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Multispecies cropping systems contribute to sustainable agriculture with multiple ecosystem services. Effects of in-
tercropping of organically managed maize and faba beans to silage on acquisition of mineral nutrients in shoots of
both crops and on leaf spot progression in faba beans were investigated. Three field experiments were performed
with maize and faba bean intercropped or grown separately. Intercropping increased shoot concentrations of K,
Ca, Mg, Na, S and B in faba bean, and shoot concentrations of Cu, Zn and Mo in maize. Thus, the ecological com-
plementary effects enhance feed quality. Disease severity index (DSI) of leaf spots in faba beans was reduced by in-
tercropping by 42-57 %, partly due to an increased Cu acquisition at sites where the Cu availability was low. There
was a significant negative linear relationship between Cu concentration in shoots and DSl of leaf spots. Total uptake
of mineral nutrients per land area was greater in the intercropping system with a total LER > 1 for all mineral nutri-
ents, except for P, Ca and Mn at one of the sites. Increased nutrient use efficiency, due to facilitative uptake from
the soil, and the production of crops with higher contents of minerals compared with monocropping, are benefits
of intercropped maize and faba beans.
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Introduction

Cropping two or more species on the same land area provides multiple ecosystem services improving the sustain-
ability in agricultural production systems. The crops may be intercropped in a forage ley with a mixture of species,
or different crop species grown in separate rows, or in wide strips. Facilitative root interactions between crop spe-
cies in an intercropping system may generate benefits such as greater biomass yield per land area (Jannasch and
Martin 1999, Hauggaard-Nielsen and Jensen 2005, Li et al. 2014). The mechanisms behind the increased yields in
intercropping systems may be due to the combination of the species functional traits involved in nutrient acquisi-
tion reviewed by Faucon et al. (2017). Thus, plant acquisition of e.g. N and P are improved by interspecific facili-
tation i.e. the functional trait of one plant species improves the nutrient uptake of another species that results in
an increased efficiency in the use of nutrients in the soil (Li et al. 2007, Xia et al. 2013, Li et al. 2014). Maize (Zea
mays L) and faba bean (Vicia faba L) often result in enhanced yields, with land equivalent ratios >1 when inter-
cropped (Li et al. 2011, Stoltz and Nadeau 2014).

The uptake of other mineral nutrients besides N and P may also be affected by intercropping, but may be influ-
enced by the source of P applied. Many legumes are known to have the functional trait to produce root exudates
increasing the plant availability of nutrients in the soil that may also be used by the companion crop (Hinsinger et
al. 2011). Concentrations of Cu, Mg, Mn and Zn increased in wheat and chickpea when inorganic P was supplied,
but only in wheat when sodium phytate was supplied (Li et al. 2004b). The translocation of nutrients within the
plant may also be affected by intercropping. For example, concentrations of Fe, Mn, Cu and Zn of whole maize
shoots increased by intercropping maize with faba bean, chickpea, soybean or turnip compared with monocropped
maize, while the concentrations in maize grain decreased, except in the maize/turnip intercrop where the concen-
trations were similar to that of monocropped maize (Xia et al. 2013). Furthermore, concentrations of P, K, Fe, Zn
and Mn increased in wheat shoot when intercropped with chickpea or lentil, whereas N, P, K and Fe increased in
the wheat grain compared with monocropped wheat (Gunes et al. 2007).
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In faba bean problems with plant pathogens are common and diseases such as chocolate spot (Botrytis fabae)
and Ascochyta blight (Ascochyta faba), are commonly present in Swedish faba crops and may cause substantial
yield reductions (Sahile et al. 200843, Sillero et al. 2010, Akhter 2014). Both diseases are caused by seed- and soil
borne pathogens and may also be spread by infected plant material. Previous investigations have shown that in-
tercropping different species may reduce the presence of plant pathogens, an ecosystem service that reduce the
need of pesticides and improves the sustainability of agricultural practices. A reduction of chocolate spot devel-
opment was found when faba bean was intercropped with barley or maize compared with monocropped faba
bean due to the presence of a non host species in the intercropping system (Sahile et al. 2008b). The reduction
of chocolate spot development was even greater in the faba bean/maize mixture compared with the faba bean/
barley mixture and the suggested reason was a more aerated crop stand structure (Sahile et al. 2008b). Consid-
ering plant functional traits, the decomposition of plant material that the pathogen thrive on may be elevated in
a multispecies cropping system, thus the conditions for the pathogen will be limited and the availability of nutri-
ents will increase (Faucon et al. 2015).

Defense mechanisms in plants may be strengthened by sufficient concentrations of mineral nutrients and numer-
ous investigations confirm that improved acquisition of nutrients reduce disease development in crops (Engel-
hard 1993, Datnoff et al. 2007, Huber and Haneklaus 2007, Dordas 2008). Thus, if the uptake of mineral nutrients
is improved by intercropping it may also affect the severity of diseases.

Multispecies cropping or intercropping, which may enable improved nutrient uptake and reduced disease devel-
opment by the increased diversity of plant functional traits, is thereby a valuable cultivation technique, providing
multiple ecosystem services and sustainable agriculture production systems. The aim of the present study was to
investigate the effect of intercropping organically managed maize and faba beans to silage on the acquisition of
mineral nutrients in shoots of both crops and on disease progression of leaf spots in faba beans. Our hypotheses
were that intercropped maize and faba bean: i) increases the concentration and total uptake of mineral nutrients
in plant shoots per land area, ii) reduces the severity of leaf spot diseases in faba bean compared with mono-
cropped faba bean.

Materials and methods
Field experiment sites and design

Field experiments were established at three sites in south-east Sweden, in 2010 at Nobbelov (NL) and in 2011 at
Helgegarden (HG) and at Bjorkhaga (BH) (Table 1). The field experiments were performed as on-farm trials by the
Field Research Unit of the Swedish Rural Economy and Agricultural Societies (Hushallningssallskapet, Kristianstad).
Composite top soil samples were taken and chemical parameters and soil texture were determined (Table 1).

The treatments of the present investigation formed part of a larger intercropping experiment where various
amounts of N were applied as described by Stoltz and Nadeau (2014). Three out of the five treatments were
used in the present investigation. An early hybrid (FAO 190) of maize cv. Isberi and cv. Aurora of faba bean were
either cultivated in monocrop or intercropped. The three treatments were: 1. monocropped maize (MM), 2. mono-
cropped faba bean (MFB) and 3. intercropped maize and faba bean (IM and IFB) with four blocks (in total 12 plots
in each experiment), laid out in a randomised complete block design. The treatments of the present investigation
were called MFB 60N, MM 60N and Intercrop 60N as described in Stoltz and Nadeau (2014). 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 m?. All treatments
were fertilized with 60 kg N ha? applied as cattle slurry. A nitrogen meter for manure (Agros Nova Mk3, Agros,
Lidkdping, Sweden) was used to determine the nitrogen content of the manure, and applied accordingly. There-
after, samples of manure were taken and analysed for NH,-N according to Kjeldahl (KLK 65:1, Eurofins Food and
Agri Sweden AB, Kristianstad). The nitrogen meter showed lower values than the values from the Kjeldahl analy-
sis, thus the given amount of N in the treatments were higher than planned. The actual amounts of N per hectare
were 69 kg at NL; 70 kg at HG, and 86 kg at BH.

Table 1. Sites and locations of field experiments, soil properties and dates of sowing

Locations of field experiments Soil properties in topsoil (0-0.25 m) Sowi
owing
. Longitude, Organic Clay content P-AL K-AL date
Name of site, year latitude PH atter (%) (%) (mgkg?)  (mgke?)
Nobbeldv (NL), 2010 55°57°'N, 14°2'E 6.6 4.9 11 260 210 20 May
Helgegarden (HG),2011 56°1’'N, 14°4’E 7.9 1.4 6 390 120 1 May
Bjorkhaga (BH), 2011  56°4'N, 13°57E 7.1 3.1 6 200 250 1 May
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The crops were sown in mid-May in 2010 and in early May in 2011 (Table 1). Row spacing in maize was 0.75 m,
seed rate was 85000 viable seeds ha™ and sowing depth was 0.04—-0.05 m. Row spacing in faba bean was 0.12 m,
seed rate was 700000 viable seeds ha™ and sowing depth was 0.05 m. In the intercrop treatment, one row of leg-
umes was sown between the maize rows and thus the row width was 0.375 m. The seed rate in the intercrop was
85000 viable seeds ha™ in maize and 350000 viable seeds ha™ in faba bean. For all treatments, a four-row preci-
sion drill (Monosem, Edwardsville, KS, US) was used. Inter-row hoeing was only performed in the treatments with
maize and not in the MFB treatments.

Determination of leaf spots in faba bean

Ten plants at maturity stage BBCH 78-80 in each plot were selected randomly for assessment of leaf spots on 12—
18 of August (Weber and Bleiholder 1990, Lancashire et al. 1991). The most common disease causing leaf spots
in the investigated fields was chocolate spot disease (Botrytis fabae) identified by visual assessment, but spots
of Ascochyta blight (Ascochyta fabae) were also visually identified. Thus, a mixture of the two pathogens causes
the leaf spots and they are commonly present in Sweden (Akhter 2014). The plants were divided into three sec-
tions, the upper, middle and lower sections, which were similar in size. The leaf area infected with spots (%) was
estimated in the upper and in the middle part of the plants and sorted into eight classes accordingly; 0 % infec-
tion = Class 0, <1 % = Class 1, 1-5 % = Class 2, 610 % = Class 3, 11-25 % = Class 4, 26—50 % = Class 5 and >50 %
= Class 6, dead plants = class 7. A DSI (Disease Severity Index) of the leaf spots was calculated using the formula:

DSI=([0x X ] +[1xX]+[3xX]+[7.5xX]+[185xX,]+[37.5xX.]+[75xX]+[100xX])/N

where X represents the number of plants in each class and N is the number of investigated plants. Mean DSI of
the upper and middle plant sections was calculated. There were no leaves in the lower section remaining on any
of the plants, thus the lower section was not included in the calculations.

Harvest

The field trials were harvested on 27 September, 2010 and on 7-10 October, 2011. A 15 m? area of maize was har-
vested in each plot of the intercrop and of the MM treatments using a single row maize chopper with scale wagon
(JF MH 30, Denmark) at the early dent stage of maturity. The faba bean was harvested by hand at the maturity
stage BBCH 97-99 (Weber and Bleiholder 1990, Lancashire et al. 1991) in a 4.5 m?area in the intercrop treatment
and in a 2 m? area in the MFB treatment. All plants were cut at about 0.2 m above the ground and weighed on a
field scale. Samples were taken to determine dry matter (DM) content.

Determination of mineral nutrients

At harvest, shoot samples were taken plot wise for determination of plant nutrient concentrations. The crops in
the intercropped treatment were sampled separately. The minerals analysed were: nitrogen (N) (according to
Dumas), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), manganese (Mn), copper (Cu), zinc (Zn),
boron (B), iron (Fe), sodium (Na), sulphur (S) and aluminium (Al) (reference method NMKL 161 1998 m, Eurofins
Food & Agro Sweden AB, Kristianstad, Sweden). Total mineral nutrient yield was calculated in the various crop-
ping systems. The mineral nutrient land equivalent ratio (LER) was calculated as an indicator of the benefits of
intercropping, according to:

XYy | XY

LER= Xy "xv,

mfb

where X is the specific nutrient. XY, and XY __ are the specific nutrient yields per land area of IFB and MFB, re-

spectively, and XY, and XY__are the mineral nutrient yields per land area of IM and MM.

Statistical analyses

Statistical analyses were performed with JMP 9.0 (SAS Institute 2010). A mixed linear model, adjusted with ‘treat-
ment’, ‘site’ and the interaction ‘treatment x site’ as fixed factors and ‘block (site)’ as a random factor, was used.
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<0.050) among treatment means. The
effect of intercropping for leaf spots was also analysed for each site separately. Relationships between shoot con-
centration of mineral nutrients and the disease severity index of leaf spots in faba beans, and between shoot
concentrations of mineral nutrients and DM yield in the two crops, were analysed by simple linear regression.
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Results
DM Yield

Detailed results on DM yield were presented in Table 4 in Stoltz and Nadeau (2014). In short, the average DM
yield of MFB for the three field experiments was 4263 kg ha, which was significantly (p<0.001) higher than of
the IFB of 2381 kg ha™. Yield of IFB was 55, 39 and 75 % of the MFB yield at the experimental sites NL, HG and BH,
respectively. Average DM yield of MM in the three field experiments was 11296 kg ha, which was significantly
(p<0.001) higher than the yield of IM of 7178 kg ha™. Yield of intercropped M was 59, 74 and 58 % of the MM
yield at NL, HG and BH respectively.

Disease severity index (DSI) of leaf spots in faba beans

The DSI of leaf spots in FB was significantly lower in the IFB compared with MFB at BH and HG, at NL, the pattern
was similar, but only tended to be significant (p=0.055) (Fig. 1). The mean DSl of leaf spots in the three experi-
ments was significantly (p<0.001) lower in IFB with an index of 25 than in MFB with an index of 45 (not shown).
The average DSI of leaf spots of 56 at BH was significantly higher (p<0.004) than at NL of 18 (not shown). At HG,
the DSI of 29 did not differ from any of the other sites (not shown). There was no significant interaction between
site and cropping treatment.
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Fig. 1. Disease severity index (DSI) of leaf spots in monocropped (MFB) and intercropped
faba bean (FB) in three field experiments, n=4. BH = Bjorkhaga, HG = Helgegarden and
NL = Nobbelov. * indicate significant differences between cropping treatments within
sites, p=0.004 at BH, p=0.022 at HG and p=0.055 at NL, Tukey’s HSD test

Concentrations of mineral nutrients in crop shoots

Faba bean

Shoot concentrations of K, Ca, Mg, Na and S were significantly higher in IFB compared with MFB, when averaged
over sites (Table 2). There were significant interactions between cropping treatment and field experimental site for
shoot concentrations of K, Ca and Mg (Table 2). Concentration of K was higher in IFB than in MFB at HG, whereas
concentrations of Ca and Mg were higher in IFB than in MFB at BH. No effect of intercropping on concentration
of macro nutrients was found at NL.

Mean concentrations of N and P in shoots of FB across the three experiments were 3.3 % and 0.46 % of DM,
respectively, and no differences were found between the two cropping systems (not shown). There were signifi-
cant differences in FB shoot concentrations of N between sites (p<0.001); NL (3.9 % of DM) > BH (3.4 % of DM) >
HG (2.7 % of DM), and for P (p=0.014); NL (0.50 % of DM) = BH (0.48 % of DM) > HG (0.40 % of DM).

Shoot concentration of B was higher in IFB compared with MFB (Table 3) but no differences were found in shoot
concentrations of Mn, Cu, Zn, Fe and Mo between the two cropping systems, when averaged over sites. There
were significant interactions between experimental site and cropping treatment for Mn and Zn but a difference
between treatments was only shown for Mn with a higher concentration in IFB than in MFB at BH, whereas no
differences between treatments were shown for Zn (Table 3).
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Table 2. Concentrations of macro nutrients in intercropped and monocropped faba bean in three field experiments

Main effects or interaction « c Me Ne >
(% of DM)
Treatment, n =12
MFB 1.3 0.68° 0.14° 0.05° 0.14°
IFB 1.5° 0.85° 0.16° 0.08° 0.15°
SEM 0.03 0.04 0.0002 0.005 0.004
p <0.001 <0.001 <0.001 <0.001 0.008
Site, n=8
NL 1.4° 0.88° 0.16° 0.10° 0.17°
HG 1.5 0.57° 0.14° 0.03° 0.11°
BH 1.3° 0.84° 0.15° 0.06" 0.15°
SEM 0.05 0.07 0.002 0.009 0.007
p 0.046 0.016 <0.001 0.002 <0.001
Treatment x site, n =4
NL
MFB 1.3 0.85%° 0.16% 0.08 0.17
IFB 1.4° 0.91% 0.16"¢ 0.12 0.17
HG
MFB 1.3 0.49° 0.13¢ 0.03 0.11
IFB 1.8 0.65™ 0.14% 0.04 0.11
BH
MFB 1.3 0.69" 0.14¢ 0.04 0.14
IFB 1.4 0.99° 0.17° 0.07 0.16
SEM 0.06 0.07 0.003 0.009 0.007
p 0.001 0.041 <0.001 ns ns
Common conc. FB! 1.2 0.2-0.4 0.15 0.01-0.05 0.26-0.45

MFB= monocropped faba bean; IFB = intercropped faba bean; NL= Nébbelév; HG= Helgegarden; BH = Bjérkhaga; *“Different
superscripts within columns indicate significant differences between cropping treatments, sites and their interaction (p<0.05,
Tukey’s HSD test); *(from Blackwood 2007 and Sporndly 2003)

Maize

There were significant (p<0.001) differences in maize shoot concentrations of Mg (NL [0.14 % of DM] > BH and
HG [0.11 % of DM]) between the sites but not of Na with an average of 0.15% (not shown). No differences were
found in Mg and Na concentrations between the cropping treatments (not shown) orin N, P, K, Ca, Mg, Na, and
S concentrations when averaged across sites (Table 4). There were significant interactions between site and crop-
ping treatment in concentrations of N, P, K, Ca and S shown in Table 4. At HG, the shoot concentrations of N and S
were higher in IM than in MM while the opposite was found at BH; at NL, no differences between the treatments
were found. The shoot concentration of P was higher in IM than in MM at NL and BH while the opposite was found
at HG. The shoot concentration of Ca was lower in IM than in MM at HG, and no differences in Ca concentrations
were found between the cropping treatments at NL and BH.

Average concentrations of Cu, Zn and Mo in maize shoots were significantly higher in IM compared with MM
(Table 5). For B, Mn and Fe, there were no significant differences in shoot concentrations between the cropping
treatments. There was a significant interaction between cropping treatment and site for maize shoot concentra-
tion of Mn and Mo (Table 5). At BH, intercropping increased the shoot concentration of Mn whereas the opposite
was found at HG, with lack of differences at NL. At HG intercropping increased the concentration of Mo whereas
the opposite was found at BH with no difference between the cropping treatments at NL.
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Table 3. Concentrations of micro nutrients in intercropped and monocropped faba bean in three field experiments

B Mn Cu Zn Fe Mo
Main effects or interaction
(mg kg DM)
Treatment, n =12
MFB 15.3° 213 10.0 36.5 169 3.9
IFB 17.8° 22.5 10.5 35.4 186 3.9
SEM 0.44 0.51 0.35 1.33 13.2 0.18
p 0.001 ns ns ns ns ns
Site, n=8
NL 13.5° 20.6° 11.4° 42.0° 105° 1.5¢
HG 17.1° 19.6° 10.6° 33.4° 1952 6.3°
BH 19.0° 25.4° 8.9° 32.5° 2317 3.9°
SEM 0.63 0.62 0.43 2.15 18.2 0.26
p 0.001 <0.001 0.002 0.022 0.002 <0.001
Treament x site, n =4
NL
MFB 13.0 21.8° 11.5 43.8° 98 1.5
IFB 14.0 19.5° 11.3 40.3% 113 1.6
HG
MFB 15.3 19.3° 10.3 34.8% 173 6.6
IFB 19.3 20.0° 10.9 32.0° 218 6.0
BH
MFB 17.8 22.8° 8.3 31.0° 235 3.6
IFB 20.3 28.0° 9.4 34.0% 228 4.2
SEM 0.77 0.88 0.61 2.30 22.9 0.31
p ns <0.001 ns 0.041 ns ns
Common conc. FB! - 24-33 7.7-12 36-46 86-110 0.5

MFB= monocropped faba bean; IFB = intercropped faba bean; NL= Nobbel6v; HG= Helgegarden; BH = Bjérkhaga; ®PDifferent superscripts
within columns indicate significant differences between cropping treatments, sites and their interaction (p<0.05, Tukey’s HSD test); (from
Blackwood 2007 and Spoérndly 2003)

Relationships between DM yield and mineral nutrient concentrations

Relationships between DM yield and mineral nutrient concentration are shown in Table 6. The presence of sig-
nificant relationships varied between sites. At NL, the only significant relationship between DM yield and mineral
concentration was found for N in maize. No significant relationships were found for FB at NL. In maize at HG, signif-
icant negative relationships were found between DM yield and concentrations of N, S and Mo and significant posi-
tive relationships were found for P, Ca and Mn concentrations. In FB, there were significant negative relationships
between DM vyield and concentrations of K, Ca and B at HG. At BH, negative relationships were found between
DM yield and concentrations of P, Ca, Mg and Mn in maize, whereas there were significant positive relationships
between DM yield and concentrations of N, S and Mo. In FB, there was a significant negative relationship between
DM yield and Ca concentration at BH. Averaged over all sites, significant negative relationships occurred between
DM vyield and concentrations of Ca, Mg, B, Mn and Zn in maize. In FB, there were significant negative relation-
ships between DM yield and concentrations of K, Ca, Mg, Na and S, whereas DM yield was significantly positively
related the Mo concentration, when averaged across sites.
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Table 4. Concentrations of macro nutrients in intercropped and monocropped maize in three field experiments

Main effects or interaction N P « c >
(% of DM)
Treatment, n =12
MM 0.99 0.26 0.81 0.21 0.081
IM 1.0 0.27 0.84 0.23 0.083
SEM 0.015 0.0052 0.025 0.015 0.0017
14 ns ns ns ns ns
Site,n=8
NL 1.0 0.24° 0.84 0.30° 0.084°
HG 1.0 0.28° 0.84 0.19° 0.086°
BH 1.0 0.28° 0.80 0.19° 0.076°
SEM 0.023 0.0063 0.030 0.0189 0.0017
P ns <0.001 ns <0.001 0.002
Treatment x site, n =4
NL
MM 1.0 0.22¢ 0.76° 0.27° 0.080%
IM 1.1 0.26 0.92° 0.32° 0.087%
HG
MM 0.9° 0.31° 0.83° 0.25% 0.080%
IM 1.1° 0.25% 0.86° 0.13¢ 0.093°
BH
MM 1.12 0.26% 0.84° 0.13 0.083%
IM 0.9° 0.30%° 0.76° 0.25% 0.070°
SEM 0.026 0.0090 0.043 0.027 0.0024
p <0.001 <0.001 0.038 0.001 <0.001
Common conc. M? - 0.23 1.1 0.24 0.39

MM= monocropped maize; IM = intercropped maize; NL = Nobbelov; HG = Helgegarden; BH = Bjorkhaga; a-Different superscripts
within columns indicate significant differences between cropping treatments, sites and their interaction (p<0.05, Tukey’s HSD
test);*(from Blackwood 2007 and Spérndly 2003)

Leaf spots and mineral nutrients

A significant negative linear relationship (r =—0.69, p<0.001) between Cu shoot concentration and leaf spot DSI
was found in FB (Fig. 2). Significant negative relationships between leaf spot DSI and shoot concentrations of K
(r =—0.44, p=0.033) and Fe (r =—0.46, p=0.025) were found. No other significant linear relationships were found
between leaf spot DSI and concentrations of mineral nutrients in shoots.

100 +
» 80 - ¢ o
g .
2 60 -
g =
5 40 -
> y =-9,25x + 129,52 *
a 20 - r=-0,69 <
p<0.001 *
0 \ \ \ \ \ \
4 6 8 10 12 14 16

Cu shoot concentration (mg kg)

Fig. 2. Relationship between disease severity index (DSI) of leaf
spots and Cu shoot concentrations of faba bean in three field
experiments, n=24
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Table 5. Concentrations of micro nutrients in intercropped and monocropped maize in three field experiments

Main effects or interaction i Mn cu o Fe Mo
(mg kg DM)
Treatment, n =12
MM 4.6 7.9 4.1° 17.2° 129 1.8°
IM 4.5 8.3 4.6° 20.8° 148 212
SEM 0.21 0.31 0.11 0.75 9.8 0.10
p ns ns 0.004 0.003 ns 0.049
Site, n=8
NL 5.2° 9.22 43 22.5° 76° 1.1°
HG 4.2b 7.8° 4.5 18.3° 185° 2.6°
BH 4.2° 7.4° 43 16.3° 155° 2.1°
SEM 0.25 0.38 0.13 0.92 12 0.14
p 0.015 0.009 ns <0.001 <0.001 <0.001
Treatment x site, n =4
NL
MM 5.0 8.9 4.2 20.3 62 1.0
IM 5.5 9.42 4.4 24.8 89 1.1°
HG
MM 4.8 9.9 4.2 15.0 190 1.6°
IM 3.8 5.7° 4.8 21.5 180 3.6°
BH
MM 4.2 4.9° 4.0 16.3 135 2.8°
IM 4.2 9.8 4.6 16.3 175 1.4
SEM 0.36 0.53 0.18 1.3 16.9 0.17
p ns <0.001 ns ns ns <0.001
Common conc. M? - 8 3.6 11 - -

MM= monocropped maize; | M = intercropped maize; NL= N6bbelov; HG= Helgegarden; BH= Bjorkhaga; >“Different superscripts within
columns indicate significant differences between cropping treatments, sites and their interaction (p<0.05, Tukey’s HSD test); *(from

Blackwood 2007 and Spérndly 2003)

Table 6. Relationships (r-values) between concentrations of mineral nutrients and yields (kg dry matter) of maize (M) and faba bean (FB)

Average of three sites,

NL, n=8 HG, n=8 BH, n=8 n=24

Mineral M FB FB M FB M FB
nutrient r p r p r p r p r p r p r p r p
N -0.72 0.04 042 ns -080 0.017 0.41 ns 0.78 0.023 0.24 ns -0.14 ns -0.32 ns
P 054 ns 017 ns 0.78 0.022 0.56 ns -0.84 0.009 -0.20 ns 0.20 ns -0.10 ns
K 039 ns -0.14 ns -0.52 ns -0.87 0.006  0.61 ns -0.17 ns -0.14 ns -0.41 0.043
Ca -026 ns -054 ns 081 0.015 -0.85 0.007 -0.89 0.003 -0.76 0.028 -0.57 0.004 -0.57 0.004
Mg 014 ns 037 ns 0.32 ns -061 ns -0.76  0.029 -0.65 ns -0.62 0.001 -0.46 0.024
Na 000 ns -0.39 ns 0.00 ns -0.57 ns 0.24 ns 0.67 ns 0.30 ns -0.61 0.002
S -032 ns -026 ns -0.71 0.046 0.00 ns 0.75 0.035 0.26 ns -0.14 ns -0.42 0.036
B 030 ns  -0.17 ns 0.51 ns -0.82 0.011  -0.22 ns -0.66 ns -0.41 0.046 -0.10 ns
Mn -0.17 ns 044 ns 084 0.009 0.28 ns -0.93 <0.001 -0.66 ns -048 0.019 -010 ns
Cu 036 ns 020 ns -0.61 ns -0.26 ns -0.71 ns 0.14 ns -0.35 ns -0.28 ns
Zn -0.44 ns 052 ns -0.66 ns -0.26 ns -0.20 ns -0.26  ns -0.64 <0.001 -0.22 ns
Fe 039 ns  -0.52 ns 0.32 ns -0.47 ns -0.56 ns 0.10 ns 0.37 ns 0.24 ns
Mo -0.10 ns -024 ns -091 0.002 0.8 ns 0.77 0.025 0.00 ns 0.40 ns 0.55 0.006
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Yield of mineral nutrients

The average total yields (mineral nutrient concentration x DM yield) of Ca, Na, Mn, Cu and Zn across the three
sites were highest in the intercrop treatment (Tables 7 and 8). For the other investigated nutrients, the intercrop
treatment was not significantly different from any of the monocrop treatments. Significant interactions between
cropping treatment and site were found for all minerals shown in Tables 7 and 8.

At BH, the IM/FB treatment had higher yields of N, Ca, Na, Mn and B than the monocrops. Fewer significant differ-
ences were found between IM/FB and the other treatments at the other sites; At HG, the Zn yield were highest in
the IM/FB treatment. The IM/FB treatments had higher K yield compared with MFB, and higher Cu and Mo yields
than MM. At NL, the IM/FB treatment had higher K and Mg yields than MFB. The IM/FB treatment had never sig-
nificantly lower yields than the other treatments for any of the minerals.

Table 7. Yield of macro nutrients in monocropped and intercropped maize and faba bean in three field experiments

Main effects or interaction N P « c Me Na >
(kg ha)
Treatment, n =12
MM 112.8° 29.9 92.12 22.3° 12.8° 1.76° 9.15°
MFB 138.5° 19.4° 54.2° 27.0° 6.0° 1.77° 5.56°
IM/FB 149.6° 30.2° 95.3? 35.9° 12.0° 2.80° 9.36°
SEM 5.76 1.17 3.31 1.3 0.41 0.13 0.35
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Site, n=12
NL 93.8° 15.8° 50.2° 23.0° 7.36° 1.86° 5.49°
HG 133.6° 29.1 91.4° 26.4° 10.7° 1.77° 8.44°
BH 173.4° 34.5° 100.0° 35.8° 12.72 2.70° 10.14°
SEM 8.07 1.64 4.36 1.3 0.56 0.14 0.49
p <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001
Treatment x site, n =4
NL
MM 72.7¢ 15.7¢ 55.2¢ 19.1¢ 9.8%¢ 1.10° 5.86¢
MFB 108.5% 13.5¢ 36.0¢ 22.8 43¢ 2.14%¢ 4.40°
IM/FB 100.2°% 18.3¢ 59.5 27.1% 8.0 2.34° 6.22¢
HG
MM 103.9% 35.7%0 95.0° 28.2°¢ 13.0% 1.73% 9.23%
MFB 149.2°¢ 22.8 68.0° 26.5" 7.2¢ 1.38 5.83¢
IM/FB 147.95 28.9%¢ 111.2% 24.4°¢ 12.0° 2.19° 10.27%
BH
MM 161.7° 38.3% 126.0° 19.5¢ 15.8° 2.44° 12.36°
MFB 157.9° 21.9¢ 58.6% 31.7° 6.4 1.81% 6.45%
IM/FB 200.5° 43.3° 115.2%° 56.1° 16.0° 3.86° 11.60%°
SEM 9.97 2.02 5.73 2.25 0.72 0.23 0.6
p 0.008 <0.001 <0.001 <0.001 <0.001 0.001 <0.001

MM = monocropped maize; MFB = monocropped faba bean; IM/FB = Intercropped maize/faba bean; NL = N6bbel6v; HG = Helgegérden; BH
= Bjorkhaga; *“Different superscripts within columns indicate significant differences between cropping treatments, sites and their interaction
(p<0.05, Tukey’s HSD test)
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Table 8. Yield of micro nutrients in monocropped and intercropped maize and faba bean in three field experiments

Main effects or interaction Mn cu Zn i Fe Mo
(g ha)
Treatment, n =12
MM 84.2° 46.2° 187.1° 50.9° 1559° 22.3%
MFB 89.4° 42.2b 150.6° 66.6 759° 19.0°
| M/FB 114.6° 57.5° 228.0° 74.9° 1623° 25.9°
SEM 3.64 2.42 9.8 2.75 101 1.4
p <0.001 <0.001 <0.001 <0.001 <0.001 0.007
Site, n=12
NL 64.2° 32.2° 143.9° 38.5° 419° 6.1°
HG 103.1° 56.1° 205.0° 70.0° 1709° 32.5°
BH 120.9° 57.6° 216.8° 83.9° 1814° 28.5°
SEM 4.24 3.04 13.3 3.38 101 1.4
p <0.001 <0.001 0.008 <0.001 <0.001 <0.001
Treatment x site, n =4
NL
MM 64.8% 30.3¢ 144.7¢ 35.9¢ 446" 7.3%
MFB 58.2¢ 31.0¢ 118.0¢ 35.0° 263¢ 3.9¢
IM/FB 69.4% 35.3¢ 169.1% 44.7% 548b¢ 7.0%
HG
MM 114.0° 48.4b 173.3¢ 54.4%d 21932 17.8
MFB 104.5° 55.8 ¢ 188.6° 83.1° 919 36.1%°
IM/FB 90.9°¢ 64.1%° 253.3° 72.45 20152 43.7°
BH
MM 73.8% 59.9% 243.4%¢ 62.3°< 2037° 41.7°
MFB 105.4° 39.6% 145.2¢ 81.7° 1096° 17.0%
IM/FB 183.5° 73.3° 261.8% 107.7° 2307° 26.9°
SEM 6.3 4.2 17 4.76 175 2.42
p <0.001 0.002 0.004 <0.001 0.023 <0.001

MM = monocropped maize; MFB = monocropped faba bean; IM/FB = Intercropped maize/faba bean; NL= Nébbelév; HG = Helgegarden;
BH = Bjorkhaga; *Different superscripts within columns indicate significant differences between cropping treatments, sites and their
interaction (p<0.05, Tukey’s HSD test)

Land equivalent ratio of mineral nutrients

The mineral nutrient LER of intercropped faba bean and maize together with their total LER are shown in Table
9. The partial LER of faba bean was > 0.5 for all minerals except for Mn at NL, and for N, P, Mg, S, Mn, Cu, Zn, B
and Mo at HG. In maize, partial LER was > 0.5 for all minerals except for Ca and Mn at HG and for N and Mo at
BH. Maize LER was highest for N and S at HG, and for Mn at BH. Total mineral nutrient LER was > 1 in all minerals
except for P, Ca and Mn at HG.
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Table 9. Land equivalent ratio (LER) of intercropped faba bean and maize and their total LER of mineral nutrients in three field
experiments,n=4

N P K Ca Mg Na S Mn Cu Zn B Fe Mo

FB nutrient LER
NL 0.51° 054> 058 061° 0.53° 0.80® 057° 049® 054° 0.51° 0.60%° 0.66 0.61%
HG 037° 035° 0.56° 052° 042° 072° 040° 040° 041° 036 0.49° 0.52 0.36°
BH 0.79° 0.82*° 087° 1.10° 0.96° 1.40° 0.88° 095 0.90° 0.85 0.88° 0.76 0.90°
p 0001 0.001 0009 <0.001 <0.001 0.028 0.001 <0.001 0.009 <0.001  0.010 ns 0.024
M nutrient LER

NL 0.61° 0.69 0.67 0.70® 0.56 0.57 0.62° 0.59° 061 071 0.62 0.80 0.60°
HG 0.88° 0.59 077 038 069 074 0.86° 043" 086  1.05 0.59 0.72 1.80°
BH 0.50° 0.68 052 1.10° 064  0.55 0.49° 1.2 0.68 058 0.58 0.77 0.30°
p 0.002 ns ns 0.015 ns 0.050 0.003 <0.001 ns ns ns ns <0.001

Total nutrient LER

NL 112 1.25% 125 1.31* 109 1.37 1.19  1.08° 115 1.22 1.220 1.46 1.21°
HG 1.25 0.94® 133 090° 1.11° 1.46 126 083> 1.27° 141 1.08 1.24 2.16°
BH 1.29 1.50° 139 220° 1.60° 1.95 137 215 158 1.43 1.46 1.53 1.20°
p ns 0.005 ns 0.007 0.006 ns ns <0.001 0.003 ns ns ns 0.017

FB = faba bean; M = maize; NL = N6bbel6v; HG = Helgegéarden; BH = Bjorkhaga; **Different superscripts within columns indicate significant
differences between cropping treatments, sites and their interaction (p < 0.05, Tukey’s HSD test)

Discussion
Intercropping and acquisition of mineral nutrients

Most of the analysed nutrient concentrations were within a common range of the two crops (Tables 2-5; NRC 2001,
Sporndly 2003, Blackwood 2007). Concentrations of Ca, Fe and Mo were slightly higher and S slightly lower in the
present investigation than reported previously for FB. In maize, concentrations of K and S were lower while Zn was
slightly higher here than reported earlier (NRC 2001, Sporndly 2003, Blackwood 2007). The differences in mineral
nutrient concentrations in FB might be due to the fact that the whole FB plant was harvested at bean maturity BBCH
99 as compared with concentrations in the sole beans of monocropped FB plants in the earlier studies. For maize,
earlier reported concentrations were found in silage of maize as compared to the fresh forage in the present inves-
tigation (NRC 2001, Spérndly 2003, Blackwood 2007). Intercropping maize and faba bean increased the efficiency
of soil nutrient usage as the results showed that the total uptake of minerals per land area generally was greater
than in monocrops (Table 9), resulting in increased total nutrient acquisition by the different functional traits of
the two crop species. Also, the average concentration of several minerals, i.e. K, Ca, Mg, Na, S and B in faba bean
and Cu, Zn and Mo in maize increased in the intercropped treatments (Tables 2-5). Increased concentrations of
minerals may in some cases be due to the smaller yield of biomass found in intercropped treatments, as negative
linear relationships were found between DM yield and mineral concentrations (Table 6). The relationships were
not always negative; positive relationships or non existing relationships were also found, and they varied between
sites and between different mineral nutrients. Thus, other processes such as a facilitative mineral acquisition may
explain the higher mineral nutrient concentrations in intercropped treatments. Results from earlier investigations
have shown that concentrations of Zn, Mn and Cu in stalk and grain of maize may increase by intercropping, but
also that the amount of applied P may influence the effect (Xia et al. 2013). The total yield of mineral nutrients of
the intercrop treatment was never significantly lower than any of the other treatments (Tables 7 and 8). Hence,
even though the total yield of biomass in the intercrop might be smaller than for example in MM, the nutrient
yield was not reduced. Furthermore, the LER demonstrated that intercropping maize and faba bean increases the
uptake of mineral nutrients compared with cultivating the two crops separately (Table 9). Thereby, the present
results were in accordance with hypothesis i), i.e. that intercropping increases concentrations and total uptake of
mineral nutrients in plant shoots per land area. The facilitative acquisition of mineral nutrients in intercropping
systems might be due to alteration of the release of acid phosphatases and organic acids from the roots, which
is affected by intercropping and also by soil nutrient status (Li et al. 20044, Li et al. 2007, Hinsinger et al. 2011).
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Acid phosphatases may play an important role in the improvement of P acquisition under P deficient conditions
according to Yadav and Tarafdar (2001). They also found that the amount of acid phosphatases secreted by leg-
umes was 70% greater than by cereals. In the present investigation, the P availability was sufficient showing P
shoot concentrations of 0.46 % of DM in faba bean and 0.27 % of DM in maize, and intercropping did not result
in an increased acquisition. Previous studies, reported P shoot concentrations of 0.21-0.24 % of DM in faba bean
and 0.13-0.15 % of DM in maize (Li et al. 2003, Li et al. 2010), which were much lower than in the present study
indicating that the amount of available P was sufficient. Thus, the beneficial effect of increased nutrient aquisi-
tion by various plant function traits was not found in the present study for P. The effect of intercropping on shoot
concentrations of mineral nutrients varies between different field sites with varying soil properties, which is in
accordance with the results of the present investigation (Li et al. 20044, Li et al. 2007).

The total uptake of mineral nutrients per land area was greater in the intercropping system than in the monocropped
systems for most of the minerals although there were some differences between the various field sites (Table 8).
At HG, the low total nutrient LER (< 1) for P, Ca and Mn was mainly due to the low yield of faba bean (Stoltz and
Nadeau 2014). The mineral shoot concentrations of maize and faba beans were, in general, either unaffected or
increased by intercropping. In maize, concentrations of P, Ca and Mn at HG and concentrations of N, S and Mo at
BH decreased by intercropping. No reduction in mineral concentrations was found in faba bean. Plant species may
not always gain the benefits of increased nutrient acquisition when intercropped. Earlier investigations show that
the total uptake of N and P increased in wheat, when intercropped with soybean or maize, whereas the opposite
was found in the soybean and in the maize plants (Li et al. 2001). Furthermore, the N capture was increased in
faba bean when intercropped with maize compared with monocropped faba bean, while decreases in N capture
were found in barley and wheat when intercropped with maize (Li et al. 2011), showing that plant species differ
in their functional traits. Thus, maize and faba beans are, under most conditions, favoured by intercropping and
the functional divergence effect contribute to an increased nutrient use efficiency of the arable land and the pro-
duction of crops with higher contents of mineral nutrient essential for livestock.

In maize and faba bean produced for forage, an increase of mineral concentrations may contribute to a higher
quality of feed and is vital for animal performance (McDowell 1996). Synthetic minerals are generally added in
the diets but the organic minerals in forage are absorbed more efficiently by the animals than the synthetic forms
(McDowell 1996). A ration containing maize silage needs more supplementation of synthetic minerals than a diet
containing the maize/faba bean silage as the mineral concentrations were lower in the maize than in the faba
bean demonstrating the ecological complementary effects of intercropping (NRC 2001).

Intercropping and leaf spots in faba beans

The severity of leaf spots in faba beans was reduced in intercropped plants in accordance with hypothesis ii) (Fig.
1). Reduced leaf spots may be due to the difference in physical plant traits altering the crop stand structure with
a reduced host biomass and an altered microclimate that may prevent the spread of the disease (Harrison 1980,
Fernandez-Aparicio et al. 2011). Also, plant functional traits such as ability of decomposition of plant material
may be more efficient in multispecies systems reducing the possibility of pathogen survival and also increasing
the nutrient acquisition (Faucon et al. 2015). Other factors that influence the severity of chocolate spot are pre-
cipitation, time of sowing, and presence of weed that increase the humidity in the crop stand (Sahile et al. 20083,
2008b). The severity of leaf spot DSI varied between sites, depending on local climate and cropping intensity. In
this study plants with Cu shoot concentrations of 11-12 mg kg? generally had lower disease severity index (DSI)
than shoots with a Cu concentration of 7-9 mg kg (Fig. 2). Copper is a mineral that affect crop diseases, and can
reduce the severity of e.g. leaf spots in lettuce and pea and leaf rust in wheat (Evans et al. 2007).

Intercropping faba bean and maize combine functional plant traits that seem to improve the acquisition of Cu in
faba bean, when the availability was low. Even though the Cu concentration was not significantly affected by inter-
cropping (Table 3), the increase in Cu acquisition tended to be greater when the Cu concentrations were generally
lower, i.e. at BH, while intercropping reduced Cu concentration slightly at NL, with generally higher Cu concentra-
tions. At sites with low levels of plant available Cu, intercropping faba bean is likely to increase Cu acquisition there-
by affecting plant resistance (Datnoff et al. 2007). Thus the functional traits differ between various soil conditions.
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Conclusion

We have shown that intercropping maize and faba bean for forage in organic production systems can increase nu-
trient use efficiency and generate a quality feed with higher mineral concentrations, thus increasing the ecosys-
tem services. The severity of leaf spots was decreased by intercropping, probably due to a slightly increased Cu
acquisition that can strengthen the plant, and to altered crop structure. Intercropping maize and faba bean can
thereby, contribute to increased production efficiency and to sustainable agricultural systems.
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