
Abstract

In sustainable agricultural systems, intercropping using living
mulches (LM) provides many beneficial ecosystem services. The objec-
tive of these two-year field experiments was to study the suitability of
different LM options of burr medic (Medicago polymorpha L. var.
anglona) for organic cauliflower (Brassica oleracea L.) cultivation in
two sites under Mediterranean conditions. In central Italy (Experiment
1) contemporary and delayed (to crop) sowings of LM were compared
with a no-cover crop treatment, contrasting two local cauliflower culti-
vars and a F1 Hybrid. In southern Italy (Experiment 2) the sustainabil-
ity of systems combining LM (anticipated and contemporary sowing
compared with no-cover) and organic fertilisation strategies was
assessed. The aboveground biomasses dry weights of cauliflower crop
(heads and residues), burr medic and weeds were separately deter-
mined. Results suggested that in Experiment 1 the LM was not able to

smother weeds establishment and growth, as a consequence of early
sowing, while cauliflower yield was reduced. Moreover, the genotypes
behaviour was greatly influenced by the LM sowing times. In
Experiment 2, irrespective of the agronomic practices applied, climatic
conditions notably influenced cauliflower cultivation and also reduced
the mean yield. Therefore, the recorded differences between the two
experimental sites highlighted the need to tailor the LM strategies to
the different environmental conditions.

Introduction

The use of cover crops within crop rotations in horticultural systems
has been recently rediscovered by farmers as a valuable agronomic
practice according to an agro-ecological approach (Campiglia et al.,
2011; Wezel et al., 2014). In particular, cover crops sown either before
or with a main crop, and maintained as a living ground cover through-
out the growth cycle, can provide fundamental services to the agro-
ecosystem, thus they can be defined agro-ecological service crops
(ASC). The ASC grown as living mulch tie up excess soil nutrients,
preventing nitrate leaching, improve soil physical characteristics
(Carof et al., 2007), promote in-field biodiversity (Fageria et al., 2005),
suppress weeds (Teasdale et al., 2007; Bilalis et al., 2010), add organic
matter to soil (Mazzoncini et al., 2011), contribute in reducing surface
water runoff and losses of nutrients and pesticides (Hartwig and
Ammon, 2002). Moreover, the use of leguminous ASC that fix nitrogen
from the atmosphere could further improve resource use efficiency in
the cropping system (Wezel et al., 2014). Among leguminous LM, in
particular self-reseeding annual legumes (such as Medicago spp.) that
are able to persist over several years without the need for reseeding,
can play an important role in Mediterranean organic farming systems
(Driouech et al., 2008). In any case, the success of living mulch sys-
tems depends on the capacity to rapidly establish a ground cover with-
out competing for resources (light, water, and nutrients) with the
associated crop (Masiunas, 1998). 
To the best of our knowledge, there are no scientific evidences

about the effectiveness of the above-described ecosystem services
linked to LM for organic vegetables in different sites under
Mediterranean conditions. Therefore, the objective of these two-year
field experiments was to study the suitability of different intercropping
systems of organic cauliflower (Brassica oleracea L.var. botrytis) with
burr medic (Medicago polymorpha L.) continuous cover, in two differ-
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ent sites in Mediterranean environment. In particular, since informa-
tion about the agronomic performances of different cauliflower geno-
types in organic farming under different intercropping systems are
missing, a comparison between two local cauliflower cultivars and a F1
Hybrid was carried out at Monsampolo del Tronto-AP (central Italy).
Our hypothesis was that the local cauliflower cultivars could obtain
higher yield than the F1 Hybrid and reduce weed presence, due to their
better environmental adaptation. Moreover, since vegetable crops often
have high nutrient demand and low efficiency of nutrient utilisation,
then at Metaponto-MT (southern Italy) the sustainability and crop per-
formance of different intercropping systems combined with organic
fertilisation strategies to improve crop performance and weed suppres-
sion was assessed.

Materials and methods

Study sites and experimental setup
The research was carried out during 2010-2011 and 2011-2012 sea-

sons (indicated as 2011 and 2012, respectively) in two sites: i) at
Monsampolo del Tronto, in central Italy (lat 42° 53’ N, long 13° 48’ E),
at the MOnsampolo VEgetable organic long-term field experiment
(MOVE-LTE) located in the CRA-Research unit for vegetable production
(CRA-ORA); ii) at Metaponto (MT), in Southern Italy (lat. 40° 24’ N;
long. 16° 48’ E), in the research farm Azienda Sperimentale Metaponto
of the CRA-Research Unit for Cropping Systems in Dry Environments
[CRA-SCA (ASM)]. 

Experiment 1
The Monsampolo site is characterised by a thermomediterranean cli-

mate (UNESCO-FAO, 1963). Monthly values of mean temperatures and
total rainfall during the field trial, compared to the average long-term
values (30 years) are reported in Figure 1A. According to the soil tax-
onomy of the U.S. Department of Agriculture (Soil Survey Staff, 1999),
the soil is Typic Calcixerepts fine-loamy, mixed thermic. The MOVE-LTE
is based on a four-year crop rotation with different cover crops and it
was established in 2001. More details about the study site at MOVE-LTE
are available in Campanelli and Canali (2012). 
The experimental design was a split-plot with two factors and three

replications. Each elementary plot consisted of 16.8 m2. The main plot
factor was the living mulch (Medicago polymorpha L. cv. anglona) sow-
ing time strategy and the following two different treatments were com-
pared: i) early sowing (concomitant to cauliflower transplanting, CON);
and ii) late sowing (three weeks after cauliflower transplanting, POS).
These experimental treatments were compared to a no living mulch
control (NL). The NL treatment was managed in accordance to the
standard agronomic practices (i.e., weeded through two hoeing during
the crop cycle) commonly used by organic farmers in the area, whereas
no weeding was performed in the CON and POS treatments. The split
plot factor was cauliflower genotype with three levels: Emeraude F1
Hybrid (EM), cv1 and cv2 (open-pollinated, locally adapted cultivars).
Each treatment was repeated in triplicate. The cauliflower crop was
manually transplanted in August in both cropping cycles. The harvest
started on November 24th and ended on December 28th in the first year,
whereas it started on December 16th and ended on February 23rd in the
second trial year. 

Experiment 2
The Metaponto site is characterised by an accentuated thermo-

mediterranean climate (UNESCO-FAO, 1963). Mean monthly tempera-
tures and rainfall during the field trial, compared to the average long-

term values (30 years), are reported in Figure 1B. According to the soil
taxonomy of the U.S. Department of Agriculture (Soil Survey Staff,
1999), the soil is Typic Epiaquert. 
The experimental design was a strip-plot with two factors and three

replications (blocks); each elementary plot consisted of 20 m2. The living
mulch (Medicago polymorpha L. var. anglona) sowing strategy was the
main factor and the following treatments were compared: i) anticipated
sowing (AS; 20 days before cauliflower transplanting); and ii) contempo-
rary sowing (CS; concomitant to cauliflower transplanting). These exper-
imental treatments were compared to a no living mulch control (NL). No
weeding was performed in all the compared treatments. Each LM plot
was split in four sub-plots, each of which associated to one of the follow-
ing organic fertilisers, allowed in organic farming: i) a commercial
humified fertiliser, based on dried animal manure (Org); ii) anaerobic
digestate fertiliser, based on wine distillery wastewater (WDD); iii) com-
posted municipal solid organic wastes from separate collection (SUW);
and an unfertilised control (N0). Additional information about both the
WDD and SUW production processes are reported in Montemurro et al.
(2013). The organic materials (the same in both years) were applied to
soil in one solution about 1 month before transplanting of cauliflower, at
the rate of 100 kg N ha–1 in AS and CON, compared to 200 kg N ha–1 in
NL by taking into account the potential contribution of burr medic biolog-
ical N fixation in the first two treatments. 
The cauliflower crop (cv Triunphan) was manually transplanted on

September and October in 2011 and 2012, respectively, and it was har-
vested on March 8th 2011 and on March 28th 2012. 
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Figure 1. Weather conditions (monthly values of mean tempera-
tures and total rainfall) recorded during the cauliflower growing
seasons (2010-2011 and 2011-2012) at Experiment 1,
Monsampolo site (A) and at Experiment 2, Metaponto site (B).
The values are compared to monthly mean values of rainfall and
temperatures processed over a 30-year time. 
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Measurements and statistical analysis
At harvesting, in each experimental site cauliflower heads were col-

lected on plants selected in the middle of the plots. The aboveground
biomass weights of cauliflower crop (heads and residues), burr medic
and weeds were separately measured in all plots, then they were dried
at 105°C till constant weight and weighted again in order to determine
their dry weights. 
The analysis of variance (ANOVA) over the two years was carried out

for both sites, considering living mulch management, genotype/fertilis-
er and year as factors. To compare the differences obtained, means
were further analysed by Tukey’s HSD test (P<0.05). The selected
analyses were performed by using the SPSS 16.0 package.

Results

Comparison between the two trial years in each
experimental site
Over the period July-January at the site of Experiment 1 (Figure 1A),

in 2011 the total rainfall (472 mm) was higher than the long-term aver-
age (about 377 mm), whereas it was lower in 2012 (208 mm). A sub-
stantial difference between years was also found for the mean temper-
ature, which was lower in the first crop cycle (14.7°C) and higher in
the second one (16.1°C), as compared to the long-term average
(15.4°C). 
At the site of Experiment 2 (Figure 1B), over the period September-

March, in 2011 the total rainfall (583 mm) was notably higher than the
long-term average (about 384 mm), whereas it was lower in 2012 (335
mm). The mean temperature was lower in the first crop cycle (10.7°C)
and slightly higher in the second one (12.9°C), as compared to the
average (12.4°C). 
The outputs of ANOVA, considering the 3 experimental factors (year;

living mulch; genotype or fertiliser) and their interactions, are reported
in Tables 1 and 2 for crop yield as well as residues, weeds and burr
medic dry biomasses at Experiment 1 and 2, respectively. 
In particular year, living mulch strategy and genotypes (Table 1) gen-

erally revealed significant main effects on the examined variables;
however, genotypes did not affect residues and weeds. Moreover, sig-
nificant three-way interactions were found for both yield and burr
medic biomass. In Table 2 significant main effects of year (except for
residues) and living mulch (except for residues and burr medic) are
shown. In addition, year x living mulch interactions were all signifi-
cant, whereas significant year x fertiliser interaction was found only
for residues. According to the prevailing significance of year factor,
data were analysed splitting the two years.

Crop performance
The ANOVA results are reported in Table 3 (for Experiment 1) and 4

(for Experiment 2). Within the Experiment 1, the living mulch treat-
ments showed significant differences both in 2011 and 2012 cropping
seasons, for crop yield and residues (Table 3). In particular, POS treat-
ment showed the highest cauliflower yield in 2011, 29.8% and 28.1%
higher than NL and CON, respectively. Moreover, POS and NL showed

                   Short Communication

Table 1. Analysis of variance of the effect of living mulch strate-
gies and cauliflower genotypes on crop yield and residues, weeds
and medic for the two research years in Experiment 1.

                                    Yield        Residues     Weeds     Burr medic

Year (Y)                                  **                    ***                  **                    ***
Living mulch (LM)               ***                   ***                  **                     **
Genotype (G)                       ***                   n.s.                  n.s.                   ***
Y x LM                                    ***                     *                    **                    ***
Y x G                                       ***                   ***                 n.s.                    **
LM x G                                    ***                   n.s.                  n.s.                   n.s.
Y x LM x G                             ***                   n.s.                  n.s.                    **
The probability levels are presented by years, living mulch strategies, genotypes and their interactions.
*, **, ***Significant at the P<0.05, P<0.01 and P<0.001, respectively. n.s., not significant.

Table 2. Analysis of variance of the effect of living mulch strate-
gies and fertilisers on crop yield and residues, weeds and burr
medic for the two research years in Experiment 2.

                                    Yield         Residues     Weeds     Burr medic

Year (Y)                                  **                     n.s.                 ***                     *
Living mulch (LM)              ***                    n.s.                 ***                   n.s.
Fertiliser (F)                        n.s.                    n.s.                  n.s.                   n.s.
Y x LM                                     **                      **                  ***                    **
Y x F                                        n.s.                      *                    n.s.                   n.s.
LM x F                                    n.s.                    n.s.                  n.s.                   n.s.
Y x LM x F                              n.s.                    n.s.                  n.s.                   n.s.
The probability levels are presented by years, living mulch strategies, fertilisers and their interactions.
*, **, ***Significant at the P<0.05, P<0.01 and P<0.001, respectively. n.s., not significant. 

Figure 2. Effect of the interaction between living mulch manage-
ment strategies and cauliflower genotypes on cauliflower yield (t
ha−1) in 2011 trial year. The bars with different letters are signif-
icantly different (P<0.05). NL, no living mulch control; CON,
early sowing, at cauliflower transplanting; POS, late sowing,
three weeks after cauliflower transplanting; EM, Emeraude F1
Hybrid; cv1 and cv2, open-pollinated, locally adapted cultivars.
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higher crop residues dry biomass than CON. As for the significant
interaction between LM and genotype, the EM genotype determined the
highest yield, as compared to the two local cultivars, even if it was not
significantly different from cv1 within POS treatment (Figure 2). From
the comparison among the LM within each genotype, no significant dif-
ferences were recorded for EM and cv2, whereas the combinations of
cv1 with POS and NL resulted in the highest and lowest yield, respec-
tively. In 2012, a reduction of mean yield and residues was found,
although POS confirmed higher yield value (over 100%) compared to
CON, but not different from NL (Table 3). In addition, the POS and NL
strategies did not significantly differ from each other as for residues,
and they both showed significantly higher values than CON. The EM
genotype determined the highest residues biomass (86% and 49%
higher than cv1 and cv2, respectively). 
At Experiment 2, the living mulch treatments determined significant

differences for yield and residues only in 2011 (Table 4). In particular,
both AS and CS treatments showed significantly higher yields than NL,
but also greater residues values (by 120%) were found in CS treatment
as compared to NL, while AS showed intermediate values. Moreover,
Org yield was 111% higher than the average production provided by N0
and WDD fertiliser treatments, but it was not significantly different
from SUW.

Effects of living mulch, genotype and fertilisers 
on weeds and burr medic biomasses 
At Experiment 1, in 2011 CON treatment showed a 176% higher

weeds biomass than POS, whereas NL had intermediate value (Table
3). In 2012 NL and POS treatment effects were inverted. The genotype
factor determined significant differences only in 2011 cropping season,
when EM showed the lowest values. In particular, the EM-CON combi-
nation had significantly lower values than cv2-CON interaction (0.06 t
ha–1 vs 0.88 t ha–1, respectively) (Figure 3). In this year, CON showed
burr medic biomass significantly higher by 155% than POS, and EM
determined the lowest value among genotypes. In 2012 the same
parameter was not significantly different between EM and cv1. In
Figure 4 it is reported the effect of interaction between living mulch
strategies and cauliflower genotypes on burr medic in 2011. The high-
est biomass (2.59 t ha–1) was found for cv1-CON combination, whereas
EM showed the lowest values both in combination with CON (0.31 t ha–1)
and POS (0.21 t ha–1) treatments. 
At Experiment 2, in 2011 NL determined weeds biomass significantly

and notably higher than both AS and CS treatments (Table 4). In the
same year, AS showed burr medic biomass significantly higher by 62%
than CS treatment. Conversely, in 2012 the higher value was found in
CS (by 73%) as compared to AS treatment.

                                  [Italian Journal of Agronomy 2015; 10:644]                                                    [page 93]

                                                                                                         Short Communication

Table 3. Effect of living mulch strategies and cauliflower genotypes on crop yield (t ha−1), residues (t ha−1), weeds (t ha−1) and burr
medic (t ha−1) at Experiment 1 in each trial year.

                                         Living mulch (LM)                                                            Genotype (G)    
                                       NL              CON           POS       P value                     EM           cv1           cv2        Mean       P value         LM x G

2011
      Yield                                 1.51b                1.53b               1.96a              ***                              2.56a            1.09b             1.35b             1.67                 **                         *
      Residues                         7.85a                 4.89b               8.68a              ***                               6.57              7.74              7.11             7.14                n.s.                      n.s.
      Weeds                             0.26ab                0.36a               0.13b               **                               0.07b            0.25a             0.12a             0.13                ***                     ***
      Burr medic                         -                    1.56a               0.61b              ***                              0.26b            1.68a             1.32a             1.09                ***                      **
2012
      Yield                                 1.87a                 0.73b               1.68a              ***                               1.89              1.21              1.35             1.43                n.s.                      n.s.
      Residues                         7.02a                 1.81b               6.21a              ***                              6.81a            3.66b             4.57b             5.01                ***                      n.s.
      Weeds                              0.14b                 2.01a              0.78ab              **                                0.48              1.22              1.22             0.97                n.s.                      n.s.
      Burr medic                         -                     0.42                0.64               n.s.                               0.23b           0.40ab            0.96a             0.53                  *                        n.s.
NL, control (no living mulch); CON, early sowing (at cauliflower transplanting); POS, late sowing (three weeks after cauliflower transplanting); EM, Emeraude F1 Hybrid; cv1 and cv2, open-pollinated, locally adapted
cultivars; n.s., not significant. a,bMeans of living mulch strategies and cauliflower genotypes followed by different letters within rows are significantly different (P<0.05). *, **, ***Significant at the P<0.05, P<0.01 and
P<0.001, respectively. 

Table 4. Effect of living mulch strategies and fertilisers on crop yield (t ha−1), residues (t ha−1), weeds (t ha−1) and burr medic (t ha−1)
at Experiment 2 in each trial year.

                                        Living mulch (LM)                                               Fertiliser (F)             
                                      NL                AS            CS        P value              N0          SUW        WDD            Org       Mean     P value      LM x F

2011
     Yield                                 0.13b                 0.37a             0.53a              ***                     0.25b            0.32ab            0.27b                 0.55a            0.34                *                    n.s.
     Residues                         0.37b                0.57ab            0.81a                *                        0.45              0.61              0.53                  0.76            0.59              n.s.                  n.s.
     Weeds                             2.38a                 0.95b             0.55b              ***                      1.33              1.32              1.35                  1.17            1.29              n.s.                  n.s.
     Burr medic                         -                     2.07a             1.28b               **                       1.75              1.67              1.53                  1.74            1.67              n.s.                  n.s.
2012
     Yield                                  0.13                   0.27              0.13               n.s.                      0.22              0.20              0.15                  0.12            0.17              n.s.                  n.s.
     Residues                          0.52                   0.48              0.37               n.s.                      0.64              0.50              0.37                  0.32            0.46              n.s.                  n.s.
     Weeds                              0.67                   0.39              0.42               n.s.                      0.34              0.47              0.73                  0.44            0.50              n.s.                  n.s.
     Burr medic                         -                     0.55b             0.95a               **                       0.68              0.76              0.83                  0.72            0.75              n.s.                  n.s.
NL, control (no living mulch); AS, anticipated sowing; CS, contemporary sowing (at cauliflower transplanting); N0, unfertilised control; SUW, composted municipal solid organic wastes; WDD, anaerobic digestate fer-
tiliser; Org, commercial humified fertiliser; n.s., not significant. a,bMeans of living mulch strategies and cauliflower genotypes followed by different letters within rows are significantly different (P<0.05). *, **,
***Significant at the P<0.05, P<0.01 and P<0.001, respectively. 
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Discussion

At Monsampolo site, the weather conditions greatly differed between
the two years of study, and this difference likely caused the different
cauliflower response to the living mulch strategies. In particular, in the
rainy and colder year (2011) there were, on average, better productive
outcomes than in 2012. Similarly, Cebula et al. (2005) highlighted the
effects of climatic conditions on cauliflower crop growth dynamics. 
The POS treatment resulted in the highest crop yield and residues

dry biomass values in the first year (Table 3), confirming Kolota and
Adamczewska-Sowińska (2004) findings. Indeed, the authors observed
in leek that delaying the living mulches sowing after the cash crop
transplanting did not adversely affect its growth and yield. Another
study showed that white clover contemporary sowing to eggplant was
favourable for crop growth and yield, whereas perennial non-legume
LM (ryegrass) should be sown 3 weeks after planting (Adamczewska-
Sowińska and Kołota, 2010). Moreover, in our research the highest dry
biomass of burr medic was observed by using CON strategy in 2011,
whereas no significant differences were observed in the second year
between strategies, probably due to the different (less favourable)
weather patterns. Therefore, according to Hiltbrunner et al. (2007), a
clear inverse trend between the growth of the harvestable crop and that
of the cover crop can be inferred in 2011. Similarly, the weed dry bio-
mass was the greatest with CON than POS treatment. These results
would suggest that, as a consequence of early sowing, the cover crop
was not able to smother weeds establishment and growth, while cauli-

flower reduced the yield. In 2012 POS and NL productive results were
not significantly different from each other, whereas weeds biomass
approximately followed the same behaviour of 2011. 
Among the three genotypes, the F1 Emeraude resulted more produc-

tive than the two local cultivars, significantly in the first year (Table 3),
and it showed no yield differences among sowing time strategies
(Figure 2). All the interactions between EM and cover crop sowing
strategies showed a smother effect both on weeds and burr medic
(Figures 3 and 4). By contrast, the two local cultivars showed a differ-
ent behaviour depending on the living mulch strategy. In particular, the
cv2 showed to be a weaker competitor with weeds than cv1, when com-
bined with CON treatment, whereas the cv1 reached yield statistically
equal to the EM values in POS treatment. These results confirm the
role of genotypes in competitiveness (Mohler, 2007; Zimdahl, 2007) as
far as in the effectiveness of living mulches introduction on weed sup-
pression (Masiunas, 1998; Walters, 2011; Kolota and Adamczewska-
Sowińska, 2013).
At Metaponto site (Experiment 2), in 2011 trial year there were two

extreme rainfall events during cauliflower cropping cycle, which greatly
influenced its cultivation by destroying the crop production, thus reduc-
ing the mean yield. Anyway, according to Collier et al. (2008), also high
temperatures could negatively affect cauliflower production. Thus, the
next warmer and drier year presented notably low yield results, likely as
a consequence of the (opposite) unfavourable climatic conditions.
Therefore, the analysis is referred to under-productive outcomes. In fact,
in addition to a direct impact on crop development and yield, extreme
weather events generally have major impact by physical effects on soil,

                   Short Communication

Figure 3. Effect of the interaction between living mulch manage-
ment strategies and cauliflower genotypes on weeds (t ha−1) in
2011 trial year. The bars with different letters are significantly
different (P<0.05). NL, no living mulch control; CON, early sow-
ing, at cauliflower transplanting; POS, late sowing, three weeks
after cauliflower transplanting; EM, Emeraude F1 Hybrid; cv1
and cv2, open-pollinated, locally adapted cultivars.

Figure 4. Effect of the interaction between living mulch manage-
ment strategies and cauliflower genotypes on burr medic (t ha−1)
in 2011 trial year. The bars with different letters are significantly
different (P<0.05). NL, no living mulch control; CON, early sow-
ing, at cauliflower transplanting; POS, late sowing, three weeks
after cauliflower transplanting; EM, Emeraude F1 Hybrid; cv1
and cv2, open-pollinated, locally adapted cultivars.
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either because of drought or waterlogging (Collier et al., 2008).
In 2011, both AS and CS determined higher yields than NL treatment

(no weeding). On the contrary, a strong weed biomass decrease in the
AS and CS treatments (by 60% and 77% compared to NL, respectively)
was observed. This was in agreement with Jędrszczyk et al. (2005) who
found that cultivation of white head cabbage with a white clover as liv-
ing mulch determined weed biomass reduction by 96%. However, no
significant weed biomass reduction was recorded in the AS treatment
compared to the CS one, despite the higher LM biomass in AS plots.
Conversely, Barberi et al. (2008) showed a proportional decrease of
weeds total biomass in relation to the amount of living mulch biomass
in spinach cultivation. The inverse trend, between the growth of the
harvestable crop and that of the cover crop highlighted by Hiltbrunner
et al. (2007), was observed for CS treatment and also corresponded to
a reduced weeds performance. Therefore, the time of mulches sowing
should be chosen carefully to ensure optimal soil covering (Müller-
Schärrer and Potter, 1991). In the same year, the comparable yield
results of SUW with Org treatment, indicated that both the tested fer-
tilisers may represent a feasible option for farmers who can select
them in accordance to the availability of these fertiliser at local level.
Similarly, Montemurro et al. (2005) found that SUW can serve as a N
source for tomato crop, increasing total yield by more than 6% com-
pared to untreated control. Despite this result, no difference among fer-
tilisers was found comparing weed and burr medic biomasses, in con-
trast with the findings of other authors showing improved weed control
as a consequence of fertilisation (Evans et al., 2003; Brainard and
Bellinder, 2004).
Moreover, in 2012 the climatic conditions seem to have levelled out

all the observed results, except the burr medic biomass. The signifi-
cantly lower biomass value in AS treatment than in CS suggested an
effect of the high temperatures and low rainfall recorded on September
2012 on the living mulch establishment. 

Conclusions

The results obtained in our study demonstrated that vegetable crop-
ping systems designed in accordance to agro-ecological principles and
by combining different agronomic strategies (including selection of
both sowing time of ASC and genotype of the harvestable crop) are able
to produce fairly good yields influencing, at the same time, weed pres-
ence and development. Furthermore, the differences recorded between
the two experiments also highlighted the need to diversify the agro-
nomic strategies and to tailor them to the different environments. 
Further researches aiming to evaluate the feasibility of different liv-

ing mulches (e.g., mixing of different cover crops) introduction and
their effectiveness in Mediterranean organically managed agro-ecosys-
tems should be highly encouraged. This could help to evaluate the
potential of the technique to provide agro-ecological services in the
short and long-term periods.
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