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Abstract Cultivation of forage maize is increasing in Sweden. Sole maize is low in protein and supplementation of

protein feed is needed. This study investigated whether forage maize and legumes can be intercropped in a system suitable

for farmers (simultaneous sowing and harvest) under Swedish climate conditions, and whether intercropping maize and

faba bean improves the forage quality compared with sole maize. Two field experiments were performed in which maize

intercropped with faba bean (Vicia faba L.) in alternate rows with 0 or 60 kg N/ha was compared with sole maize crop with

120 kg N/ha. Maize dry matter (DM) yield decreased by intercropping (from mean 14,171 kg DM/ha for sole maize to

8,888–10,791 kg DM/ha for intercropped maize). Mean yield of faba bean ranged from 2,907 to 2,966 kg DM/ha.

Compared with sole maize, intercropped treatments slightly increased forage protein content (mean increase 10–15

g/kg DM). Furthermore, intercropping increased forage in vitro organic matter digestibility by 4 % units (from 80.8 to

84.7 %), while the starch concentration slightly decreased from 316 to 236–254 g/kg DM. Intercropping increased neutral

detergent fibre concentration from 435 to 478–497 g/kg DM and the sugar concentration from 57.3 to 61.5–72.3 g/kg DM.

The results showed that intercropping silage maize and faba beans is possible under Swedish climate conditions.
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Introduction

Crops that are adapted to warmer climates are increasing in

Sweden due to changing climate conditions. Maize (Zea

mays L.) for silage has attracted great interest in both

organic and conventional production systems. New early

maturing maize hybrids have contributed to an increasing

maize acreage in Sweden from 4,000 ha in 2003 [33] to

16,200 ha in 2009 [1].

Maize has a high content of energy originating from

digestible starch, sugars and fibres and is highly palatable

to ruminants [29]. However, the crude protein content of

maize forage is low so supplementation with protein feeds

is needed to fulfil the protein requirements for producing

ruminants. Diets have traditionally been supplemented with

imported soybean meal. However, the production of soy-

bean in South America may result in deforestation of

rainforests and thus emissions of greenhouse gases. In

addition, the long transport distance contributes to green-

house gas emissions and is expensive. Therefore, locally

produced forage protein such as peas and faba bean is

desired. One way to increase the protein content in maize

forage is by intercropping maize with legumes [9, 12, 25].

Many studies have confirmed the advantages of inter-

cropping compared with monocropping, which include

higher total yield per unit land area, resulting in a land
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equivalent ratio (LER) [1 [19, 25, 31]. However, in many

of those studies the intercrops were sown and harvested at

various points in time. Thus, the results are not practically

applicable if farm machinery is to be used for silage pro-

duction of intercropped forages. Crops for silage should be

harvested simultaneously. Furthermore, simultaneous

sowing is preferred under Swedish climate conditions, as

optimal sowing conditions often only prevail during a short

period of time in spring. Intercropping maize and legumes

for silage with simultaneous harvesting, and in some

studies simultaneous sowing, has been investigated with

soybean (Glycine max L. Merr.) in Canada [26, 27], cow

pea (Vigna unguiculata L.) in Iran [12] and various species

of bean in the U.S. [6]. The results show that intercropping

commonly contributes to higher protein content in the

forage compared with sole maize and better yield

(LER [ 1) compared with monoculture. However, the

bean cultivars used in earlier studies are not suitable for

growing in the climate conditions prevailing in Sweden.

Therefore, a crop such as faba beans (Vicia faba L.) may be

an appropriate species to use. Faba bean is a late-maturing

crop and may be suitable for intercropping and ensiling

with maize under Swedish climate conditions.

The main objective of this study was thus to investigate

whether silage maize and legumes can be intercropped in a

manner suitable for practical farming (simultaneous sow-

ing and harvest) under Swedish climate conditions. A

further objective was to determine whether intercropping

maize and faba bean improves the forage quality compared

with sole maize.

Our starting hypotheses were that intercropping maize

and legumes for silage: (i) is possible under Swedish cli-

mate conditions with both crops simultaneously sown and

harvested and (ii) improves the forage quality by increasing

the protein content.

Materials and Methods

Field Experiment Locations and Design

Two field experiments were performed in 2009 by the Field

Research Unit of the Rural Economy and Agricultural

Societies (HS Konsult AB, Örebro and Hushållningssällsk-

apet, Kristianstad) as on-farm trials. Locations of the

experiments were Knislinge in Skåne County in southern

Sweden (55�510N, 14�8E; ‘South’ location), and Odens-

backen in Örebro County, central Sweden (59�90N,

15�270E; ‘Central’ location). Meteorological conditions are

shown in Table 1. Composite topsoil samples were taken

for determining pH (SS (Swedish standard)—ISO 10390),

P-AL, K-AL (SS 028310/SS 028310T1), organic matter

(KLK1965:1), soil texture (SS ISO 11277 mod.) and

mineral-N (ADAS method 53) (Eurofins Food and Agri

Sweden AB, Kristianstad). Soil properties in the South

location: pH 7.8, OM 2.9 %, clay content 4 %, mineral-N

(0–60 cm) 76 kg/ha, P-AL 230 mg/kg and K-AL 80

mg/kg, and in the Central location: pH 6.1, OM 4.6 %, clay

content 25 %, mineral-N (0–60 cm) 210 kg/ha, P-AL

50 mg/kg and K-AL 20 mg/kg.

An early hybrid (FAO 190) of maize (Z. mays L. cv.

Isberi) was either cultivated as a monocrop or intercropped

with faba beans (V. faba L. cv. Marcel). Nitrogen was

applied at 120 kg/ha in the maize monoculture, and

application rates in the two intercropped treatments were 0

or 60 kg/ha. Thus, there were three treatments with four

replicates each (in total 12 plots in each experiment), laid

out in a randomised complete block design. Each plot

consisted of four rows (each 12-m long and 0.75-m wide)

of maize and thus the area of each plot was 36 m2.

Cultivation Practice

The crops were sown on 2 May in the South and on 15 May

in the Central experiment. The maize was cultivated in

accordance with Swedish recommendations in all treat-

ments, i.e., row spacing 0.75 m, seed rate 85,000 viable

seeds/ha and sowing depth 0.04–0.05 m with a precision

drill. In intercrop treatments, one row of legumes was sown

between the maize rows with a precision drill and thus the

row width was 0.375 m. The seed rate used for faba bean

was 350,000 viable seeds/ha. The nitrogen was applied as a

commercial fertiliser (YaraMila Pro Magna 8-5-19, Yara

AB Sweden) with a ratio between the nutrients similar to

that in animal manure, which is commonly used as fertil-

iser for maize in Sweden. Weed treatments were blind

harrowing before emergence, 0.6 l/ha Basagran� SG

(BAFS AB) when the faba bean plants were 30 mm tall,

inter-row hoeing and manual weeding.

Harvest

The crops were harvested when the maize dry matter (DM)

content was between 32 and 35 %, the optimum for silage

Table 1 Mean temperature (�C) and precipitation (mm) in May–Sept

2009 at the two field experiment locations

South location Central location

Temperature Precipitation Temperature Precipitation

May 11.8 41 11.0 50

June 13.8 22 13.6 27

July 18.5 60 16.9 169

Aug 17.7 33 16.4 86

Sept 14.4 20 12.3 30
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maize [8, 34], which occurred on 13 October in the Central

location and 14 October in the South. In the South, where

the area harvested in each plot was 15 m2, the maize was

harvested with a single row maize chopper with scale

wagon (JF MH 30, Denmark) and the faba beans were

harvested by hand and weighed on a field scale. In the

Central location (harvested area 3.75 m2), both crops were

harvested by hand and weighed with a field scale. In the

intercropped plots the crops were harvested separately. All

plants were harvested at about 0.2 m above ground. At

harvest, the faba bean was in maturity stage 97–99 in the

South and in maturity stage 80–85 in the Central location

[18, 39].

Sampling and Chemical Analyses of Crops

Crop samples were taken from each plot and chopped in

the maize chopper (JF MH 30, Denmark) in the South

location and with a compost mill (Stiga Bio Power 2100) in

the Central. Thereafter, intercropped crops were mixed in

the same ratio as the yield in three of the four blocks.

Samples were taken from each of the three treatments (sole

maize 120 N kg/ha, intercropped maize and faba bean 0 or

60 N kg/ha) and analysed for DM content at 105 �C for

16 h. Concentrations of starch, crude protein, ammonium

nitrogen, neutral detergent fibre (NDF), in vitro rumen

organic matter digestibility (IVOMD) and ash were deter-

mined on samples dried at 60 �C for 16 h and milled in a

mill (Karnas Kvarnmaskiner AB, Malmö, Sweden) to pass

through an 1-mm screen (Eurofins Food and Agri Sweden

AB, Lidköping, Sweden). Crude protein concentration was

determined as total-N concentration by the Kjeldahl tech-

nique in a Tecator Auto Sampler 1035 Analyser (Tecator

Inc., Höganäs, Sweden). Ammonia-N concentration was

determined using the Tecator Kjeltec Auto Sampler System

1035 Analyser. Starch was analysed by an enzymatic

method according to Åman and Hesselman [3] and sugar

was determined according to Ekelund [13]. The NDF was

analysed according to Van Soest et al. [38]. IVOMD was

determined by incubating dried, milled samples in rumen

fluid and buffer at 39 �C for 96 h [2, 23]. Concentration of

ash was determined at 550 �C for 16 h.

Silage Study

A pilot silage test was performed on forage from the

treatment with sole maize and maize intercropped with

faba beans ?60 kg N in the Central location. Forage from

three of the four replicates per treatment was used. The

crops were chopped using a compost mill (Stiga Bio Power

2100). The chopped forage was packed in 1.7-l laboratory

silos equipped with fermentation traps allowing CO2

emission. The mean (SE) density of the forage was

186(8) kg DM/m3. No silage additive was used. The jars

were kept at 20 �C and weighed at ensiling and after 14,

43, 56, 67 and 90 days to monitor weight losses. Fermen-

tation losses were calculated according to Weißbach [40].

After 90 days, the silos were opened and silage samples

were frozen until later analysis of DM content, pH,

ammonium nitrogen, organic acids (lactic, acetic, propi-

onic and butyric) and ethanol (Eurofins Food and Agri

Sweden AB, Lidköping, Sweden). The DM content of the

silage was determined at 103 �C for 16 h and corrected for

losses of volatile fermentation products according to

Weißbach et al. [41]. The chemical analyses were per-

formed on water extracts of fresh silage (20 g silage in

80 ml water for at least 2 h). Organic acids and ethanol

were analysed by high pressure liquid chromatography [4].

Silage pH was determined using a pH electrode.

Statistical Analyses

Statistical analyses were performed by means of JMP 9.0

[16] using a mixed linear model, adjusted with ‘treatment’,

‘location’ and the interaction ‘treatment 9 location’ as fixed

factors and ‘block (location)’ as a random factor. When the

F-value was significant for the main effects and interactions

of the fixed factors, pair-wise comparisons with Tukey’s

HSD-test were performed to identify significant differences

(p \ 0.05) among the treatment means. In the silage, test on

material from the sole maize and maize intercropped with

faba bean ?60 N treatments was performed in the Central

experiment. Data from all four replicates were used for the

results on yield and three replicates were used for the

chemical composition of the fresh forages and silages. A

contrast analysis was used to determine differences between

sole maize and the mean of the two intercropping treatments.

Results

Yield

The DM yield of maize and faba beans and the protein yield of

sole maize and maize intercropped with faba bean is shown in

Table 2. There were no significant differences for the inter-

action between the main effects (treatment 9 location, not

shown). For the main effect of treatment, there were signifi-

cant differences for maize yield. Sole maize had a higher DM

yield (by 44–57 %) than intercropped maize.

For the main effect of location, significant differences

were found for DM yield of faba bean, which was highest

at the Central location.

There were no significant differences between the

treatments in terms of number of maize plants, number of

cobs and the presence of weeds (data not shown).

92 Agric Res (March 2013) 2(1):90–97

123



Forage Quality

A significant interaction was found for IVOMD and NDF

concentration (Table 3). Maize intercropped with faba bean

?60 N in the South and ?0 N in the Central location had

higher IVOMD than sole maize at both locations. The NDF

concentration was higher in both intercrop treatments than

in the sole maize in the South, whereas no differences in

NDF concentration were found between treatments in the

Central location. Sole maize had higher IVOMD and NDF

concentrations in the Central location than in the South. In

addition, both intercrop treatments had a higher NDF con-

centration in the Central location than in the South, whereas

the differences in IVOMD between locations were not as

evident. On average across locations, the starch concen-

tration was higher, but the NDF concentration was lower for

sole maize than for maize intercropped with faba beans

?0 N. As a mean over treatments, DM and starch concen-

trations were higher, whereas NDF and IVOMD concen-

trations were lower in the South than in the Central location.

The DM content of the faba beans was significantly higher

in the South (66 %) than in the Central (48 %) location.

The contrast analysis showed differences in DM, ash,

IVOMD, starch and NDF between intercropped forage and

sole maize forage in the South location (Table 4). In the

Central location, the forage only differed in IVOMD

between intercropped and sole maize forage. There was

also a tendency for increased crude protein content in the

intercropped forage in the Central location (p = 0.099).

Silage Test

The fermentation losses increased most rapidly during the

first 2 weeks of ensiling and they were 5.8 % in both

treatments after 90 days of storage (Fig. 1). There were no

significant differences in DM, CP, ammonia-N, pH,

organic acids and ethanol between sole maize and maize

intercropped with faba bean ?60 N (Table 5).

Discussion

Intercropping Maize and Faba Beans

in a Cool–Temperate Region

The results partly confirmed our first hypothesis, i.e. that it

is possible to intercrop maize and legumes sown and har-

vested simultaneously for silage under Swedish climate

conditions. The results showed that faba bean can be in-

tercropped with maize.

In the present study, the maize yield was decreased by

intercropping with the greatest reduction in the intercrop

treatment without nitrogen (39 %). In intercropping

?60 N kg/ha, the reduction in maize yield compared with

sole maize was smaller (25 %). However, if the crops had

been cultivated separately on an equally large area, the

reduction in maize yield would have been 50 % since only

half the area would have been cultivated with maize. This

shows that intercropping can increase the land use effi-

ciency. An explanation could be that the roots of the faba

beans make available plant nutrients which can be assim-

ilated by the maize [20, 21].

The amount of nitrogen added was lower in the inter-

cropped treatments (0 and 60 N kg/ha) than in the sole

maize (120 N kg/ha). However, the reduction in maize

yield in intercropped treatments was less than the reduction

in nitrogen rate, which indicates that intercropping may

reduce the need for nitrogen fertiliser. Nitrogen transfer

from faba bean to oats and from soybean to maize has been

demonstrated [26, 35].

The relatively large differences in harvested area

between the two field experiments might have affected the

DM yield. However, there were no significant differences

between the DM yield of maize between the two locations

(Table 2). The yield of faba beans was higher in the Cen-

tral location, which could be explained by later maturity

and a higher amount of green leaves at harvest. The yield

of faba bean was between 2,500 and 3,500 kg/ha (Table 2),

which represented 19–26 % of the total forage DM yield in

the intercropped treatments. As there was no treatment with

sole faba bean, the effect of intercropping on faba bean

yield could not be determined. However, it has been shown

that faba bean growth may be facilitated when intercropped

Table 2 Dry matter (DM) yield of silage maize and faba beans and

protein yield in different cropping systems with various levels of

nitrogen (N) as main effects of treatment and location

Main effects Maize Faba bean Protein yield

(kg/ha)Yield

(DM kg/ha)

Yield

(DM kg/ha)

Average treatment, n = 8

Sole maize 120 NA 14,171a 1,220

Maize ? faba bean 0 N 8,888b 2,966 1,189

Maize ? faba bean 60 N 10,791b 2,907 1,308

SEM 1,187 204 158

p (treatment) 0.003 ns ns

Average location, n = 12

South 10,497 2,459f 1,092

Central 11,872 3,416e 1,386

SEM 1,376 246 186

p (location) ns 0.041 ns

ns Not significant
A Amount of nitrogen (kg/ha)

Different superscript letters within columns indicate significant differ-

ences (p\0.05) between the treatments as a mean over locations (a and b

for main effect of treatment and e and f for the main effect of location)
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with maize compared with cultivation of the crops sepa-

rately [14]. Nitrogen fertilisation did not have any effect on

the yield of faba bean in the present study (Table 2), but it

has been shown that addition of nitrogen can increase yield

of faba bean [7, 24], or it can inhibit nitrogen fixation in

legumes [36]. Intercropping may in turn alleviate the

inhibitory effect of nitrogen fertilisation by increasing

nodule biomass, which has been shown for faba bean in-

tercropped with maize [22].

Forage Quality

The concentrations of the quality parameters in the sole

maize treatment were comparable to the levels commonly

found in maize silage [8].

The results partly confirmed our second hypothesis, i.e.

that forage quality is improved by intercropping. There was

a slight increase in protein content and IVOMD in the

forage consisting of both crops in both experiments

(Tables 3, 4). The starch concentration decreased and the

NDF concentration increased or remained unchanged by

intercropping. Javanmard et al. [17] and Sánchez et al. [37]

also reported increased levels of crude protein but a

decreased level of NDF in mixed silage of maize and other

legumes such as soybean (G. max), vetch (Vicia villosa),

bitter vetch (Vicia ervilia), berseem clover (Trifolium

alexandrinum) and common bean (Phaseolus vulgaris)

compared with sole maize silage. Higher dry matter

Table 3 Forage quality parameters in different cropping systems with various levels of nitrogen (N)

Main effects and interaction DM (%) Ash (g/kg dm) IVOMD (%) Sugar (g/kg DM) Starch (g/kg DM) NDF (g/kg DM) CP (g/kg DM)

Average treatment, n = 6

Sole maize 120 NA 29.2 44.8 80.8b 57.3 316a 435b 85.7

Maize ? faba bean 0 N 31.5 50.5 84.7a 72.3 236b 497a 100.3

Maize ? faba bean 60 N 30.7 49.3 84.7a 61.5 254ab 478ab 95.7

SEM treatment 1.03 2.80 0.52 7.9 18 14 5.1

p (treatment) ns ns 0.002 ns (0.085) 0.046 0.026 ns (0.099)

Average location, n = 12

South experiment 34.5e 44.2 81.0f 50.6 321e 427f 90.0

Central experiment 26.3f 52.2 85.8e 76.9 216f 513e 97.8

SEM location 1.3 2.9 0.50 8.2 13.2 13.7 4.4

p (location) 0.011 ns 0.002 ns 0.005 0.011 ns

Average treatment 9 location

South, n = 3

Sole maize 120 N 31.5xy 39.3 78.7z 50.0 394 360y 86.7

Maize ? faba bean 0 N 37.4v 48.0 81.0yz 54.7 260 476x 92.0

Maize ? faba bean 60 N 34.6vx 45.3 83.3xy 47.0 310 433vx 91.3

Central, n = 3

Sole maize 120 N 26.8xy 50.3 83.0xy 64.7 237 510v 84.7

Maize ? faba bean 0 N 25.5y 53.0 88.3v 90.0 213 518v 108.7

Maize ? faba bean 60 N 26.8xy 53.3 86.0vx 76.0 197 512v 100.0

SEM treatment 9 location 1.6 3.7 0.8 10.3 26 20 6.6

p (treatment 9 location) 0.036 ns 0.050 ns ns 0.046 ns

ns Not significant
A Amount of nitrogen (kg/ha)

Different superscript letters within columns indicate significant differences (p \ 0.05) between the treatments (a and b for the main effect of

treatment, e and f for the main effect of location and v, x, y and z for the interaction treatment 9 location)

Table 4 Probability of difference (prob [ Chi Sq) in a contrast

analysis of sole maize compared with the mean for intercrop-

ping ? 0 kg N and intercropping ? 60 kg N for forage quality

parameters in the two field experiments

Parameter Location

South Central

DM 0.037 ns

Ash 0.005 ns

IVOMD 0.004 0.012

Sugar ns ns

Crude protein ns ns (0.099)

Starch 0.018 ns

NDF 0.009 ns

ns Not significant
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digestibility in silage of intercropped maize and faba bean

compared with sole maize has been found previously in a

sheep digestion trial [32], as confirmed by the results of the

present study. The higher digestibility in intercropped

forage may partly be due to the slight increase in sugar and

crude protein content, as these nutrients are highly

digestible (Table 3). The impact of intercropping on forage

quality varies depending on factors such as plant species,

plant density and stage of maturity of the crop at harvest [5,

10–12].

The differences in forage quality between the two field

experiments are probably due to differences in stage of

maturity of the maize and faba bean between the sites. The

low starch and DM content and the high content of NDF in

the Central location were probably due to immature maize

with a high content of vegetative plant parts [8, 34]. The

NDF content of maize in the Central location was probably

closer to the NDF content of faba beans than of maize in

the South, resulting in different effects of intercropping on

the NDF content of the forage. The reduction of starch

owing to intercropping could be explained by low starch

levels in the stalks and leaves of faba bean, while the beans

of faba bean have a starch content of 380–420 g/kg DM,

which is similar to that of maize [15, 28]. The higher DM

yield of faba bean in the Central location resulted in

numerically higher protein yield even though mature beans

have a higher protein content (approx. 274 g/kg) than green

parts (approx. 190 g/kg) [30]. Addition of faba bean to

maize silage did not significantly change the fermentation

characteristics compared with sole maize (Table 5).

Although not statistically significant, there was a numerical

increase in crude protein and ammonia-N concentration in

intercropped silage compared with sole maize. A reason

why the differences in forage parameters were not greater

between sole maize and intercropped forage could have

been the method of sampling. There was a great difference

in dry matter content between the crops at harvest with the

volume of maize being much greater than that of faba bean.

The presence of a piece of bean plant in the sample could

make a great difference, thus thorough mixing of the crops

before sampling is important.

In order to increase the yield of faba bean, and thereby

the protein yield, sowing time of the faba bean could be

delayed [9], but this technique involves a risk of the soil

becoming too dry in spring, which may result in that the

faba bean may not emerge at all. It should be noted that in

the present study, the sowing time for faba bean was

already delayed by almost 1 month compared with the

normal time for cultivation of faba bean in Sweden. A

more suitable alternative would probably be to use an

earlier maturing maize hybrid, with a lower FAO number,

making earlier harvest possible.

The choice of legume species has to be adapted

according to the climatic conditions in the present location.

For successful silage production, the intercropped species

should have similar growth and maturity timing. In other

agro-ecological zones, with warmer climate conditions and

a greater number of possible legumes present, other species

may be more suitable for intercropping with maize to silage

than faba beans.

Conclusions

This study showed that maize and faba bean can be inter-

cropped with simultaneous sowing and harvesting under

Swedish climate conditions. The organic matter digest-

ibility of the forage was improved by intercropping maize

and faba beans. A late-maturing variety of faba bean

together with an early maturing hybrid of maize may be

suitable. Further investigations are required to determine
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Fig. 1 Fermentation losses in laboratory silos with sole maize (120

kg/ha nitrogen) and intercropped maize ? faba bean (60 kg/ha

nitrogen)

Table 5 Fermentation characteristics in silage of sole maize and

maize intercropped with faba beans, stored for 90 days

Forage quality

parameter

Units Treatment

[crop and nitrogen (kg/ha)]

Sole maize

120 N

Maize ? faba

bean 60 N

DM (%) 27.3 26.3

Crude protein (g/kg DM) 82 98

NH3–Na (% of total-N) 8.10 10.63

pH 4.03 3.97

Lactic acid (% of DM) 6.21 7.43

Acetic acid 0.91 1.61

Propionic acid 0.04 0.04

Butyric acid 0.59 0.30

Ethanol 1.06 1.08

a The level of NH3–N was 1.2 % (sole maize) and 1.1 % (intercrop) of total-N in

fresh herbage before ensiling
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how the management practices for intercropping maize and

faba bean can be optimised for production of silage.
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