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Abstract
This research was performed to assess the potential of cereal/legume intercropping to enhance forage yield and
quality when compared with cereal sole crops under the constrains imposed by UE organic farming regulations.
Sole crops (SC) and intercrops (IC) of two winter cereals, barley (Hordeum vulgare L.) and durum wheat (Triticum
durum Desf.), and two legumes, white lupin (Lupinus albus L.) and common vetch (Vicia sativa L.), were evaluat-
ed at two harvest times for dry matter yield (DMY), crude protein concentration (CPC), and nitrogen yield (NY).
Yield values and dry matter concentration (DMC) were generally higher when cereals were at the hard dough com-
pared to the late milk stage. On average, intercropping increased forage yield by 72%, NY by 190%, and CPC by
40 g kg-1, compared to cereal sole crops, but the choice of legume species affected the yield advantage and the com-
position of forage. Land equivalent ratio (LER) of intercrops was always higher than 1, ranging from 1.39 to 1.61.
Intercropping also enhanced weed suppression, compared to sole crop.
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1. Introduction

In recent years, organic farming has widely de-
veloped and now represents an important sec-
tion of agriculture. Originally, organic farming
was first of all an ideological concept belonging
to the alternative culture, in contrast with the
current models of economic development and
social organization. Today, organic farming has
became a well established production system,
that attracts both human and financial re-
sources, is profitable and meets the demands of
a fast-growing market. In Italy, the agricultural
land in organic farming has risen from ≤ 1% in
1992 to 7% in 2004 (MiPAF, 2006).

Livestock production and cultivation of
legume species are basic elements of organic
farming systems, because the agronomic utiliza-
tion of manure and biological nitrogen fixation

are essential to supply nutrients to crops (Doyle
and Topp, 2004). In Italy, 50% of the land used
for organic cultivations is covered with forage
legumes, 20% with cereals, 20% with tree crops
and 10% with other herbaceous crops. Among
cereals, about 70% are represented by winter
cereals, whereas maize constitutes only 7% (Mi-
PAF, 2006).

The organic livestock production guidelines
(UE Regulations 2092/91 and 1804/99) recom-
mend that for cattle the daily intake forages
(pasture, hay and silage) must be at least 60%
with concentrates composed no more than 40%
of the diet. Winter cereal grain is the most com-
mon concentrate in Italy and silages are gener-
ally produced with maize and winter cereals.

The production of hay with organic farming
practices does not pose particular problems
when forage legumes are used, whereas the pro-



duction of concentrates and silages with grain
cereals is much more difficult, because the ab-
sence of chemical fertilizers and herbicides dras-
tically reduces their yield. In particular, forage
yield of winter cereals is less affected than that
of maize, because winter cereals require less nu-
trient input, are more competitive against
weeds, and, at least in northern-central Italy,
they do not require irrigation. Winter cereals are
productive and ensile well (Crovetto et al., 1998;
Edmisten et al., 1998a) but forage CPC is low
(Cherney and Marten, 1982; Edmisten et al.,
1998b; Juskiw et al., 2000).

Theunissen (1997) found that in organic
farming, intercropping of a winter cereal with a
legume provided higher forage yield and better
silage quality than a winter cereal sole crop. In-
tercropping is defined as the simultaneous
growing of two or more crop species in the same
field (Andrews and Kassam, 1976). The major
agronomic advantages of intercropping are
higher yield, increased quality, higher ability to
adapt to climatic and biotic stresses, owing to
the mutual protection and support between
consociated species (Trenbath, 1976). These ad-
vantages derive from better utilization of envi-
ronmental resources (nutrients, water, and solar
radiation) when the interspecies competition is
weaker than intraspecific competition (Willey,
1985; Caporali et al., 1987). Besides, by inter-
cropping legume species with grasses, nitrogen
may be transferred from the former to the lat-
ter (Ofori and Stern, 1987, Heichel and Henjum,
1991). This transfer can be particularly impor-
tant in absence of N-fertilization, typical of or-
ganic farming (Jensen, 1996; Andersen et al.,
2004). Without mineral N fertilization, barley/
pea, oat/pea, wheat/bean and oat/berseem
clover intercropping increased forage yield by
20-50%, compared to the winter cereals sole
crop (Ghaffarzadeh, 1997; Ghanbari-Bonjar and
Lee, 2003; Car et al., 2004).

The efficiency of an intercropping system,
compared to sole cropping, can be evaluated by
LER, defined as the relative land area (or
growth resource) required when growing a sole
crop to produce the yield achieved in inter-
cropping (Mead and Willey, 1980). Barley/pea
(Hauggaard-Nielsen et al., 2001; Andersen et al.,
2004; Chen et al., 2004), oat/vetch (Ercoli et al.,
1997; Mariotti et al., 1998), wheat/pea (Caporali
et al., 1998) and wheat/bean intercrops (Ghan-

bari-Bonjar and Lee, 2003) had LER values
greater than 1, indicating an intercropping ad-
vantage over sole cropping.

Generally, intercropping cereal and legume
species produce a forage with a higher CPC
than cereal sole crops, owing to the presence of
legume species in the mixed forage. Increase in
CPC was about 15 g kg-1 in the triticale/bean in-
tercrop (Jedel and Helm, 1993), ranging from 20
to 40 g kg-1 in the barley/pea and oat/pea in-
tercrops (Carr et al., 2004; Chen et al., 2004) and
was about 60 g kg-1 in the wheat/pea (Salawu et
al., 2001; Ghanbari-Bonjar and Lee, 2003).

Intercropping also enhances weed suppres-
sion, owing to the higher plant density that in-
creases shading and competition for water and
nutrients, reducing both germination and
growth of weeds (Liebman et al., 1988). Marked
reductions in weeds were recorded in wheat in-
tercropped with bean, chickpea, lentil and pea
(Bulson et al., 1990; Alam et al., 1997), and in
barley/pea intercropping (Hauggaard-Nielsen et
al., 2001).

A major problem with intercropping for for-
age is determining the optimal harvest time be-
cause the growth cycle of consociated species is
often not synchronized. Dry matter concentra-
tion of forage is crucial to obtain good silage.
The optimal DMC of forage ranges from 300 to
400 g kg-1 (Gardner and Wiggans, 1961; Edmis-
ten et at., 1998a) and it is generally achieved by
harvesting cereal crops during the milk to late
milk stages (Ghanbari-Bonjar and Lee, 2003).

The objective of our research was to assess
the potential of winter cereal/legume intercrop-
ping to enhance forage yield and quality when
compared with cereal sole crops under the con-
straints imposed by European Union organic
farming regulations. The species chosen, widely
cultivated in the mediterranean area, were bar-
ley and durum wheat as winter cereals and
white lupin and common vetch as legumes.

2. Materials and methods

The research was carried out in 2002-2003 at the
Department of Agronomy and Agroecosystem
Management of the University of Pisa, Italy. The
study area was located on an alluvial plain in
Tuscany (43° 40’ N, 10° 19’ E). The climate is
cold, humid Mediterranean with mean annual
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maximum and minimum daily air temperatures
of 9.5 and 20.2 °C respectively, and precipita-
tion of 971 mm, with 663 mm received from No-
vember through June (Moonen et al., 2001).

Main soil physical and chemical properties
were 33.9% sand, 20.8% silt, 45.3% clay, 7.2 pH,
21.5 g kg-1 organic matter (Walkley and Black
method), 11.2 g kg-1 total CaCO3 (Scheibler
method), 1.2 g kg-1 total nitrogen (Kjeldhal
method), 43 ppm available P (Olsen method),
167 ppm available K (Dirks-Sheffer method).

Treatments were the sole crops of “Emilia”
barley (B), “Creso” durum wheat (W), “Multi-
talia” white lupin (L), and “Nitra” common
vetch (V), and the intercrops of barley/lupin
(B/L), barley/vetch (B/V), durum wheat/lupin
(W/L), and durum wheat/vetch (W/V). Sole
crops and intercrops were harvested at milk and
dough ripening stage of cereals. The experiment
was arranged in the field in a split-plot design,
with forage treatment as the main plot and har-
vest time as the subplot, with three replications.
Subplot dimensions were 5 by 10 m. The previ-
ous crop was alfalfa cultivated from 1999 to
2002 without fertilizer or herbicide applications.
Soil preparation consisted in medium depth
plowing (30 cm), carried out in October 2002.
Final seed bed preparation was carried out just
prior to sowing by harrowing twice, with a disc
harrow and with a rotating harrow. The sym-
biosis between white lupin and its specific rhi-
zobium (Rhizobium lupinii) was promoted by
mixing the seeds of white lupin with slightly wet
soil where a white lupin crop had been culti-
vated in the previous year. Sowing took place
on 11 November 2002, in 15-cm spaced rows for
the sole crops and 7.5-cm spaced rows for the
intercrops. Intercrops were sown in a 1:1 addi-
tive design in alternate rows. Seed densities for
SC and IC were 400 viable seeds per m-2 for
barley and durum wheat, 80 for white lupin, and
150 for common vetch. Throughout the study,
the field was managed according to organic agri-
culture guidelines with no use of fertilizers or
herbicides.

To determine plant population, total number
of emerged plants was counted two weeks after
emergence in an area 0.65 m2 in the center of
each plot.

Forage was harvested at late milk stage
(stage 77) and hard dough stage of cereals
(stage 87) as descibed by Zadoks et al. (1974).

For white lupin and common vetch the scales of
Lopez-Bellido and Fuentes (1990) and Ca-
ballero et al. (1996a) were used, respectively.
Barley reached the late milk stage on 21 May
and the hard dough stage on 30 May. Durum
wheat was harvested about ten days later than
barley, reaching late milk stage on 2 June and
hard dough stage on 10 June. At these dates
white lupin was between R4 (beginning of pod
filling) and R8 (maturation) stage and common
vetch was at pod filling on both dates. Differ-
ences in the phenology within each species, both
SC and ICs, were not observed. The forage
grown in 1 m2 area was cut at 5 cm above soil
level and was separated in cereals, legumes, and
weeds. Winter cereal and legume plants were di-
vided into stems, leaves, and inflorescences
(spikes and/or pods). Plant parts were oven
dried for dry matter determination at 75 °C to
constant weight and analyzed for nitrogen con-
centration by the microKjeldahl method (Brem-
nar, 1965). Crude protein concentration was cal-
culated multiplying N concentration by 6.25
(AOAC, 1990) and N yield was obtained by
multiplying the N concentration by DMY.

The resource complementarity of the inter-
crops was measured using the land equivalent
ratio (LER). According to Mead and Willey
(1980) land equivalent ratio for a cereal/legume
intercrop is the sum of the partial LER (LERX)
values for cereal (LERC) and legume (LERL):

LERX = Yic/Ysc
LER = LERC + LERL

where Yic and Ysc are respectively intercrop-
ping and sole cropping forage DMY or NY of
crops.

The competitive ability of the companion
crops was calculated with the aggressivity index
(A), according to Snaydon (1991). This index is
a measure of the ability of one component to
obtain limiting resources, when grown in mix-
tures with another component, compared with
its ability to utilize those resources when grown
in pure stands. Aggressivity index, calculated for
the cereal component, can be expressed as:

A = LERC - LERL

Data were analyzed by analysis of variance
to test the effect of the forage treatment (FT),
the harvest time (HT), and the FT×HT interac-
tion. Significantly (P < 0.05) different means
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were separated by the least significant differ-
ence test (Snedecor and Cochran, 1980).

3. Results and discussion

3.1 Forage dry matter concentration and yield
and legume proportion

The FT × HT interaction was significant only
for forage DMC. The ranking of forage treat-
ments did not change at the two harvest stages:
thus, the magnitude of differences between har-
vest times within forages treatments lead to the
interaction.

Dry matter concentration of forage in-
creased from the first to the second harvest, as
was expected owing to the progress of cereal bi-
ological cycle (Table 1). According to Gardner
and Wiggans (1961) and Edmisten et at. (1998a),
DMC of barley and wheat sole crops forages
was optimal for ensiling (inside the 300-400 g
kg-1 range) at milk stage and was slightly high-
er than optimum at dough stage. Dry matter
concentration of lupin sole crop forage was al-
ways lower than the recommended values for
ensiling, and that of vetch was lower than the
minimum threshold at the first harvest and with-
in the optimal range at the second harvest
(Table 1). At milk stage of cereals, both lupin
intercrops had suitable forage DMC for ensil-
ing, while DMC of both vetch intercrops was
too low. Forage DMC of all intercrops harvest-

ed at cereal dough stage was suitable for ensiling.
Owing to the lack of significance of the inter-

action FT×HT for all other measured variables,
the higher forage yield, and the more suitable
DMC of forage at the hard dough stage of each
cereal species, only differences among FT from
this HT will be reported and discussed. Differ-
ences in the main effect of HT will be discussed.

Dry matter yield was generally higher when
cereals are at the hard dough stage than in the
late milk stage (700.3 vs 781.3 g m-2 for the late
milk and hard dough stages, respectively). Dry
matter concentration of forage may be too high,
however, for ensiling cereal sole crops at the
hard dough stage while DMC of legume sole
crops may still be too low, except for vetch har-
vested when wheat is in the hard dough stage
(Table 1). Our results demonstrate that inter-
cropping cereals with legumes allows ensiling at
hard dough stage of cereals, compensating with
higher dry matter yield for the decrease of en-
ergy content that normally occurs as cereals ma-
ture (Crovetto et al., 1998).

At dough stage of cereals, weed biomass was
high in lupin SC, low in cereals SC and nearly
absent in common vetch SC (Table 2). Between
cereals, values were higher in wheat than in bar-
ley (Table 2). Compared with cereal SC, inter-
cropping reduced weed biomass by about 70%
in the lupin intercrops and by 100% in the vetch
IC. This was expected because we applied an ad-
ditive design of intercropping, where the com-
ponents were seeded at the sole crop rate and
the final plant density was the sum of the den-
sities of the sole crops. Among the four sole
crops tested, the white lupin suffered the high-
est weed competition. Lupin production is high-
ly dependent on herbicide use in conventional
farming, greatly suffering from weed competi-
tion, owing to the initial slow growth rate, with
rosette shape that prevents the soil cover before
winter (Lopez-Bellido and Fuentes, 1990; Huy-
ghe, 1991; Perry et al., 1998). Common vetch, in
contrast, does not suffer by weed competition,
owing to its rapid growth and soil cover. Be-
tween cereals, barley seems to compete better
than wheat with weeds, probably due to the
greater early growth rate of barley compared to
wheat (Cousens, 1996).

Compared to conventional farming yield in
Italy, organic management reduced DMY of ce-
real SCs by 40-50% (De Franchi et al., 1995;
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Table 1. Dry matter concentration (g kg-1) of the forages of
intercrops and sole crops at the first and the second har-
vest, corresponding to milk and hard dough stage of cere-
als. LupinB and VetchB were SC harvested at the barley
ripening stages, LupinW and VetchW were SC harvested at
the wheat ripening stages.

Dry matter concentration (g kg-1)
Forage treatment First harvest Second harvest

Barley/Lupin 307.0 c† 382.5 d
Barley/Vetch 260.0 b 307.2 c
Wheat/Lupin 304.4 c 384.4 d
Wheat/Vetch 289.2 c 376.4 d
Barley 370.0 d 430.1 e
Wheat 380.3 d 460.0 e
LupinB 190.0 a 210.3 a
LupinW 210.0 a 230.1 ab
VetchB 220.4 ab 280.2 c
VetchW 265.1 c 355.0 d

† Values in any row or column followed by the same letter are
not significantly different at P ≤ 0.05.



Villegas et al., 2001), and lupin by about 25%
(Fagnano and Postiglione, 1994), while it did not
modify that of vetch (Ercoli et al., 1997). In win-
ter cereals, yield was probably reduced by ni-
trogen deficiency, indicating that residual nitro-
gen from the preceding alfalfa was not sufficient
to achieve the maximum cereal yield. The yield
of lupin was reduced by weed competition while
the yield of vetch was not affected, owing to its
strong competition with weeds and to its N-fix-
ing capacity (Papastylianou and Danso, 1991).

Totale forage yield was greater for all inter-
crops compared to sole crops (Table 2). The for-
age yield of lupin intercrops was about 10%
higher than vetch ICs. The proportion of
legumes in the IC forage was highly different
between lupin and vetch ICs: lupin constituted
36% of the forage yield in the B/L intercrop
and 41% in the W/L IC, while vetch constitut-
ed 60% of the forage yield in the B/V intercrop
and 65% in the W/V IC. In the cereal/vetch ICs
these values are higher than minimum thresh-
old value of 50% vetch content, that Caballero
et al. (1996b) stated would ensure a high qual-
ity cereal/vetch forage.

Compared to SC yield, in the cereal/lupin
ICs the forage yield of cereals increased and
that of lupin decreased. Barley gained more
than wheat with lupin as companion crop and
lost less than wheat with vetch as companion
crop (Table 2). These results are in agreement
with those of Counsens (1996), Caporali et al.
(1998), and Ross et al. (2004): they concluded
that barley was more competitive than wheat
and attribute this advantage to the early growth

rate of barley, that is greater than wheat: as the
results barley had a greater ability to suppress
the companion crop.

Jannash and Martin (1999) found that lupin
competed poorly with small grain cereals, which
have a higher initial growth rate. In our research
lupin SC yield was reduced in the intercropping
with cereals (Table 2).

In the cereal/vetch ICs the forage yield of all
three species decreased. Cereal and vetch yield
was reduced by about 40% and that of vetch by
about 20%, compared to SC yields. In other re-
search the vetch suffered due to competition by
intercropped winter cereals (Roberts et al.,
1989; Caballero et al., 1995). This unexpected re-
sult could be explained by the absence of ni-
trogen fertilization characteristic of the organic
farming methods in which vetch can compete
better with cereals (Moreira, 1989).

Intercropping did not appreciably modify
the plant population (Table 3). The percentage
of planted seeds that emerged as plants ranged
from 77 to 91% in SC plots and 75 to 90% in
IC plots. These data indicate that intercropping
may not influence plant population establish-
ment of the cereal and legume crops, presum-
ably because interspecific competition for
growth resources among seedlings is minimal.

The proportion of forage dry matter as in-
florescences was modified by intercropping in
the legumes but not in the cereals (Table 3).
Compared to SC, the number of reproductive
plant parts was reduced in the lupin component
of the cereal/lupin ICs, and was increased in the
vetch component of the cereal/vetch ICs, as op-
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Table 2. Cereal, legume, total forage and weed dry matter of intercrops and sole crops at hard dough stage of cereals.
LupinB and VetchB were SC harvested at the barley ripening stages, LupinW and VetchW were SC harvested at the wheat
ripening stages.

Forage treatment Cereal Legume Total forage Weeds
(g m-2) 

Barley/Lupin 618.3 e† 346.4 a 964.7 e 10.5 a
Barley/Vetch 358.7 b 526.1 c 884.8 d 0.0 a
Wheat/Lupin 565.7 d 394.7 b 960.4 e 23.0 ab
Wheat/Vetch 311.3 a 573.2 d 884.5 d 0.0 a
Barley 554.1 cd - 554.1 a 36.0 b
Wheat 519.7 c - 519.7 a 65.3 c
LupinB - 702.8 e 702.8 b 104.6 d
LupinW - 758.0 f 758.0 bc 124.2 d
VetchB - 710.9 e 710.9 b 0.0 a
VetchW - 790.2 f 790.2 c 0.0 a

† In each column, values followed by the same letter are not significantly different at P ≤ 0.05.



posed to mean weight of inflorescences per
plant, which was unaffected by intercropping. In
the cereal/lupin the interspecific competition
with the cereals reduced the number of inflo-
rescences of the lupin by 70% in the B/L and
by 64% in the W/L IC.

Others have reported that lupin sole crop re-
sponded to environmental stress primarily by
decreasing the number of reproductive organs
(Herbert, 1977; Withers, 1979), and similar re-
sults were reported for lupin intercropping
(Carruthers et al., 2000).

In the cereal/vetch IC, however, the facilita-
tion effect was observed, in that number of the
inflorescences per plant increased by 11% in the
B/V and by 14% in the W/V IC. This higher pro-

portion of inflorescences in cereal/vetch ICs,
compared to the SCs, was probably related to
the higher amount of intercepted radiation by
the climbing vetch with the cereals as tutor (Er-
coli et al., 1993).

3.2 Forage crude protein concentration and ni-
trogen yield

Crude protein concentration of forage of all in-
tercrops and sole crops did not vary according
to harvest stage, while forage NY increased
from milk to hard dough stage (126.7 vs 141.0
kg ha-1 N for the late milk and hard dough
stages, respectively). As expected, the CPC of
the forage was lower in the winter cereal SCs
than in the legume ones (Table 4).
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Table 3. Plant population, proportion of forage DM as inflorescences, and number of inflorescences per plant of the sole
crops and companion crops at hard dough stage of cereals. LupinB and VetchB were SC harvested at the barley ripening
stages, LupinW and VetchW were SC harvested at the wheat ripening stages.

Plant population Inflorescences

Forage treatment Proportion Number
Cereal Legume Cereal Legume Cereal Legume
——— (N m-2) ——— ——— (g kg-1 forage) ——— ——— (N plant-1) ———

Barley/Lupin 351 a† 61 a 458 ab 197 ab 1.4 bb 1.5 ab
Barley/Vetch 344 a† 113 b 464 ab 236 bb 1.1 ab 6.2 fb
Wheat/Lupin 340 a† 60 a 430 ab 253 bb 1.2 ab 1.9 bb
Wheat/Vetch 340 a† 112 b 433 ab 346 db 0.9 ab 6.6 gb
Barley 363 a† - 480 bb - 1.2 ab -
Wheat 359 a† - 449 ab - 1.1 ab -
LupinB - 64 a - 323 cd - 5.0 cb
LupinW - 63 a - 404 eb - 5.3 cd
VetchB - 123 b - 199 ab - 5.6 de
VetchW - 116 b - 297 cb - 5.8 ef

† In each column, values followed by the same letter are not significantly different at P ≤ 0.05.

Table 4. Crude protein concentration and nitrogen yield of cereals, legumes and total forage harvested at hard dough stage
of cereals. LupinB and VetchB were SC harvested at the barley ripening stages, LupinW and VetchW were SC harvested at
the wheat ripening stages.

Crude protein Nitrogen yield

Forage treatment Cereal Legume Total forage Cereal Legume Total forage
(g kg-1) (kg ha-1)

Barley/Lupin 62.6 a† 127.0 a 85.7 b 61.9 d 70.4 a 132.3 b
Barley/Vetch 61.3 a 151.6 bc 115.0 c 35.2 a 127.6 b 162.9 c
Wheat/Lupin 61.7 a 115.2 a 83.7 b 55.9 cd 72.7 a 128.6 b
Wheat/Vetch 60.3 a 150.3 bc 118.6 c 30.1 a 137.8 c 167.9 cd
Barley 59.9 a - 59.9 a 53.1 bc - 53.1 a
Wheat 58.8 a - 58.8 a 48.9 b - 48.9 a
LupinB - 146.3 bc 146.3 d - 164.5 d 164.5 cd
LupinW - 140.2 b 140.2 d - 170.1 de 170.1 cd
VetchB - 154.9 c 154.9 d - 176.2 e 176.2 d
VetchW - 149.9 bc 149.9 d - 189.5 f 189.5 e

† In each column, values followed by the same letter are not significantly different at P ≤ 0.05.



Crude protein concentration of forage was
enhanced by intercropping, compared to cereal
SCs (Table 4). The increase was higher for the
cereal/vetch IC than for the cereal/lupin IC,
likely because of differences in legume propor-
tion of total yield of the ICs. For this reason the
increase of CPC was higher in the cereal/vetch
IC (about 58 g kg-1) than in the cereals/lupin IC
(about 25 g kg-1). Similar results were obtained
by Ghanbari-Bonjar and Lee (2003) with
wheat/bean IC and by Carr et al. (2004) with
barley/pea IC.

Crude protein concentration of cereals and
vetch was not modified by IC while CPC of
lupin was reduced (Table 4). The decrease was
related to the high reduction in the weight of
inflorescences in the intercropped plants, since
CPC of leaves, stems and inflorescences of the
lupin did not vary as a consequence of inter-
cropping (data non shown).

Forage NY (Table 4) was lowest in SC ce-
reals and highest in SC vetch. Intercropping
produced higher NY than SC cereals, nearly in-
creasing them to the level of SC vetch. As av-
erage, the NY of lupin intercrops was 2.6 times
and that of vetch IC was 3.2 times higher than
NY of cereals SC. The NY of vetch ICs was
higher than lupin ICs.

In the cereal/lupin ICs, NY of the legume
was reduced and that of the cereal was in-
creased, compared to SC values. Both
cereal/lupin ICs had about 8 kg ha-1 higher NY
than cereal SCs (Table 4). The advantage of
both cereal/lupin ICs was probably due to this
higher nitrogen availability to the cereal by the
lupin. Similar results were obtained by Palma-
son et al. (1992), owing to direct N transfer from
lupin to the intercropped italian ryegrass. In ad-
dition, several have reported that lupin cultiva-
tion can improve the yield of the subsequent

winter cereal crop, attributing the improvement
to the residual N (Jensen et al., 2004; Payne et
al., 2004). Others related the positive effect of
the intercropping with lupin to improved P nu-
trition of the cereal, due to solubilization of P
by the legume roots (Suong et al., 2005). In our
research, however, this was not likely to occur
due to the high P content of the soil (Zentner
et al., 1992). In addition, no visual symptoms of
P deficiencies in the barley and wheat SC were
observed (Ozturk et al., 2005).

In the cereal/vetch ICs, NY of all species was
reduced, respect to SC values, and the reduc-
tions that were consistent with the DMY re-
ductions. In this research, the N transfer from
vetch to companion cereals was not evidenced.
Other Authors have pointed out that the direct
N transfer from vetch to the intercropped cere-
al crop is uncertain (Papastylianou and Danso,
1991; Kurdali et al., 1996).

3.3 Land equivalent ratio

When LER < 1 there is a disadvantage to in-
tercropping and the resources are used more ef-
ficiently by SC than by IC. When LER = 1 there
is no intercropping advantage nor disadvantage,
respect to the sole cropping system; when LER
> 1 there is an intercropping advantage in terms
of improved use of environmental resources for
plant growth (Mead and Willey, 1980).

All four intercrops had total LER greater
than 1 (Table 5), both on dry weight and on ni-
trogen yield basis, indicating a high yield ad-
vantage and a high resource complementarity
from intercropping. Total LER was higher in
lupin ICs than in vetch ICs. To obtain the same
yield of the cereal/lupin ICs, SCs would require
60% higher land area, while to obtain the same
yield of the cereal/vetch ICs, SCs would require
40-50% higher land area (Table 5). Partial LER
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Table 5. Cereals and legumes partial and total Land Equivalent Ratio (LER) and Aggressivity index (A) of the intercrops
on a dry matter and nitrogen yield basis.

Dry Matter basis Nitrogen Yield basis
Intercropping

LERC† LERL LER A LERC LERL LER A

Barley/Lupin 1.12 a¶ 0.49 a 1.61 a 0.72 a 1.17 a 0.43 a 1.59 a 0.74 a
Barley/Vetch 0.68 b 0.78 b 1.46 b -0.09 b 0.70 b 0.76 b 1.46 b -0.06 b
Wheat/Lupin 1.09 a 0.52 a 1.61 a 0.57 c 1.14 a 0.43 a 1.57 a 0.71 a
Wheat/Vetch 0.63 c 0.76 b 1.39 b -0.13 d 0.65 c 0.77 b 1.41 b -0.12 

† LERC and LERL represent LER of cereals and legumes, respectively;
¶ In each column, values followed by the same letter are not significantly different at P ≤ 0.05.



shows the contribution of each species in the
ICs to total LER, thus demonstrating which
species has mainly benefited from the associa-
tion. In an additive design, partial LER values
greater than 1.0 indicate a stimulus, partial LER
values equal to 1.0 indicate no interaction and
partial LER values lower than 1.0 indicate a com-
petition between species (Austin et al., 1988).

In these ICs the cereals received a stimulus
by the presence of the lupin, with an expected
yield advantage up to 17% over SCs. Barley and
wheat were not complementary to lupin, how-
ever, because the cereal dry matter and NY ad-
vantage were lower than the lupin disadvantage.
Partial LER values of the lupin was low, but
these values were consistent with those report-
ed by Jannasch and Martin (1999) for
wheat/lupin IC.

Aggressivity index indicates that in the ce-
real/lupin ICs cereals were dominant, and bar-
ley exhibited a higher competitive ability than
wheat (Table 5). In both cereal/vetch ICs both
species suffered from inter-specific competition.
The disadvantage was higher for the cereals
than for the legume, however, based on LER,
suggesting that the legume was dominant in ce-
real/vetch ICs.

4. Conclusions

This experiment, carried out under the con-
straints imposed by UE organic farming guide-
lines (i.e. without addition of chemical input),
has analyzed the possibility of improving silage
yield and quality of cereals by intercropping
with legume species.

Forage yield was increased by intercropping
and, owing to the high CPC of legume species,
NY also increased. On average, intercropping
increased DMY by 72%, NY by 190%, and CPC
by 40 g kg-1, compared to cereal sole crops, but
the choice of legume species affects the yield
and quality advantages. Cereals were the dom-
inant species in the cereal/lupin ICs, and vetch
was the dominant species in the cereal/vetch
ICs. If the objective is to maximize dry matter
yield, intercropping barley or durum wheat with
white lupin is the best choice, while if the ob-
jective is to maximize N yield the best choice is
the intercrop with common vetch. Moreover,
silage harvest at cereal hard dough stage is rec-

ommended to increase dry matter and crude pro-
tein yield and to obtain a dry matter concentra-
tion of the forage suitable to direct ensiling.

Further research, however, is necessary to
verify the possibility of producing good quality
silage from these forages. There likely are no
problems for the cereal/lupin forage, whereas
the CPC of the cereal/vetch forage could be too
high to properly ensile: if that is the case the
vetch seeding proportion could probably be re-
duced.
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