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Abstract. A three-year field experiment was conducted in Estonia to determine a) which
combinations of vetch (Vicia sativa L.) intercropped with either wheat (Triticum aestivum L.) or
oats (Avena sativa L.) were most suitable for mixed cultivation and b) the effect of vetch on the
yield potential of cereals in different weather conditions as compared to the respective sole
crops of cereals. The vetch-wheat intercrops did not produce any greater yield than wheat sole
crops but the yield of vetch-oats intercrops was higher as compared to oat sole crops and vetch-
wheat intercrops. The grain yield of vetch when intercropped was strongly correlated with seed
density. In the years of normal precipitation and at higher vetch seed densities (over 60 seeds m’
%) the grain yield of intercrops was lower than that of the respective cereal sole crops. The yield
of the cereal component was higher in sole crops and when increasing vetch seed density cereal
grain yield decreased. The inter-specific competitiveness of wheat towards vetch increased
when doubling the wheat seed density. Likewise the relatively dry growth period favored the
growth of wheat as compared to vetch. Vetch-cereal intercrops produced considerably higher
protein yields on the soil without any N-fertiliser than cereal sole crops and are regarded as
highly suitable for organic farming.
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INTRODUCTION

Organic crop production is relatively low in inputs and general cost investments
compared to those management strategies dependent on chemical fertilisers and
pesticides. Organic farming is regarded as an agricultural practise not harmful to either
man or the environment, but from a farmer’s point of view it includes risks, e.g. in the
case of both abiotic and biotic factors. In the present study the main focus will be on
crop nutrition using only limited amounts of animal manure.

Among the recommendations to overcome the difficulties to supply nutrients
according to crop demand is that of expanding the cropping area of atmospheric
nitrogen (N) fixing, including that of legume-cereal intercrops (Elgersma et al., 2000;
Mueller & Thorup-Kristensen, 2001; Jensen et al., 2004). Legume-cereal mixed
intercrops could be used on arable land. Intercropping can be seen as the practical
application of diversity, competition and facilitation in arable cropping systems.
Hauggaard-Nielsen et al. (2003, 2006) found that legume-cereal mixed intercrops are
better at exploiting natural resources as compared to the respective sole crops of
different plant species. Legumes can cover their N demand from atmospheric N,
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(Trenbath, 1976; Hauggaard-Nielsen et al., 2001a) and therefore legumes intercropped
with cereals compete less for soil mineral N. The above-ground plant material of
common vetch may contain more than 100 kg N ha™ originating from N,-fixation
(Papastylianou, 1999; Mueller & Thorup-Kristensen, 2001). However, in certain years
with unfavourable growing conditions, the amount of vetch N,-fixation may be
considerably lower. Leguminous atmospheric N, accumulation depends, to a great
extent, on specific soil-plant interactions throughout the peculiarities of the growth
period influenced by both the farming system as such and in particular fertilisation
strategies (Sidiras et al., 1999; Peoples et al., 2001).

Legume-cereal intercrops may produce higher grain and protein yields as

compared to the respective cereal sole crops (Jensen, 1996; Hauggaard-Nielsen et al.,
2001a; Lauk & Lauk, 2005) and show greater yield stability across years than when
growing legumes and cereals as sole crops (Willey, 1979; Ofori & Stern, 1987).
Legume-cereal intercrops reduce their advantage over sole crops in the case where N
fertilisers are applied, reducing the inter-specific complementarity, often reported as
reducing the proportion of legumes in the total harvested intercrop yield (Jensen, 1996,
Ghaley et al., 2005). In general it can be concluded that under growing conditions
where cereal sole crops produce rather high yields, intercropping with legumes has no
advantages over cereal sole crops (Ofori & Stern, 1987). However, when evaluated
over a number of years the intercrops are expected to show more stable yields than the
specific sole crops.
Legume sole crops can be grown under organic farming conditions but they have some
disadvantages compared to legume-cereal intercrops. Sole crops of common vetch and
other leafy long-straw pea varieties may often lodge heavily, making combine
harvesting difficult; great yield losses can occur. When intercropping vetch with
cereals like wheat or oats as a standing support culture, lodging can be avoided.
Furthermore, the often considerable weed infestation level in legume sole crops is
reported to be significantly reduced when legumes are intercropped with cereals
(Mohler & Liebman, 1987; Liebman & Dyck, 1993; Rauber et al., 2001; Talgre et al.,
2005; Hauggaard-Nielsen et al., 2006).

Under Estonian growing conditions common vetch is regarded as the most
suitable legume for organic farming. The hypothesis of the present study was that
intercropping common vetch with cereals (wheat and oats) produces higher protein
yields without supplying N fertiliser as compared to the respective sole crops. The aim
of the study was to increase the knowledge of complementarity between relatively
distant plant species and their joint yield output, thereby revealing the degree of
interspecific competition. Of special interest is understanding how the yield potential
of the different species is affected by competition between vetch and cereals.

MATERIAL AND METHODS

The field experiment was conducted over a three-year period from 2000-2002 at
the Plant Biology experimental station of the Department of Field Crops and
Grasslands (58°23°N, 26°44°E) of the Estonian University of Life Sciences (EMU).
Estonia is located beside the Baltic Sea and sufficiently close to the north-eastern
waters of the Atlantic Ocean for significant influence; consequently Estonia’s climate



is highly changeable. The springs are chilly, the summers are often relatively short and
cool and autumn, generally long and mild.

The experiment was established on a pseudopodzolic, moderately moist soil
having a slightly sandy-clayey texture. The soil properties were as follows: PHkc of
the ploughed layer was 4.9-6.1, organic matter content 2.3-3.2%, and the available
phosphorus and potassium contents (determined using the Egner-Riehm-Domingo
method) 76-174 mg kg and 109-204 mg kg™'. The pre-crop of the experiment was
spring wheat (sequence of crops: wheat-barley-red clover-potato-wheat), and mineral
fertilisers were not used at sowing.

The field experiment was carried out as a three-series test:

Series 1 (wheat250+vetch): the sowing rate of the spring wheat (Triticum
aestivum L. cv. Tjalve) was identical in all variants of the series: 250 germinating seeds
per m”, common vetch (Vicia sativa L. cv. Carolina) sown at different seed densities;

Series 2 (wheat500+vetch): the sowing rate of the spring wheat (Triticum
aestivum L. cv. Tjalve) was identical in all variants of the series: 500 germinating seeds
per m”, common vetch sown at different seed densities;

Series 3 (oats250+vetch): the sowing rate of the oats (4vena sativa L. cv. Jaak)
was identical in all variants of the series: 250 germinating seeds per m, common vetch
sown at different seed densities.

The sown germinating seed density of common vetch varied in all the test series
between 0 to 120 m™. Thus, each test series included 11 different variants: 0, 12, 24,
36, 48, 60, 72, 84, 96, 108 and 120 vetch seeds m™. The variants of the test series had
one replication as regression analysis was planned as the statistical processing method
of the experimental data on the basis of the demonstrations by Little & Hills (1972)
and Mead et al. (1993), that regression analysis enables the calculation of the error of
the tests series with only one replication. We have described the experimental
methodology and recommended regression analysis for research on experiments
involving the use of fertilisers (Lauk, 1995), vetch-wheat mixes (Lauk et al., 1996;
Lauk et al., 2004) and herbicides (Lauk & Lauk, 2000). All the test series had a control
variant (sole stands of cereals) in two replications, i.e. on two experimental plots. Two
control variants per test series enable better fixation of the starting point of the
regression (Lauk & Lauk, 2000).

Vetch and cereal seeds were mixed prior to sowing and were sown in the same
row using a special plot drill. The area of the test plots was 10 square meters.

Plant growing conditions in 2000 and 2001 were favourable, and the amount of
precipitation was 285 and 330 mm, respectively, during the growth period. The cereals
were, in 2000 and 2001, lower in height when intercropped with vetch. The year 2002
was unfavourable for the growth of plants (Figs 1, 2). The air temperature was
considerably higher than usual during the growth period and precipitation was only 147
mm, or nearly half the norm. Common vetch suffered most from the drought, and was
lower in height when grown together with cereals.

Following harvesting, grain yields were determined separately by components
and as total yield in intercrops variants. The yields were calculated at 14% humidity
content. Also, 1000-seed weight of the seeds and the protein content of the yields in all
variants were determined. Protein yields per surface unit were calculated on the basis
of the protein content of the yield and dry matter yields. The average results of 2000
and 2001 were subjected to a separate regression analysis from the results of 2002 and
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Fig. 1. The air temperature (°C) of experimental area during growing season from 2000 to 2002.
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Fig. 2. The precipitation (mm) of experimental area during growing season from 2000 to 2002.
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will be discussed separately in the article due to widely differing meteorological
conditions. The regression analysis used a quadratic equation (y = a + bx + cx’), with
the independent variable being the seed density of vetch, varying between 0-120, and
the respective dependent variables being, respectively, yields and protein yields (kg ha’
" and 1000-seed weight of grain (g).

In all the test series, standard errors (S.E.) for dependent variables and confidence
limits (CLy s — level of statistical significance, p = 0.05) were calculated according to
the methodology elaborated (Lauk & Lauk, 2000). The confidence levels of the
correlations in the test series were assessed by means of the control values of the
correlation coefficients (R), taken from the relevant tables on the basis of degrees of
freedom (Little & Hills, 1972). All the numerical values given in the tables were
calculated on the basis of the regression equations obtained from regression analysis.
To avoid excessive numbers, results have been calculated for the sowing rates 0, 20,
40, 60, 80, 100 and 120 vetch seeds m>.

RESULTS

As averaged for two years (2000 and 2001), vetch-wheat intercrops produced no
higher yields than sole wheat crops (Table 1). However, the yield of intercrops
exceeded that of sole oats stands in vetch-oats intercrops (series 3). On the whole,
intercropping of vetch and oats produced higher yields than vetch-wheat intercrops.
Maximum yield (3947 kg ha') was gained on a soil with no N-fertiliser in vetch-oats
intercrops at vetch seed density of 40 m™. Starting from the vetch seed density of 40 m
?_ increasing the density caused a more intense yield decrease of intercrops in all test
series (R = 0.920-0.978; p<0.001) and, therefore, the yield of intercrops became the
lowest at the maximum vetch seed density. The negative effect of increasing vetch seed
density on the grain yield of intercrops was the greatest in test series 1, where wheat
was sown in the mix at a lower seed density.

Grain yield was greatest (3323-3624 kg ha™) in sole crops of cereals, with sole
oats crops producing a greater yield compared to sole wheat crops (p<0.05). The
doubling of wheat seed density had no significant effect on the yield of sole wheat
crops (p>0.05). Vetch and increasing its seed density had a strong negative effect on
grain yields of cereals in all cases (R = 0.970-0.995; p<0.001). Due to the negative
effect of increasing the seed density of vetch, the wheat yield in test series 1 decreased
more than three times compared with the yield of sole wheat stands, in test series 2,
more than twice, and oats yield in test series 3, nearly 1.6 times, and the proportion of
grain yield of cereals in the intercrop yield decreased to 45, 58 and 68 per cent,
respectively. The seed yield of vetch intercropped with cereals was the highest at the
vetch seed density of 80 m™ and, depending on the test series, vetch seed yield was
between 1150-1335 kg ha™'.

The yields of vetch-cereal intercrops, in a dry year (2002), were considerably
lower than the average of the two previous years. In the first two tests series, where
vetch was intercropped with wheat, changes in the intercrops yield were very small,
and there were no significant relations between the vetch seed density and the
intercrops yield (R = 0.213-0.351; p>0.05). In test series 3 (vetch + oats), the yield
change of intercrops was significant (R = 0,936; p<0.001) and, starting from the vetch
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seed density of 20 m?, increasing vetch seed density caused a decrease of yield in
vetch-oats intercrops. Because of the meteorological conditions in 2002, grain yields in
sole crops were lower by 40-45 % than the average of 2000 and 2001. The decrease in
the yield of grain when intercropped with vetch was a consequence of increasing vetch
seed density, in 2002 (R = 0.838-0.946; p<0.01) but was less intense than during the
two previous years. The main element of the intercrop yield was cereal, and indeed in
2002 there were no cases in which the yield was less than 81%. When intercropped
with wheat, vetch seed yields were 350 kg ha! maximum in 2002, whereas, when
intercropped with oats, vetch seed yields were under 200 kg ha™'.

Table 3 presents the 1000-seed weight of cereals as the average of 2000 and 2001.
Cereals grown together with vetch developed considerably smaller grains. A strong
negative correlation occurred between increases in vetch seed density and 1000-seed
weight of cereals (R = 0.925-0.988; p<0.001). The 1000-seed weight of wheat
decreased the most, by 6.1-6.3 g. The 1000-seed weight of oats decreased by up to 3.6
g. The formation of smaller grains was one of the reasons for the decrease of the yield
of cereal intercropped with vetch.

The changes in vetch seed density considerably affected the protein yields of
vetch-cereal intercrops as the average of 2000 and 2001. Intercropping of cereals and
vetch produced considerably higher protein yields than sole cereal crops. The
maximum protein yields (546-593 kg ha™) in intercrops were gained at vetch seed
densities of 60-80 m™ in the sown seed mix (Table 3).

Data of the research revealed that, in the dry growing season of 2002, common
vetch and the changes in vetch seed density had no significant effect (R = 0.426;
p>0.05) on the 1000-seed weight of wheat in test series 2 (Table 4). Vetch, however,
had a significant effect on the 1000-seed weight of oats (R = 0.696; p<0.05) but the
negative effect was substantially smaller in 2002 than the average of 2000 and 2001.

The protein yields were adversely affected by the lack of precipitation in 2002
compared with sole cereal crops. Correlations between vetch seed density and protein
yields of intercrops were relatively weak and not significant (R = 0.391-0.595;
p>0.05).

DISCUSSION

Legume-cereal intercropping has produced highly different results and
conclusions, whereas occurrence or non-occurrence of advantages of legume-cereal
intercrops depended considerably on the environmental conditions and conditions
created by farmers. Intercropping of legumes and cereals has produced higher yields
than sole cereal crops primarily on soils with no N-fertiliser (Jensen, 1996; Hauggaard-
Nielsen et al., 2001a; Lauk & Lauk, 2005). At the same time, research has shown
(Jensen, 1996; Hauggaard-Nielsen et al., 2001a) that when cereal in sole crops is
provided with favourable nitrogen feeding conditions through the use of mineral N-
fertilisers, intercrops have no advantages over sole cereal crops. Ofori & Stern (1987)
indicate that legume-cereal intercrops lose their advantage over sole cereal crops in
conditions that favour the growth development and consequent yields of cereal in sole
crops. Lauk & Lauk (2006) ascertained that vetch-wheat intercrops lose their grain
yield advantage over sole wheat crops in conditions when the yield of sole wheat crops



exceeds 3000 kg ha'. Whereas the sum of precipitation during the growth period of
intercrops should be about 300 mm, with substantially lower accumulated totals of
precipitation, yields of vetch-wheat intercrops are lower and also lose their advantage
over sole wheat crops. The factual material presented in the article is a confirmation of
that. The yield of sole wheat crops on soil without any supply of N-fertiliser was, as the
average of 2000 and 2001, over 3000 kg ha" and the grain yield of vetch-wheat
intercrops was not higher than the yield of sole wheat stands. The yield of vetch-wheat
intercrops depended considerably on the vetch seed density and, at seed densities
higher than the optimum of over 60 m™, the grain yield of intercrops was substantially
lower than the yield of sole wheat crops. The yield of sole oats crops was slightly over
3600 kg ha , however the yield of vetch-oats intercrops was higher to some extent
than that of sole oats crops. The intercrops did not, in 2002, produce higher yields than
sole wheat and oats crops, despite the fact that the yields of sole wheat and oats crops
were approximately 2000 kg ha”. The reason was the small amount of precipitation
during the growing season, making up only 50 % of the norm.

Several studies (Hauggaard-Nielsen et al., 2001b; Rauber et al., 2001; Andersen
et al., 2004) have revealed that legumes in intercrops are greatly affected and
oppressed by the cereal component and, as Rauber et al. (2001) indicate, this is
especially evident with short-straw legume varieties. The research methods used
(identical seed densities of cereals in the variants of the test series) enabled us to
establish the development potential of the relatively long-straw common vetch on the
yield potential of cereals. Therefore, we can state that while vetch had a very strong
negative effect on the grain yield of cereals in intercrops, the negative effect was even
greater at increased vetch seed densities. The reason that intercrops in certain
conditions have no advantages over sole stands is the strong competition of legumes
with cereals. Doubling the seed density of wheat increased the competitiveness of
wheat intercropped with vetch, and the decrease in wheat yield was less intense,
compared with lower wheat seed densities. One of the reasons for decreased yields of
cereals intercropped with vetch was the formation of considerably smaller grains in the
years of normal precipitation, when cereal was lower in height than intercrops.
Hauggaard-Nielsen et al. (2006) stated that legumes exert strong pressure on cereals in
the second half of the vegetation period, which is the time of grain formation. In a dry
growing season, when vetch was lower in height than intercrops with cereals, cereals
were remarkably more competitive than vetch, and there was no considerable decrease
in the 1000-seed weight of grain. Also the decrease of cereal yield due to its
intercropping with vetch and increase of seed density of vetch was considerably less
intense than in normal years.

Seed yields of vetch intercropped with cereals were up to 1335 kg ha™. Doubling
the wheat seed density exerted a negative effect on the seed yield of vetch, due to
which the proportion of wheat in the yield of mixed stands increased and the
proportion of vetch decreased. Oats revealed stronger competitiveness towards vetch
than wheat and, therefore, the proportion of oats in intercrop yields was greater than
that of wheat. Vetch-cereal intercrops can be grown for several purposes, as feed or to
gain vetch seed yield (to propagate vetch seeds). When vetch is intercropped with
cereals for seed, wheat should be preferred over oats as the support culture, by using a
smaller wheat seed density to obtain a possibly high seed yield. If intercrops are grown
for fodder, vetch-oats crops should be preferred as such intercrops produce higher
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yields compared with vetch-wheat intercrops. When growing vetch for seed it is
preferable to use wheat as the cereal component in the mix. In dry years, cereals
showed very strong competitiveness towards vetch. The dry soil probably caused a
considerable decrease in the normal fixation of atmospheric nitrogen by vetch. Weather
conditions may also cause great differences in atmospheric nitrogen amounts bound by
vetch (Mueller & Thorup-Kristensen, 2001).

An advantage of legume-cereal intercrops, compared with sole cereal crops, is
their larger protein yield (Hauggaard-Nielsen et al., 2001a; Lauk & Lauk, 2006). The
present research mostly confirmed this advantage. Vetch-cereal intercrops on a soil
without any supply of N-fertiliser produced considerably larger protein yields
compared with sole cereal crops, whereas the protein yields of the intercrops depended
greatly on the seed density of vetch. High vetch seed densities (over 80 m™) proved
indecisive. An exception was a year with a dry growing season, when vetch-cereal
intercrops produced protein yields not much greater than sole cereal crops.

CONCLUSIONS

As an average of two years (2000 and 2001), the grain yield of vetch-wheat
intercrops was not higher than the yield of sole wheat stands. The yield of vetch-oats
intercrops was higher than that of sole oat crops. Maximum yield (3947 kg ha™') was
gained on a soil with no N-fertiliser in vetch-oats intercrops at vetch seed density of 40
m™. The yields of vetch-cereal intercrops, in the year with a dry growth period (2002),
were considerably lower than the average of the two previous years. Doubling (500
germinating seeds per m?”) the wheat seed density increased the inter-specific
competitiveness of wheat towards vetch. When cereals were grown together with vetch
they developed considerably smaller grains. A strong negative correlation occurred
between increases in vetch seed density and 1000-seed weight of cereals. The
formation of smaller grains was one reason for the decrease of the yield of cereal
intercropped with vetch.

As the average of 2000 and 2001, intercropping of cereals and vetch produced
considerably higher protein yields than sole cereal crops (389-402 kg ha-1). The
maximum protein yields (546-593 kg ha-1) in intercrops were gained at vetch seed
densities of 60-80 per m? in the sown seed mix. In the dry growth season correlations
between vetch seed density and protein yields of intercrops were relatively weak and
not significant.

If intercrops are grown for fodder, vetch-oats crops should be preferred as they
produce higher yields compared with vetch-wheat intercrops. When growing vetch for
seed it is preferable to use wheat as the cereal component in the mix. Vetch-cereal
mixes should be recommended to farmers, as they ensure a relatively good harvest and
high protein yield on soil without N-fertiliser.
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