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1. Introduction
Mixtures of spring cereals with legumes are considered good agricultural practice in many
European countries, especially in organic and low-input farming system [1, 2]. Cultivation of
mixtures contributes to the complementary use of habitat resources and compensatory growth
of individual plant species, causing an increased productivity and greater stability of yield [3,
4]. Moreover, the risk of lodging of legumes is significantly reduced. Mixtures limited the
negative effects of excessive share of cereals in crop rotation and they are a good forecrop for
the succeeding crops. They have a positive effect on the soil fertility, enriching it with nitrogen
through a symbiosis of legumes with nodule bacteria and in organic matter due to the huge
amount of crop residue left behind [5]. Legume-cereal mixtures are treated with lower doses
of nitrogen fertilizer in comparison with the sole cereal, which is advantageous from an
economic point of view. The increase in nitrogen dose usually leads to an increase in the yield
of cereal component, while the share of legumes seeds in the yield decreases. Mixed crops can
be cultivated on soils poorer by one valuation class than individual species cultivated as sole
crops. Yielding of mixtures and crop quality largely depends on the selection of components
and their participation. Yield of mixture seeds decrease with increasing percentage of legumes
at sowing. Cultivation of mixed crops increases protein content in the seeds of cereal compo‐
nent increases the yield of crude protein in the biomass and increases the content of this
component in the yield of the seeds mixture. Such crops are also an effective method of weed
infestation control and reduce the spread of diseases and pests, which is very important in
organic production system [6, 7, 8].
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2. Material and methods
Paper was established on the base of the authors’ results and literature. The authors’ field
experiments were conducted according to organic agriculture rules in Agriculture Experi‐
mental Stations of Institute of Soil Science and Plant Cultivation – State Research Institute
and individual organic farms in different parts of Poland. The results of research were statis‐
tically elaborated. The impact of the examined factors experiments on the determined char‐
acteristics were assessed using analysis of variance, the half-intervals of confidence being
determined by Tukey’s test at the significance level of α = 0.05.
2.1. The importance of legume-cereal mixtures and benefits from the cultivation
Mixtures of legumes with cereals may be used in different ways. If they are grown for seeds,
they can be used for the production of fodder for monogastric animals (pigs and poultry),
because of the increased protein content compared to the grains of sole cereals. In turn, if they
are cultivated for green forage, they provide valuable roughage for ruminants. They can also
be used for plowing, as green manure.
Mixtures make a better utilization of habitat resources than sole crops. Differentiation in the
size and depth of the root systems of cereals and legumes allows them to utilization water and
nutrients from different soil layers, the result of which is a compensatory growth and devel‐
opment of plants. The research on comparison of mixtures root systems of wheat and barley
with peas sown together in alternate and intersecting rows showed that sowing in alternate
rows was the least favorable [9]. Competition between the components of the mixtures can
involve the access to light. A higher cereal component often results in limiting growth
conditions for the accompanying legume by shading, especially under conditions of increased
nitrogen. In legumes, photosynthesis is then limited and nitrogen uptake is reduced [10].
Studies on mixtures of yellow lupine with triticale and oats have shown that a competitive
potential of a single legume is larger than a single cereal plant, but because of the larger number
of cereals in the mixture, their total pressure on legumes is stronger than the pressure of
legumes on cereals [11]. The strength of interspecific competition depends on the severity of
intraspecific competition, which is largely related to the participation of the individual
components. Mixtures of legumes with cereals create the conditions for the formation of
allelopathic interactions that have a significant influence on the subsequent development of
stand structure and the share of each component in the creation of seeds yield. Secondary
metabolites of root exudates may affect rhisospheric organisms, as well as the neighboring
plants [12]. Studies [13] have shown that water solutions of root exudates of seedlings of wheat,
triticale and barley (an effect of 5 cereal seedlings on 1 seed of legume), after 4 days, strongly
reduced the germination of seeds of pea, vetch, blue and yellow lupine, and after 8 days,
exudates of barley and wheat caused the loss of germination of pea seeds (Table 1).
An additional benefit of growing legume-cereal mixtures is their effect on soil fertility and its
phytosanitary status. Mixtures mitigate the negative effects associated with consecutive
sowing of cereals as they become an element which interrupts the continuity of the crops.
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Germination after 4 days
Specifications

pea

vetch

Germination after 8 days

yellow

blue

lupine

lupine

pea

vetch

yellow
lupine

blue lupine

Control

96.7 a*

93.7 a

97.7 a

85.7 a

96.7 a

95.7 a

98.5 a

86.5 a

Wheat

58.0 b

57.5 b

48.2 b

48.2 b

Rotted

74.5 b

51.0 b

48.2 b

Triticale

59.5 b

77.0 c

68.7 c

67.5 c

62.5 b

90.5 a

80.2 c

70.0 c

Oat

95.5 a

92.2 a

95.0 a

77.5 a

96.0 a

95.5 a

98.0 a

79.2 ac

Barley

46.0 b

78.5 c

62.0 c

50.5 b

Mildewed

88.0 c

65.2 b

52.2 b

* Number within columns followed by the same letters do not differ significantly
Table 1. Influence of cereal root excretions on germination of legume seeds [own study]

Mixtures provide biodiversity resulting from the different morphological characteristics,
physiological and sensitivity of individual components to consecutive sowing, and in the case
of cereals, this method allows to avoid the negative consequences of their too frequent sowing
in the same field and thus reduce the spread of diseases and pests [14].
In recent times, a lot of attention has been paid to the possibility of nitrate leaching from the
soil in the positions of winter crops sown after legumes. Significantly lower losses of nitrogen
occur after crops of legume-cereal mixtures. The studies have shown that pea grown as sole
crop used nitrogen derived from biological fixation in 70%, while in mixed cultivation with
cereals-in 99%, contributing indirectly to potentially smaller losses of this component [15].
Also, lysimetric studies have shown that the level of nitrogen leaching in crops of mixture of
peas with barley was reduced compared with the treatments where these plants were grown
in sole crop. Therefore, in the areas of protection of drinking water, it is recommended to sow
legumes in mixtures with cereals [16, 17].

Pre-crop

Seedsyield

Variability of yields in years (%)

t·ha-1

%

Yellow lupine

5.28

100

3.5

Pea + lupine

5.17

98

3.8

Oat + lupine

4.98

94

1.8

Oat + peas

4.94

94

3.6

Oat

4.79

91

4.5

Oat + barley

3.63

69

13.6

Oat + triticale

3.23

61

17.4

Triticale + barley

3.17

60

15.6

Table 2. Yields of winter wheat grown as affected by different pre-crops [21]

Legume-cereal mixtures are a good forecrop for root crops, but especially for cereals. They
enrich the soil with organic matter and nutrients. For example, crop residues of mixtures of
lupine with triticale (straw, stubble and roots) provide 32 kg of nitrogen and 55 kg of potassium
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[18]. The value of the leftover position depends on the selection of components, their partici‐
pation in the stand, the level of yield and soil conditions. Studies have shown that the yields
of winter wheat cultivated after the mixture of pea with spring cereals (wheat, barley) were
higher from 5 to 27% than after spring barley, while after a mixture of yellow lupine with
triticale-by 31% compared to the yields following the triticale [19, 20]. Cereal species signifi‐
cantly affected the forecrop quality of the mixtures. Mixtures of legumes with wheat, barley
and triticale were definitely better forecrops for winter wheat than the same cereals cultivated
in sole crop, while a mixture with oats influenced on a small increase in the yield of successive
crops compared with sole oats [21, 22]. This is due to the characteristic of oats, which has
phytosanitary features and is considered as one of good forecrops for winter cereals. However,
cereal mixtures were a worse forecrop (Table 2). The share of components seeds in the mixture
also affects the catch crop value of the stand. A larger proportion of legumes in the mixture
positively affected the yield of the following plants (winter wheat). This reaction was higher
on good soils compared to the poorer ones [22, 23].
2.2. Biological nitrogen fixation
Biological process of atmospheric nitrogen fixation by the bacteria of Rhizobium and Bradyrhi‐
zobium that live in symbiosis with legumes has great significance for agriculture. In the
symbiosis process, legumes provide the bacteria with carbohydrates, and in return they receive
nitrogen assimilated by them, which they use to produce high-value protein. Nitrogen is used
by plants in almost 100%, while in the case of mineral fertilizers, the plants generally use not
more than 50% of this element. Cereals growing in the vicinity of legumes use the nitrogen
assimilated by nodule bacteria, as it is transferred to the soil in the form of aspartic acid or βalanine. This phenomenon is particularly important in low-input farming systems, especially
in organic agriculture, where the biological fixation is the most important source of nitrogen
[24, 25, 26].
The amount of nitrogen fixed by the nodule bacteria in the process of symbiosis depends
primarily on the species of legume as a component, its share in the mixture and the level of
nitrogen fertilization. The lysimetric studies with using 15N have shown that in vetch sown
with oats, 90% of the total nitrogen uptake (about 53 kg ha-1) comes from symbiosis, while oat
uses about 28 kg of mineral N, which is one third of the nitrogen taken together by plants in
the mixture [27]. The studies under mixed sowings of maize with soybean and oat with vetch
have shown that exudates of active root nodules of legumes include NO3-ions, which affect the
increase of biomass and nitrogen content of non-legume components of these mixtures. The
permeation of nitrate ions took place at night-from late evening to early morning [28]. The
complementarity in the use of nitrogen by the mixture components was confirmed by a higher
uptake of nitrogen with the yield of mixture seeds of oat with pea compared to sole crops of
this species (Table 3). Almost twice as high nitrogen uptake with the yield of mixtures seeds
compared to seeds yield of barley was significantly associated with a large proportion of the
legume seeds in the sown mixture (70%). The research carried out in different European
countries (Denmark, Germany, Great Britain, France and Italy) has shown that the overall N
resources were used 30-40% more efficiently by pea-barley intercrops compared to the
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respective sole crops showing a high degree of complementarity between pea and barley across
intercrop designs and very different growing conditions in Europe. As a mean of all site around
20% more efficient soil mineral N uptake was achieved by the intercrops than the sole crops.
Soil N uptake by barley in intercrops was associated with an increased reliance of pea on N2fixation, rising the percent of total N derived from N2-fixation [29]. The authors indicate the
independent of climatic growing conditions, including biotic and abiotic stresses, across
European organic farming systems pea-barley intercropping is a relevant cropping strategy to
adapt when trying to optimize N use and thereby N2-fixation inputs to the cropping system.
Treatment

Dose of nitrogen fertilization (kg·ha-1)
0

Mean

30

60

Barley

44 a*

55 a

75 a

58 a

Pea

78 b

86 b

93 b

86 b

Barley+pea

96 c

108 c

103 c

102 c

* Number within columns followed by the same letters do not differ significantly
Table 3. Nitrogen uptake with grain yield [own study based on 30]

The dose of mineral nitrogen had a significant impact on the amount of biological fixation of
nitrogen by legumes. Increasing dose of mineral nitrogen caused a decrease in the fixation of
atmospheric nitrogen, as it is a well-known tendency that if a plant has the possibility to use
soil or fertilizer nitrogen, the assimilation of N2 decreases. The research carried out in Poland
has shown that increasing the level of fertilization of legume-cereal mixtures by mineral
nitrogen from 0 to 90 kg ha-1 resulted in a significant reduction of atmospheric nitrogen fixation
by legumes. Each 10 kg of the nitrogen applied in a dose of 30 and 60 kg ha-1 in a mixture of
pea with wheat or pea with barley caused a reduction in the fixation of this element by about
7-8 kg, while at a dose of 90 kg, the reduction was higher by about 9 kg [31, 32]. Biological
nitrogen fixation also depends on the soil conditions (nitrogen content, moisture content, pH)
and the severity of disease and pests [33]. A large impact on the amount of symbiotic nitrogen
fixation has also soil temperature. The optimal temperature range which allows for the
maximum nitrogen fixation is (oC): for big-leaved lupine-25, common vetch-20, faba bean-20,
field pea-25, blue lupine-20-30, and for soybean-20-25 [34].
2.3. The selected factors of production
2.3.1. Species and varieties
Yielding of legume-cereal mixtures largely depend on the proper selection of species. Spring
barley can be a good component for the mixtures with peas, due to similar habitat require‐
ments, similar length of growing season and high nutritional value of seeds of such mixture,
but also spring triticale and spring wheat, especially on the better soils. Naked oats, however,
is a weaker component due to its low yield of grain which is also variable in years [35, 36].
Husked cultivars of oats and barley, however, are more useful to mixture with peas compared
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to the naked forms of these cereals (Table 4). Vetch yields best in a mixture with wheat, but
triticale is also a good component for this legume crop (Figure 1). Other studies show, however,
that spring barley is a better component for self-finishing cultivar of vetch compared to oats
[37]. Lupines yield good in the mixtures with spring triticale and spring wheat, but poorly in
the sowings with oats. In the mixture with oats, the yields of lupine seeds are low and variable
in years, and their share in the yield of mixtures usually does not exceed 10%. In addition,
yellow lupine
proves
be more
useful due
for mixtures
with
cereals
than
blue in
lupine
however,
is ato
weaker
component
to its low yield
of spring
grain which
is also
variable
years [38,
[35, 36]. Husked cultivars of oats and barley, however, are more useful to mixture with peas
39, 40].
compared to the naked forms of these cereals (Table 4). Vetch yields best in a mixture with
wheat, but triticale is also a good component for this legume crop (Figure 1). Other studies
show, however, that spring barley is a better component for self-finishing cultivar of vetch
-1
Mixtures to
composition
Seeds
(t·ha
)
compared
oats [37]. Lupines yield good in the mixtures
withyield
spring
triticale
and spring
2
wheat,seeds
but poorly
in per
themsowings
with oats. In the mixture with oats, the yields of lupine
(sowing:
number
)
mixture
cereal
pea
seeds are low and variable in years, and their
share in the yield of
mixtures usually does
not
exceed
10%.
In
addition,
yellow
lupine
proves
to
be
more
useful
for
mixtures
with
spring
Barley naked (240) + pea (28)
6.35
5.70
0.65
cereals than blue lupine [38, 39, 40].
Barley naked (205) + pea (35)

6.46

5.75

0.71

Table 4. Seed yield and its components of mixtures of husked and naked spring cereals with

Barley huskedpea
(240)
+ pea (28)
[41]

7.20

6.49

0.71

Barley husked (205) + pea (35)

7.51

6.66

0.85

-1
Seeds yield (t·ha )
Mixtures composition
2
)
(sowing:
seeds
number
per
m
mixture
cereal3.61
pea
Oat naked (390) + pea (28)
4.20
Barley naked (240) + pea (28)
6.35
5.70
0.65
Oat naked (335) +Barley
pea (35)
4.19
naked (205) + pea (35)
6.46
5.753.54
0.71
Barley husked (240) + pea (28)
7.20
6.49
0.71
Oat husked (390)Barley
+ pea (28)
6.19
husked (205) + pea (35)
7.51
6.665.53
0.85
Oat naked (390) + pea (28)
4.20
3.61
0.59
Oat husked (335) + pea (35)
5.97
5.31
Oat naked (335) + pea (35)
4.19
3.54
0.65
Oat husked (390) + pea (28)
6.19
5.53
0.66
Oatand
husked
(335) + pea
5.97naked spring5.31
0.67
Table 4. Seeds yield
its components
of (35)
mixtures of husked and
cereals with pea
[41]

0.59
0.65
0.66
0.67

Figure 1. Yields
of dry1.matter
on the
components
of mixtures
[own of
study].
Figure
Yieldsdepending
of dry matter
depending
on the
components
mixtures [own study].

soils,
choice
of cereal
for the mixtures
with peas
is less
importantthan
On better soils,On
thebetter
choice
ofthe
cereal
species
forspecies
the mixtures
with peas
is less
important
than the choice of legume variety for the cultivation effects [43]. Pea varieties differ
the choice of legume variety for the cultivation effects [43]. Pea varieties differ considerably in
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term of the stems length, leaf arrangement, susceptibility to lodging and length of the growing
season. They also differ in term of their complementarity in relation to cereals. It is important
to choose the cultivars which yield best under given habitat conditions. The height of the
components in the mixtures and their diverse habitus determine the canopy architecture. Large
differences in the height of plants lead to layered structure of the stand, which creates less
favorable light conditions for the species with shorter stems. Particularly unfavorable condi‐
tions occur when legumes dominate over cereals, because it leads to the lodging of plants and,
consequently, to the yield reduction [44, 45]. High yielding potential was recorded for tendrilleaf cultivars of pea, which are particularly useful for mixtures with spring cereals grown for
seeds. Due to the large amount of tendrils, they have a lower coefficient of transpiration and
are less susceptible to lodging. Self-finishing cultivars of faba bean are very useful for legumecereal mixtures, which under favorable soil and moisture conditions yield better in the
mixtures with cereals compared to their sole crops [36].
One of the most important factors determining appropriate yielding of mixtures is the share
of components seeds at sowing. Cereal sown with legumes gives greater yielding stability of
the mixture, but it is also a strong competitor to the legume which causes that the share of
legume seeds in the mixture yield is often variable and low. The studies on sowing density
and the share of mixture components show that the percentage of legumes seeds should range
from 30 to 50%. At tendency to higher lodging, of for example peas, a lower share of about
30% is more favorable [16, 46, 47]. The yields of mixtures primarily depends on the yield of
cereal component, while only to a small degree on legume species. Increasing the share of
legume seeds in the sowing norm increases their share in the yield, but the yield of grain cereals
and the total yield of mixtures generally decrease (Tables 5, 6). This relationship has been
confirmed for the mixtures of spring cereals with peas, yellow and blue lupine [39, 40, 42, 45,
47, 48, 49]. The yield and stability of the mixtures are therefore determined by the yield of
cereals, and to a lower extent – by legumes. When determining the quantitative composition
of the mixtures components of spring cereals with legumes, the following factors should be
taken into account: the degree of lodging of the components, plant height, time of maturity
and desirable share of legume seeds in the mixture yield, which should range between 20 to
40%.
Cereal species in mixture

Lupine share (%)
barley

wheat

triticale

barley

yield of mixture seeds (t·ha )
40

4.03 c*

4.00 c

4.23 b

60

3.74 b

3.80 b

80

3.41 a

3.34 a

wheat

triticale

share of lupine seeds (%)

-1

5.2

7.3

8.0

4.17 b

9.4

10.3

10.8

3.51 a

14.8

15.4

15.0

* Number within columns followed by the same letters do not differ significantly
Table 5. Yield of seeds mixtures and share of blue lupine seeds in mixtures depending on cereal species and share of
blue lupine in sowing [own study].
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Mixture components
oat
(number per pea variety
m2)

Dawo

412

Ramrod

Turkan

Dawo

275

Ramrod

Turkan

Sowing rate
(number per
m)
2

Yield
oat seeds

pea seeds

t·ha-1

% mean

t·ha-1

30

3.57

118

45

3.08

102

60

2.59

30

Sum - mixtures

% mean

t·ha-1

% mean

0.68

73

4.25

108

1.06

115

4.14

105

86

1.27

137

3.85

98

3.64

121

0.46

49

4.10

104

45

3.26

108

0.72

77

3.98

101

60

2.93

97

1.06

115

3.99

101

30

3.46

115

0.63

68

4.09

104

45

2.94

98

0.95

103

3.90

99

60

2.20

73

1.26

136

3.47

88

30

3.38

112

0.81

88

4.19

106

45

2.90

96

1.07

116

3.97

101

60

2.43

81

1.52

164

3.95

100

30

3.48

116

0.60

65

4.08

104

45

3.24

108

0.69

75

3.93

100

60

3.00

100

0.97

105

3.98

101

30

3.30

110

0.63

68

3.93

100

45

2.74

91

0.95

103

3.69

94

60

2.06

68

1.34

144

3.39

86

Table 6. Yield of mixtures and their components depending on sowing rate [35]

2.3.2. Soil
The yields of legume-cereal mixtures largely depend on the soil type. On good soils, almost
all plant species can be grown and yield very well, because there are no significant restrictions
in terms of the selection of individual species. Mixtures may, however, be successfully grown
on the worse soils by one quality class than their components grown in sole crops. As a result
of differentiated plant growth and development rhythms of individual components, the plants
better use of habitat conditions in less favorable soil conditions, as well as in the fields with
differentiated soil, deficient water conditions, different forecrops or levels of soil culture [50].
Mixtures of peas with wheat and barley yielded best on Gleyic Phaeozem, Fluvic Cambisol
and Haplic Luviosol. The poorest soils are based on sand [51]. On lighter soils (good rye
complex), the most efficient mixture was spring triticale with yellow lupine, while slightly
worse-triticale with pea and triticale with vetch. Mixtures of oats with yellow lupine and oats
with pea also yielded well in such soil conditions [45, 52]. On good soil (good wheat complex),
there is no need to cultivate spring cereals with lupines (white, yellow or blue), because the
level of their yield has been found not significantly higher than on poorer soils. They are a
valuable component, for cultivation on medium and light soils.
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An important factor influencing the yield of mixtures is the availability of water in the ground.
In the conditions of lower soil moisture, legume-cereal mixtures yielded better than sole crops
[53]. Studies have shown that the use of irrigation allows for a cultivation of mixtures for the
green matter even on very poor soils, guaranteeing a high level of yield [54].
2.3.3. Fertilization
Nitrogen fertilization is an agrotechnological factor which significantly affects the yield and
quality of cereal and legume crops. Legume-cereal mixtures are feeding with lower doses of
nitrogen compared to sole cereals. The reason of it is that at lower fertilization, the assimilation
of atmospheric nitrogen by legumes increases, and also there crops are less susceptible to the
lodging. There is also a smaller competition of cereals in relation to legumes. Increasing
nitrogen fertilization results in the dominance of cereal plants, which adversely affects the
morphological features and yields of legumes. The reaction of mixtures to the level of nitrogen
fertilization also depends on the type of soil and the share of components. A stronger positive
effect of fertilization on yield mixtures was observed on lighter soils and at the higher share
of cereals [55].
In organic farming, it is necessary to completely resign from mineral nitrogen fertilization,
which at the appropriate share of mixture components, good soil and moisture conditions and
proper agricultural techniques, does not cause a significant decrease in the yield of mixture
seeds. Natural or organic fertilization may be also used, but in a limited extent. Our study
showed that in the lack of fertilization, the mixture of barley with peas was the most efficient,
but mixtures of oats with peas and oats with vetch provided good yields as well. The signifi‐
cantly weakest was mixture of barley with vetch. In the case of the treatments fertilized with
composted manure (at a dose of 30 t ha-1), the mixtures which included peas were more efficient
(Table 7). The facts that intercropping of legumes and cereals has produced higher yields than
sole cereals without nitrogen fertilization was noticed by several reserchers [56, 57, 58].

Mixture composition

Without fertilization

Fertilization of compost

green matter yield

dry matter yield

green matter yield

dry matter yield

(t·ha-1)

(t·ha-1)

(t·ha-1)

(t·ha-1)

Oat+pea

40.7 b*

9.1 b

39.2 c

8.8 b

Oat+vetch

39.0 b

8.4 b

35.8 b

8.2 b

Barley+pea

41.2 b

10.2 c

38.4 c

8.6 b

Barley+vetch

32.6 a

7.0 a

32.1 a

7.0 a

* Number within columns followed by the same letters do not differ significantly

Table 7. Green and dry matter yields of mixtures cropped on silage [own study]
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3. Nutritional value of legume-cereal mixtures (whole-crop silage and
grain)
The seeds of legumes are significantly different from the grains of cereals. They contain large
amounts of total protein (20 to 40%) and crude fibre and considerably higher amount of
minerals compared to the cereals (mainly P), and small amounts of Ca and vitamins. Legume
protein is deficient in methionine, a very important amino acid affecting its biological value,
but on the other hand, it contains more lysine compared to the cereals. Legume seeds also
contain anti-nutritional substances which cause bitter taste of feed and reduce its digestibility
and the nutrient availability, so their share in the feed ration should be properly adjusted. It
should be noted, however, that as a result of breeding progress there are legume varieties
which do not contain or contain only insignificant amounts of anti-nutritional substances, such
as alkaloids in lupines or tannins in faba beans and fodder peas, which would limit their
feeding.
Cereal species

Lupine

Crude fat

Crude ash

P

K

in mixture

share (%)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

40

114

26.2

22.2

20.9

3.5

4.4

60

131

49.3

25.8

24.8

3.8

5.8

80

139

51.2

27.0

24.6

4.2

5.7

40

152

33.0

23.0

22.7

3.9

5.8

60

177

34.8

26.8

22.4

4.3

5.9

80

172

40.0

29.4

24.8

4.0

6.4

40

139

30.6

22.0

24.5

4.2

6.1

60

148

39.0

25.1

24.7

4.0

6.2

80

158

46.0

26.2

27.2

4.6

7.3

Barley

Wheat

Triticale

Total protein Crude fibre

Table 8. Content of nutrient components and macroelements in mixture seeds depending on spring cereal species
and share of blue lupine [own study]

Growing legume-cereal mixtures significantly enriched feed, especially in protein. High
efficiency of protein was recorded in the mixtures of peas with oats, but in terms of the feed
quality, mixtures of pea with barley or triticale were favorable as well [59, 60, 61]. The results
of the studies on mixtures of peas with barley, oats and wheat have shown that together with
the increase of the share of legume, there was also an increase the concentration of protein in
cereal grains and its share in the mixture yield [62]. The highest yield of protein was obtained
when the share of peas in mixtures with barley and wheat was 75%, and with oats-50%. Our
results confirmed these relationships. Increasing the share of blue lupine in two-species
mixtures with barley, wheat and triticale resulted in an increase in the total protein content in
the yield of mixtures seeds, but the concentration of crude fibre and crude fat has been
increased (Table 8). The highest fat and protein content were found in the mixture of lupine
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with wheat, while the mixture with barley had the lowest amount of these components [40].
In the case of mixtures of peas with barley, there was also an increase in the content of total
protein and crude fat in seed yield together with increasing share of legumes at sowing, while
the amount of crude fibre decreased (Table 9). The share of pea in the yield had an only
insignificant effect on the contents of P, K and Mg [60].
Pea share

Total

(%)

protein

Crude fibre Crude fat

Crude ash

P

K

Ca

Mg

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)

(g·kg-1)
40

183.4

41.0

30.2

25.2

4.4

6.8

0.91

1.3

60

200.6

37.8

31.9

25.6

4.6

8.1

0.92

1.2

80

210.0

35.6

33.7

26.0

4.6

8.6

0.99

1.2

Table 9. Content of nutrient components and macroelements in mixture seeds of pea-barley depending on share of
pea [own study]

Legume-cereal mixtures can be grown for green matter and used as a raw material for the
production of silage for ruminants or they can be grown for seeds and be used as a component
of concentrated feed for monogastric animals. Due to high yields and digestibility of dry
matter, the phase of milk-dough stage of cereal is the appropriate term to harvest the mixture
for green matter. Silage made from such a mixture may be administered to animals as the only
roughage. The results of experiments have shown that silage from the whole-plant legumecereal mixtures allows to achieve large weight gains of bulls, and the nutrients of that feed are
well utilized [63]. It was also found that the energy value of the silage from whole plant of
legume-cereal mixtures is similar to maize silage harvested for green matter at milk-dough
stage of grain maturity [64]. Dairy cows fed of peas mixed with barley, were characterized a
higher milk production compared to the animals fed only with barley. In addition, live weight
of cows increased together with the increase in the share of pea in the silage [65]. Better milk
production results in cows were obtained when they were fed with silage from the mixtures
of pea with barley compared with the mixture of pea with triticale. Higher content of protein
and lower content of neutral digestibility fibre (NDF) clearly indicated a more favorable
cultivation of such mixture [66]. Protein and energy value of silage from legume-cereal
mixtures depends on their composition and the share of individual components. Our study
showed that mixtures of pea and vetch with oats had the highest protein and energy value
compared to the mixture with barley (Table 10). Taking into account the share of components,
it was found that increasing the share of legume seeds at sowing increases digestibility and
improves the protein value of the feed made of the mixtures [49].
The nutritional value of legume-cereal mixtures grown for grains mainly depends on the
composition of the mixture and the share of components. One of the most important criteria
for grain quality evaluation is concenration of crude protein. Analysis of grain quality showed
that crude protein concentration in the total intercrops grain yields was significantly higher
compared with the sole wheat, but was lower than in sole grain legumes (Table 11). The highest
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Mixture
composition

PDIF*

PDIN

PDIE

UFL

UFV

Digestibility

(g·kg DM)

(g·kg DM)

(g·kg DM)

(g·kg DM)

(g·kg DM)

of DM (%)

Oat+pea

35.0

98.5

86.8

0.75

0.71

66.2

Oat+vetch

34.7

100.7

87.0

0.76

0.70

66.0

Barley+pea

28.6

86.8

82.7

0.73

0.68

66.2

Barley+vetch

28.8

87.2

83.2

0.74

0.69

66.4

*PDIF – protein digested in the small intestine
PDIN – protein digested in the small intestine supplied by rumen-undegraded dietary protein plus protein digested in
the small intestine supplied by microbial protein from rumen-degraded protein
PDIE – protein digested in the small intestine supplied by rumen-undegraded dietary protein plus protein digested in
the small intestine supplied by microbial protein from rumen-fermented organic matter
UFL – feed unit for lactation
UFV – feed unit for maintenance and meat production
Table 10. Energy and protein value and digestibility of dry matter of legume-cereal mixtures (50% cereals +
50%legumes) [own study]

crude protein concentration was determined in wheat and vetch intercrop grain yield. The
same relationships have been found in the studies on mixtures of wheat and spring barley with
peas. In addition, it has been shown that these mixtures contained more methionine, and barley
also contained more threonine than cereals grown in sole crops [67].

Grain yield

Crude protein

Crude protein

(t·ha-1)

(g·kg-1 of DM)

(kg·ha-1 of grain yield)

Wheat

3.15

113

354

Pea

2.37

230

538

Lupine

1.51

259

383

Bean

1.99

287

571

Vetch

1.88

314

593

Wheat+pea

2.93

130

393

Wheat+lupine

2.77

121

356

Wheat+bean

2.84

135

396

Wheat+vetch

3.34

159

553

Treatment

Table 11. The grain and crude protein yield of spring wheat and legume grown as sole and dual intercrops [58]

The nutritional value of seeds and grains of legume-cereal mixtures is also analyzed by testing
the nutritional value of the protein expressed by the ratio of essential egzogenic amino acids-

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

EAAI (Essential Amino Acid Index) of Oser’s and a rate of limiting amino acid-CS (Chemical
Score) of Block and Mitchell’s. The results showed that mixtures of winter triticale with vetch
had higher EAAI rates than mixtures of winter rye with vetch, and isoleucine was the amino
acid which limited nutritional value of the protein. On the other hand, the mixture of spring
triticale with field pea characterized by higher rate of protein nutrition value EAAI and high
content of lysine, isoleucine and threonine in comparison with a mixture of triticale with pea
[68, 69].

4. Weed infestation of legume-cereal mixtures
Control of weed infestation in organic farming involves the use of direct methods, involving
interventions into the stand and indirect methods of preventive character, such as proper crop
rotation, choice of varieties with greater competitiveness against weeds, proper agronomical
practices and the use of undersown crops and mixed sowings [70, 71, 72]. Mixed sowings of
legumes with cereals strongly compete with weeds than sole crops, but it is also dependent
on the composition of the mixture, the share of components, as well as weather and habitat
conditions [58]. Our findings showed that among four mixtures of: oats with peas, oats with
vetch, barley with peas and barley with vetch, with 50% share of the components at sowing,
the mixture of barley with peas was the most weedy, as evidenced by the largest matter and
number of weeds (Table 12). This mixture was also characterized by the largest species
diversity of weeds, estimated by Shannon index. The most competitive to weeds was the
mixture of oats with vetch. The mixture of barley with vetch had the smallest species diversity
of weeds, as was estimated by Simpson’s index which indicated a clear dominance of one weed
species (Figure 2) [73]. Other studies indicate that among the four mixtures of spring wheat
with legumes, such as peas, lupine, vetch and faba bean, the mixture of wheat with vetch
limited weed infestation the most, while the least competitive was the mixture with lupine.
The highest weed infestation was recorded in the sole lupine and pea [58]. Increasing the share
of legume in the mixture caused an increase in weed infestation, which indicates higher
competitiveness of cereals than legumes in relation to weeds [73, 74, 75]. Weather conditions
have also the significant impact on weed infestation of mixtures. The favorable effect of
mixtures on reducing of weed infestation discloses more in the wet years, which favor the
development of mixtures and weeds [73, 75].
Fresh matter of

Dry matter of weeds

Number of weeds

Number of weeds

weeds (g·m-2)

(g·m-2)

(plants·m-2)

species

Oat + pea

83.1

17.4

20.7

11

Oat + vetch

53.8

11.9

19.9

10

Barley + pea

355.2

37.8

46.1

16

Barley + vetch

183.7

23.0

42.1

11

Mixture composition

Table 12. Weeds mass and number in mixtures depending on share of components [own study]
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Figure 2. Shannon’s diversity index (H’) and Simpson’s dominance index (SI) for weed flora in mixtures [own study]

5. Undersown crop of serradella in cereals
Intercrop cultivation is one of the agrotechnological ways to reduce adverse changes in agroecosystems, which are the result of a large share of cereals in cropping pattern. Their biomass
is a significant source of organic matter, and it also has a positive effect on the physical,
chemical and biological properties of the soil [76]. Serradella is a species of legume which yields
well on poor, slightly acidic soils. Its cultivation provides a number of benefits for animals;
provides a valuable, easily digestible feed, positively affects the milk yield of dairy cows, does
not contain harmful compounds and it is willingly fed by animals [77]. Undersown into cereal
as a support plant, it is more reliable in yielding, less prone to lodging and does not cause
trouble during combine harvest. Growing mixed crops also creates more competition for
weeds, which allows reducing, and in organic farming, to completely resign from herbicides
[72, 78, 79, 80, 81].
Cultivation of serradella has also an ecological importance. The crop residue of this plant
contains about 50 kg ha-1 of nitrogen, which is largely derived from a biological fixation.
Serradella also plays phytosanitary role, reducing the spread of diseases and pests, regenerates
the soil and improves balance of organic matter and soil fertility [82, 83]. A limitation in the
cultivation of serradella is moisture. The deficiency of water in the initial stages of growth
negatively affects the yield of this species [84].
Serradella can be undersown into spring and winter cereals grown for green matter or grains.
Our findings showed that undersown serradella positively affected on dry matter yield of
spring and winter cereals harvested at the milk-dough stage (for green matter). The highest
increase of cereal yield was achieved in the cultivation of serradella with spring barley (Table
13). In the cultivation of cereals for grains (full maturity stage), undersown serradella did not
significantly affect the yield of spelt wheat and oats, but limited the yield of spring barley and
winter rye compared with the sole crops. The yield of serradella green matter undersown into
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cereals harvested for green matter was almost two-times higher compared to those harvested
in full maturity stage. Regardless of the time of harvesting of the cover crop, the highest yields
of serradella green matter were obtained at undersowing into spelt wheat [85, 86].
Harvest for green matter
Specification

yield of cereal DM green matter of
(t·ha-1)

Spelt wheat

4.54

Spelt wheat+serradella

5.32

Winter rye

4.97

Winter rye+serradella

5.59

Oat

8.36

Oat+serradella

8.21

Spring barley

6.27

Spring barley+serradella

8.46

serradella (t·ha-1)

Harvest for grain
yield of cereal

green matter of

grain (t·ha-1)

serradella (t·ha-1)

2.61
9.26

2.69

5.02

2.33
7.42

2.06

4.67

4.08
7.34

3.99

4.15

3.26
8.13

2.54

4.67

Table 13. Yield of cereals in sole crop and intercropped with serradella depending on the harvest time of cover crop
[own study]

Serradella undersown into cereals increases the content of total nitrogen and organic carbon
in the soil as compared to the contents before sowing of serradella. Furthermore, the amount
of nitrogen at harvesting cereals for seeds is higher than at harvesting for green matter. A
longer growing period of legumes grown for seeds contributes to a more efficient fixation of
atmospheric nitrogen. The process of mineralization of aging roots, nodules as well as leaves,
flowers and pods which fell from the lower layers of legumes is started, and nitrogen and other
components are released into the soil [86, 87].

6. Conclusions
The cultivation of mixtures of legumes and cereals offers a number of potential agronomic
benefits. Coming from two different plant families, legumes and cereals complement each
other in the capture of resources. Cereal crops growing in the vicinity of legumes benefit
from nitrogen assimilated by legume root nodule bacteria. Increasing the supply of nitrogen
by applying fertilizer caused in a substantial reduction of fixation of atmospheric nitrogen
by legume crops. Mixtures are particularly relevant to the exploitation of poorer soils which
are unsuitable for the production of either component grown as a sole crop. Yielding of the
mixtures is highly dependent on the species and proportion of component. The share of le‐
gumes in the seed mixture in terms of seed number is recommended to range from 30 to
50%. Total seed yield of mixtures decreases with increasing share of legume seeds in sow‐
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ing. Increasing the dose of nitrogen for the cultivation of mixtures usually leads to increase
in the yield of cereal component, but reduces the proportion of legume seeds in the crop.
Legume-cereal mixtures can be grown for green matter and used as a raw material for the
production of silage for ruminants or they can be grown for seeds and be used as a compo‐
nent of concentrated feed for monogastric animals. Increasing the share of legume seeds at
sowing increases the protein concentration, digestibility and improves the protein value of
the feed made of the mixtures.
Legume-cereal mixtures are a good forecrop for cereals. They reduce the negative effects as‐
sociated with sowing of cereals one after another. Mixtures enrich the soil with organic mat‐
ter and nutrients, but the value of their post-crop area depends on the choice of components,
their share in the stand, the level of yields and soil conditions. Cultivation of cereals after
legume-cereal mixtures is characterized by higher yield stability. An ecological importance
has also cultivation of serradella as undersown, which plays additionally phytosanitary role,
reducing the spread of diseases and pests and regenerates the soil. The benefits of mixed
sowings of legumes with cereals are associated with a significant reduction of weed infesta‐
tion, especially in organic farming. Intercrops are already largely adopted in organic farm‐
ing, but additional efforts in research are needed for their adoption in more number of
farms.

Acknowledgements
The studies have been supported by Ministry of Agriculture and Rural Development of Poland
within the multi-annual program of Institute of Soil Science and Plant Cultivation-State
Research Institute, task 3.3. Evaluation of efficiency of using different technology elements in
the integrated production of basic crops.

Author details
Mariola Staniak, Jerzy Księżak and Jolanta Bojarszczuk
Institute of Soil Science and Plant Cultivation – State Research Institute, Department of Forage
Crop Production, Puławy, Poland

References
[1] Watson CA, Atkinson D, Gosling P, Jackson LR, Rayns FW. Managing soil fertility in
organic farming system. Soil Use Manage 2002; 18: 239-247.

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

[2] Knudsen MT, Hauggard-Nielsen H, Jensen ES. Cereal-grain legume intercrops in or‐
ganic farming – Danish survey. In: European Agriculture in global context: Proceed‐
ings of VIII ESA Congress, 11-15 July 2004, Copenhagen, Denmark.
[3] Niggli U, Slab A, Schmid O, Halberg N, Schlüter M. Vision for an Organic Food and
Farming Research Agenda to 2025. Report IFOAM EU Group and FiBL 2008.
[4] Doré T, Makowski D, Malézieux E, Munier-Jolain N, Tchamitchian M, Tittonell P.
Facing up to the paradigm of ecological intensification in agronomy: Revisiting
methods, concepts and knowledge. European Journal of Agronomy 2011; 34(4):
197-210.
[5] Song YN, Zhang FS, Marschner P, Fan FL, Gao HM, Bao XG, Li L. Effect of intercrop‐
ping on crop yield and chemical and microbiological properties in rhizosphere of
wheat (Triticum aestivum L.), maize (Zea mays L.) and faba bean (Vicia fabaL.). Biology
and Fertility of Soils 2007; 43: 565-574.
[6] Pridham JC, Entz MH. Intercropping spring wheat with cereal grains, legumes, and
oilseeds fails to improve productivity under organic management. Agronomy Jour‐
nal 2008; 100(5): 1436-1442.
[7] Hauggaard-Nielsen H, Jørnsgaard B, Kinane J, Jensen ES. Grain legume–cereal inter‐
cropping: the practical application of diversity, competition and facilitation in arable
and organic cropping systems. Renewable Agriculture and Food Systems 2008; 23:
3-12.
[8] Corre-Hellou G, Dibet A, Hauggaard-Nielsen H, Crozat Y, Gooding M, Ambus Per
Dahlmann C, von Fragstein P, Pristeri A, Monti M, Jensen ES. The competitive ability
of pea–barley intercrops against weeds and the interactions with crop productivity
and soil N availability. Field Crop Research 2011; 122(3): 264-272.
[9] Tofinga MT, Snaydon RW. The root of cereals and peas when grown in pure stands
and mixtures. Plant and Soil 1992; 142: 281-285.
[10] Ofari F, Stern WR. Cereal-legume intercropping systems. Advances in Agronomy
1987; 41: 41-90.
[11] Kotwica K, Rudnicki F. Competition between spring triticale and yellow lupine in
mixture. In: Przyrodnicze i produkcyjne aspekty uprawy roślin w mieszankach: Pro‐
ceedings of the Scientific Conference, 2-3 December 1999, AR Poznań, Poland.
[12] Narwall SS. Allelopathy in crop production. Jodhpur: Scientific Publisher; 1994.
[13] Księżak J, Staniak M. Effect of root excretions from spring cereal seedlings on seed
germination of legumes seeds. Journal of Food Agriculture and Environment 2011;
9(3/4): 412-415.

139

140

Organic Agriculture Towards Sustainability

[14] Vasilakoglou IB, Dhima KV, Lithourgidis AS, Eleftherohorinos I. Competitive ability
of winter cereal-common vetch intercrops against sterile oat. Experimental Agricul‐
ture 2008; 44: 509-520.
[15] Hauggaard-Nielsen H, Ambus P, Jensen ES. The comparison of nitrogen use and
leaching in sole cropped versus intercropped pea and barley. Nutrient Cycling in
Agroecosystems 2003; 65: 289-300.
[16] Köpke J. Ackerbohnen: eine Gefahr fur das Trinkwasser? Lebendige Erde, Heft 1991;
2(91): 81-87.
[17] Lütke-Entrup N, Groblinghoff F, Stemann, G. Untersuchungen zur Effizienz von
Gras-Untersaaten in Ackerbohnen. Gesunde Pflanzen 1993; 45(5): 178-182.
[18] Jasińska Z, Kotecki A. Detailed cultivation of plants. AR Wrocław 1999; cz. II. (Book).
[19] Harasimowicz-Hermann G. Quality of faba bean, cereals and their mixtures as fore‐
crops for winter wheat under at conditions of the Pommerania-Cuiavia region. Zes‐
zyty Problemowe Postępów Nauk Rolniczych 1997; 446: 369–375.
[20] Rudnicki F, Kotwica K. The forecrop value of spring triticale, yellow lupine and their
mixture for winter wheat. Fragmenta Agronomica 1994; 2(420): 19-24.
[21] Kotwica K, Rudnicki F. Crop yield of winter wheat after spring triticale and its mix‐
tures with yellow lupine. In: State and perspectives of cereal mixtures cultivation.
Poznań AR; 1994. p23-28.
[22] Siuta A, Dworakowski T, Kuźmicki J. Grain yields and forecrop value of mixtures of
cereals with leguminous for cereals in conditions of ecological farms. Fragmenta
Agronomica 1998; 2(58): 53-62.
[23] Rudnicki F, Kotwica K, Wasilewski P. Forecrop value of cereals-leguminous mix‐
teure for winter cereals. In: Przyrodnicze i produkcyjne aspekty uprawy roślin w
mieszankach: Proceedings of the Scientific Conference, 2-3 December 1999, AR Pozn‐
ań, Poland.
[24] Hauggaard-Nielsen H, Gooding M, Ambus P, Corre-Hellou G, Crozat Y, Dahlmann
C, Dibet A, von Fragstein P, Pristeri A, Monti M, Jensen E. S. Pea-barley intercrop‐
ping for efficient symbiotic N-2-fixation, soil N acquisition and use of other nutrients
in European organic cropping systems. Field Crops Research 2009; 113: 64-71.
[25] Bedoussac L, Justes E. Dynamic analysis of competition and complementarity for
light and N use to understand the yield and the protein content of a durum wheat–
winter pea intercrop. Plant and Soil 2010; 330(1-2): 37-54.
[26] Neumann A., Schmidtke K., Rauber R. Effects of crop density and tillage system on
grain yield and N uptake from soil and atmosphere of sole and intercropped pea and
oat. Field Crop Research 2007; 100: 285-293.

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

[27] Triboi E. Détermination in situ de la quantité d’azote fixée symbiotiquement par la
vesce en culture associée avec l’avoine. Les Colloques de l’INRA, Paris 1985; 37:
265-270.
[28] Wacquant JP, Ouknider M, Jacquard P. Evidence for a periodic excretion of nitrogen
by roots of grass-legume associations. Plant and Soil 1989; 116: 57-68.
[29] Hauggaard-Nielsen H, Gooding M, Ambus P, Corre-Hellou G, Crozat Y, Dahlmann
C, Dibet A, Fragstein PV, Pristeri A, Monti M, Jensen ES. Pea–barley intercropping
for efficient symbiotic N2-fixation, soil N acquisition and use of other nutrients in
European organic cropping systems. Field Crops Research 2009; 113: 64-71.
[30] Podgórska-Lesiak M, Sobkowicz P, Lejman A. Dynamics of nitrogen uptake and uti‐
lization efficiency in mixtures of spring barley with field pea. Fragmenta Agronom‐
ica 2011; 28(3): 100-111.
[31] Księżak J. Evaluation yields of mixtures pea with spring wheat depending on nitro‐
gen doses. Fragmenta Agronomica 2006; 3: 80-93.
[32] Księżak J. Effect of nitrogen doses on yields of mixtures pea with spring barley. An‐
nales UMCS Lublin 2007; 15: 175-200.
[33] Ledgard SF, Steele KW. Biological nitrogen fixation in mixed legume/grass pastures.
Plant and Soil 1992; 141: 137-153.
[34] Liu Y, Wu L, Baddeley JA, Watson CA. Models of biological nitrogen fixation of le‐
gumes. A review. Agronomy for Sustainable Development 2010; 31: 155-172.
[35] Rudnicki F, Wenda-Piesik A. Productivity od pea-cereal intercrops on good rye soil
complex. Zeszyty Problemowe Postępów Nauk Rolniczych 2007; 516: 181-193.
[36] Księżak J, Borowiecki J. Mixtures of field pea and cereals for fodder production. Pro‐
ceedings of 4th European Conference on Grain Legumes: Towards the sustainable
production of healthy food, feed and novel products. July 8-12, 2001, Cracow, Po‐
land.
[37] Księżak J. Evaluate the usefulness of determinate variety vetch to mixtures with
spring cereals. Mat. Sci. Conf.: Plant Breeding, November 19-20, 1997, Poznań, Po‐
land.
[38] Kotwica K, Rudnicki F. Mixture of spring with legumes in the light soil. Zeszyty
Problemowe Postępów Nauk Rolniczych 2003; 495: 163-170.
[39] Rudnicki F, Kotwica K. Productivity of lupine-cereal intercrops on very good soil
complex). Mat. Sci. Conf.: The economic importance and biology of crop yields
mixed, May 11-12, 2006, Poznań, Poland.
[40] Księżak J, Staniak M. Evaluation on mixtures of blue lupine (Lupinus angustifolius L.)
with spring cereals grown for seeds in organic farming system. Journal of Food Agri‐
culture and Environment 2013; 11(3/4): 1670-1676.

141

142

Organic Agriculture Towards Sustainability

[41] Noworolnik K. Use fullness of naked cultivars of barley and oats to blends with pea.
Mat. Sci. Conf.: The economic importance and biology of crop yields mixed, May
11-12, 2006, Poznań, Poland.
[42] Pisulewska E. The effect of botanical composition of spring grain-legume mixtures
on protein yield and its amino acid composition. Acta Agraria et Silvestria 1995; ser.
Agricultura, 33: 107-115.
[43] Rudnicki F, Wenda-Piesik A. Usefulness estimation of mixtures spring cereals with
pea varieties for cropping on good wheat soil complex. Prace Komisji Nauk Rolnic‐
zych i Biologicznych 2004; BTN Bydgoszcz, B(52): 309-320.
[44] Księżak J. Diversity of morphological features in selected pea varieties grown in the
mixtures with spring barley. Zeszyty Problemowe Postępów Nauk Rolniczych 1998;
463: 389-398.
[45] Rudnicki F, Wenda-Piesik A, Wasilewski P. Sowing of components in pea-barley in‐
tercroping on wheat soil complex. Mat. Sci. Conf.: The economic importance and bi‐
ology of crop yields mixed, May 11-12, 2006, Poznań, Poland.
[46] Krawczyk R, Jakubiak S. Usefulness assessment of selected herbicides in cropping
mixture of spring cereals and field pea. Mat. Sci. Conf.: The economic importance
and biology of crop yields mixed, May 11-12, 2006, Poznań, Poland.
[47] Księżak J. Cultivation of pea/barley mixtures as a good agricultural practice in pro‐
duction feed for porkers. In: Best practices in agricultural production, Puławy:
IUNG; 1998. p263-270.
[48] Droushiotis DN. Mixture of annual legumes and small-grained cereals for forage
production under low rainfall. Journal of Agricultural Science (Camb.) 1989; 113:
249-253.
[49] Księżak J, Staniak M. Evaluation of legume-cereal mixtures in organic farming as raw
material for silage production. Journal of Research and Applications in Agricultural
Engineering 2009; 54(3): 157-163.
[50] Ceglarek F, Buraczyńska D, Płaza A, Bruszewska H. Yielding of mixtures of legumes
with spring triticale depending on their composition and term of harvest. In: State
and perspectives of cereal mixtures cultivation. Poznań: AR; 1994. p152-156.
[51] Księżak J. The development of pea and spring barley plants in the mixtures on vari‐
ous soil types. Zeszyty Problemowe Postępów Nauk Rolniczych 2007; 516: 83-90.
[52] Wasilewski P. Yielding of cereale-leguminouse mixtures on good rye soil complex.
In: Przyrodnicze i produkcyjne aspekty uprawy roślin w mieszankach: Proceedings
of the Scientific Conference, 2-3 December 1999, AR Poznań, Poland.
[53] Księżak J. The yield components of mixture of pea with cereals depending on differ‐
ent levels of soil moisture. Roczniki Naukowe AR Poznań 2006; 66: 187-193.

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

[54] Dudek S, Żarski J. Influence of sprinkling irrigation on yielding of leguminous-cereal
crop mixture. Zeszyty Problemowe Postępów Nauk Rolniczych 1997; 442: 389-394.
[55] Noworolnik K. The yields of barley and pea blend depending on nitrogen rate. Mat.
Sci. Conf.: The economic importance and biology of crop yields mixed, May 11-12,
2006, Poznań, Poland
[56] Jensen ES. Grain yield, symbiotic N2 fixation and interspecific competition for inor‐
ganic N in pea-barley intercrops. Plant and Soil 1996; 182: 25-38.
[57] Lauk R, Lauk E. The yields of legume-cereal mixes in years with high-precipitation
vegetation periods. Latvian Journal of Agronomy 2005; 8: 281-285.
[58] Šarῡnaitė L, Deveikytė I, Kadžiulienė Ž. Intercropping spring wheat with grain le‐
gume for increased production in an organic crop rotation. Žemdirbystė=Agriculture
2010; 97(3): 51-58.
[59] Rudnicki F, Kotwica K. Comparison of the crop effects of the spring cereals-legume
mixtures with barley, oats or triticale. Folia Universitatis Agriculturae Steinemsis,
Agricultura 2002; 228(91): 125-130.
[60] Staniak M, Księżak J, Bojarszczuk J. Estimation of productivity and nutritive value of
pea-barley mixtures in organic farming. Journal of Food Agriculture and Environ‐
ment 2012; 10(2): 318-323.
[61] Szczygielski T. Yielding of legume-cereal mixtures. Fragmenta Agronomica 1993; 4:
187-188.
[62] Johnston HW, Sanderson JB, Macleod JA. Cropping mixtures of field peas and cere‐
als in Prince Edward Island. Canadian Journal of Plant Science 1978; 58: 421–426.
[63] Wawrzyńczak S, Bielak F, Kraszewski J, Wawrzyński M, Kozłowski J. Maize and
grain legume silage for fattening young slaughter cattle. Roczniki Nauk Zootechnicz‐
nych 1996; 23(3): 85-97.
[64] Ostrowski R, Daczewska M. The yieding of cereal-pulse mixtures under conditions
of the Wielkopolska region, and nutritive value of silages and dried forage for rumi‐
nants. Roczniki Nauk Zootechnicznych 1993; 20(2): 157-169.
[65] Skovborg EB, Kristensen VF. Whole-crop barley, peas and field beans for dairy cows.
12. Beretning fra Faellesudvalget for statens planteavls-og husdyrbrugsforøg; 1988.
[66] Blade SF, Lopetinsky KJ, Buss T, Laflamme P. Grain and silage yield of field pea/
cereal cropping combinations, In: Abstracts of the 4th European Conference on Grain
Legumes. Cracow, 2001.
[67] Pozdísek J, Henriksen B, Løes AK, Ponizil A. Utilizing legume-cereal intercropping
for increasing self-sufficiency on organic farms in feed for monogastric animals.
Agronomy Research 2011; 9(1/2): 343–356.

143

144

Organic Agriculture Towards Sustainability

[68] Pisulewska E. The effect of botanical composition of spring graini-legume mixtures
on protein yield and its amino acid composition. Acta Agraria et Silvestria. Series
Agraria. 1995a; 33: 107-115.
[69] Pisulewska E. The total protein content and its amino acid composition of winter
grain-legume mixtures as affected by crop production techniques. Acta Agraria et
Silvestria. Series Agraria.1995b; 33: 117-126.
[70] Davies DHK, Welsh JP. Weed control in organic cereals and pulses. In: Younie D.,
Taylor BR., Welsh JP, Wilkinson JM. (eds.) Organic cereals and pulses. Lincoln: Chal‐
combe Publications; 2001. p77-114.
[71] Höft A, Gerowitt B. Rewarding weeds in arable forming –traits, goals and concepts.
Journal of Plant Diseases and Protection 2006; 20: 517-526.
[72] Hauggaard-Nielsen H, Ambus P, Bellostas N, Boisen S, Brisson N, Corre-Hellou G,
Crozat Y, Dahlmann C, Dibet A, Fragstein P, Gooding M, Kasyanova E, Launay M,
Monti M, Pristeri A, Jensen ES. Intercropping of pea and barley for increased produc‐
tion, weed control, improved product quality and prevention of nitrogen-loses in Eu‐
ropean organic farming system. Bibliotheca Fragmenta Agronomica 2006; 11(3):
53-60.
[73] Staniak M, Księżak J. Weed infestation of legume-cereal mixtures cultivated in or‐
ganic farming. Journal of Research and Applications in Agricultural Engineering
2010; 55(4): 121-125.
[74] Buraczyńska D. Weed infestation of legume-cereal mixtures associated with different
quantative and qualitive composition. Progress in Plant Protection/Postępy w Ochro‐
nie Roślin 2009; 49(2): 779-783.
[75] Bojarszczuk J, Staniak M, Księżak J. Weed infestation of mixture of pea with spring
wheat cultivated in organic system. Journal of Research and Applications in Agricul‐
tural Engineering 2013; 58(3): 33-40.
[76] Duer I. Effect of catch crops on yield and weed infestation of spring barley. Fragmen‐
ta Agronomica 1994; 4(44): 36-45.
[77] Andrzejewska J. Undersown serradella in triticale and winter rye cultivated in mono‐
culture. Part I. Yields of cereals grain and straw. Zeszyty Naukowe ATR Bydgoszcz,
Agriculture 1993; 181(33): 61-70.
[78] Hiltbrunner J, Jeanneret P, Liedgens M, Stamp P, Streit B. Response of weed com‐
munities to legume living mulches in winter wheat. Journal of Agronomy and Crop
Science 2007; 193: 93-102.
[79] O’ Donowan JT, Blackshaw RE, Harker KN, Clayton GW, Moyer JR, Dosdall LM,
Maurice DC, Tyrkington TK. Integrated approaches to managing weeds in springsown crops in western Canada. Crop Protection 2007; 26:390-398.

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

[80] Staniak M, Bojarszczuk J, Księżak J. Weed infestation of spring cereals cultivated in
pure sowing and undersown with serradella (Ornithopus sativus L.) in organic farm.
Woda-Środowisko-Obszary Wiejskie 2013; 13, 2(42): 121-131.
[81] Bojarszczuk J, Staniak M, Księżak J. The assessment of weed infestation of winter ce‐
reals cultivated in pure sowing and undersown with serradella in organic system.
Woda-Środowisko-Obszary Wiejskie 2013; 13, 2(42): 5-16.
[82] Wanic M, Majchrzak B, Waleryś Z. Intercrop sowing influence on spring barley yield
and balade base diseases at selected lots. Fragmenta Agronomica 2006; 2(90): 149-161.
[83] Płaza A, Ceglarek F. Influence of undercrops on weed infestation of spring barley.
Progress in Plant Protection/Postępy w Ochronie Roślin 2008; 48(4): 1463-1465.
[84] Jaskulski D. Effect of companion crops of catch crop on the productivity of crop-rota‐
tion link: spring barley – winter wheat. Acta Scientiarum Polonorum. Sec. Agricul‐
tura 2004; 3(2): 143-150.
[85] Księżak J, Staniak M, Bojarszczuk J. Evaluation of serradella yielding cultivated as
undersown crop in winter cereals harvested at different terms. Journal of Research
and Applications in Agricultural Engineering 2013; 58(4): 16-20.
[86] Księżak J, Staniak M, Bojarszczuk J. Yielding evaluation of serradella sown in spring
cereals harvested at different times in conditions on the ecological cultivation. Jour‐
nal of Research and Applications in Agricultural Engineering 2013; 58(4): 12-15.
[87] Harasimowicz-Herman G. Yellow lupine and serradella – the perspective plants in
ecological agriculture. Zeszyty Problemowe Postępów Nauk Rolniczych 1997; 446:
307-311.

145

