Volume 31— No. 10/2022 pages 10027-10036

Fresenius Environmental Bulletin

THE POSSIBILITY OF SUSTAINABLE PRODUCTION OF
BUCKWHEAT AND QUINOA CROPS ON MODERATELY
DEGRADED LAND IN VOJVODINA (NORTHERN SERBIA)

Tatjana Vijatov'’, Gordana Drazic!, Jelena Milovanovic!, Jela Ikanovic?, Filip Jovanovic?

'Singidunum University, 11000 Belgrade, Serbia
University of Belgrade, Faculty of Agriculture, 11000 Belgrade, Serbia
*Institute of Forestry, 11000 Belgrade, Serbia

ABSTRACT

This study analyzes the possibility of sustain-
able production of high biological value food, qui-
noa and buckwheat, on a fertile agricultural and
moderately degraded land — in an area outside their
native range. The research was conducted during
three consecutive years on two locations and two
types of soil in Vojvodina, the Republic of Serbia,
and included one variety of quinoa (KVL 52.2) and
one variety of buckwheat (Novosadska). The trial
was set up in the city of Nova Pazova (on fertile
meadow black soil) and the village of Ilandza (on
degraded marshy black soil). The aim of the re-
search was to determine the impact of pedological
conditions on the sustainable production of quinoa
and buckwheat in different locations in Vojvodina.
It was found that moderately degraded land can be
used for sustainable production of high-value food
without the prior application of agro-ameliorative
measures. The yield of buckwheat was significantly
higher and less influenced by pedological condi-
tions than the yield of quinoa, suggesting the use of
this alternative crop species for the production of
high-quality food on moderately degraded land in
Vojvodina.
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INTRODUCTION

Sustainable Development Goal 2 (Zero Hun-
ger) seeks to "end hunger, achieve food security
and improved nutrition and promote sustainable
agriculture" [1]. Sustainable agriculture is consid-
ered to be the eco-efficient production of high-
value quality food with minimal use of land and
investment [2]. The basis for the production of
high-value food is the preservation of land, which
contributes to local and global security in the sup-
ply of food to population [3]. It has been estimated
that as much as 93% of the food products received
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by modern society is owed to the fertility of agri-
cultural land. Hence, it is an alarming fact that the
areas of arable land are decreasing, while the
world's population is growing [4]. It is estimated
that an increase of as much as 60% in global food
production and related ecosystem services will be
needed by 2050 [3]. On the other hand, the area of
degraded land has significantly increased in recent
decades, which greatly reduces its production po-
tential, and thus the amount of produced usable
goods [5]. One third of the world’s arable land
today is undergoing moderate or intense soil degra-
dation processes [3]. Factors contributing to soil
degradation are erosion, reduction of organic mat-
ter, increased amount of harmful and dangerous
substances, salinization, alkalization, acidification,
flooding, repurposing, and loss of biodiversity [5].
Diversification of crops contributes signifi-
cantly to the security of food supply and nutrition
improvement, which can have a positive effect on
soil fertility and pest control in agricultural produc-
tion. Hence, one of the ways to contribute to sus-
tainable agriculture can be the use of alternative
grains in the diet, i.e., the introduction of new or
neglected plant species in agricultural production,
such as quinoa (Chenopodium quinoa Willd., fam.
Chenopodiaceae) and buckwheat (Fagopyrum escu-
lentum Moench, fam. Polygonaceae) [6]. Alterna-
tive grains have several advantages over true cereal
grains (fam. Poaceae). First of all, they have high
nutritional value of the main product (grains), while
their by-products (leaves, stems, etc.) are used in
various industries. Another advantage is that they
show great tolerance to growing conditions (climate
and soil); thus, they can be successfully grown in
different areas and under different environmental
conditions. In addition, compared to many other
field crops, alternative grains are more tolerant of
environmental pollution [7] and most of these
grains can be grown very successfully on degraded
lands [8]. The technological advantage is their short
vegetation, which allows them to be grown as a
stubble crop, which increases the total annual profit
from the agricultural area [7]. During the vegetation
period, they are attacked by a small number of
pests, so they can be easily grown in a system of
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organic and sustainable agricultural production.
Since being gluten-free, they are classified as food
products that can be used by people with celiac
disease [9]. Buckwheat and quinoa are nutritionally
valuable food that can meet the daily needs of most
essential amino acids, and as such can have numer-
ous benefits for human health if consumed as part
of various food products [10]. Still, in addition to
crop diversification, provision of protection, appli-
cation of the latest technologies and pest control, it
is necessary to stimulate scientific research in this
field. One of the operational goals of the "Strategy
of Agriculture and Rural Development of the Re-
public of Serbia for the period 2014-2024 [11]
implies more efficient use of low-quality land. The
aforementioned, as well as the fact that quinoa and
buckwheat are considered to be the food of the
future in the fight against hunger [12], have deter-
mined the subject of the research presented in this
paper.

Arable land occupies over 65% of the territory
of Serbia, and the soils that are most suitable for
crop production are located in the country’s flat-
lands — Vojvodina [13]. According to all their pro-
duction properties, these soils are mostly among the
best soils in Europe and in the world [14]. The most
widespread types of soil in Vojvodina include cher-
nozem, meadow black soil and marshy black soil —
on which almost all cultivated plants are grown
(44%, 17% and 16%, respectively). These soils
have a high fertility potential and represent the
basis of agricultural production capacity in Serbia.
The endangerment of the mentioned pedosystemat-
ic units in Vojvodina is most often related to con-
tact with salt marshes, and it is expressed as a high
or low degree of loading with harmful mobile salts
[5]. In order for degraded soils to become suitable
for the production of conventional field crops, it is
necessary to perform a series of interventions to
improve their physical, chemical and biological
properties, which is a time-consuming, demanding
and expensive process. On the other hand, buck-
wheat and quinoa are plants originating from areas
with less favorable climatic and soil conditions than
those usually prevailing in Serbia, so that crops of
these plants on local agricultural lands give higher
yields and nutritional value of grain than in the
countries of their origin. In addition, in Serbia,
areas under alternative grains are still insufficient to
meet the growing needs for their production [13].
Therefore, the assumption is that the use of alterna-
tive field crops, such as buckwheat and quinoa,
which are resistant to various agro-ecological con-
ditions, represent the potential for the production of
high biological value food on low-quality lands.

Numerous authors have recently studied the
physical, chemical and nutritional properties of
alternative grains, including buckwheat [e.g., 15—
18]. For instance, some authors [15] looked into the
chemical composition of buckwheat grains from a
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nutritional aspect. They stated that buckwheat is a
type of alternative grain with high nutritional value,
whose phytochemical composition from the nutri-
tional perspective is significantly higher compared
to small grains and millet grains, which is ex-
pressed in terms of quantity and quality of proteins,
vitamins, minerals, phytosterols, and antioxidants.
A number of field trials of buckwheat was conduct-
ed in Serbia, as well. Summarizing the results of
numerous studies, some authors [13] noted signifi-
cant variations in the values of yield parameters,
but still overall satisfying grain yield. Meanwhile,
other authors [e.g., 19-22] have recently studied the
nutritional characteristics of quinoa and the possi-
bility of its sustainable production. For example,
one research [22] focused on characterizing the
amino acid profiles of quinoa, buckwheat and ama-
ranth proteins, pointing out that buckwheat, quinoa
and amaranth are nutritionally valuable raw materi-
als that can meet people's daily needs of most es-
sential amino acids. According to one study [13],
quinoa has been grown in experimental fields in
Serbia for about ten years, with results showing that
this species can be grown in all parts of the country
with small variations in grain yield and that agroe-
cological conditions have had little impact on grain
quality. Still, although quinoa and buckwheat pro-
duction has already been the subject of many stud-
ies in the world and in Serbia, due to different re-
search approaches, sufficient data on the possibility
of sustainable production of high-value food on
degraded land is not available, which prompted the
need for further research of these species.

This paper analyzes the results of research
conducted in the northern part of Serbia (Vojvodi-
na), addressing the subject of the possibility of
sustainable production of high biological value food
on low-quality land. They were obtained by analyz-
ing the variability of selected morphological and
production characteristics of buckwheat and quinoa
at different sites, by comparing the productivity of
these two field crops in different pedological condi-
tions. The aim of the research was to evaluate the
possibility of establishing sustainable production of
buckwheat and quinoa on fertile and moderately
degraded land in order to answer the question of
whether degraded soils can be used for sustainable
production of high biological value food, without
prior agromelioration.

MATERIALS AND METHODS

The data on the variability of morphological
and productive traits of buckwheat and quinoa were
obtained by setting up a field trial in order to com-
pare the productivity of these two species in differ-
ent pedological conditions. Having in mind the
concept of sustainable production, the productivity
of growing these two alternative grains in northern
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Serbia was compared in order to determine the
sustainability of their production on fertile and
moderately degraded land.

Field experiment. The field trial was con-
ducted during three consecutive years (2017-2019)
in two locations and on two soil types in Vojvodina
and included one variety of quinoa ("KVL 52.2",
University for Life Science, Copenhagen, Den-
mark) and one variety of buckwheat ("Novo-
sadska", Institute of Agriculture, Novi Sad, Serbia).
The trial was set up in Nova Pazova (on fertile land,
meadow black soil) and Ilandza (on degraded land,
marshy black soil). The marshy black soil in
Ilandza has been exposed to excessive fertilization
and irrigation in the last few decades, which led to
salinization of the arable layer and redistribution of
small aggregates and particles and worsened the
water properties of this soil. At both locations, the
thermal regime and the amount of precipitation in
the vegetation period were monitored during the
trial. The thermal regime was uniform per year and
per location, while the amount of precipitation in
the vegetation period, per year, ranged from 294
mm to 371 mm in Nova Pazova, and 211 mm to
309 mm in Ilandza. The crops were sown on four
plots of 16 m? (4 x 4 m) in size. The sowing was
performed every year at the beginning of April,
with a manual single-row seeder, on a row spacing
of 50 cm. Crop care consisted of manual weeding.
Quinoa was harvested by hand in the second half of
August, by cutting off stalk parts with inflores-
cences, which were subsequently dried in ventilated
rooms. After drying, the grains were manually
separated from chaffs and other plant residues by
sieving. Manual harvesting of buckwheat was done
in the second half of August.

Morphological and yield measurements.
From all plots, 10 plants were selected from two
middle rows for the analysis of morphological and
productive characteristics. The grains were separat-
ed, and subsequently cleaned and dried to a mois-
ture content of 10%. The yield was calculated at a
given humidity and was determined by measuring
the mass of separated seeds. The following morpho-
logical and productive characteristics of both spe-
cies were analyzed: plant height (cm), grain yield
(kg/ha) and biomass yield (kg/ha).

Statistical analysis. The obtained numerical
data were processed by descriptive, univariate and
multivariate statistical methods. Descriptive statis-
tics included the determination of the following
statistical parameters: mean value (X), standard
deviation (£SD) and coefficient of variation (CV,
%). Using analysis of variance (ANOVA), principal
component analysis (PCA), and cluster analysis
(CA), the differences between the morphological
and productive parameters of the two crops in dif-
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ferent soil conditions were tested. All statistical
analyzes were performed using Statgraphics soft-
ware (ver. XVLI., 2009; Statpoint Technologies,
Inc., Warrenton, VA).

RESULTS AND DISCUSSION

Due to the biological differences existing be-
tween the studied crop species, comparing the mor-
phological and productive characteristics of quinoa
and buckwheat is not meaningful, but these charac-
teristics were simultaneously analyzed for both
species, using statistical tests, in order to identify
the differences in traits of the species when grown
in different pedological conditions and to establish
by comparative analysis which of these two crops is
more productive on low-quality land. Based on trial
data on the three studied morphological and pro-
ductive traits, determined for one variety of buck-
wheat and one variety of quinoa, whose crops were
produced during three consecutive years in different
locations in Vojvodina, an overview is given of the
results of successful cultivation of the two species
of alternative grains on fertile and moderately de-
graded land (Table 1; Figure 1).

Descriptive statistics. The lowest recorded
value of height for specimens of buckwheat grown
on fertile land was 120.70 cm, while on moderately
degraded land it was 100.70 cm. The highest value
of the height of a buckwheat specimen grown on
fertile land was 143.00 cm; on degraded land, it
was less than the lowest value recorded on fertile
land and amounted to 129.20 cm. The average
height of buckwheat plants grown on fertile land is
135.89 cm, while on degraded land is 115.48 cm.
On the other hand, the values of the height of qui-
noa specimens grown on fertile and degraded lands
are similar. The lowest measured height of quinoa
on fertile land was 112.00 cm, and, on degraded
land, it was slightly higher (129.00 c¢cm). In addition,
the highest measured values of quinoa height on
fertile and degraded lands differed only slightly
from each other (152.00 cm and 150.00 c¢m, respec-
tively), which also applies to the mean values of
this morphological trait determined on specimens
grown on fertile and degraded lands (144.30 cm
and 141.07 cm, respectively). When it comes to the
obtained biomass, the relationship between these
two crop species was opposite to the example of the
height of the specimens. The minimum amount of
buckwheat biomass on fertile land was 5,420.00
kg/ha, and on degraded land was 4,185.00 kg/ha.
The highest amount of biomass of this species on
fertile land was 5,885.00 kg/ha and on degraded
5,570.00 kg/ha. The average values of this produc-
tive characteristic of buckwheat grown on fertile
and degraded lands are 5,704.20 kg/ha and 4,801.70
kg/ha, respectively. On the other hand, the lowest
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amount of quinoa biomass obtained on fertile land
was 945.00 kg/ha and on degraded land 540.00
kg/ha. The highest amount of biomass of this spe-
cies on fertile land was 1,120.00 kg/ha and on de-
graded land 974.00 kg/ha. The average values of
this productive characteristic of quinoa on fertile
and degraded lands are 1,010.00 kg/ha and 804.40
kg/ha, respectively. As in the case of biomass, the
yields of buckwheat on fertile and moderately de-
graded lands were more similar one to another than
those obtained from quinoa. The lowest production
of buckwheat on fertile land was 830.00 kg/ha, and
on degraded land 626.00 kg/ha. The highest yield of
buckwheat on fertile land was 980.00 kg/ha, while
on degraded land 880.00 kg/ha. The average values
of this productive characteristic of buckwheat on
fertile and degraded lands are 912.97 kg/ha and
769.50 kg/ha, respectively. On the other hand, the
lowest quinoa yield obtained on fertile land was
875.00 kg/ha, while on degraded land 488.00 kg/ha.
The highest yield of quinoa on fertile land was
1,010.00 kg/ha, and on degraded land 710.00 kg/ha.
The average values of quinoa yield on fertile and
degraded lands are 946.63 kg/ha and 600.27 kg/ha,
respectively (Table 1).

The obtained values of morphological and
productive characteristics of the two field crops
were compared with the corresponding literature
data. According to these comparisons, the average
biomass yield determined on buckwheat crops, on
fertile and moderately degraded lands, was lower
than the average value stated in the literature for a
given characteristic of this species (8,312.70 kg/ha)
[23]. The average yield of buckwheat on fertile land
was almost close to the average yield of buckwheat
in the world (913.00 kg/ha) [24], but lower than the
yield of buckwheat stated by various authors for
Serbia (1,180.00-2,263.00 kg/ha) [24, 25] and other
areas (999.20-1,086.40 kg/ha) [16]. The average
yield of this species on degraded land was about
16% lower than on fertile land and roughly corre-
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sponded to that recorded by one research [10] in
western Serbia (800 kg/ha). Since data on the aver-
age height of buckwheat are not available in litera-
ture, their comparison with the measured values
was not possible. On the other hand, the average
height of quinoa on fertile land was close to that
stated in the literature (144.00 cm) but was slightly
lower than that stated for the studied quinoa variety
(146.00 cm) [26]. The average height of quinoa
specimens on degraded land (141.07 cm) was
somewhat lower than that on fertile land. The aver-
age quinoa biomass obtained on fertile land was
higher than the values stated in the literature for the
studied trait of this species, while the amount of
biomass obtained on degraded land corresponds to
the range of values in the literature (717.90-982.90
kg/ha) [27]. The average quinoa grain yield on
fertile land corresponds to the range of values re-
ported in the literature for Serbia (690.00-1,509
kg/ha) [10, 26]. The average yield of quinoa grain
on degraded land was almost 37% lower than that
on fertile land, but this yield was still higher than
that recorded by one study in 2012 (382.00 kg/ha)
[6], which was a very dry year in Serbia.

According to the values of the coefficient of
variation (CV), the studied morphological and pro-
ductive characteristics of both studied species of
alternative grains showed a low degree of variabil-
ity (<10%) on fertile land. The same applies to all
morphological and productive characteristics of
buckwheat, as well as to the height of quinoa spec-
imens on degraded land, while the quinoa biomass
and yield obtained on degraded land showed a
higher degree of variability (CV = 10-20%) (Table
1). This result confirms the data in the literature,
according to which the coefficient of variation for
the height of quinoa specimens ranged from 3.00%
to 7.65%, while the grain yield had somewhat high-
er values (10.70-14.55%) [26] or significantly
higher values of this coefficient (23.80-36.60%)

[6].

TABLE 1
Descriptive statistics, ANOVA (F-ratio and P-value), and factor loadings in principal component analysis
(PC1 and PC2) for height, biomass and yield of buckwheat and quinoa raised on fertile (f. 1.) and degrad-
ed lands (d. 1.) in Vojvodina (northern Serbia).

Buckwheat Quinoa PCA ANOVA
X MIN MAX SD CV X MIN MAX SD CV PCl PC2 F P
Eigenv. 1.56 1.18
Percent 52.00 39.20
Height F.1. 13589 b 120.70 143.00 5.18 3.81 14430 a 112.00 152.00 7.76 596 -0.81 0.49 115.17 0.0000
D.1. 11548 ¢ 100.70 12920 7.22 6.25 141.07 a 129.00 150.00 537 422
Biomass F.1. 5704.20a 5420.00 5885.00 134.21 2.35 1010.00 ¢ 945.00 1120.00 55.47 549 0.92 020 4613.48 0.0000
D.1. 4801.70b 4185.00 5570.00 357.56 7.45 804.40 d 540.00 974.00 136.07 16.92
Yield F.1. 91297 b 830.00 980.00 46.14 5.05 946.63 a 875.00 1010.00 39.00 4.12 022 0.95 231.93 0.0000
D.1. 769.50 ¢ 626.00 880.00 66.72 8.67 600.27 d 488.00 710.00 69.36 11.56

Note: Mean values with different letters within a morphological or productive trait are significantly different at the 95%
confidence level. Bold values indicate variables with factor loadings >0.70 in the principal component analysis (PCA) and P

< 0.05 in the analysis of variance (ANOVA).
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FIGURE 1
Box-and-Whisker plots of basic statistical parameters for (A) plant height, (B) biomass, and (C) yield of
buckwheat and quinoa raised on (1) fertile land, and (2) degraded land. Legend: middle sign — mean val-
ue, middle line — median, box — mean value and standard deviation, whiskers — range.
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FIGURE 2

Scatterplot in principal component analysis (PCA) for two species of alternative grains (the left group —
quinoa, the right group — buckwheat) based on their height, produced biomass, and yield on (1) fertile
land, and (2) degraded land.
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FIGURE 3

Dendrogram showing the relationships between two species of alternative grains (I — quinoa, II — buck-
wheat) based on their height, produced biomass and yield during three consecutive years (2017-2019) on
(a) fertile land, and (b) degraded land.

Analysis of variance. The ANOVA showed biomass (F = 4,613.48), and the smallest — plant
significant statistical differences (P = 0.00) between height (F = 115.17) (Table 1).
the mean values of all morphological and produc-
tive traits of the studied species. The highest contri- Principal component analysis. In the PCA,
bution to species differentiation had the amount of the first two principal components (with eigenval-

ues >1) were sufficient to explain as much as
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91.20% of the total variation obtained for both
studied species. Most of this variation was ex-
plained by the first axis (PCl = 52.00%), and
39.20% by the second one (PC2). Two morphologi-
cal and productive traits (plant height and biomass),
with factor loadings >0.70, had an impact on the
first axis, while the second axis was influenced by
the yield (Table 1). As significantly less pro-
nounced than the variation of shape (the second
axis), the variation of size (the first axis) resulted in
the separation of species along the first axis. Corre-
sponding to the two studied crop species, two
groups of points are formed, as shown in Figure 2.
Points belonging to quinoa formed a group in the
negative part of the first axis, in contrast to the
points representing buckwheat that were grouped in
the positive part of the same axis. Within these two
groups, a clear-cut differentiation of points repre-
senting quinoa along the second axis can be ob-
served depending on the land on which the corre-
sponding specimens were raised (1 — fertile land,
and 2 — moderately degraded land). The points that
refer to the specimens grown on fertile land were
grouped in the positive part of the second axis, and
the points that refer to the specimens grown on
moderately degraded land formed a group in the
negative part of the same axis. On the other hand, in
the case of the points related to the specimens of
buckwheat, an overlap may be observed between
the two groups, and there is only a trend of separa-
tion of the points related to the specimens that were
grown on fertile land and those grown on moderate-
ly degraded land.

Cluster analysis. Similar to the results in the
PCA, in the cluster analysis (CA) the studied crop
species are differentiated into two main clusters, as
shown in Figure 3. Within both of these clusters,
two groups (subclusters) can be distinguished de-
pending on the land on which the crops of these two
species were produced, suggesting significant mor-
phological and productive differences between the
two species in relation to pedological conditions.
The first group represents the quinoa specimens
grown on fertile land (Ia) for three years, while the
second group represents the specimens of this spe-
cies grown on moderately degraded land (Ib). The
third group represents the buckwheat specimens
grown on fertile land (IIa), while the fourth group
represents the specimens of this species grown on
moderately degraded land (IIb). At the same time, it
can be noticed that the first two groups are formed
at a slightly greater linkage distance within the
overall cluster than it is the case with the other two
groups. This means that crops of buckwheat were
morphologically and productively more homogene-
ous on fertile and moderately degraded lands com-
pared to crops of quinoa grown in different pedo-
logical conditions.
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By statistical analysis of morphological and
productive traits of the two species of alternative
grains raised on fertile and moderately degraded
lands in Vojvodina, it was determined that the dif-
ferences obtained by comparing the amount of
biomass and grain yield of buckwheat in different
pedological conditions were significantly less than
the differences observed for these traits in the case
of quinoa. It was the opposite result when it comes
to the height of the specimens of these two species,
but not to a significant extent since there are only
small differences between the values of the coeffi-
cient of variation. According to the literature, the
growth of buckwheat is mostly influenced by cli-
matic conditions [13, 28], primarily the water re-
gime, while the location has less impact on the
average plant height, although it is expected to be
slightly greater on fertile rather than poor soil [25].
On the other hand, it is reported for quinoa that,
apart from genotype (variety), location has a signif-
icant influence on plant height variation [26]. When
it comes to the grain yield, weather conditions have
the greatest impact on buckwheat yield in the
plains, while soil conditions do not significantly
affect buckwheat production, although it is under-
standable that grain yield is slightly higher in more
favorable soil conditions than in other locations [13,
28]. The yield of buckwheat depends mostly on the
amount of precipitation in the initial phenophases
of development [25]. In contrast, although the liter-
ature states that quinoa can adapt well to unfavora-
ble climate and soil conditions and can show high
tolerance to frost, drought, and soil salinity [19] and
that it can be grown in all regions, with very small
variations in grain yield [13], the grain yields ob-
tained in trials in different pedological conditions
indicate that quinoa yield depends on chemical and
physical properties of soil [10], as well as other
environmental factors [26], primarily moisture and
temperature [6], and to a lesser extent on genotype
[26]. Since multivariate analysis (PCA), as well as
CA, in this paper showed that crops of buckwheat,
compared to crops of quinoa, are less morphologi-
cally and productively differentiated in relation to
the location (land) in Vojvodina, it can be argued
that the results testify in support of the aforemen-
tioned claims expressed in the literature.

The results of the research presented in this
paper, which include analysis of variability of mor-
phological and productive characteristics of quinoa
and buckwheat, as well as their comparative
productivity in different pedological conditions of
Vojvodina, with the aim of determining the possi-
bility and sustainability of the production of these
crops outside their native ranges, suggest that the
successful and sustainable production of quinoa and
buckwheat as high-quality food is also possible in
areas outside their native ranges and can be sustain-
able in the conditions of currently prevailing cli-
matic conditions in the region. Also, the hypothesis
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was confirmed that moderately degraded land can
be used for successful and sustainable production of
high-value food, with small variations in grain
yield, where preference should be given to buck-
wheat because its production on such land has
proven more successful than the production of
quinoa. These findings are in accordance with the
claims stated in the literature, according to which
buckwheat is not demanding in terms of soil, so it
can be successfully grown on poorer mediums [29],
and high and stable grain yields can be achieved
[25]. Despite the fact that significant variations in
yield parameters were found in trials conducted in
Serbia, the yield of buckwheat grain was generally
satisfactory, which is why this species is considered
to thrive in the agroecological conditions of Serbia
[13].

Buckwheat has a significant role in the diet of
the population of northern and northeastern Europe,
eastern Asia, and North America [29]. The total
area under buckwheat in the world in 2014 was
about 2,113,000 ha [24], and in 2017 it increased to
3,940,526 ha [28], with a tendency to grow. The
largest producers are China (34.25%), Russia
(32.24%) and Ukraine (11.46%) [24]. Buckwheat is
grown for its achenes, which, when hulled, have
great nutritional value. The phytochemical compo-
sition of buckwheat from the nutritional aspect is
higher compared to the small grains and millet
grains, which is expressed in terms of quantity, as
well as quality, the content of proteins, vitamins,
minerals, phytosterols, and antioxidants [15]. The
content of amino acids in buckwheat (162.46 g/100
g of proteins) is higher than in quinoa (125.37
2/100 g of proteins) [10]. It belongs to the group of
plants suitable for the production of high biological
value food [29], and it is recommended to add its
flour to bakery and confectionery products from
other cereals to increase the nutritional potential of
food and thus improve the health status of a popula-
tion [15]. However, the production of this field crop
in Serbia has been neglected, partly due to the
widespread opinion that buckwheat is the food of
the poor [28]. It is cultivated only in small areas,
mainly in the hilly and mountainous region of
southwestern Serbia [24]. Growing this crop is
potentially very profitable for agricultural produc-
ers in Serbia, especially in the regime of organic
production and in combination with beekeeping,
since buckwheat is not only an important crop but
also a honey-bearing species. It is also a desirable
crop species in terms of sustainable ecological food
production, bearing in mind that its production
technology contributes to a favorable physical
structure and soil conservation, and better biologi-
cal balance in the environment [28]. It also has
agro-technical importance, because as a dense sow-
ing crop, it covers the soil well and controls weeds.
It can absorb phosphorus from hard-to-reach forms
and prevent its leaching into deeper soil layers and
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underground watercourses [29]. In the production
of buckwheat, the average yield depends on the
sowing density, with preference given to the aver-
age sowing density (120 grains/m?) [30] and the
"Novosadska" variety which is superior to other
buckwheat varieties [24]. Buckwheat should be
harvested to 80% seed ripening as the optimum
harvest stage [16]. It was estimated [28] that its
production has the potential to significantly con-
tribute to the rural development of Serbia; however,
it is necessary to support producers, because poten-
tial benefits cannot be expected in the short term.

CONCLUSIONS

Based on the results presented in this paper,
the following conclusions can be drawn:

1. Efficient and sustainable production of qui-
noa and buckwheat, as high biological value foods,
is possible in areas outside their native ranges;

2. Quinoa and buckwheat production in Voj-
vodina (northern Serbia) is sustainable in the cur-
rently prevailing climate conditions of the region;

3. Moderately degraded land can be used for
sustainable production of high-value food without
prior application of agroameliorative measures,
whereby preference is to be given to buckwheat
which was more productive on such land than qui-
noa.

These results can serve as a starting point for
further research and elaboration of this important
issue. Their scientific and practical significance lies
in proposing possible solutions to the problem of
establishing sustainable production of high-quality
food, as well as meeting the needs of modern socie-
ty for an ecological approach to the food supply.

REFERENCES

[1] United Nations (2015). Resolution adopted by
the General Assembly on 25 September 2015,
Transforming our world: The 2030 Agenda for
Sustainable Development, New York.
European Academies Science Advisory Coun-
cil [EASAC] (2011). Plant genetic resources
for foods and agriculture: Roles and research
priorities in the European Union, Policy Report
17, Halle.

Rojas, R.V., Achouri, M. and Maroulis, J.
(2016). Healthy soils: A prerequisite for sus-
tainable food security. Environ. Earth Sci. 75,
el180.

(2]

(3]

FEB



Volume 31— No. 10/2022 pages 10027-10036

Kalandadze, 1., Kikava, A., Kalandadze, B.,
Tchitanava, Z. and Dvalashvili, G. (2020). Sus-
tainable management of degraded soils (on the
example of Kartli region). In: Proceedings of
the 20" International Multidisciplinary Scien-
tific GeoConference. 5.1, SGEM, Sofia. 771—
778.
IvaniSevi¢, P., Gali¢, Z., Peke¢, S., RonCevic,
S. and AndraSev, S. (2011). Establishment of
forests dedicated to protection and prezervation
from salinizytion of agricultural areas in Voj-
vodina. Topola. 187/188, 183—193.
Drazi¢, S., Zarkovi¢, B., Glamo¢lija, D.,
Drazié, M., Zagorac, D., Kolari¢, Lj. and Ziva-
novié, Lj. (2013a). Effect of drought on quinoa
grain yield (Chenopodium quinoa Willd.).
Agroznanje. 14(2), 277-283.
Radovanovié¢, V. (2020). The possibility of
obtaining a nutritionally valuable products
from quinoa (Chenopodium quinoa Will.) us-
ing polluted waters. Educons University, Fac-
ulty of Ecological Agriculture, Sremska Ka-
menica.

Ikanovi¢, J., Popovi¢, V., Jankovié, S., Rakié,

S., Drazi¢, G., Zivanovi¢, Lj., Kolari¢, Lj. and

Lakié, Z. (2015). Miscanthus biomass produc-

tion growth on degraded land. Zbornik nau¢nih

radova Instituta PKB Agroekonomik. 21(1-2),

115-124.

Jevdovi¢, R., Todorovié, G., Filipovi¢, V.,

Kosti¢, M., Markovi¢, J. and Dimitrijevi¢, S.

(2012). Contribution to the knowledge of qui-

noa seeds quality (Chenopodium quinoa Wild).

Lekovite Sirovine. 32, 67-70.

[10]Glamoclija, ., Staleti¢c, M., Ikanovi¢, J.,
Spasi¢, M., beki¢, V. and Davidovi¢, M.
(2010). Possibilities alternative grain produc-
tion in the highlands area of central Serbia.
Economics of Agriculture. 57(SI12), 71-77.

[11]“Official Gazette” (2014). The Strategy of
Agriculture and Rural Development of the Re-
public of Serbia for the period 2014-2024. “Of-
ficial Gazette” of the RS. 85/14.

[12]Food and Agriculture Organization of the Unit-
ed Nations [FAO] (2018). Future smart food:
Rediscovering hidden treasures of neglected
and underutilized species for Zero Hunger in
Asia, Executive summary, Bangkok.

[13]Duri¢, N., Glamodlija, D., Jankovi¢, S., Dozet,
G., Popovié, V., Glamoélija, M., and Cvijanov-
i¢, V. (2018). Alternative cereals in Serbia in
the system of sustainable agricultural produc-
tion. Agronomski Glasnik. 6, 369-384.

[14]Peke¢, S., Katani¢, M., Dreki¢, M. and

Pilipovié, A. (2016). Properties and afforesta-

tion posibilities of soil in process of degrada-

tion. Topola. 197/198, 103—110.

[7]

10035

Fresenius Environmental Bulletin

[15]Golijan, J., Kosti¢, A.Z. and Zivanovié, Lj.
(2017). Chemical composition of buckweat
with nutritive aspect. Hrana i Ishrana (Beo-
grad). 58(2), 9-16.

[16]Kara, N. (2017). The effect on grain yield and
its nutrition content of harvest at different seed
maturity stages in buckwheat. Fresen. Environ.
Bull. 26(12), 7451-7457.

[17]Nepali, B., Bhandari, D. and Shrestha, J.
(2019). Mineral nutrient content of buckwheat
(Fagopyrum esculentum Moench) for nutri-
tional security in Nepal. Malaysian Journal of
Sustainable Agriculture. 3(1), 1-4.

[18]Singh, M., Malhotra, N. and Sharma, K.
(2020). Buckwheat (Fagopyrum sp.) genetic
resources: What can they contribute towards
nutritional security of changing world? Genet.
Resour. Crop. Evol. 67, 1639-1658.

[19]Eryilmaz-Acikgoz, F., Adiloglu, S., Solmaz, Y.
and Adiloglu, A. (2018). Determination of
some mineral material content in quinoa greens
(Chenopodium quinoa) as a vegetable. Fresen.
Environ. Bull. 27(10), 7108-7111.

[20] Gardner, M., Maliro, M.F.A., Goldberger, J.R.
and Murphy, K.M. (2019). Assessing the po-
tential adoption of quinoa for human consump-
tion in central Malawi. Front. Sustain. Food
Syst. 3, e52.

[21]Jaikishun, S., Li, W., Yang, Z. and Song, S.
(2019). Quinoa: In perspective of global chal-
lenges. Agronomy. 9(4), e176.

[22] Skrobot, D., Milovanovi¢, 1., Jovanov, P.,
Pestori¢, M., Tomi¢, J. and Mandié, A. (2019).
Buckwheat, quinoa and amaranth: Good alter-
natives to nutritious food. Journal on Pro-
cessing and Energy in Agriculture. 23(3), 113—
116.

[23]Vecchia, L., Di Gioia, F., Ferrante, A., Hong,
J.C., White, C. and Rosskopf, E.N. (2020). In-
tegrating cover crops as a source of carbon for
anaerobic  soil disinfestation. Agronomy.
10(10), el614.

[24]Popovi¢, V., Sikora, V., Berenji, J., Filipovié,
V., Dolijanovi¢, 7., Tkanovi¢, J. and Dongié, D.
(2014). Analysis of buckwheat production in
the world and Serbia. Economics of Agricul-
ture. 61(1), 53-62.

[25]Glamoglija, D., Cosi¢, Z., Drazi¢, S., Ikanovié,
J., Milutinovi¢, M. and Doki¢, J. (2012). Im-
pact agroecological conditions and land on the
morphological features and yield Fagopyrum
esculentum. Zbornik nauénih radova Instituta
PKB Agroekonomik. 18(1-2), 71-77.

[26]Drazi¢, S., Zivanovié, T., Maleti¢, R.,
Glamoclija, ., Zarkovié, B. and Drazi¢, M.
(2013Db). Variability of traits quinoa introduced
genotypes (Chenopodium quinoa Willd.). Sele-
keija i semenarstvo. 19(1), 19-26.

FEB



Volume 31— No. 10/2022 pages 10027-10036

[27] Alvar-Beltran, J., Napoli, M., Dao, A., Amoro,
Q., Verdi, L., Orlandini, S. and Dalla Mart, A.
(2021). Nitrogen, phosphorus and potassium
mass balances in an irrigated quinoa field. Ital.
J. Agron. 16, e1788.

[28] Sredojevié, Z., Kljaji¢, N. and Arsi¢, S. (2020).
Economic profitability and ecological justifica-
tion of buckwheat cultivation in the republic of
Serbia. Scientific Papers Series Management,
Economic Engineering in Agriculture and Ru-
ral Development. 20(3), 571-578.

[29]Glamoclija, B., Jankovié, S., Popovié, V.,
Filipovi¢, V., Kuzevski, J. and Ugrenovié, V.
(2015). Alternativne ratarske biljke u konven-
cionalnom i organskom sistemu gajenja, Insti-
tute for Science Application in Agriculture,
Belgrade. (in Serbian)

[30]Nikolic, O., Pavlovic, M., Dedic, D. and Saba-
dos, V. (2019). The influence of sow density
on productivity and moisture in buckwheat
grain (Fagopyrum esculentum Moench.) in
condition of stubble sowing and irrigation. Ag-
riculture & Forestry. 65(4), 193-202.

Received: 22.03.2022
Accepted: 21.08.2022
CORRESPONDING AUTHOR

Tatjana Vijatov
Singidunum University
11000 Belgrade — Serbia

e-mail: tatjanavi44@gmail.com

10036

Fresenius Environmental Bulletin

FEB



