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Abstract 
Various studies highlight the advantages of intercropping, including the improvement of plant growth, stabilization 
of yield and reduction of economic and environmental risks common in monoculture systems. The research was 
carried out over two cropping seasons with different N fertilisation levels to compare winter wheat (Triticum 
aestivum L.) cultivar ‘Wafia’ and faba bean (Vicia faba L.) cultivar ‘Alfia’ cultivated as sole crops or intercropped. 
The aim of the current study was to evaluate intercrop efficiency using indices such as the land equivalent ratio 
(LER) and the interspecific (IE) and intraspecific (IA) interaction indices, and to verify whether the wheat and faba 
bean intercropping improves grain yield, biochemical properties and macronutrient uptake of two cultivars in the 
systems with low levels of nitrogen (N) inputs. 
The research results showed that without N input the LER > 1 indicates the most efficient use of environmental 
resources by intercropping. Without fertilisation, in the 2nd experiment, the IE of soft wheat was equal to 1 indicating 
that the presence of legume in the intercropping did not affect wheat plant productivity compared to sole crops in 
half density. However, in the 1st experiment, the presence of the legume was associated with a greater facilitation 
effect on wheat intercrop (IE > 1) inducing an increase in yield compared to half density. For both experiments, 
IA of wheat was less than 1 revealing that the wheat yield in half density was higher than that in sole crops in 
full density. Eventually, the intercrops for both experiments without any N fertiliser increased the protein, sugar, 
chlorophyll content and nitrate reductase activity of both intercropped species compared to the untreated and 
treated sole crops. Likewise, the uptake of macronutrients P and K was increased in faba bean intercropped in 
the 1st and 2nd experiment, respectively, when these elements were less available in the soil. However, Ca content 
did not show any significant effect. This allows us to conclude that intercropping of soft wheat and faba bean is a 
relevant way to reduce chemical inputs. 

Key words: interspecific and intraspecific interaction, intercropping, land equivalent ratio, Triticum aestivum, Vicia 
faba, nitrogen fertilisation. 

Introduction 
To meet the challenge of food security, 

agricultural production must increase on the existing 
land; therefore, crop production must be intensified per 
unit of agriculture land. Therefore, mineral nutrients 
are the major contributor to enhancing crop production 
thus promoting economic development. Nowadays, 
the massive use of nitrogen (N), phosphorus (P) 
and potassium (K) fertilisers has made it possible to 
significantly increase world cereal production. However, 
this rise of production was associated with an increase in 
the consumption of chemical inputs reflecting a decrease 
in the efficiency of nutrient use by crops, significant 
pollution of groundwater and surface water (Zhang et al., 
2015), and the degradation of soil quality (decrease in 
organic matter content, alteration of physico-chemical 
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properties) leading to a decrease in soil fertility and the 
triggering of erosion processes (Obalum et al., 2017). 

Currently, an environmental awareness is taking 
place at the societal and political level raising the question 
of the innovative management methods and the design of 
alternative cropping systems. Thus, the objective now is 
to orient farming systems towards more environmentally 
friendly practices, while maintaining a sufficient level 
of economic profitability and ensuring sufficient and 
quality agricultural production (Lithourgidis et al., 
2011). These alternatives include the use of integrated 
soil fertility management practices, which is part of 
sustainable organic agriculture through the introduction 
of intercropping systems. The latter can be defined as 
the simultaneous cultivation of two or more species on 
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the same area for a significant period of their growth but 
without necessarily sown and harvested at the same time 
(Li et al., 2013). 

It is supposed that the intercropped species 
can improve the acquisition of a resource (water, light 
and nutrients) through two general mechanisms: the 
differentiation of the acquisition of the resource and the 
increase of its availability following the modification of 
the environment by the intercropped species (Shen et al., 
2013; Ehrmann, Ritz, 2014; Li et al., 2014). The potential 
benefits of intercropping compared to monospecific 
crops would be more interesting in the cases, where 
the availability of resources is low and would make 
intercropping efficient low-input systems. 

These combinations, particularly cereal-legume 
intercrops, were established in the cultural traditions of 
many tropical and subtropical regions. As a result, several 
studies report the advantage of legume-cereal intercrops 
on yield stability (Rusinamhodzi et al., 2012; Smith 
et al., 2013), improving the efficiency of soil resource 
use compared to monoculture through complementarity, 
facilitation and competition between intercropped species 
(Devau et al., 2011; Latati et al., 2013), and the efficiency 
of interception and use of light energy using different 
aerial and life cycle architectures of the two crops (Shili-
Touzi et al., 2010). 

In addition, the intercropping system showed a 
significant and almost systematic improvement of cereal 
protein content, a reduction of attacks of cereal diseases 
and pests such as aphids and pea leaf weevils, which 
legumes are susceptible to, and also a reduction of weed 
incidence compared to sole crops (Fernández-Aparicio 
et al., 2011; Jamshidi et al., 2013). Moreover, such 
combinations make it possible to mobilize by legumes 
atmospheric nitrogen (N) inaccessible to cereals, which in 
turn benefit from a greater share of the N supplied by the 
soil, i.e., they also have the advantage over sole legume 
crops by limiting the risk of nitrate (NO3−) leaching to the 
groundwater, thus providing better soil protection against 
erosion (Fustec et al., 2010; Gbakatchetche et al., 2010). In 
fact, the legume-cereal intercropping has made it possible 
to increase P levels in the rhizosphere, particularly in P-
deficient soils (Betencourt et al., 2012). This is due to 
facilitation mechanisms provided by legumes, which 
are responsible for the high bioavailability of inorganic 

P resulting from acidification of the rhizosphere during 
molecular nitrogen (N2) fixation by legumes. 

Thus, the deficiency of Moroccan soils in 
minerals essential to crop growth leads to the need for 
frequent application of chemical fertilisers, but their 
regular use has become costly and environmentally 
disadvantageous resulting in degradation of soil quality, 
pollution of groundwater by nitrates and non-rational 
phytosanitary treatments. This led to emphasizing the 
need to develop cultural practices involving a diversity of 
crops in order to sustainably maintain crop productivity. 

The objectives of the present study were: (1) 
to evaluate the agronomic performance: yield, land 
equivalent ratio (LER), interspecific (IE) and intraspecific 
(IA) interaction indices, of wheat and faba bean intercrop; 
(2) to examine the effect of wheat and faba bean intercrop 
on biochemical and macronutrient uptake in low levels of 
N fertiliser. 

Materials and methods 
Cropping systems and experimental design. The 

field experiments were carried out over two cropping 
seasons in the same region but in different soils in 2017–
2018 (1st experiment) and 2018–2019 (2nd experiment). 
The 1st experiment was located in the Saada Station of 
National Institute of Agronomic Research (INRA), 
about 7 km to the south of Marrakesh, Morocco; 
the 2nd experiment was located in the Experimental 
Station (31°37′46.7″ N; 8°09′23.4″ E) of the INRA in 
Marrakesh, Morocco. 

The soils are classified as Endocalcari 
Endogleyic Cambisol Fluvisol according to WRB (2014). 
Before the field experiment, the soil chemical properties 
in 0–30 cm layer were analysed (Table 1). Soil texture 
was determined by Robinson’s method (Baize, 2018); 
soil organic carbon (SOC) and soil organic matter (SOM) 
were determined according to Aubert (1978); total 
nitrogen (Ntot) – by the Kjeldhal method (ISO 11261:1995. 
Soil quality - Determination of total nitrogen - Modified 
Kjeldahl method); available phosphorus (P2O5) content 
was measured by the method of Olsen and Sommers 
(1982); available (K2O) was determined according to 
Gueguen and Rombauts (1961). 

During the 1st and 2nd experiments, the dry 
Table 1. Chemical characteristics of soils during the two growing seasons (2017–2018 and 2018–2019) 

Treatment Depth 
cm Texture pH SOC

%
SOM

%
Ntot%

P2O5mg kg-1
K2Omg kg-1

1st experiment 0–30 clay-loam 8.7 0.95 1.64 0.15 20 220
2nd experiment 0–30 clay-loam 8.5 0.77 1.34 0.11 14 850

season was from May to October. The annual average 
rainfall was 232 mm (1st experiment) and 100 mm (2nd 
experiment). The average air temperature was 20°C and 
18.7°C in autumn, 11.6°C and 15.3°C in winter, 19.2°C 
and 22.8°C in spring and 26.5°C and 27.8°C in summer, 
respectively (Figure 1). 

The field experiments (1st and 2nd) were carried 
out with wheat (W) (Triticum aestivum L.) cultivar ‘Wafia’ 
and faba bean (F) (Vicia faba L.) cultivar ‘Alfia’. They 
were grown as sole crops (SC) in full density, half density 
sole crops (SC/2) and as intercrops (IC). Three nitrogen (N) 
treatments: N0 – 0 kg ha-1 N, N1 – 50 kg ha-1 N and N2 – 100 
kg ha-1 N, were evaluated on IC, wheat SC and SC/2, while 
faba bean SC and SC/2 were grown without N application. 
It was effectively hypothesized that N is not a limiting 
resource for legumes because of their ability to increase 
the symbiotic N fixation from the air to meet their needs; 
SC and SC/2 were considered as controls. No herbicides or 
fungicides were applied; the weeding was done manually. 
The soil plots undergoing the two experiments have never 
been before cultivated or treated by chemical fertilisers 
or organic manures. The experimental design was a 
randomized complete block with three replicates. 

Within each block, the treatments N0F-SC, N0F-
SC/2, N0W-SC, N0W-SC/2, N0IC, N1W-SC, N1W-SC/2, 
N1IC, N2W-SC, N2W-SC/2 and N2IC were subdivided 
randomly and separated by plot buffers: (1) N0F-SC, 
N1F-SC, N2F-SC: faba bean sole crops in full density at 
0, 50 and 100 kg ha-1 N, respectively; (2) N0F-SC/2, N1F-
SC/2, N2F-SC/2: faba bean sole crops half density at 0, 
50 and 100 kg ha-1 N, respectively; (3) N1W-SC, N1W-

Figure 1. Precipitation and average air temperature 
during 2017–2018 and 2018–2019 seasons (data of the 
Marrakesh Meteorological Station)

SC, N2W-SC: wheat sole crops in full density at 0, 50 and 
100 kg ha-1 N, respectively; (4) N0W-SC/2, N1W-SC/2, 
N2W-SC/2: wheat sole crops half density at 0, 50 and 100 
kg ha-1 N, respectively; and (5) N0IC, N1IC, N2IC: faba 
bean and wheat intercrops at 0, 50 and 100 kg ha-1 N, 
respectively. 

The dimensions of each elementary plot were 
1.60 × 1.20 m. The seedlings were planted manually in 
January for both experiments and crops, 8 rows of wheat 
and 6 rows of faba bean (inter-rows 20 cm) for full density 
SC, whereas 4 rows of wheat and 3 rows of faba bean for 
IC (inter-rows 20 cm) and SC/2 (inter-rows 40 cm). The 
harvesting of the whole plots was done manually in July 
for wheat and in May for faba bean for both experiments. 
The seeding density was 320 plants per m2 for soft wheat 
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as a SC, 40 plants per m2 for faba bean as a SC, and 160 
per m2 plants for soft wheat as SC/2 and 20 plants per m2 
for faba bean as SC/2 and IC. At the seed maturity stage, 
the grain yield was evaluated by counting the number of 
wheat spikes and bean pods per m2, number of grains per 
spike or pod and thousand grain weight. For statistical 
analysis, these measurements were recorded on a plot 
basis and were converted to hectare. The root and shoot 
dry weight (DW) was determined in April after drying at 
70°C temperature for 48 h. 

Competitive relationship and yield advantage. 
Land equivalent ratio (LER) is defined as the relative 
area of sole crops (SC) necessary to produce the yield or 
the biomass of intercrops (IC) (Bedoussac, Justes, 2011) 
and is calculated as follows: 

LERwheat = (Ywheat IC / Ywheat SC), LERfaba = (Yfaba IC / 
Yfaba SC), LER = Lwheat + Lfaba. 

LER values >1 indicate an advantage from 
IC in terms of the use of environmental resources for 
plant growth: when LER < 1, resources are used more 
efficiently by SC than by IC, when LER = 1, indicate that 
grain yield in intercropping equals the grain yield in SC. 

Interspecific interaction (IE) yield index evaluates 
the effect of a cultivar composing intercrops (IC) on the 
second cultivar of IC by comparing the yield obtained by 
this second component in IC and in half-density sole crops 
(SC/2) (Bedoussac, Justes, 2011) as follows: 

IE = Ywheat IC / Ywheat SC/2, 
when IE = 1, there is no interspecific competition, 

i.e., the intercrop faba bean row did not affect the intercrop 
wheat yield; when IE < 1, the intercrop wheat yield is 
reduced by interspecific competition. On the other hand, 
when IE > 1, the intercrop wheat yield is significantly 
higher than that of wheat sole crop due to the presence of 
an intercrop faba bean – this is called facilitation. 

Intraspecific interaction (IA) yield index evaluates 
the effect of a cultivar on itself in sole crop (SC) stand at full 
density by comparing the yield obtained in SC with double 
that in SC/2 (Bedoussac, Justes, 2011) as follows: 

IA = Ywheat SC / 2 × Ywheat SC/2, 
when IA = 1, intraspecific competition is nil, 

which means that adding a row of wheat to a SC with 
double-spaced rows did not affect the yield of the wheat 
rows; when IA < 1, the yield of single-spaced wheat rows 
is reduced by IA competition. On the other hand, when 
IA > 1, the yield of single-spaced wheat rows is increased 
by IA interaction (facilitation). 

Biochemical and mineral analyses. The plants of 
both crops were sampled randomly at the full flowering 
stage of the faba bean and heading stage of wheat in 
the 1st and 2nd experiments (April) as a rate of three 
replicates per treatment. As for the biochemical analysis, 
50 mg of the fresh plants of each sample were used. 
The soluble leaf proteins were determined by an assay 
with Coomassie blue according to the Bradford (1976) 
method, total sugars were determined by ethanol method 
(Dubois et al., 1956), total leaf chlorophyll content was 
determined by acetone method (Arnon, 1949), and nitrate 
reductase activity (NRA) was measured as described by 
Heuer and Plaut (1978). For nutrient content, the plants 
were dried, crushed and mineralized. The content of 
macronutrients potassium (K) and calcium (Ca) was 
determined by atomic absorption spectrophotometry 
(Gaines, Mitchell, 1979), phosphorus (P) content was 
determined by colorimetry (Olsen, Watanabe, 1957). 

Statistical analysis. The data were processed 
using a two-factor analysis of variance (ANOVA) with the 
statistical software package SPSS, version 20.0 (IBM Inc.) 
for each year, considering N treatments as the main factor, 
crops as a sub-factor and interaction between N treatments 
and crops. The differences between treatments were 
determined using Tukey’s honestly significant difference 
(HSD) test. Means with different letters are significantly 
different at p < 0.05. Six plants per treatment were used 
as repetition and grouped as three replicates. In order to 
compare the means of LER, IE and IA with 1 and partial 
LER values with 0.5, LER values and partial LER values, 
IE and IA values were calculated from replicates assuming 
normal distribution according to Sheskin (2004). 

Results 
Competitive relationships and yield advantages. 

In the 1st experiment, as compared with sole crops (SC), 
intercrops (IC) increased wheat grain yield of but not 
significantly (Table 2). However, in the 2nd experiment, 
the intercrops decreased wheat grain yield of at all N 
treatments compared to SC. The highest decrease was 
at 0 kg ha-1 N, when reductions were 30.4% for SC 
and 8.2% for SC/2 in the 2nd experiment. Moreover, IC 
significantly decreased faba bean grain yield in all N 
treatments as compared to SC in both experiments; also, 
it showed at 50 and 100 kg ha-1 N a significant decrease 
compared to 0 kg ha-1 N. While N significantly increased 
wheat grain yield, the highest increases were obtained at 
100 kg ha-1 N: 115.4, 104.6 and 127.6 % for SC, SC/2 and 
IC, respectively, compared to the 0 kg ha-1 N in the 2nd 
experiment. In the 1st experiment, no significant difference 
was found between N treatments in wheat grain yield for 
SC, SC/2 and IC, while in the 2nd experiment, wheat grain 
yield was higher at 100 kg ha-1 N compared to 50 and 0 
kg ha-1 N for SC, SC/2 and IC. For both experiments, 
grain yield of intercropped faba bean was significantly 
reduced with N fertilisation compared to SC. 

The insertion of wheat in IC the shoot biomass 
of faba bean significantly reduced by 36.38% (1st 
experiment) and 65.64% (2nd experiment) compared to 
SC in the absence of N fertiliser (Table 3). During the 
2nd experiment, the root biomass of faba bean decreased 
significantly; otherwise, there was no significant 
change in the 1st experiment. In parallel, without N 
fertiliser the intercropped wheat shoot biomass showed 
a significant increase in the order of 59%, 22.7% 
compared to SC and 28.9%, 54.7% compared to SC/2 
in the 1st and 2nd experiments, respectively. On the other 
hand, intercropped wheat increased root biomass under 
N treatment compared to the SC in the 1st experiment. 
However, in the 2nd experiment, the root biomass did not 
show any significant change (except for 50 kg ha-1 N in 
IC) compared to SC and SC/2. 

The overall land equivalent ratio (LER) values 
calculated from the yield were greater than 1 for both 
experimental years and for all N treatments. Indeed, LER 
values were above the diagonal line corresponding to LER = 
1 (except for 50 kg ha-1 N in the 2nd experiment) indicating a 
better valorisation of the resources by intercrops compared to 
SC (Figure 2). The LER of the wheat and faba bean intercrop 
was significantly positively correlated with N fertilisation. 
In the 1st experiment, the LER values were 1.94, 1.88 and 
2.17 for 0, 50 and 100 kg ha-1 N, respectively, and in the 
2nd experiment – 1.19, 1.20 and 1.67, for 0, 50 and 100 kg 
ha-1 N, respectively. In both experiments, partial LER values 
for wheat were significantly greater than 0.5 (p < 0.001); 
however, partial LER values for faba bean were less than 0.5. 
Therefore, it can be concluded that the two experiments led 
to a situation, in which wheat reduced the legume production 
(LER faba bean <0.5 and LER wheat >0.5) corresponding to 
a better growth of wheat plants in IC than in SC, while the 
growth of legumes was reduced. 

In the absence of N fertiliser, the wheat IE value 
was close to 1 in the 2nd experiment (0.92) indicating 
that the presence of legume in IC did not affect wheat 
productivity compared to SC/2 and suggesting that faba 
bean competition was almost nil. When the N fertiliser was 
applied, in the 2nd experiment, the IE value was increased 
to 0.94 and 1.02 for 50 and 100 kg ha-1 N, respectively. 
Similarly, in the 1st experiment, the presence of the legume 
was associated with a greater facilitation effect on wheat 
IC, inducing an increase in yield compared to SC/2 as 
indicated by the high IE values: 1.47 at 0 kg ha-1 N, 1.65 
at 50 kg ha-1 N and 1.57 at 100 kg ha-1 N (Figure 3). 

For both experiments, wheat IA values were 
less than 1: 0.49 for the 1st experiment and 0.66 for the 2nd 
experiment, revealing that the wheat yield in SC was higher 
than that in SC/2 due to the lower density and the ability of 
the wheat to compensate for it by producing more tillers (11 
tillers per shoot on average) (results not presented). Also, 
the wheat IE values was higher than the IA values for both 
experiments indicating that IA competition was stronger than 
IE one. This shows that in our experiment one row of wheat 
reduced wheat yield more than one row of faba bean. Indeed, 
in the absence of N fertiliser, the IE and IA values were lower 
than those of 50 and 100 kg ha-1 N for both experiments. This 
indicates that IE and IA competition were greatest without N 
fertiliser (Figure 3). 
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Table 2. Grain yield of the sole crops (SC), half density sole crops (SC/2) and intercrops (IC) of wheat and faba bean 
under three nitrogen (N) treatments 

Cropping 
system

N fertiliser 
kg ha-1

1st experiment 2nd experiment 
grain yield t ha-1

faba bean wheat faba bean wheat
SC

0 6.43 ± 1.17 ab 3.29 ± 0.08 cde 4.05 ± 0.16 cd 4.01 ± 0.52 cd
50 – 5.17 ± 2.26 abc – 7.28 ± 0.80 b
100 – 7.53 ± 2.15 a – 8.64 ± 0.97 a

SC/2
0 5.71 ± 1.52 abc 3.37 ± 0.68 cde 1.4f  ± 0.11 g 3.04 ± 0.38 de
50 – 3.31 ± 0.98 cde – 4.72 ± 0.76 c
100 – 4.19 ± 0.47 bcd – 6.22 ± 0.34 b

IC
0 2.78 ± 0.10 cde 4.97 ± 0.39 abc 2.00 ± 0.18 ef 2.79 ± 0.23 e
50 1.42 ± 0.40 de 5.45 ± 0.67 abc 0.39 ± 0.12 g 4.44 ± 0.59 c
100 1.10 ± 0.32 e 6.57 ± 0.63 ab 0.34 ± 0.09 g 6.35 ± 0.32 b

Note. Values are the mean of three replicates ± standard errors; values in the same column followed by different letters are significant 
at p < 0.05. 

Table 3. Shoot and root dry weight of the sole crops (SC), half density sole crops (SC/2) and intercrops (IC) of wheat 
and faba bean under three nitrogen (N) treatments 

1st experiment 
Cropping 
system

N fertiliser 
kg ha-1

Shoot dry weight, g plant-1 Root dry weight, g plant-1

faba bean wheat faba bean wheat

SC
0 127.1 ± 9.04 cde 106.95 ± 3.51 efg 13.51 ± 0.14 bcde 12.66 ± 1.30 cde
50 – 152.70 ± 2.21 abc – 12.62 ± 0.06 cde
100 – 135.10 ± 11.18 cde – 14.34 ± 0.04 bcd

SC/2
0 139.05 ± 6.20 bcd 131.92 ± 8.02 cde 14.75 ± 0.55 abc 13.07 ± 0.41 bcde
50 – 155.14 ± 5.71 abc – 9.50 ± 0.28 f
100 – 109.85 ± 5.03 def – 11.74 ± 0.38 def

IC
0 80.85 ± 5.28 fgh 170.10 ± 5.67 ab 14.54 ± 0.37 abc 14.63 ± 0.65 bc
50 69.43 ± 1.87 h 171.74 ± 7.58 a 11.04 ± 0.82 ef 15.77 ± 0.24 b
100 76.92 ± 6.48 gh 176.27 ± 6.46 a 14.80 ± 0.43 abc 17.26 ± 0.93 a

2nd experiment
Cropping 
system

N fertiliser 
kg ha-1

Shoot dry weight, g plant-1 Root dry weight, g plant-1

faba bean wheat faba bean wheat

SC
0 37.87 ± 1.82 b 26.25 ± 0.5 de 6.40 ± 0.34 bc 7.00 ± 0.29 b
50 – 28.58 ± 1.40 cd – 6.96 ± 0.29 b
100 – 22.12 ± 0.11 f – 3.56 ± 0.02 d

SC/2
0 23.94 ± 1.68 ef 20.82 ± 0.74 f 6.52 ± 0.64 bc 6.37 ± 0.92 bc
50 – 27.30 ± 0.20 de – 7.36 ± 0.75 b
100 – 41.57 ± 1.75 b – 10.52 ± 0.80 a

IC
0 13.01 ± 1.08 g 32.22 ± 0.27 c 3.11 ± 0.30 d 7.16 ± 0.13 b
50 11.37 ± 0.65 g 53.82 ± 0.41 a 2.37 ± 0.25 d 11.02 ± 0.37 a
100 20.72 ± 0.69 f 31.54 ± 1.47 c 5.20 ± 0.36 c 7.37 ± 0.42 b

Note. Values are the mean of three replicates ± standard errors; values in the same column followed by different letters are significant 
at p < 0.05. 

Note. Values represent the mean of three replicates. 

Figure 2. Partial land equivalent ratio (LER) of faba bean 
as a function of the partial LER of wheat calculated from 
grain yield for three nitrogen (N) treatments 

Note. Values represent the mean of three replicates. 

Figure 3. Wheat interspecific interaction (IE) index as 
a function of wheat intraspecific interaction (IA) index 
calculated from grain yield for three nitrogen (N) treatments

Note. Sole crops (SC) of faba bean (F): F-SC/2 – half density, F-SC – full density, F-IC – intercropped; wheat (W): W-SC/2 – half 
density, W-SC – full density, W-IC – intercropped; FW – fresh wight; values are the mean of three replicates; bars denote standard 
error; the different letters are significant at p < 0.05. 

Figure 4. Leaf protein content under three nitrogen (N) treatments of wheat and faba bean as sole crops and intercrops 

Biochemical analysis. According to the results 
presented in Figure 4, the wheat IC without N fertiliser 
significantly increased the protein content by 75.1% 
and 76.7% compared to N0W-SC/2 in the 1st and 2nd 
experiments, respectively. However, the addition of N on 

IC revealed no significant effect. Similarly, faba bean IC 
with no fertiliser very significantly (p < 0.001) increased 
the protein content compared to SC. In fact, these 
increases were around 274.4% and 226% for the 1st and 2nd 
experiments, respectively, compared to F-SC/2. It was noted 
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An increase of the chlorophyll content in the 
leaves was recorded in wheat and faba bean IC in the 
absence of N fertiliser (Figure 7). The pronounced effect 
of chlorophyll content was recorded in the wheat IC with 
an increase of 39.1% and 156% compared to 0 kg ha-1 N 
W-SC/2 and W-SC, respectively, in the 1st experiment, 
and with an increase of 14.7% and 25.8% compared to 
0 kg ha-1 N W-SC/2 and W-SC, respectively, in the 2nd 
experiment. Indeed, the chlorophyll content 0 kg ha-1 N 
W-IC increased by 276% and 40% compared to 50 kg ha-1 

N W-SC in the 1st and 2nd experiments, respectively, and by 
156% and 34.5% compared to 100 kg ha-1 N W-SC in the 
1st and 2nd experiments, respectively. On the other hand, 
IC significantly increased the chlorophyll content for faba 
bean by 40% and 75% compared to the sole crops of F-
SC/2 and F-SC, respectively, in the 1st experiment, and by 
30% compared to 0 kg ha-1 N F-SC in the 2nd experiment. 
However, the N treatment significantly decreased the 
chlorophyll content in SC and IC of both crops. 

Explanations under Figure 4 

Figure 7. Leaf chlorophyll content under three nitrogen (N) treatments of wheat and faba bean as sole crops (SC) and 
intercrops (IC) 

Mineral analysis. In terms of shoot P content, in 
the 2nd experiment, a significant increase (85% and 77% 
compared to F-SC and F-SC/2, respectively) was observed 
in faba bean IC without N fertiliser (Figure 8). Conversely, 
in 1st experiment, growing faba bean IC showed a 
significantly lower shoot P content compared to SC 
(Figure 8). During the 1st and 2nd experiments, intercropped 
wheat without N fertiliser showed an increase in P content 
compared to SC and SC/2, but not significant. 

The status of mineral nutrient K of the plants 
was enhanced by IC with better improvement recorded in 
the absence of N fertiliser with 35% and 94% for wheat 

and 105% and 27.4% for faba bean compared to SC/2 
in the 1st and 2nd experiments, respectively (Figure 9). 
Moreover, unfertilised wheat IC had a higher K content 
comparable to the SC fertilised for both experiments. 
In the 0 kg ha-1 N treatment, faba bean IC induced a 
significant accumulation of K. By contrast, the addition 
of N reduced the accumulation of this element. 

In the absence of N fertiliser, Ca content was 
not showed any significant increase in most intercropped 
plants compared with the SC for both experiments. Indeed, 
the treatment also did not affect this element (Figure 10). 

that N fertiliser significantly increased the protein content in 
SC and SC/2 for both experiments. However, its application 
in IC reduced this element in both crops and experiments. It 
is interesting to note that the gain of protein obtained with 
organic N intake in sole crops was similar or less than that 
obtained in IC without N application. 

In the absence of N fertiliser, the variations of 
nitrate reductase activity (NRA) of IC were all positive 
compared to SC (Figure 5). The IC induced the most 
significant increase in the activity of this enzyme. Indeed, 
these increases were in the order of 28.6% and 32.7% 
for wheat and 70.6% and 52.8% for faba bean compared 
to the SC/2 in the 1st and 2nd experiments, respectively. 
In contrast, the 50 and 100 kg ha-1 N application slowed 

the enzymatic activity and consequently resulted in the 
reduction in N fixation. 

Figure 6 shows that sugar content increased 
significantly for both experiments in IC compared to SC. 
Without N fertiliser this increase was 155% and 24.7% for 
wheat IC and 36% and 91% for faba bean IC compared 
to SC/2 in the 1st and 2nd experiments, respectively. 
Moreover, in the 1st experiment, at 0 kg ha-1 N wheat IC 
sugar content increased by 52.8% and 198% compared 
to 50 kg ha-1 N W-SC/2 and 100 kg ha-1 N W-SC/2, 
respectively; in the 2nd experiment, an increase was 42% 
and 28% compared to 50 kg ha-1 N W-SC/2 and 100 kg 
ha-1 N W-SC/2, respectively. However, in the presence of 
N fertiliser, the IC did not show any interesting increases 
compared to the non-fertilised IC. 

Explanations under Figure 4 

Figure 5. Leaf nitrate reductase activity (NRA) under three nitrogen (N) treatments of wheat and faba bean as sole 
crops and intercrops 

Explanations under Figure 4 

Figure 6. Leaf sugar content under three nitrogen (N) treatments of wheat and faba bean as sole crops and intercrops 
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Explanations under Figure 4 

Figure 8. Phosphorus (P) content in shoots under three nitrogen (N) treatments in wheat and faba bean as sole crops 
and intercrops 

Explanations under Figure 4 

Figure 9. Potassium (K) content in shoots under three nitrogen (N) treatments in wheat and faba bean as sole crops 
and intercrops

Explanations under Figure 4 

Figure 10. Calcium (Ca) content in shoots under three nitrogen (N) treatments in wheat and faba bean as sole crops 
and intercrops 

Discussion 
The research results showed that in the 2nd 

experiment, the grain yield of faba bean intercropped 
with wheat decreased by 50.6% and 91.6% without N 
fertiliser and with 100 kg ha-1 N, respectively. Similar to 
results of Fan et al. (2006), the grain yield of faba bean 
intercropped with wheat decreased by 41% without N 
application and by 23% at 120 kg ha-1 N, but not in a 
maize and faba bean intercrop. Moreover, the same study 
indicated that total biomass, grain yield and N acquisition 
increased significantly when faba bean was intercropped 
with maize, but the values decreased when faba bean 
was intercropped with wheat, regardless of N fertiliser 
application. This indicate that the legume could gain or 
lose productivity in an intercrop situation depending on 
the companion crop. In the same study, the competitive 
ratio of faba bean relative to maize in intercropping was 
consistently higher than that in the wheat and faba bean 
intercrop, irrespective of N supply indicating a positive 
IE interaction between intercropped species in the 
maize-faba bean intercrop and a negative IE interaction 
in the wheat and faba bean intercrop. The intercropping 
yield may reduce many factors: species intercropped, 
competition for light, water and nutrients or allelopathic 
effects between mixed crops (Kermah et al., 2018). 

By contrast, intercropped wheat had a positive 
and significant effect on total biomass and grain yield 
as evidenced by the higher LER over that found in sole 
cropping, which indicates better performance and resource 
use efficiency by intercropping. Several studies reported 
similar findings when growing maize and common bean 
(Nassary et al., 2019), rape and maize, rape and soybean, 
potato and maize, and soybean and potato intercropping 
(Dong et al., 2018). On the other hand, N fertilisation 
increased wheat LER. This is in accordance with the 
results obtained by Yu et al. (2015), who found that LER 
in intercropping increases with temporal complementarity 
between crop species and that this response to temporal 
complementarity is stronger at higher levels of N input. 

As has been pointed out by Bedoussac and Justes 
(2011), IE and IA yield indices are more informative than 

partial LER ones, since IE and IA allow distinguishing the 
responses of a species to IE and IA interactions that occur 
simultaneously in intercrops and identification of possible 
facilitating situations. In our experiment, IA and IE were 
always less than 1, except for IE in the 1st experiment, where 
there was a facilitating effect of faba bean on intercropped 
wheat (IE > 1), indicating that wheat yield was reduced by 
IE and IA competition relative to half density. Also, it was 
observed that IA competition was stronger than IE one (IA 
< IE). This shows that a row of wheat reduces wheat yield 
more than a row of faba bean. 

In field and over two experiments, the wheat 
and faba bean IC had a significant positive effect on the 
leaf protein content. The same results were obtained by 
Bedoussac et al. (2012) by testing different combinations 
of intercropping: durum wheat and faba bean, durum wheat 
and peas, triticale and peas, and triticale and chickpea. 

The research results showed that the IC tested 
improved protein content of cereals compared to the sole 
crops. This indicates that there is a positive relationship 
between wheat and legumes, modified by N fertilisation, 
density and cover structure, which will determine the 
performance of each species intercropped and thus 
improving or not the protein content of the cereal. Also, 
it may be explained by a high N fixation by legumes, 
which allows better N nutrition and better grain filling. 
Furthermore, the increased nitrate reductase activity 
(NRA) indicates that there was a N fixing activity in 
the IC wheat and faba bean, which was very important 
compared to monocropping, and when N fertiliser was 
added to the IC, this activity became slow. This high 
NRA in faba bean IC can be explained by the ability of 
legumes to fix atmospheric N and convert it into available 
N, allowing wheat to benefit from it (Tang et al., 2018). 

Nevertheless, in the presence of N fertiliser, 
enzymatic activity was slowed down due to the high 
availability of N forms that can be assimilated by the plant. 
The research results showed that the amount of N fixed 
by the legume in cereal-legume intercropping depended 
on several factors such as species, plant morphology, 
crop density and available N in the soil. Pelzer et al. 
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(2014) have explained the high atmospheric N fixation 
by the legume by the fact that the cereal rapidly depletes 
the mineral N available in the soil surface horizon. 

The significant increase in chlorophyll content 
in the intercropped species compared to SC was an 
indication of a good operation of the light energy and 
water, better assimilation of N and other minerals and, 
therefore, a better photosynthesis. Ahmad et al. (2013) 
also reported that garlic and pepper intercropping showed 
a significant positive effect on chlorophyll content. 

Analysing P content, in the 1st and 2nd experiments, 
IC increased this element in wheat compared to SC; 
however, this increase was not significant. Legumes could 
recover P from unavailable forms by secretion of organic 
acids that reduce the pH of the rhizosphere and release 
P from unavailable compounds. On the other hand, P 
facilitation between intercrop species might also be due 
to the differences in roots systems accessing different soil 
horizons and, hence, different forms of P (Stagnari et al., 
2017). In addition, Latati et al. (2016) found that during two 
growing seasons plant P content increased in intercropped 
maize but decreased in intercropped common bean under 
P-deficient soil. In other studies (Ekhlas et al., 2012; 
Głowacka, 2014), an increased K uptake in intercropping 
has been observed in comparison to sole crops. Similarly, 
a study by Fan et al. (2020) showed an increase in K and P 
content in maize and soybean intercropping. 

Also, intercropping affects other minerals such as 
Ca. This is consistent with another study (Li et al., 2004), 
which found that wheat and chickpeas intercropping did 
not affect Ca content in wheat but increased Ca content in 
chickpeas, or by Głowacka (2014), who reported that IC 
increased the content of magnesium (Mg) and Ca in maize. 
In fact, the accumulation of nutrients depends on the species 
mixed, the phenological stage, the dry matter production of 
shoots and the cultivation period (Partelli et al., 2011). 

Conclusions 
1. Under various nitrogen (N) availabilities 

of field cereal-legume intercrops (IC) in Morocco, the 
analysis of certain indices: land equivalent ratio (LER), 
interspecific (IE) and intraspecific (IA) interaction, 
allowed to evaluate the efficiency of soft wheat IC with 
faba bean under various N applications. The total LER for 
grain yield of wheat and faba bean IC was greater than 1, 
which indicated that resources were used more efficiently 
for grain yield production compared to sole crops (SC). 
Moreover, wheat was more sensitive to IA interactions 
than to IE interactions (IA < IE). In the 1st experiment, IE 
and IA competition was affected by N fertilisation. 

These results indicated that the effect of a wheat 
row on another wheat row and the effect of a faba bean 
row on a wheat row (IA competition) depended strongly 
on N availability. However, in the 2nd experiment, the IE 
and IA competition was not affected by N fertilisation, 
which indicated that the effect of a wheat row on another 
wheat row and the effect of a faba bean row on a wheat row 
were of a similar intensity whatever the N availability. 

2. In the 1st experiment, the wheat grain yield 
IC was similar to that of SC and higher than that of half 
density sole crops (SC/2) treatments without or with N 
fertiliser (0, 50 and 100 kg ha-1 N). Nevertheless, in the 
2nd experiment, this parameter was similar to that of SC/2 
and lower than that of SC in all N treatments. Wheat and 
faba bean IC without any N fertiliser had higher values 
of biochemical properties than SC without or with N 
inputs in both experiments. The mineral status (P and K 
content) showed a significant increase in the abscence 
of N fertiliser IC compared to SC with or without N 
fertiliser, except for intercropped faba bean (F-IC) in the 
1st experiment. However, calcium (Ca) content did not 
show any significant increase in both intercropped plants 
compared with the SC for both experiments. 

Based on the results of this study, intercropping 
can be used as an alternative way to N application, but 
repetition over the years and in different environmental 
conditions is necessary to validate the findings. 
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Kviečių ir pupų mišinio įtaka augalų konkurencinei sąveikai, 
grūdų derlingumui, biocheminiams rodikliams ir mineralų 
kiekiui lapuose 
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Santrauka 
Įvairių tyrimų rezultatai pabrėžia mišinių pasėlių privalumus, pavyzdžiui, augalų augimo gerinimą, derliaus 
stabilizavimą ir ekonominės bei aplinkosauginės rizikos, būdingos vienanarių pasėlių sistemoms, mažinimą. 
Siekiant palyginti veislės ‘Wafia’ žieminių kviečių ir veislės ‘Alfia’ paprastųjų pupų auginimą vienanariame pasėlyje 
arba mišinyje, eksperimentas vykdytas du vegetacijos sezonus tręšiant skirtingais kiekiais azoto trąšų. Tyrimo tikslas 
– įvertinti mišinių pasėlių efektyvumą pagal šiuos rodiklius: žemės ekvivalento santykį (LER) ir tarprūšinės (IE) 
bei vidurūšinės (IA) sąveikos indeksus, ir patikrinti, ar kviečių ir pupų mišinys pagerina abiejų veislių augalų grūdų 
derlingumą, biochemines savybes ir makroelementų pasisavinimą sistemose su mažomis azoto (N) sąnaudomis. 
Tyrimo rezultatai parodė, kad mišinių pasėliai gamtinius išteklius efektyviausiai naudojo netręšiant azoto trąšomis 
(LER > 1). Minkštuosius kviečius auginant be trąšų, 2-ajame eksperimente IE buvo lygus 1; tai rodo, kad pupinių 
augalų buvimas mišinyje neturėjo įtakos kviečių produktyvumui, palyginti su vienanariame pusiau tankiame pasėlyje 
augintais augalais. Tačiau 1-ajame eksperimente pupiniai augalai didesnę įtaką turėjo kviečių mišiniui (IE > 1) ir 
padidino jo derlingumą, palyginti su pusiau tankiu pasėliu. Abiejuose eksperimentuose kviečių IA buvo mažesnis nei 
1; tai rodo, kad esant pilnam tankumui kviečių derlingumas pusiau tankiame pasėlyje buvo didesnis nei vienanariame. 
Abiejuose eksperimentuose azoto trąšomis netręštas kviečių ir pupų mišinys padidino abiejų rūšių augalų baltymų, 
cukraus bei chlorofilo kiekį ir nitratų reduktazės aktyvumą, palyginti su netręštais ir tręštais vienanariais pasėliais. 
Makroelementų P ir K pasisavinimas padidėjo mišinio pupose 1-ajame ir 2-ajame eksperimentuose, kai šių elementų 
dirvožemyje buvo mažiau, tačiau kalcio (Ca) kiekiui reikšmingos įtakos nenustatyta. Tai leidžia daryti išvadą, kad 
minkštųjų kviečių ir pupų mišinys yra tinkamas būdas mažinti cheminių trąšų naudojimą. 

Reikšminiai žodžiai: mišinys, tarprūšinė ir vidurūšinė sąveika, tręšimas azotu, Triticum aestivum, Vicia faba, 
žemės ekvivalento santykis. 
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