org/0000-0003-2336-3915
https://orcid.org/0000-0003-1329-918X
llufb
Stamp

llufb
Stamp

https://doi.org/10.22616/rrd.27.2021.005

DIET OPTIMIZATION FOR DAIRY COWS TO
REDUCE AMMONIA EMISSIONS

Dzidra KreiSmane, Elita Aplocina, Kaspars Naglis-Liepa,
Laima Bérzina, Olga Frolova, Arnis Lénerts

reported during manure trench cleaning. The forage-
to-concentrate (F:C) ratio in the diet make some effect
on gas emissions from manure. Study results of M.J.
Aguerre et al. suggest that within the 47:53 to 68:32
dietary F:C ratio, dietary treatment effects on enteric
CH, production had no effect during storage and had
no effect on ammonia, nitrous oxide, methane and
carbon dioxide emission rates from stored manure,
but changes in fermentation pattern could contribute
to reduction in emissions in the long term (Aguerre,
Wattiaux, & Powell, 2012; Hristov et al., 2013). The
goal of dietary planning for dairy cows is to reduce
ammonia emissions from cow housing facilities,
manure storage facilities and manure application to
field. It is more difficult to plan diets for dairy cows
during the grazing period, yet ammonia emissions
from cows grazing on pasture are relatively lower
than those from the cows kept in housing facilities.
Dietary planning involves: a) feeding a diet to
cows, depending on their age and lactation phase; b)
reducing the crude protein (CP) content of the diet
with or without the addition of certain amino acids
and indigestible proteins; ¢) increasing the content of
non-starch polysaccharides in the diet, which leads to
higher nitrogen emissions from CP present in manure
than from urea/uric acid present in urine. Young and
highly productive livestock need diets with a higher
CP content than older, low-productivity livestock.
Reducing the average CP content of the diet by 10
g per kilogram of dry matter (i.e., by 1%), the total
ammonia emissions from all nitrogen emission sources
on the farm decrease by approximately 10% (Bittman
et al., 2014). According to the United Nations (UN)
guidelines for ammonia emission reduction on mixed
livestock farms, 10—40% of the nitrogen surplus relates
to ammonia emissions. European agriculture produces
on average 94% of total ammonia emissions. Research
studies have found that ammonia emissions range from
5.1 to 13.6 g per kilogram of energetically corrected
milk (ECM). Northern European farms produced on
average 36% less (P<0.001) ammonia emissions than
US farms did, yet energy consumption ranged from
2.45 to 3.81 MJ kg'' ECM or on average 19% more
than on US farms. The lower ammonia emissions could
be explained by lower air temperatures, a lower CP
content in livestock diets, and an earlier application of
manure to cropland, as well as on average 16% lower
milk production per cow compared with US farms.
A number of research studies by scientists in Europe
and around the world have found that it is possible
to reduce both ammonia and other greenhouse gas
(GHG) emissions by introducing precision feeding
and optimizing CP in diet and energy intake in dairy
cows, prolonging their productive life and improving
their health (Aguerre, Wattiaux, & Powell, 2012;
Hristov et al., 2013; Powell & Rotz, 2015). Small and

medium farms, as well as organic farms, often do not
follow recommendations on feeding cows, and this
could lead to metabolic diseases as well as higher
GHG emissions from the cows.

The research aim is to estimate the potential for
ammonia emission reduction in Latvia if optimizing
feed intake in dairy cows and prolonging their lifespan,
based on 2019 data from the national Agricultural
Data Centre (ADC) for the dairy industry, as well as
provide justification for ammonia emission reduction
on farms.

Materials and Methods

The research used the Latvia ADC database
(Dzivnieku registrs, 2020) on dairy cow productivity
and housing and feeding technologies in 2019 to
obtain data for analysis. To reduce ammonia emissions
by optimizing feed intake in dairy cows, two measures
were selected: 1) optimizing the content of crude
protein, sugars and non-starch polysaccharides
(cellulose, hemicellulose) in the diet for dairy cows
with the aim of increasing productivity and reducing
GHG and ammonia emissions, and 2) feeding a diet to
cows, depending on their lactation phase, productivity
and age with the aim of reducing ammonia emissions.

To reduce an increase in N emissions,
recommendations have been developed for
optimizing feed intake in dairy cows, depending on
their productivity, lactation phase and physiological
condition. The research employed the NorFor Model
for optimization of dairy cow diets with the aim of
reducing the CP content of the diet and balancing
the energy level of the diet, which allows reducing N
emissions (Nordic Feed Evaluation System, 2020).

To balance the diet, feed optimization settings
included: an energy balance, metabolizable protein,
a protein balance, fatty acids, the fill value of the
diet, the chewing time index, etc. The diet included
feedstuffs based on previous research on the types and
proportions of feedstuffs fed to various dairy herds
in Latvia (Degola et al., 2016). The NorFor Model
employed by the research was supplemented with a
climate module that incorporates GHG emissions
from animal and feed production. The crude protein
content of the diet (g kg'' DM), N in excrement and
urine (g d'), methane (MJ kg!' ECM), planned milk
yield (ECM, kg d') and milk production per kg of
dry matter (kg kg' DM) were calculated based on
data on a balanced diet and the average milk yield in
Latvia in 2019 on conventional dairy farms of various
sizes (Table 1). The data on the number of cows, their
productivity, stage of lactation and housing conditions
were obtained from the ADC database. The ADC
database has data on a total of 4121 dairy farms.

For designing a livestock diet, the chemical
composition of feedstuffs is borrowed from the feed
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Table 1

Distribution of selected conventional dairy farms by size, milk yield and feed in Latvia, 2019

Average number of

Farm category dairy cows per farm

Average milk yield,
kg per cow per year

Feedstuffs included in diet

scale farms

Small farms <10 6273 grass silage, hay, ground barley, beans, molasses
Medium farms 11-300 6843 grass silage, hay, ground barley, beans, molasses
Large, industrial- 301 10132 grass silage, hay, ground barley, beans, molasses,

corn silage, rapeseed cake, soybean meal

catalogue that lists average quality parameters of
feedstuffs available in Latvia (Lopbaribas analizu ...,
2013).

Given the research by scientists from various
countries (Aguerre ef al., 2012; Bittman et al., 2014;
Powell et al., 2014) on the possibilities of reducing
ammonia emissions by decreasing the CP content in
the diet, the present research differentiated the level
of CP in the diet according to the stages of lactation,
providing a 15-16% crude protein intake during early
lactation (<60 days in milk (DIM)), 13—14% during
mid-lactation (60—280 DIM) and 12—13% during late
lactation (>280 DIM) and the dry period, depending
on the feedstuffs and their quality. Decreasing the CP
content in the diet in this way ensures a milk yield in
alignment with cow productivity during lactation.

To calculate the potential for ammonia emission
reduction, the research employed the IPCC
(Intergovenmental Panel on Climate Change)
methodology for calculating ammonia emission
inventories, which is also used by internationally
audited national inventory reports of Latvia, as well
as the official agricultural projections reported (The
Intergovenmental Panel ...,2021). Emission reduction
potential is a term widely used in scientific discussion
and is usually applied to a GHG or ammonia emission
reduction effect (potential) of a management practice
over a period of time, which is usually aligned with the
policy planning period. In addition, for the reliability
of the results, the projection period is chosen to be
as short as possible owing to technological progress,
changes in policy priorities, changes in market
conditions, etc. The research chose a projection
period until 2030 and estimated a potential ammonia
emission reduction for the period if dietary planning
were introduced as a deliberate management measure.
Such calculations can identify technical potential
(achievable by means of current technologies),
economic potential (achievable in a cost-effective
way) or political potential (agreed by policy makers).
The present research calculated the technical potential
because dietary planning is applicable to the dairy
cows (projection for a period until 2030) to which,
according to experts, it was not been applicable so far.

Results and Discussion
Nitrogen use efficiency.

The basic assumption in nitrogen management
is that reducing a nitrogen surplus (N surplus) and
increasing NUE can contribute to reducing ammonia
emissions. According to A.N. Hristov, W.J. Price & B.
Shafi (2005), ruminants are relatively inefficient users
of nutritional nitrogen (N), as only 25% of nutritional
N is absorbed by them for milk protein production, the
remaining N is excreted through excrement and urine.
Urine urea nitrogen (UUN) excreted through dairy
cow urine is the one of sources of nitrogen emissions
from manure. Milk urea nitrogen (MUN) is an
indicator of the efficiency of absorption of nutritional
nitrogen used to assess the cow diet and to monitor and
ensure the intake of nitrogen by dairy cows. Between
51% and 84% of UUN is emitted as ammonia, and the
lowest N losses are incurred on pastures, as urine is
rapidly absorbed by soil, while the highest N losses
are incurred on farms with tied housing. A MUN
reduction by 1 mg dL"! (in the range of 16-10 mg dL™")
could lead to a 7% reduction in ammonia and nitrous
oxide emissions from excrement. An optimal diet for
dairy cows makes it possible to reduce the amount of
MUN in milk from 12-10 mg dL"!, achieving a total
reduction of ammonia emissions by 35-42% and
nitrogen oxide emissions by 18-21%. A MUN amount
of 10 mg dL"! indicates a sufficient supply of CP in the
diet for achieving high milk yields. UUN losses in the
form of ammonia range from 40% on pasture farms
to 84% on non-pasture farms. To achieve a MUN
reduction by 1 mg dL"!, the CP content of the diet must
be reduced by about 6 g kg of dry matter (Powell,
Wattiaux, & Rotz, 2014). It is concluded that grazing
dairy cows with high milk yield leads to high NUE
in the range of 0.3-0.5 kg kg, low stocking density
and low N surplus in the range of 100-150 kg N ha'!
a year in comparing with other farming systems.
On the mixed crop and dairy farms with high milk
yields by feeding concentrates to cows NUE is in the
range of 0.4-0.6 kg kg'; N surplus is in the range of
50-150 kg N ha! a year. On dairy farms having not
enough arable land, N-output through milk, cows and
manure is approximately equal to N-input; a N surplus
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is the loss of ammonia and other N compounds from
cow housing facilities and manure storage facilities,
and NUE is high in the range of 0.8-0.9 kg kg!
(Bittman et al., 2014). Feed nitrogen use efficiency is
generally higher on dairy farms using the non-grazing
system (26-33%) than those using the grazing system
(16-24%). The research found that a 1% reduction in
the CP content of the diet did not affect milk production,
but increased nitrogen use efficiency by 2% and
reduced N emissions from excrement and urine by
32 and 28 g N per cow per day that reduced N losses
(Powell & Rotz, 2015). Nitrogen balance research has
found that on typical dairy farms, only 12 to 36% N is
removed with products intended for sale, while about
70% is lost mainly through evaporation and leaching
(Spears, Kohn, & Young, 2003). An excessive
addition of N to dairy cow diets can adversely affect
their productivity, nutrient absorption efficiency in
milk production, reproductive performance, economic
performance, the environment and public awareness
of dairy farming.

Effects of dairy cow age on emissions

It is easier to introduce differentiated diets for dairy
cows kept under free-stall housing, as it is possible
to group the cows according to their productivity and
stage of lactation. On the small and medium farms
where animals are grazed, cows achieve a longer
lifespan. For example, on organic dairy farms in 2019,
the average lifespan of cows was 4.29 lactations with
an average milk yield of 5873 kg per year, on large
conventional dairy farms with more than 300 dairy
cows it was 3.00 lactations with an average milk yield
of 10132 kg, while on medium conventional dairy
farms it was 3.70 lactations with an average milk yield
of 6843 kg (Table 2).

Most dairy cows (57%) are farmed by conventional
farms with 11-300 cows, which have the largest
feasible to increase the average number of lactations
to 4.5. On such dairy farms, agricultural production is
less intensive, the cows are grazed during summer, and

their average productivity is relatively lower than that
on intensive farms, which have 4 lactations per cow.
On organic and home farms, which represent 15% of
the total number of dairy cows in Latvia, the number
of lactations is in the range of 4.3-4.5. By improving
cow welfare and diets on such farms, it is possible to
reach at least 5 lactations per cow. By increasing the
number of lactations per cow in all types of farms, it is
possible to reduce the number of heifers per dairy cow.
The total reduction of ammonia emissions in Latvia
was calculated based on a projection of a decrease
of 0.1 heifer per dairy cow. According to a long-term
projection, ammonia emissions could be reduced by
0.051 kt by decreasing the number of new heifers by
12.54 thou. at the planned increase in the lifespan of
dairy cows by 2030.

Achieving this goal by dairy farms requires
regularly ensuring livestock welfare across all
groups of livestock, designing and implementing
optimized for dairy cows, analysing changes in the
number of lactations, productivity and reproduction
rates (including the number of inseminations) and
implementing measures to optimize the performance
of dairy cows. Grazing, including the extension of the
grazing period, is a factor contributing to livestock
health. The mentioned farming approaches could
only be implemented over a longer period. Several
scientists have pointed out that such strategies can
make a positive effect on livestock welfare and are
likely to reduce methane (CH,) emissions from the
fermentation process in the cow intestinal tract,
especially if expressed as emissions per unit of milk
produced (Kebreab et al., 2001; Powell, Rotz, &
Weaver, 2009).

Optimizing crude protein intake in dairy cows,
depending on their productivity and stage of lactation

Dairy cow productivity particularly depends on
the fodder fed, the size of the farm, the type of housing
and other external environmental factors. Compared
with low-yielding cows, high-yielding cows consume

Table 2
Characteristics of dairy cows on selected dairy farms in Latvia in 2019
Cows, 365 days Farm Average | Number of lactations
rarm category number ercentage | number | percentage mllkkywld’ average target in
P & P & & & research

Organic, total 16139 100 849 100 5873 4.29 5.0
Conventional, total 101740 100 3181 100 6602 3.50 4.0
including small 9475 9.3 1628 51.2 6273 4.40 5.0
(1-10 cows)
medium
(11-300 cows) 63472 62.4 1503 47.2 6843 3.70 4.5
large (>301 cows) 28793 28.3 1.6 10132 3.00 4.0
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Table 3

Effects of the optimized diet on nitrogen and methane emissions at various stages of lactation,
depending on milk yields in Latvia in 2019, calculated employing the NorFor Model

Indicator Early lactation Mid-lactation Late lactation Dry period
<60 DIM 60-280 DIM >280 DIM
Small farms (<10 cows) with an average yield of 6273 kg per lactation
Crude protein, g kg'' DM 134 120 111 110
N in excrement and urine, g d*! 233.5 213.9 193.5 164.8
Methane MJ kg' ECM 0.93 1.17 1.48 -
Planned yield ECM, kg d! 23.6 19.9 15.6 -
Milk yield per kg of dry matter, 1.45 1.20 0.88 -
kg kg' DM
Medium farms (11-300 cows) with an average yield of 6843 kg per lactation
Crude protein, g kg'' DM 152 149 112 120
N in excrement and urine, g d"! 286.4 304.9 177.9 170.5
Methane MJ kg' ECM 0.90 1.13 1.30 -
Planned yield ECM, kg d! 25.6 222 16.5 -
Milk yield per kg of dry matter, 1.52 1.24 0.99 -
kg kg' DM
Large farms (>301 cows) with an average yield of 10132 kg per lactation
Crude protein, g kg'' DM 163 140 115 117
N in excrement and urine, g d’! 417.1 346.2 230.1 144.5
Methane MJ kg' ECM 0.81 0.96 1.09 -
Planned yield ECM, kg d! 37.4 33.2 25.7 -
Milk yield per kg of dry matter, 1.64 1.42 1.14 -
kg kg DM

more feed, yet the feed stays in the rumen for a shorter
time and is also exposed to rumen microorganisms
for a shorter time, which significantly affects the
decomposition (digestion) of feed in the cow’s body.
Due to the limited dry matter absorption capacity of
dairy cows, it is important that high-yielding cows are
fed high-quality fodder and concentrates. The main
sources of nutritional energy for the maintenance of
the cow’s body and the production of milk are sugars
and starch (Fuentes-Pila et al., 2003; Guyer & Owen,
2014).

It is recommended to reduce the CP content in
the dry matter of the cow diet to 15-16% for higher
productivity cows (> 30 kg of milk per day) during
early lactation, to 14-15% for lower productivity
cows (< 30 kg of milk per day) during early lactation,
while the CP content in the dry matter of the cow diet
during mid- and late lactation should not exceed 12—
14% (Bittman et al., 2014). In practice, the level of CP
in livestock diets is often higher than actually needed,
as livestock diet specialists include 5—15% more CP in
the livestock diets than necessary. J.E. Nocek and J.B.
Russell (1988) have pointed out that microbes can be
starved for nitrogen when rumen available protein is

low (< 30%). If the protein available in the rumen is
more than 60%, there are high nitrogen losses even if
there is a large amount of available carbohydrates. By
decreasing availability of CP content in the diet to 14%
milk secretion increases, but no response at a 16% CP
content in the diet. The previous research studies have
found that in Latvia, dairy cows on intensive farms
are provided with, on average, up to 30.0 kg of feed
dry matter per day, which tends to decrease during
lactation. On such farms, the amounts of dry matter
and CP fed per cow per day is 28.8 kg and 4.63 kg,
respectively, during early lactation and 22.8 kg and
2.56 kg during late lactation. During early lactation,
high-yielding cows face a nutrient deficiency of 5%,
yet near late lactation and during the dry period, a
slightly higher nutrient intake is provided to enable
the cows to regain lost body reserves and prepare for
the next lactation (Degola et al., 2016).

By employing the NorFor Model, the research
designed dairy cow diets, depending on milk yield,
and adjusted the diets to different stage of lactation,
which allowed concluding that at a 15-16% CP
content in the cow diet during early lactation, the
amount of N in excrement and urine was 90—180 g
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d' larger and the amount of methane was 0.08-0.69
MJ kg! ECM smaller for high-yielding cows than
for lower productivity cows. During mid-lactation,
reducing the CP content in the diet by an average of
10 g kg DM at a milk yield above 10 000 kg per year,
the trend is similar (Table 3).

Reducing the CP content per kg of feed dry matter
by a further 20-30 g during late lactation reduces
N emissions from excrement and urine regardless
of milk yield. During the dry period, N emissions
are even lower at a 11-12% CP content in the diet.
The amount of methane per kg of ECM during late
lactation increases, which could be explained both by
a decrease in milk yield and the proportion of easily
digestible nutrients — concentrates — in the diet. On
intensive dairy farms in Latvia, fodder includes
grasses, incl. papilionaceous grasses, and maize
silage, with concentrates and other additives being
added to meet the energy and mineral requirements
of the cows. On medium dairy farms, the main cow
feed is pasture grass during summer, and grass silage
and hay during winter. Therefore, N and methane
emissions vary from farm to farm. Farmers’ choice
to feed their cows self-produced feed is crucial in
assessing the efficiency and environmental impacts of
milk production.

The findings of the present research are also
confirmed by the findings made by other scientists
concluding that feeding livestock an amount of CP
that ensures metabolism optimizes the synthesis of
microbial proteins, maximally converts the nitrogen
available in the diet into milk and reduces N emissions
from livestock urine (Bittman et al., 2014). The
diet models designed reveal that it is possible to
group and feed livestock according to their needs
and farming conditions, and this is one of the main
prerequisites for reducing N emissions. The NorFor
Model allows the optimization of diets by including
concentrates, roughage and other feedstuffs that
increase the efficiency and profitability of the diets,
thereby improving livestock welfare and reducing
environmental impacts. A typical dairy cow diet
containing grass silage as the main feed can lead
to N and energy imbalances as well as low N use
efficiency. A computer application NorFor makes
it possible to control GHG emissions on the farm,
especially methane, yet the methane represents only
approximately half of the total GHG emissions from
milk production. However, feed production, i.e.
the cultivation of fodder crops in the field and feed
imported into the farm contribute to a large proportion
of emissions (Nordic Feed Evaluation System, 2020).
The interaction between livestock management, feed
production and fertilizer management, as well as the
various associated emissions, are difficult to quantify,
as well as to quantify the overall climate impact of

the activities. Research studies have found that N
emissions are also reduced by smaller feed particle
sizes, which contribute to the digestion of grain
starch in the rumen. By feeding a balanced amount
of digestible and indigestible protein and sugars
to high-yielding dairy cows, the intake of N by the
cows could be reduced to approximately 600-650 g
per day (Ipharraguerre & Clark, 2005). A cow diet
should be designed to facilitate fermentation in the
lower intestinal tract without interfering with rumen
fermentation. This could be stimulated by fibres that
are able to ferment but are not affected by the rumen
microflora (Van Vuuren et al., 1993). Since acid-
producing bacteria are concentrated in the lower
intestinal tract, the risk of higher methane emissions
is low (Bittman et al., 2014).

By optimizing the CP content in the cow diet, it is
possible to achieve an adequate milk yield during the
entire lactation, producing 1.2-1.6 kg of milk per 1
kg of feed dry matter (Table 3), thereby contributing
to both emission reduction and economic efficiency.
Potential for ammonia and GHG emission reduction

By optimizing the content of CP, sugar and non-
starch polysaccharides (cellulose, hemicellulose)
in the diet for dairy cows, the main benefit would
be a smaller amount of nitrogen excreted, which
would subsequently lead to lower emissions from
manure. Considering the data used for 2018 emission
calculation from the current 2020 ammonia emission
inventory and achieving a 1% reduction in the CP
content of the diet, the amount of nitrogen excreted by
dairy cows could be adjusted to 104.4 kg from 115 kg
per year. The projection is based on the diets designed
within the project for small, medium and large dairy
farms included in the ADC database at the milk
yields of 6273, 6843 and 10132 kg, respectively, per
lactation. However, projections of agricultural activity
show a significant increase in the average milk yield
from 6500 kg in 2020 to 8000 kg in 2030 and 11000 kg
by 2050, which might indicate an increase in the
number of livestock farmed by large farms that have
set a higher CP content in cow diets. In this situation,
the CP content cannot be changed to be incorporated
in the National Inventory Report, and the emission
reduction cannot be achieved based on this parameter.

Conclusions

Farmers in Latvia need to make increasing
efforts to meet ammonia emission reduction targets.
Improvements in diets for dairy cows can make
a significant contribution to reducing emissions.
The livestock diets designed based on scientific
recommendations ensure optimal livestock nutrition
and milk yields aligned with cow productivity and
reduce ammonia emissions without making additional
investments. The total reduction of ammonia emissions
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in Latvia was calculated based on a projection of a
decrease of 0.1 heifer per dairy cow. According to a
long-term projection, ammonia emissions could be
reduced by 0.051 kt by decreasing the number of
new heifers by 12.54 thou. at the planned increase
in the lifespan of dairy cows by 2030. Due to a lack
of reliable and complete information on diets for
dairy cows, it is not possible to determine the exact
potential for ammonia and GHG emission reduction.
The emissions could also be reduced by intensifying
milk production as projected for agriculture. Expert
assessments indicate that the diets currently fed to
livestock on farms often do not meet the nutritional
requirements, causing a number of problems related to

the focus on improving diets for dairy cows is critical
to the development of the sector. Knowledge transfer,
in which agricultural consultants are a key element, is
also an important factor in the implementation of this
measure.
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Abstract

Fire has been a part of natural disturbance regime in boreal and to some extent also hemiboreal forests, affecting
soil and light conditions, seedbanks, trees and ground vegetation. The most significant factors affecting occurrence,
severity and size of forest fires are anthropogenic, weather and the environment, all of which are changing due to
human-caused climate change. This paper discusses medium term (25 years) vegetation development in five different
biotopes after fire disturbance. Sample plots were established in Slitere Reserve (now National park) in north-western
Latvia on areas affected by large fire in 1992. Data were collected in 1993, 2002 and 2017. The aim of the study was
to characterize the regeneration and succession of ground vegetation after the fire.

In 1993, species such as bog-rosemary (Adndromeda polifolia), heather (Calluna vulgaris) and cloudberry (Rubus
chamaemorus) were observed in the ground vegetation a year after the fire. In 2002 liverworts appeared, indicating
that the bog has acquired more stable and wetter conditions, but in 2017, liverwort mosses were no longer present and
the percentage cover of Rubus chamaemorus decreased significantly and Calluna vulgaris, sphagnum sp., and Betula
pendula were present in large quantities in the bog. Comparing these studied years, it can be concluded that all these

years the biotopes and species have continuously developed and are regenerating.
Key words: fire disturbance, long-term recovery, vegetation regeneration, hemiboreal forests.

Introduction

Fires is a part of natural disturbances in hemiboreal
forests and has profound influence on vegetation
succession and biodiversity (Granstrom, 2001; Jogiste
etal.,2017). Most of the fires had been human-induced;
however, meteorological conditions play an important
role both in initial stages of forest fire occurrence as
well as potential of its spread and severity (Donis et al.,
2017; Kitenberga ef al., 2018). Bogs are an important
part of the forest ecosystem, as moist wetland habitats,
bog burns less often than forests, and the few fires that
do occur are usually limited to the margins (Sillasoo
et al., 2011). The development of vegetation after a
fire mainly depends on two factors: fire severity, and
the structure of vegetation before the fire (Sillasoo et
al., 2011). Frequency of fires has increased as a result
of global warming (Flannigan et al., 2006). Habitat
recover after fire disturbance differs from that of any
other severe disturbance (Wang & Kemball, 2005) due
to influence to recovery of trees as defining element
of forest ecosystem (Mara Kitenberga et al., 2020), as
well as effect on organic matter and thus disruption of
nutrient supply differing from any other severe human-
induced or natural disturbance (Cakss et al., 2018;
Jansons et al., 2016; Samariks et al., 2020, 2021).
The development of burned biotope depends on how
quickly the fire is extinguished and what is done with
the stand after the fire, for example, whether salvage
logging is carried out or left for natural regeneration
(Karklina et al., 2020).

Climate changes significantly affect not only the
increment of trees (Augustaitis et al., 2015; Jansons
et al., 2015) or damages directly (Zeltins et al., 2018;

ZeltinS et al.,2016) or indirectly (Arhipovaetal.,2015;
Burnevica et al., 2016), but also abiotic damages, like
occurrence of forest fires (Drobyshev et al., 2021).
The fire significantly affects the dynamics of forest
development by changing soil properties, limiting
fire-sensitive species and promoting the spread of
pyrophilic species (Bond et al., 2005; Certini, 2005).
An intensive fire could impact the future regeneration
of the understory structure. However, contrary to other
disturbances, fire is a disturbance whose strength and
nature can influence the composition of the concrete
forest stand, such as the composition of vegetation and
the density of undergrowth trees (Bond et al., 2005).
For example, in a habitat where dominant species are
heather and juniper, the fire will spread much faster
and more widely throughout the area (Mallik &
Gimingham, 1984). Forest fires typically divide into
three groups based on their intensity and severity:
1. Ground fire — fire spreads in peat or humus layer,
often without visible flames above ground level;
2. Surface fire — fire spreads in litter and undergrowth
vegetation; 3. Crown fire —fire spreads from tree crown
to crown, which is high-intensity stand-replacing fires
(Roga, 1979).

Also, the speed and direction of vegetation
succession are determined by soil factors and tree
crown openness after fire and management (salvage
logging) (Nilsson & Wardle, 2005), and are linked to
post —disturbance stand characteristics (Baders et al.,
2021). Light conditions are changing during the forest
succession; more diverse vegetation may develop
in the burned area, and more shade-intolerant tree
species may also enter (Hart & Chen, 2017). Also, fire
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disturbances can change the pattern of competition
between stand and ground vegetation, resulting
in changes in vegetation structure (Angelstam &
Kuuluvainen, 2004). Most of post-fire studies have
focused on tree recovery (Angelstam & Kuuluvainen,
2004), but studies about vegetation development after
fire data were collected shortly after a fire (Marozas et
al., 2007; Schimmel & Granstrom, 1996), especially
researches about different biotopes like bogs are
lacking. Several studies indicate that after fire at
the beginning of the stand succession when topsoil
is revealed, rapidly developing heather, which is a
well-adapted specie in such condition and can form
a monodominant cover in a stand (M.-C. Nilsson
et al., 1996; Parro et al., 2009; Reich et al., 2001).
Shrub layer starts to recover and stabilize within 5-15
years after burning, but the complete structure of the
forest stand re-establishes 120140 years after the fire
(Gorshkov & Bakkal, 1996), even so much more rapid
recovery can be expected and is observed after natural
disturbances (Baders et al., 2017). It is crucial to
understand the development of understorey vegetation
growth after the fire. The bog has reached the recovery
level of the ecosystem, ruderal and pioneer species
have disappeared (Pakalne, 1998). Furthermore, any
information that provides an accurate insight into this
recovery is relevant. Therefore, any information about
the forest stand development after the fire disturbance
in a long-term period is essential (Kitenberga, 2019),
where in our case, there are different bog habitats
where forest areas are also included.

The aim of the study was to characterize the
regeneration and succession of ground vegetation
after the fire, based on the species composition
of the ground vegetation. We hypothesized that:
1) 25 years after the fire, the vegetation has changed
compared to the vegetation data in previous years
2) over time, pioneer species have disappeared, and
the characteristic species are dominating, indicating a
complete recovery of the studied site.

Materials and Methods

In the summer of 1992, a forest fire broke out in
Slitere Reserve’s territory, where 3200 ha of forests
and bog were burned. To find out the condition of
plant communities and the course of regeneration,
the study already started one month after the fire and
continued until 2002 (I. R&riha). According to Latvian
State Forest data, vegetation data were collected in
five forest quarters (70; 85; 91; 110; 127) which best
describe the whole bog area and include the most
characteristic biotopes. In 1992, permanent plots were
created to return every year and find each sample plot
and count the vegetation.

The placement points of the permanent sampling
plots were selected at random principle, where

40 points selected and marked in the three forest
quarters, 60 points in the quarter of 70, and 20 points in
91 quarter. At each selected point, 50 x 50 cm sample
plots which were oriented diagonally (each plot corner
oriented to the north, south, ecast and west) were
created. Sampling plots were located in the following
habitats: 1) high bog (PU) — bog with mosses and few
pines up to 1.5 m high; 2) old dunes kangars (K), — a
dry habitat which is similar to dry pine forests; 3) old
flat dunes /ézens kangars (LK) — where the absolute
height does not exceed 0.5 m; 4) marsh (ZP); 5) bog
(PA) — high bog with pines up to 2 m high; niedrajs
(N) — wet peat biotope.

According to the same method as in previous
years, the latest vegetation data was collected in 2017
(Latvian State Forest Research Institute “Silava”).
As it was not possible to identify all the plots from
previous years, the statistical analyses included only
data from those identified plots (in total 640 plots
were identified). To see the differences and tendencies
of vegetation development, the data of 1993, 2002 and
2017 were used in the analyses (in total 372 sampling
plots). All analyses performed in the statistical
program R 4.1.0 (R Core Team, 2020), using packages
“vegan”, “readxl”, “tidyverse”, “ggrepel”. The
ground cover vegetation communities were assessed
by the Detrended Correspondence Analysis (DCA),
a multivariate orthogonal ordination method. The
analysis of similarities (ANOSIM), a non-parametric
ANOVA-like test based on the ranked dissimilarity
matrix (Clarke 1993), was used to compare species
composition between the years.

Results and Discussion

The statistical comparison of the ground cover
vegetation between the selected years (1993, 2002 and
2017) showed significant (p-value <0.001) differences
amongst all years. This shows that the vegetation
has changed over the last 25 years and the current
vegetation in the last year of the survey is different.
But in Figure 1 of the ordination, it can be seen
that the growing conditions in biotopes in 2002 and
2017 were different compared with 1993, where the
grouping of species is more pronounced. The first two
DCA ordination axis were significant (p-values <0.01
and showed that the vegetation and growth conditions
of the analysed biotopes have changed over the years
(Figure 1). These results indicate a continuous change
in the composition of the plant species, where new
species have been introduced in each period. First axis
of the DCA analysis clearly presents light conditions,
where it can be seen that the amount of light decreases
due to the regeneration of trees such as silver birch
Betula pendula and more mosses that can grow in
shady conditions: Plagiomnium affine, Climacium
dendroides, etc. The gradient captured by the second
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Figure 2. The detrended correspondence analysis ordination of the ground cover vegetation
in the high bog biotope by years.

axis (DCA2) might be related to the moisture regime
of the biotopes, as in the upper part of the axis are
species which are growing in dry areas (Cladonia
species, Festuca ovina, Deschampsia flexuosa)
which indicates that by 2002 the moisture regime had
increased and dry habitat species had disappeared,
because, as we can see in Figure 1, these species only
occured in 1993 (Figure 1) (Frego, 1996).

Sphagnum species also showed a continuous
regeneration ten years after the fire disturbance.
The percentage cover of sphagnum moss species in
the year 1993 was 4.6%, but between the year 2002
and the year 2017, sphagnum mosses have a stable
percentage cover: 52% and 58%, respectively. As
well as in the biotopes, where in 1993-year heather
was a minimal percentage cover (~ 2%) (except for
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ZP) showed high cover in 2002 (~ 40%) maintaining
similar cover in 2017 as well. These results showed
the contradictory result with other research about the
fire disturbance, which says that five years after the
fire, the biotopes, where are dry growth conditions,
must change from the dominance of the heather to the
dominance of cowberries (Vaccinium vitis-idaea) and

bilberries (Vaccinium myrtillus) (Parro et al., 2015),
which did not happen in our study, where in our dry
biotopes (kangars and lézens kangars), cowberries
and bilberries almost disappeared, which is in line
with the fact that the limiting factor for these shrubs
is fire (Niklasson & Granstrdm, 2000; Schimmel &
Granstrom, 1996). Looking at each habitat separately

Table 1

Percentage cover of ground vegetation in the studied biotopes (K — kangars; LK — lezens kangars;
N — niedrajs; PA — bog; PU — high bog; ZP — marsh)
(Liverwort mosses were not identified by species; hence all are defined as: liverworts)

Biotope
K| K|K|LK|LK|LK| N|N|N|PA|PA|PA|PU|PU|PU|ZP|ZP|ZP
Yar lglglslg|glslglelslglelslgle|elglelt
— [o\| (o} — o [g\] — [g\] [o\] — (g} o — (o] (g} — [g\] (o]

Liverworts 3.7 3.7 7.4 9.8
Andromeda 01221 8 |11 2.1 (109 03| 5.1123]03
polifolia
Aulocomnium 43122 99 | 1.5 15 02124 15| 1 [12.1]| 13 [0.25] 6
palustre
Betula pendula 3.7 3.7 1025 375] 1.6 38 |08 24
Betula pubescens 1.4 12| 43 1112 15| 10 03] 5.6 3879
Calluna vulgaris | 5 1303(317| 3.6 | 26 | 34. 3 (28.5(36.4| 63 22,1333
Cladonia species 22.4[10.6 133 36 3.7 53025 5 101
Eriophorum 3702 45 [14.03]157] 4 [112 15.7]22.0] 8.5 [14.2]22.7| 17 0.1
vaginatum
Ledum palustre |51 93 (02| 3.0 |182]7.7| 4. (275 94 (28.7| 14 | 69 | 188 7.3 3.8
Oxycoccus 0113 [13.7]3.4]05 (2121544 |186]42(53(209|44 0263|138
palustris
Peucedanum 0.75 75| 04
\palustre ’ ' '
Pinus sylvestris o 5| 62| 1 | 04 | 63 |3.71]0.25 04[56|15(03] 3 |06]02 0.2
Pleurozium 6 19.5 112 [32.7 2| 2 37 |16.4 1]23
schreberi
Polytrichum 020362 1.4 29 [152(103] 75|75 (65| 3.1 (227 23|26 |173| 2 |3.75[75| 05
yjuniperinum
Rubus 0.2 13 233062 15.3]21.5] 5.6 [14.0] 21.7 | 5.1
chamaemorus
Sphagrnum 3.7 02 192 (54.8(27.583.7] 89 | 6.2 [53.7/64.9/10.1|55.13169.3 | 11.3]16.2] 2.3
Speaes
Vaccinium 1111706 | 69 [ 196152 12.8]12.1] 0.9 2.7
myrtillus
Vaccinium 02]37]12]108]23.0 52 (233|112
uliginosum
;/;;‘f;"’“’””’”' 18] 1213959 22172 4801052467 12 |59 750012
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in the DCA analysis, it can also be seen that the
composition of the species is variable, but 10 years
after the fire the biotope growth conditions are more
stable and are characterized by more typical species
(Figure 2; as an example, a high bog is inserted), also
statistical analysis showed the difference between the
species in the studied years. Variability in species cover
over the studied years can also be seen by visually
looking at the table with biotopes and the percentage
cover of the most common species (Table 1).

Conclusions
1. 25 years after the forest fire, biotopes showed
continuous vegetation development throughout

2. The vegetation percentage cover of certain species
indicates that first signs of stability of ground cover
is observed 10 years after the fire, which indicate
the recovery after fire.

3. Fire is a significant disturbance that has a long-
term effect on biotope.
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Abstract

Forest mineral soil is one of the terrestrial carbon pools, and changes in forest management practices can affect
the carbon stock in forest soil. The purpose of the study is to estimate temporal fertilization impact on mineral soil
organic carbon stock, depending on fertilizers applied, forest stand type, different dominant tree species of the stands.
Coniferous and birch forest stands with mineral soil in the central and eastern part of Latvia were selected for the
experiment. The fertilizers used were wood ash and nitrogen containing mineral fertilizer. No significant differences
in organic carbon stock in O horizon were detected 2—5 years after fertilization. A tendency of smaller organic carbon
stock in upper mineral soil layers (0—10 cm, 10-20 cm) was found in most part of objects. Significantly smaller
organic carbon stock was found in upper mineral soil layers (0—10 cm and 10-20 cm) in birch stands with wet mineral
soil treated with ammonium nitrate if compared to the control plots, possibly due to a different soil moisture regime
of forest stands. The positive and significant correlations between soil organic carbon and nitrogen stocks were found

in most part of the objects.

Key words: wood ash, nitrogen containing mineral fertilizer, organic carbon, forest soil.

Introduction

Forests have an essential role in the global carbon
cycle, and forest soil is one of the terrestrial carbon
pools. Changes in carbon stock of boreal forest soils
are mainly the result of global warming, deforestation
and occasional periods of drought and fire. On average,
circa 60% of carbon is stored in soil of boreal forests
(Pan et al., 2011), and mineral soil is the second
important carbon pool, reaching 31% of total forest
ecosystem carbon, right after the living tree biomass
— 59% (Kénina et al., 2019). Organic matter has an
impact on quality and structure of soil, chemical and
biological properties (Walsh & McDonnell, 2012).

Several local studies have been carried out in this
field. A research in regard to the impact of surface
fire on O layer in a dry Scots pine forest indicated a
significant impact on reduction of a carbon stock in
O layer in fire affected forest areas, while no
significant changes were detected in mineral soil
layers (Bardule et al., 2017). A study conducted in
over-mature Norway spruce stands showed no
significant differences between forest site types
(Kenina et al., 2018). Furthermore, a study in over-
mature Scots pine stands showed no trends in O
horizon and mineral soil carbon stock changes
regarding the stand age, within the range of 163-218
years (Kénina et al., 2019).

Forest soil fertilization can improve the growth
of trees on nutrient-poor site and reduce deficiency
of nutrients. Forest fertilization can be commenced
during the whole rotation or 10-15 years before the
regenerative felling, respectively, forest fertilization
can be conducted once during the rotation period or
can be repeated to ensure continuously high growth
rates (Hogberg et al., 2006). Studies in Latvia have
reported a short-term impact of forest soil fertilization

with wood ash on the growth of stand (Okmanis ef al.,
2016; Okmanis et al, 2018) while other studies
reported a long-term effect of forest soil fertilization
on growth of trees (Jansons et al., 2016; Libiete et al.,
2016; Petaja et al., 2018).

Long-term boreal forest fertilization experiment
with repeated application of nitrogen containing
fertilizer has showed a positive effect on the growth of
trees and, as a result, carbon sequestration (Hogberg
et al., 20006). It has been estimated that by forest soil
fertilization in Latvia can be cumulatively reduced
635,000 CO, eq. in 10 years (Petaja et al., 2018).

Soil quality and the content of organic matter of
soil have been relevant topics of studies. The topicality
of this study is based on necessity to increase CO,
removals in forest ecosystem and considerable short-
and long-term greenhouse gas (GHG) mitigation
potential of forest fertilization in hemi-boreal forest
stands (Federici et al., 2015). The aim of the research
is to evaluate temporal impact of fertilization with
wood ash and ammonium nitrate on soil organic
carbon stock in forests stands with mineral soils.

Materials and Methods
Study sites and treatment

In total, 49 research sites were established in the
central and the eastern part of Latvia (Table 1). The
dominant tree species in the study sites are Scots pine
(Pinus sylvestris L.), Norway spruce (Picea abies (L.)
H.Karst.) and birch (Betula spp.). In order to estimate
the possible impact of treatment on the organic carbon
(Corg) stock in forest soil, the plots were established
in the forest stands with dry mineral soil, naturally wet
mineral soil and drained mineral soil. The experimental
sites received the following treatment: wood ash (WA),
wood ash and ammonium nitrate (WA+NH,NO,) or
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Table 1

Description of research objects and fertilization

Soil type and Dominant tree Number Age of | Dose: t *WA or Fertilizer
. . . of forest 1 . Date of treatment
moisture conditions species stands stands | **NH4NO3 ha spreading
wood ash treatment
Dry mineral soil Norway spruce 3 50-54 | 2; 3t WA mechanically 11.2014; 05.2017
Drained mineral soil | Norway spruce 3 44-53 | 3;4;6; 8t WA manually/ 10.2016; 12.2016;
mechanically 05.2017
wood ash and ammonium nitrate treatment
Drained mineral soil | Norway spruce 2 36-38 | 3tWA+ mechanically 02.2017; 07.2017
0.44 t NH4NO3
Drained mineral soil | Scots pine 3 51-67 |3t WA+ mechanically 02.2017;07.2017
0.44 t NHANO3
Drained mineral soil | birch 2 34-37 | 3tWA+ manually/ 10.2016; 02.2017;
0.44 t NH4NO3 | mechanically 06.2017; 07.2017
ammonium nitrate treatment
Dry mineral soil Norway spruce 7 25-83 | 0.44 t NH4NO3 | manually/ 09.2015; 07.2017
mechanically
Dry mineral soil Scots pine 21 24-130 | 0.44 t NH\NO, manually/ 09.2015; 06.2017;
mechanically 07.2017
Dry mineral soil birch 3 44-72 | 0.44 t NH,NO, manually/ 06.2017; 07.2017
mechanically
Wet mineral soil birch 2 23-48 | 0.44 t NH,NO, manually/ 05.2017; 06.2017
mechanically
Drained mineral soil | Norway spruce 2 28-37 | 0.44 t NH\NO, manually/ 09.2015; 06.2017
mechanically

*wood ash; **ammonium nitrate

ammonium nitrate (NH,NO,). Control plots (C) were
left without the treatment. Wood ash used in this study
were taken from local heating- and power plants:
NewFuels RSEZ, Ltd.; Latgran, Ltd.; “Graanul Invest,
Ltd. and Salaspils siltums, Ltd.

Collection and analysis of soil samples

Collection of samples was conducted in 2019,
namely, 2-5 years after the fertilization. Two replicates
of 10 cm x 10 cm large O horizon samples were
collected in each plot. Soil samples were collected at
fixed depths: 0-10 cm, 10-20 cm, 2040 cm and 40—
80 cm. The samples were taken at each plot, ensuring
2 replicates per plot.

Collected O horizon samples were milled till fine
powder, soil samples were manually comminuted and
sieved through 2 mm sieve. Fine fraction was used
for analyses assuming coarse fraction to be free of
Corg and nitrogen (N). The samples were prepared
according to the ISO 11464:2005. Bulk density was
determined according to ISO 11272:2017. Content
of total carbon (Cror) content was determined using
elementary analysis according to ISO 10694:2006
and inorganic carbon (Ccagp) — by volumetric method

according to ISO 10693:2014. Concentration of
Corg Was calculated as the difference: Cror — Cears.
The concentration of total nitrogen (Ntor) was
determined using elementary analysis according to
ISO 13878:1998.
Data analysis

The Corg stock was calculated for different soil
layers: 0-10 cm, 10-20 cm, 20-40 cm and 40-80 cm.
In addition to these soil layers, the average Corg stock
in soil from control and fertilized plots was compared
in the following soil layers: 0-20 cm, 0-40 cm and
0-80 cm. The Copg stock was calculated according to
the formula (1):

SBDXHX(100%—P2mm)
100(cm)

soc
X —— | where:
1000

(1) Ccs =
CS — content of Corg in 1 ha of the soil/O horizon
(t Corg ha');

SOC — Cogg content (g kg™);

SBD — bulk density (kg m?);

H — thickness of a s0il/O horizon layer (cm);

P, ——volume of the fraction of > 2 mm particles in

the sample (%).
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Table 2
Impact of forest soil fertilization on C_, . stock (t ha™') in O horizon
(mean values + standard error of the mean)
Wood ash and
Type of fertilizer Wood ash ammonium Ammonium nitrate
nitrate
Soil type and moisture Dry mineral | Drained Drained Dry mineral | Wet mineral | Drained
conditions soil mineral soil | mineral soil soil soil mineral soil
Control plots 14.0£6.5 64+24 129+1.6 13.3+£0.9 7.8+23 7.2+0.9
Fertilized plots 12.5+3.0 11.2+£3.0 99+13 11.6£0.7 8.8+23 82+1.3

Normal distribution was tested by Shapiro-Wilk
normality test. The data ranges were not normally
distributed; therefore, non-parametrical test was used.
The non-parametrical Wilcoxon rank sum test with
continuity correction was used to compare the Corg
stock among control plots and plots, where fertilizers
were applied. The Spearman’s rank correlation was
used to compare relationship between Corg and Nror
stock of the trial objects. The strength of correlation
coefficient was evaluated according to Akoglu
(2018). Tests were conducted at a 95% confidence
level in program R (R Core Team, 2018).

Results and Discussion

The results are summarized according to the
applied fertilizer and forest stand type. Table 2
summarizes the average Corg stock in O horizon.
No statistically significant differences were found
between control and fertilized plots. No trends in
results were found among the trials or forest stand
types. No significant impact on O horizon was reported
in similar study with wood ash application (Libiete et
al., 2016). The differences in Corg stock among the
plots can be explained with the natural O horizon
variability. The average Corg stock in O horizon is
smaller in comparison to average values in Latvia
estimated earlier — 21 t ha'! (Bardule ef al., 2009) or
average Cogrg stock in O horizon in European forests —
22.1 t ha! (De Vos et al., 2015). These differences in
average Corg stock in O horizon may be explained
with different site conditions of the experiments,
because the organic matter content in O horizon
depends on different factors, such as disturbances
(Bardule et al., 2017), moisture regime of the stand
(Btonska & Lasota, 2017) and the dominant tree
species of the stand (Butlers & Lazdins, 2020) while
the calculated Corg stock is quite similar to the mean
value determined in a study carried out in local Scots
pine stands with dry mineral soil — 15.2 t ha! (Kénina
etal.,2019).

The average Corg stock in different soil layers
in the research objects after the fertilization are

summarized in Table 3. Statistically significant
differences (p < 0.01) in average Corg stock were
found in upper soil layers (010 cm and 1020 cm) in
forest stands with wet mineral soil. The average Corg
stock in control plots in stands with wet mineral soil
is 44.4 £ 5.3 and 19.4 + 3.8 t ha>and Cogg stock in
plots fertilized with N containing mineral fertilizer
i$29.6 £4.1 and 11.0 £ 1.6 t ha' — in 0~10 cm and
1020 cm soil layers, respectively. The soil samples
were collected in the second year after the ammonium
nitrate application in these two birch stands. The soil
moisture regime of these trial objects differs from
other experimental sites. The average Corg stock of
mineral soil determined in this study is comparatively
smaller than the average value estimated in the earlier
study in Latvia — 195 t ha! (Bardule et al., 2009). But
the calculated value is quite similar to results of other
local studies — 88.4 t ha! in Norway spruce stands
with dry mineral soil, 88.0 t ha'! in stands with wet
mineral soil (Kénina et al., 2018) and 90.0 t ha' in
Scots pine stands with dry mineral soil (K&nina et al.,
2019). The calculated values of cumulative Cogg stock
in 0-80 cm soil layer varies among different plots, but
the average value is close to Corg stock determined
in European forests in 0—100 cm mineral soil layer —
108 t ha! (De Vos et al., 2015).

A trend of smaller Corg stock in upper soil layer
(010 cm) of fertilized plots was detected, and
to a lesser extent — in 10-20 cm soil layer. If Corg
is summarized at multiple layers, on average the
calculated Copg stock is smaller in fertilized plots,
except for ammonium nitrate treated plots in forest
stands with drained mineral soil. The difference is not
statistically significant in the most cases.

The results of Spearman rank correlation between
Corg and Nior in O horizon is shown in Table 4.
The table summarizes only statistically significant
(p < 0.05) results. All relationships detected are
positive and ranges from moderate to very strong.
The correlation found confirms that the Npor stock is
higher in plots with higher content of organic matter
in soil.
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Table 3
Impact of forest soil fertilization on C_ . stock (t ha™) in different mineral soil layers
Soil type Mean soil C; stock in different soil layers (mean Cumulative soil C . stock in
and moisture Plot values + standard error of the mean), t ha'! different soil layers, t ha’!
conditions 0-10cm | 1020em | 2040cm | 40-80em | 0-20em | 0-40cm | 0-80cm
Wood ash experiment
Dry mineral IC 40.5+6.7 225+52 16.2+4.6 15555 63.0 79.2 94.7
soil WA | 384+92 | 181427 | 17554 | 182+33 56.5 74.0 92.2
Drained C 66.7+154 | 30.6+9.3 19.0+£6.3 | 523+12.2 97.3 116.2 168.6
mineral soil WA | 438+162 | 41.1+£54 | 31.8+57 | 33.1£5.1 84.8 116.7 149.8
Wood ash and ammonium nitrate experiment
Drained C 629+5.1 36.3+6.7 293+£9.9 | 41.1+16.1 99.2 128.5 169.6
mineral soil | WALN | 545+48 | 360+67 | 346+145 | 25364 | 905 125.1 150.4
Ammonium nitrate experiment
Dry mineral C 30.7+23 157+13 12.1+1.0 16.8+2.3 46.4 58.5 753
soil N | 309+2.1 | 128408 | 12410 | 15417 | 437 56.2 71.6
Wet mineral C 444+£53 | *19.4+£3.8 7.1+£24 126 +3.7 63.8 71.0 83.6
soil N | 296+41 | *11.0£1.6 | 89+3.1 |290+108 | 40.7 495 78.6
Drained C 63.8+9.8 32.8+2.3 14.6 +4.1 152+3.8 96.6 111.2 126.4
mineral soil N | 61.9+67 | 457+57 | 327+88 | 212+53 | 1075 1402 | 1614
!control; >wood ash; *ammonium nitrate; a p < 0.05
Table 4
Significant Spearman rank correlations (r, p<0.05) between C__ . and N_ . stock in O horizons

Type of fertilizer Wood ash Wl(iloge?tsillli;nd Ammonium nitrate
Soil type and Dry mineral | Drained Drained mineral | Dry mineral | Wet mineral | Drained mineral
moisture conditions | soil mineral soil | soil soil soil soil
Control plots °0.73 - %0.89 %0.85 °0.94 10.98
Fertilized plots °0.76 - °0.54 °0.58 - *0.79

1p<0.01;°p<0.05
Table 5 summarizes only statistically significant Conclusions

correlation between Corg and Nor stock in forest soil.
The relationship between Corg and Nror is positive
and is found in nearly all soil layers, plots and forest
stand types. The correlation found between organic
matter and Nror can be estimated as moderate or
mostly — very strong.

These findings are in line with the results of
demonstration project BioSoil (Bardule et al., 2009),
where relationship between the content of Corg and
Nror in forest mineral soil was detected (R2 = 0.82).

Significant relationship between relative Cogg
and Nror stock in forest soil is shown in Table 6. In
comparison to the correlation found between Corg and
Nror stock (Table 5), correlation between the relative
element stocks was found only in a part of stands. A
larger Nyor stock in mineral soil layer is related to a
larger carbon stock.

1. No significant trends were found in average carbon
stock in O horizon among experimental groups or
different growth conditions.

2. In comparison to the control plots, a smaller C_
stock in 0—10 cm mineral soil layer was detected
in the most of the fertilized plots. A statistically
significant difference between control and fertilized
plots was found in upper soil layers (0—10 cm and
10-20 cm) of birch stands with wet mineral soil,
indicating a possible impact of ammonium nitrate
on mineralization of organic matter. However, the
differences may be explained also with different
moisture regime and initial C_, . stock in these
experimental sites.

3. There is no significant difference between soil
C. ... stock in control plots and plots fertilized with

ORG
wood ash and nitrogen. Similarly, no significant
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Table 5

Significant Spearman rank correlations (r, p<0.05) between C . and N, . stock in mineral soil layers

Soil type
and moisture Plot 0-10cm | 1020 cm | 2040 cm | 40-80 cm | 020 cm | 040 cm | 0-80 cm
conditions
Wood ash experiment

Dry mineral soil 'IC 10.89 20.92 10.87 °0.69 %0.95 *0.94 *0.87
WA 10.91 %0.95 %0.79 - %0.96 30.92 %0.85

Drained mineral C °0.94 °0.89 °0.89 - *0.94 *0.93 *0.90
soil WA 092 | 087 «0.82 %0.67 092 | 092 | 0.86

Wood ash and ammonium nitrate experiment
Drained mineral C %0.74 20.92 %0.83 %0.86 *0.87 *0.91 *0.90
soil WA+NHNO, | 071 | .92 0.83 080 | 087 | 091 | 091
Ammonium nitrate experiment

Dry mineral soil C 10.96 10.93 90.74 %0.56 %0.96 30.87 30.71
NH,NO, %0.94 20.92 %0.81 %0.70 *0.95 *0.88 %0.75

Wet mineral soil C °0.68 20.99 *0.73 °0.66 20.90 20.95 20.91
NH,NO, %0.76 20.79 °0.72 %0.74 *0.89 *0.85 *0.81

Drained mineral C *0.89 20.95 0.91 *0.75 20.93 *0.97 *0.96
soil NH,NO, 094 | 097 %0.94 1083 097 | 098 | 0.97

Icontrol; wood ash; *ammonium nitrate; a p <0.01; b p <0.05
Table 6

Significant Spearman rank correlations (r, p<0.05) between relative organic carbon and nitrogen stock
(in comparison to the control plots, %) in mineral soil layers

Soil type and moisture | o 15 oy | 1020 cm | 2040 em | 40-80cm | 0-20em | 0-40cm | 0-80 cm
conditions
Wood ash experiment
Dry mineral soil - - - - - °0.94 %0.95
Drained mineral soil - - - - °0.94 *0.86 °0.61
Wood ash and ammonium nitrate experiment
Drained mineral soil - | roso | coss | 083 | w084
Ammonium nitrate experiment
Dry mineral soil *0.92 %086 %0.53 *0.53 %0.90 30.78 20.72
Wet mineral soil - - - - - - 20.88

1p<0.01;*p<0.05

reduction or increase of N

stock is found in

TOT
plots fertilized with wood ash and nitrogen.

. On average, forest fertilization with wood ash and/
or ammonium nitrate does not have a significant
impact on C_,. stock in mineral soil 2-5 years
after the fertilization.

. A relationship between C_,. and N stock in
mineral soil was found practically in all plots — both
control and fertilized, and in most of the plots —
a relationship between the stock in O horizon.

6. The study has to be continued because 2—5 years
period is too short to acquire the impact of
fertilization on soil C_ . stock.
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Abstract

Fertilization is a method to enhance tree growth and timber production. Ammonium nitrate and wood ash are
commonly used fertilizers, which can be applied at the same time to increase levels of both nitrogen and other
macro- and micronutrients. We studied how ammonium nitrate and wood ash fertilization affects photosynthetic
activity and transpiration at leaf level in a deciduous tree plantation in former agricultural land with mineral soil,
located in the central part of Latvia (Keipene parish). Additionally, we performed foliar and soil nutrient analyses.
Our results support the notion that nitrogen fertilization may not result in increased photosynthetic activity. It is
possible that the photosynthetic activity has increased at canopy scale along with increasing leaf area, not at leaf scale.
Wood ash addition seems to have resulted in higher photosynthetic activity for hybrid alder, although it could not be
explained with phosphorus availability. Although closely related to photosynthesis, in most cases transpiration was
not positively affected by fertilization. Environmental factors, such as humidity, temperature and wind speed may
have a greater effect on this process.

Key words: wood ash, ammonium nitrate, photosynthetic activity, transpiration, foliar nutrient levels, plantation

forestry.

Introduction

Fertilization is a silvicultural practice, applied
to enhance tree growth and thus to increase timber
production. In forests on mineral soils, nitrogen (N)
containing fertilizers are usually applied, whereas in
peatland forests phosphorus (P) and potassium (K)
fertilizers are mostly used (Saarsalmi & Milkonen,
2001). In forests on mineral soils the normally applied
N dose with fertilizers is 150 kg ha! and the following
growth response is 20-25 m* ha' (Pukkala, 2017). The
effect is the most intense in the first five years; however,
it may last about 12 years (Saarsalmi & Mélkdnen,
2001). Ash is a by-product of biomass burning. It
contains major bioavailable nutrients required for
optimal tree growth: potassium (K), phosphorus (P),
calcium (Ca), magnesium (Mg), and several trace
elements; however, it does not contain nitrogen. Wood
ash can also be used as liming material due to its high
content of calcium oxide and hydroxide (Karltun et
al., 2008). The recommended dose of P for peatland
forests is 40-50 kg ha™', and that for K is 40-80 kg
ha™', which correspond to a wood ash dose of 2000—
5000 kg d.w. (Sikstrom, Almqvist, & Jansson, 2010).
In Finland, wood ash has been extensively applied to
conifer stands in drained peatland forests since 1935.
In Sweden, wood ash is produced on a large scale as
well and applied to acidified forest soils in the southern
part of the country (Lundstrom et al., 2003). There
have been studies of the impact of forest fertilization
on tree growth in Latvia as well. Wood ash and
potassium sulphate application significantly improved
tree growth in Norway spruce stands on both drained
mineral and peat soil. The effect increased continually
in the following 4 years (Okmanis et al., 2016). The
effect of wood ash has also been evaluated for Scots

pine and Norway spruce seedlings. Ash application (5
to 10 t ha™') to restoration site on drained fertile peat
soil one year before planting the seedlings resulted
in an improved tree height and diameter growth. The
effect was long-term and lasted 10 years after the
seedlings had been planted (Jansone ef al., 2020).

The worldwide plantation area is still expanding
and most of them are fertilized at some stage
of development. In addition to increased wood
biomass, another benefit of fertilizer application is a
shortened rotation period (Smethurst, 2010). Silver
birch is the most frequently planted tree species in
Latvia, followed by Norway spruce and black alder.
In an experimental Norway spruce plantation in
Kalsnava, Latvia, fertilization with ammonium nitrate
(NH,NO,), superphosphate and potassium nitrate with
doses 56 kg ha! of N, 24 kg ha! of P and 44 kg ha'! of
K, respectively, significantly increased the dimensions
of trees (ca. 17% increase of stemwood volume, 7% —
of diameter and 3% — of height) in long-term (Jansons
etal., 2016).

Photosynthesis can be defined as the process
by which plants use sunlight to synthesize organic
compounds from carbon dioxide and water.
Transpiration is a process coupled with photosynthesis,
and it is the discharge of water vapour through
stomata (Tuzet, 2011). The two main functions of
transpiration are reducing the temperature of the
plant and providing the flow of water and nutrients to
leaves. Photosynthetic response of plants to elevated
concentrations of nutrients is complex and depend
on many environmental and physiological factors.
Studies show that tree canopy-scale photosynthesis
increases either along with increasing needle N
contents or additional leaf area, or both of these factors
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(Evans, 1989). In an N-deficient environment, the
use of organic C compounds for N assimilation and
growth is restricted and less carbohydrate is exported
from plant leaves (Paul &Driscoll, 1997).

The effect of N addition on photosynthesis at leaf-
and canopy-scale depends on the balance between
tree photosynthetic capacity and leaf area. Several
studies suggest that high foliar N concentrations
could lead to unbalanced nutrient availabilities.
Phosphorus may play an important role in restricting
leaf-scale photosynthetic capacity (Bauer et al.,
2004; Ellsworth et al., 2015; Niinemets et al., 2001;
Walker et al., 2014). Increased nitrogen availability
and foliar concentrations do not always indicate
increased photosynthetic activity. Under certain
conditions nitrogen is increasingly allocated to non-
photosynthetic compounds, e.g., free amino acids
(Nésholm & Ericsson, 1990; Nésholm, 1994). The
amino acid arginine is excessively found in needles
of conifers growing in N-rich environment (Bauer et
al.,2004; Nordin, Uggla, & Nésholm, 2001). Arginine
synthesis is often enhanced by low availability of P
and several other macro- and micronutrients and could
be a possible general response to environmental stress
(Nésholm & Ericsson, 1990). However, most of these
studies focused on the fertilization effects on conifers
and needle chemistry.

Variations in photosynthetic activity have been

Studying this parameter can provide useful information
on the growth potential of certain tree species and
certain genotypes (Kundu et al., 1998; Orlovi¢ et al.,
2014). The aim of the study was to investigate how
forest fertilization influences leaf-level photosynthetic
activity, transpiration and foliar nutrient levels in a
deciduous tree plantation.

Materials and Methods

Study site — the Keipene plantation — is located in
the central part of Latvia, Ogre municipality, Keipene
parish (56°55°59.3°’N 25°08’15.4°E). Tree seedlings
were planted in 2012 and 2013 on former agricultural
land with mineral soil. In 2016, prior to fertilization,
soil and leaf/needle analyses were carried out and
phosphorous deficiency was diagnosed. Fertilizers
were spread manually in 2017. In total, 16 parcels
were fertilized with 0.44 t ha'! ammonium nitrate
and in parcels, where decreased tree growth was
observed, wood ash was added (3 t ha'). Wood
ash was obtained from SIA Graanul Pellets pellet
factory. The element concentration of wood ash was
9.6 g kg' P, 25.96 g kg! K., 153.32 g kg! Ca and
11.58 g kg! Mg. The following tree species were
included in the study: silver birch (Betula pendula
Roth.), common alder (Alnus glutinosa (L.) Gaertn.),
wild cherry (Cerasus avium (L.), Moench syn. Prunus
avium L.) and also an aspen hybrid and an alder

reported as determinants of plant productivity. hybrid.
Table 1
Fertilizer use per plot and characteristics of fast-growing tree plantation in Keipene
No. of plot Tree species Fertilized area, ha Ammonium nitrate, kg Wood ash, kg
18 Black alder 0.12 53 -
20 Silver birch 0.12 53 -
19b Hybrid alder 0.06 26 180 (1.73 kg P, 4.67 kg K,
27.60 kg Ca, 2.10 kg Mg)
6b Hybrid aspen 0.09 40 -
7 Silver birch 0.18 79 -
22 Black alder 0.12 53 -
8a Wild cherry 0.09 40 270 (2.59 kg P, 7kg K,
41.40 kg Ca, 3.13 kg Mg)
8b Hybrid aspen 0.09 40 -
24 Black alder 0.14 62 -
25 Silver birch 0.14 62 -
26a Black alder 0.08 35 -
26b Hybrid alder 0.04 18 -
27¢ Silver birch 0.08 35 -
27b Black alder 0.08 35 -
67 Hybrid aspen 0.12 53 -
57 Silver birch 0.12 53 -
57 Silver birch 0.12 53 -
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Figure 1. Photosynthetic activity (A) of fast-growing deciduous tree species and hybrids at different
fertilization regimens (mean values + SEM).

Photosynthetic activity (A) and transpiration
(E) were measured with LCI Compact Portable
Photosynthesis System, using the chamber for
broadleaves. The photosynthetically active light
intensity of leaf area (Qleaf) was set to 1500 pmol m™
sI. Measurements were carried out for 3 trees in each
parcel. The samples of leaves (3 of each tree) were
collected from the upper parts of tree canopies after
taking measurements of photosynthetic activity. Soil
samples were collected prior to foliar measurements
in 2019, from depths of 0—10 cm, 10-20 cm, 2040
cm and 40-80 cm.

The collected leaves were dried at 70 °C and

milled. Leaves were not washed prior to preparation.
Soil samples were air-dried, homogenized and sieved
(2 mm pore size), according to the ISO 11465:1993.
To measure macronutrient levels —-N (g kg™'), Ca (g
kg!), Mg (g kg'), K (g kg') and P (g kg'), both soil
and leaf samples were microwave-digested (Mars 6
iWave. CEM), using 65% HNO,. Leaf extracts were
analyzed with Inductively coupled plasma - optical
emission spectrometer (ICP-OES, iCAP 7200 Duo
Thermo Fisher Scientific) and soil extracts — with
Flame Atomic Absorption Spectroscopy (FAAS,
AAnalyst 200. Perkin Elmer).
Data were processed and analyzed with Microsoft
Excel and Rstudio. We performed Student’s T-test
and Wilcoxon rank sum test with continuity correc-
tion (the test was chosen, depending on normality of
data distribution) to estimate differences between the
control and treatment plots at species level. Spearman
rank correlation analysis was performed for foliar and
soil nutrient concentrations. Statistical analyses were
conducted, using software RStudio, at a 95% confi-
dence level.

Results and Discussion

In the control plots, where hybrid alder was
planted, the average value of photosynthetic activity
(A) was 28.3 + 4.5 umol m? s’!, whereas in parcel,
where ammonium nitrate was spread, the value was
34.9+5.7 umol m? 5!, and in parcel, where wood ash
was applied additionally to ammonium nitrate, the
average value was 46.9+2.4 pymolm?s'. The average
values of photosynthetic activity for silver birch and
hybrid aspen in both control and parcels treated with
NH,NO, did not differ significantly. For silver birch
the average values were 37.1 + 3.9 pmol m? s! and
35.2+4.8 umol m?s!in control and treatment parcels,
accordingly, and for aspen hybrids the values were
39.8 £ 2.5 umol m? s and 39.2 + 1.5 pmol m? s™'.
For black alder and wild cherry higher
photosynthetic activity was recorded in control plots
(34.7 £ 2.3 umol m? s un 29.3 £ 4.8 umol m? s’!
for black alder, 41.1 £ 1.7 pmol m? s' and
37.8 + 14.8 umol m? s’ for wild cherry, respectively).
Statistically significant increase in photosynthetic
activity was found only in case of alder hybrid, when
wood ash was applied along with ammonium nitrate
(p = 0.0228, Student’s T-test). It is known that for
silver birch the maximum photosynthetic efficiency
at full sunlight is about 10 — 50% (Perala & Alm,
1990). The comparison of the mean values of A and
the calculated standard error of the mean (SEM) are
shown in Figure 1.

Silver birch is able to compensate the damage of
leaves and defoliation by increasing photosynthetic
activity. This means that even less optimal growing
conditions would not affect photosynthesis and could
explain the insignificant differences between control
and N treatment plots. (OECD, 2006).
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Figure 2. Transpiration (E) of fast-growing deciduous tree species and hybrids at different fertilization
regimens (mean values = SEM).

Hybrid alder shows higher photosynthetic rate
in the N treatment plots, compared with black alder.
The rate is even higher, when wood ash is applied.
Previous studies show that hybrids express higher
photosynthetic rates, which is interpreted as being a
result of a heterosis effect, resulting from an enhanced
expression of genes coding for CO, fixation-related
proteins (Parnik et al., 2014; Song et al., 2010).

Comparing the transpiration (E) measurements,
higher values were only registered for black alder
(3.65 +0.45 in control plots and 4.57 = 0.72 mol m? s’
in treatment plots). In the rest of the cases in plots,
where fertilizers have been applied, the measured

values were lower (for birch 3.56 £ 0.50 mol m? s’
in control and 2.56 + 0.46 mol m? s in treatment
plots, for hybrid alder the transpiration values were
4.09 £ 0.50, 3.99 £ 0.22 and 1.35 £ 0.02 mol m? s’!
in control, nitrogen treatment and wood ash/nitrogen
treatment, respectively. For wild cherry, transpiration
was registered only in control plots (2.14 £ 0.14 mol
m? s). The comparison of the mean values of E and
the calculated SEMs are shown in Figure 2. No general
pattern was observed between fertilizer application and
transpiration. Such factors as humidity, temperature
and wind speed may have affected transpiration
rates. Birches use water inefficiently and excessive

Table 2
Foliar nutrient content of fast-growing deciduous tree species and hybrids (mean values £+ SEM)
Species | Iertilization N, g kg P, g kg Ca, g kg’ Mg, g kg K, g kg
regimen
Black alder Control 38.0+0.8 3.81£0.67 11.68 +1.07 3.86+0.19 14.37 £ 0.65
NH,NO, 38.12 £ 1.00 3.67+0.17 9.97 +0.45 3.59+0.15 13.40 £0.29
Silver birch | Control 39.47 £0.90 3.87+0.29 7.09+1.07 3.23+0.21 10.21 £0.70
NH,NO, 37.42+0.70 3.79+0.11 7.37+0.79 344 +0.13 10.08 £ 0.61
Hybrid alder | Control 37.50+0.46 3.598 £0.12 9.95+0.79 2.71+0.28 13.35+0.65
NH,NO, 39.71 £ 1.38 4.050 £0.20 10.38 +£1.03 3.19+0.23 13.98 £ 0.60
NH,NO, + 35.77+1.59 2.97+0.09 9.89 £ 0.25 3.28+0.23 13.62 £0.75
wood ash
Hybrid aspen | Control 36.46 + 1.64 4.84+0.28 13.92+2.16 3.97+0.11 19.51+0.99
NH,NO, 36.66 + 1.24 4.56+0.22 1091 +1.01 3.57+0.13 17.58 +£0.47
Wild cherry | Control 3450+2.14 4.36+0.28 1447 +£1.76 4.69£0.19 16.29 + 1.11
NH,NO, + 37.56 £0.72 4,58 +0.65 19.95 +1.85 476 +0.14 18.22 £ 1.60
wood ash
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transpiration is characteristic to this species. In large
trees daily transpiration is about 514 kg water per 1 kg
foliage (OECD, 2006). Black alder is another water-
demanding species, and their leaves lack a mechanism
for transpiration control (Laessens, Oosterbaan, &
Peter, 2010). Results show that birch, black alder and
alder hybrids have the highest transpiration rates.

Although no statistically significant differences
in foliar chemistry between control and fertilized
plots were found when comparing the treatments, an
increase in phosphorus concentration was observed
for hybrid alder in case of ammonium nitrate addition.
It was expected that wood ash application would
avert phosphorus deficiency, resulting in higher
photosynthetic activity; however, the contrary was
observed for hybrid alder — in plots treated with
wood ash, phosphorus concentration was the lowest
among treatments. One of the possible explanations
for increasing photosynthetic activity could be the
role of trace elements in photosynthesis, whose levels
might have increased after addition of wood ash.
An overall increase in foliar nutrient content was
observed for wild cherry; however, it did not result in
photosynthetic activity increase. Foliar nutrient levels
are summarized in Table 2.

No statistically significant correlations were found
between leaf nitrogen, leaf carbon and soil parameters
(total soil carbon, total soil nitrogen and pH);
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Abstract

On a global scale, ambitious climate change mitigation targets are set. By 2050, the European Union is expected to
be climate neutral which means that the greenhouse gas (GHG) emissions will not exceed removals. This initiative
is also supported by Latvia. For businesses and carbon intensive industries transition to climate neutral economy
will be provided by Just Transition Fund. The direction of the peat sector towards climate neutrality will promote
research and innovation as well as restoration of peat extraction sites. These are also the objectives of implementing
the Just Transition Fund for investments in Latvia. Studies on management of peat soils to improve the calculation of
greenhouse gas (GHG) emissions have been carried out in Latvia within LIFE REstore project. The aim of the study
is to assess the impact of afforestation of abandoned peat extraction sites with Scots pine (Pinus sylvestris L.) on GHG
emissions compared to retaining of the existing situation (abandoned peatlands with poorly developed vegetation).
Afforestation of degraded peatlands can contribute to significant GHG reduction in wetlands — up to 20% of the net
GHG emissions due to wetlands management. The most of the GHG mitigation potential is ensured by accumulation

of CO, in living biomass.

Key words: afforestation, greenhouse gas emissions, peat extraction sites, climate change.

Introduction

The role of wetlands as a carbon sink has become
more important as they contribute to the greenhouse
effect and climate change (Quinty & Rochefort, 2003).
The important role of peatlands as carbon sinks has
been demonstrated by carbon cycle studies (Baders,
2011). Although natural bogs emit greenhouse gases
such as methane, drainage of bogs and peat extraction
lead to significant increase in global warming potential
and the loss of carbon sinks that have been developed
over thousands of years (Quinty & Rochefort, 2003;
Kleve et al., 2017). The amount of carbon stored in
peatlands is closely related to the thickness of the
remaining peat layer and the degree of decomposition
of the peat, as well as humification processes in the
peat (Baders, 2011). Bogs are types of ecosystem
where carbon, along with nitrogen and several other
elements, have accumulated as peat formed from plant
litter that accumulates in these areas. In the past, bogs
covered 5—6% of the surface of continental Europe,
half of the bogs in Europe are subject to various land
uses, often associated with drainage (Drosler et al.,
2008). In Latvia, according to the data of the Peat
Fund of 1980, the total area of bogs is 6401 km? or
9.9% of the country’s territory. Peat resources play a
significant role in both the conservation of biodiversity
and its use in the economy (Jansons, 2016). In Latvia,
peat was initially mined in quarries without draining
the bogs. At the end of the 19th century and the most
of the 20th century, peat was extracted in drained bogs.
Today, many of these areas are already overgrown
with forests or naturally revegetated. The use of peat
generates GHG emissions from peat extraction in
the peat extraction area and emissions from the use
of peat in agriculture, such as forestry, forest plant

growing, horticulture, livestock litter, and energy
from peat incineration. In the category of weatlands
in the GHG inventory, emissions are calculated from
peat extraction areas where peat extraction takes
place or has taken place (ha) and the amount of peat
extracted (t), distinguishing between agricultural and
energy use (Cabinet of Ministers, 2020). In wetland
category, changes in carbon stock are also calculated,
in the areas with woody vegetation that do not meet
the definition of forest land (living and non-living
biomass) and GHG emissions from soils in areas
renaturalized after peat extraction by purposefully
restoring the original moisture regime or the areas,
which were flooded. GHG emissions from wetlands in
2018 were 1708.92 kt CO, eq. (Skrebele et al.,2020).
It is important to reduce GHG emissions by avoiding
the development of new peat deposits as much as
possible, first of all, evaluating the possibility of peat
extraction in historical peat extraction sites, where
peat extraction no longer takes place, but recultivation
is not perforemed (Cabinet of Ministers, 2020). Peat
extraction no longer takes place in such areas, but
these areas are not able to regenerate naturally as bogs
or other ecosystem. In the cutaway peatlands, GHG
emissions are even more negative in the context of
GHG emissions without recultivation and the creation
of new or expanded peat extraction sites (Priede &
Gancone, 2019). Evaluating the experience gained
and accumulated in the peat extraction sector and
literature, as well as information provided by industry
specialists and experts, the types of recultivation
suitable for Latvian conditions are: renaturalization,
afforestation, berry plantations — blueberries and
cranberries, cultivation of paludicultures — growing
of bog plants for biomass production, creation of
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water reservoirs and growing of perennial grasslands
(Cabinet of Ministers, 2020; Priede & Gancone,
2019). Within the scope of the LIFE REstore project
“Sustainable and responsible management and re-
use of degraded peatlands in Latvia”, areas affected
by peat extraction have been identified with a total
area of about 50 thousand hectares, of which about
15 thousand ha are peat extraction (30%), about 17
thousand ha (34%) peat extraction has taken place
or is undergoing reclamation (natural regeneration,
flooding and flooded areas, forests, grasslands or berry
plantations) and approximately 18 thousand ha (36%)
are degraded areas subject to recultivation. In total, for
18 thousand ha of degraded, non-reclaimed peatland
areas and the best suitable recultivation method for
these arcas has to be chosen (Priede & Gancone,
2019). The purpose of reclamation is to ensure the
continued full use of mining sites after the completion
of mining, to prevent threats to human life and health
and the environment, and to promote integration
into the landscape (Cabinet of Ministers, 2020). The
types of recultivation of peat extraction sites that
have been determined in a general way, in accordance
with the regulatory enactments in force in Latvia,
are renaturalization (restoration of the environment
characteristic of a bog), preparation for agricultural
use (berry plantations), preparation for use in forestry,
creating water bodies for recreation (Cabinet of
Ministers, 2012). Forests is the environment, where
significant part of the organic matter is preserved in
the form of peat for a long time. By mobilizing the
energy stored in the peat layer, the productivity of
wood increases several times, additional amounts of
CO, are captured and accumulated in living biomass.
Forests contribute to the reduction of the greenhouse
effect by increasing the stock of wood, accumulating
carbon and releasing the oxygen necessary for the
existence of living organisms. Approximately 700,000
ha of forests out of 1.5 million ha of swampy and wet
forests have been reclaimed in Latvia (Indriksons
& Palejs, 2005; Zalitis, 2006). Most of the CO,
emissions in Latvia are generated in organic soils,
more than half of these emissions are formed in forest
lands, but the emissions from soil due to wetland
management are an important source of emissions,
excluding GHG emissions from peat extraction
(Priede & Gancone, 2019). Average GHG emissions
and CO, removals depend on the climatic region and
soils fertility. CO, and N,O emissions from drained
forest soils account for less than 10% of net emissions
from forest stands, while CO, sequestration in living
biomass accounts for 35% of total CO, sequestration
in forest stands. According to the interpretation of the
2013 Supplement to the 2006 IPCC Guidelines, for all
organic soils in Latvia the same emission factors have
to be used, regardless of whether the area is drained

or not, which means that in terms of emissions, forest
stands with drained and naturally wet soils have the
same emission factors. CO, emissions from soil in
forests on non-drained mineral soils and forests on
drained organic soils are 2.6 tons of CO,-C per year,
direct N,O emissions from soil are 2.8 kg N,O-N ha’!
per year (4.4 kg N O ha' or 1.3 tons CO, eq.), CH,
emissions from ditches are 217 kg CH, ha! per year
(Lazdins, 2015).

The most important measure to offset GHG
emissions from deforestation is afforestation (Lazdins,
2015). Forestry is an advantageous opportunity for
recultivation of developed peat deposits, as it has
both commercial and aesthetic values. Relatively
new recultivation practice is afforestation of peat
deposits; therefore, we are still looking for the most
suitable tree species for afforestation, as well as the
most suitable fertilizers that would ensure successful
recultivation of the developed peat deposits in the
long term (Bebre & Lazdina, 2017). The most suitable
tree species for afforestation of peat extraction sites
are pine and birch (Liepins, Baders, & Liepa, 2009).
Afforestation ensures the accumulation of CO, in
living and non-living biomass, litter and soil (Progress
report under..., 2017). According to studies in Finland
and Sweden, CO, emissions from afforested peat
deposits average 1397 g m? per year (1008-1756 g
m? per year), CH, emissions are — 0.05 g m™ per year
(-0.03-0.09 g m™ per year) and N, O emissions are 0.15
g m per year (0.02-0.75 g m* per year) (Mhkiranta et
al., 2007; Alm et al., 2007).

The average additional growth of a tree trunk
during the rotation period using improved planting
material in reforestation is 43 m? ha! (Progress report
under..., 2017). In addition, the sequestration of CO,
in living biomass using selected planting material
in reforestation is on average 50 t ha' in forest
management cycle. The direct impact of the selected
material on the Latvian scale can reach 104 million
tons of CO,in 75 years or 138 Gg of CO, per year
(Lazdins, 2015). Afforestation of developed peat
deposits is a technically easily feasible practice and the
main wood products are wood chips, pulpwood and
roundwood (Makovskis et al., 2019). In sustainable
forestry, CO, sequestration is in balance with long-
term forest growth, and felled timber form the forest
can be seen as a substitute for natural extinction,
which would otherwise be the same. Growing trees act
as a carbon sequestration system, providing physical
storage of carbon that was previously released into the
atmosphere (Pingoud et al., 2003; Sathre & O’Connor,
2010). In managed forests, carbon is retained in the
resulting building materials and furniture, and the
use of wood as a fuel saves the use of fossil fuels and
thus eliminates additional CO, emissions (Klavins &
Zaloksnis, 2016).
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Wood products have been identified as a significant
source of CO, removals, but may be affected by
reduced logging or a deterioration in the structure
of the timber being harvested (higher proportion of
biofuels), as this carbon sink may become a significant
source of CO, emissions in the future (Lazding, 2015).
Wood products reduce CO, emissions because wood
products are carbon sinks and can replace carbon-
intensive materials. Each cubic meter of wood captures
0.9 t of CO,, which is not released into the atmosphere
during the initial life cycle of wood products, as well
as after the wood products are recycled and reused
(Pingoud et al., 2003). Each cubic meter of wood
used to replace other building materials reduces CO,
emissions to the atmosphere by an average of 1.1 t
of CO,, plus 0.9 t of CO, accumulated in wood, then
a total of 2 t of each cubic meter of wood (Beijere et
al., 2000).

The aim of the study is to assess the impact of
afforestation of abandoned peat extraction sites with
Scots pine (Pinus sylvestris L.) on GHG emissions
compared to retaining of the existing situation
(abandoned peatlands with poorly developed
vegetation).

Materials and Methods

During the LIFE REstore project “Sustainable
and responsible management and re-use of degraded
peatlands in Latvia” research work was carried out
to replace the emission factors offered by Guidelines
of GHG Inventories of Intergovermental Panel on
Climate Change (IPCC) with nationally applicable
emission factors and activity data. Ecosystem carbon
dioxide (CO,) exchange — measurements were taken,
using transparent chamber method, which enables
determination of the CO, removals caused by
photosynthetic activity of ground vegetation (Salm
et al., 2012) and the opaque chamber method for
determination of CH, and N,O fluxes (Hutchinson
& Livingston, 1993). Gas samples were collected in
50 ml glass flasks previously vacuumed in the lab.
Gas analyses were done using a gas chromatography
method. CO, fluxes in transparent chamber were
determined using EGM-5 analyser. Results of
gas analyses were subjected to quality control, by
verifying if changes of gas concentrations are linear
during 60 min. period (samples were taken 4 times
with 20 min. interval at each sampling cycle using
opaque chambers). Low quality data series (R?
value of 4 measurements is below 0.95 for CO,) are
excluded from further analysis. Litter input and fine
root production was estimated using literature data
(Neumann et al., 2019).

In Latvia, about 18 thousand ha of abandoned
cutaway peatlands, where peat extraction has been
ceased or completed, but no reclamation has been

carried out, are identified within the LIFE REstore
project. Afforestation with Scots pine Pinus sylvestris
L. is one of the best after-use scenarios to maximize
climate change mitigation effect. For GHG emission
reduction calculation nationally applicable emission
factors elaborated in LIFE REstore project (CH,, CO,
and N O) and default emission factors for temperate
moist climate zone according to IPCC 2014 Wetlands
supplement (dissolved organic carbon, proportion
of ditches and CH, from ditches) are used. For peat
extraction site afforested with conifers, average net
CO, emissions are equal to 0.96 t CO,-C ha' annually,
dissolved organic carbon (DOC) 0.31 t C ha! annually,
CH, emissions are 22.39 kg CH, ha' annually, CH,
emissions from drainage ditches are 217 kg CH, ha’!
annually and N O emissions are -0.05 kg N,O-N ha’!
annually. If peat extraction still continues, net
emissions are equal to 1.09 t CO,-C ha™ annually, DOC
0.31tChaannually,CH, emissionsare10.83kgCH ha™!
annually, CH4 emissions from drainage ditches are
542 kg CH, ha' annually and N,O emissions are
0.44 kg N,O-N ha' annually. In abandoned peat
extraction fields that are not covered with vegetation
(alternative scenario to compare impact of the
afforestation scenario) 0.95 t CO,-C ha' annually,
DOC 0.31 t C ha' annually, CH, emissions are
1.42kg CH, ha" annually, CH, emissions from drainage
ditches are 542 kg CH, ha' and N,O emissions are
0.11 kg N,O-N ha' annually. In abandoned peat
extraction fields covered with vegetation that is not
a tree stand CO, emissions are 1.85 t CO,-C ha'
annually, DOC 0.31 t C ha'' annually, CH, emissions
are 28.39 kg CH, ha' annually, CH, emissions
from drainage ditches are 217 kg CH, ha" and N,O
emissions are 0.04 kg N O-N ha annually (Priede &
Gancone, 2019).

GHG emission reduction potential was estimated
by comparison of soil GHG fluxes and carbon stock
changes in case of afforestation of the abandoned
peatlandsand retaining of existing situation (abandoned
peatland with poorly developed vegetation).
Calculation period is 30 years to demonstrate GHG
mitigation potential, which can be reached in 2050 by
quick implementation of the afforestation measures in
abandoned peatlands.

Results and Discussion

The GHG emission factors according to IPCC
2014 Wetlands supplement and LIFE Restore results
applied in the calculation are provided in Figure 1.

In 18 thousand hectares (kha) abandoned
peatlands with poorly developed vegetation, GHG
emissions from soil according to IPCC 2014 Wetlands
Supplement are the following, CO, emissions from
soil are 171.6 kilotonnes (kt) CO, eq. yr', DOC
20.5 kt CO, eq. yr', CH, emissions are 1.1 kt CO,
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eq. yr' and N O emissions are 23.6 kt CO, eq. yr'.
Total GHG emissions from soil in case of continued
abandonment of these areas are 216.8 kt CO, eq. yr'.
According to the emission factors elaborated within
the scope of the LIFE REstore project CO, emissions
in 18 kha are 122.1 kt CO, eq. yr', DOC 20.5 kt CO,
eq. yr', CH, emissions are 12.8 kt CO, eq. yr' and N,O
emissions are 0.4 kt CO, eq. yr'. Total GHG emissions
from soil are 155.7 kt CO, eq. yr'. Application of
country specific GHG emissions factors reduces GHG
emissions by 28%.

If 18 kha of abandoned peatlands are afforestated
with Scots pine (Pinus sylvestris L.) GHG emissions
from soil according to IPCC 2014 Wetlands
supplement, CO, emissions from soil are 171.6 kt CO,
eq. yr', DOC 20.46 kt CO, eq. yr', CH, emissions are
1.09 kt CO, eq. yr', CH, emissions from drainage
ditches are 2.44 kt CO, eq. yr' and N,O emissions
are 23.60 kt CO, eq. yr'. Total GHG emissions from
soil are 219.19 kt CO, eq. yr'. According to country
specific emission factors in 18 thousand ha, CO,
emissions are 63.5 kt CO, eq. yr', DOC 20.46 kt CO,
eq. yr', CH, emissions are 9.82 kt CO, eq. yr', CH,
emissions from drainage ditches are 2.44 kt CO, eq.
yr' and N O emissions are -0.40 kt CO, eq. yr'. Total
GHG emissions from soil if country specific emission
factors are applied, reduces to 95.47 kt CO, eq. yr'
(by 56%). After afforestation carbon stock in living
woody biomass increases to 93 t C ha™!, in dead wood —
to 4.50 t C ha' in 30 years period and in ground
biomass — to 2.00 t C ha' during 5 years period.
These values are used in national GHG inventory to
determine impact of land use changes.

Reduction of CH, emissions from soil following
to the afforestation according to IPCC 2014 Wetlands
Supplement is 0.02 kt CO, eq. yr' and reduction of

COz mDOC

GHG emissions from soil, tons COz eq ha™ yr'

IPCC default LIFE REstore
Before afforestation

CH, emissions from drainage ditches -2.44 kt CO,
eq. yr'. Total GHG emission reduction from soil after
afforestation is negative according to IPCC 2014
Wetlands Supplement -2.41 kt CO, eq. yr'. According
to the country specific emission factors, the reduction
of CO, emissions from soil after afforestation is
58.91 kt CO, eq. yr', reduction of CH, emissions
is negative, including -4.9 kt CO, eq. yr' in forest
area and -2.44 kt CO, eq. yr' from drainage ditches
and reduction of N O emissions is 0.77 kt CO, eq.
yrl. Total GHG emission reduction from soil after
afforestation, if the country specific emission factors
are applied, is 60.20 kt CO, eq. yr'. The difference
between the default assumptions and country specific
method is 14.1 kt CO, eq. yr'. Additional reduction
of GHG emissions is ensured by removals of CO,
in living and dead biomass in forest lands — 9.2 tons
CO, ha' yr'. The net GHG emission reduction does
not significantly differ in case of application of the
IPCC 2014 Wetlands supplement and country specific
emissions factors; in 30 years period it reaches
5000 kt CO, eq. (167 kt CO, eq yr'). However,
the lack of difference is mainly due to significant
contribution of living biomass in the estimation of the
GHG emission reduction, which is the same in both
scenarios (Figure 2).

In spite of similar values of GHG emission
reduction due to afforestation, the absolute values of
the emission factors elaborated by the LIFE Restore
project team is about twice smaller than the default
ones, which means that the GHG emissions from soil in
abandoned peatlands and forest lands are significantly
overestimated. Emission factors elaborated by the
LIFE Restore project have also significantly smaller
uncertainty range 30-80% instead of 90%, and they
are better adopted to country specific activity data.

CHa B CHa from ditches B N0

IPCC default LIFE REstore
After afforestation

Figure 1. The average annual GHG emissions from soil in afforested area and abandoned peatland.
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Figure 2. The average annual GHG emission reduction due to afforestation in a 30-year period.

Conclusions

Afforestation of degraded peatlands can contribute
to significant GHG reduction in wetlands —up to 20% of
the net GHG emissions due to wetlands management.
The most of the GHG mitigation potential is ensured
by accumulation of CO, in living biomass.

Despite the fact that the eclaborated emission
factors are within the range of uncertainty of the
default emission factors provided in the IPCC 2014
Wetlands supplement, application of country specific
emission factors is important. They increase accuracy
and turn the net increase of GHG emissions from soil
due to afforestation, if the default emission factors
by the Wetlands supplement are applied, into net
removals, if the country specific factors are applied.
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Abstract

The Northern European countries largely rely on poplars and their hybrids that are transferred northward from more
southern regions, therefore, facing a trade-off between the use of full growth potential and sufficient tolerance of low
temperatures. We characterized frost damage and its link to early growth and survival of 33 poplar genotypes at the
age of one, three, and four years in a clonal collection on agricultural land. The survival after the first season varied
from 42% to 99%. Half of the clones had autumn frost injuries with a maximum of 20% of trees damaged. The autumn
frost-damaged trees were significantly (p < 0.001) higher before the injury than the undamaged trees with site mean
105.3 £ 7.9 and 72.0 + 2.5 cm, respectively, but, at the clone mean level, the proportion of autumn frost-damaged
trees had no link to survival (rho = 0.53, p <0.001). The observed winter frost damage showed no relation (p < 0.05)
regarding the proportion of trees with autumn frost damage. Trees with winter frost damage tended to be shorter than
undamaged trees (p < 0.001) and had lower survival (rtho = 0.47, p < 0.01). The maximum height difference of the
clones among the studied years was in a magnitude from 2.4 to 2.9, and the stability of a clonal ranking increased
with the age. The results emphasize the need for further monitoring of the clone performance under the local climatic

conditions before recommendations of commercial use of particular clones in Latvia.
Key words: Clonal ranking, cold injury, maladaptation, Populus hybrids.

Introduction

Traditional forestry is facing challenges to satisfy
expanding global demand for the production of
raw materials from sustainable, renewable natural
resources. Roundwood and bioenergy production by
fast-growing species outside the natural forests pose
the potential to produce substantial yield on the limited
land area (Jirgensen, Kollert, & Lebedys, 2014;
Mola-Yudego et al., 2017). This allows to efficiently
preserve sequestrated CO: and substitute fossil fuels
thereby mitigating climate change (Sulaiman, Abdul-
Rahim, & Ofozor, 2020) and reducing the pressure
on natural forests (Pawson ef al., 2013) that might be
not very efficient in providing this ecosystem service
(Kenina et al., 2018, 2019a, 2019b).

Species and hybrids of the Populus genus are
shown to be among the most promising fast-growing
tree species in the boreal and hemiboreal region (Rytter
et al., 2013) with a mean annual increment of up to 20
m? ha'! year! in a rotation of 25 years (Rytter & Stener,
2014). Besides, the assessed species had demonstrated
notable resistance to main damaging agent in Northern
Europe - wind (Caksa et al., 2021; Samariks et al.,
2020, 2021). The plantation productivity primarily
depends on the performance of selected genotypes.
Although poplars represent a rather wide genetic basis
and are easy to vegetatively propagate, in comparison
to other species (Gailis et al., 2021), there is very
limited adapted planting stock available in Europe.
Large areas are established using exclusively a few
superior clones, such as OP42 in Denmark (Stener
& Westin, 2017) and Sweden (Karacic et al., 2020)
and 1-214 in southern Europe (FAO, 2016), posing
concerns related to climate change and pest or disease
resistance. Currently, there is a breeding program for

poplars and 16 clones already selected and tested for
commercial use in Sweden (Stener & Westin, 2017).
Other countries in the north of Europe fully rely on
material that is bred and imported from more southern
regions, mainly Italy and Germany (Niemczyk et
al., 2018). The northward transfer, however, might
result in a trade-off between the use of full growth
potential and sufficient frost tolerance. Too early or
late growth onset and cessation leads to suboptimally
used growing season (Jansons et al., 2014; Gailis
et al., 2019; Skreppa & Magnussen, 1993; Zeltins
et al., 2019), meanwhile increasing the risk of cold
injuries (Howe ef al., 2000; Junttila & Kaurin,
1990). Injuries might be affected both by genotype
(clone) and growth rate (Sénhofa et al., 2016;
Zeltins et al., 2016). Additionally, crossbreeding
alters genotypically controlled adaptive traits of a
parental species and hybrids from different regions
(Gudynaité-Franckeviciené, Plitira, & Suchockas,
2020), hence, imposing the importance of genotype
testing under local conditions before their application
at a commercial scale (Jansons et al., 2018; Lazdina
et al., 2016, Senhofa ef al., 2017; Pliura et al., 2014).
This study aimed to characterize susceptibility
to frost and its link to early growth and survival of
33 poplar genotypes with a different source of origin
for the first four years in a clonal collection on
agricultural land. We intended to assess their early
performance under low agricultural impact.

Materials and Methods

The study was carried out in a clonal collection
in Kalsnava (56°41" N, 25°58" E), Latvia, established
on abandoned agricultural land (heavy stony clay soil)
in the spring 2016. In total, 34 poplar clones from

70 RESEARCH FOR RURAL DEVELOPMENT 2021, VOLUME 36


https://orcid.org/0000-0001-5064-9156
https://orcid.org/0000-0001-8280-3912
llufb
Stamp

llufb
Stamp

https://orcid.org/0000-0002-7993-1830
llufb
Stamp

https://doi.org/10.22616/rrd.27.2021.010

WINTER FROST DAMAGE AND ITS LINK
TO EARLY GROWTH AND SURVIVAL IN
A POPLAR CLONE COLLECTION

Silva Sénhofa, Dagnija Lazdina, Marting Zeps

the Aigeiros and Tacamahaca sections of the genus
Populus were represented. Subsets of the clones have
Swedish, Italian, and German origin, and together
with the clone OP42 (synonym Hybride275 for the
same clone), they have been introduced recently,
during the last 10 to 15 years. The collection also
includes clones collected across Latvia. These are
progenies (cuttings) of the poplars that survived after
introduction, presumably, in the 1960s, but the origin
of these clones is unknown. Per each clone, 97 to 102
cuttings (about 25 cm length) were planted in narrow
spacing mono-clonal rows with 350 cm between the
rows and 50 cm between individual plants in a row
(that makes up 5,714 trees per ha) with no replications
within a small area. The site was prepared by inverted
soil scarification before the planting but thereafter
received minimal agricultural impact with exception
of weed control by rotary brush hog mower between
tree rows. The plantation was fenced.

In the spring 2017, tree survival and damage
(autumn frost injuries, browsing damage, dead or
undamaged) were assessed, and the height of all living
trees was measured (except for Clone OP42). All trees
had developed only a single stem.

In the spring 2018, winter frost damage was
assessed. Clones were visually evaluated on a five-
scale grade: 0 — dead, 1 — severe damage, 2 — mild
damage, tree recovers, 3 — minor damage, and 4 — no
visible winter frost damage.

In the spring 2019, the height of all live trees was
measured. In the spring 2020, the height was measured
for every second tree in a row.

The normality of data was assessed by the Shapiro—
Wilk test. The differences in height among the clones
and their origins were assessed by nonparametric
Kruskal-Wallis, followed by the Dunn test for
pairwise comparisons. Mann-Witney U test was used
for pairwise clone height comparison for damaged
and undamaged trees. Relations between tree and
clone parameters were assessed by Spearman’s rank
correlation. All tests were performed in R (version
4.0.2), at a = 0.05. Mean values + 95% confidence
interval are showed throughout the paper.

Results and Discussion

Tree survival after the first season was 82% (site
mean), and varied from 42% for clone AF18 to 99%
for clones Max1 and Max3 (Figure 1). The average
survival of the clonal collection was similar or higher
than was found in trials on agricultural land in Denmark
at the age of three and Southern Sweden at the age
of four years (52 to 89%) for a clonal set that partly
overlapped with our study (Stener & Westin, 2017).
However, several clones had more than one-third of
cuttings dead already after the first growing season.
The design of a clonal collection might pose risks of

low survival due to microclimatic differences as there
was only one replication per clone. However, the
studied site was a flat and homogeneous field and no
pattern in the spatial distribution of low high mortality
was present, suggesting that the microclimatic
differences are unlikely to be a cause of mortality.

A high proportion of trees was browsed (site mean
59%). The damage was present for all clones and
occurred in the winter when a fence was accidentally
left unlocked allowing access for wild ungulates.
Browsing is a widespread problem in Populus
plantations that might contribute to low vitality and
hence increase mortality. However, not all Populus
clones are browsed to the same extent: the proportion
of damaged trees varied from 16% to 91%, and
24 out of 33 clones had more than half of the trees
browsed. Several feeding experiments have confirmed
underlying differences in preference of clones due to
plant macronutrient and mineral content (Holeski
et al., 2016) and phytochemical defences (Lastra,
Kenkel, & Daayf, 2017).

Results at the beginning of the second growing
season revealed that several clones might be sensitive
to the local climate as half of the clones (16 out of
33) had cold injuries at the beginning of the second
growing season. An inappropriate adaptation is a
common concern for the low survival of introduced
clones  (Gudynaité-Franckeviciené¢, Plitra, &
Suchockas, 2020; Karacic et al., 2020; Schreiber et
al., 2013). The differences in autumn frost damage are
likely related to clonal differences in the timing of bud
set (Friedman et al., 2008; Howe et al., 2000) that is
typically found to be highly heritable (Pliura et al.,
2014), thus, differ among the genotypes.

Indeed, while most of the clones were damaged
scarcely (median of the proportion of damaged
trees 4%), genotypes of certain families were more
susceptible to sudden temperature drop than others. In
our site progenies of P. maximowiczii X P. trichocarpa
had suffered from autumn frost substantially more
than other clones with the proportion of damaged trees
12% for Hybride275, 14% for Matrix24, and 20% for
Matrix11. However, while maladaptation might be
related to the high mortality of northward-transferred
clones, it seems an incongruous explanation for the
high mortality of locally collected clone Popl. The
ortet of this clone was introduced in Latvia decades
ago and has shown reasonable growth to be selected
for progeny testing; therefore, presumably it should
not be severely negatively affected by local climatic
conditions.

Neither browsing, nor autumn frost damage was
negatively related to survival (rtho = —0.02, p > 0.05
and rho = 0.53, p < 0.001). However, only one-fifth
(site mean 21%) of trees were alive and undamaged
after the first growing season. Clones P0114 and
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Figure 1. The damage of clones after the first growing season. Colour of the stacked bars: black — undamaged
trees, dark grey — autumn frost-damaged trees, light grey — browsed trees, white — dead trees.

Hybride275 had a notably higher proportion (69%
and 57%, respectively) of undamaged trees than the
others, whereas eight of the clones had less than 10%
of such trees.

There was no link between autumn frost damage
and survival, suggesting that autumn frost damages
unhardened shoots but not to an extent that affects
plant survival. However, the effect of frost injuries
depends on the timing and severity of frost and might
be more severe in case of a more extreme temperature
drop. This was shown in a recent study of simulated
spring frost where 40% mortality of P. maximowiczii
x P trichocarpa hybrids and 45% mortality of
P. deltioides % P. trichocarpa hybrids was observed
for two-year-old trees (Gudynaité-Franckeviéiené,
Plitira, & Suchockas, 2020).

Tree survival showed a significant positive link to
height (rho =0.67, p <0.001). At the clone mean level,
there was no relationship between height and proportion
of autumn frost-damaged (rho = 0.42, p > 0.05)
trees. However, the autumn frost-damaged and
browsed trees were significantly (both p < 0.001)
higher than the undamaged trees with site mean 105.3 +
7.9, 83.0 £ 1.2, and 72.0 £ 2.5 cm, respectively. The
autumn frost-damaged trees were markedly longer
compared to the intact trees, suggesting that fast-
growing trees are more susceptible to frost at the end
of the growing season. It is consistent with previous
findings of trees that set buds later are higher, yet,
also more prone to frost injuries (Pliura et al., 2014).
Although we lack repeated assessment of damaged
trees, autumn damage might cause stem quality defects
due to disrupted apical growth and reduce tree height
due to withered shoot top. A study of simulated spring
frost showed height reduction by 26% for two-year-
old poplars (Gudynaité-Franckevic¢iene, Plitra, &
Suchockas, 2020), whereas a study in northern boreal
conditions has shown height reduction to exceed
1.35 m length for poor-performing clones while no

or minor reduction for high- and average-performing
clones at the age of three years (Schreiber et al., 2013).

Overall, the observed damage had a low effect on
clone height performance, as there was a relatively
tight correlation between the height of the alive trees
(pooled undamaged, autumn frost-damaged, and
browsed trees) and undamaged trees (tho = 0.82, p
< 0.001). Clones significantly (p < 0.001) differed in
their height after the first growing season, and their
height was from 51 + 8 to 124 £ 5 cm for alive trees
(Figure 2), and 37 = 9 to 159 + 25 cm for undamaged
trees. However, for a few clones damage significantly
affected height: for clone AF16 undamaged trees
had by 28% shorter height when all live trees were
considered, whereas for clone LV3 undamaged trees
were by 39% higher than all live trees.

Poplars in boreal conditions have to deal not
only with the mismatching length of the growing
season but also with low minimum temperatures and
freeze-thaw events (Schreiber et al., 2013). The clone
survival after the first growing season was positively
related to survival (rho = 0.80, p < 0.001) at the age
of three years. However, the observed winter frost
damage showed no relation regarding the proportion
of trees with autumn frost damage observed at the
age of one year (Figure 3), indicating different
underlying mechanisms for these types of injuries
and implications for clone selection. As opposed
to results of autumn frost injuries, trees with winter
frost damage tended to be shorter than trees with no
visible damage (Figure 4) and had lower survival (rho
= 0.47, p < 0.01). Such a trend of clones with low
survival to be shorter was observed in boreal Canada
and was linked to structural traits of wood, namely,
xylem vessel size that also affects tree cold tolerance
(Schreiber et al., 2013).

The clonal differences in their height were
significant at all studied ages (all p < 0.001; Figure 2).
Our results of clonal mean at the respective age are in
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frost-damaged trees (white bullets) at the beginning of the second growing season.

a range of mean height of the clone origin groups at
the age of three years (166 to 258 cm) in Denmark and
the age of four years (32 to 630 cm) in Sweden (Stener
& Westin, 2017). Higher height growth was observed
in north-eastern Germany (Landgraf, Carl, & Neupert,
2020), where 11 clones overlapped with our studied
site. After the first growing season clones had height
from 1.09 m to 2.35 m, notably exceeding height
performance in our site already after the first season
and the difference in height between the studies was
even more distant at the age of three years.

The height difference between the highest and
lowest clone increased from a magnitude of 2.4 at the
age of one year to 2.9 at the age of three years, and
such variation across the clones is typically observed
in clonal trials (Nielsen et al., 2014; Pliura et al., 2007,
2014). During these two years, clones had moderately
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Figure 3. The proportion of autumn frost-damaged
trees in the spring 2017 and the winter frost damage
grade of the winter 2018. The grades of winter frost
damage are as follows: 0 — dead, 1 — severe damage,

2 — mild damage, tree recovers, 3 — minor damage,

and 4 — no visible winter frost damage.

changed their ranking of height (correlation between
height measurements rho = 0.61, p < 0.001; Figure 5a).
Variation in ranking at the first few years is related to
different growth development strategies, such as to clone
ability to establish roots (Zalesny, Riemenschneider,
& Hall, 2005; Zhao et al., 2014) and allometric
differences (Karacic et al., 2020) that are determined
by clone parental species. Poor or even adverse relation
between height growth at the age of one and four years
for 37 poplar clones was observed by Stener and Westin
(2017). At the age of four years, the difference in height
between the highest and lowest clone was slightly
decreased. Additionally, the clonal ranking between the
age of three and four years was changed less (maximal
difference: 20 positions for clone LV3; Figure 5a) than
between one and three years (maximal difference: 10
positions for clone Pop6; Figure 5b).

The poplar performance is also affected by
genotype x environment interaction (Pliura et al.,
2007), which implies a need for clonal testing in
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Figure 4. Tree height at the age of three years
according to winter frost damage grades of the winter
2018. The grades of winter frost damage are as
follows: 0 — dead, 1 — severe damage,

2 — mild damage, tree recovers, 3 — minor damage,
and 4 — no visible winter frost damage.
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increased the rank.

various sites also for clones with decent growth. As
an example, the clone OP42 was among the best
performing clones for height and had reasonable
survival in the present study, while in a study of clone
OP42 on a frost-prone site all trees had completely
withered stems in the spring after the first winter season
(Senhofa et al., 2017). On the other hand, the survival
after the winter frost for clone Baldo (P. deltoides)
was so severe that we removed it from the further
measurements. This clone had shown inferior growth
also in previous trials in Latvia (Sénhofa et al., 2018),
suggesting that further testing and practical use of this
particular clone might be inexpedient.

Our results indicate that clones with comparable
height growth that are not susceptible to cold injuries
might be selected (e.g. clones Max1, Matrix49; Figure
2). Alternatively, for clones Matrix24 and Matrix11,
the fast-growth likely compensated the height-loss
due to autumn frost damage, as these were among
the highest clones at the age of four years. Progenies
of the same parental species as clone series Matrix
(P maximowiczii * P. trichocarpa) have shown
similar results by remaining position among the tallest
clones regardless of significant height loss due to
stem withering (Gudynaité-Franckeviciene, Plitra,
& Suchockas, 2020). The prevalence of benefits over
potential losses in growth and survival due to frost
damage was observed for ten-year-old P. tremuloides
clones that were moved as much as 7° latitude in
western Canada (Schreiber et al., 2013).

Alternatively, our results also agree with findings
from a previous study (Lazdina et al, 2016),
suggesting that suitable tolerance to cold injuries of
locally collected clones has not sufficient advantage to
gain a higher yield, as compared to highly productive,

although more sensitive, introduced clones. Attempts
to obtain local planting material are also done in the
Czech Republic (Novotna, Stochlov4, & Benetka,
2020). They tested locally selected P. nigra genotypes
and crossings among their plus trees selected from
natural populations with introduced clone Max4 over
three rotations, each by three years. Similarly to our
results, locally selected clones were inferior, and
the best performing local clone had by the quarter
lower yield of dry matter than clone Max4 (Novotna,
Stochlova, & Benetka, 2020). The results from a trial
in Sweden where 34 clones of different origin were
tested showed the most popular ‘old’ clone in the
region, OP42, to exceed growth performance by 30%
to 60% at the age of 12 years of other more recently
bred varieties (Karacic et al., 2020).

Conclusions

The results of this study emphasize the need for
clonal testing under the local climatic conditions before
recommendations of particular clones for commercial
use in Latvia. The results indicate that fast-growing
trees (unhardened shoots) are more susceptible to
autumn frost damage that reduces height, while trees
with poor growth are more likely to be damaged by
winter frost that affects survival. Regardless of the
large variation among the clones, the best 15% of
clones showed comparable height growth (difference
less than 10%) and reasonable survival, suggesting
that several clones with close performance could be
selected for commercial use to mitigate both ecological
and financial risks. Yet, further monitoring of the clone
performance is needed for recommendations to use
particular clones at least until they have reached half of
the expected rotation age.
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Abstract

Oat protein itself, as a substance, has extensively been studied providing information on its nutritional value, some
functional properties and possible applicability in food systems. Chosen protein isolation methods and technological
aspects define final composition of obtained oat protein product, its concentration, nutrition value and its functionality
in food industry. Scientific data on oat protein recovery methods, typically relying on protein solubility or dry
fractionation, provides an insufficient knowledge about the success in commercialization of oat protein recovery
technologies and their derivatives in form of oat protein. The aim of the study was to analyse and summarize the
research findings on oat protein extraction methods and functional properties of oat protein. Semi-systematic,
monographic methods were used to analyse the oat protein isolation techniques, functional properties of oat protein
in aqueous food systems, covering the latest information on oat protein extraction methods. Wet and dry isolation
methods were demonstrated as main methods in oat protein extraction. Functional properties of oat protein, such
as thermal stability, solubility, emulsification, water hydration capacity and foaming were reviewed and evaluated,
identifying limitations and protein alterations which occur through the oat protein extraction process. The study
provides recent trends in oat protein recovery technologies, along with an overview of current and potential oat

protein utilization in food systems.

Key words: oat protein, functionality, recovery, isolation, trends.

Introduction

Protein is an essential element for existence
of living beings. It is responsible for proper grow
and maintenance of body’s inherent nitrogenous
compounds. Delivering the sufficient amount of
protein for metabolic demand which is expected to be
utilized at a high efficiency is one of the primary’s task
in food supply systems. Among the many available
protein sources, plant protein is the most important.
The plant origin protein consumed in food counts at
least 60% (Kawakatsu & Takaiwa, 2017; Krishnan &
Coe, 2001). The cereal protein as a class predominates,
counting about 40% of protein consumed in the world
(Kawakatsu & Takaiwa, 2017). Typically, the protein
of most cereals classified by Osborne fractionation
method are alcohol-soluble prolamines (Walburg
& Larkins, 1983). High content of glutamic acid,
glutamine and proline inherent to cultivars Triticaceae
stimulate the induction of the Celiac disease (Wieser,
2001). Oats (Avena sativa) along with rice (Oryza
sativa) are the exception. Main amount of protein
in these seeds is stored mainly as globulin (Shewry,
Napier, & Tatham, 1995) which amino acid profile is
typically more valuable when compared to glutelin
rich crops such as wheat (Triticum aestivum) or
corn (Zea mays). Amino acid composition of oat
globulin demonstrate similarity to soy (Glycine max)
glycinin. Exceptions were observed for tyrosyne and
phenylalanine which were higher in oat globulin
and aspartic acid, proline, lysine those were lower
(Brinegar & Peterson, 1982).

Despite being positively valued, the oat protein is
not widely available, especially in concentrated form.

Moreover, protein isolation methods directly influence
protein functional properties which subsequently
impact protein applicability in food systems.

The aim of the study is to review the research
findings on oat protein extraction methods and
functional properties of oat protein.

Materials and Methods

Scientific databases Scopus and Web of Science
were studied with the aim to cover available oat
protein formation, extraction methods and oat protein
functionality in aqueous food systems. Free sources
available on the Internet, including but not limited
to patents, companies web pages, fundamental
documents, theses related to oat protein extraction
methods and technologies, oat protein application and
future trends were studied to analyze and summarize
the information. Semi-systematic, monographic
methods were used in the study.

Results and Discussion

Oat protein is typically recovered applying dry or
wet fractionating methods discussed below. The wet
fractioning method might consequently be divided
into the three main groups: solvent extraction,
precipitation and enzymatic extraction.
Dry oat protein isolation method

Kaukovirta-Norja, ef al. (2008) patented a method
for fractionating oat. Oat protein was separated as a
by-product fraction in oat beta glucan purification.
Supercritical carbon dioxide system was employed to
extract lipids. In some examples the carbon dioxide
was used in combination with ethanol. Defatted oat
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material passes milling, sieving and air separation
steps. Fractionating allows to achieve protein content
up to 78% in specific fractions. Unfortunately, the
yield of protein concentrate remains unknown.

Lipids’ removal could improve the fractioning
process. Sibakov et al. (2011) reported the protein
mass yield of 5% for dry fractionating. Yet the protein
concentration could be as high as 73% when oats initial
material is defatted. Researchers used supercritical
CO, to remove oil from oats. The trials run at pilot
scale although the amount (2310 kg) used for this trial
demonstrated that the process might be scaled up.

Wet oat protein isolation methods

Wet fractioning method typically is divided into
three main methods: solvent extraction, precipitation
and enzymatic extraction, which were discussed
below.

Yue et al. (2021) reported protein yields and
structure extracted by choline chloride-dihydric
alcohol deep eutectic solvent (DES) and its water binary
mixtures. Protein was extracted subjecting oat flour to
DES in the ration 1:9, which was then heated up to 80
°C for 60—120 minutes. Claimed method as being eco-
friendly, due to its good biodegradability, low toxicity
and being easy to apply in food, yielded in protein
from 3.2 to 11.8% with the protein concentration of
38.9 to 55.8%. Protein recovery ranged from 13.9 to
41.4%. The optimal time of extraction was suggested
to 90 min at the temperature of 80 °C.

The oat protein was isolated by Ma (1983) applying
alkaline and salt extracts. Both extracts had higher
than 90% concentration of protein. However, the
yield of protein was much higher in alkaline extract
than salt, counting 60% and 25%, respectively. Both
isolates had close amino acid composition, slightly
observed higher lysine and total essential amino acid
content in alkaline isolate. For alkaline isolation, the
pH was adjusted to 9.5 using diluted NaOH (0.015
N) at ratio 1:8, then centrifuged and supernatant
was neutralized, recentrifuged and frieze-dried. Salt
based oat protein isolate was obtained mixing diluting
initial oat material with 0.5M CaCl, at a ratio 1:10,
then centrifuged and dialyzed against cold water,
precipitated, centrifuged and freeze-dried. This
research was close to earlier studies by Cluskey et al.
(1976) who revealed a method to produce oat protein
concentrate by wet extraction. Researches used NaOH
to maintain the slurry at pH 9 during extraction. Later
Liu et al. (2009) isolated the oat protein by applying
isoelectric precipitation to investigate oat protein
composition and secondary structure. They applied
alkaline extraction method close to what Ma (1983)
reported. Oat flour was mixed with water, pH adjusted
to 10.0 using 2 M NaOH. Filtered by mesh, the slurry
was centrifuged at 3000 g. The supernatant had been
centrifuged after pH was adjusted to 5.0 by 0.5 HCI

and kept for 15 min at room temperature. The resultant
was washed 3 times, pH adjusted to 7.0 and frieze-
dried. The oat protein concentration reached 87.0%.
The amino acid balance was found similar to the
initial oat material. Researchers reported an apparent
increase of isoleucine, methionine, phenylalanine
and arginine whereas asparagine, serine, glycine and
cysteine were at lower content when compared to oat
flour. The lysine and methionine content have not
reached recommended by WHO/FAO/UNU (2007)
values. Sodium dodecyl sulphate—polyacrylamide
gel electrophoresis (SDS-PAGE) showed dominant
two bands of protein with molecular weights (MW)
of abt. 36 kDa and 22 kDa. These two agglomerates
of peptides contributed to 80% of total protein. The
secondary structure of oat protein isolate counted
approximately 74%, 19% and 7% of B-sheet, a-helix
and B-turn, respectively. Also, the ability of oat protein
concentrate to self-assemble in aqueous solutions
when concentration is higher than 0.5 mg mL" was
mentioned. That should increase the stability of protein
in aqueous solutions by forming large aggregates (Liu
et al., 2009). Unfortunately, the yield of oat protein
isolate was not reported.

A method of oat protein isolation applying
enzymatic treatment was demonstrated by Prosekov
et al. (2018). Defatted oat brans were treated by
amyloglucosidase. It was supposed that the breakdown
of cell wall polysaccharide membrane might led to
protein releasing into suspension which later was
separated. Suspended solids were washed forming
fraction rich in protein, which concentration counted
up to 83.8% (Dumas method). Although yield was
not reported, the functional properties of the obtained
protein were enhanced comparing to alkali extraction
methods and discussed below. Another yet research
demonstrated combined, enzymatic and alkaline
method of oat protein extraction from oat brans
(Jodayree, Smith, & Tsopmo, 2012). The oat protein
was extracted applying different enzymes preparations,
specifically with main enzymatic activities of
xylanase, alpha amylase, amyloglucosidase,
cellulase. Later slurries were treated with 2M NaOH
to adjust pH to 9.5 and centrifuged. Supernatant
was collected and precipitated. The highest protein
concentration 82% (by modified Lowry method) was
observed in the sample which had been treated with
amyloglucosidase. Thereafter the obtained protein
isolates were treated with endo-protease to enhance
antioxidative properties.

Protein as a by-product

Oats are typically considered as a crop rich
in healthy ingredients in particular non-starch
polysaccharides extraction of those being a primarily
technological process. Remaining protein rich
fractions might be concentrated to high protein content

78 RESEARCH FOR RURAL DEVELOPMENT 2021, VOLUME 36



REVIEW: CURRENT TRENDS IN OAT
PROTEIN RECOVERY AND UTILIZATION
IN AQUEOUS FOOD SYSTEMS

Darius Sargautis, Tatjana Kince, Vanda Sargautiene

products. Vasanthan and Timelli (2008) invented the
method of beta glucan extraction with the by-products
recovery including protein, starch, fiber. Some side
streams side remaining from ethanol extracted oat beta
glucan and additionally treated by proteases could later
be concentrated. Inglett (Patent No. US005082673A,
1992) patented process of hydrolyzing grain and starch
with alpha amylase and recovering the soluble fraction.
Recovered fraction contained the desired fraction of
beta glucan, while the undesired fraction, insoluble
residue, contained protein. Protein concentration
depended on pH level which varied from 6 to 11.
Concentration of protein in some examples reached
up to 66%. Yield of protein in both references was not
emphasized. Later Liu (2014) showed a modified wet
fractioning method separating oats into beta glucan,
protein, starch and other carbohydrates. The protein
was extracted precipitating alkaline supernatant which
was produced by providing milled groats, mixing it
with water, centrifuging and extracting the residue in
alkaline medium so that to obtain the supernatant. That
resulted in protein concentration up to 92.62%. Beta
glucan and starch were extracted in other streams with
concentration of beta glucan and starch up to 44.84%
and 81.69%, respectively. It was reported that defatting
did not improve protein yield, although the increase in
protein concentration was observed. Sibakov et al.
(2011) fractioned defatted oats by air to obtain oat beta
glucan, which resulted in mass yield of 7.8% of initial
mass with a concentration of beta glucan 33.9%.
Functional properties of oat protein

The functional properties of oat protein such as
thermal stability, solubility, emulsification, water
hydration capacity and emulsification that are relevant
to liquid food systems are being discussed below in
the article.

Heat treatment is considered as a method which
might modify protein functional properties. Marcone,
Kakuda & Yada (1998) investigated oat globulin
denaturation temperature. To specify the effect of
heating the researchers determined thermal stability
which relied on stabilizing structural factors (amino
acid composition, compact packing/protein-protein
contacts, intramolecular linkages and interactions).
The oat globulin thermal transition occurred at 112
°C, the highest among all measured proteins.

Solubility of the protein is one of the most
important factors when the protein functionality is
discussed (Zayas, 1997). Kinsella (1976) described
it as an obligatory determined method when studying
a new or modified protein. Oat protein along with
other cereal proteins typically has relatively low
solubility. The solubility of oat protein highly depends
on pH rate. Minimum solubility was observed at pH
5 and 6 for proteins extracted by alkaline and salt
methods, respectively. Despite the similarity of oat

globulins to the 11S globulins of legumes, oat protein
demonstrates lesser solubility in salt-based solutions
(Brinegar & Peterson, 1982). Loponen et al. (2007)
investigated solubility of oat globulins isolated from
oat brans. The protein behavior was monitored under
lactic acid fermentation conditions controlling pH and
salt concentration. At pH from 7 to 8 protein dissolved
or demonstrated acceptable solubility in solutions
with 1 M NaCl and 0.5 M NacCl, respectively. At
pH 5 and lower at those salt concentrations protein
became insoluble. In contrast, non-salt and low salt
concentration 0.05 M NaCl did not prevent to soluble
the protein at acidic conditions. Solubility started to
rise sharply at pH 4 and lower. Loponen ef al. (2007)
speculated that acidic conditions which present during
lactic acid fermentation could induce protein unfolding.
That might cause the formation of globulin aggregates
which consequently reduced protein solubility in salt-
buffer. Contrasted explanation of protein solubility in
low or non-salt solution was not presented. Prosekov
et al. (2018) reported high solubility for oat protein
extracted enzymatically by amyloglucosidase.
Unexpectedly, the optimal solubility of oat protein
was achieved at pH 5-6. Nitrogen solubility index
equaled approximately to 50%. The achieved
solubility was about 4 times higher than comparing to
protein extracted by NaOH. Another yet embodiment
of increasing protein solubility was reported by Guan
et al. (2007). Oat protein derived from oat brans was
prepared by alkali extraction and then treated by
trypsin. The solubility of trypsin treated oat protein at
pH 5 reached up to 68.2%, while non-treated protein
solubility was 7.3% only. The increase in solubility
was observed when protein was treated in more
alkali or acid medium. Guan et al. (2007) supposed
the increased solubility might be related to structure
demolishing, molecular size decreasing and exposing
more charged and polar groups to surrounding water.
Jiang et al. (2015) nearly doubled oat protein solubility
after oat protein enzymatic deamidation. Oat protein
fractions obtained through air separation were treated
by food grade protein-glutaminase. Runyon et al.
(2015) investigated oat protein solubility dependence
on temperature treatment. Oats treated by steam
at 102 °C for 50 min and then dried at 110-120 °C
for 50 min reduced in availability of soluble protein
up to 50%. Albumins and prolamins were affected
at higher extent that comparing to globulin fraction.
Solubility test assumed oat protein extraction from oat
flour in 200 mM sodium phosphate buffer at pH 9.5
which contained protease inhibitor. Mirmoghtadaie,
Kadivar & Shahedi (2009) demonstrated the effect
of succinylation and deamidation on functional oat
protein isolate properties. Oat protein was isolated
from oat flour which was diluted in NaOH solvent
by precipitating, neutralizing and freeze drying.
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Deamidation and succinylation increased oat
protein solubility index, from 22.9% to 24.2% and
86.8% respectively. Authors stated such a dramatic
solubility increase of succinylated protein was caused
by increased its net negative charge and increased
protein-water interactions. Yue et al. reported (2021)
decreasing in solubility of oat protein which was
prior subjected to DES. It was speculated that higher
amount of B-sheet and B-turn in oat protein extracted
by the mentioned method ‘may counteract the positive
contribution of hydrophilic amino acidsresidues
on oat protein solubility’. However, oat protein
solubility increased when oat protein was extracted
by 1,4-butanediol based DES/water binary mixture.
On the other hand, the declination of solubility was
reported when 2,3- butanediol based DES/water
binary mixture was applied for extraction.

The emulsification of protein might be dependent
on protein secondary structure and protein ability to
self-assembly forming the protein adsorption layer
at the water-air interface (Liu et al., 2009). The
emulsification properties of oat protein isolate extracted
in alkaline medium demonstrated close values to soy
isolate, whereas the oats’ isolate extracted in salt
medium emulsification properties were less effective.
Ma (1983) determined emulsification properties of
oat isolate at different pH. The weakest emulsification
activity was observed between pH 4-6. Bell shaped
curves resembled the protein solubility curves where
the minimum solubility of protein was determined at
the identical pH. Surface hydrophobicity influences
the functionality of protein greatly, particularly in
emulsification (Nishinari, 2014; Chen et al., 2016).
We could speculate relying on the similarity of oat
globulins to soy globulins, that the large protein
molecular mass and inherent hydrophobic interactions
between nonpolar groups might oat protein turn into
a proper emulsifier if modified adequately. Ma (1983)
determined the surface and exposed hydrophobicities
for oat protein isolate. The expressed values of surface
hydrophobicity for alkaline isolate ranged from 240
to 269, depending on oat variety. In comparison, soy
protein isolate and wheat gluten showed 95 and 75,
respectively. Enzymatically treated by protease, oat
protein demonstrated improved emulsifying activity;
meanwhile, the emulsifying stability has been reported
as being poorer comparing to untreated or temperature
treated oat protein. It was suggested the shorter and
less globular protein layers formed less stable protein
layers around the oil droplets (Guan et al., 2007).

Deamidation and succynilation increased emulsion
activity of oat protein isolate (Mirmoghtadaie,
Kadivar, & Shahedi, 2009). Authors assumed that
deamidation led to increase in solubility and surface
hydrophobicity, yet increase in solubility and exposure
of buried functional groups of protein were attributed

to succynilaton. Emulsion activity was increased from
49.0 m? g'! to native oat protein to 98.3 m? g! and 189
m? g ! after altering it by deamidation and succynilation,
respectively. On the other hand, emulsion stability
index for deamidated protein was slightly lower than
native protein, yet succynilated protein decreased to
1692 s from 3756 s in terms of emulsion stability.

Water hydration capacity determined using of
oat protein isolate was considerably lower than
comparing to soy isolate, 0.8 mL g' to 2.5 mL g™
It was close to wheat gluten capacity which was
in the range of 1.0 mL g' (Yung Ma, 1983). Later
functionality test was presented by Ma (1983) for
oat concentrates. The hydration capacity for oat
concentrates prepared by alkali extraction increased
significantly comparing to oat isolates. The water
hydration capacity was up to 2.70 mL g'. Defatted
by hexane oat protein concentrates showed lower
hydration capacity. Interestingly, the dried supernatant
rich in carbohydrates (59.6%) also demonstrated
significantly higher water holding capacity, 3.0 mL g
Based on this data we could speculate that the water
holding capacity of the oats protein heavily depends
on the level of carbohydrates which are present in the
analyzed sample. Another yet research (Prosekov et
al., 2018) found the water holding capacity for protein
extracted by enzymatic method 3.73 mL g'. Protein
was extracted from oat brans. The values announced
are higher than compared to alkali extraction method.

Good foamability of oat protein isolate which was
equal or in some cases higher than wheat gluten or
soy protein isolate (Yung Ma, 1983) was revealed. In
addition, oat protein foaming ability increased when
treated by protease. However, the foaming stability
demonstrated the opposite relationship (Guan et al.,
2007). Foaming properties were also investigated by
Prosekov et al. (2018) who determined the foaming
ability and foam stability for enzymatically extracted
oat protein. Researchers noticed increase in foaming
ability while the foam stability decreased. Slight
increase in foaming capacity was also observed after
deamidation (Mirmoghtadaie, Kadivar, & Shahedi,
2009). Moreover, the facilitation in formatting of elastic
layer due to the small molecular size of deamidated
protein was observed. The decreased foaming stability
was in line with other observations investigating
protein size reduction as excessive increase in charge
prevents formation of elastic film at the air-liquid point
due to reduced protein-protein interactions.
Limitations

The methods related to wet extraction do not
disclose the altering properties or chemical changes
of protein products. The harsh alkali or acid treatment
usually leads to chemical changes in protein. Main
of those were comprehensively presented by Cartus
(2017). Two general chemical changes are usually
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observed — the formation of cross-linked amino acids,
like lysinoalanine, lanthionine or histidinoalanine and
racemization (epimerization) of L-amino acids into
D-isomers. For instance, the formation of lysinoalanine
begins at pH 9, reaches maximum at 12.5 (Friedman,
Levin, & Noma, 1984). Temperature might also
affect the formation of lysinoalanine; wheat gluten is
affected even at pH 5, then temperature reaches 100
°C (4h) (Sternberg & Kim, 1977). These chemical
changes affecting proteins are highly undesired,
as those significantly decrease product quality and
nutritional value. Many of studies mentioned that
wet protein purification performed treating protein at
critical conditions which might induce the formation
of mentioned undesired chemical changes to some
extent.

Commercial Oat protein

Despite the positive functional properties and
relatively high nutritional value the oat protein in
its concentrated form is not widely available. Some
attempts to commercialize concentrated protein were
typically raised in Scandinavian countries. Oat protein
produced by Lattmanen (PrOatein Oat Protein |
Lantmannen Oats, n.d.) seems to be the only currently
commercialized protein concentrate in the market.
The product contains more than 50% of protein and is
rich in oil and maltodextrins, counting about 16—19%
and 20-24% respectively. Company employs patented
technology by which the oat protein concentrate is
extracted from oat brans. The process comprises wet
milling process during which oat material is mixed
with aqueous liquid and treated with alpha amylase.
The suspension is then decanted to remove insoluble
fiber. Along with protein other oat derivatives, like oat
beta glucan or oat dextrin might be obtained during
the process. Company states the product is suitable
for various applications including bakery, beverages,
meat substitutes, etc. The oat product properties highly
differ from traditional plant-based proteins such as
soy or pea (Pisum sativum) in terms of oil content,
structure and functional properties.

There were some attempts to establish production
units in the USA, like Oat Tech, Inc. Company
along with protein products similar to Latmannen
product, concentrated some streams of oat dextrins.
Company’s product Oat Protein 55 produced by
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patented technology (Whalen, 2016) concentration
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Conclusions

Oat protein is a valuable source of protein. Amino
acid composition of oat storage protein globulin is
close to soy’s glycinin with little imbalance.

Published oat protein extraction methods highly
rely on wet extraction technique, in particular using
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achieving of highly purified protein up to 90% of
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extracted protein further applicability in food as
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Relatively large oat protein molecular mass and
inherent hydrophobic interaction between nonpolar
groups might be positive preconditions for oat
protein acting as a proper emulsifier. Water hydration
capacity of oat protein is lower than compared to soy
protein. Oat protein foaming ability is in range or in
some cases higher than comparing to soy or wheat
protein isolates. Protein modification in particular size
reduction increases foamability properties while the
foam stability decreases after such a modification.

Few technologies are currently commercially
established. However, the increased demand on plant-
based protein might stimulate development of oat
protein isolation and modification technologies.
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Abstract

Fermented products have gained worldwide popularity for their nutritional and health aspects. Many studies have
been done on this topic, including fermented cabbage (sauerkraut). Yet little or no studies are done on evaluation of
fermented cabbage juice which is considered as by-product of sauerkraut production, still rich in bioactive compounds.
In order to reduce food waste, sustainable solutions are being searched for to preserve valuable fermented cabbage
juice. The aim of this study was to evaluate chemical and physical composition of concentrated fermented cabbage
juice and their changes after storage. The fermented cabbage juice was concentrated on falling film evaporator from
9.2 till 34.3 °Brix. Physio-chemical (moisture, pH, total soluble solids, total phenol content, antiradical activity by
DPPH and ABTS", ascorbic acid, total sugar profile, nitrates and minerals) and microbiological (lactic acid bacteria,
total plate count) analyses were carried out. Concentrated fermented cabbage juice is a source of minerals and phenol
compounds as well as salt substitute in food applications. After 6 months of storage there is significant degradation of
ascorbic acid but total phenol content is not affected. The evaporation process did not inhibit microbiological activity;

as a result, there is a decrease in lactic acid bacteria but increase in total plate count.
Key words: fermented cabbage juice, concentrate, evaporation, storage, nutritional value.

Introduction

Fermented cabbage juice is considered as by-
product, yet it is rich in bioactive compounds. There
are many studies on fermented cabbage (sauerkraut);
however, there are no studies on composition of
fermented cabbage juice. Fermented cabbage is rich
in vitamin C (14.7 — 75 mg 100 g'), biogenic amines,
organic acids, (Satora ef al., 2021a), especially lactic
acid, sugars like glycose and fructose, phenolic
compounds and glucosinolates, as well as minerals
like Na (661 mg 100 g'), Ca (30 mg 100 g"), K
(170 mg 100 g') (Pefias et al., 2017). Sauerkraut
juice contains all the same bioactive compounds.
Fermentation process increases vegetable shelf life,
nutritional value, sensory quality with unique flavours
and textures as well as fermented vegetables promote
health of gut microbiome and digestive system,
enhancing the immune system (Xiang ef al., 2019).

Investigation of the potential use of this valuable
product can bring innovative and sustainable solutions
in the production process (Beganovi¢ et al., 2014).

Generally, juices are concentrated in order to reduce
transport, storage and packaging costs (Dincer et al.,
2016) as well as prolong shelf life by reducing water
activity (Brugnoni et al., 2013). Fruits and vegetables
are usually consumed fresh in season, but not all the
crop can be utilized that way (Sabanci & Icier, 2017)
so different production techniques are being used —
dried, frozen, canned and concentrated. Orange, apple
and fruit juice mixtures are the most frequent juices
concentrated worldwide (Adnan et al., 2018).

One of the techniques applied in concentrating
juice is via evaporation — separating water from juice
by means of heat energy and pressure. There is a
variety of evaporation techniques used — multifactor,

kettle, vacuum pan evaporators, as well as rising and
falling film evaporators (Adnan et al., 2018). Falling
film evaporator was used in our study as it is suitable
for heat- sensitive products and has a short residence
time and high heat transfer coefficients (Chawankul et
al., 2001). The principles of falling film evaporator:
the juice or liquid to be concentrated is distributed at
the top of heating tubes letting flow down the inside
of the tube walls as a thin film. The liquid is partially
evaporated due to external heating of the heating
tubes. The downward flow, caused initially by gravity,
is enhanced by the parallel, downward flow of the
vapor formed (Gong et al., 2020).

The more juice is concentrated, the less it resembles
original product, even if reconstituted back to original
dilution (Adnan et al., 2018) this can be due to
vulnerability of volatile, flavouring and sugar compounds
on heat processing conditions. However, concentrated
juices have higher resistance to microbial (Dutra
et al., 2021) activity (Sabanci & Icier, 2017) and can
preserve antioxidant capacity and bioactive compounds
as in concentrated grape juice (Deniz Korkmaz, n.d.).
Concentrated fermented cabbage juice could be used
in food industry like meat, bread, etc. production. Shelf
life of concentrated juices vary depending on raw
materials and are from one year to three years (Salehi,
2020). The aim of this study was to evaluate chemical
and physical properties of concentrated fermented
cabbage juice and their changes after storage.

Materials and Methods

Cabbages of harvest of the 2019 were used for
this experiment. Fermented cabbages were obtained
using traditional technology applied in LTD Dimdini.
Average ratio of cabbages and juice was 3:1. Initial
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soluble solids content of fermented cabbage juice were
9.1 °Brix. Fermented cabbage juice was concentrated
using falling film evaporator FF2000 Pilot with the
temperatures in calandria being 68 °C and in separator
62 °C, capacity 1460 kg h!' located at production plant
of ‘Smiltenes piens’ Ltd. The juice was evaporated
till 34.3 °Brix which was the maximal evaporation
ratio in first stage evaporation. Pilot experiments of
concentration were performed on laboratory scale
rotary evaporation equipment (Heidolph Laborata
4000 efficient) reaching 30 °Brix, to evaluate stability
of compounds. After evaporation process the obtained
concentrate was cooled down and filled in 10 L plastic
bags, stored in refrigerator at 4 + 2 °C. Totally 2000 L
of concentrate were obtained, for current experiment
30 L were used and the rest of it was used for new
product development. Three replications were carried
out throughout the experiment.

Analytical procedures were carried out in Latvia
University of Life Sciences and Technologies,
Faculty of Food Technology and in collaboration with
laboratory group J.S. Hamilton. Physical, chemical
and microbiological parameters were tested in two
periods of time — right after the evaporation process
and after 6 months of storage in the refrigerator.
Physico-chemical parameters

pH was measured with pH-meter Jenway 3510
(Baroworld Scientific Ltd., UK) applying standard
method LVS ISO 5542:2010. Soluble solids content
(°Brix) was measured using digital refractometer
Refracto 30GS (Mettler Toledo, Japan) as described
in standard method ISO 2173:2003. For moisture
content samples were dried at 105 + 1 °C (Universal
Oven UF55, Memmert, Germany) till constant
weight, according to standard ISO 6496:1999. Salt
content was determined by titration as described in
Mohr’s method, according to standard IDF 12]ISO
1738:2004. Silver nitrate solution and potassium
chromate indicator were used (Deniz Korkmaz, n.d.).
Nutritional composition

Protein (N*6.25) amount was determined
according to method PB-116 ed. 11 of 30.06.2014.
Dietary fibber was determined according to AOAC
991.43:1994. Ash content was determined according
to PN-A-75101-08:1990+Az 1:2002. Minerals were
determined according to method PB-223/ICP, ED 11
of 12.01.2015. Fat content was determined according
to PB-286 ed. 1 of 26.09.2014. For sugar profile
enzymatic — spectrophotometric method was used
Carbohydrates were calculated as dietary fibre and
total sugar content. Energy value was determined
according to Regulation (EU) No 1169/2011 of the
European Parliament and of the Council of 25 October
2011. Nitrates were determined according to method
PN-A-75112:1992. Analytical procedures were done
by laboratory group J.S. Hamilton.

Bioactive compounds and antioxidant activity

For total phenol content and antiradical activity,
extracts of 10 mL of the sample and 20 mL ethanol
(80:20 v/v) were made and stirred for 2 hrs, then
filtered. The total phenol content was determined
by Folin — Ciocalteu method as described by
Singleton et al. (Singleton et al., 1999) with some
modifications, as described previously (Jansone
& Kampuse, 2019) Absorption was read at 765 nm
on a spectrophotometer Jenway 6300 (Baroworld
Scientific Ltd., UK). For antiradical scavenging
activity by DPPH, 3,5 mL freshly made DPPH stock
solution (0.004 g of 2.2-diphenil-1-picrylhydrazyl was
mixed with 96% ethanol to reach the absorption of
1.000 £+ 0.02 at 517 nm) were added to 0.5 mL sample
extract and left to react in the dark place for 30 min,
as described by K. Thaipong (Thaipong ef al., 2006).
The analyses were done in three replications and the
results were determined spectrophotometrically. For
antiradical decolouration method by ABTS®, stock
solution was made with 2.2-azinobis-(3-ethylbenz-
tiazoline-6-sulphonic aid), phosphate buffered saline
and potassium per sulphate as the oxidant and left to
react for 16 h in the dark (to reach the absorption of
0.800 +£0.030 at 734 nm). 5 mL of stock were added to
0.05 mL sample extracts, left to react for 10 min. The
analyses were done in three replications and the results
were determined spectrophotometrically, as described
by S. Rokayya (Rokayya et al., 2013) with some
modifications. Ascorbic acid content was determined
by titration after iodine method T-138-15-01:2002
which defines L-ascorbic acid that is reduced form of
ascorbic acid, described by D.Seglina (Seglina, 2007).
Microbiological parameters

Microbiological parameters — 10 mL of the
fermented cabbage juice concentrate were diluted in
90 mL sterile saline (0.9% NaCl) in an internal filter
bag and mixed in a stomacher (Bagmixer Interscience,
Bois Arpents F.) for I min. A 1 mL and 0.1 mL of
filtrate were cultured on MRS agar (Scharlau, ref.
nr. 01-135-500) for lactic acid bacteria, according to
standard LVS ISO 15214:1998 and on PCA (Plate
Count Agar) agar (Scharlau, ref.nr. 01-161-500) for
total plate count, according to standard LVS EN ISO
4833-1:2013. The samples were incubated as follows:
MRS 37 °C 72 h and PCA 30 °C 48 h. Enumeration
was carried out on Acolyte colony counter.
Statistical data analyses

T-test, arithmetic mean and standard deviation was
used on programme Excel (Microsoft) to determine
statistical differences.

Results and Discussions

Chemical composition of the cabbage, sequentially
fermented cabbage and its products, like dehydrated
or concentrated fermented cabbage juice, are strongly
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influenced by many factors — meteorological and
soil conditions (Satora et al., 2021b), storage and
temperature, production process (Yang et al., 2020)
variety and other effects (Burdurlu ef al., 2006).

Nutritional value of concentrated fermented
cabbage juice is summarized in Table 1.

Table 1
Nutritional value of concentrated fermented
cabbage juice

Parameters Unit Content per 100 g
Energy value kJ 320
Carbohydrates g 13.0
- including sugars g 7.5
Glucose g 5.5
Fructose g 1.5
Maltose g 0.2
Galactose g 0.3
- dietary fibre g 1.1
Protein g 53
Fat g <0.1
Ash g 9.42
Salt g 6.33

Energy value of concentrated fermented cabbage
juice was 320 kJ 100 g'. Carbohydrates including
sugars and dietary fibre was 13 g 100 g, protein was
5.3 g 100 g'. Salt content in fermented cabbage juice
was 6.33 g100 g'. According to EU regulations ((EC)
No 1924/2006), it is considered as high and thus can
be used in food formulations substituting salt.

The sugar content in concentrated fermented
cabbage juice was 7.5 g, with glucose being 5.5 g
as dominated monosaccharide. As it is mentioned
by other authors, the concentration of total sugars
in sauerkraut samples varies from 0.3 to 1.7% wet
weight, glucose being < 1 (Hughes & Lindsay, 1985).
The sugar (glucose, fructose, sucrose) content varies
in fermented cabbage and its juice due to metabolic
and microbiological activity (Xiong et al., 2016).

The ash content in concentrated fermented
cabbage juice is 9.42 g, thus it contains a variety of
minerals like Mg, Cu, K Ca, Fe as shown in Table 2.
In comparison, fresh cabbage contains 200 — 300 mg
100 g' and fermented cabbage - 700 — 800 mg 100 g
minerals (Khanna, 2018). The fermentation process
may increase the mineral content of the cabbage
(Ifesan et al., 2014). The role of minerals in human
nutrition and metabolism is essential (Mensink et al.,
2013), but amount of potassium in this concentrate is
noticeable. It is the main cation in intracellular fluid
and ensures cell function (Healthcare Research, n.d.).
Potassium interacts in regulating blood pressure,

reduction of kidney stones and cardiovascular diseases
(Hmelak, Gorenjak, & Cenci¢, 2013; Sakumlapa
Slimibu Profilakses un Kontroles Centrs, n.d.)

Brassicaceae (rocket, mustard as well as cabbage)
vegetables are considered as nitrate accumulating
sources like many green leafy vegetables, and there
is a large variation in concentration what is influenced
by many factors. The nitrate concentration in leafy
vegetables is regulated by European Commission
(Commission, 2010)) and the nitrate content is
considered as very low if it is below 200 mg
100 g ! fresh weight (Hmelak, Gorenjak, & Cencic,
2013; Sakumlapa | Slimibu Profilakses un Kontroles
Centrs, n.d.). The nitrate content in concentrated
fermented cabbage juice is considered as low with no
harmful impact on health, according to WHO (World
Health Organisation).

Table 2
Mineral and nitrate content in concentrated
fermented cabbage juice and acceptable daily

intake

Parameter Results RDI*
Minerals mg 100 g™ mg/day
Magnesium 67.8 280
Copper 0.11 0.9
Potassium 1358 3100
Calcium 238 800
Iron 1.14 15
Nitrates
Nitrates as NaNOs 151 222
Nitrates as NOs~ 110 222

* Recommended daily intake. These recommendations are
for female 18 — 60 years old. The RDI for nitrates is for
grown-up, 60 kg body weight (Piljac-Zegarac et al., 2009;
Slimibu Profilakses un Kontroles Centrs, n.d.)

Physicochemical and microbiological parameters

are summarized in Table 3.

e values marked with different letters in the same
row differ significantly at the level of significance
p<0.005.
pH of the concentrated fermented cabbage

juice was from 3.92 £ 0.06 at the beginning of this

experiment to 3.86 + 0.04 after 6 months. The initial
pH of fermented cabbage juice usually is 3.4 —

3.8. Total soluble solids of concentrated fermented

cabbage juice was 34.33 = 0.02 °Brix, after 6 months

of storage the soluble solids slightly increased to

34.74 £ 0.02 °Brix which could be explained by vague

evaporation. Due to our previous experiments, not

described in this article, total soluble solids of 34 —

35 °Brix was optimum for first stage evaporation.
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Table 3
Physicochemical and microbiological parameters of concentrated fermented cabbage
juice before and after storage
Concentrated juice
Parameters
Before storage After storage
pH 3.92 £ 0.06a* 3.86 +£0.04b
Soluble solids, °Brix 3433 +£0.02b 34.74 £ 0.02a
Moisture, % 70.29 £ 0.19a 69.44 +£0.11b

Total phenols, mg GAE 100 g

530.06 = 12.72a 521.19 £ 10.29a

DPPH, mg TE 100 g*

822.17+12.02a 350.23 + 5.24b

ABTS, mg TE 100 g'* 23.70 + 1.74a 20.40 +3.23b
Ascorbic acid, mg 100 g 110.00 £ 4.34a 26.66 +£2.47b
Lactic acid bacteria, CFU g'! 4.6 x 10%a 1.2 x 10%b
Total plate count, CFU g 3.8x 10% 1.6 x 10°b

Ascorbic acid content. There was considerable
decrease in ascorbic acid content in the concentrate
during storage from 110 to 26.6 mg 100 g, and as it
can be seen from our experiment, even storage at 4 +
2 °C temperature is not sufficient for stabilization
of ascorbic acid degradation. As it is mentioned by
other authors, ascorbic acid (AA) degradation (usually
anaerobic during storage) is influenced by many
storage factors like storage time, light and others
(Piljac-Zegarac et al., 2009).

Total phenol content (TPC) in concentrated
fermented cabbage juice was 530.06 + 12.72 and
521.19 £ 10.29 mg GAE 100 g' after 6 months of
storage. Like the stability of AA is influenced by
many factors, so is the stability of dark fruit juice
polyphenols (Dianawati et al., 2016). The scientists
also studied the fluctuations in the total phenol content
during storage in the dark fruit juice concentrates.
There is a decrease of TPC observed from 2 weeks to
6 months of storage at + 4 °C after which, however
total phenol content increases again. The storage
time and fluctuations of the TPC are individual for
different fruit or berry juices. “It is possible that
during juice storage, some compounds are formed
that react with the Folin—Ciocalteu reagent and
significantly enhance the phenolic content” (Yang
et al., 2020). There are several findings that suggest
that phenolic compounds remain stable and do
not lower the concentration during storage (Yang
et al.,2020).

Antiradical activity by DPPH was 822.2 + 12.02
after evaporation process, and it dropped to 350.2 +
524 mg TE 100 g' after storage. There were
fluctuations observed during storage in antiradical
activity by DPPH in oranges (Arena ef al., 2001). The
antiradical activity in black mulberry juice concentrate
also decreased during storage and was influenced

by many factors, like storage time, temperature and
composition of the product (Dincer et al., 2016).
The loss of ascorbic acid may have a contribution to
decrease of antiradical activity (Yang et al., 2020).
Antiradical activity by ABTS results were 23.7 + 1.74
at the beginning of the experiment and 20.40 0 + 3.23
mg TE 100 g after storage.
Microbiological Parameters

The viability of microorganisms is influenced by
many factors (Yang et al., 2020) as well as their activity.
Fermented cabbage and its juice are considered a
valuable source of lactic acid bacteria (LAB) (Yang
et al., 2020), so in our study we were paying closer
look at LAB survival during concentration process
and storage impact. The LAB count after evaporation
process was 4.6 x 10* CFU g' but it decreased after
6 months of storage and was 1.2 x 10° CFU g'. Total
plate count, acted quite the opposite being 3.8 x 10*
CFU g after evaporation and 1.6 x 10°CFU g after
storage period.

Conclusions

Concentrated cabbage juice with soluble solids
content 30 °Brix contained carbohydrates as the main
nutrient, followed by high ash content, including
various minerals most abundant being potassium
1174 mg 100 mL™". The nitrate content in concentrated
fermented cabbage juice isrecognized as low (<200 mg
100 g'). After the storage of concentrated fermented
cabbage juice for six months at 4 °C temperature, total
phenol content decreased from 530.06 to 521.19 mg
GAE 100 g, whereas antiradical activity (by DPPH)
and ascorbic acid content decreased significantly from
822.17 to 350.23 mg TE 100 g' and 110.0 to 26.66
mg 100 g' accordingly. LAB count decreased during
storage from 4.6 x 10* CFU g' to 1.2 x 10* CFU g
whereas total microorganism activity increased
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3.8 x 10°CFU g' to 1.6 x 10°CFU g'. Concentrated
fermented cabbage juice is a source of minerals and
polyphenol compounds as well as due to a high salt
content (6.33%) could be applied as salt substitute in
food applications.
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Abstract

For a long time, germinated seeds have been used in food as a healthy product with high nutritional value and as a
decor for exquisite dishes today. However, there have been many foodborne outbreaks in Europe, the United States,
and other parts of the world associated with pathogens contamination of sprouts. These outbreaks pose a constant
challenge to the entire sprouts industry. The aim of this study was to determine the presence of Shiga toxin-producing
Escherichia coli (STEC), Salmonella spp., and potentially pathogenic bacteria in germinated grains and seeds
intended for industrial food production and ready for use without further processing. In this study, grains of wheat
(Triticum aestivum), seeds of broccoli (Brassica oleracea), alfalfa (Medicago sativa), radish (Raphanus sativus) and
hemp (Cannabis sativa) were germinated for 72 hours and were evaluated compared with ungerminated grains and
seeds. The presence of E.coli was assessed by the inoculation of enrichment broth to Tryptone Bile X-glucuronide
(TBX) and Eosin methylene blue (EMB) agars, and colony characterization with MALDI-TOF. E.coli was carried
out in accordance with LVS ISO 16649-2:2007. The presence of STEC was determined in accordance with ISO/TS
13136:2012. Salmonella spp. detection was in accordance with ISO 6579-1:2017. As a result, E.coli, Salmonella spp.,
and STEC were not found in any sample. However, environmental bacteria were detected in TBX dry seeds and 12
h — soaked seeds. The presence of Enterobacteriaceae was found in all samples by colony characterization on EMB
by MALDI-TOF. The results show that the sprouts and edible seeds available in Latvia could be included as healthy

and relatively safe food.

Key words: grains, germination, seeds, pathogenic bacteria.

Introduction

Today, consumers are particularly aware of the
health problems associated with food additives.
Foods “natural”, “eco”, “bio”, processed without
chemicals and preservatives are becoming more and
more attractive. Sprouts have also been considered
healthy food for more than 5,000 years; they are rich
in nutrients, low in calories, visually alluring, and
their simple production process is environmentally
friendly — the qualities that are appealing to today’s
food consumers (Choe, Yu, & Wang, 2018). However,
warm and humid germination conditions are ideal
for the growth of microorganisms (Bergspica et al.,
2020). This raises food safety concerns not only
about food production methods but also about how
food is processed, stored, sold and consumed (Anal
et al., 2020). Despite its healthy image, sprouts are
one of the foods associated with foodborne outbreaks.
Between 1990 and 2002, about 10% of outbreaks
in the United States were related to sprouted seeds.
Several outbreaks of Salmonella spp. and Escherichia
coli O157:H7 and O157: NM infections were observed
each year. In Japan, 9451 cases of illness and 12 deaths
(all children) were reported in 1996, and this attracted
worldwide attention (Sikin, Zoelner, & Rizvi, 2013).
One of the main pathogens involved in germ-related
outbreaks is Shiga toxin - producing E. coli (STEC).
An outbreak of STEC infection in May 2011, mainly
in Germany and Central Europe, claimed the lives of
54 people and was associated with fenugreek sprouts
infected with an unusual E. coli strain O14:H4 with
increased virulence and antibiotic resistance (EFSA,

2011b). To ensure the protection of public health, in
2013, the Commission established the microbiological
STEC criterion for sprouts in Regulation (EU) No
209/2013. COMMISSION REGULATION (EC) No
2073/2005 of 15 November 2005 on microbiological
criteria for foodstuffs (Official Journal of the European
Union, 2005, L 338), which lays down the common
food safety and process hygiene criteria for food in
EU countries and applies to sprouts. According to it,
STEC belongs to serogroups 0157, 026, 0111, 0103,
0145 and O104:H4 sprouts must not contain 25 g
(EC) No 2073/2005). The reference analytical method
is CEN/ISO TS 13136, the main step of which is based
on the determination of the Shiga toxin coding genes
stx] and stx2 (EU) No 209/2013. STEC molecular
diagnostic tests that the manufacturer must take to
comply with the regulation and demonstrate that the
manufactured product is safe for the consumer, may
pay dearly. With the entry into force of the Regulation
(EU)No0209/2013. Latvian sprouts producers were not
able to meet all the requirements; therefore, a product
manufactured in Latvia is currently not available
on the Latvian market. The prevention of seed
contamination is particularly important, in particular
the long-term survival of pathogenic bacteria on the
seed and its multiplication during the production of
germinated seeds. In sprouts, contamination with
microorganisms can come from the environment.
One of the most important risk factors is related to
the impact of agricultural practices on seed production
and storage: contaminated irrigation water, manure,
the presence of animals and rodents, dirty harvesting
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equipment and transport containers, and the seedling
production process. There are various methods of
physical and chemical treatment (rinsing or soaking in
various chemical solutions or in hot water, dry heating,
irradiation, hydrostatic pressure, UV light, etc.), but
none of them has so far been able to provide pathogen-
free seeds (EFSA, 2011). One of the physical methods
used in the study is rinsing the seeds with drinking
water at 12 hour intervals, and the rinsing water is
visually clean.

The aim of this study was to determine the
presence of Shiga toxin-producing Escherichia coli
(STEC), Salmonella spp., and potentially pathogenic
bacteria in germinated grains and seeds intended for
industrial food production and ready for use without
further processing.

Materials and Methods

Plant materials. The seeds were purchased in the
local market. Broccoli (Brassica oleracea) expiration
date November 2021, Lot: 62/14 and radish (Raphanus
sativus) seeds expiration date July 2021, Lot: 275/A,
originated in Italy in 2019, hemp (Cannabis sativa),
wheat (Triticum aestivum) and alfalfa seeds were
harvested in Latvia in 2019 and 2020. Seed preparation
and germination were performed in the laboratory of
the Faculty of Food Technology, Latvia University
of Life Sciences and Technologies. Samples were
packed in sterile bags and placed in a cooler bag
and stored at 4 + 3 °C until delivered to the Institute
of Food Safety, Animal Health and Environment
“BIOR”. Microbiological analyses were carried out
at the Institute of Food Safety, Animal Health and
Environment “BIOR”.
Samples germination

The study was conducted in two parts. The first
part was analyzed in February 2020 and the second
part in November 2020. Dry grains, seeds and sprouts
from each part containing 8 samples (wheat grains,
seeds of broccoli, alfalfa, radish and hemp), each
weighing 10 g and 25 g used for microbiological
analysis, in triplicate. The second part also focused
on the microbiological contamination of the product
with production packaging and storage.The grains and
seeds were soaked for 12 h and then were sprouted for
3 days (72 h), but before that, they were washed in
drinking water until the water used was visually clear.
Clean grains and seeds were soaked in drinking water
in a ratio of 2:1 (water:seed). The soaking was done
in a polystyrene (PS) bowl for 12 h in the dark at 22
+ 2 °C. After 12 h, the seeds and grains were rinsed
in drinking water until the rinsing water was visually
clear. Rinsing is the main physical treatment process
that separates dirt and microorganisms from seeds.
Samples rinsing was performed every 12 h for 3 days.
The rinsed seeds and grains were germinated in a glass

container in room at 22 + 2 °C, where daylight winds
overnight. A day length is 8 h and a daylight average
is 60 + 5 Ix. Darkness lasts 16 h at 0 Ix. Germinated
hemp sprouts were not used in further studies because
they did not show good properties — they are visually
fresh, crunchy with a good taste according to hemp
but when eating the sprouts, the bark is hard and
difficult to chew.
Samples storage

After 3 days of germination, the sprouts were
rinsed with drinking water until the water was visually
clean and packaged in closed polypropylene 300 ml
containers. Wheat sprouts 100 g, alfalfa sprouts 50
g, broccoli and radish sprouts 75 g were packaged.
Packaged sprouts were stored for 8 days in a cold
chamber at 3 + 2 °C in the dark, from which 10 g and
25 g were taken for microbiological analysis.
Microbiological analyses

Microbiological analyses were performed for all
dried seeds and wheat grains, soaked and sprouted
wheat grains, broccoli, radish and alfalfa seeds,
the test was also carried out after sprouting and
after 5 and 8 days of storage. From each sample 25
g STEC and Salmonella spp. and 10 g E.coli and
Enerobacreriaceae spp were taken.
Enerobacreriaceae spp. determination with Violet red
bile glucose

Sample of Enerobacreriaceae spp the decimal
dilutions preparation has been performed in accordance
with the standard LVS EN ISO 6887-1. Dry grains and
seeds were tested as controls. Each sample portion
was performed in triplicate. 10 £+ 0.02 g of the sample
per replicate was weighed in sterile filter bags and 90
ml of MRD (maximum recovery diluent) was added.
The sample was processed in a Stomacher® blender
at 230 rpm for 30 s. 1 ml of the sample and 1 ml of
the 10xMRD diluted sample into a sterile Petri dish
was brought. 15 ml of VRBG (Violet red bile glucose)
medium, mix thoroughly was added and the medium
was allowed to solidify. It was incubated at 37 °C for
18-24 h.
STEC and Salmonella spp. detection by real-time PCR

DNA was isolated from 1 ml of enrichment
medium with InstaGene ™Matrix reagent for STEC
and mericon T™MDNA Bacteria reagent for Salmonella
spp. investigation. The presence of STEC in the
sample was determined in accordance with ISO/TS
13136 by real-time PCR (polymerase chain reaction)
by determining the presence of stx1 and stx2 genes in
the enriched sample. The presence of genetic material
in the sample was determined with a set of mericon®
Pathogen Detection reagents.
Detection of E.coli in enrichment medium

The analysis was carried out by weighing 25 +
0.02 g of the sample in triplicate, placed in sterile filter
bags and added 225 ml of BPW (buffered peptone
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water). The sample was processed in a Stomacher®
blender at 230 rpm for 30 s and incubated at 37 °C
for 18-24 h. Samples were seeded on TBX and EMB
medium and incubated at 44 °C and 37 °C for 24 h,
respectively. The species affiliation of the grown
colonies was determined by MALDI-TOF (matrix-
assisted laser desorption and ionization time-of-
flight) mass spectrometry using the MALDI Compass
BioTyper ™ 3 database (Bruker Daltonics).
Identification of bacteria with matrix laser desorption
and ionization flight time mass spectrometry

Colonies typical of Enterobacteriaceae were
frequently observed, and these bacteria were
identified. The random colonies were transferred to
a Nutrient agar (NA) plate and analyzed by matrix-
assisted laser desorption and ionization time-of-flight
(MALDI-TOF) mass spectrometry using the MALDI
Compass BioTyper ™ 3 database (Bruker Daltonics).
Microbiological analyses were performed for the
water used for rinsing and soaking, in accordance
with the methods for determining safety and quality
indicators LVS EN ISO 9308-1, LVS EN ISO 9308-2,
LVS EN ISO 7899-2, LVS EN ISO 6222.
Statistical analyses

Data were analyzed using RStudio, mean and
standard deviations were calculated for listed bacterial
populations (log CFU per gram). An Anova analysis
was used to determine whether there were a significant
difference between ungerminated seeds contamination
with Enterobacteriaceae and germinated seeds with a
confidence level (P<0.05).

Results and Discussion

The target E.coli, Salmonella spp., and STEC were
not found in any samples, but Enterobacteriaceae was
found in both seeds and sprouts. Enterobacteriaceae is
known to be conditional food pathogens occurring in
the human and animal intestinal tract but generally not
associated with outbreaks of food-borne infections,
including Citrobacter braakii and Cronobacter
sakazakii (Iversen & Forsythe, 2004; Bergspica et
al., 2020). The predominant species, determined by
MALDI-TOF mass spectrometry, were Enterococcus
faecium (29%) and Enterobacter cloacae (46%).
Pantoea agglomerans (9%) was detected in dry hemp

seeds. Pantoea calida (4%), Lelliottia amnigena
(4%), Klebsiella oxytoca (4%) were found in soaked
wheat and Enterobacter hermannii (4%) in broccoli
sprouts. The percentage of Enterobacteriaceae species
detected in first part is shown in Figure 1.

4ofi% 470
4%
9%

46%

29%

B Enterobacter cloacae

B Enterococcus faecium
Pantoea agglomerans

W Enterobacter hermannii

B Klebsiella oxytoca
Lelliottia amnigena

W Pantoea calida

Figure 1. Species of Enterobacteriaceae detected in
first part.

This study revealed that, similarly to the first
part, Salmonella spp., E.coli and STEC were not
detected, but Enterobacteriaceae characteristic of soil
and environmental bacteria were detected, similar to
several Enterobacteriaceae species isolated in previous
studies, such as FEnterobacter cloacae, Pantoea
calida, Cronobacter sakazakii from sprouts, salads,
herbs, spices, and products ready to eat vegetables
(Iversen & Forsythe, 2004) as well as described
(Bergspica et al., 2020). In dry seeds and grains, the
number of Enterobacteriaceae increased from < 1 log
CFU g' to 2.0 log CFU g in wheat grain un radish
seeds increased on average to 3.3 log CFU g'. After
3 days of germination, more than >6.0 log CFU g
have already been detected for all germinated seed
types. During the next 5 days of storage, up to
8.0 log CFU g were reached in most samples with

Table 1
Results of Enterobacteriaceae spp. log CFUg!
Seeds dry soaked sprouts stored for S days stored for 8 days
Broccoli 0.00 1.30 >6.00 7.49 7.36
Wheat 2.00 3.23 >6.00 7.59 7.28
Alfalfa 0.00 3.18 >6.00 8.13 7.78
Radish 3.23 433 >6.00 7.29 7.27
Hemp 0.00 3.30 >6.00 Not tested Not tested
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no significant increase at (P<0.05) in population
on the day 8. The data obtained are similar to
previous studies on alfalfa sprouts after 48 h of
storage Enterorobacteriaceae increased on average
from 6.7 log CFU g' to 8.0 log CFU g and listed
Enterobacteriaceae averaged 6.0 log CFU g in ripe
vegetables under storage conditions (6 °C for 72 hours)
(Rotundo et al., 2019). In second part, in samples,
colonies of Enterobacteriaceae, similar to those in first
part samples, Enterobacter cloacae was found in dry
radish seeds, Enterococcus faecium — broccoli, hemp
seed and wheat, while Pantoea agglomerans — alfalfa
seeds. Pantoea calida, Lelliottia amnigena, Klebsiella
oxytoca and Enterobacter cloacae were found in
soaked wheat. Broccoli, radish and wheat sprouts
Enterobacter cloacae, broccoli sprouts Enterobacter
hermannii, radish sprouts Klebsiella variicola, but
Cronobacter sakazakii were found in wheat and
alfalfa sprouts. The percentage of Enterobacteriaceae
colonies species is shown in Figure 2.
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Klebsiella variicola

B Pantoea agglomerans

B Klebsiella oxytoca
Pantoea calida

Figure 2. Species of Enterobacteriaceae colonies
detected in second part.

Sprouts production is usually an intensive process
using water to wash away dirt, pathogens and other
substances from production, harvesting, storage
and transport before soaking the seeds. During
germination, the sprouts are rinsed every 12 hours to
neutralize the heat released from seed germination
(average temperature rises from 34 °C to 36 °C) and
to prevent drying. Therefore, water quality can have
a direct impact on the potential for pollution. In our
study, the water used for rinsing and soaking was
subjected to microbiological analyses in accordance
with the methods for determining safety and quality
indicators. The results correspond to the drinking water
specified in the regulatory enactments Regulations of
the Cabinet of Ministers of the Republic of Latvia No.
671/2017. In the early germination stage, germinated
seeds provide nutrients to microorganisms. (Sikin et

al., 2013; Kim et al., 2013; Koizumi et al., 2008).
These nutrients include low molecular weight
metabolites consisting of carbohydrates, amino acids,
flavonoids, sterols, and minerals that provide essential
nutrients for bacterial cell growth (Cui et al., 2018;
Nelson, 1990; Schiltz et al., 2015). The number of
Enterobacteriaceae in sprouts was relatively high, but
it is not used to indicate the microbiological quality
of fresh fruits, vegetables and sprouts (Abadias et al.,
2008). Despite the large number of bacteria, these
products showed no signs of spoilage. Sprouts are
recognized as a relatively dangerous food, having
the growth potential of pathogens in the germination
process, as there is no specific step in the production
process to reduce or destroy pathogens presented in
untreated sprouts (NACMCEF, 1999). High levels
of micro-organisms do not necessarily pose public
health problems. The presence and growth of
pathogenic microorganisms is a concern. In the case
of our analysed sprouts, it is recommended to wash
the products before eating. However, high level of
non-pathogenic micro-organisms in sprouts cannot
be prevented or reduced by simple washing (Mohle-
Boetani et al., 2001). The obtained results coincide
with similar studies found in the literature (Abadias et
al., 2008; Gabriel et al., 2007; Martinez-Villaluenga
et al., 2008; Baenas ef al., 2017). Sprouts could be
considered as relatively safe fresh products in terms
of their microbiological contamination, as even after
prolonged storage in a cold store, no pathogenic
bacteria (Shiga toxin-producing Escherichia coli
(STEC), Salmonella spp) were found. Cronobacter
spp of Enterobacteriaceae family are new food-borne
pathogen. Foods contaminated with Cronobacter spp.
may pose a risk to infants or immunocompromised
adults (Berthold-Pluta et al., 2017). Cronobacter spp.
are environmental bacteria and are found in water
and soil, as well as in various foods, including dairy,
meat, rice and other cereals, vegetables. In addition,
Cronobacter spp. are often isolated from lettuce and
vegetable salads (Berthold-Pluta et al., 2017; Chenu
& Cox, 2009; Iversen & Forsythe, 2003). The data
of the study showed microbiological contamination
of seeds and sprouted seeds, but do not indicate
microbiological quality, because there are no binding
standards in Latvia and Europe of Enterobacteriaceae
for this type products.

Conclusions

The study showed that E.coli, STEC, Salmonella
spp. were not detected in all types of seeds, grains and
sprouts, but Enterobacteriaceae were detected in all
samples. The highest microbiological contamination
was observed in germinated seeds after three days of
germination and during the next 5 days of storage in
the range of 7.0 log CFU g! to 8.13 log CFU g and
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no increase in microbiological contamination was
observed in the following days of storage. The lowest
Enterobacteriaceae spp. count of < 10 log CFU g
was observed in dry seeds and soaked seeds increased
from 10 CFU g to 3.0 log CFU g

Among the Dbacteria of the species:
Enterobacteriaceae, Cronobacter sakazakii, Kleb-
siella variicola, Enterobacter cloacae, Klebsiella
oxytoca, Enterococcus faecium, Lelliottia amnigena,
Pantoea calida, Pantoea agglomerans were identified,
indicating that these products may be dangerous
especially for children and people with low immunity.
This indicates that the seeds and grains used were
contaminated with the micro-organisms found during

primary production, as the germination process was in
accordance with the requirements of good hygiene and
good production and the water used was in accordance
with drinking water.
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Abstract

The aim of this study was to review research findings and information about chemical composition and application
of bee drone brood homogenate for food purposes. As the world’s population grows, global warming and the impact
of meat production on the ecosystem are increasingly being discussed. Various non-traditional sources of protein,
such as insects and larvae, could replace traditional sources of meat protein in the future. Drone brood homogenate is
obtained from honey bee drone larvae and is considered to be a very high value by-product of beekeeping. Scientific
studies prove the prophylactic properties of drone brood homogenate to improve fertility and strengthen immunity
against viral diseases. This product is rich in nutrients, amino acids, vitamins, minerals and hormones but a certain
harvesting and processing technology is required to ensure that the product has a sufficient shelf life and an attractive

appearance.

Key words: drone larvae, Apilarnil, honeybee products, bee pupae, brood homogenate, drone brood, drone milk.

Introduction

Honey and other bee products have been known
for a very long time. These products are used as food
and food supplements to improve health, because
honey and other bee products are deemed to be
prophylactic (Celik et al., 2019). Modern beekeeping
is inconceivable without the presence of the Varroa
mite (Varroa destructor). This parasite is a global
problem for beekeepers, as it can lead to the death of
a bee colony. Bees collect pollen and pollinate plants.
Pollination is necessary for the plants to reproduce.
The death of a bee colony affects the reproduction
of plants, which is necessary for the maintenance of
the ecosystem (Flores et al., 2021). Today, the topical
issue is the change in the use of varroasis control
products, as Varroa mite in the world have become
accustomed to synthetic pesticides, and bee colonies
are weakening due to the increasing use of chemicals
in agriculture (Kasiotis et al., 2021). Many chemicals
are banned in the European Union because they
have a negative impact on the ecosystem. Harmful
substances must not be allowed to enter beekeeping
products. One of the most gentle ways to combat
the spread of Varroa mites and other diseases is to
remove bee drone larvae from the hive (Charriére
et al., 2003). Beekeepers on organic farms use this
technique to control Varroa mites, because bee drone
cells are attracted by a significantly higher number of
mites than working bee cells. The development cycle
of bee drone brood is longer than the development
of working bees; therefore, Varroa mites develop
in drone brood cells, because mites in working bee
broods do not reach the maturity necessary for the
production of offspring. Bee drone cells are 1.5 times
larger in diameter than working bee cells (Yadav,
Kumar, & Jat, 2017). The second reason why bee
drone larvae are removed from the hive is to limit the
number of drones for working bees. Bee drones eat a

significant amount of honey from the hive and cause
losses of honey to beekeepers. Thus, bee drone brood
homogenate is produced from drone larvae as a by-
product of beekeeping.

Drone brood homogenate (DBH) is one of the
bee products also known as Apilarnil discovered by
Romanian beekeeper Mr. Nicolae V. Iliesiu. It is a
homogeneous milky product with a sour taste, yellowish
colour or sometimes a shade of grey (Barnutiu et al.,
2013; Sawczuk, Karpinska, & Miltyk, 2019). The
product is obtained by removing bee drone larvae
from hives before closing the cells. In many literature
sources, this product has been compared with royal
jelly (Bogdanov, 2016; Celik et al., 2019; Sawczuk,
Karpinska, & Miltyk, 2019), which is milky secretion
produced by worker honeybees for the purpose of
feeding larvae and adult bee queens (Pavel ef al., 2011).

Bee drone larvae are rich in nutrients, vitamins
and hormones. The aim of this study was to review
the research findings and latest information about
chemical composition and application of bee drone
brood homogenate for food purposes.

Materials and Methods

The monographic method was used to summarise
the research findings and latest information about
bee drone brood homogenate for food purposes.
Information was searched for in Science Direct,
Scopus, Web of Science, Google Scholar. The
following keywords were used in the selection of
scientific literature: ‘drone larvae’, ‘Apilarnil’,
‘honeybee products’, ‘bee pupae’, ‘drone brood’,
‘drone milk’ and ‘brood homogenate’.

Results and Discussion
Harvesting of bee drone larva

Bees have different stages of development: egg,
larva, pupa and imago (adult stage). Drones, the males
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Figure 1. Stages of bee drone development (Modified by the authors, source:
Development of the honey bees, 2021).

of the colony, are produced from unfertilized eggs.
The developmental period of drones is 24 days (Yadav,
Kumar, & Jat, 2017). From days 1 to 3, there is an egg
(Figure 1). The size of a bee egg is approximately 1.5
mm (Woyke, 1998). From day 4 to day 14, there is the
larva. From day 15 to day 23, there is the pupa. On day
24, an imago is formed from the pupa. On day 10, the
working bees cap the larval cells of the drones. Bee
drone larval harvesting should be planned at a certain
stage in the life cycle of the bee drone. Day 10, when
the drone cell is capped, it could be used to determine
the age of the larva.

The day of the developmental cycle when it is
harvested has a significant effect on larval composition.
In the Romanian patent No. 0043842 B1 (Iliesiu,
1984), it is mentioned that bee drone larvae should be
collected on day 10 of the development cycle. In patent
RU No. 2402920 (JIyuyk, Jpsuenxo, & benuk, 2010),
the larvae should be 9-10 days old. The stage of larva
is characterised by a high nutritive value. The stage of
prepupae begins from day 10 to day 14. In Patent US
2014/0323.014 Al, it is mentioned that the external
feature of harvesting is when the prepupaec are in a
vertical position in the capped cells, with colourless
or slightly yellowing eyelets without pigmentation
(Trifonov et al., 2014). The harvested larvae are then
homogenized and filtered. Species, region, climatic
conditions and flora are likely to have significant
effects (Sawczuk, Karpinska, & Miltyk, 2019).
Characteristics of drone brood homogenate chemical
composition

Scientific studies provide information on protein
levels depending on the age of the larvae (Grishina
& Gengin, 2016). There is a tendency that as the age
of the larva increases, the ratio of protein to larval

mass increases. The trend of increasing protein
concentration depending on the stage of development
can also be found in other sientific research (Ghosh,
Jung, & Meyer-Rochow, 2016). The working bee’s
pupa contains more protein than the larva, but the
amount of carbohydrates decreases (Table 1).

Characteristics of DBH are presented in the
Table 2, which shows the chemical composition for
both fresh and lyophilised DBH and royal jelly. The
composition of DBH is similar to royal jelly. Therefore,
these products are often compared in research on
bee products (Bogdanov, 2016). It is shown that the
content of fructose and sucrose DBH is lower than in
royal jelly. The chemical composition of DBH varies
in different studies, but is within certain limits.

DBH was defined as a perspective alternative
protein source if appropriate production, collection
and processing is organized (Ulmer, Smetana, &
Heinz, 2020). Geographical location and climate
affect the composition of both royal jelly and
larvae. The bee species could also have some
effect. There are at least eight honeybee species in
the world (Bees4life, 2021). European honeybee
(Apis mellifera) is the most common worldwide.
This specie is native to Europe, western Asia, and
Africa. Proteins supplied in a lyophilised format
are more stable for storage purposes. Potential
degradation pathways for proteins: hydrolysis;
oxidation; racemization; isomerization; denaturation;
adsorption. Lyophilised proteins should not be
exposed to atmospheric oxygen. Higher level than
pH 8 should also be avoided. In pharmacy, it is
recommended that lyophilised peptides and proteins
should be stored at temperatures —20 °C or —80 °C to
minimize degradation (Manning et al., 2010).

Table 1

Approximate nutrients composition of larva, pupa and imago (adult) development stage,
% of dry matter (Ghosh, Jung, & Meyer-Rochow, 2016)

Nutrients Larva Pupa Imago (adult)
Protein 353 45.9 51
Fat 14.5 16 6.9
Carbohydrate 46.1 343 30.6
Ash 4.1 3.8 11.5
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Table 2
Characteristics of fresh and lyophilised drone brood homogenate and royal jelly
o Drone brood homogenate Royal jelly
Characteristics* — —
fresh lyophilised fresh lyophilised
pH 4.80-6.70 - 3.40-4.50 -
Acidity, ml 0.IN NaOH g 0.88-3.28 - 3.00-6.00 -
Water, % 65.0-76.4 3.0-4.5 60.0-70.0 2.7
Protein, % 4.6-12.0 32.0-52.4 9.0-18.0 27.0-41.0
Lipids, % 1.3-8.0 21.1-24.2 3.0-8.0 8.0-19.0
Carbohydrates, % 6.0-12.2 17.8-38.9 7.0-18.0 26.8
Ash, % 0.7-2.0 2.7-4.1 0.8-3.0 3.5
Energy value, kJ 100 g 503.3 1974.8-2097.9 381%* 1525.9

‘-> — information not found; *Data collected from Barnutiu ef al., 2013; Bogdanov, 2016; Isidorov, Bakier, & Stocki, 2016;
Margaoan et al., 2017; Sawczuk, Karpinska, & Miltyk, 2019; Silici, 2019. **Calculated values.

Table 3
Comparison of hormone content in prepupae, bee drone brood and royal jelly
Hormones, Prepupae with yellowing Fresh drone brood (9-11 days .
nmol (100 g)! eyelets (10-14 days old)* old)** Fresh royal jelly
Testosterone 0.292-0.322 0.310£0.015 0.200 + 0.030
Progesterone 42.63-60.01 51.32 £ 8.69 4.61 £0.26
Prolactin 344.60-475.40 410.00 + 65.40 70.80 +20.00
Estradiol (oestradiol) 431.20-847.90 677.60 =170.30 52.00 + 6.00
*Data obtained from Trifonov et al., 2014; Tpucdonos et al., 2013; **Data obtained from Bogdanov, 2016.
Bee drone larvae contain much higher impairs immune function and increases the
concentrations of hormones than royal jelly susceptibility to diseases (Kubala, 2018; Wu, 2009).

(Table 3). In Patent US 2014/0323.014 Al it is
mentioned that drone prepupae with yellowing eyelets
guarantee hormone concentrations within certain
limits (Trifonov et al., 2014).

DBH can be used as a hormone preparation to
improve fertility due to the significant hormone
concentration of this product. Testosterone is the
primary androgen responsible for the development
and maintenance of male sexual characteristics.
Progesterone is the dominant ovarian hormone
with the function to prepare the uterus for embryo
implantation. Prolactin stimulates the breasts to
produce milk. Estradiol is the dominant ovarian
hormone during the follicular (first) phase of the
menstrual cycle (BPACNZ, 2013).

Amino acids perform a vital role in the
development and maintenance of body. Humans can
only synthesize 11 of the 20 important amino acids,
which are necessary to make proteins. The other nine
essential amino acids are obtained from the diet.
Essential amino acids are involved in the biochemical
processes of protein synthesis. Amino acid deficiency

Bee drone larvae contain eight of nine essential amino
acids: methionine, histidine, threonine, phenylalanine,
isoleucine, valine, lysine, and leucine.

The concentration of amino acids in drone larvae
is higher than in worker larvae, thus bee drone larvae
are a better source of amino acids (Ghosh et al., 2020;
Ghosh, Jung, & Meyer-Rochow, 2016).

Drone brood homogenate is a rich source of
vitamins. Vitamins are necessary for the normal
growth, development and functioning of the body
(Yaman et al., 2021). The vitamin content is influenced
by the diversity of plants used by bees to feed larvae
and produce honey (Silici, 2019). DBH contains large
amounts of water-soluble B vitamins, such as thiamine
(B1), riboflavin (B2), niacin (B3), pantothenic acids
(B5), pyridoxine (B6), biotin (B7), folic acid (B9),
and cobalamin (B12) (Kistanova et al., 2020; Silici,
2019). Vitamin C and choline are also found in DBH
(Finke, 2005).

Important minerals in DBH are potassium (K),
sodium (Na), calcium (Ca), magnesium (Mg) (Ozkok,
& Erdem, 2017). A study by Narumi (2004) found
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zinc (Zn), iron (Fe), phosphorus (P), manganese
(Mn), copper (Cu) and large amounts of selenium (Se)
in honeybee brood. Selenium has not been found in
other studies. This can be explained by the fact that
selenium comes from the soil. Selenium is taken up
from the ground by plants, which are pollinated by
bees, so that selenium enters bee products (Li ef al.,
2017; Zhao et al., 2005).

Application of drone brood homogenate

Due to the chemical composition of bee drone larval
homogenate, this product is widely used in veterinary
medicine (Kistanova ef al., 2020; Shoinbayeva et al.,
2017), but few studies on the effects on human health
have been found (Sidor, & Dzugan, 2020). DBH is
also discussed in apitherapy (Celik et al., 2019).
Scientific studies prove the prophylactic properties
of DBH to improve fertility and strengthen immunity
against viral diseases.

Improving semen quality of stud rams (male
sheeps). Adding the preparation of DBH in the
dosages of 15 mg kg of live body weight once per
day increased the volume of ejaculate to 30.4%,

concentration of spermatozoa in the ejaculate up
to 14.3%, mobility of spermatozoa increases to 9.2
points (Shoinbayeva et al., 2017).

Improving fertility of female pigs. Gilts
feed supplementation with the DBH promotes
folliculogenesis in the ovaries of gilts at morphological
and gene expression level (Kistanova et al., 2020).

Stimulation of genital development. The raw
DBH increased the relative organ weights of the glans
penis, seminal vesicle and levator ani muscle in rats.
It also increased the average prostate weight. The raw
DBH was able to increase the relative organ weight of
the uteri inimmature female rats (Seres ef al., 2013).

The use of DBH for feeding male broilers (Yucel
et al., 2011) did not result in a significant increase in
total body weight, but improving laying efficiency of
hens was detected (Muravev & Kalachinskaya, 2014).

Immunity improvement to prevent viral
diseases. Consumption of DBH with vitamin D,
significantly increased the body’s immunity to
viral diseases. The patients received 1 tablet of the
preparation 2 times a day during a three-month course.

Table 4
Methods for drone brood homogenate stabilisation
Method Short description of processing Effect on product quality during its References
parameters storage
Freezing Brood in the combs, at -20 °C Without severe change of taste can Jensen et al., 2019
be stored for 6 months
Cleaned brood in vacuum-sealed Without severe change of taste can Jensen et al., 2019
bags, at -20 °C be stored for 10 months
Freeze drying | The lyophilised powder was prepared The product retained the original Shoinbayeva ef al.,
(lyophilisation) | by freeze drying to the temperature biological properties 2017
of =5 °C, under residual pressure of
0.03 mmHg for 24 h
The freezing is done rapidly in Lyophilised DBH obtained moisture Berk, 2013;
temperatures of —50 °C and —80 °C, | content of 1% to 4% and retained the Bogdanov, 2016
primary drying at pressure of a few original biological properties
millibars, secondary drying can even
be above 0 °C
Mixing with Mixed with honey (not more than Mixtures can be stored for 6 months Bogdanov, 2016;
honey or 1-2% of brood) at room temperature Bypmuctpoga et al.,
sugars 2008
Adsorption on glucose-lactose (1:1) Can be stored at 4-6 °Cup to 2 Bogdanov, 2016;
and dried until 4% moisture content years Bypmucrposa et al.,
2008
Mixed with lactose and glucose, then Moisture content decrease and Yekprira, Bononuyk,
drying is performed with IR-rays biologically active substances & JleBun, 2012
during 4 hours at 42-45 °C in the preservation, reduction of
“heating-cooling” pulse mode microbiological contamination and
decay prevention
Adding ethanol | DBH combined with 40% and 70% Obtained stable tincture which has bynnuxosa, 2011;
ethyl alcohol with added antioxidant | an extended shelf life and retains its Tammwm et al., 2018
biological activity of the components
for 2 years
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There were no cases of acute respiratory disease or
influenza in the patients during the autumn and winter
period (Strukov et al., 2016).

Processing and preservation of drone brood

Drone larvae should be harvested together with
the combs. Removal from the hive should be done
carefully so as not to injure the larvae. Both open and
capped larvae will stay alive at room temperature for a
few hours after removal from hive (Jensen et al., 2019).
Other studies suggest that larvae should be refrigerated
immediately after cutting out from the combs.
Freezing, drying, boiling or frying should be completed
less than 24 hours after collection of larvae to avoid
any spoilage. Insect proteins decay much faster than
those of beef, pork, lamb or chicken (Bogdanov, 2011;
Krell, 1996). Rapid larval deterioration may begin
after homogenisation, thus DBH requires immediate
processing under strict hygiene requirements. One
of the solutions used by beekeepers is to freeze DBH
at -20 °C or mix it with honey in certain proportions
(Hroshovyi et al., 2021; Isidorov, Bakier, & Stocki,
2016). Sugar helps to prevent or slow down the growth
of bacteria, moulds and yeast in food (SNRC, 2021).
Honey, sucrose, lactose or glucose can be used as
preservatives (Mutpodanos et al., 2015). Different
stabilization technologies can be used to efficiently
extend the shelf life of DBH (Table 4).

Freeze drying is a process in which water is
removed from a product after it is frozen and placed
under a vacuum, allowing the ice to change directly
from solid to vapour without passing through a liquid
phase (FDA, 2014). The absence of water prevents
microbial growth and chemical changes leading
to deterioration of product. Lyophilised DBH kept
the original biological properties, measured by its
immunomodulating, spleen and T-cell stimulating
properties (Bogdanov, 2016). Freeze drying did not
reduce DBH hormone levels (Sidor & Dzugan, 2020).
The maximum allowable drying temperature must not
exceed 45 °C, as this will inactivate the hormones and
biological activity in the product (byanukosa, 2011;
Kopx, 2009). Freeze drying could be the most suitable
drying technology for DBH to improve the shelf life
of the product. Spray drying could also be used, but
elevated temperatures can degrade product quality -
the product loses hormones and vitamins.

References

Most of the consumers avoid eating insects, larvae
or worms, which could be one of the alternative
sources of protein in the future (Higa et al., 2020).
Encapsulated DBH would be more attractive and
convenient for consumers.

DBH is a product rich in nutrients, minerals and
hormones, and its effective use is possible through
certain harvesting and processing technologies. The
shelf life can be extended by freezing and drying, and
additives can be added. The processing technology
used must not impair the valuable composition of the
product. The resulting product must be acceptable
and safe for the consumers. In the future, DBH
could be widely produced as a food supplement in
Latvia as well, but extensive research is needed on
the processing and chemical composition of DBH
obtained in the Baltic region and its impact on human
health and safety.

Conclusions

Drone brood homogenate (DBH) is considered
to be a very high value by-product of beekeeping,
which can bring additional income to beekeepers
if it is properly processed. Geographical location,
climate, species and stage of development affect both
the composition of the royal jelly and the larvae.
Bees feed drone larvae with royal jelly, but DBH
is made from drone larvae, so the composition of
these two beekeeping products is similar, but DBH
has elevated levels of sex hormones. In order for
DBH to obtain the highest hormone concentration,
the collection of drone larvae should be performed
on days 10 to 14 of the developmental stage,
observing the external feature: the prepupae in a
vertical position in the capped cells, with colourless
or slightly yellowing eyelets without pigmentation.
Scientific studies show that the use of DBH has
health benefits, including improved fertility of
animals, strengthening immunity to prevent viral
diseases. DBH is a product rich in nutrients, amino
acids, vitamins, minerals and hormones but a certain
harvesting and processing technology is required
to ensure that the product has a sufficient shelf life
and an attractive appearance. DBH was defined as a
perspective alternative protein source, which could
replace pork or beef in the future.
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Abstract

Honey powders could be an innovative and attractive substitutes to liquid honey. The production of honey powders
would allow to expand honey’s usage in food industry, cosmetics and pharmaceutics. In this research, freeze drying
method was performed to obtain honey powder samples. Overall, 4 different formulations were prepared to obtain
the powder samples. The aim of the research was to determine the total phenolic content and antiradical activity
of the freeze-dried honey powder samples by spectrophotometric method. The content of total phenolics in the
samples ranged from 92 to 146 mg GAE 100 g of dry matter. Antiradical activity was measured with DPPH radical

scavengers, and the IC results ranged from 6 to 12 mg mL™".
Key words: honey powder, freeze drying, antiradical activity, total phenolic content.

Abbreviations: H, honey, MD, maltodextrin, MN, mannitol; DPPH, 2,2-diphenyl-1-picryhydrazyl; IC

half

50°

maximal inhibitory concentration; AA, antiradical activity; GAE, gallic acid equivalent.

Introduction

Honey is a naturally sweet food stuff, which has
high nutritional value and it’s therapeutic properties
are well-known over the centuries. Honey consists of
200 chemical compounds (Bueno-Costa et al., 2016).
The wide range of different substances are found in
honey such as enzymes, amino acids, organic acids,
monosaccharides, different phenolic compounds
(Tezcanetal.,2011; Da Silvaet al., 2016). Noteworthy
that the chemical profile of honey depends on
many factors, for instance, climate, botanical and
geographical origin. Honey is classified in different
types, which are based on their geographical origin or
floral source (Sakac et al., 2018). The phenolic profile
of honey is mostly the same, but the concentrations
of phenolic compounds in different type are variant
(Badolato et al., 2017). Phenolic compounds such as
phenolic acids and flavonoids are natural antioxidants
(da Silva et al., 2013). Antioxidants have a significant
role in human health (Mithul Aravind et al., 2021),
they protect the body cells from free radicals. Free
radicals are very reactive and have a tendency to react
with biomolecules, which could result in serious cell
damages (Zheng et al., 2020).

The production of powdered honey is an innovative
approach to expand the application of honey in food
industry, pharmaceutical industry. Longer shelf life
and expanded usage in food processing (Tong et al.,
2010; Kiling & Demir, 2017; Tomczyk et al., 2020) are
a few of advantages of powdered honey, which present
powdered honey as an attractive substitute to natural
honey. The interest of production of honey powder
among food scientists has been increased (Samborska,
2019). Different drying methods (Nurhadi ez al., 2012;
Sramek et al., 2016, Samborska et al., 2017) have
been studied for obtaining honey powder. As honey is
a sugar-rich food product (Muzaffar, 2015), its drying
is very challenging. The main issue is that sugar-rich

food products during drying can make lumps or syrup
(Bhandari et al., 1997). This issue mainly can be
prevented by adding different drying aids or carriers
to increase the glass temperature of drying particles
(Shi et al., 2013). Freeze-drying among all drying
methods, which are recently performed for obtaining
high quality honey powder, is not very common
(Ganaie et al., 2021). The main reason of that is a
long production time, which expands the cost of
production. Nevertheless, freeze-drying is bioactive
compounds preserving drying technique (Ranieri et
al., 2017; Prosapio & Norton, 2018).

The phenolic profile of honey and other food
products can be evaluated by different analytical
techniques (Chan ef al., 2013; Zhu ef al., 2019; Tian
et al., 2021). Spectrophotometric method is one of
the most popular analytical methods due to its low
cost, simplicity, rapidness. Total phenolics content is
commonly determined using Folin-Ciocalteu reagent.
The method is easy to modify and allows to detect total
phenolic content in a wide range of products (Kek et
al., 2014; Paradiso et al., 2016; Hinojosa-Nogueira
et al., 2020). Antiradical activity of different food
products is examined by the DPPH test (Marinova &
Batchvarov, 2011; Naji et al., 2020).

The production of honey powder involves thermal
treatment and could negatively affect the quality of
honey by, for example, decreasing enzyme activity
(Tosi et al., 2008; Sramek et al., 2016; Samborska
et al, 2017), increasing the concentration of
5-hydromethylfurfural (Pasias et al., 2017; Kanar &
Mazi, 2019).

As phenolic compounds are sensitive to temperature
changes (Molaveisi et al., 2019; Samborska et al.,
2019), it is important to examine honey powder. The
aim of the research was to determine the total phenolic
content and antiradical activity of the freeze-dried
honey powder samples by spectrophotometric method.
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Materials and Methods

The experimental work of study took place at
the Scientific laboratory of Natural compounds
at the Department of Chemistry, Faculty of Food
Technology, Latvia University of Life Sciences and
Technologies.

Buckwheat honey was purchased from a local
beekeeper. Buckwheat honey was harvested in 2019.
The beehives were placed in Jelgava district, the
southern-central part of Latvia.

Maltodextrin (STAR-DRI® 10 NG, TALE &
LYLE, USA) was delivered by Latvian company
(BANG & BONSOMER LATVIA, Riga, Latvia).
Dextrose equivalent (DE) of maltodextrin was 10.4.
Moisture content, according to the certificate given
by the company, was 4.3%. Mannitol was purchased
form Riedel-de HaénO and moisture content was
0.5%. (Honeywell, Germany).

Freeze-drying of honey solution

Four different 30% aqueous solutions of honey
with mannitol and maltodextrin were prepared for the
experiments.

The proportions of honey and carriers in feed
solutions are shown in Table 1.

Table 1
Proportion of honey and carrier in feed solution

Carrier Ratio (honey: carrier)
Mannitol 1:1
Maltodextrin 1:1
Mannitol 1:2
Maltodextrin 1:2

The solutions were poured into plastic freezer
containers. The height of solution layer in each
container was approximately one centimetre. The
containers were kept in the freezer at -20+1 °C for
3 hours. Drying of frozen samples were performed
as described by Keke (Keke & Cinkmanis, 2020).
The obtained freeze-dried honey samples each were
grinded into powder by porcelain mortar and pestle.
The powder samples were collected in polyethylene
bags and stored at +20 °C temperature in dark and dry
place until further analysis.

Detection of moisture content

Determination of moisture content was carried
out using a moisture analyzer AND MX-50 (A&D
Company, Limited, Japan). The moisture content of
samples were evaluated using the method described
by Keke (Keke & Cinkmanis, 2020). The software
‘WinCT-Moisture’ was used for the data recording.
Detection of total phenolics

The content of total phenolics of the obtained
honey powders and buckwheat honey were evaluated

by the Folin-Ciocalteu method. The honey powder
samples and honey were dissolved in deionized water.
The concentration of each prepared solutions was
0.1 g mL". Then 2.5 mL of 0.2 M Folin-Ciocalteu
reagent (Sigma Aldrich®, Germany) were added
to 0.5 mL of prepared solutions and mixed. After 5
minutes 2 mL of 7.5% Na,CO, solution were added to
the mixture and mixed together. The reaction solution
was stored at +20 °C temperature in the dark for 2
hours. After incubation the content of total phenolics
was determined by spectrophotometer Jenway 6405
UV/Vis (JENWAY, the U.K.). The absorbance of the
samples was measured at 760 nm. Deionized water
was used as blank solution. The results were expressed
as gallic acid equivalents mg GAE 100 g' dry matter
(Cinkmanis, Dimins, & Mikelsone, 2017).
Detection of antiradical activity

The antiradical activity of the samples was
determined  using  2,2-diphenyl-1-picrylhydrazyl
radical (DPPH’). The obtained powders and
buckwheat honey were dissolved in deionized water
at concentrations ranging from 2 to 14 mg mL"". And
3.5 mL of prepared solution was well-mixed with 1.5
mL of 0.1 mM DPPH (Sigma Aldrich®, Germany)
solution. The reaction solution was stored at +20
°C temperature in the dark for 30 minutes. After
incubation the determination of antiradical activity
was performed by spectrophotometer Jenway 6405
UV/Vis (JENWAY, the U.K.). The absorbance of the
samples was measured at 515 nm. The results were
expressed as the percentage of antiradical activity
(AA). The antioxidant activity was calculated
according to the following formula:

AAd = (“"Bscorzr:'o!_"‘Bssm:lzp!s
ABSconerol

)x 100 (1)

As blank solution, dissolved honey powder
solutions at the same concentrations as previously
were described and 3.5 mL of methanol were used.
The control solution consisted of 3.5 mL of methanol
(Sharlab S.L., Spain) and 1.5 mL of 0.1 mM DPPH
solution. The IC,, values were calculated by linear
regression of plots, where the concentration of
prepared solutions were represented on the abscissa,
and the antiradical activity of prepared solutions
was represented on the ordinate (Pontis ef al., 2014;
Cinkmanis, Dimins, & Mikelsone, 2017).

Statistical analysis

The assays were repeated three times, and the
results were expressed as mean values + standard
deviation (SD).

One-way analysis of variance (ANOVA) and
Tukey’s test (p<0.05) were used to verify statistical
differences. Analysis were performed by Microsoft
365 Excel.
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Table 2
Moisture content and IC_; value in the analysed samples
Carrier Ratio (honey: carrier) Moisture content, % IC,,, mg mL"
1:1 4.5+0.2 6£1
Mannitol
1:2 3.5£0.2 8+2
1:1 5.6£0.1 10+1
Maltodextrin
1:2 3.3+0.2 12+1
160
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Figure 1. Total phenolic content in honey: maltodextrin 1:1 (H:MD 1:1), honey: maltodextrin 1:2 (H:MD 1:2),
honey: mannitol 1:1 (H:MN 1:1), honey: mannitol 1:2 (H:MN 1:2) powder samples.

Results and Discussion

Freeze-drying method was performed to obtain
honey powder samples. This dehydration technique is
well-known in pharmaceutics as bioactive compounds
preserving drying method (Scutella et al., 2018).
Overall, four formulations were prepared to obtain
honey powders. The moisture content in the samples
varied from 3.3 to 5.6%. The moisture content in each
analysed sample is shown in Table 2.

Maltodextrin and mannitol both are widely used
carriers. Maltodextrin is commonly used for drying
experiments in food industry (Siccama et al., 2021; Teo
et al., 2021). It is usually added during spray drying
process to increase the glass transition temperature of
drying agent (Hebbar, Rastogi & Subramanian, 2008).
Mannitol is a popular non-hygroscopic additive
in freeze-drying formulations for pharmaceutical
experiments (Kaialy & Nokhodchi, 2015). Mannitol
is sugar alcohol, which is used for providing a stable
matrix structure during freeze-drying (Mehta et al.,
2013).

Total phenolic content in the freeze-dried honey
powder samples and fresh buckwheat honey was
determined by Folin—Ciocalteu method. The method
is based on the reaction between the Folin—Ciocalteu
reagent and phenolic compounds, which forms a

coloured complex. Spectrophotometric method was
used to measure the absorbance of coloured complex.
The measured absorbance data was used to quantify
total phenolic content in the samples. The total
phenolic content of the samples ranged from 92 to 146
mg GAE 100 g' dry matter. High concentrations of
phenolics were detected in the samples, where the ratio
of honey and carrier was 1:1 (Figure 1). The sample,
which contained mannitol, showed the highest content
of total phenolics.

Difference in the content of total phenolic
compounds in the samples, where the proportion
of honey and carrier was 1:2, was not statistically
significant (p>0.05). Total phenolic content was
analysed in buckwheat honey, which was used for
drying experiments. The content of total phenolic
in the honey sample was 175 mg GAE 100 g' dry
matter. Statistically the difference in values between
buckwheat honey and obtained dry food products was
not significant (p>0.05). Samborska and co-workers
(Samborska et al., 2019) also used maltodextrin as
carrier in their spray drying experiments to obtain honey
powder. In the research, the scientists used different
formulations of rapeseed honey and maltodextrin.
The highest content of total phenolics was detected in
the sample, where honey and maltodextrin ratio was
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80:20. In their case, spray drying with dehumidified
air was performed to obtain honey powder. The
determined value of total phenolics was 78.5+3.7 mg
GAE 100 g'! dry matter (Samborska et al., 2019).

Antiradical ~activity was examined using
2,2-diphenyl-1-picrylhydrazyl ~(DPPH’) reagent,
which in reaction with antioxidants forms a yellow
solution, which is the colour of the reduced form of
DPPH. The absorbance of the coloured solutions were
measured and used to determine the antiradical activity
of analysed samples. The antiradical activity of the
analysed samples were expressed as IC, value. The
IC,, value shows the ability of sample to inhibit 50%
of free radicals. The lower IC, value of the sample
is detected, the greater ability it has to neutralize free
radicals. The obtained IC,; values ranged from 6 to
12 mg mL"! (Table 2). The powders, which contained
mannitol, showed the lowest IC,  values, and they
had a greater ability to neutralize free radicals than
the powders, which contained maltodextrin. The
reason, why mannitol showed a greater ability to
neutralize DPPH, is that mannitol also has antioxidant
properties (den Hartog et al., 2010). The IC, value of
used buckwheat honey was 3+2 mg mL"!. Comparing
both used carriers and their influence to antiradical
activity in powders, maltodextrin showed statistically
significant influence to the antiradical activity
(p<0.05), but mannitol’s influence was not statistically
significant (p>0.05).

The freeze-drying process involves very low
temperatures and pressure, which allow to protect
temperature sensitive phenolic compounds from
degradation (Kaialy & Nokhodchi, 2015). As honey
is a hygroscopic food product, it is difficult to obtain
dehydrated honey without adding carrier materials
(Ganaie et al., 2021). Obtaining dehydrated honey
samples by this method was not time efficient and
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in the experimental formulations. The obtained
powdered samples, which contained honey and
mannitol, showed the highest content of total phenolic
compounds than the samples, which contained honey
and maltodextrin at the same ratio.
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Abstract

Sustainable development is playing an increasingly important role in today’s society, and it is essential for companies
seeking to meet the needs of the market to pay increasing attention to the application of sustainable development
principles in their operations. The enterprise food distribution system is one of the essential activities ensuring
the company’s competitiveness in food sector, which ensures timely production and quality of customer service.
Nevertheless, the compliance of the company’s distribution system with the principles of sustainable development
is a major challenge for most companies. The company’s goal of sustainable development must not forget the
main goal - the pursuit of profit; therefore, it is necessary to clearly define the main strategic activities, criteria and
evaluation system that would help identify the most suitable solutions for the company to meet both sustainability and
profitability expectations. To this end, it is necessary to integrate the institutional dimension and to analyze the food
distribution system at the strategic level.

The paper analyses the impact of sustainable development on food distribution system to determine which
activities are most responsive to sustainable development and company’s goals. The main purpose of the model,
presented in the paper, is to help the business sector integrate sustainable development principles effectively in food
distribution system, considering the significance of ongoing factors in the system for sustainable development. As
study result presented evaluation of international company food distribution system in the context of sustainability
according to institutional dimension by identifying value of criteria’s and evaluation main activities in a company
distribution system.

Key words: distribution system, sustainable development, institutional dimension, Simple Additive Weighting

(SAW).

Introduction

In the modern concept of sustainable development,
the institutional dimension is rarely singled out as
a separate component of sustainable development.
Certain aspects of this dimension are included in the
economic, social or environmental, technological
fields, so it is very difficult to identify a clear dividing
line between all the components of sustainable
development. Research has shown that a company’s
social, economic, environmental issues can be directly
integrated only at the institutional level, so the
concept of institutional dimension was proposed more
than a decade ago (Spangenberg, 2014). Institutional
importance has also been emphasized by other authors
(Bleischwitz, 2003; Baumgartner & Rauter, 2017),
who argue that it is managers who are responsible
for political decision-making in an organization,
eco-efficient innovation, performance control, and
regulatory mechanisms for the social well-being of its
members and society.

The institutional dimension can be analyzed from
several aspects of external interaction - the interaction
of the enterprise as an entity with state and public
institutions or as an internal interaction by involving
the integration of the principles of sustainable
development into the management of the company’s
activities. Strategic management is a specific and
distinctive feature of any company. This article
analyzes the institutional dimension through the prism
of internal interaction by modeling the institutional

dimension actions that unfold in the food distribution
system strategy development model.

Engert et al. (2016) believe that the institutional
dimension at the enterprise level could coordinate
other dimensions of sustainable development and
thus accelerate the implementation of sustainable
development provisions in the business environment.
By exercising ethical and moral principles, companies
not only exercise the powers, rights and responsibilities
conferred on them by government, but also create
an environment in which sustainable development
initiatives are launched.

In order to identify the institutional dimension
of the food distribution system in the sustainable
development strategy model, it is necessary to identify
the main components of strategy development and
management in the business sector enterprise in
organizing food distribution system.

Analyzing the company’s goals and their
relationship with sustainable development Danciu
(2013) states that sustainable development should be
perceived as the company’s most important goal, but
this contradicts the basic business principles, because
the company’s priority goal is to make a profit. Thus,
if the implementation of the sustainable development
strategy starts to contradict the profitability of the
company, there would be a contradiction regarding
the need and possibilities of sustainable development
integrity in the process management of the company.
Results can only be achieved by combining these two
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groups of objectives and integrating sustainability
into the company’s strategy, but not by developing
a separate sustainable development strategy. It
should be noted that when analyzing the expression
of sustainable development at the level of company
strategy development, the institutional dimension
becomes equivalent to other sustainable development
dimensions and must be integrated into the entire
process management of the company.

Baumgartner (2014); Mohammed, Muff (2015)
argue that the key question for modern business is
not why a firm should be sustainable, but how a firm
can be sustainable. Taylor (2013) emphasizes the
integration of sustainability into the vision, mission
and value system. The author proposes to integrate the
principles of sustainable development in a systematic
way, starting from the vision and goals, gradually
moving to planning, decision-making and strategy
adjustment.

Problem of the research. The main goal of
business enterprises is to make a profit, but in the
face of globalization, the sustainable development
of enterprises is playing an increasingly important
role. Therefore, a clear problematic question arises -
how can a company properly integrate the principles
of sustainable development at the strategic level in
order to achieve operational efficiency of the food
distribution system while increasing the company’s
sustainability?

Aim of the research. To develop and test in practice
a selection of alternative decisions of the strategy
model of food distribution system in the context of the
institutional dimension using multi-criteria evaluation
method.

Objectives of the research:

- to review the basic theoretical aspects of
organizing food distribution logistic system in
the context of institutional dimension;

- to create a model and an evaluation tool of
strategy selection according to the expression
of the institutional dimension in the food
distribution system;

- to test in practice the suitability of the tool
developed in a food distribution company in
the context of institutional dimension.

The solution to this problem is complex and
requires a systematic approach. A systemic approach
does not mean solving all aspects of a complex
problem at once, but it does allow us to see the big
picture: to break it down into separate components,
to analyze them, to highlight the most important, and
finally to integrate them into a whole.

The selection of strategy must take into account
the impact of its implementation in increasing the
company’s ability to meet the requirements and
expectationsofstakeholders. Withregardtothecontent

of this component, it is proposed to choose a strategy
based on the results of the analysis and evaluation
of strategic alternatives according to the criteria
(Matwiejczuk, 2013; Lichocik & Sadowski, 2013;
Saufia et al., 2016). This issue should be considered
from a slightly different perspective, suggesting
that the results of the analysis and evaluation of the
institution’s SWOT and its operational problems
be taken into account in the design and adoption
of the strategy. In addition, when analyzing and
evaluating strategic alternatives, they suggest taking
into account the potential of the company resources
and the response of the institution’s stakeholders to
the implementation of the strategy. Hadas (2014)
reveals the essence of decision-making and decision-
making in implementing strategic goals, provides
strategy selection according to an integrated criteria
(acceptability to the institution’s stakeholders,
decision-makers and their implementers,
compatibility with the institution’s mission, values
and philosophy).

Summarizing the various scientific opinions, it
can be stated that most of them emphasize the need to
analyze and evaluate strategic alternatives according to
various criteria. The synthesis of diversity in terms of
the set of tasks of the component under consideration
and their content allows defining the following
generalized content of the proposed component of the
institution’s strategic planning model: compilation of
strategic alternatives, the results of the analysis and
evaluation.

Materials and Methods

In order to more clearly identify and systematize
the authors’ information, a model for the development
of a sustainable strategy of the food distribution
system is formed, which is formed considering the
expression of the institutional dimension in the
strategy development phase. The content of strategic
planning for sustainable development consists of
different activities from analysis till searching for
improvement opportunities (Figure 1).

The developed model is of a flexible type in
order to achieve continuous process management and
improvement opportunities.

By developing the strategic management of
enterprises and integrating the main components of
sustainable development, the model is constructed
in order to reveal the main strategic decisions in the
context of institutional dimension.

The model is conceptual and starts with classical
strategic decisions and management. In order to
reveal the institutional dimension in the preparation
of the strategy, the first step is the analysis of the main
factors that are implemented in the company under the
institutional dimension.
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Analysis of the company's
activities in the context of [
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Mission M Vision / Goal
Adjustment for Sustainakle
Development

Developing a Sustainable
Development strategy

Tdentification of Sustamable
= Development measures and
strategic altematives

Setting criteria for Sustainable
Development

L]

Evaluation of decizions with an
Institwtional Dimension

Implementation of selected
activities with an institutional
dimension

Search for mprovement
opportunities

Figure 1. Model of food distribution system
development in the context of institutional
dimension.

After clearly defining the company’s goal, vision,
mission, objectives and the possibilities of their
links with sustainable development, the process of
identifying and evaluating sustainable development
measures / strategic alternatives is transitioned.

Once alternatives to strategic solutions have been
developed (Table 1), they need to be compared and
evaluated. This requires evaluation criteria. A criterion
is defined in the literature as a measure of evaluation, a
quantity expressed quantitatively or qualitatively that
provides information necessary for decision-making.
In summary, a criterion is an indicator by which an
assessment is made and the information obtained
during this process is used to justify decisions.

In order to evaluate the alternatives of the selected
strategy of food distribution systems, it is necessary to
provide evaluation criteria on the basis of which this
would be done.

Researchers identify various criteria for strategic
decisions, but the most common recurring ones in
the distribution system are twelve: compliance with
the strategic goals of the company; flexibility of
strategic decision; advantage of a strategic decision
over competitors, adequacy of human resources;
compatibility with economic factors; compatibility
with social factors; compatibility with technological
factors;  compatibility with ecological factors;
adequacy of financial resources; appropriateness of
the payback period; value to the consumer, compliance
of the strategic alternative with the organizational
culture (Sullivan, 2018; Lee, 2012; Weijers et al., 2012;
Shaaban & Scheffran, 2017). The criteria analyze the
external and internal factors that have the greatest
impact on the company’s strategic decisions.

Table 1

Expression of strategic distribution alternatives in the context of institutional dimension (Taylor, 2013;
Dornfeld et al., 2013; Hall et al., 2012)

Types of logistics process
management solutions

Alternatives to logistics process activities

Customers selection Own cargo warehousing

Cargo warehousing for one customer

Cargo warehousing for more than one customer

Mixed
Selection of stored cargo by Long validity
expiration date Short validity

Mixed
Selection of stored cargo according to | Temperature regulation
special requirements Reservoir

Standard
Provision of additional storage Packing
services Sorting

Cutting
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Figure 2. The decision reliability dependence on number of experts (Wright et al., 2019).

Once strategic alternatives have been identified,
there is likelihood that the selected alternatives may not
be appropriate or feasible because they do not meet the
company’s current financial, social or technological
capabilities. Analysis and integration of the goal and
objectives with the sustainable development until the
best consensus is found.

Methods for evaluation. In order to perform an
alternative assessment, it is necessary to choose
the most appropriate method for evaluation. The
management of the activities of companies and the
activities of the food distribution system is attributable
to social phenomena. Multi-criteria assessment
methods are widely used for the analysis of this type
of phenomena and for making managerial decisions.

When conducting factor assessment, the factors that
occur primarily within the company are categorized
as cohesive and refinement factors for distribution
logistics. Sustainability is determined in the context
of sustainable factors. After identifying factors to be
improved, the model looks for opportunities for factor
improvement and assesses the feasibility of factor
improvement in the current situation, in accordance
with sustainability principles.

In the search for opportunities, there is a need
to identify and create a list of alternatives in order
to evaluate and select most suitable ones based on a
sustainability. Significance of the factors has to be
determined by expert method. The number of experts
influences reliability of final decision. We suggest
using the scheme (Figure 2) for determination best
number of experts, according to which we think that
6-7 experts are enough for a reliable decision.

Expert requirements also need to be established:
distribution experience, understanding of
sustainability, achievements in these areas.

For the study, experts were selected from a
leading international capital company providing food

distribution services. The group of companies operates
in 13 countries around the world and has 150 divisions.
The total warehouse area is 1.2 million square meters.
There are three divisions of the company in Lithuania.
The company’s strategy clearly reveals sustainable
development, social responsibility and other
definitions related to sustainable development. One of
the company’s areas of activity is the organization of
food distribution system. All experts have more than
5 years’ experience in logistic sector, and they have
been working with adaptation of main principles of
sustainability in logistics for more than 3 years.

Prior to their assessment, it was important to
establish criteria for the assessment in order that the
assessment could be as objective as possible (Drejeris
& Miceikiene, 2018). To do this, we proposed a scale
of 100 points and total estimates are calculated as
follows (Drejeris & Ozeliené, 2019):

n N
Wl: ZWI@ ,l=1,m (1)7

i=1

where Wie is an estimate of the i-th question by the
e-th expert, n is the number of experts and Wi is the
sum of all i question estimates by all experts.

The equation below is used to establish the relative
importance of the criteria (Drejeris & Ozelien¢, 2019):

m
Wi
i=1

2,

In this case the sum of criteria importance will
always equal one:
m
z I’ll' = 1 ] (3 )’
i=1
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If the result is different, there must be a calculation
error.

The results of the experts’ assessment are better to
present in the form of table.

Then assessment of factors value according to
possibilities for sustainability have to be calculated
by following (Simple Additive Weighting — SAW)
formula (Drejeris & Ozeliené, 2019):

J
T:ZUZKU, 4),
i=l
Where 7 — total value of factors according to
possibilities to be sustainable, K — value of every
factor.

Results and Discussion

For the study, an individual expert survey method
was used under Figure No. 2. A questionnaire was
developed for 6 experts from international company
to assess the relevance of the criteria to the food
distribution system. The results of the evaluation of
experts are presented in Table 2. The experts gave the
highest rank to the compatibility with the company’s
strategic goals (significance 0.12), and the lowest to
the compliance of the strategic alternative with the
organizational culture (significance 0.05).

Once the significance of the criteria has been
established, an assessment of alternatives to the food
distribution system is carried out. Experts among
all 12 criteria had to split 100 points under criteria

important to food distribution system in context of
sustainability in institution dimension. Results were
given in coefficient format.

Under these criteria’s, for food distribution
system strategy creation need in total, the study
evaluates 13 alternatives from 4 different groups
according to 12 established criteria (Table 3).
The nature of the selected criteria corresponds to
the characteristics of the objects being assessed
(Awasthi et al., 2018).

The more alternatives included in the distribution
system management, the clearer the results in order to
make the most appropriate decisions for the company.
We have selected only the possible main strategic
alternatives, which are typical for food distribution
system and possible to be specified if necessary. Such
an option will really increase the flexibility of the
strategy.

Summarizing the evaluation of food distribution
system alternatives in the context of the institutional
dimension, it can be stated that the most appropriate
distribution strategy for a company is: to provide
services, which can be provided to more than one
customer; focus on the storage of long-life products;
implement storage in a standard warehouse; provide
additional packaging and sorting services. The
company can also identify other strategic decisions
which can stem from special needs and activities of
the company for the evaluation and identification
of the most appropriate evaluation system and
methodology.

Table 2
The results of the expert evaluation to determine the significance of the criteria
Expert
El E2 E3 E4 E5 E6 | Significance

Criteria

Consistency with the company’s strategic objectives | 0.12 0.13 0.12 0.11 0.12 0.11 0.12

flexibility of strategic decision 0.06 | 0.06 | 0.05 0.07 0.07 0.05 0.06

advantage of a strategic decision over competitors 0.08 0.07 | 0.06 | 0.08 0.08 0.07 0.07

adequacy and adequacy of human resources 0.11 0.11 0.11 0.09 0.10 0.11 0.11

compatibility with economic factors 0.09 | 0.07 | 0.10 | 0.10 | 0.11 0.09 0.09

compatibility with social factors 0.07 | 0.07 | 0.09 | 0.06 | 0.06 | 0.08 0.07

compatibility with technological factors 0.10 | 0.12 | 0.10 | 0.08 | 0.09 | 0.10 0.10

compatibility with ecological factors 0.06 | 0.05 | 0.05 | 0.08 | 0.07 | 0.08 0.07

adequacy of financial resources 0.10 | 0.10 0.11 0.12 0.10 | 0.12 0.11

appropriateness of the payback period 0.09 | 0.09 | 0.08 | 0.09 | 0.07 | 0.08 0.08

value to the consumer 0.07 | 0.08 | 0.07 | 0.07 | 0.08 | 0.06 0.07

compliance of the strategic alternative with the

organizational culture. 0.05 0.05 0.06 0.05 0.05 0.05 0.05
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Table 3
Evaluation of strategic distribution alternatives in the context of institutional dimension

Types of logistics p rocess management Alternatives to logistics process activities SAW (T)
solutions
Own cargo warehousing 0.0819
. Cargo warehousing for one customer 0.0829
Customers selection -
Cargo warehousing for more than one customer 0.0830
Mixed 0.0824
) o Long validity 0.0838
(Sizi:ctlon of stored cargo by expiration Short validity 0.0835
Mixed 0.0821
. _ Temperature regulation 0.0830
Selegtlon of.stored cargo according to Reservoir 0.0828
special requirements
Standard 0.0832
Packing 0.0832
Provision of additional storage services | Sorting 0.0832
Cutting 0.0831
Conclusions are presented. However, to perform a proper
1. Food distribution logistics management in the assessment of alternatives, it is appropriate to apply

context of institutional dimension is one of
the core activities of a company to increase its
competitiveness, but main decisions must be
done in company’s strategic level. Improper food
distribution management can cause the company
to suffer both financial and customer losses.
The qualitative aspect of distribution logistics is
extensively analyzed in the scientific literature,
but in order to ensure quality, increasing attention
is paid to the sustainable development integrity in
company activities.

In order to create a food distribution system
management model in the context of the
institutional dimension, a systematized
distribution system model and evaluation system
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Abstract

Feline coronavirus (FCoV) is ubiquitous in the domestic cat (Felis catus) population. The aim of this study was to
determine the prevalence and potential predisposing factors of FCoV in cats of an animal shelter in Latvia and to
compare the prevalence between cats in the quarantine area and resident cats in the adoption area. Oropharyngeal and
faccal swabs and blood samples were collected from 40 domestic shorthair cats from an animal shelter in Jelgava,
Latvia. Swabs were analyzed for FCoV RNA by reverse transcriptase-polymerase chain reaction (RT-PCR). Blood
serum samples were tested for FCoV specific antibodies by indirect enzyme-linked immunosorbent assay (ELISA).
FCoV RT-PCR positivity in oropharyngeal and rectal swabs was 7.5% (3/40) and 72.5% (29/40), respectively.
Additionally, FCoV seroprevalence was 67.5% (27/40). The proportion of cats shedding FCoV within the adoption
(72.7%) and quarantine (72.2%) areas was similar (p = 0.55). The prevalence of FCoV faecal shedding in young
cats was significantly higher (p < 0.05) than in adult cats. Sex had no significant effect on FCoV RT-PCR positivity.
Further studies on larger cat population including different population types are needed to determine the overall
prevalence and epidemiological patterns of FCoV infection in Latvia.

Key words: coronavirus (CoV), feline infectious peritonitis (FIP), feline coronavirus (FCoV), cats, animal shelter,

RT-PCR.

Introduction

Coronaviruses (CoVs) are enveloped viruses with
an exceptionally large (27-32 kb) positive-stranded
RNA genome. They are divided into four different
genera: alpha, beta, gamma, and delta coronaviruses
based on their genomic characteristics (Le Poder,
2011). CoVs are a diverse group of viruses that are
common in nearly every species of mammals and
birds (Pedersen, 2014). Because of their large RNA
genome, CoVs have moderate to high mutation and
recombination rate, and this facilitates successful
cross-species transmission (Su et al., 2016). This
paper focuses on feline coronavirus (FCoV) which
is the most common pathogen identified in the faeces
of cats (Felis catus) and is the causative agent of one
of the most researched infectious diseases of cats:
feline infectious peritonitis (FIP) (Pedersen, 2014).
Feline coronaviruses (FCoVs) belong to the genus
Alphacoronavirus and are grouped into two biotypes:
low virulent FCoV which is primarily a pathogen of
the gastrointestinal tract and highly virulent FCoV
which has arisen from spontaneous mutations in
the low virulent FCoV. Highly virulent FCoV has
gained tropism for monocytes/macrophages enabling
systemic spread (O’Brien ef al., 2018) and a subset
of infections (7-14%) with highly virulent FCoV
result in almost uniformly fatal FIP (Addie et al.,
2020). Although highly virulent FCoV is responsible
for the development of FIP, low virulent FCoV is
the real culprit behind the maintenance of FCoV
in multi-cat households, meaning that persistently
infected and shedding cats play a key role in the

epidemiology of FIP (Kipar & Meli, 2014). Once
a cat has been infected with low virulent FCoV,
there is a potential for FIP to develop. Some strains
are more prone to cause FIP than others. FCoV is
endemic in the domestic cat population worldwide,
especially within multi-cat households and catteries
with seropositivity rates approaching 90% (Tekes
& Thiel, 2016). There is currently no approved
treatment for FIP and no effective vaccine against
FCoV (O’Brien et al., 2018); therefore, detection and
removal of FCoV shedders, as well as good hygiene
practices are the essential tools for preventing
transmission of FCoV. The importance of FCoV is
not limited to the cat population only, as cats live
in close contact with humans and are the most
frequently kept species of companion animals (106
million) in Europe (FEDIAF, 2019). Knowing the
high densities of domestic cats, the high prevalence
of FCoV and the fact that CoVs are continuously
adapting themselves to new hosts, FCoV cannot be
neglected in terms of the One Health concept. There
is considerable knowledge on the prevalence of FCoV
and associated risk factors in many countries, but at
the present time information on the current burden of
FCoV in shelters in Latvia has not been examined;
however, epidemiological results can differ among
geographic locations (Worthing et al., 2012). The aim
of the present study was to estimate the prevalence
and potential predisposing factors of FCoV in cats
of an animal shelter in Latvia and to compare the
prevalence between cats in the quarantine area and
resident cats in the adoption area.
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Materials and Methods
Study population

Samples from 40 domestic shorthair cats (22 male
and 18 female) were collected from an animal shelter in
Jelgava, Latvia, between September 2020 and January
2021. Examined cats were housed in a quarantine zone
for incoming cats and in an area designated for resident
cats. Age was provided by the owners who surrendered
their cats or estimated by shelter staff in stray cats. The
youngest cat tested was 2 month old, but the oldest
was 12 years old; they were categorized as juvenile
(<1 year) and adults (>1 year). The clinical condition
of all cats enrolled in this study was not an excluding
factor. The study was approved by the Committee for
the Protection of Animals Used for Scientific Purposes
of the Food and Veterinary Service of the Republic of
Latvia (certificate of approval No 119).
Sample collection

From each cat two polyester-tipped swabs
(oropharyngeal and rectal) and one blood sample were
collected. No anesthetic when collecting the samples
was used, only proper handling, and a minimum of
physical restraint. For swab collection, transport,
and maintenance UTM® paired with COPAN FLOQ
Swabs® were used. Commercial UTM™ conical
tubes were filled with 3 mL UTM™ medium. Half of
the viral transport medium was poured into sterile 1.5
mL Eppendorf Tubes® before taking the swabs. For
the collection of oropharyngeal specimen, the minitip
size swab was inserted into the caudal oropharynx
and tonsillar areas. The sample was collected by
rubbing the polyester-tipped shaft against the caudal
oropharynx while trying to avoid contact with the
tongue, teeth, and gums. Then the swab was inserted
into the UTM™ tube until the breakpoint was level
with the tube opening and the swab shaft was broken
off at the breaking point. The second regular size swab
was inserted 1.0-1.5 cm into the rectum. The sample
was collected by gently rolling the swab against the
rectal mucosa, then the swab was inserted in the pre-
filled Eppendorf Tube® and the shaft was cut leaving
a tip of the swab into viral transport medium. For
blood collection vacuum tube with clot activator and
23-gauge butterfly catheter were used. The cephalic
vein was occluded with a tourniquet, the venipuncture
site was clipped and cleaned with 70% isopropyl
alcohol pad. Subsequently, the butterfly catheter was
inserted intravenously. From each cat about 0.7 to
1.5 mL of peripheral blood was obtained. Then the
tourniquet was released, the catheter was withdrawn
and pressure to the puncture site was applied.
Serological testing

All blood serum samples were tested for the
presence of specific antibodies to FCoV by an indirect
enzyme-linked immunosorbent assay (ELISA) using
a commercial INGEZIM CORONA FELINO indirect

ELISA kit (Ingenasa, Spain). The procedure of the
test was carried out according to the manufacturer’s
instructions. Briefly, a commercial plate is already
coated with the specific FCoV antigen. For the
reaction 200 pL of serum dilution 1/200 were added
to the plate and incubated. If the samples contained
specific antibodies to FCoV, they bound to the antigen.
The plate was washed and the specific peroxidase
conjugate was added. The second washing of the plate
followed and the substrate was added to the wells. The
Multiskan FC® spectrophotometer (Life Technologies,
Singapore) was used to measure the optical density
(OD) of the colorimetric reaction. The cut-off value
was determined according to the user manual of the
kit. The samples with an OD value higher than the
cut-off were considered positive and having specific
antibodies to FCoV. The samples with an OD value
lower than the cut-off were considered as negative for
the presence of specific antibodies to FCoV.

Detection of FCoV by reverse transcriptase-
polymerase chain reaction (RT-PCR)

Viral RNA was extracted from 200 pL of sample
using the IndiSpinPathogen kit (INDICAL, Leipzig,
Germany). The RNA was eluted in 100 uL of elution
buffer and stored at —80 °C. CoV screening was
performed by a pan-coronavirus one-step RT-PCR
followed by sequencing of the amplified product
(440 bp) to confirm CoV identification. PCR was
performed by adding 5 pL of extracted RNA to
20 pL of the SuperScript™ III One-Step RT-PCR
System with Platinum™ 7ag DNA polymerase
kit (Invitrogen, Carlsbad, USA) reaction mixture
containing 0.5 puM of each primer (RdRP2-F
GGTTGGGACTATCCTAAGTGTGA and RdRP2-R
CCATCATCAGATAGAATCATCATA) (Poon et al.,
2005). RT-PCR was carried out at 50 °C for 30 min,
followed by the activation of the DNA polymerase
at 95 °C for 2 min, and by 40 cycles in three steps:
95 °C for 30 s, 50 °C for 30 s, and 68 °C for 1 min.
An additional extension for 10 min at 68 °C was
added at the end of the run. The RdRp PCR products
were enzymatically purified using Exol and FastAP
(Life Technologies, Fermentas, Lithuania) and were
subjected to nucleotide sequence analysis.

Statistical methods

Descriptive statistics for the age of the cat, sex,
area in the shelter and FCoV status in all sample types
was calculated using Student’s t-tests for unpaired
samples. P-values of less than 0.05 were considered
statistically significant. Additionally, the Pearson
correlation coefficient was calculated for RT-PCR and
ELISA results.

Results and Discussion
A total of 40 cats from a single shelter were
included in the study, of those 22 (55%) resided in the
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Table 1

RT-PCR and indirect ELISA results according to animal sex and age

RT-PCR Indirect ELISA
Factor | Category rectal swabs oropharyngeal swabs serum samples
(FCoV RNA) (FCoV RNA) (FCoV specific antibodies)
(No. Positive/Total samples) (No. Positive/Total samples) (No. Positive/Total samples)
Sex Male 16/22 1/22 12/22
Female 13/18 2/18 15/18
Age <1 year 13/14 0/14 9/14
>1 year 16/26 3/26 18/26

adoption area and 18 (45%) were kept in quarantine.
The overall prevalence of previous or ongoing FCoV
infection was 82.5% (33/40). Out of the 40 cats, 29
cats (73%) were shedding FCoV, but 27 cats (68%)
had anti-FCoV antibodies. There was no significant
difference (p = 0.55) between the proportion of cats
shedding FCoV within the adoption (72.7%) and
quarantine (72.2%) areas. These results demonstrate
that compartmentalization of the particular shelter into
individual sections did not reduce transmission of FCoV
and different prevention strategies for FCoV infection
should be applied. Shedding cats are responsible for
the persistent presence of FCoV in the domestic cat
population (Felten et al., 2020) therefore, in order to
avoid continual reinfection, shedders must be isolated.
In previous studies estimated FCoV seroprevalence
in multicat environment was highly variable, ranging
from 25.6% in the United Kingdom (Cave et al., 2004)
to 82% in Italy (Pratelli, 2008) depending on various
factors such as population density, husbandry practices,
time spent in the shelter before sampling, age, breed,
and health status (Cave et al., 2004). Faecal shedding, as
determined by RT-PCR from rectal swabs, in previous
studies with mixed-breed cats in multicat environment
was similar to our results. The overall prevalence of
FCoV infection in the cat population in Malaysia and
Germany was 70% (Sharif et al., 2009) and 76.5%
(Klein-Richers et al., 2020), respectively.

The whole study population consisted of 22 (55%)
neutered males and 18 (45%) neutered females. We
found no significant correlation between FCoV-
positivity and the sex of the cats (p = 0.55). FCoV
prevalence in male cats (72.7%) was almost the same
as in female cats (72.2%). Among the 29 FCoV-
positive cats, 13 (45%) were less than 1 year old and
16 (55%) were older than 1 year. Prevalence of FCoV
fecal shedding in young cats (92.9%) was significantly
higher (p < 0.05) than in adult cats (61.5%) (Table 1).
We observed that young age was the only significant
factor associated with FCoV shedding (RT-PCR
positivity in rectal swabs). Our findings support

previous studies that found a significant correlation
between FCoV-positivity and the young age but no
significant association between FCoV-positivity and
sex of the cats (Klein-Richers et al., 2020; Pedersen,
Allen, & Lyons, 2008).

FCoV RNA was detected in 3/40 (7.5%)
oropharyngeal swabs and in 29/40 (72.5%) rectal
swabs but FCoV specific antibodies in 27/40 (67.5%)
blood serum samples. The proportion of positive rectal
swabs potentially could be even higher because only
a single rectal swab from each cat was analyzed and
according to previous studies, 70-80% of infected cats
are intermittent shedders (Klein-Richers et al., 2020).
Overall, 85% (23/27) of FCoV specific antibody-
positive cats shed FCoV in their faeces. There was a
moderate positive correlation between the presence of
FCoV specific antibodies and FCoV shedding in feces
(r=0.41,p <0.01). This observation is in accordance
with previous reports which showed that cats with
antibodies were more likely to be the virus shedders
than non-shedders (Felten et al., 2020; Pedersen,
Allen, & Lyons, 2008).

However, the prevalence of FCoV in shelter cats
cannot be extrapolated to the overall cat population
of Latvia. Further studies on larger cat population
including different population types are needed to
determine the overall prevalence and epidemiological
patterns of FCoV in Latvia.

Conclusions

1. Inthis study, the prevalence of previous or ongoing
FCoV infection in cats of an animal shelter in
Latvia was 82.5%; additionally, young age was a
predisposing factor for FCoV infection.

2. The difference between cats shedding FCoV within
the adoption (72.7%) and quarantine (72.2%)
areas was not significant (p = 0.55), thereby new
prevention strategies should be applied to reduce
FCoV infection and control FIP outbreaks since
compartmentalization did not decrease the spread
of FCoV.
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Abstract

Every year, efforts are applied worldwide, particularly in the European Union, to improve health care systems by
increasing the added value of resources already available for health care financing by increasing the performance
of health care systems. According to experts of the World Health Organisation (WHO) and the Organisation for
Economic Cooperation and Development (OECD), 20-40% of the resources are used for complications that could
be avoided, for unnecessary treatment or administrative inefficiency. Therefore, a new initiative to improve health
performance — the value-based health care concept (VBHC) is becoming increasingly popular in the world, and
particularly in Europe.

This scientific article aims to explore the possibilities of applying VBHC in Latvia and the interaction between various
management tools in the field of health care. Application of the VBHC concept in Latvia is offered for discussion,
where the outcome of the corresponding measure would be identified for each health service provider as part of a
one-patient (care) pathway involving several independent health service providers. Based on the Health Care System
Performance Assessment (HSPA), clinical (patient) pathways and indicators, to initiate an integrated VBHC model in
four priority areas: circulatory system diseases, oncology, mental health, maternal and child health.

Meta-analysis of the research is based on the use of qualitative data sources — the existing data sources from policies
implemented by the Ministry of Health in Latvia and examples of the introduction of VBHC initiatives worldwide
summarised by the VBHC Center Europe. The deductive research is based on the Value-Based Healthcare concept
introduced by Porter and Teisberg (2007).

Key words: Health System Performance Assessment; VBHC; Health policy, Patient pathway; Scorecards; Outcome

Measures.

Introduction

Every year, efforts are applied worldwide,
particularly in the European Union, to improve
health care systems by increasing the added value of
resources already available for health care financing,
by increasing the performance of health care systems.
This issue is relevant for Latvia, where financing
allocated to the health sector from the general
government-subsidised sectors is one of the lowest
among the OECD countries (4.03% of GDP in 2018,
3.53% in 2017, 3.73% in 2016, 3.75% in 2015,
3.80% in 2014) (Petersone, Ketners, & Erins, 2019;
OECD, 2020), due to the need to ensure the efficient
functioning of the system within the limited resources.

According to experts of the World Health
Organisation (WHO) and the Organisation for
Economic Cooperation and Development (OECD),
20-40% of the resources are used for complications
that could be avoided, for unnecessary treatment or
administrative inefficiency (OECD, 2017). There of
a new initiative to improve health performance — the
value-based health care concept (VBHC) is becoming
increasingly popular in the world, and particularly
in Europe. Several bright examples of using the
value-based health care concept can be mentioned.
Martini Klinik (Hamburg, Germany) for the treatment
of prostate cancer (Porter, Deerberg — Wittram, &
Feeley, 2019). The Karolinska University Hospital

(Stockholm, Sweden) reorganised its structure from
the classical departments into 270 integrated practice
units (IPUs). Netherlands — outcomes of cardiac
interventions are collected in a nationwide initiative
(Meetbaar Beter). Diabeter (Netherlands) Dutch-
certified clinic network that specialises in providing
comprehensive and individualised care for children
and young adults with type 1 diabetes (Deerberg-
Wittramand & Lidtke, 2016). Boston Children's
Hospital (BCH) (USA) aimed to be a worldwide leader
in improving children’s health through the provision
of high-quality care, cutting-edge research, teaching
and local community outreach (Kaplan, Witkowski, &
Hohman, 2012). French ophthalmic centres —Institut
Ophtalmologique Sourdille Atlantique, University
Hospital in Nantes and Chénieux Ophtalmologie at
Polyclinique de Limoges — have recently adopted
the standard set for cataract surgery developed by
the International Consortium for Health Outcomes
Measurement (ICHOM).

Latvian scientists, policymakers and practitioners
have also expressed interest in value-based health care
and all benefits that such an initiative can provide.
Thus, Barzdin$ et al. (2019), having analysed the
treatment of myocardial infarction (AMI) in Latvia
by using administrative data, have concluded that the
results obtained from the research confirm that the
quality and results of AMI treatment in entire Latvia
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Table 1
Non-financial Targets
Sub-target Performance indicators Dimensions

Service Ratio of number of practitioners and nurses input

availability Total number of patients in hospital/outpatient output
Number of beds in a medical institution input
Average waiting time to receive a consultation from an outpatient specialist process

Efficiency of Average duration of treatment in a hospital process

services Average loading of beds in a 24 h in-patient clinic output
Average load of CT and magnetic resonance equipment output
Share of functional specialists from all employees input
Proportion of working medical practitioners in the age group 2540 from the total | input
number of medical practitioners

Quality of Patient mortality rate, number and proportion outcome

services Number of complications outcome
Proportion of medical practitioners working overtime during the period input
considered
Volume of patients released home who were re-hospitalised on the same or next | outcome
day

Knowledge Independent research activities output

transfer Students education and professional development process of practitioners and output
medical support persons

(Barzdins et al., 2019) should be improved by taking
concrete measures. In the context of structural reforms,
a number of projects financed by the European
Structural Fund have been implemented — Health Care
System Performance Assessment (Baltane, 2018),
“Development and Introduction of Guidelines for
the Health Care Networks Development and Quality
Assurance Systems within the Priority Health Care
Areas”, “Establishment of a Public Monitoring System
for the Quality and Efficiency of Health Care”.

However, the assessment of different aspects of
health care sector alone does not create a mechanism
for improving the functioning of all parties involved in
the health system, particularly at the level of clinical
university hospitals.

This scientific article aims to explore the
possibilities of applying VBHC in Latvia and the
interaction between various management tools in the
field of health care.

The main idea of the research is to arise discussions
on VBHC valuables among scientists, policy makers,
non-governmental organisations, doctors’ associations
and health services providers in Latvia regarding who
should step with an initiative and how the VBHC
interpretation in Latvia should look like conceptually.

Porter and Teisberg (2007) introduced the value-
based healthcare concept as a reform strategy for health
care systems, which is market-based but conducted by

doctors. “The right kind of competition—competition
to improve results-will drive dramatic improvement”
(Porter & Teisberg, 2007; Porter & Lee, 2013; Porter,
2010). Still, Vainieri et al. (2020) took a holistic view
regarding the value-based concept, which means a less
individually-focused approach (patient-centred), as
initially claimed by Porter (2010), and a more socially
inclusive perspective that considers, for instance, equity
aspects. When discussing the integration of VBHC into
the Latvian health care system, a holistic approach of the
concept should be discussed, focusing on shifting the
focus of attention from the volume of services (output) to
the value or results achieved (outcome) within all levels
of health service providers, emphasising that the value
is not measured according to the health care process
used (process). Still, measuring and improving is an
important tactic, but it cannot replace the determining
of results and costs. Table 1 summarises non-financial
targets, according to which state companies of the
Latvian health care sector assess their operation (Cross-
Sectoral Coordination Centre, 2018).

As we see from Table 1, regarding non-financial
targets, the volume of services is mostly assessed at
state companies in Latvia, and only in certain cases the
service value. When evaluating activities of hospitals,
Table 1 reflects a number of performance aspects, but
these indicators do not reflect personal value, technical
value, allocative value and public value in the VBHC
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context (EC, 2019), whereas strategic financial
objectives are in compliance with the principles of
good management of public companies.

Materials and Methods

As the research method, meta-analysis based on the
use of qualitative data has been chosen — the existing
data sources from policies implemented by the Ministry
of Health in Latvia and examples of the introduction
of VBHC initiatives worldwide summarised by the
VBHC Center Europe. The deductive research is based
on the Value-Based Healthcare concept introduced by
Porter and Teisberg (2007).

Based on qualitative data, conclusions have been
reached and a pragmatic approach has been proposed
to systematically assess the performed activities, the
application of specific policies and the implementation
strategy for assessing and developing the performance
of the health care system in Latvia, combined in an
integrated initiative to implement the value-based
health care concept.

“Assessment of the performance of health care
systems is a valuable factual material that helps in
policy-making. It can also be seen by healthcare
providers as a strategic framework for monitoring
progress and evaluating best practices by linking
health indicators to the health system strategy and
functions” (EC, 2020). Health Systems Performance
Assessment (HSPA) has established a set of indicators
that describe the following health care dimensions:

* resources (input) (finances, human resources

and other provision);

» process (process) (e.g., accessibility, quality,

safety);

o short-term result (outcome) (e.g., received

care, mortality);

e long-term result (outcome) (e.g., survival).

Noto et al. (2019) built upon the Donabedian
conceptual model, the HSPA framework for Latvia
has been characterised by four main domains, which
are Structures, Processes and Outcomes, organised
in multiple key dimensions, namely, Financial
Resources, Human Resources and Equipment
(Structures), Efficiency, Quality, Safety, Prevention,
Demand Management, Equity, Accessibility and
Health Status (Processes and Outcomes). Due to the
lack of available data, the Patient Experience domain
has not been populated by indicators yet. HSPA have
been identified within the domains of Processes and
Outcomes. At present, the framework consists of
the overall number of 191 indicators classified in
the domains, dimensions and pathways as portrayed
(Noto el al., 2019), i.e. 23 structure indicators, 80
process indicators and 88 outcome indicators.

HSPA provides benchmarking of indicators in
Latvia. Depending on the indicator, the assessment

is performed at the international, regional, local
and health service providers’ level. The indicators
(performance) generally focus on four priority areas:
circulatory system diseases, oncology, mental health,
maternal and child health. The framework foresees
the benchmarking of indicators (performance)
(Lepiksone, 2019), which have an informative nature
at the level of health service providers.

In addition, in these four priority areas of the
project co-financed by the European Social Fund, to
implement “the development and implementation of
guidelines for the development of health care networks
and quality assurance systems within the framework
of priority health care areas”, clinical guidelines and
the relevant clinical algorithms, clinical (patient)
pathways and indicators for the four priority areas
have been identified. In order to improve the quality
of the patient health care, 115 clinical algorithms and
92 clinical patient pathways will be developed over
the coming years (SPKC, 2010).

A management mechanism is missing where each
independent health service provider is responsible for
its service and, at the same time, would be interested
in achieving the overall outcome. All health systems
face similar challenges. The European Union Member
States are introducing Value-Based Health Care
(VBHC) to improve individual health conditions.

The European Institute of Innovation and
Technology (EIT), in its “Handbook for Pioneers —
Implementing Value-Based Health Care in Europe”,
has developed the VBHC implementation matrix. The
implementation matrix is based on six dimensions and
nine matrix elements: Condition, Partnering (External
Collaboration and Internal Forces), Comparing,
Rewarding (Investments and Incentives), Improving,
Recording (Data platform and Scorecard).

Scorecard defines processes, costs and outcome
indicators while applying case-mix adjustment. The
scorecard aims to measure the value of care for a
specific condition, by incorporating a minimal set
of process, outcome and cost indicators. Process
measures how care was delivered. Outcomes measure
the impact on patient health status. Costs measure the
money spent to achieve these outcomes. Combined,
these three metrics track changes to detect variation
over improvement cycles (EIT Health, 2010).

According to their structure, the clinical (patient)
pathways and corresponding indicators, which are
developed in Latvia in the context of the reforms,
correspond to the scorecard aims defined by
“Handbook for Pioneers — Implementing Value-Based
Health Care in Europe”.

Results and Discussion
Conceptually, VBHC makes it possible to function
at the level of the health care system (P&tersone,
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Figure 1. The Outcome Measures Hierarchy (developed by the authors based on Porter 2010).

Ketners, & Erins, 2020), whereas in Europe it is
mainly used at the level of health care providers
(VBHC Europe, 2020). Taking into account the
Latvian health care financing model, population and
the special features of the health services management
systems (P&tersons ef al., 2019), the authors offer the
discussion on the application of the VBHC concept in
Latvia at the level of the health care system, where,
within the framework of one patient’s (care) pathway,
with involvement of several independent health
service providers, the outcome of the corresponding
measures would be identified for each health service
provider. Based on existing HSPA, clinical (patient)
pathways and indicators should initiate an integrated
VBHC model in four priority areas: circulatory
system diseases, oncology, mental health, maternal
and child health. It is necessary to complement the
VBHC model with missing indicators to better reflect
the VBHC model in Latvia. In addition, it is proposed
to create a cascade of indicators based on the Outcome
Measures Hierarchy by Porter (2010) (Figure 1).

In line with Porter (2010), the VBHC Outcome
Measures Hierarchy can be recommended for Latvian

circumstances, which provides three assessment
levels for the system. Tier 1 is the health status that is
achieved or retained (Survival and Degree of health or
recovery). Tier 2 outcomes are related to the recovery
process (Time to recovery and time to return to normal
activities and Disutility of care or treatment process
(e.g., diagnostic errors, ineffective care, treatment-
related discomfort, complications, adverse effects)).
Next Tier 3 is the sustainability of health status, which
can be divided into two sub-levels: Sustainability
of health or recovery and nature of recurrences and
Long-term consequences of therapy (e.g., care-
induced illnesses).

The cascading of indicators is essential for
the inclusion of health indicators identified in the
national planning documents to the strategic planning
documents of health service providers, as individual
indicators can be traceable at regional and municipal
level. The strategy and the strategic action plan of the
health service provider should be based on VBHC
indicators (outcome and process) when defining
objectives, tasks, performance results and indicators
and numerical values. Currently, a group of analytical
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indicators for the performance measurement system is
focused on the performance analysis and improvement
of'the organisational volume indicators. The traceability
of performance and interconnectedness of various
organisational units of the health service provider
would help in management of the operational process.

VBHC offer a complex mechanism of
management, e.g. the VBHC Implementation Matrix,
where one of the elements is Scorecard. HSPA and
the outcome, process and structure indicators of the
clinical (patient) pathway conforms in their structure
to the Porter’s Outcome Measures Hierarchy.

In the strategic purchasing context, the outcome
and process indicators of the health service providers
can be one of the Criteria for Section of a Health Care
Facility and Signing of a Mid-Term Contract on Heath
Service Provision (P&tersone et al., 2020; Van Veghel
etal.,2018).

The health service providers are starting to collect
parameters for Patient Reported Experience Measures
(PREMs) (Slawomirski ez al., 2018) increasingly
more often. Latvian Clinical University hospitals
have started collecting data from PREMs, as well
as have been involved in the project financed by the
European Structural Fund for the development and
implementation of the PREMs system. Although
PREMs are not classified as a health outcome measure,
rather as a process measure, such information is an
important source in improving the management of
hospital processes that will allow to improve care in
line with expectations of patients.

Patient reported outcome measures (PROMs)
are longitudinally collected to measure effectiveness
within clinical trials or for improving individual
patients’ health status by means of his or her reported
functional, psychological and social outcomes (Van
Der Wees et al., 2014). PROMs data are not collected
in Latvia; however, it is an innovative policy also in
Europe (Pennucci, Rosis, & Passino, 2020). The PaRIS
survey fills a critical information gap in primary care,
focusing on PREMS and PROMS. The Patient-reported
Indicator Surveys (PaRIS) initiative of the Organisation
for Economic Cooperation and Development (OECD)
is currently in its design phase (OECD, 2020).

The most complicated and contentious issue is
and remains cost accounting and accounting per
one patient. Within the framework of the values,
the corresponding total costs are used in the single
patient’s full cycle of care. Costs per patient are a
hard-to-measure indicator for a number of reasons,
mainly because hospital cost accounting systems

References

are departments, not patients, and they are intended
for settlements for transactions payable under pay-
per-service contracts. Large health service providers
who want to introduce VBHC to justify a cost per
patient are recommended to use the Time-Driven
Activity-Based Costing (TDABC). (Beck da Silva
Etges, Polanczyk, & Urman, 2020; Cidav et al., 2020)
TDABC, just as the VBHC initiative is based on
scorecard identification (Keel ef al., 2017).

Conclusions

By showing their own initiative, leading health
service providers in FEurope are increasingly
introducing a value-based healthcare concept (VBHC)
into their work organisation.

Conceptually, VBHC provides for the possibility
of functioning at the healthcare system level; however,
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functioning of the health system, particularly at the
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Abstract

The dramatic change in various spheres of daily life caused by the COVID-19 virus epidemic has had many ambiguous
effects on the Latvian fisheries sector.

As part of a national research program project reCOVery-LV to study the virus’s effect on the supply chain, LLU
researchers concluded that Latvian fish processing demonstrates a multidirectional effect. The interpretation of
statistics and the interviews conducted confirmed the hypothesis that the virus has had negative and positive effects
within one sector of the economy. This industry heterogeneity places high demands on support criteria, making
them more targeted for successful risk management. The research aims to analyze the fishery sector and identify
the COVID-19 pandemic effect on Latvia’s fish sector. As part of the study, all stages of the fish food chain were
studied, risks were identified, their relative relevance was determined, and measures were proposed to neutralize these
risks. This article summarizes the results of the study, prioritizes the implementation of countermeasures that reduce
risks and are recommended by the results of the risk assessment, and complement the results of the study, identifies
measures aimed at the long-term and sustainable development of the industry, based on the lessons of the COVID-19

pandemic.

Key words: COVID-19 effect, risk management, institutional measures, policy implications, fishery sector.

Introduction

The COVID-19 pandemic in Latvia has imposed
several restrictions on all food system stages,
including the fish food supply chain. The industry and
consumption of fish products in Latvia are embedded
in the global flows of fish raw materials and are subject
to many risks affecting international supply and
demand. Besides, the fishing industry is characterized
by various fish raw materials, with different origins —
both from the European Union (EU) and surrounding
countries and from far abroad.

The fish processing sector differs from other food
industry sectors in various options for all food system
stages. In particular, fish processing, depending on
local and imported raw materials, meets local and
export buyers’ needs. As a result, many identified
risks are characteristic only for some and generally do
not apply to other enterprises in the sector. It makes
it impossible to generalize about “self-sufficiency
in fish in general”. Fishers catch some types of fish,
processors process others for a significant part,
working mainly for export, and consumers consume
the third, mostly imported.

The research aims to analyze the fishery sector and
identify the COVID-19 pandemic effect on Latvia’s
fish sector. The following specific research tasks were
set to achieve the aim: 1) to analyze the fishery sector
in Latvia; 2) to identify the impact of the COVID-19
pandemic on the fish sector in Latvia.

Materials and Methods

As part of the study, interviews were conducted
with fishers, fish breeders, and processors of different
types of fish. The current state and impact of the
COVID-19 pandemic on all stages of the food chain
were studied. Targeted conclusions were made based

on import-export statistics in the type of processing,
type of fish, and relevant markets.

Theoretical Background

Building a sustainable food system is one of the
EU Green Deal programs’ objectives (Kriamer, 2020).
COVID-19 pandemic poses risks and affects the
sustainability of all links in the food chain (Cullen,
2020), highlighting those bottlenecks in food chains
that might have gone unnoticed in the absence of a
crisis but demanded immediate solutions to avoid
system collapse (Shay & Murphy, 2020; Qin, 2020).

There is broad consensus over the definition
of “risk” among leading national and international
standards and guidelines, as well as professional
bodies (Chapman, 1997; Project Management
Institute, 2000). A typical two-dimensional definition
of risk in the realm of management is “An uncertain
event or condition that, if it occurs, has a positive or
a negative impact on a project objective” (Project
Management Institute, 2000). The impact of risk is a
tangible value of downside “in the event of a risk.” The
likelihood is clear that this is a subjective perception
of the interviewees, which cannot be calculated if
only due to the current situation’s uniqueness (Hillson
& Hulett, 2004). Both in the study and this article,
risks are ranked by combining these factors for the
possibility of prioritization.

Many authors and international organizations
state the pandemic consequences and suggest
possible institutional solutions to emerging crises
(FAO, 2020b), (OECD, 2020). Besides, many works
are devoted to the situation and possible political
decisions in the fishery sector (FAO, 2020a; Manlosa,
Hornidge, & Schliiter, 2021; Love et al., 2021).
Specific risks and possible solutions are grouped

RESEARCH FOR RURAL DEVELOPMENT 2021, VOLUME 36

129


https://orcid.org/0000-0002-8467-1949
https://orcid.org/0000-0001-6222-987X
llufb
Stamp

llufb
Stamp

https://doi.org/10.22616/rrd.27.2021.019

Mihails Silovs, Irina Pilvere

THE AMBIGUITY OF COVID-19 EFFECT
ON THE LATVIAN FISHERY SECTOR

according to the food chain stages and are described
in the following parts.

Results and Discussion
Analysis of the Fishery Sector in Latvia

Consumption. Fish is a traditional food for Latvia
due to its geography and history. Latvia residents
consume 24.9 kg of fish per person per year, which is
higher than the EU average (24.5 kg) and significantly
higher than in neighboring Lithuania and Estonia (15.6
kg and 16.3 kg, respectively). Regular consumers,
namely those who eat fishery and aquaculture products
at least once a month, mainly belong to 40—54 and
over 55. Young people (15—24) are less inclined to
consume fish in Latvia and at the EU level. In this
category, regular consumers cover 64% of the total,
which is slightly lower than at the EU level (67%).
Latvians consume mostly fresh and smoked products;
loose fish (66%) is slightly less frequently consumed
than at the EU level (68%) (CSB, 2019).

Latvians spend on fish on average 4.7 times less
than on meat and meat products, while on average in
the EU, this figure is 4.4 times.

The full range of activities required to deliver
fish and fishery products from production to the final
consumer are complex. Each link in the chain is

Production
Caches + Aquaculture

v

Retail

T
gy

susceptible to being disrupted or stopped by impacts
arising from COVID-19. The desired result, human
consumption of fish and fishery products, can only be
achieved by protecting the producer-buyer-seller links
and each stage of the supply chain (FAO, 2020a).

Based on the risks associated with a change in
consumer habits, a shortage of products in the store,
and a drop in consumers’ ability to pay, possible
measures were developed to prevent and combat the
consequences. Only the decline in the population’s
ability to pay fell into the category of Probable and
Having a significant impact. One possible institutional
measure is to reduce the VAT rate on food and
government support for consumption - food receipts
for specific categories of citizens. Besides, in times
of crisis and a possible extension of food chains,
products with extended shelf life are in high demand.
Today, manufacturers cannot offer suitable products
other than canned food, which causes excitement
and excessive demand, which must be processed (by
increasing production, storage capacity).

Production. The fishery industry in Latvia is
characterized by using various raw materials (Figure 2).

Small pelagics make up the vast majority of fish
caught in Latvia (92%). Small pelagics are composed
of both sprat (sprattus sprattus balticus) and Baltic

Processing

+

Figure 1. The Supply Chain of Fisheries and Aquaculture Products in Latvia.

Source: Authors’ construction.
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Figure 2. Raw Materials Landed in Latvia in 2018 (thousand tons).

Source: Zemkopibas ministrija, 2019.
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herring (Clupea haeringus). In 2019, 601.9 tons of
fish were grown in Latvia (aquaculture — Carp, Trout,
Sturgeon), which is less than 1% of the wild fish
caught.

Processing. Fish processing in Latvia in 2019
consisted of 130 companies (State Veterinary
Service Register, Business Register) with a total
turnover in 2019 of 238 m EUR. According to the
data declared in the annual balance sheets, 3029
workers were employed at fish processing enterprises.
Fish processing enterprises can be divided into two
large groups — manufacturers of canned food and
manufacturers of other fish products.

Historically, canned food producers have been in
Latvia’s territory (Ozolins et al., 2018). Production
was specially developed in the second half of the 20th
century when Latvian enterprises began to supply
Eastern Europe and the former USSR territory. The
development of production was due to an inadequate
distribution network and, as a consequence, the need
for products with a long shelf life.

Due to restrictions on working with the customs
union and socio-economic and demographic factors,
the number of enterprises producing canned food
has significantly decreased. By the beginning of
2020, there were 13 enterprises in Latvia, with a total
turnover of 100 m EUR. Besides, already in 2020, two
more enterprises ceased production.

The second group of enterprises is processors of
raw materials, which they receive from the EU and
countries outside the EU. Such processors, or simply
importers, enter the local market and are re-exported
in processed form. The turnover of the companies
from the second group in 2019 is 138m EUR. The top
10 of these companies account for 85% of turnover
(Table 1).

Both groups of companies (canned food producers
and other fish processors) divide fish processing in
Latvia into two practically equal groups — both in
terms of turnover and companies. Both groups of
companies were also affected by factors related to the
pandemic. However, this influence was different due
to the different situations of these companies.

On the one hand, fish processors producing
products and canned fish, faced problems with the
supply of raw materials, which to no small extent go
for processing from abroad and often from outside the
EU. Besides, processors faced declining demand for
products with low shelf life.

On the other hand, both local and overseas demand
for products with long shelf life has increased due to
the epidemic. Historically, the Latvian industry has
focused on producing such products in the form of
canned fish. Given the increased demand, enterprises
were able to load previously idle capacities. Until
now, to a greater extent, enterprises have been able
to maintain their activities and meet the growing
demand. Nevertheless, the situation remains risky
since canned food (primarily traditional canned food
from local raw materials (small pelagics) is practically
not mechanized and requires many people in one,
which increases the risk of a rapid spread of the virus.
Production of canned food from local raw materials
significantly affects the increase in CO, emissions.

Production and processing have various high-level
risks caused by the COVID-19 pandemic. Primarily
traditional canned food, but also more modern — is
characterized by a large concentration of people. All
possible technical and organizational, and technological
measures are needed to counter the current situation’s
risks. Investments are also needed in the means of
protecting workplaces and transport of workers.

Table 1
The Top 10 Noncanned Fish Processors in Latvia in 2019

Company Sales 2019, EUR Employees Characteristics
SIA ‘Salas zivis’ 29 556 893 124 Local, Baltic, EU, International wide variety.
SIA ‘Atlas Premium’ 26 760 793 143 Cod processing, mainly export.
SIA ‘KH Select’ 19 886 478 156 Salmon processing, mainly export.
SIA “Venta FM’ 9 866 492 31 Fish meal.
SIA ‘RENETA’ 6069 172 39 Fish meal.
SIA ‘Gardumu karaliste’ 5868 041 52 Local, Baltic wide variety.
SIA ‘Mapeteks’ 4 788 659 18 Fish meal.
SIA ‘Atlantika Surimi Seafood’ 4233933 58 Surimi.
SIA ‘Taimins’ 3190 604 29 Local, Baltic wide variety.
SIA ‘Sudrablinis’ 3190343 24 Roe, caviar.
All other companies 22 478 672 613 Wide variety.

Source: Authors’ own based on data from Latvia Business Register, 2019.
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Figure 3. European Union’s Self-Sufficiency Rate by Fish Commodity Group in 2017.
Source: Authors’ calculations based on Eurostat and EUMOFA, 2020.

Moreover, all respondents confirmed additional
costs related to regulatory changes and additional
hygiene requirements. State support for the purchase
of disinfectants and protection is possible.

The identified risks and possible measures go
in line with those given in the documents issued by
international organizations (FAO, 2020a).

Foreign trade. The value of EU trade of fisheries
and aquaculture products, which comprises both
extra-EU imports and exports, reached EUR 32.28
billion in 2018, making it the highest in the world.
Of this, imports accounted for EUR 26.53 billion,
which was 82% of the total. The EU is indeed a net
importer, and the availability of these products in the
domestic market mainly relies on extra-EU supplies.
Low self-sufficiency of the EU in such a widely
consumed species as Salmon (30%, Figure 3), can
cause shortages due to additional controls and delays
on the EU borders.

Latvia is closely linked to these flows, receiving
most of the fish and fish products from abroad. The

overall trade balance shows that the countries outside
the EU are more partners in marketing than supplying
raw materials. Besides, total exports outside the EU
and EEA account for only 22% of total exports and
7% of total imports.

Looking at the trade balances by fish species, we
see that the EU and EEA countries provide the most
significant raw materials supplied to Latvia. As for
salmon, bearing in mind that Europe provides itself
only for 30% (Figure 3), as well as the origin of the
majority of imports from the EU — Sweden, Lithuania,
Finland, and Poland — we can conclude that mainly
Norwegian farmed salmon enters the Latvian market.
Likewise, most of the cod for processing in Latvia
comes from Sweden. However, the country of origin of
the cod is Norway or Iceland. These two fish varieties
cover most of the activities of two large fish portioning
companies, some salmon canning companies, and
local consumption. Mackerel, purchased from Iceland
and Norway, is processed and supplied mainly to the
EU and UK markets.

Table 2

Trade Balance of Latvia by Types of Raw Materials for the 2020 (January-August), EUR

Fish EU EEA+THE UK | Non-EU Grand Total
Salmonids -9579 992 -4 647 403 1637247 -1 290 148
Miscellaneous aquatic products -5256 623 -284 733 -260 377 -5801733
Groundfish -12791 563 8 858 137 774 942 -3 158 484
Crustaceans -2 444 450 -78 892 -209 157 -2 732499
Other marine fish -2 001 569 -350 566 =72 612 -2 424 747
Small pelagics (other) 327594 -1268 361 -29 708 -970 475
Tuna and tuna-like species 403 116 1796 -1 062 374 -657 462
Freshwater fish -405 306 16 380 -260 808 -649 734
Bivalves and other molluscs and aquatic invertebrates -486 433 30 112 -187 834 -644 155
Flatfish -134 025 -261 259 7651 -387 633
Cephalopods -235 378 -929 -236 307
Small pelagics (Mackerel) 16 500 912 -8397 294 79 059 8182 677
Small pelagics (Sprat) 15973 303 -1403 422 20902 844 | 35472725
Grand Total -130 414 -7 785 505 21317944 | 13402025

Source: Authors’ calculations based on Eurostat international trade statistics and EUMOFA.
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Table 3

Trade Balance of Latvia by Type of Fish Processing Products for the 2020 (January-August), EUR

Fish EEA + THE UK EU Non-EU
Frozen fish -16 327 928 -13 720 265 2832037
Fresh or chilled fish -107099%4 -18 011 588

Crustaceans -60 771 -2 440 548 -5 699
Molluscs 30352 =710 223 -188 850
Live fish -202 819 -16 650
Aquatic invertebrates -240 -8 661

Fish fillets 5868394 -2 989 892 107 571
Fish, dried, salted, or in brine, smoked fish 56 498 5684 308 -490 559
Prepared or preserved fish 4247 136 32801974 18 684 563
Grand Total -7 257 553 402 286 20922 413

Source: Authors’ calculations based on Eurostat international trade statistics and EUMOFA, 2020.

Receiving frozen and chilled fish from the countries
of the free economic zone (Iceland and Norway), as
well as the EU countries, the enterprises of the industry
ensure domestic consumption, as well as send fish in
processed form (cut fish, smoked fish, canned fish) as
to the EU countries and countries outside the EU. In
the first eight months of 2020, the total import volume
was 116m EUR, and the export volume was 129 m
EUR. Moreover, exports to countries outside the EU
significantly exceeded imports (29.2 versus 7.8 m
EUR).

Impact of COVID pandemic on foreign trade and
apparent consumption

By comparing the trade balance by type of fish,
we can assess the impact of the industry’s current
situation. The balance for fresh or chilled fish
decreased in favor of an increase in frozen fish. The
positive balance (more than exports than imports) for
finished canned goods also increased.

Considering the change in exports and imports by
types of fish (Figure 5) and processing types (Figure

67 500 000
56 250 000
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33 750 000
22 500 000
11250 000

'(11 250 000) I
'(22 500 000)

'(33 750 000)

6) separately, we find the crisis’s main characteristics
(lengthening of supply chains, possible closure of
markets (Q in 2020). Such characteristics include
Increased demand for products with an extended shelf-
life; Reducing the use of fresh or chilled fish in favor
of frozen; Decreased production of more expensive
fresh salmon products; Decreased production of fresh
or chilled food.

It is necessary to diversify the supply, accumulate
the necessary stocks of raw materials, and adapt
production capabilities to the lengthening of the
supply chain for raw materials and distribution of
goods to ensure the sustainability of the food system
in international trade.

Risks associated with international trade include
potential border delays and general market uncertainty.

The proposed institutional measures include both
direct support to enterprises and the introduction of
tax preferences.

Risks. Below is a summary of the average risk
values (impact * likelihood) for producers and fishers.

Freshor  Frozen fish Live fish Crustaceans Fish fillets Fish, dried, Molluscs Prepared or  Aquatic
chilled fish salted or in preserved invertebrates
brine, fish
smoked fish

Figure 4. Trade Balance, 2019 (January-August) and 2020 (January-August) in Latvia, EUR.

Source: Authors’ calculations based on Eurostat international trade statistics and EUMOFA.
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Figure 5. Trade Balance by Type of Fish in 2019 (January-August) and
2020 (January-August) in Latvia, EUR.

Source: Authors’ calculations based on Eurostat international trade statistics and EUMOFA.
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Figure 6. Trade Balance by Type of Fish Processing Products in 2019 (January-August) and
2020 (January-August) in Latvia, EUR.

Source: Authors’ calculations based on Eurostat international trade statistics and EUMOFA.
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Figure 7. Risk Distribution in Fish Sector in COVID-19 Pandemic in Latvia.

Source: Authors’ construction based on interviews with fish processors.
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The perception of these risks coincides in almost all
categories, except for the supply of raw materials
(producers have no limited access to raw materials),
as well as the risks associated with the organization
of production (the organization of the catch is less
susceptible to the risks of a pandemic).

It should be noted that some risks (highlighted
in the Figure 7) have fundamental causes, and
the COVID-19 pandemic has only highlighted
bottlenecks in a sustainable food chain. In particular,
the industry’s dependence on manual labor (personnel
risks) (European Commission Joint..., 2020), the
dependence of local consumption on imported
raw materials (supply risks), as well as the lack of
production of a mass consumption product with an
extended shelf life, to meet the changing needs of
consumers (market risks).

Long-term support for the industry could be
institutional measures to stimulate R&D aimed at
creating products with an extended shelf-life as a more
nutritious and sustainable alternative to canned food
(Tan & Culaba, 2009). Moreover, such measures might
stimulate the processing of local raw materials and
promote the expansion of the range of products produced
in the country to replace the import of fish with high
added value. Finally, a long-term measure to strengthen
the industry’s sustainability could be to stimulate the
automation and mechanization of processes currently
employing a large number of people.

Conclusions

1. This article analyzes the identified risks and
possible measures identified in the reCOVery-
LV study. The key risks are the uncertainty of
regulatory changes, risks associated with ensuring
financial flow, and personnel risks. Besides, given
some producers’ dependence on imported raw
materials, the supply risk is also significant.

2. This article uncovers the multidirectional effect
of the COVID-19 pandemic on the fish sector in
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Abstract

The economic and labour market consequences of Covid-19 were immediate, significant and lasting, with long-
term negative effects on global economic development and activity in general. The global virus pandemic is having
a profound effect on the labour market with a sharp rise in the number of unemployed, which are at high risk of
becoming long-term unemployed as the pandemic drags on, some of whom will not return to the labour market. The
outbreak of Covid-19 and the measures taken to combat it are leading to a rapid demand for unemployment benefits,
but a large proportion of the unemployed registered with employment agencies are not actively involved in job
search or do not want to establish an employment relationship at all. It is important to track and describe the major
changes in the labour market around the world, but the restrictions that are being put in place to combat Covid-19
pose a huge obstacle to conventional data collection approaches and activities. Within the framework of this study,
the unemployed in Latvia were interviewed in order to find out and evaluate the impact of the Covid-19 pandemic
on the unemployment rate and the unemployed in Latvia. The aim of the article is to find out problems caused by the
Covid-19 pandemic, which are related to the unemployed and which need to be solved in Latvia, and possibly also in
other European and other countries of the world.

Key words: unemployed, unemployment rate, Covid-19, unemployment, unemployed women, long-term

unemployment.

Introduction

The International Labour Organization (ILO) has
issued a statement that the world of work is deeply
affected by the global virus pandemic. It is not just
the health of society as a whole that is at stake:
economic and social conditions threaten the long-term
livelihoods and well-being of millions. Both the ILO
and national governments, workers and employers will
have a crucial role to play in tackling the flammable
crisis by ensuring the sustainability of businesses and
jobs (ILO, 2021).

The ILO standard definition of unemployment
reveals that unemployed are persons who are without
work / a job and who have been actively looking for
work in the last four weeks and are available to start
work in the next two weeks. The outbreak of Covid-19
and the measures taken to combat it have led to a
sharp increase in the demand for unemployment
benefits throughout the European Union (ES).
However, a large proportion of the unemployed
who have registered with employment agencies are
not actively involved in job search or are no longer
available for employment, such as those who have to
take care of a child who does not attend pre-school
or school. This circumstance has led to a mismatch
between the number of registered unemployed and the
number considered unemployed according to the ILO
definition (Eurostat Statistics Explained, 2021).

The economic and labour market consequences of
Covid-19 were immediate, very significant now and
are likely to be felt in the future. These consequences
affect many millions of workers in many countries;
some workers can continue working remotely, but
there are also a significant number of people who

acknowledge that their standard of living has either
fallen or that they have no income at all. Workers in
the field of health or public safety are undergoing other
changes, namely a significant increase in the workload
in times of crisis. Official statistics from around the
world are currently aimed at tracking and describing
all these changes. The restrictions imposed to combat
Covid-19 pose a huge obstacle to conventional data
collection approaches and activities, and it is taking
place at a time when there is a massive increase in
the demand for information. The ILO has approached
national statistical offices to find out the impact of
Covid-19 on statistical activities in the field of labour
statistics, mainly to find out the activities of the
National Labour Force Survey. The aim is to share the
information gathered so that countries can learn from
other countries’ experiences. The biggest challenge
facing all countries is to maintain continuity and
quality, while responding to changing circumstances
and being flexible (ISOLAT, 2020).

Materials and Methods
Participants and Recruitment

In order to find out the impact of the Covid-19
pandemic on the unemployment rate in Latvia, a study
was conducted, during which Latvian unemployed
people were interviewed.

The survey was conducted by the research centre
SKDS, which has been a member of E.S.O.M.A.R.
(European Society for Opinion and Market Research)
and operates in accordance with all the ethical and
methodological rules and standards, set by that
organization for public opinion and market research
institutes. Since 2014, the research centre SKDS has
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been represented in the WIN network of research
companies (SDS, 2020).

The survey was completed by 216 unemployed
people aged 18 and over. Data were collected in the
time period from October 29, 2020 to November 2,
2020.

Starting from October 2020, the number of
people infected with Covid-19 in Latvia increased
significantly. If from 31 August 2020 to 6 September
2020 the number of infected persons increased by
1428, then at the beginning of October from 5 October
2020 to 11 October 2020 the number of infected
persons was 2670, while from 2020 2 By November
8, 2020, the number of infected had already reached
8095 (COVID-19, 2021).

On November 6, 2020, the Cabinet of Ministers
of the Republic of Latvia (RL) declared a state
of emergency from November 9, 2020 to April 6,
2021. All on-site public events as well as private
events and private gatherings were cancelled and
prohibited, except for events within one household.
Only those sports trainings (classes) that could take
place outdoors were allowed - swimming pools,
gyms, children’s sports classes in the premises were
closed, catering facilities were only allowed for take-
out. Cultural venues and exhibition venues had been
suspended. Beauty services were not provided, only
grocery stores, pet shops, pharmacies were allowed
to operate; however, the range of goods that could be
sold was strictly regulated. Employers were obliged
to provide employees with opportunities for remote
work if the specifics of the work allowed it, as well
as to organize work so that only those employees who
ensured the continuity of work and could not do it
remotely at their place of residence (LR Cabinet of
Ministers, 2020).

Survey Development

Existing research and data on the unemployed
were reviewed and informal talks with the
unemployed provided information on problems and
possible solutions. At the beginning of the survey,
demographic information was clarified and only those
respondents who were unemployed were selected
with filter questions. It was initially determined
whether the respondent had the status of a registered
unemployed person or whether he / she was an
unregistered unemployed person. This question was
chosen because the State Employment Agency of
the Republic of Latvia, similarly to the employment
agencies of other countries, provides statistical data
only on registered unemployment in the country. This
article will report both the data obtained from the
survey and the official statistics related to the purpose
of the study.

Demographic characteristics included the age,
gender, marital status, level of education, income,

nationality and region of residence. Specific answers
to the questions were offered.

The seven questions in the survey focused on
the circumstances of the Covid-19 pandemic. It was
asked whether the Covid-19 pandemic was a reason
for termination of employment, whether claiming
registered unemployment was an employer’s
recommendation to receive unemployment benefits,
whether the person planned to return to work with a
previous employer, whether the Covid-19 pandemic
has affected wage claims or has influenced attitudes
towards employment.

Results and Disscusion

In its January 2021 report, the World Bank
predicts that, like previous economic crises, the
Covid-19 pandemic will have lasting negative effects
on global economic development and activity, as well
as per capita income. The World Bank emphasizes
the particular importance of institutional reforms
to foster growth in the face of weak fiscal positions
and rising debt. Only a comprehensive policy effort
can restore stable, sustainable and equitable growth
(World Bank, 2021).

EU countries are bound by Regulation (EC) No
1466/97 “Strengthening the surveillance of budgetary
positions and the surveillance and coordination of
economic policies”. The purpose of this regulation
is to prevent and coordinate the budgetary policies
of the EU countries in order to ensure budgetary
discipline within the EU. EU countries must submit
stability programs to the European Commission,
setting out medium-term budgetary objectives. The
Commission evaluates the programs and the Council
of Europe makes country-specific recommendations
(EUR-lex, 2017).

According to the Latvian Stability Program for
2020-2023 with the global crisis caused by Covid-19
and the sharp decline in economic activity in Latvia
in March and April 2020, the unemployment rate has
started to rise sharply, in one and half months time or
by April 17 with the number of registered unemployed
increasing by 10,616 or 18.2% and the registered
unemployment rate rising to 7.4%. According to the
data of the Ministry of Welfare, by 17 April 2020,
notices of collective redundancies had been submitted
by 28 companies for a total of 4,118 employees. In
turn, 15,064 employees have received downtime
benefits since April 6. The number of vacancies,
which rose sharply in 2019, fell sharply in March and
April 2020, with the number of job advertisements on
the recruitment company’s CV Online portal declining
by around 50% within one month by 17 April 2020.

The Covid-19 impact scenario assumes that due
to the spread of the virus and measures to control it,
the number of people employed in the economy will
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decrease by an average of 45 thousand or 5% in 2020,
losing part of the workforce in the directly affected
sectors, including transport, trade, accommodation
and catering, professional and administrative services.
Accordingly, the unemployment rate in 2020 was
expected to increase by 4.9 percentage points to
11.2% compared to 2019. In 2021 and 2022, as
economic growth resumes, the number of employees
will increase slightly, stabilizing at 883 thousand by
2023 (LR Ministry of Finance, 2020).

At present, it is not clear whether the optimistic
forecasts of the Ministry of Finance of the Republic
of Latvia on the resumption of economic growth in
2021, recorded in the Latvian Stability Program, will
come true, as the emergency situation in Latvia has
been extended until April 6, 2021 (LR Ministry of
Health, 2021), and on February 24, 2021, the Minister
of Health of the Republic of Latvia reports that if the
rapid spread of a new strain of the virus, which was
discovered in Great Britain and has already entered
Latvia, occurs in Latvia, the government will decide
to introduce even stricter security measures (Latvian
Public Media, 2021).

The Latvian Stability Program of the Ministry of
Finance also stated that the Covid-19 impact scenario
has been developed under very high uncertainty
and the risks of the scenario are downward (LR
Ministry of Finance, 2020) and the increase in the
unemployment rate set in the program to 11.2% in
2020 was not achieved (in December 2020 the actual
unemployment rate was 8.2%), and such a percentage
indicator was not achieved also in the beginning of
2021 (in January 2021 the actual unemployment
rate was 8.8%) (Central Statistical Bur