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ABSTRACT
The introduction of buckwheat into Mediterranean regions would
comply with the rising consumer demand for healthy food with a low
environmental impact and could be exploited on marginal lands and
increase the ecosystem services of modern crop systems. In a set of
experiments, we investigated: i) the production of vegetative biomass and
grain in response to sowing date and irrigation; ii) the quality of forage
obtained from buckwheat; iii) the influence of photothermal conditions
on flower and seed set, and iv) the potential invasiveness of buckwheat.
Our results highlighted that sowing performed in early spring and at the
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end of summer are best suited to grain production, whereas late spring
and early summer sowings are only suitable for forage, because high
temperatures dramatically reduce the seed set. Thus, we can conclude that
buckwheat could be profitably grown in temperate Mediterranean regions
for the production of forage and grain. Moreover, it is to point out that no
risk of invasiveness was found.

1. INTRODUCTION
1.1. Plant Description
Buckwheat (Fagopyrum esculentum Moench.) is an annual
dicotyledon herb belonging to the Polygonaceae family. The stem is erect
with a variable branching, bearing one, rarely two, leaves per node.
Flowers consist of five petal-like white-to-pink sepals surrounding eight
stamens and a central superior ovary that bears a three-parted style with
knoblike stigmas (Marshall, 1980). Each plant produces a lot of flowers,
but only a low proportion develop into dark-hulled triangular achenes,
containing one starch-filled seed (Halbrecq et al., 2005). Flowers are
grouped in compound inflorescences that develop in the leaf axils and at
the end of the stem and branches. Each inflorescence consists of a raceme
that initiates 7–16 uniparous cymes acropetally on its flanks, containing a
variable number of flowers (Quinet et al., 2004). Pollination is
entomophilous and cross between the two flower types produced by
buckwheat: pin flowers with long pistils and short stamen and thrum types
with short pistils and long stamens (Marshall, 1980).
Buckwheat has been domesticated since ancient times, with hundreds
of local varieties differing in the ploidy level, size and shape of seeds,
colour of the pericarp and flowers, and the size and achene yield of the
plant (Jacquemart et al., 2012). In most ecotypes, growth is indeterminate
and meristem activity is sensitive to photothermal conditions, which affect
the duration of growth phases. As a consequence, plant development and
final size, together with achene yield, are highly variable (Angus et al.,
1982; Arduini et al., 2016). Buckwheat breeding is made difficult by both
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indeterminate growth and flower self-incompatibility, and, therefore,
certified varieties of buckwheat are of relatively recent origin (Cawoy et
al., 2009; Léder, 2009; Zhou et al., 2018). In Japan, summer, intermediate
and late summer agro-ecotypes have been selected (Ohsawa et al., 1998),
while wild ecotypes differing in sensitivity to daylength have been
identified in China (Hao et al., 1995). Nevertheless, high variability within
cultivars and populations still persists, and erratic yield is a major
constraint to the diffusion of its cultivation (Brunori et al., 2006; Cawoy et
al., 2006).

1.2. Origin and Diffusion
The origin of buckwheat is believed to be the northwestern corner of
the Yunnan province of China (25-30°N), a vast plateau in the Himalayan
foothills running from Pakistan to Myanmar, where the species grows from
500 to 2,500 m above sea level (Campbell, 1997; Léder, 2009). Today, the
species also grows wild in Manchuria and Siberia (Tahir and Farooq,
1988). Human consumption of buckwheat fruits in China probably dates
back to prehistory and, in the first millennium B.C., its cultivation was
spread by the nomadic population of the Scythians to Russia and Ukraine,
where the oldest findings date back to the beginning of the Iron Age, 700600 B.C. (Körber-Grohne, 1987; Hao et al., 1995).
The species arrived in northern Europe in the Middle Ages, probably
introduced from Siberia, and reached Germany at the beginning of the 15th
century (Williams, 1995). In Europe, it was cultivated either as a summer
crop in rotation with rye (Secale cereale L.), or on the poorest soils, and as
a pioneer species on new farmland. In northern Germany, buckwheat was
used to reclaim moorlands, because it was the only crop able to grow on
peaty soils after bog burning (Körber-Grohne, 1987). Buckwheat
cultivation was introduced into North America in early colonial days and
its production peaked in 1866 (Oplinger et al., 1989). Colonists used it
both as a livestock-feed and to obtain flour for human consumption. With
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later colonisations, buckwheat cultivation also spread to Canada,
Argentina, Brazil, Australia and South Africa (Jacquemart et al., 2012).
In Europe, the zenith of buckwheat cultivation was reached in the 17th
century. Later, the introduction of maize and potato from the New World
and the diffusion of higher yielding cereals such as wheat and barley, led to
a rapid decline in buckwheat cultivation, and in the 19th-20th century its
cultivation in western Europe was associated with poverty and hunger
(Körber-Grohne, 1987; Ahmed et al., 2014). Nevertheless, wide surfaces
cultivated with buckwheat were still present in northern Germany during
the 19th century, as can be seen in the portraits of the Weyerberg painters
(Cohrs-Zirus Galery, Worpswede near Bremen, Germany). In addition, the
famous 19th century Danish writer, Hans Christian Andersen, dedicated a
fairy tale to buckwheat, which clearly suggests that, at the time, the crop
was still well known in rural areas of northern Europe.

1.3. Introduction and Diffusion in Southern Europe
During the 15th century, buckwheat also arrived in southern Europe,
most probably through the Republic of Venice, whose merchants traded
the buckwheat produced around the Black Sea by Turkish and Mongolian
populations on Turkish markets. Still today, in Italy and other
Mediterranean countries of Europe, the common name for buckwheat is
‘Saracen wheat’, which highlights its ancient trade from EastMediterranean populations. In Spain, however, buckwheat was probably
introduced directly by the Arabs since it is named ‘alforfon’, a word of
Arabic origin.
In southern Europe buckwheat became a traditional crop only in Italy
and in Slovenia. In Italy, it was extensively cultivated during the 17th
century in the foothills of the eastern Alps, and also descended along the
Appennine mountains, and was also grown around Lucca and in Umbria
(Brunori et al., 2005; Tallarico et al., 2008). It was used to make polenta in
northern Italy and is mentioned in the famous novel The Betrothed by
Alessandro Manzoni, set in Lombardy at the beginning of the 17th century,
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during the period of the Thirty-Year War. Though buckwheat production
in Italy has steadily decreased as in the rest of Europe, its cultivation has
resisted over centuries in Valtellina, a small alpine region in the Province
of Sondrio, where the flour is the basic ingredient in the preparation of
several local foods and delicacies (Brunori et al., 2006).
In Slovenia, its cultivation was maintained for longer, especially in
poorer rural areas, where landowners allowed the farm-hands to sow
buckwheat as a summer crop after wheat or barley, since this practice
helped to reduce the spread of weeds (Kreft, 1999). Thus, several
traditional Slovenian foods are based on buckwheat, and the bread made
from its flour is still common at Christmas.

2. USES OF BUCKWHEAT
2.1. Traditional Uses
Traditionally buckwheat has had various uses, ranging from the
consumption of leaves and fruits by humans, the production of forage to
feed livestock, and cultivation as a pioneer species to ameliorate soil
conditions and suppress weeds. Flowering plants were once used to feed
honey bees, and entire fruits were employed to produce beer and to feed
poultry, pigs and horses (Körber-Grohne, 1987; Campbell, 1997). In Asia,
and especially in India, leaves and young sprouts were consumed fresh as
vegetables, and were also dried to prepare tea (Ratan and Kothiyal, 2011;
Stojilkovski et al., 2013). The flour obtained from achenes has been used
to produce bread, pancakes, biscuits and noodles (Oplinger et al., 1989;
Léder, 2009).
Both dehulled and entire achenes can be milled to obtain flour, which
is why buckwheat is classified as a pseudo-cereal crop (Campbell, 1997).
The yield in flour is quite high (over 75%), so that 76 kg of flour and 12 kg
of bran can be obtained from 100 kg of clean buckwheat seeds (Baldassi,
1998).
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2.2. Functional Food
In the 1960s, the interest in the cultivation and the genetic
improvement of buckwheat increased again in Canada, U.S.A. and Japan.
In Canada and the USA, this was because of its use in the industrial
preparation of pancakes and cereals, and because of it being increasingly
exported to Japan, where it was used to produce traditional Japanese
noodles (Oplinger et al., 1989). In Europe, the resurgence in the popularity
of buckwheat dates to the 1980s which was primarily driven by its value as
a functional food (Goeritz et al., 2009; Léder, 2009).
The flour obtained from the dehulled seeds or the entire fruits of
buckwheat has a higher protein content and a higher biological value
compared to wheat and rice flour, primarily because of its higher
proportion of the amino acids lysine and arginine (Ratan and Kothiyal,
2011; Zhang et al., 2012). In addition, the flour is gluten-free and can,
therefore, be consumed by people affected by celiac disease, who represent
1% of the world population (Alvarez-Jubete et al., 2010; Kaur et al., 2015).
The entire plant contains several compounds that can be used for the
production of nutraceutical preparations, herbal drugs and functional foods
(Li and Zhang, 2001; Baumgertel et al., 2010; Giménez-Bastida and
Zielinski, 2015).
Buckwheat is rich in rutin, a quercetin-3-rutinoside with antioxidant,
anti-inflammatory and anti-carcinogenic properties. In humans rutin can
reduce the fragility of blood vessels, which is related to haemorrhagic
diseases and hypertension (Oomah and Mazza, 1996; Baumgertel et al.,
2003). Rutin is not found in other grains such as wheat, rice, and corn, but
is found in quantities of 100-200 mg/g dw in buckwheat, which makes
buckwheat fruits a major dietary source of rutin (Kreft et al., 2006; Ahmed
et al., 2014). The rutin content varies among genotypes, in response to
growth conditions, and in the different plant parts (Park et al., 2004;
Kalinova and Dadakova, 2006; Baumgertel et al., 2010; Kalinova and
Dadakova, 2013). Along with the various beneficial nutrients and
phytochemicals, however, buckwheat contains fagopyrin, which is a
naftodianthrone related to hypericin (Brockmann et al., 1950, 1952). This
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substance causes phototoxic symptoms, known as fagopyrism, in cattle and
other farm animals, but it can also affect humans (Wender et al., 1943;
Stojilkovski et al., 2013; Ahmed et al., 2014). Fagopyrin is mainly present
in leaves and flowers and at lower levels in the stems, hulls, and groats
(Eguchi et al., 2009).

Figure 1. Buckwheat bread sold by a supermarket chain.

Today, European markets offer consumers in pursuit of a diverse and
healthy diet, several buckwheat products, from de-hulled seeds and flour to
bread (Figure 1.) and biscuits. In parallel, investigations have been carried
out to test the quality of pasta, the most common food consumed in Italy,
when buckwheat flour is mixed with durum wheat semolina (Chillo et al.,
2008). In addition, several flour mixtures containing buckwheat have been
tested for the preparation of cookies and bread (Yamsaengsung et al.,
2012; Collar and Angioloni, 2014). Buckwheat sprouts enriched with
microelements have also been tested (Lintschinger et al., 1997).

2.3. Ecological Services in Agroecosystems
Buckwheat cultivation also increases the biodiversity of cultural
systems and thus has an ecological value. Its short growth cycle enables it
to be included in several crop rotations such as summer crops, with the
double advantage of obtaining an additional yield and suppressing the
spread of weed species (Tahir and Farooq, 1988). In addition, due to its
profuse and long-lasting flowering, buckwheat is a good source of nectar
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for honey bees and other beneficial insects, thus improving pollination and
honey production, and supporting natural food chains in agroecosystems
(Cawoy et al., 2006). Lastly, the crop also has a landscape value during
flowering.
In California, New Zealand and Australia, buckwheat is intercropped
in vineyards, which would otherwise be a monoculture, thereby increasing
biodiversity and providing nectar for parasitoid wasps (Orre-Gordon et al.,
2013). This way buckwheat can improve the ecological fitness of predator
species that attack grape-feeding caterpillars, thus reducing their damage in
vineyards. However, Irvin et al., (2014) found that buckwheat plants also
supported the replication of Xylella fastidiosa and its reciprocal
transmission with grapevine, which could increase the diffusion of this
hazardous pest in vineyards.

3. BUCKWHEAT CULTIVATION IN
MEDITERRANEAN CLIMATES
3.1. Production Areas
From the end of World War II up to recent decades, buckwheat
cultivation was only common in parts of Asia and Eastern Europe (Li and
Zhang, 2001; Préstamo et al., 2003; Wijngaard and Arendt, 2006). In Italy,
traditional buckwheat was cultivated in a few Alpine valleys of the
provinces of Sondrio and Bolzano and in the Apennine province of Lucca but only as a marginal crop.
The world's leading buckwheat producers are currently China and the
Eastern European countries, primarily Russia, Ukraine and Poland,
followed by France and the U.S.A. (FAOSTAT, 2016). In Asia the
cultivation of buckwheat is also significant in India, Nepal, Bhutan,
Mongolia, North Korea, and Japan (Léder, 2009).
Due to the increased interest in functional food, buckwheat seeds and
flour are imported to Mediterranean Europe, primarily from China and
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Eastern Europe. This, however, does not completely meet consumers'
demand for healthy food, which generally comprises easy traceability and
the short distance transport of raw products. In fact, those consumers
interested in a healthy diet are generally sensitive to ecological issues and
would therefore prefer food products generating low environmental
impact. Thus, in the last few decades, buckwheat production has risen in
the European Union, but has fallen by approximately 20% in China
(Jacquemart et al., 2012).
The diffusion of buckwheat cultivation in Mediterranean Europe could
thus meet the increasing market demand for its products and the need to
increase the diversity and ecosystem services of cropping systems. Its
introduction into hilly and mountain areas would help reduce the
abandonment of marginal lands, whereas in modern crop systems, it could
contribute to increasing farm biodiversity (Interlandi et al., 2006). In
addition, it could decrease the import of buckwheat flour, thus reducing the
costs and environmental impact of long distance transport and increase the
traceability of the end products. The introduction of buckwheat cultivation
in the Mediterranean regions of Europe would, therefore, also comply with
the rising concern of consumers in reducing food transport and
conservation chains and in increasing the traceability of food products.
In Mediterranean Italy, buckwheat cultivation could be successfully
practiced up to 1000 meters above sea level on marginal high hilly areas,
and its introduction as a summer crop in central-southern Italy has been
investigated in the past decade by Brunori et al. (2005 and 2006).

3.2. Growth Conditions
In traditional cultivation areas, the crop cycle of buckwheat is quite
short, lasting 9-12 weeks depending on the environmental conditions. It
needs approximately 1,200 GDD, with a base temperature of 5°C, to reach
fruit maturity (Edwardson, 1995; Ahmed et al., 2014). This species grows
best in cool and humid conditions, and the optimal temperatures for
flowering and fruit ripening are between 17 and 19°C (Marshall and
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Pomeranz, 1982). In temperate climates these conditions are achieved in
mountain areas, where buckwheat is traditionally sown from June-July and
harvested in August-September, without the need for irrigation. Under
these climatic conditions, it is possible to sow buckwheat after the harvest
of wheat and barley in order to obtain a second crop before the end of the
growing season (Baumgärtner et al., 1998; Amelchanka et al., 2010). In
subtropical regions, conversely, it is grown as an autumn crop (Angus et
al., 1982).
Buckwheat adapts to a wide range of soils, provided they are not
subject to waterlogging, and also has a high resistance to soil acidity.
However, less fertile and basically loose soils with a pH of between 5 and
7 are preferable (Marshall and Pomeranz, 1982; Körber-Grohne, 1987;
Campbell, 1997). Buckwheat requires little fertilizing and shows a low
susceptibility to pests, weeds and diseases (Jacquemart et al., 2012).
Because of its rustic nature and the low requirement of fertilizers,
buckwheat is an ideal crop for low input and organic agriculture (Brunori
et al., 2006, Kreft and Germ, 2008).
However, there are important constraints in buckwheat cultivation.
One of the main reasons for the gradual abandonment of its cultivation in
modern agriculture is the lack of a significant improvement in yield,
compared to that obtained with other grain crops such as wheat. According
to FAO data (FAOSTAT, 2016), the worldwide yield of buckwheat was
approximately 10% higher in the period 2000-2016 compared to 19611999, whereas between the same periods the yield of wheat increased by
40%. In buckwheat, yield improvement is made difficult by the poor
response to fertilizers and to other modern cultural practices (Schulte
auf’m Erley et al., 2005). Other limitations are the high degree of lodging
and the heterogeneity of its maturation, which makes the harvest time
difficult to determine, because flowers may coexist with unripe green seeds
and mature seeds prone to shedding (Funatsuki et al., 2000; Halbrecq et al.,
2005). In addition, breeding is hindered by indeterminate growth and
flower self-incompatibility (Léder, 2009; Jacquemart et al., 2012). As a
result of these limitations, the production of buckwheat grain is markedly
lower than that of other grain crops, ranging between 10 and 25 q/ha, and
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worldwide annual variations in yield are still very large, reaching up to 3050% (Brunori et al., 2006; Jacquemart et al., 2012).
Because of its short growth cycle, the wide ecological tolerance and
non-specific response to day length, buckwheat cultivation could be readily
expanded to new areas (Hao et al., 1995; Léder, 2009). However, ecotypes
differ in their sensitivity to photoperiods and, thus, the choice of the most
adaptable existing cultivars, or the selection of new cultivars starting from
wild ecotypes, is necessary (Hao et al., 1995; Ohsawa et al., 1998).
Buckwheat is also sensitive to climatic factors, which can strongly
influence crop development, growth habit and yield (Halbrecq et al., 2005;
Michiyama et al., 2005; Ahmed et al., 2014; Arduini et al., 2016).
In the plains of the Mediterranean region, buckwheat cultivation could
be included in crop systems both as a main crop and intercrop, with a
sowing time ranging from April to September. Accordingly, the buckwheat
growing season could fall into a period characterized by a variety of
temperatures and photoperiod conditions, which have been found to
markedly influence plant growth habits and the length of growth phases
(Arduini et al., 2016). In addition, the year-to-year variability in rainfall
that is typical of the Mediterranean climate, could limit the water
availability to the crop at different growth stages. Since buckwheat is
sensitive to low temperatures at both plant establishment and seed
ripening, and to high temperatures and water stress during flowering and
grain set (Slawinska and Obendorf, 2001; Taylor and Obendorf, 2001;
Ahmed et al., 2014), Mediterranean climatic conditions could adversely
affect plant growth, grain production, or both. Moreover, at present, there
are few buckwheat varieties cultivated in Italy and all are of foreign origin,
primarily Austrian and Slovenian (Brunori et al., 2006; Interlandi et al.,
2006; Mariotti et al., 2016).
The development of a cultivation technique that could reduce both the
risk of crop failure and the high variability of yield, is of primary
importance before buckwheat cultivation can be effectively established in
modern crop systems. In addition, research efforts are needed to select the
cultivars and ecotypes that can be best adapted to local conditions (Brunori
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et al., 2006), and to clarify the mechanisms that control the growth and
reproduction of this species (Cawoy et al., 2009).

3.3. Cultivation Technique
The cultivation technique adopted for buckwheat is similar to that
commonly used for autumn-winter cereals. Soil preparation thus consists
of a light ploughing followed by harrowing two or three times, and sowing
can be performed with a conventional wheat seeder at a seeding depth of 34 cm.
Several seeding densities have been tested. Mariotti et al. (2016)
sowed buckwheat at 200 seeds/m2 with a 15-cm row spacing, whereas
Interlandi et al. (2006) and Brunori et al. (2006) tested both 300 and 100
seeds/m2, indicating that the higher density caused plants to be too thin. At
a distance between rows of 15-20 cm, and a seeding density of 150-350
seeds/m2, the seed dose is generally between 50 and 120 kg/ha, taking into
account that a thousand seed weight varies from 22 to 30 g depending on
the variety (Ali-Khan, 1973; Marshall and Pomeranz, 1982).
Fertilizer requirements are generally low. Nitrogen fertilization should
be low to prevent lodging (Schulte auf’m Erley et al., 2005), and also
because it tends to favour vegetative growth at the expense of achene
development (Marshall, 1980). However, buckwheat has been found to
respond well to moderate fertilizer applications, and Sobhani et al. (2014)
reported optimal production with 100 kg N/ha. According to Tahir and
Farook (1988), a hectare of buckwheat crop yielding 1600 kg removes 47
kg of nitrogen, 22 kg of phosphorus and 40 kg of potassium from the soil.
At present, there are no selective herbicides for buckwheat. However, due
to the high germination speed, the fast development of seedlings and the
release of allelopathic compounds, the chemical control of weeds is
generally not necessary (Falquet et al., 2015).
Since Mediterranean environments are characterized by summer
drought, irrigation is essential when buckwheat is sown at the beginning of
summer as a second crop. When sown early in spring or at the end of
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summer, an extra water supply would only be necessary in dry years
(Mariotti et al., 2016).
Harvest operations can be performed using a combined wheat
harvester properly regulated in order to reduce speed (Ghiselli et al., 2016).
The ideal time for grain harvest has not been well defined for buckwheat,
because flowering is profuse and prolonged, and consequently fruits ripen
over a long period, depending on the environmental conditions (Funatsuki
et al., 2000; Arduini et al., 2016). To limit seed shattering, the harvest
should therefore be carried out before all the achenes turn brown.
According to Edwardson (1995), the optimal time to harvest is when 75%
of the achenes have turned dark brown, whereas according to Arduini et al.
(2016), the best time for fruit harvest is when all the achenes in the
terminal flower cluster and on the main stem inflorescence has turned
brown (stage 87).

Figure 2. Buckwheat in central Italy at the beginning of July. Right, mid-April sowing;
left, end of May sowing.

3.4. Buckwheat Production for Livestock
3.4.1. Forage Production
In plains with a Mediterranean climate, Mariotti et al. (2016) obtained
the highest forage yield, of 6 t/ha, sowing buckwheat at the end of May and
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with the aid of irrigation to prevent water deficit during summer. With
April and September sowings, the forage yield was 3-4 t/ha both in rainfed
and irrigated conditions (Figure 2). The forage yields obtained with early
spring and late summer sowings were similar to those reported for rainfed
buckwheat in Canada (3-4 t/ha), Brazil (4 t/ha), and in the Czech Republic
(4-5 t/ha) (Arcand et al., 2010; Kalinova and Dadakova, 2012; Görgen et
al., 2016). Results obtained by Mariotti et al. (2016) highlight that
buckwheat can provide an optimal forage yield in a Mediterranean climate.
However, forage production may be limited at all sowing dates due to low
temperatures in the early spring sowing, water deficit in the late spring
sowing and a short day-length in the late summer sowing.
The main chemical properties of buckwheat forage are reported in
Table 1. The quality of forage obtained by Mariotti et al. (2015) in
Mediterranean conditions was slightly higher than forage obtained in other
environments (Amelchanka et al., 2010; Kälber et al., 2011, 2012 and
2014; Leiber et al., 2012; Görgen et al., 2016), both when the harvest was
performed at the green achene stage (stage 71, Arduini et al., 2016) and at
the brown achene stage (stage 87) (Figure 3). A higher relative feed value
(RFV) and higher net energy for lactation (NEL) were obtained with both
fresh and ensiled forage, whereas the fibre and lignin content were slightly
lower. Compared with fresh forage, haymaking resulted in a marked
decrease in crude protein (CP), RFV and total digestible nutrients (TDNs).
On the other hand, ensiling did not change the CP and slightly decreased
RFV, TDN and NEL. The pH values of silage were in the range of 3.8-4.7
(Mariotti et al., 2015; Kälber et al., 2012). In addition, the buckwheat
silage had good nutritional properties in terms of high levels of lactic acid,
low levels of butyric acid and moderate ammonia concentrations, which
should result in acceptable intake levels by cows (Mariotti et al., 2015;
Charmley, 2001). Accordingly, the forage of buckwheat can be considered
a dietary supplement rich of flavonoids, with the potential to be used as
functional feed (Mariotti et al., 2017).

Table 1. Chemical composition, relative feed value (RFV), total digestible nutrients (TDN) and net energy for
lactation (NEL) of fresh, hayed and ensiled forage of buckwheat, as affected by maturity stage
Maturity
Stage

DMC
CP
Fat
NFC
Ash
NDF
ADF
ADL
RFV
TDN
NEL
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(Mcal/kg)
--------------------------------------------------------------------------------------------------------- Fresh --------------------------------------------------------------------------------------------------------65-70*
12.3-16.0
11.0-17.6
1.5-2.0
- 46.0-58.3 32.4-43.5 6.8-9.5
87.8-122.1
1.16-1.45
1
71
16.0
14.4
2.2
30.3
12.0
45.2
29.7
6.2
135.7
56.3
1.52
871
25.0
10.3
1.7
39.4
9.6
41.8
26.7
6.8
152.2
58.5
1.60
---------------------------------------------------------------------------------------------------------- Hay ---------------------------------------------------------------------------------------------------------711
85.0
9.3
1.2
25.6
10.4
56.1
37.3
7.3
99.3
51.9
1.32
871
85.0
7.2
1.9
30.2
8.6
54.1
28.6
7.4
114.7
54.9
1.55
-------------------------------------------------------------------------------------------------------- Silage -------------------------------------------------------------------------------------------------------65-70*
30.9
11.9-13.5
1.6-1.7
- 53.8-55.5 42.7-44.5 7.6-8.8
93.3-93.8
1.18-1.37
711
16.0-35.0
14.2
1.3
26.0
12.1
49.1
35.2
8.9
117.2
50.1
1.38
871
25.0-35.0
10.1
1.8
35.7
10.1
44.2
32.0
8.7
135.3
55.1
1.46
* Compiled and adapted from Amelchanka et al. (2010), Görgen et al. (2016), Kälber et al. (2011, 2012 and 2014) and Leiber et al. (2012).
1 Compiled and adapted from Mariotti et al. (2015).

DMC, dry matter concentration; CP, crude protein; NFC, non-fibrous carbohydrate; NDF, neutral-detergent fibre; ADF, acid- detergent
fibre; ADL, acid-detergent lignin. Where not presented, the values were estimated as: (1.044-(0.0119xADF)) x 2.205 (Horrocks and
Vallentine, 1999). Maturity stages 65-70, flowering; 71, green achenes in the main stem terminal inflorescences; 87, all main stem
achenes are dark brown (Arduini et al., 2016)
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Figure 3. Buckwheat at the two forage harvests. Stage 71, green achenes; stage 87,
brown achenes.

The main buckwheat flavonoids are rutin and quercetin. In livestock,
rutin and quercetin have positive effects, which differ slightly: the addition
of rutin to the diet of dairy cows tends to increase the milk yield and
improve the digestibility of the feed (Cui et al., 2015), while quercetin
inhibits the growth of parasites and bacteria (Vijaya and Ananthan, 1996;
Dupuy et al., 2003). The antibacterial activity of quercetin is also enhanced
by the presence of rutin (Arima et al., 2002). From a nutraceutical point of
view, De Feo et al. (2006) showed that in goats, the rutin contained in the
forage is partially excreted in the milk, which provides the opportunity the
flavonoids to be transferred by the buckwheat forage via the agro-livestock
production chain into foods that are not rich in flavonoids.
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In the fresh forage of buckwheat, the rutin and the quercetin
concentrations change depending on the stage of the plant: from the green
achene to the brown achene stages the rutin concentration changes from 20
to 18 g/kg and the quercetin from 0.15 to 0.08 g/kg (Mariotti et al., 2017).
The same authors reported that the method of forage conservation strongly
affects the flavonoid content of the feed. In hay, compared to fresh forage,
the rutin concentration decreased by 43% in the green achene stage and by
13% in the brown achene stage, while the quercetin decreased in the same
stages by 55 and 26%. The bacterial activities associated with the ensiling
process also led to the almost total transformation of rutin into quercetin,
which, however, led to only a limited loss of total rutin plus quercetin.
The use of buckwheat forage to feed dairy cows showed a lower CP
and feeding value than ryegrass forage, however it also showed a feed
quality sufficient for ruminant nutrition (Amelchanka et al. 2010; Kälber et
al., 2011; Kälber et al., 2012). Specifically, the buckwheat forage had a
lower N content, which did not impair the animal performance because it
was associated with lower urine N losses and more efficient N use for milk
protein synthesis. In addition, buckwheat silage seems to promote the
transfer of fatty acids, in particular α-linoleic acid, from the feed to milk,
which improves the cheese-making properties (Kälber et al., 2013).
Finally, no adverse effects or symptoms of photosensitization were
recorded by these authors. Working in vitro, Leiber et al. (2012)
demonstrated that buckwheat forage was able to mitigate methane
emissions by up to 13% more than that of ryegrass, whereas Amelchanka
et al. (2010) found that methane emissions were not influenced by the
addition of buckwheat to forage.
In sheep fed with buckwheat forage, McKenzie et al. (2017) reported
no negative impact on animal performance. In contrast, Mulholland and
Coombe (1979) reported that one-third of the sheep grazing on buckwheat
stubble for a period of about two months were affected by fagopyrism,
which reduced both live-weight gain and wool production. The
symptomatology affected only white or white-spotted animals when
continuously exposed to sunlight and was more marked if the animals were
fed on young plants rather than grain. However, the problem is not likely
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to occur if the animals are fed with moderate amounts of buckwheat or are
kept indoors (Marshall and Pomeranz, 1982).

3.4.2. Grain Production
In buckwheat, grain yield is highly variable depending on the
pedoclimatic conditions and the cultural technique. Grain yields reported in
the literature range from 1.4 to 3.5 t/ha in central Europe and Canada
(Gubbels, 1977; Campbell, 1983; Kajfez-Bogataj, 1987; Martinenko, 2001;
Schulte auf’m Erley et al., 2005; Kalinova and Dadakova, 2013), from 1.6
to 2.4 t/ha in Iran (Sobhani et al., 2014), and from 0.6 to 0.8 t/ha in India
(Gupta, 2002). Yields reported for Mediterranean Europe, Italy and
Turkey, range from crop failure (0.1 t/ha) up to 2.4 t/ha (Brunori et al.,
2005 and 2006; Kara, 2014; Ghiselli et al., 2016; Mariotti et al., 2015 and
2016; Siracusa et al., 2017). Mariotti et al. (2016) found that grain
production was negligible in late spring sowings and that irrigation only
had a limited positive effect.
The influence of nitrogen fertilizer on grain yield is not clear but, in
any case, generally low (Marshall, 1980; Schulte auf’m Erley et al., 2005;
Sobhani et al., 2014). Since N fertilizers enhance vegetative growth and
depress or do not affect grain production, the harvest index of buckwheat
tends to decrease in response to N supply (Schulte auf’m Erley et al.,
2005). Similar to N fertilizers, also high temperatures enhance vegetative
growth and depress grain production. In consequence, Mariotti et al.
(2016) found that the harvest index decreased from approximately 50% in
the early spring and late summer sowings to only 13% in the late spring
sowing. Our own experiments and the data reported in the literature
highlight that the most important factor conditioning buckwheat grain
production in different environments is choosing most appropriate sowing
date.
The nutritional traits of buckwheat grain for livestock feeding can be
summed up as follows: concentration of crude proteins (Nx5.7) ranges
from 11 to 14%, fat ranges from 2 to 4%, ash 2%, neutral-detergent fibre
(NDF) from 20 to 29%, acid-detergent fibre (ADF) from 15 to 17%, aciddetergent lignin (ADL) from 7%, crude fibre (CF) from 11 to 18% (Table
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2). A comparison with the grains of other cereals shows that buckwheat
has a comparable or higher crude protein content than oats and maize, a
higher lipid content than wheat and a higher fiber content than wheat and
maize (Tor-Agbidye et al., 1990; Ahmed et al., 2014). In addition,
buckwheat grain proteins have a greater biological value than those of
other cereals, thanks to the higher content of essential amino acids, primary
arginine, lysine and tryptophan (Pomeranz and Robbins, 1972; Farrell,
1978; Eggum et al., 1981; Mulholland and Preston, 1995; Jacob and
Carter, 2008; Alvarez-Jubete et al., 2010).
Table 2. Chemical composition (%) of the
buckwheat grain in the literature
Reference
Alvarez-Jubete et al., 2010
Amelchanka et al., 2010
Bonafaccia et al., 2003
Bonafaccia et al., 2003*
Eggum et al., 1981
Farrell, 1978
Gupta, 2002
Jacob and Carter, 2008
Mazza, 1988*
Mulholland and Preston, 1995
Tor-Agbidye et al., 1990

CP
12.5
13.7
11.7
21.6
11.2
11.5
10.8
11.1
13.6
10.7
14.0

Fat
2.1
1.8
2.9
7.2
2.9
4.0
2.1
2.4
2.9
2.8

Ash
2.1
2.2
4.1
2.5
2.0
2.3
1.6
2.2
2.3

NDF
25.6
19.5
-

ADF
15.4
-

ADL
7.2
-

29.3

16.7

-

CF
15.3
17.0
10.6
1.5
17.8

* values obtained from dehulled grain.
CP, crude protein; NDF, neutral-detergent fibre; ADF, acid-detergent fibre; ADL, aciddetergent lignin; CF, fibrous carbohydrate

Several authors have investigated the use of buckwheat grain to feed
animals. The inclusion of up to 60% buckwheat in the diet of poultry had
no significant effects in terms of growth rate, feed intake and feed
conversion ratio, compared to a control diet, however above this
percentage, there was a significant decline in feed efficiency (Gupta, 2002;
Jacob and Carter, 2008). In contrast, Benvenuti et al. (2002) reported that
buckwheat bran can be used as an ingredient feed for low-producing laying
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hens, in which it induces a feed-intake increase, partially balanced by
improved egg-production rates and a tendency for better albumen Haugh
units.
The replacement of common cereal grain with buckwheat by up to 6075% in the diet of laboratory rats and in rabbit diets increased the lysine
intake, without adverse effects on weight gain, daily intake, feed efficiency
and digestibility of dry matter (Thacker et al., 1983; Tor-Agbidye et al.,
1990).
Buckwheat grain has also been used to feed ruminants. In dairy cows,
Amelchanka et al. (2010) concluded that when wheat meal was partially
replaced with the meal of buckwheat fruits, there were no effects on feed
intake, milk yield and milk composition, whereas there was a positive
effect on the reduction of methane emissions. Finally, buckwheat has also
been found to be a suitable grain in sheep for maintaining live weight and
wool production (Mulholland and Preston, 1995).

4. FRUITING IN BUCKWHEAT
High and variable floral sterility are a major constraint to buckwheat
yield stability, which can, at least in part, be attributed to its indeterminate
and excessive flowering and to the very low grain set (Halbrecq et al.,
2005). Early flower senescence as a consequence of fertilization failure
would seem to be the primary cause of sterility, however the reason for this
is still uncertain. Taylor and Obendorf (2001) and Cawoy et al. (2007)
suggested that the strong competition between vegetative and floral
structures and between flowers within each inflorescence contribute to the
low seed set. Halbrecq et al. (2005) found that the seed set was lower in the
inflorescences formed on the middle part of the plant compared to the
upper inflorescences, because the former suffered from higher competition
with vegetative growth. High floral sterility can, therefore, be associated
with the indeterminate growth of buckwheat, which means that plants
continue to produce lateral branches and inflorescences after the onset of
flowering and, within each inflorescence, new flowers are initiated at the
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apex, while fruits develop at the base (Arduini et al., 2016). The number of
flowers per plant is highly variable, depending on the number of
inflorescences, the number of cymes per inflorescence, and the number of
flowers per cyme (Quinet et al., 2004). Moreover, since within each
inflorescence, anthesis starts on the first cyme produced at its base and, at
any time, there is only one flower open per cyme, whose life span is one
day, the intensity and duration of flowering is strictly related to the number
of inflorescences per plant and to their size. It has been hypothesized that
the higher the number of flowers, the lower the grain set, however it is not
clear how and whether this affects the yield per plant (Quinet et al., 2004).
Both day-length and temperature are involved in the initiation of
flowers and, therefore, in the duration of flowering. Short days have been
found to advance flowering, whereas long days increased the number of
inflorescences produced by each plant and the number of flowers per
inflorescence (Michiyama et al., 2003). High temperatures changed plant
traits in a similar way to long days (Michiyama et al., 2007).
Plant size and the duration of phases is thus strongly dependent on
environmental conditions. Arduini et al. (2016) described the development
of buckwheat plants sown at five dates throughout spring in a humid
temperate Mediterranean climate characterized by dry and hot summers,
which is classified as Csa, according to the Köppen climate classification
(Figure 4). Sowing date influenced the growth habit of buckwheat plants,
so that the first inflorescence developed at the 4th node of the main stem in
plants sown up to the beginning of May, and at the 5th node in plants sown
around either the end of May or the mid of June. The terminal flower
cluster developed approximately at the 7th node when plants were sown up
to the beginning of May and at the 12th node when sown later. Plant size
and the number of inflorescences were thus markedly higher in the two late
spring sowings.
These changes in plant size in response to sowing date did not
correspond to changes observed in the length of growth phases. In fact, the
reproductive phase was much longer in plants sown from the beginning of
May onwards, so that the thermal time required to complete the growth
cycle was approximately 1340°Cd in plants sown up to mid-April and
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1720°Cd in plants sown in May and June (Arduini et al., 2016). In the
same research, Arduini et al. (2016) found that grain yield was greatly
affected by sowing date, however differences were not related to the
number of inflorescences produced, or to the length of the reproductive
phase. Across sowing dates, grain yield ranged from approximately 4 g per
plant to null and were ranked in the order June >>March>May-end> =
April>>May-beginning. In a field experiment carried out in the same
Mediterranean environment in 2012 and 2013, Mariotti et al. (2016) found
that seed production fell dramatically when plants were sown at the end of
May, despite optimal forage production, and that irrigation had only
minimal beneficial effects.

Figure 4. Minimum and maximum temperatures and rainfall during spring and summer
for the year interval 2001-2017 and in the year of the research.

In order to explain the variations in grain yield in response to sowing
date, we followed flower initiation and grain set in the first inflorescence
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and in the terminal cluster of inflorescences formed on the main stem of
Fagopyrum esculentum, cv. Lileja, sown at 20-day intervals throughout
spring. The total number of initiated flowers, the number of aborted
flowers and the number of mature, green and aborted achenes were
determined at full flowering (stage 65, Arduini et al., 2016) and at maturity
(stage 97). Determinations were carried out on three replicates, each
consisting of five plants. Results were discussed in comparison with
temperature and rainfall patterns.
In line with the indeterminate growth habit of buckwheat
inflorescences, we found that in both the inflorescences examined, the
number of initiated flowers increased from full flowering, which
corresponds to the stage when all main stem inflorescences and most
inflorescences on branches had at least one flower open (Arduini et al.,
2016), to maturity (Figure 5). Only in March and April sown plants, none
or very few flowers were initiated in the 1st formed inflorescence after full
flowering. The delay in sowing date from March to the beginning of May
progressively increased the number of flowers initiated per inflorescence.
After this date values no longer changed in the terminal cluster, while they
increased slightly in the June sowing in the 1st inflorescence. Trends
observed in the number of flowers per inflorescence in response to sowing
date corresponded to those reported by Arduini et al. (2016) in the length
of the entire flowering period measured in thermal time. This suggests that,
in buckwheat, the duration of flowering depends on the number of flowers
initiated in each inflorescence rather than the number of inflorescences
produced by the plant. Although patterns in response to sowing date were
similar in the two inflorescences analysed, the number of initiated flowers
was always higher in the terminal cluster. Differences tended to increase in
the later sowings because of the higher number of cluster branches, which
were 3.3 in March, 4.5 in April and May, and 5.2 in June. It is worth noting
that, at all sowings, no branches were initiated between full flowering and
maturity. The composition of inflorescences at maturity highlighted that
more than half of the initiated flowers aborted before or just after
flowering, irrespectively of their position on the main stem and sowing
date (Figure 6).
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Figure 5. Number of flowers initiated on the first inflorescence and on the terminal
inflorescence cluster of the main stem of buckwheat plants at full flowering (stage 65,
Arduini et al., 2016) and at maturity (stage 69), as affected by sowing date. Values are
means ±SE. n = 3.

The percentage of aborted flowers increased from 57% in the March
sowing to 69% (1st inflorescence) and 81% (terminal cluster) in the April
sowing, with values of between 90 and 95%, in the June and May sowings,
respectively, with slightly lower abortion percentages in the terminal
inflorescence cluster. The proportion of aborted achenes, comprising both
normal-sized empty achenes and those that did not complete their
development, was only between 7 and 11% in the March and April
sowings, and 2-3% in later ones. This thus confirmed that in buckwheat, a
low seed set is primarily caused by early flower abortion (Cawoy et al.,
2007).
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Terminal cluster

Terminal cluster

8%

March 24

11%
32%

35%

Achenes mature
Flowers aborted
Achenes aborted
57%

57%
7%

April 14

7%

12%

24%

Achenes mature
Flowers aborted
Achenes aborted
81%

69%
2%

0%

2%

2%

May 5

Achenes mature
Flowers aborted
Achenes aborted
96%

98%

2% 3%

3%

May 26

6%

Achenes mature
Flowers aborted
Achenes aborted
95%

91%
1% 7%

3%

June 17

8%

Achenes mature
Flowers aborted
Achenes aborted
92%

89%

Figure 6. Composition of the first inflorescence (left column) and the terminal
inflorescence cluster (right column) of the main stem of buckwheat plants at maturity,
as affected by sowing date.
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Figure 7. Seed set on the main stem of buckwheat plants, as affected by the position of
the inflorescence on the main stem and by sowing date. Values are means ±SE.
n = 3.

Table 3. Composition of the first inflorescence and the terminal
inflorescence cluster of the main stem of buckwheat plants at full
flowering (stage 65, Arduini et al., 2016), as affected by sowing date
Sowing date

March 24
April 14
May 5
May 26
June 17
March 24
April 14
May 5
May 26
June 17

Blossoms

Opened
flowers

n/inflorescence
1st inflorescence
13. 0±3.1
2.3±0.3
17.7±0.3
3.3±0.3
28.0±2.7
0.8±0.6
28.0±3.0
3.0±0.5
44.0±3.4
4.7±0.5
Terminal cluster
10.3±2.9
4.0±1.9
27.3±4.4
5.3±1.9
86.0±3.6
6.5±2.1
71.7±2.5
11.0±2.9
84.3±11.9
14.0±2.9

Aborted
flowers

Green
achenes

0.0
0.0
16.8±2.4
13.3±3.7
12.0±0.5

4.0±0.8
1.0±0.5
2.0±0.5
0.7±0.3
3.0±1.2

0.0
0.0
6.3±2.5
2.3±1.9
0.0

3.7±0.3
0.0
0.8±0.2
0.3±0.3
0.0

Values are means ±SE. n = 3

In our research, the seed set never exceeded one third of initiated
flowers and ranged from 33.6% in the March sowing to only 2% in the
early-May sowing (Figure 7). The response to sowing date was similar in
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the two inflorescences, however the seed set was slightly higher in the 1st
inflorescence in the two earlier sowings, and in the terminal cluster in the
three later sowings. Values recorded in March and April were close to
those reported by Halbrecq et al. (2005) for the cultivar “Le Harpe” sown
in Belgium from the end of May to the end of June. This suggests that, in
Mediterranean environments, seeds need to be sown early in spring, and
not later than April, for the success of buckwheat fruiting.
When the composition of inflorescences was observed at full
flowering, we found that the number of blossoms and open flowers
increased with the delay in sowing, which was a consequence of the higher
number of cymes per inflorescence and flowers per cyme (Table 3). At this
stage no aborted flowers were recorded in the March and April sowings in
either of the two inflorescences. Conversely, approximately one third of
the total number of flowers had already aborted in the 1st inflorescence in
the May sowings and one fifth had aborted in the June sowing. In the
terminal cluster, percentages of aborted flowers never exceeded 6%, which
could be explained by the younger development stage at full flowering. In
plants sown in late spring, after full flowering, floral abortion proceeded in
parallel with initiation, affecting all cymes within an inflorescence, and
both early and late initiated flowers (Figure 8). Because of the very low
seed set, it is probable that, in later sowings, other factors contributed to
floral abortion in addition to the competition for resources hypothesized by
Halbrecq et al. (2005).
Pollination of buckwheat flowers tends to be more effective at 20°C,
while flowering at temperatures above 30°C is accompanied by the
desiccation of fruit and a decreased yield, because high temperatures are
detrimental to both pollen and flowers (Tahir and Farook, 1988; Adhikari
and Campbell, 1998). Slawinska and Obendorf (2001) also found that
plants grown at an 18°C constant temperature displayed a higher seed set
and produced heavier seeds than those grown at 25°C. Conversely, low
temperatures were found primarily to slow down seed maturation
(Funatsuki et al., 2000). However, delayed flower initiation and early
flower withering have also been reported at temperatures between 15°C
and 10°C (Jessop et al., 1998; Cawoy et al., 2009).
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Figure 8. Inflorescence cluster of the June sowing, showing open flowers and achenes
at different ripening stages distributed throughout the entire inflorescence.

Figure 9. Average minimum and maximum temperatures and cumulative rainfall
during early flowering (stage interval 50-62, Arduini et al., 2016) and the entire
flowering phase (stage interval 60-69) in the year 2014, as affected by sowing date.

Buckwheat Cultivation in Mediterranean Climates

71

Figure 10. First inflorescence on the main stem of buckwheat plants at maturity.
Sowing dates: A, April 14; B, May 5; C, May 26; D, June 17.

Table 4. Relative duration of the periods with maximum temperatures
above 25°C and 30°C during early flowering (stage interval 50-62,
Arduini et al., 2016) and the entire flowering phase
(stage interval 60-69), as affected by sowing date
Sowing date

March 24
April 14
May 5
May 26
June 17

Early flowering
25°C
30°C
25°C
Days above critical temperature (%)
0.0
0.0
14.7
0.0
0.0
55.6
40.0
0.0
87.3
100
37.5
89.4
84.6
38.5
94.0

Flowering
30°C
0.0
29.6
34.5
21.3
16.0
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In buckwheat, flower fertilization and seed growth are also affected by
a water deficit, and Slawinska and Obendorf (2001) found that mild water
stress at early flowering reduced the seed set and also seed filling.
According to Cawoy et al. (2006), the production of cymes and flowers
and microsporogenesis are more affected by osmotic stress than seed set,
thus confirming that early flowering is the most sensitive growth phase to
water stress.
According to the growth scale reported by Arduini et al. (2016), early
flowering corresponds approximately to the period from stage 50 (1 st
blossom visible) to stage 62 (1-2 flowers open in the terminal cluster).
Comparing temperature patterns recorded during early flowering (stages
50-62) and throughout the entire flowering period (stages 60-69), we found
that average maximum temperatures never reached critical values during
both phases in plants sown in early spring (March 24) (Figure 9). In
contrast, average maximum temperatures exceeded 25°C in plants of all
the other sowings during flowering, and also during early flowering in
plants of the end of May and June sowings. Since maximum temperature
averages were not able to explain the marked differences observed in seed
set and yield among May and June sowings, we also recorded the number
of days with maximum temperatures exceeding the critical thresholds of 25
and 30°C (Table 4). We found that plants sown at the beginning of May
experienced temperatures above 30°C for approximately one third of the
flowering period, while those of later sowings experienced them for a
proportionally shorter period, thus allowing more flowers to be fertilized
(Figures 8 and 10). Plants sown in early spring (March and April) however,
never encountered critically high temperatures during early flowering,
which could be the reason for their higher seed set compared to later
sowings (Figure 7).
Water limitation primarily affected the April sowing and, during early
flowering, also the two May sowings (Figure 9). Since, both seed set and
mean achene weight were significantly lower in the April than the March
sowing, the water deficit experienced by plants sown in April could be the
primary reason for the higher floral abortion and lower seed filling, which
markedly reduced the achene number and yield compared to that of plants
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sown in March (Table 5; Figure 11). The lower achene weight recorded in
May and June sowings, could be due to the higher temperatures, which
speeded up seed ripening and desiccation, thus reducing the accumulation
of dry matter (Slawinska and Obendorf, 2001). Trends in mean achene
weight in response to sowing date were similar in the two inflorescences
examined, however, with the exception of the June sowing, values were
approximately 10% higher in the 1st inflorescence, probably as a
consequence of a higher competition for resources in the terminal cluster.
Nevertheless, the yield per inflorescence was approximately twice as high
in the terminal cluster in the March, April and June sowings, and four-fold
in the sowing at the end May (Table 5). Achene yield per inflorescence
was by far highest in the March sowing, which, however did not
correspond to the highest yield per plant. Yield per plant was, indeed, 87%
higher in the June sowing, due to a massive production of achenes, and
despite the very low seed set (Figure 11). Since the final number of
achenes per inflorescence was higher in the March sowing than in the later
sowings, it is probable that competition for resources within an
inflorescence was higher between ripening achenes and developing flowers
than among achenes. In addition, it is likely that in the later sowings also
vegetative growth competed for resources with the developing achenes.
Our results highlight that the temperature and rainfall conditions
experienced during spring and summer by buckwheat plants sown in a
Mediterranean environment greatly affected flower initiation and seed set.
Although these data refer to only one year, we can conclude that critical
conditions for ovary growth and fertilization are likely to be encountered
by plants in the summer (Cawoy et al., 2006 and 2009), but can also occur
in late spring, due to both the year-to-year variations in temperature and
rainfall typical of Mediterranean climates and to the variability caused by
climate change. In the field experiments carried out by Mariotti et al.
(2016) in 2012 and 2013, for instance, a negligible seed set was recorded at
the end of May sowing. Because of a higher seed set ratio and mean
achene weight, early spring sowings (from the end of March up to mid
April) can provide a good achene yield. In addition, a lower risk of a water
deficit and extreme high temperatures during flowering are likely to
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maintain greater yield stability across years. However, late spring sowings
(from the end of May up to mid June), can provide an optimal yield in
Mediterranean environments, provided a water deficit is avoided. Indeed,
profuse flowering, which results from a more than five-fold higher
production of inflorescences (Arduini et al., 2016) and a four- to five-fold
higher initiation of flowers in each inflorescence, proved to fully
compensate for the four-fold lower seed set and the 27% lower mean seed
weight. It should also be mentioned that late spring sowings provide an
optimal vegetative yield (Mariotti et al., 2016), thus facilitating a shift from
achene to forage production in years when fertilization is extremely low.

Figure 11. Number of dark brown mature achenes produced by a buckwheat plant, as
affected by sowing date. Values are means ±SE. n = 3.

Table 5. Achene number, mean weight and yield of the first inflorescence
and the terminal inflorescence cluster of the main stem of buckwheat
plants, as affected by sowing date
Sowing
date
March
24
April 14
May 5
May 26
June 17

Achene number
(n/inflorescence)
1st infl
TC
8.0 ±1.2
8.0 ±0.2
0.0
2.5 ±0.3
6.6 ±2.0

17.5 ±3.2
15.5 ±1.3
2.9 ±1.3
10.9 ±0.5
16.6 ±0.7

Values are means ±SE. n = 3

Mean achene weight
(mg dw)
1st infl
TC
30.8 ±2.5 28.6 ±2.4

Achene yield
(g dw/inflorescence)
1st infl
TC
1.3 ±0.3
2.6 ±0.7

23.7 ±1.2
0.0
22.9 ±0.7
22.1 ±0.6

0.9 ±0.0
0.0
0.3 ±0.0
0.7 ±0.2

20.9 ±0.5
21.6 ±0.9
20.0 ±0.5
21.5 ±0.3

1.6 ±0.1
0.3 ±0.2
1.1 ±0.0
1.3 ±0.4
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5. INVASIVENESS POTENTIAL
The introduction of invasive alien species is restricted or even
forbidden in several countries, because of the increased awareness of the
ecological and economical costs related to biological invasions (Jeschke et
al., 2014). In the European Union, the handling of invasive alien species is
regulated by Directive n. 1143/2014 and, in 2016, a list of the priority
invasive plants and animals in EU countries was adopted (Regulation EU
1141/2016). In parallel, rules of conduct for the planting, handling and
transport of ornamental alien plant species have been proposed (Heywood
and Brunel, 2011).
Fagpyrum esculentum Moench (common buckwheat) is included in the
list of the native flora of Italy (Pignatti, 1982), which is described as a
species of middle Asian origin, cultivated between 500 and 1500 m slm in
northern and central Italy as far as Umbria. According to the inventory of
alien invasive species for Italy (Celesti-Grapow et al., 2010), this
buckwheat species is listed as an archeophyte that grows 'casually' in
north-eastern Italy (Lombardy, Trentino Alto Adige, Veneto and Friuli
Venezia Giulia) and in the central peninsular region of Umbria.
Archeophytes are plants that were introduced into Europe before 1500, that
is to say before the discovery of the New World, whereas the classification
‘casual’ means that the species grows and reproduces in the wild, but never
forms self-replacing populations. The inventory of alien invasive species
for Europe DAISIE (2003), reports that buckwheat is a non-established
alien in Italy.
Both the presence of buckwheat in Italy since ancient times and the
absence of a recognized invasive habit, suggest that the diffusion of its
cultivation does not pose a risk to the native flora. However, a risk
assessment is always desirable whenever a crop is introduced in a novel
environment, which would be the case of buckwheat in the plains and low
hilly Mediterranean regions. In these areas, the duration of the growing
season and the rainfall patterns are quite different from those of the
traditional Alpine growing regions, which could change the growth and the
competitiveness of buckwheat towards native species. In addition, some
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traits of buckwheat plants, such as the fast growth rate, the relative short
growth cycle and the long and profuse flowering are considered typical of
species with a tendency to become invasive (Dawson et al., 2011). It
should be also taken into account that the high seed shattering typical of
buckwheat causes many seeds to fall on the soil before and during harvest
(Funatsuki et al., 2000), which could facilitate the establishment of a soil
seed bank. According to Singh and Mall (1977), however, buckwheat
seeds germinate promptly under wide light and temperature conditions, and
only continuous darkness prevents germination. Thus, it is more likely that
seeds that have fallen onto the soil will sprout as soon as soil humidity and
thermal conditions are adequate, which, in turn, could become a weed
problem for subsequent crops (Ahmed et al., 2014).
We thus recorded the spontaneous sprouting of buckwheat plants in
fields in which the cultivars, Bambi and Lileja were cultivated from April
to October. Counts were carried out at the beginning of November, in order
to record the plants that germinated with the first autumn rains and were
then repeated in May of the following year. Counts were replicated on
eight randomly chosen 0.5x0.5 m square areas, corresponding to 7% of the
plot surfaces. In addition, a pot experiment was arranged at the end of July
with fresh harvested seeds, in order to assess whether seed burial and
irrigation, which mimicked a superficial disk harrowing and a summer
rainfall respectively, could influence germination. Twelve pots with a 30cm diameter were filled with soil collected from a field and then 200 seeds
per pot of the buckwheat cultivar, Lileja were: either spread on the surface
of six pots (surface treatment) or buried at a depth of approximately 2-cm
with a hand shovel in the other six pots (burial treatment). After seeding,
pots were located outdoors and were covered with a net to prevent
predation. Three pots of each seed burial treatment were watered just after
seeding, and irrigation was repeated twice a week throughout the
experiment. The experimental design thus consisted of a combination of
two treatments, burial x irrigation, with three replicates. Germination tests
were also performed in Petri dishes placed either at room temperature (2530°C) and light conditions, or in growth cabinets at 20 and 8°C constant
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temperature in the dark. Each Petri dish contained 100 achenes of the
cultivar Bambi, and treatments were replicated three times.
In the field, buckwheat sprouting was highly variable, with patches
without any seedling up to densities of more than 400 plants/m2. Average
density was higher from plots where the preceding buckwheat crop was not
irrigated, 80 compared to 56 plants/m2, which suggests that lower
shattering occurred when plants received an adequate water supply,
probably because of shorter flowering and more uniform ripening. In
addition, sprouting was higher for the cultivar Lileja compared to Bambi.
All growth stages, from the seedling stage to maturity, were recorded. In
general, plants were stunted and very few ripened, often with only one
achene.
In the pot experiment, the germination of seeds that had spread over
the soil surface without burial was lower than 1% in rainfed conditions and
lower than 10% with the water supply (Figure 5.1.).

Figure 12. Percentage of emerged buckwheat seedlings after 7 and 12 days, as affected
by burial and water supply. Values are means ±SE. n = 3.

In contrast, approximately half of the buried seeds had emerged from
the soil after one week, irrespectively of the irrigation. After another week,
the germination of seeds that had spread over the soil surface was still 1%
without irrigation and 67% with, whereas the germination of buried seeds
reached 86 and 95%, without and with a water supply, respectively (Figure
12). After one week of incubation in Petri dishes, germination was higher
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than 95% at room conditions and at 20°C in the dark, and only slightly
lower (73%) at 8°C. Observed germination patterns suggest that only
achenes that remain on the soil surface in dry conditions do not germinate
soon after shattering and, thus, persist in the environment. These achenes
are exposed to desiccation and predation, which could reduce their number,
but, in the case of predation, it could also favour their dispersal beyond the
field.
These results highlight that seeds of both tested buckwheat cultivars
germinated promptly in a variety of conditions, which suggests that this
species is not likely to become invasive in the northern Mediterranean
region. In fact, the lack of dormancy would lead to a prompt germination
of seeds at the end of the summer drought, however it would be unlikely
that plants could successfully complete the growth cycle, because, as
autumn proceeds, temperatures are likely to fall below the critical
threshold of 2.5°C necessary to reach physiological maturity (Baumgärtner
et al., 1998). Buckwheat is thus not likely to form a persistent seed bank
(Thompson et al., 1998) in Mediterranean environments. In support of our
hypothesis, in the spring after the cultivation year, none of the buckwheat
plants were found either in the plots or around them, likewise in the
following two years. However, we did not perform seed-longevity tests and
therefore are unable to predict the fate of seeds that are buried deep soon
after buckwheat harvest.

CONCLUSION
The introduction of buckwheat in plain and hilly regions characterized
by temperate Mediterranean climate conditions proved feasible both in
terms of forage and grain production. For farmers, buckwheat can be used
as a strategy to exploit marginal areas, increase crop biodiversity, and
obtain an additional harvest. For consumers, it complies with the rising
demand for novel foods in terms of food security, healthy nutrition and
environmental sustainability. In addition, we found no serious risk of
invasiveness in natural environments.
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Our research highlighted that buckwheat can be sown in Mediterranean
regions from early spring to the end of summer. However, sowings
performed in early spring and at the end of summer are suited to grain
production, whereas the conventional late spring and early summer
sowings are only suited to obtain forage, because high temperatures
negatively affect flower fertilisation and seed filling. Buckwheat
cultivation could thus be profitably introduced for grain production as a
minor summer crop or as a second crop at the end of summer.
Alternatively, considering that buckwheat has limited requirements
regarding tillage, it could be sown after the harvesting of a forage winter
cereal in order to obtain a second forage crop.
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Gaertner, M., Hulme, P.E., Kühn, I., Mrugala, A., Pergl, J., Pyšek, P.,
Rabitsch, W., Ricciardi, A., Richardson, D.M., Sendek, A., Vilà, M.,
Winter, M. and Kumschick, S. (2014). Defining the impact of nonnative species. Conservation Biology, 28 (V): 1188-1194.
Jessop, R.S., Clark, D.A. and Williams, S. (1998). Factors affecting
flowering efficiency in Australian buckwheat. In: Campbell, C. and
Przybylski, R. editors. Current Advances in Buckwheat Research.
Proceedings 7th International Symposium on Buckwheat, Winnipeg,
Manitoba, Canada, 12-14 August 1998. Pp 92-95.

86

Iduna Arduini and Marco Mariotti

Kajfez-Bogataj, L. (1987). Study on the development and contributions of
different plant organs to buckwheat dry matter production.
Fagopyrum, 7: 21–23.
Kalinová, J. and Dadáková, E. (2006). Varietal and year variation of rutin
content in common buckwheat (Fagopyrum esculentum Moench).
Cereal Research Communications, 34: 1315–1321.
Kalinová, J. and Dadáková, E. (2013). Influence of sowing date and stand
density on rutin level in buckwheat. Cereal Research Communications,
41: 348–358.
Kälber, T., Meier, J.S., Kreuzer, M. and Leiber, F. (2011). Flowering catch
crops used as forage plants for dairy cows: influence on fatty acids and
tocopherols in milk. Journal of Dairy Science, 94: 1477–1489.
Kälber, T., Kreuzer, M. and Leiber, F. (2012). Silages containing
buckwheat and chicory: quality, digestibility and nitrogen utilisation
by lactating cows. Archives of Animal Nutrition, 66 (I): 50-65.
Kälber, T., Kreuzer, M. and Leiber, F. (2013). Effect of feeding buckwheat
and chicory silages on fatty acid profile and cheese-making properties
of milk from dairy cows. Journal of Dairy Research, 80: 81–88.
Kälber, T., Kreuzer, M. and Leiber, F. (2014). Milk fatty acid composition
of dairy cows fed green whole-plant buckwheat, phacelia or chicory in
their vegetative and reproductive stage. Animal Feed Science and
Technology, 193: 71–83.
Kara, N. and Kara, N. (2014). Yield and mineral nutrition content of
buckwheat (Fagopyrum esculentum Moench): The Effect of Harvest
Times. Süleyman Demirel Üniversitesi Ziraat Fakültesi Dergisi, 9: 85–
94.
Kaur, M., Sandhu, K.S., Arora, A.P. and Sharma, A. (2015). Gluten free
biscuits prepared from buckwheat flour by incorporation of various
gums: Physicochemical and sensory properties. Food Science and
Technology, 62: 628-632.
Körber-Grohne, U., 1987. Nutzpflanzen in Deutschland. Kulturgeschichte
und Biologie. K. Theiss Verlag GmbH, Stuttgart, Deutschland. ISBN
3-8062-1116-7. Pp. 339-349. [Cultivated plants in Germany.

Buckwheat Cultivation in Mediterranean Climates

87

Cultivation history and biology. Publisher K. Theiss GmbH, Stuttgart,
Germany. ISBN 3-8062-1116-7. Pp. 339-349.]
Kreft, I. (1999). Buchweizen in Slowenien. In: Kreft, I., Ries, C. and
Zewen, C. editors. Das Buchweizen Buch: mit Rezepten aus aller Welt.
Islek ohne Grenzen EWIV, Arzfeld, Deutschland. ISBN 2959996704,
9782959996702. Pp. 147-152. [Buckwheat in Slovenia. In: Kreft, I.,
Ries, C., and Zewen, C. editors. The Buckwheat Book: with recipes
from all over the world. Publisher Islek ohne Grenzen EWIV, Arzfeld,
Germany. ISBN 2959996704, 9782959996702. Pp. 147-152.]
Kreft, I., Fabjan, N. and Yasumoto, K. (2006). Rutin content in buckwheat
(Fagopyrum esculentum Moench) food materials and products. Food
Chemistry, 98: 508–512.
Kreft, I. and Germ, M. (2008). Organically grown buckwheat as a healthy
food and a source of natural antioxidants. Agronomski glansnik, 4: 2–6.
Léder, I. (2009). Buckwheat, amaranth and other pseudocereal plants. In:
Fuleky, G. editor. Cultivated plants, primarily as food sources, vol I,
Chapter 2. Pp 17. UNESCO-Encyclopedia of Life Support Systems.
eISBN 978-1-84826-100-6.
Leiber, F., Kunz, C. and Kreuzer, M. (2012). Influence of different
morphological parts of buckwheat (Fagopyrum esculentum) and its
major secondary metabolite rutin on rumen fermentation in vitro.
Czech Journal of Animal Science, 57: 10–18.
Li, S. Q. and Zhang, Q. H. (2001). Advances in the Development of
Functional Foods from Buckwheat. Critical Reviews in Food Science
and Nutrition, 41: 451-464.
Lintschinger, J., Fuchs, N., Moser, H., Jäger, R., Hlebeina, T., Markolin,
G. and Gössler, W. (1997). Uptake of various trace elements during
germination of wheat, buckwheat and quinoa. Plant Foods for Human
Nutrition, 50: 223-237.
Mariotti, M., Andreuccetti, V., Tozzi, B., Lipon, G., Turchi, B., Arduini, I.
and Gatta, D. (2015). Forage production and nutritional characteristics
of buckwheat as affected by maturity and conservation method.
Agrochimica, 59 (II): 137-154.

88

Iduna Arduini and Marco Mariotti

Mariotti, M., Masoni, A. and Arduini, I. (2016). Forage and grain yield of
common buckwheat in Mediterranean conditions: response to sowing
time and irrigation. Crop and Pasture Science, 67 (IX): 1000-1008.
Mariotti, M., Andreuccetti, V., Nuvoloni, R., Gatta, D., Liponi, G.B.,
Pedonese, F., Fratini, F., Turchi, B., Saccomanni, G. and Torracca, B.
(2017). Rutin and quercetin content in the forage of common
buckwheat as affected by maturity and conservation method.
Grassland Science, 63: 169–176.
Marshall, H. G. (1980). Buckwheat. In: Fehr, W. R. and Hadley, H. H.
editors. Hybridization of Crop Plants. American Society of Agronomy,
Crop Science Society of America, Madison, USA, Pp. 215-224.
Marshall, H. G. and Pomeranz, Y. (1982). Buckwheat: Description,
breeding, production, and utilization. Advances in Cereal Science &
Technology, 5: 157– 210.
Martinenko, G. (2001). Potential productivity of buckwheat with green
flowers. In: Ham, S.S. editor. Proceeding of the 8th International
Symposium on Buckwheat, Chunchon, Korea, 30 August -2 September
2001. Pp. 27–32.
Mazza, G. (1988). Lipid content and fatty acid composition of buckwheat
seed. Cereal Chemistry, 65: 122-126.
McKenzie, S. C., Goosey, H. B., O’Neill, K. M. and Menalled, F. D.
(2017). Integration of sheep grazing for cover crop termination into
market gardens: Agronomic consequences of an ecologically based
management strategy. Renewable Agriculture and Food Systems, 32:
389–402.
Michiyama, H., Arikuni, M., Hirano, T. and Hayashi, H. (2003). Influence
of day length before and after the start of anthesis on the growth,
flowering and seed-setting in common buckwheat (Fagopyrum
esculentum Moench). Plant Production Science, 6: 235-242.
Michiyama, H., Tsuchimoto, K., Tani, K. I., Hirano, T., Hayashi, H. and
Campbell, C.G. (2005). Influence of day length on stem growth,
flowering, morphology of flower clusters, and seed-set in buckwheat
(Fagopyrum esculentum Moench). Plant Production Science, 8: 44-50.

Buckwheat Cultivation in Mediterranean Climates

89

Michiyama, H., Yoshimura, K., Hirano, T. and Hayashi, H. (2007).
Influence of air temperature on varietal differences between summer
and autumn ecotype in buckwheat. In: Cai, Y. and Zhang, Z. editors.
Advances in Buckwheat Research. Proceedings of the 10th
International Symposium on buckwheat, 14-18 August 2007, Yanhling,
Shaanxi, China. ISBN/ISSN: 9787810923583. Pp. 242-246.
Mulholland, G. and Coombe, B. (1979). A comparison of the forage value
for sheep of buckwheat and sorghum stubbles grown on the southern
tablelands of New South Wales. Australian Journal of Experimental
Agriculture, 19: 297–302.
Mulholland, J. G. and Preston, G. K. (1995). A comparison of buckwheat,
oats, and wheat for the maintenance of live weight and wool
production in sheep. Australian Journal of Experimental Agriculture,
35: 339–342.
Oomah, B. D. and Mazza, G. (1996). Flavonoids and antioxidative
activities in buckwheat. Journal of Agricultural and Food Chemistry,
44: 1746–1750.
Oplinger, E. S., Oelke, E. A., Brinkman, M.A. and Kelling, K. A. (1989).
Buckwheat. Alternative Field Crops Manual, https://hort.purdue.
edu/newcrop/afcm/buckwheat.html.
Orre-Gordon, S., Jacometti, M., Tompkins, J. and Wratten, S. (2013).
Viticulture can be modified to provide multiple ecosystem services. In:
Wratten, S., Sandhu, H., Cullen, R. and Costanza, R. editors.
Ecosystem Services in Agricultural and Urban Landscapes. Publisher
John Wiley & Sons, Ltd., Pondicherry, India. Pp. 45-57.
Oshawa, R., Tsutsumi, T., Uehara, H., Namai, H. and Ninomiya, S. (1998).
Quantitative evaluation of common buckwheat (Fagopyrum
esculentum Moench) kernel shape by elliptic Fourier descriptor.
Euphytica, 101: 175-183.
Park, B. J., Park, J. L., Chang, K. J. and Park, Ch. H. (2004). Comparison
in rutin content in seed and plant of tartary buckwheat (Fagopyrum
tataricum). Proceedings of the 9th International Symposium on
Buckwheat, VURV Praha, Praha: 626-629.

90

Iduna Arduini and Marco Mariotti

Pignatti, S. (1982). Flora d’Italia [Flora of Italy], vol. 1. Publisher
Edagricole, Bologna, Italy.
Pomeranz, Y. and Robbins, G. S. (1972). Amino acid composition of
buckwheat. Journal of Agricultural and Food Chemistry, 20: 270–274.
Préstamo, G., Pedrazuela, A., Penas, E., Lasuncion, M. A. and Arroyo, G.
(2003). Role of buckwheat diet on rats as prebiotic and healthy food.
Nutrition Research, 23: 803–814.
Quinet, M., Cawoy, V., Lefèvre, I., van Miegroet, F., Jacquemart, A. L.
and Kinet, J. M. (2004). Inflorescence structure and control of
flowering time and duration by light in buckwheat (Fagopyrum
esculentum Moench). Journal of Experimental Botany, 55: 1509-1517.
Ratan, P. and Kothiyal, P. (2011). Fagopyrum esculentum Moench
(common buckwheat) edible plant of Himalayas: A Review. Asian
Journal of Pharmacy and Life Science, 1: 426-442.
Schulte auf’m Erley, G., Kaul, H., Kruseb, M. and Aufhammer, W. (2005).
Yield and nitrogen utilization efficiency of the pseudocereals
amaranth, quinoa, and buckwheat under differing nitrogen fertilization.
European Journal of Agronomy, 22: 95–100.
Singh, V. P. and Mall, S. L. (1977). Seed germination studies in
Fagopyrum esculentum Moench. I. Role of light and temperature.
Proceedings Indian Natural Sciences Academy, 43 (Part B I-II): 37-43.
Siracusa, L., Gresta, F., Sperlinga, E. and Ruberto, G. (2017). Effect of
sowing time and soil water content on grain yield and phenolic profile
of four buckwheat (Fagopyrum esculentum Moench.) varieties in a
Mediterranean environment. Journal of Food Composition and
Analysis, 62: 1–7.
Slawinska, J. and Obendorf, R. L. (2001). Buckwheat seed set in planta
and during in vitro inflorescence culture: evaluation of temperature and
water deficit stress. Seed Science Research, 11: 223–233.
Sobhani, M. R., Rahmikhdoev, G., Mazaheri, D. and Majidian, M. (2014).
Influence of different sowing date and planting pattern and N rate on
buckwheat yield and its quality. Australian Journal of Crop Science, 8:
1402–1414.

Buckwheat Cultivation in Mediterranean Climates

91

Stojilkovski, K., Glavač, N. K., Kreft, S. and Kreft, I. (2013). Fagopyrin
and flavonoid contents in common, tartary, and cymosum buckwheat.
Journal of Food Composition and Analysis, 32: 126-130.
Tahir, I. and Farouk, S. (1988). Review article on buckwheat. Fagopyrum,
8: 33-53.
Tallarico, R., Ghiselli, L., Romagnoli, S. and Benedettelli, S. (2008).
Grano saraceno coltura dai molti usi. L’Informatore Agrario, 35: 5–7.
[Buckwheat a multi-use crop. The Agrarian Informer, 35: 5–7.]
Thacker, P. A., Anderson, D. M. and Bowland, J. P. (1983). Nutritive
value of common buckwheat as a supplement to cereal grains when fed
to laboratory rats. Canadian Journal of Animal Science, 63: 213–219.
Taylor, D. P. and Obendorf, R. L. (2001). Quantitative assessment of some
factors limiting seed set in buckwheat. Crop Science, 41: 1792–1799.
Thompson, K., Bakker, J. P., Bekker, R. M. and Hodgson, J. G. (1998).
Ecological correlates of seed persistence in soil in the north-west
European flora. Journal of Ecology, 86: 163-169.
Tor-Agbidye, Y., Robinson, K. L., Cheeke, P. R., Karowl, R. S. and
Patton, N. M. (1990). Nutritional evaluation of buckwheat (Fagopyrum
esculentum) in diets of weanling rabbits. Journal of Applied Rabbit
Research, 13: 210–214.
Wender, S. H., Gortner, R. A. and Inman, O. L. (1943). The isolation of
photosensitizing agents from buckwheat. Journal of the American
Chemical Society, 65: 1733–1735.
Wijngaard, H. H. and Arendt, E. K. (2006). Buckwheat. Cereal Chemistry,
83:391-401.
Williams, J. T. (1995). Cereals and Pseudocereals. Chapman & Hall,
London, United Kingdom. ISBN 0 4124 6570 1. Pp. 280.
Vijaya, K. and Ananthan, S. (1996) Therapeutic efficacy of medicinal
plants against experimentally induced shigellosis in guinea pigs. Indian
Journal of Pharmaceutical Sciences, 58: 191–193
Yamsaengsung, R., Berghofer, E. and Schoenlechner, R. (2012). Physical
properties and sensory acceptability of cookies made from chickpea
addition to white wheat or whole wheat flour compared to gluten-free

92

Iduna Arduini and Marco Mariotti

amaranth or buckwheat flour. International Journal of Food Science
and Technology, 47: 2221-2227.
Zhang, Z. L., Zhou, M. L., Tang, Y., Li, F. L., Tang, Y. X., Shao, J. R.,
Xue, W. T. and Wu, Y. M. (2012). Bioactive compounds in functional
buckwheat food. Food Research International, 49: 389-395.
Zhou, M., Kreft, I., Suvorova, G., Tang, Y. and Woo, S. H. (2018).
Buckwheat germoplasm in the world, 1st edition. Academic Press Inc.,
Pp. 382. eISBN 9780128110072.

BIOGRAPHICAL SKETCHES
Iduna Arduini
Affiliation: Department of Agriculture, Food and Environment,
University of Pisa
Education:



Master Degree in Biology (University of Pisa)
PhD in Agricultural Biology (University of Pisa)

Research and Professional Experience:
Research focused on:






the phenology, and the yield and quality performances of common
buckwheat in a Mediterranean environment;
the study of plant interactions in cereal/legume intercrops;
the sensitivity to waterlogging of legume and cereal crops;
the influence of climatic and management factors on the phenology
and yield performance of cereal crops;
the natural regeneration of pine plantations;

Buckwheat Cultivation in Mediterranean Climates



93

the effect of heavy metals on the growth of wild and crop species;
the utilization of plants for the monitoring and phytoremediation of
polluted sites.

From 2001 on she delivered lectures and coordinated courses in
‘Plant Science’ and related applied subjects to students of the University of
Pisa enrolled in:






MS Degree in Veterinary Medicine;
MS Degree in Science and Technology of Animal Production;
Bachelor’s Degree in Science and Technology of Animal
Production;
Bachelor’s Degree in Viticulture and Enology;
Bachelor’s Degree in Biotechnologies.

Professional Appointments:



2017-Associate Professor of Plant Sciences, University of Pisa
2000-2017-Research Assistant of Plant Sciences, University of
Pisa

Publications from the Last 3 Years:
1. Arduini I., Pellegrino E., Ercoli L. (2018). Contribution of main culm
and tillers to grain yield of durum wheat: Influence of sowing date and
plant traits. Italian Journal of Agronomy, accepted.
2. Mariotti M., Andreuccetti V., Arduini I., Minieri S., Pamapana S.
(2018). Field bean for forage and grain in short-season rainfed
Mediterranean conditions. Italian Journal of Agronomy, in press doi:
10.4081/ija.2018.1112
3. Pampana S., Masoni A., Mariotti M., Ercoli L., Arduini I. (2018).
Nitrogen fixation of grain legumes differs in response to nitrogen
fertilisation. Experimental Agriculture, 54(1):66-82.

94

Iduna Arduini and Marco Mariotti

4. Arduini I., Cardelli R., Pampana S. (2018). Biosolids affect the growth,
nitrogen accumulation and nitrogen leaching of barley. Plant Soil and
Environment, 64(3):95-101.
5. Cardelli R., Arduini I., Marchini F., Masoni A., Saviozzi A. (2017).
Changes in biological properties and antioxidant capacity of an
agricultural soil amended with sewage sludge. Archives of Agronomy
and Soil Science, 63(14):2062-2073.
6. Ercoli L., Masoni A., Mariotti M., Pampana S., Pellegrino E., Arduini
I. (2017). Effect of preceding crop on the agronomic and economic
performance of durum wheat in the transition from conventional to
reduced tillage. European Journal of Agronomy, 82:125-133.
7. Pampana S., Scartazza A., Cardelli R., Saviozzi A., Guglielminetti L.,
Vannacci G., Mariotti M., Masoni A., Arduini I. (2017). Biosolids
differently affected seed yield, nodule growth, nodule specific-activity,
and symbiotic nitrogen fixation of field bean. Crop and Pasture
Science, 68:735-745.
8. Ercoli L., Schüßler A., Arduini I., Pellegrino E. (2017). Strong
increase of durum wheat iron and zinc content by field-inoculation
with arbuscular mycorrhizal fungi at different soil nitrogen
availabilities. Plant and Soil, 419(1-2):153-167.
9. Arduini I. (2017). Ricostituzione della vegetazione dopo il taglio delle
pinete di Pinus pinea L. Inter nos, 4:9-39. doi:10.12871/978886
741880011. [Reconstitution of the vegetation after the pinewood cut of
Pinus pinea L. Inter nos]
10. Pampana S., Masoni A., Arduini I. (2016). Grain legumes differ in
nitrogen accumulation and remobilisation during seed filling. Acta
Agriculturae Scandinavica, Section B - Soil and Plant Science,
66(2):127-132.
11. Arduini I., Masoni A., Mariotti M. (2016). A growth scale for the
phasic development of common buckwheat. Acta Agriculturae
Scandinavica, Section B - Soil and Plant Science, 66(3):215-228.
12. Pampana S., Masoni A., Arduini I. (2016). Response of cool-season
grain legumes to waterlogging at flowering. Canadian Journal of Plant
Science, 96(4):597-603.

Buckwheat Cultivation in Mediterranean Climates

95

13. Arduini I., Orlandi C., Ercoli L., Masoni A. (2016). Submergence
sensitivity of durum wheat, bread wheat and barley at the germination
stage. Italian Journal of Agronomy, 11(706):100-106.
14. Arduini I., Orlandi C., Pampana S., Masoni A. (2016). Waterlogging at
tillering affects spike and spikelet formation in wheat. Crop and
Pasture Science, 67:703-711.
15. Pampana S., Masoni A., Arduini I. (2016). Grain yield of durum wheat
as affected by waterlogging at tillering. Cereal Research Communications, 44(4):706-716.
16. Mariotti M., Masoni A., Arduini I. (2016). Forage and grain yield of
common buckwheat in Mediterranean conditions: response to sowing
time and irrigation. Crop and Pasture Science, 67(9):1000-1008.
17. Masoni A., Pampana S., Arduini I. (2016). Barley response to waterlogging duration at tillering. Crop Science, 56(5):2722-2730.
18. Mariotti M., Masoni A., Ercoli L., Arduini I. (2015). Nitrogen leaching
and residual effect of barley/field bean intercropping. Plant, Soil and
Environment, 61(2):60-65.
19. Masoni A., Mariotti M., Ercoli L., Pampana S., Arduini I. (2015).
Nitrate leaching from forage legume crops and residual effect on
Italian ryegrass. Agrochimica, 59(1):75-91.
20. Mariotti M., Andreuccetti V., Tozzi B., Liponi G., Turchi B., Arduini
I., Gatta D. (2015). Forage production and nutritional characteristics of
buckwheat as affected by maturity and conservation method.
Agrochimica, 59(2): 137-154.

Marco Mariotti
Affiliation: Department of Veterinary Science, University of Pisa

Education:


Master’s Degree in Agricultural Science (University of Pisa)

96

Iduna Arduini and Marco Mariotti


PhD in Agronomy and herbaceous crops (University of Pisa)

Research and Professional Experience:
Research focused on:









the phenology, and the yield and quality performances of common
buckwheat in a Mediterranean environment;
the study of plant interactions in cereal/legume intercrops;
production physiology of winter cereals;
the leaching of nitrogen;
the penetration of radiation in the vegetation cover
the utilization of plants for the monitoring and phytoremediation of
polluted sites;
the use and production of energy in agriculture
the use of mathematical modeling in agriculture.

From 1998 on he delivered lectures and coordinated courses in
‘Agronomy and Forage crops’ and related applied subjects to students of
the University of Pisa enrolled in:




MS Degree in Veterinary Medicine;
MS Degree in Science and Technology of Animal Production;
Bachelor’s Degree in Science and Technology of Animal
Production;

Professional Appointments:



2016-Full Professor of Agronomy and herbaceous crops,
University of Pisa
2006-Associate Professor of Agronomy and herbaceous crops,
University of Pisa

Buckwheat Cultivation in Mediterranean Climates


97

1998-2006-Research Assistant of Agronomy and herbaceous
crops, University of Pisa

Publications from the Last 3 Years:
1. Mariotti M., Andreuccetti V., Arduini I., Minieri S., Pamapana S.
(2018). Field bean for forage and grain in short-season rainfed
Mediterranean conditions. Italian Journal of Agronomy, in press doi:
10.4081/ija.2018.1112
2. Pampana S., Masoni A., Mariotti M., Ercoli L., Arduini I. (2018).
Nitrogen fixation of grain legumes differs in response to nitrogen
fertilisation. Experimental Agriculture, 54(1):66-82.
3. Pampana S., Scartazza A., Cardelli R., Saviozzi A., Guglielminetti L.,
Vannacci G., Mariotti M., Masoni A., Arduini I. 2017. Biosolids
differently affect seed yield, nodule growth, nodule-specific activity,
and symbiotic nitrogen fixation of field bean. Crop and Pasture
Science, 68:735-745, ISSN: 18360947, DOI: 10.1071/CP17166
4. Mariotti M., Andreuccetti V., Nuvoloni R., Gatta D., Liponi G.,
Pedonese F., Fratini F., Turchi B., Saccomanni G., Torracca B. (2017).
Rutin and quercetin content in the forage of buckwheat as affected by
maturity and conservation method. Grassland Science, 63:169-176,
ISSN: 17446961, DOI: 10.1111/grs.12160
5. Ercoli L., Masoni A., Mariotti M., Pampana S., Pellegrino E., Arduini
I. (2017). Effect of preceding crop on the agronomic and economic
performance of durum wheat in the transition from conventional to
reduced tillage. European Journal of Agronomy, 82:125-133.
6. Ghiselli L., Tallarico R., Mariotti M., Romagnoli S., Baglio A.P.,
Donnarumma, P., Benedettelli S. (2016) Agronomic and nutritional
characteristics of three buckwheat cultivars under organic farming in
three environments of the Garfagnana mountain district. Italian
Journal of Agronomy, 11: 188-194.
7. Arduini I., Masoni A., Mariotti M. (2016). A growth scale for the
phasic development of common buckwheat. Acta Agriculturae
Scandinavica, Section B - Soil and Plant Science, 66(3):215-228.

98

Iduna Arduini and Marco Mariotti

8. Mariotti M., Masoni A., Arduini I. (2016). Forage and grain yield of
common buckwheat in Mediterranean conditions: response to sowing
time and irrigation. Crop and Pasture Science, 67(9):1000-1008.
9. Mariotti M., Masoni A., Ercoli L., Arduini I. (2015). Nitrogen leaching
and residual effect of barley/field bean intercropping. Plant, Soil and
Environment, 61(2):60-65.
10. Masoni A., Mariotti M., Ercoli L., Pampana S., Arduini I. (2015).
Nitrate leaching from forage legume crops and residual effect on
Italian ryegrass. Agrochimica, 59(1):75-91.
11. Mariotti M., Andreuccetti V., Tozzi B., Liponi G., Turchi B., Arduini
I., Gatta D. (2015). Forage production and nutritional characteristics of
buckwheat as affected by maturity and conservation method.
Agrochimica, 59(2): 137-154.

