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The effect of intercropping on stem anatomy of both supporting (Lupinus albus) and supported (Vicia narbonnensis
and V. sativa) annual forage legumes was investigated using stereological method. Intercropped plants showed mini-
mal differences in volume densities (Vv) of stem tissues and forage chemical composition compared to sole crops.
The proportions of lignin and NDF (Neutral Detergent Fiber) positively correlated with xylem Vv. The proportions
of ADF (Acid Detergent Fiber), cellulose and ash in intercropped plants were increased or decreased mostly by less
than 10% compared to those in pure stands. The Anatomical Equivalent Ratio (AER) defined as the ratio based on
anatomical quality-determining parameters, can assist in the evaluation of the benefits of specific intercropping
systems. Intercropping of the legume species studied in this work, especially L. albus with V. sativa, showed encour-
aging results from anatomical perspective since it would not cause a decline of forage quality.
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Introduction

In comparison to sole crop systems, intercropping has shown many advantages such as more efficient utiliza-
tion of natural resources, higher forage and grain yields, higher stress tolerance, or lower demand for
fertilizers and pesticides (Andersen et al. 2007). Legume species are often included in intercropping systems,
mostly due to their nitrogen fixing ability, that improves soil fertility, and high crude protein content in both
forage and grain dry matter leading to improved product quality (Hauggaard-Nielsen et al. 2011). There have
been numerous and thorough analyses of below- and aboveground aspects of traditional intercropping systems
such as those of grain legumes with cereals (Bedoussac and Justes 2010a, b), annual legumes with brassicas
(Cortés-Mora et al. 2010) and perennial forage legumes with grasses (Annicchiarico et al. 2014).

Recent studies recommended mutual intercropping of legume species; one suggests the use of an annual legume,
e.g. pea (Pisum sativum L.), in establishing perennial forage legume, most often red clover (Trifolium pratense L.),
alfalfa (Medicago sativa L.) and sainfoin (Onobrychis viciifolia Scop.). The annual both plays the role of a bioherbi-
cide at the early stages of growth and development of the perennials and contributes to the total forage yield and
quality of its first cut (Cupina et al. 2011). The other scheme suggests mutual intercropping of annual legumes,
where one component supports another resulting in decreased biotic stress, increased photosynthetic potential and
eventually higher forage and grain yields (Miki¢ et al. 2012). The forage production in such intercrops, where, for
instance faba bean (Vicia faba L.) or white lupin (Lupinus albus L.) support peas or common vetch (Vicia sativa L.),
usually results in high crude protein content in forage dry matter, better nitrogen dynamic in the agroecosystem,
and elimination of fertilizer and/or herbicide application. In this way, mutual legume intercropping proves not only
an economically reliable, but also a highly environment-friendly system of crop production (Mikic et al. 2013). Sup-
porting crops, such as grass pea (Lathyrus sativus L.), peas or vetches fight the weeds in supported crops, sown
usually at a wider space, while the supporting crops, such as white lupin or faba bean mechanically support the
former and thus contribute to preserving photosynthetically active leaves, increasing the leaf proportion to the
total forage dry matter yield and improve its quality. (Miki¢ et al. 2012).

Environmental factors, such as temperature, water deficit, solar radiation or soil nutrients, greatly influence forage
dry matter quality by inducing modifications in plant development, changing its chemical composition or altering
the leaf/stem ratio (Buxton 1996). Intercropping induces microenvironmental changes in plant growth conditions.
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The examination of different aspects of its effect on plant biology and biological response to such specific grow-
ing conditions is of a particular importance for predicting forage dry matter quality. Anatomical parameters are
among those that play a significant role in the determination of forage quality, mainly digestibility, thus should be
one of the main targets in the evaluation of intercropped forages (Krsti¢ et al. 2008).

The data on structural characteristics of intercropped legume species are currently limited. Previous anatomical
investigations of alfalfa established with pea showed no significant effect on alfalfa lamina anatomical character-
istics, photosynthetic tissue, proportion of different tissues or size of the cells (Zori¢ et al. 2012). Some heliomor-
phic lamina parameters were more prominent in sole crops and lower density stands. Soybeans (Glycine max (L.)
Merr.) intercropped with sorghum (Sorghum bicolor (L.) Moench.) exhibited slower morphological development,
and contained less forage dry matter. In addition, their stem digestibility was higher and neutral detergent fib-
er (NDF) concentration lower compared to sole stands. The leaf parameters did not differ significantly between
intercropped and sole crops of soybean (Redfearn et al. 1999).

Stem structure is an important determinant of legume forage digestibility (Jung and Engels 2002, Guines et al.
2003), which decreases with maturation mostly due to the increased concentration of indigestible cell walls and
lignin. Non-lignified stem tissues such as chlorenchyma, collenchyma, cambium, phloem and pith parenchyma,
remain completely degradable at all stages of stem development whilst lignified xylem, phloem fibers and xylem
fibers are less degradable or fully resistant to degradation (Moore and Jung 2001, Jung and Engels 2002). There-
fore, reduced proportion of lignified tissues could improve total digestibility of forage legumes. As xylem is the
most lignified legume stem tissue with the greatest contribution to the total amount of lignin, its proportion or
volume density should be carefully monitored and reduced during the attempts to improve forage quality (Guines
et al. 2003, Krsti¢ et al. 2008, Zori¢ et al. 2014). While NDF is used as an estimate of cell-wall concentration and
acid detergent fiber (ADF) serves as a predictor of forage digestible energy, both are negatively correlated with
digestibility (Buxton 1996). The reduction of alfalfa stem degradability is a result of the deposition of lignin in
xylem tissue. It was found to be negatively correlated with NDF and cell wall concentration, and positively with
pectin and cellulose concentration (Jung and Lamb 2006). Positive correlations were reported for alfalfa between
the proportion of xylem and lignin and cellulose concentrations as well as between the proportion of pith paren-
chyma and pectin concentration (Gronwald and Bucciarelli 2013). In addition to lignin concentration, digestibility
is also limited by its distribution as well as the microorganism accessibility limitations arising from the presence
of non-disrupted, lignified cell walls (Jung et al. 2000, Guines et al. 2003).

Complex study of intercropping systems demands a spotted research on the impact of intercropping on forage
quality parameters. In this work, we focused on the effect of intercropping on the stem anatomical parameters
of both supporting and supported cool season annual forage legumes. Since stem is the organ that affects digest-
ibility most significantly, we analyzed its structure in supporting and supported legumes grown as sole crops in
comparison to their mutual intercrops. The aim of this research was to evaluate and compare stem anatomical
responses of legume-legume intercropping components, to establish a relationship between the structural char-
acteristics and chemical composition of intercropped and sole crop plants, as well as to evaluate the potential
effects of intercropping on forage digestibility.

Material and methods

In 2012 and 2013 a small-plot field trial was carried out at the Experimental Field of the Institute of Field and Veg-
etable Crops at Rimski Sancevi (45° 20’ N and 19° 51’ E, 84 m ASL), in the vicinity of Novi Sad, Serbia. Mean tem-
peratures and precipitations are presented in Table 1. It included three cool season annual legume crops, name-
ly white lupin, narbonne vetch and common vetch (autumn- and spring-sown) (Table 2). According to the ma-
jor principles of intercropping annual legumes with each other for forage production (Cupina et al. 2011), white
lupin played the role of a supporting crop, due to its excellent standing ability, while the vetches were supported
crops, being highly lodging susceptible. Autumn sowing was performed on October 2012, while the spring on
April 2013. The plot size was 5 m? with three replications. In the intercrops, the seeds of both components were
sown at a double-reduced density as compared to the one in their sole crops and mixed within the rows in order
to provide a uniform distribution of both.
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Table 1. Temperatures and precipitations for hydrological year 2012/2013 at Rimski Sancevi

Parameter Months
X Xl Xl | Il 11l \Y) Vv \ Vil VI IX Avg
Temperature (°C) 12.7 9.1 0.3 2.3 3.6 54 134 174 20.2 223 229 157 121
LTA (°C)* 116 62 14 -03 16 63 11.7 170 200 217 212 169 113
Precipitation (mm) 514 353 56.3 605 47.2 73.0 358 1181 125.7 341 26.7 107.8 64.3
LTA (mm) 46.0 515 46.2 370 325 389 472 5938 87.5 67.2 69.1 470 525

*Long term average (LTA)

Table 2. Species, varieties and seed amount used in the experiment

Species Variety Seed amount (g m2)

Sole crop Intercrop
White lupin Vesna 40 20
Narbonne vetch Landrace-Local collection 30 15
Common vetch-autumn sown Neoplanta 16 8
Common vetch-spring sown Novi Beograd 16

The plants in each treatment group were collected at the end of the flowering period at the end of May 2013. All
anatomical analyses were conducted in five replications. Plant stems were sampled from the middle parts of the
plots, avoiding marginal plants, and fixed in 50% ethanol, after which cross-sections were obtained using Leica CM
1850 cryostat, at temperature of =20 °C, at cutting intervals of 40 um. Five sections per stem were made along
the stem axis at sampling points selected according to the systematic uniform random sampling principle (Fig. 1)
(Kubinova 1993). The interval (T) between the consecutive segments was 7 — 17 cm, determined in reference to
the stem height. The z position of the first section was randomly selected within the 0 — 7 (17) cm interval and
the segments were numbered incrementally starting from the top of the stem.

Top ' ! ] 1 ! Base
Segment z z+T z+2T 7+3T z+4T
1 2 3 4 5

Fig. 1. Schematic representation of the systematic uniform random sampling process applied to the stem segments

The obtained sections were stained for lignin using acid phloroglucinol test (Jones et al. 2003). Light microscopy
and stereological measurements were performed using Image Analyzing System Motic Images Plus. The propor-
tion of tissues was estimated by point-counting method, using the point grid test system consisting of 588 test
points (5000 — 8000 per stem). Volume densities (Vv(x)) of different tissues were calculated using the formula
given by Kubinova (1993):

_2?:1 Pj(x)
WO ST it

where n is the number of examined sections, Pj(x) (j=1, ..., n) number of test points located within the specific tis-
sue on j-number of sections, and Pj(y) (j=1, ..., n) is the number of test points within the entire stem cross-section
on j-number of sections.

Chemical analyses included measuring of NDF, ADF, lignin, protein, fat, cellulose and ash content. NDF and ADF
were determined by ANKOM Technology (2000), Methods 12 — 13, while others were determined according to
the methods described in the Association of Official Analytical Chemists (AOAC) techniques 2000 (Horwitz 2000).
Forage samples amounting to 500 g of green forage were taken from each plot from 0.2 m? of sampled area and
dried in a drying oven at 60 °C for 72 h. The dried samples were ground to pass through a 1 mm sieve size for an-
alyzing their nutritive values.

Data were statistically processed using STATISTICA for Windows v. 10.0., whereby the means, coefficients of vari-

ation (CVs) and correlation coefficients were calculated. The significance of differences in measured parameters
was determined using Duncan’s test (p < 0.05).
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Results
Distribution of lignified tissues

In the analyzed legume species the strongest lignification of cell walls was recorded in xylem followed by scle-
renchyma fibers. In more mature stem segments, pith parenchyma cells in central part of the stem ruptured and
formed a cavity, whilst in Vicia species those in perimedullar zone lignified. The primary walls of epidermis and
collenchyma cells underwent extensive thickening but did not show positive reaction with phloroglucinol. Phloem,
cortex and cylinder parenchyma cells were thin-walled with primary walls not containing lignin.

Morphological, anatomical and chemical properties of pure crops

Among the species, autumn-sown V. sativa had the highest stems of small cross-section area whilst the shortest
stems with significantly the greatest cross-section were recorded in V. narbonensis (Table 3). Based on CVs, sam-
ple variability was low for stem height but was significantly higher for stem cross-section area. The highest Vv of
mechanical tissue and xylem were obtained in L. albus. As these tissues were composed of cells with thick, and
mostly lignified cell walls, it was not surprising that this species had the highest proportion of NDF, ADF, lignin and
cellulose in dry matter (Table 4). White lupin also had the lowest Vv of cortex parenchyma, which resulted in the
lowest proportion of proteins in dry matter.

Table 3. Means and comparisons of stem morphological parameters and volume densities (Vv) of stem tissues of legume forage
species grown as sole crops. CVs values (%) are given in parenthesis.

L. albus V. narbonensis V sativa v sativa
(spring-sown) (autumn-sown)
Stem height (cm) 44.8 (5.9) 36.7 (11.4)° 64.5 (12.7)° 101.0 (15.7)
Stem cross-section area (mm?) 9.7 (45.9)° 12.7 (20.6)? 6.6 (38.7)° 7.4 (28.0)°
W epidermis 2.5 (44.4)> 3.2 (34.2) 2.3 (36.8) 2.9 (26.9)*
Vv collenchyma 7.0 (39.0)° 4.0 (32.6)° 2.7 (42.4) 2.1(32.5)
Vv cortex parenchyma 17.4 (31.6)° 20.3 (8.6)° 24.8(13.1)* 18.5 (13.0)"
Vv sclerenchyma 4.1(24.4) 2.7 (23.9)° 3.7 (47.5) 4.0 (18.2)°
Vv phloem 8.2 (20.5)° 8.0 (34.5) 7.1(37.5)° 11.4 (21.0)°
W xylem 28.0 (37.6)° 23.7 (55.1)° 12.3 (37.4)° 15.8 (27.7)°
Vv cylinder parenchyma 28.1(15.5)° 26.3 (38.1)° 30.4 (15.6)? 28.0(25.7)°
W of lignified tissues 32.1(33.8)° 26.4 (50.0)° 16.0 (38.7) 20.0 (23.0)

* The difference between the values with the same letter was not statistically significant at p<0.05, according to Duncan’s test

Common vetch (V. sativa) had significantly the lowest Vv of xylem, and the highest Vv of cylinder and cortex pa-
renchyma (spring-sown specimens), and phloem (autumn-sown specimens) (Table 3). This induced lower pro-
portions of lignin in dry matter, compared to the other two species, as well as the lowest proportions of NDF in
spring-sown specimens (Table 4). Narbonne vetch (V. narbonensis) stood out as the species with high Vv of xylem
and moderate proportions of thin-walled tissues. Due to such a percentage of tissues the proportion of lignin was
high, but not of NDF, ADF, cellulose or proteins, which had moderate or low values compared to the other spe-
cies. Volume densities of all examined tissues showed high level of variability within each species. The lowest CVs
values were obtained for cortex parenchyma.
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Table 4. Chemical composition of the forage dry matter (DM %) of aboveground plant biomass

L. albus V. narbonensis V. sativa V. sativa
(spring-sown) (autumn-sown)
Neutral detergent fibers (NDF) 48.52° 43.08° 40.91¢ 43.76°
Acid detergent fibers (ADF) 41.69° 36.97¢ 38.41° 38.92°
Lignin 10.48° 9.55% 8.83¢¢ 8.12¢
Protein 12.71¢ 24.62° 27.76° 23.71°
Fat 1.342 1.36° 0.88° 1.17°
Cellulose 33.14° 29.26¢ 28.67¢ 31.62°
Ash 12.53° 12.87° 14.26° 10.37¢

The effect of intercropping on morphology, anatomy and chemical properties

In white lupin (L. albus), intercropping resulted in a significant increase of biomass production. Stems of this
species became significantly taller and thicker in both cropping combinations (Fig. 2). This outcome could not be
attributed to the increased proportion of a single tissue. The proportions of epidermis and collenchyma signifi-
cantly decreased in both intercropped white lupins, whilst proportions of cortex parenchyma and phloem were
significantly higher only in plants grown with V. sativa (Fig. 3a, 4). Intercropping induced an increase in the protein
content in the aboveground biomass, which was accompanied by lower proportions of lignin and ash (Fig. 5a).
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Fig. 2. The effect of intercropping on stem morphological parameters of legume forages, expressed as a
percentage of the values obtained for the control plants, grown as a pure crops

In Vicia species, while the stems of intercropped plants were significantly more elongated, their cross-section area
did not alter significantly. Stems morphology was unaffected by intercropping in the autumn-sown plants (Fig. 2).
V. narbonensis was characterized by the most stable proportions of stem tissues, with an exception of cortex pa-
renchyma Vv, which significantly increased in intercropped plants (Fig. 3b, 6a,b). In V. sativa, Vv of cortex paren-
chyma significantly decreased whilst that of phloem increased in the intercropped plants (Fig. 3b, 6¢,d). In the
autumn-sown plants, a significant increase in Vv of sclerenchyma and xylem, and a decrease in Vv of cylinder
parenchyma were recorded (Fig. 3b, 6e,f).

These structural differences between intercropped Vicia plants and those grown as sole stands were accompanied
by minor changes in the percentage of their chemical constituents (Fig. 5a,b). Most of the values obtained for the
intercropped plants differed by up to 10% compared to the controls. The highest differences were recorded in
intercropped autumn-sown common vetch, where the values obtained for lignin proportion increased by about
15%, whilst protein proportion decreased by about 18%.
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Fig. 3. Volume densities of stem tissues of intercropped plants, expressed as a percentage of the values
obtained for the control plants, grown as sole stands: (a) L. albus; (b) V. narbonensis, V. sativa spring-
sown and V. sativa autumn-sown
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Fig. 4. Cross-sections of L. albus middle stem segments: (a) Cross-section of L. albus stem with superimposed
point grid test system consisting of 588 test points; (b) L. albus grown as sole stand; L. albus intercropped with
(c) V. sativa and (d) V. narbonensis
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Fig. 5. Chemical composition of aboveground parts of intercropped plants expressed as a
percentage of the values obtained for the control plants grown as sole stands. (a) L. albus;
(b) V. narbonensis, V. sativa spring-sown and V. sativa autumn-sown
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Fig. 6. Cross-sections of the middle stem segments. (a) V. narbonensis grown as sole stand; (b) V.
narbonensis intercropped with L. albus; (c) V. sativa spring-sown, grown as sole stand; V. sativa
spring-sown intercropped with L. albus; (e) V. sativa autumn-sown, grown as sole stand; (f) V. sativa
autumn-sown intercropped with L. albus

Correlations of anatomical and chemical parameters

The Vv values pertaining to xylem, collenchyma and cortex parenchyma showed the most significant correla-
tions with stem chemical composition (only statistically significant correlations were further commented). As the
xylem proportion increased, so did NDF (r = 0.78), lignin (r = 0.85) and fat (r = 0.68), whilst the proportion of pro-
teins decreased (r =—0.86). In contrast, an increase in the cortex parenchyma Vv resulted in lower percentage of
NDF (r = — 0.68) and cellulose (r = —0.74). Although collenchyma was not subsumed into lignified tissues, its Vv
was positively correlated with the proportions of lignin (r = 0.88), while its correlation with the protein propor-
tion was negative (r =—0.78). Epidermis was significantly negatively correlated with ADF (r =—0.83) and cellulose
(r = —0.68), whilst sclerenchyma, phloem and cylinder parenchyma Vv did not significantly affect the total per-
centage of chemical constituents.

Anatomical Equivalent Ratio (AER)

In legume forages, low proportion of lignified tissues is a favorable anatomical characteristic. Therefore, in order
to assess the forage quality of intercropped legumes, based on anatomical parameters, we suggest the introduc-
tion of a parameter, conditionally referred to as Anatomical Equivalent Ratio (AER), and calculated as follows:

AFR= 2 W of thick-walled tissues of intercropped plants

~ X'V of thick-walled tissues of monocropped plants

whereby an AER value below 1 would justify intercropping.
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According to the obtained AER values for the examined legume species, the positive effect of intercropping was
recorded in V. narbonensis (Table 5). The values obtained for xylem Vv of intercropped plants were lower by 10%
compared to the control plants. Although the differences between intercropped and monocropped plants in the
Vv of lignified tissues were not statistically significant, as their sum was lower in intercropped narbon vetch, it
resulted in AER <1. The positive result was also obtained for white lupins; however, it applied only to those grown
in combination with common vetch, where Vv of non-lignified tissues significantly increased.

Table 5. Anatomical Equivalent Ratio (AER) values of intercropped legume species, based on volume densities of lignified tissues

L. albus + V. narbonensis + V. sativa (ss) + V. sativa (as) +
V. sativa V. narbonensis L. albus L. albus L. albus
0.88 1.01 0.92 1.13 1.35
Discussion

Morphological, anatomical and chemical properties of pure crops

As intercropped plants develop, they compete for different resources, light in particular (Redfearn et al. 1999).
Supported crops mostly develop in the shade of the supporting crop. Shaded shoots show a variety of morpho-
genic changes and actively adjust their morphology and physiology to the canopy environment (Ballaré et al.
1997). Plants grown in dense canopies tend to be taller. Shading by neighboring plants can induce stem elongation,
mostly by increasing internode length and the number of nodes (Collins and Wein 2000). Plant and stem height
has been reported to be strongly and negatively correlated with digestibility in alfalfa due to the decrease in the
leaf/stem ratio (Julier and Huyghe 1997). The legumes tested in our study, with the exception of autumn-sown
V. sativa, had significantly taller stems when intercropped with other legume species, which could be attributed to
more shaded growing conditions. This was not desirable for L. albus quality, since it was previously reported that
dwarf genotypes were more stabile, with better lodging resistance and better partitioning of assimilates to pods
and seeds (Huyhge 1997). However, concurrently intercropped white lupin had significantly (about 30-40%) thicker
stems, which is not a common characteristic of shaded plants, and could thus contribute to stability and lodging
resistance of this species. More specifically, intercropping increased the total biomass production of white lupin.
As, in general, the proportions of different tissues did not change significantly, this morphological modification
should not have a negative effect on digestibility.

Volume densities and distribution of lignified tissues, particularly in the stem, are important anatomical parame-
ters linked to forage digestibility (Krsti¢ et al. 2008, Zoric¢ et al. 2011). Among the species grown in monoculture,
V. sativa could be singled out due to its most favorable ratio of lignified to non-lignified stem tissues. This distri-
bution of tissues was followed by a favorable proportion of chemical constituents, low proportion of lignin and
high proportion of proteins. On the other hand, L. albus had the highest proportion of lignified stem tissues, fol-
lowed by high concentration of lignin, ADF, NDF and cellulose and low protein concentration. As these parameters
adversely affect quality, they caused L. albus to be ranked the lowest among the legumes tested.

The effect of intercropping on morphology, anatomy and chemical properties

Although the effect of limited sunlight on lignification and digestibility is not always consistent, shaded plants
tend to have less lignified tissues. However, this characteristic is related to their delayed development rather than
changes in lignification patterns (Moore and Jung 2001). In general, our findings reveal that mutual intercropping
of legume species did not significantly affect anatomical features of the forages. A comparison of the anatomical
parameters pertaining to the intercropped and control plants revealed insignificant differences in W of stem
tissues. On the other hand, cortex parenchyma and phloem Vv in white lupin stems intercropped with com-
mon vetch increased significantly. In addition, an increase in the protein content in the aboveground biomass, as
well as lower proportions of lignin and ash could be observed. However, as the stems of the intercropped white
lupins were also higher and thicker, they sustained a greater number of leaves, which could have contributed to
the observed increase in protein concentration. Intercropped common vetch had significantly lower proportions
of cortex parenchyma tissue and higher proportions of phloem. In the autumn-sown vetch, an increase in Vv of
sclerenchyma and xylem was also recorded, resulting in a greater proportion of lignin. Intercropped narbon vetch
was characterized by the higher proportion of cortex parenchyma.
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The proportions of lignin, NDF, ADF, cellulose and ash in intercropped plants differed mostly by less than 10% compared
to those in control plants. Proportions of NDF and lignin were strongly and positively correlated with xylem Vv. The
cell walls of xylem vascular elements are secondary thickened and strongly lignified, which explains such correlations.
Although expected, correlations of cylinder parenchyma and chemical constituents were not statistically sig-
nificant, mostly because of the desintegration of central cells and lignification of peripheral cells in older stem
segments. The formation of central cavity begins at the first stem segment in Vicia species, and in second or
even third segment in L. albus. Sclerenchymatous parenchyma in perimedullar zone of central cylinder could
be observed from the second stem segment in both Vicia species. Gronwald and Bucciarelli (2013) found that
differences in tissue proportions contributed to differences in cell wall concentration and composition in alfalfa.
In line with this observation, the greater development of xylem noted in our study was consistent with higher
concentrations of lignin and cellulose.

Sclerenchyma fibers also have secondary cell walls but sclerenchyma Vv was not significantly correlated with the
aforementioned parameters. The total contribution of sclerenchyma in the analyzed stems was generally low
ranging from 2 to 4%. Moreover, primary sclerenchyma fibers were not necessarily lignified; xylem was the only
lignified tissue in the first stem segment. The lignification of sclerenchyma mostly began from the second stem
segment. Therefore, although rationally expected, significant correlation between percentage of lignin and Vv of
sclerenchyma fibers was not found.

Anatomical Equivalent Ratio (AER)

We defined the Anatomical Equivalent Ratio (AER) as the parameter that described the relationship between Vv of
lignified tissues in intercropped plants and those grown in sole crop. This parameter could support the evaluation
of the benefits of specific intercropping systems based on anatomical quality-determining parameters. The sum
of W of lignified tissues was lower in intercropped narbon vetch, and in white lupins intercropped with common
vetch. Also AER < 1 was obtained in these species only. Considering the minimal structural changes noted in these
species, we conclude that, from an anatomical perspective, they exhibited positive respond to intercropping.

Among the tested legume-legume intercrops, L. albus with spring-sown V. sativa was the anatomically most
succesful one. This combination was especially favorable with respect to the improvement in the white lupin
characteristics resulting in a total AER value of 0.88. In accordance with Mikic et al. (2012), the benefits obtained
for common vetch were less significant, and the measured parameters did not differ significantly from those in
the controls. Among the tested species the white lupin-common vetch combination was fully compatible, show-
ing the most positive response to all the basic intercropping principles.

Conclusion

In conclusion, legume-legume intercropping did not cause a forage quality decline. Since forage quality is defined
by anatomical, as well as morphological, physiological, genetic and biochemical parameters, different aspects of
these species should be further studied. Intercropping of the legumes tested in the present work showed to be
encouraging from an anatomical perspective, and thus it could impact forage legume growing and quality.
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