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a b s t r a c t

In this study we evaluated the effects of hairy vetch (Vicia villosa Roth.) residues used as mulches on weed
control and yield in tomato (Lycopersicon esculentum Mill.) production. Field studies were carried out from
2002 to 2004 at Tuscia University (Central Italy). The treatments consisted in three different methods
of hairy vetch residue arrangement [mowed and left uniformly on the surface (mulched M); mowed
and placed in strips (mulched MS); mowed, placed in strips and rolled (mulched MSR)] compared to a
conventional treatment with four different levels of nitrogen fertilizer (0, 60, 120, and 180 kg ha−1 of N).
Hairy vetch was grown throughout the cold season and converted into dead mulch at the flowering stage
4 days before tomato transplanting. Tomato seedlings were transplanted in paired rows and, where the
mulch was arranged in strips, within the strips. Two levels of weed control (weed-free crop and one early
hand-weed control 25 days after tomato transplanting) were carried out on the tomato crop. On average,
the amount of hairy vetch above-ground biomass was 7.44 t ha−1 of DM with 149 kg N ha−1 content.
The marketable tomato yield in all weed-free mulch treatments was similar to weed-free conventional
with 180 kg ha−1 of N (on average 62 t ha−1). Weeds developed after the early weed control reduced the
tomato yield slightly in the mulch treatments (−16%), while in conventional treatments the reduction of
the tomato yield ranged from −56% to −62% and increased with the increase of the nitrogen fertilization
level in respect to the weed-free tomato crop. Mulch treatments reduced weeds in density and above-

ground biomass compared to conventional treatments (on average −72% and −40%, respectively), at 25
days after transplanting. At tomato harvesting the weeds were well suppressed by mulch above all where
the mulches were in strips. Amaranthus retroflexus L., Digitaria sanguinalis (L.) Scop., and Portulaca oleracea
L. were the main weeds in the conventional tomato crop. In mulched tomato there was a consistent
reduction in weed density in respect to conventional (on average −79% at tomato harvesting). The strip
placement seems to be a suitable arrangement of hairy vetch residues for assuring an effective weed

ld in a
suppression and high yie

. Introduction

The use in agriculture of herbicides and nitrogen fertilization
re becoming more limited, due to their expense and environ-
ental impact which has recently caused much concern (Oenema

t al., 2009; Bastiaans et al., 2008). Therefore, new approaches
o weed and nitrogen management are necessary both for assur-
ng an adequate crop yield and for respecting the environment

Möller and Reents, 2009; Kruidhof et al., 2008; Turner et al., 2007;
arberi, 2002; Beveridge and Naylor, 1999). Sustainable manage-
ent practices, such as conservation tillage and cover cropping can

mprove crops, soil fertility and environmental conditions (Ritter et

∗ Corresponding author. Tel.: +39 0761 357538; fax: +39 0761 357558.
E-mail address: Campigli@unitus.it (E. Campiglia).

161-0301/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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tomato no-tillage production.
© 2010 Elsevier B.V. All rights reserved.

al., 1998). Weed suppression and nutrient releasing effects are two
of the many benefits obtained by including cover crops in a cropping
system (Isik et al., 2009a; Brandsaeter and Netland, 1999). Cover
crops are also well known for improving soil organic matter and
soil structure, water holding capacity, controlling soil borne dis-
eases, reducing soil erosion, and positively influencing crop yield
(Sainju et al., 2006; Sarrantonio and Gallant, 2003). The legume
cover crops may supply nitrogen through the nitrogen fixation pro-
cess and non-legume cover crops such as grasses and forbs may
reduce nitrogen leaching during the wet season (Kuo and Sainju,
1998). Generally, at the end of their growing period cover crops

can be incorporated into the soil in order to increase soil organic
matter which favours the release of nutrients by means of min-
eralization or can be converted into mulches for improving weed
control and water retention (Coppens et al., 2006) although both
effects could coexist (Hartwig and Ammon, 2002). Therefore the

http://www.sciencedirect.com/science/journal/11610301
http://www.elsevier.com/locate/eja
mailto:Campigli@unitus.it
dx.doi.org/10.1016/j.eja.2010.04.001
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ype of management of cover crop residues is an important key
or highlighting one kind of effect in respect to another. Recent
esearches (Kruidhof et al., 2008) have shown that when cover
rop residues are left on the soil surface their management (i.e.
ntouched, mowed, chopped or grounded) and their placement
residues left uniformly or in strips on the ground) can modify the

ulch effect. In fact, a thick mulch layer can improve weed con-
rol through a more efficient reduction of light (Liu et al., 2009;
teinmaus et al., 2008), diminish soil temperature amplitude which
revents seed dormancy (Gardarin et al., 2010) and release allelo-
hemical compounds (Caamal-Maldonato et al., 2001). Moreover
he release of allelochemicals and nitrogen is due to environmental
onditions (mainly temperature and moisture) and the biochem-
cal composition of residues (Snapp and Borden, 2005; Quemada,
004; Ruffo and Bollero, 2003). Further knowledge and information
n the management effects of the cover crop residues in differ-
nt environments is required in order to improve weed control
nd prediction of N availability when organic mulches are used.
airy vetch (Vicia villosa Roth.) is a vigorous winter growing for-
ge legume, several studies have suggested that hairy vetch is one
f the most efficient nitrogen-fixers (Hartwig and Ammon, 2002)
nd it can accumulate a large amount of nitrogen during the grow-
ng period (Anugroho et al., 2009a; Seo and Lee, 2008; Bongsu and
aimon, 2008). Hairy vetch can be used as winter cover crop for

uppressing weeds and supplying N for the following summer crop
hen used as green manure or mulch due to its rapid subsequent N
ineralization (Ruffo and Bollero, 2003; Brandsaeter et al., 2008).
airy vetch above-ground biomass is also suitable to be mowed
nd left on the soil surface as dead mulch for suppressing weeds
hrough allelopathic interference (Hill et al., 2007) with negligi-
le regrowth after mowing (Curran et al., 1994; Brandsaeter and
etland, 1999). Many studies have shown that hairy vetch mulches
re suitable for weed management on vegetable crop production,
n particular on tomato (Abdul-Baki et al., 2002; Sainju et al., 2001a;
easdale and Abdul-Baki, 1997; Teasdale, 1993), but there is little
nformation on the effects of hairy vetch residue management on

eed control and tomato yield. This study was carried out in order
o evaluate the effect of hairy vetch residue management on weed
ontrol and yield on a processing tomato crop in a Mediterranean
rea of Central Italy.

. Materials and methods

.1. Site, soil characteristics and experimental design

Field studies were carried out from 2002 to 2004 at the Experi-
ental Farm of Tuscia University in Viterbo (Upper Latium, 80 km
W of Rome, lat. 42◦26′N, long. 12◦40′E, alt. 310 m a.s.l.). A hairy
etch–tomato sequence was carried out for two growing seasons
n two adjacent fields (in 2002/2003 in a field and in 2003/2004
n the other field) previously cropped with barley (Hordeum vul-
are L.) before beginning the experiment. The soil characteristics
n the 0–30 cm layer were on average: 23.2% clay, 17.7% silt and
9.1% sand; pH 7.0 (water, 1:2.5); 1.52% organic matter (Lotti) and
.094% total nitrogen (Kjeldahl). The climate of the region is typ-

cally Mediterranean with a mild and wet season in winter and
long dry summer. The average annual temperature is around

4.3 ◦C with the minimum temperatures occasionally below 0 ◦C
from December to March), and the average rainfall (from Septem-
er to May) is about 806.7 mm annually. Temperature and rainfall

ata during the experiment were collected by a weather station
00 m from the site. The hairy vetch was grown during the wet-cold
eason and then converted into dead mulch where a tomato crop
as transplanted. The treatments consisted in three different hairy

etch residue placements [mowed and left uniformly on the surface
onomy 33 (2010) 94–102 95

(mulched M); mowed and placed in strips (mulched MS); mowed,
placed in strips and rolled (mulched MSR)] and a bare ground treat-
ment with no cover crop, hereafter called conventional, in order
to simulate the farmers’ normal practices. Four different levels of
nitrogen fertilization (0, 60, 120 and 180 kg ha−1 of N) were applied
to the conventional tomato treatment, while two different levels of
weed control were applied in all tomato plots (weed-free crop and
early weed control 25 days after transplanting). The experimental
design adopted was a split-plot with three replicates in random-
ized blocks, where the main plots were represented by the three
hairy vetch mulch treatments + four conventional nitrogen treat-
ments hereafter called soil management, and the sub-plots were
the two levels of weed control. The experimental elementary plot
size was 20 m2 (5 m × 4 m).

2.2. Hairy vetch and tomato establishment

Before the beginning of each hairy vetch–tomato sequence, the
soil was ploughed in at a depth of 30 cm in September. Then the
fields were fertilized with 92 kg ha−1 of P2O5, as triple superphos-
phate, and the soil clods were broken into smaller pieces by disking
(about 15 cm depth) and harrowing (about 10 cm depth) at least
once for the seedbed preparation. Hairy vetch was sown manually
and the seeds were superficially buried by gentle harrowing on
October 29th in 2002 and September 23rd in 2003. In both years
the hairy vetch seed rate was 50 kg ha−1. The soil in conventional
plots was left bare throughout the cover crop growing season by
means of disc harrow cultivation whenever necessary. When the
hairy vetch was at the flowering stage, on May 5th in 2003 and
May 11th in 2004, the above-ground biomass was mowed about
5 cm above the soil surface with a disc mower conditioner. Soon
after, the hairy vetch residues were arranged as follows: (i) left
uniformly placed on the soil surface (mulched M); (ii) in rows by
means of a mower-rake machine to form a uniform layer of residue
about 7 cm thick (mulched MS); and, (iii) in rows, as the previous
treatment, plus the mulch was rolled by means a flat roll for making
a more compact mulch layer (mulched MSR). The mulch rows were
0.8 m wide and 1.20 m from one another. At the same time, in the
conventional plots, the ground was harrowed with a rotary harrow
for preparing a transplant bed. The processing tomato seedlings
(Lycopersicon esculentum Mill.), cv. “Caspar”, were transplanted by
hand into the mulch layer 4 days after the organic mulch prepara-
tion with minimal disturbance and into the conventional treatment
(without mulch–bare soil) on May 9th in 2003 and May 15th in
2004. The tomato plants were arranged in paired rows with a dis-
tance of 0.4 m between them and a distance of 1.60 m between the
paired rows. In the mulch system, the tomato seedlings were sur-
rounded by hairy vetch residues with a minimum mulch of 20 cm
wide. The distance between the tomato seedlings in the rows was
33 cm and their density was 3 plants m−2. The same geometry was
used for the tomato seedlings in the conventional system. Drip
irrigation started immediately after tomato transplanting to pre-
vent moisture stress, and consisted in polyethylene pipes 12 mm
in diameter laid in the middle of the paired rows parallel to crop
rows. Each pipe irrigated two rows, and was provided with on line
emitters with a capacity of 3 l/h at 0.3 m apart. 90% of evapotran-
spiration estimated by a class A pan evaporimeter and adjusted by
crop coefficients during the growth cycle (Allen et al., 1998) was
reintegrated. At 25 days after transplanting, just after weed sam-
pling, all plots were weeded manually and after that each plot was
split into two sub-plots. A sub-plot was hand weeded whenever

necessary both within and between the tomato paired rows and on
the other sub-plot the weeds were left to grow undisturbed until
tomato harvesting. Wherever foreseen, a nitrogen fertilizer (0, 60,
120, and 180 kg ha−1 of N hereafter called N0, N60, N120 and N180,
respectively) was applied by means of ferti-irrigation as urea in
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Fig. 1. The effect of interaction of the soil management × weed control and, the
year × weed control on the tomato marketable yield. Means without common letters
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elonging to the same interaction are significantly different according to LSD (0.05).
onventional N0 = C-N0; Conventional N60 = C-N60; Conventional N120 = C-N120;
onventional N180 = C-N180; mulch M = M-M; mulch MS = M-MS; mulch MSR = M-
SR; early weed control = EWC; weed-free crop = WFC.

wo applications, half of the N rate on June 9th and the remaining
on July 2nd in 2003 and June 15th and July 8th in 2004, respec-

ively. The tomato mulched plots were not fertilized with nitrogen.
ive copper treatments were applied during the tomato crop season
n order to control disease. Irrigation was stopped 2 weeks before
arvesting when the tomato fruits began to redden. The tomato
rop was harvested on August 19th, 2003 and August 25th, 2004,
espectively.

.3. Measurements

In both years immediately before converting the hairy vetch
nto mulch, in 1 m2 of each central plot the cover crop above-
round biomass was cut on the soil surface using a 100 cm × 100 cm
uadrat for above-ground biomass (oven dried at 70 ◦C until con-
tant weight) and N (Kjeldahl method) determinations. Weeds
ere sampled at 25 days after tomato transplanting (DAT) and at

omato harvesting in each tomato cycle. The weeds were sampled
ithin and between the paired tomato rows using a 40 cm × 40 cm

uadrat placed randomly eight times in the middle of each tomato
lot to avoid border effects. In both years the following parameters
ere determined: weed density, and oven dried (70◦ C until con-

tant weight) weed above-ground biomass by species and total. In
oth years at tomato maturity, in the two middle rows of each plot,
0 tomato plants were cut 2 cm above the ground, harvested man-
ally and the following measurements were taken: the number of
ruits divided into marketable (red and orange fruits) and unmar-
etable fruits (green and rotten fruits) and their fresh weight; oven
ried (70◦ C until constant weight) straw weight (stems + leaves)
nd straw nitrogen content (Kjeldahl method). Fifty marketable
ruits for each plot were randomly selected in order to determine
he fruit weight. Fruit quality was evaluated by examining 20 fruits
ut into small pieces, homogenized and the tomato juice was used
or the analysis of pH (determined using a glass electrode pH-meter,
atanè and Cosentino, 2010) and for the total soluble solid content
TSS) expressed in Brix and determined with a hand-held refrac-
ometer (SR-2 ISSCO).

.4. Statistical analyses
All tomato characteristics, weed density and weed above-
round biomass data were subjected to the analysis of variance
sing the GLM procedure (SAS, 1996). The analysis of variance
as carried out for the 2 years considering the year as repeated
easures across time. In order to homogenize the variance, after
onomy 33 (2010) 94–102

the Bartlett test the data were transformed before analysis, weed
density as square root (x + 0.5), and percentages as angular transfor-
mation (Gomez and Gomez, 1984). The data reported in the tables
were back transformed. A split–split-plot experimental design was
used for the tomato characteristics where the soil management
was treated as the main factor, the level of weed control as the
split factor, and the year as the repeated measure. The same exper-
imental design was used for the total weed density and total weed
above-ground biomass where the soil management was treated as
the main factor, the position of the weeds (within and between
the tomato paired rows) as the split factor, and the year as the
repeated measure. A one-way analysis was adopted for the weed
above-ground biomass for each weed species in each year. Treat-
ment means were compared using Fisher’s protected LSD test at
the 0.05 probability level. Weed community composition at 25 days
after transplanting was analyzed by means of a canonical discrim-
inant analysis by taking each weed species as a variable. The weed
species were represented in a biplot, where the axes represent the
first two canonical variables, as vectors whose length indicates the
degree of association between weed species and mulch treatments.

3. Results

3.1. Hairy vetch biomass and nitrogen accumulation

The hairy vetch cover crop grew regularly during both growing
seasons (2002/2003 and 2003/2004 years) and frost damage was
not recorded during the coldest period of the years although the
minimum air temperatures dropped below 0 ◦C (−0.9 and −1.1 ◦C
the average monthly air temperature in February 2003 and January
2004, respectively). Above-ground biomass and nitrogen content
at cover crop suppression were similar in both years, on aver-
age 7.69 t ha−1 of dry matter and 153.8 kg of N ha−1 in 2003, and
7.19 kg ha−1 of dry matter and 143.9 kg of N ha−1 in 2004.

3.2. Tomato yield and fruit characteristics

Analysis of variance of the tomato characteristics is reported
in Table 1. The analysis showed that there were significant inter-
actions (P < 0.01) between soil management × weed control and
year × weed control on the marketable tomato fruit yield. In general
the marketable tomato yield was higher in all mulch weed-free crop
treatments (63.3, 64.7, and 57.5 t ha−1, in mulch MSR, mulch MS,
and mulch M, respectively, Figure 1) than all conventional treat-
ments, except for conventional N180 weed-free crop that showed
similar values of mulch weed-free crop treatments (62.7 t ha−1).
However, in mulch MSR, the marketable tomato yield was statisti-
cally similar in weed-free crop and early weed control treatments
(63.3 and 58.1 t ha−1, respectively). The marketable tomato yield
in mulch MS and mulch M in early weed control was slightly
lower than mulch MS and mulch M in weed-free crop (53.9 and
44.2 t ha−1, respectively, Figure 1). In conventional weed-free crop
treatments the marketable tomato yield was positively related to
the nitrogen fertilization level, in fact it was the highest in N180,
followed by N120 (55.7 t ha−1), N60 (47.5 t ha−1), while it was the
lowest in conventional N0 (38.8 t ha−1). Generally, early weed con-
trol gave the lowest marketable tomato fruits in both years. The
analysis of variance (Table 1) showed that the main effects of
soil management, weed control, and year affected most of the
tomato yield components, fruit quality, straw, and N straw. Mulch

MSR, mulch MS, and mulch M showed a higher number of mar-
ketable tomato fruits (on average 111.4 fruits m−2), followed by
N180 and N120 (on average 93.6 fruits m−2), conventional N60 and
N0 (on average 65.8 fruits m−2). As expected, the number of tomato
fruits was higher in the weed-free crop than early weed control
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Table 1
Analysis of variance of tomato characteristics.

Treatment d.f. Marketable
fruit yield
(t ha−1 of FM)

Marketable
fruit (no m−2)

Average fruit
weight (g of
FM)

Unmarketable
fruit (no m−2)

pH TSS (Brix) Straw (t ha−1 of DM) Straw DM N
content (%)

Soil management (A) 6 ** ** ns ** ns ** ** **

Weed control (B) 1 ** ** ** ns ns ** ** ns
A × B 6 ** ns ns ns ns ns ns ns
Error a 28
Year (C) 1 ** ** ** ns ns ** ** ns
C × A 6 ns ns ns ns ns ns ns ns
C × B 6 ** ns ns ns ns ns ns ns
A × B × C 6 ns ns ** ns ns ns ns ns
Error b 28
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Significance at P < 0.05.
** Significant at P ≤ 0.01.
s: Not significant.

108 fruits m−2 vs. 78 fruits m−2, respectively), while in 2004 it was
igher than 2003 (114 fruits m−2 vs. 72 fruits m−2). Fruit weight
as similar among the soil treatments (on average 49.7 g of FM),
hile it was higher in weed-free crops than early weed control

54 g vs. 46 g of FM), and in 2003 than in 2004 (55 g vs. 44 g of
M). The number of unmarketable tomato fruits was higher in the
ulch treatments (on average 29.3 no m−2), followed by conven-

ional N180 (20.4 no m−2), conventional N120 and N60 (on average
7.2 no m−2), and conventional N0 (on average 13.8 no of tomato
ruit m−2). The Total Soluble Solid was similar among soil manage-

ent treatments (on average 4.46 dS m−1) except for conventional
0 where it was lower (4.00 dS m−1). The tomato straw differed in
eed control and year treatments with similar values (2.0 t ha−1

s. 1.5 t ha−1 of DM in weed-free crop vs. early weed control and
n 2004 vs. 2003, respectively). However it was higher in all mulch
reatments (on average 2.07 t ha−1 of DM), intermediate in conven-
ional N180 and N120 (on average 1.6 t ha−1 of DM), and lower in
onventional N60 and N0 (on average 1.4 t ha−1 of DM). The nitro-
en content in the tomato straw differed only for soil management
reatments, and was lower in conventional N0 than all the other
reatments (on average 1.16% vs. 1.37%, respectively).

.3. Weeds in the tomato crop

.3.1. Weed density and biomass
The weed density and biomass at 25 days after tomato trans-

lanting (hereafter called DAT) were influenced by all treatments
nd there was an interaction year × soil management × weed
osition (Table 2). Generally, both weed density and weed above-
round biomass were higher in 2003 than 2004 (148.9 plants m−2

nd 47.3 g m−2 of DM vs. 68.8 plants m−2 and 38.5 g m−2 of DM,
espectively). The highest weed density was observed in con-
entional plots, in fact the total number of weed seedlings that
merged from these plots ranged between 60 plants and 333 plants
−2, and it was significantly higher in respect to mulch M, mulch
S, and mulch MSR. Mulch MSR showed the lowest weed den-

ity within the paired rows (12.5 and 8.0 plants m−2 in 2003 and
004, respectively), while mulch M showed lower weed density
etween the paired rows (56.1 and 19.8 plants m−2 in 2003 and
004, respectively). Mulch MS showed intermediate values, both
ithin and between the paired rows, in respect to mulch MSR

nd mulch M (Table 2). In 2003, the weed weight was the low-
st in mulch M (15.0 g m−2 of DM), intermediate in conventional
50.4 g m−2 of DM), and the highest in mulch MS and MSR (on

verage 82.1 g m−2 of DM) between the paired rows. In 2004, the
owest weed above-ground biomass between the paired rows was
bserved in the conventional treatment compared to the other
reatments (on average 37.8 g m−2 vs. 55.9 g m−2 of DM, respec-
ively).
The effects of interaction of the year × soil management × weed
position on weed density and weed above-ground biomass at
tomato harvesting are reported in Table 3. Generally, weed density
was similar in both years (on average 22.4 plants m−2), while weed
above-ground biomass was higher in 2003 than 2004 (142.4 g m−2

vs. 106.5 g m−2 of DM, respectively).
In 2003, weed density between paired rows was similar in all soil

management treatments (on average 2.7 no plants m−2), except
for conventional N60 and mulch MSR where the highest and the
lowest weed density values (6.7 and 0.0 plants m−2, respectively)
were observed. In 2004, the highest weed density between paired
rows was found in mulch M (12.5 plants m−2), and the lowest
was observed in conventional N60, conventional N180, and mulch
MSR (on average 1.9 plants m−2). Generally in both years within
the paired rows the lowest weed density was recorded in mulch
treatments (on average 14.3 and 6.3 plants m−2, in 2003 and 2004,
respectively), although, it ranged between 20.8 and 9.7 plants m−2

in 2003 and 11.2 and 2.9 plants m−2 in 2004 in mulch M and mulch
MSR, respectively. In the conventional treatments within paired
rows, the weed density ranged between 79.2 and 51.4 plants m−2

in 2003 and 76.1 and 56.1 plants m−2 in 2004.
The weed above-ground biomass between paired rows was sim-

ilar among the soil management treatments (on average 7.7 and
6.9 g m−2 of DM, in 2003 and 2004, respectively). Within the paired
rows, the weed above-ground biomass was positively affected by
the nitrogen fertilization level, in fact, it was the highest in conven-
tional N180 and N120 in 2003 and in conventional N180 in 2004
(on average 475.2 and 375.9 g m−2 of DM, respectively), intermedi-
ate in conventional N60 in 2003 and conventional N120 and N60 in
2004 (on average 329.1 and 315.0 g m−2, respectively), and the low-
est in conventional N0 (266.5 and 190.1 g m−2 of DM in 2003 and
2004, respectively, Table 3). Generally, mulch treatments showed
lower weed above-ground biomass than conventional treatments.
In 2003 the lowest weed above-ground biomass was observed in
mulch MSR (97.0 g m−2 of DM), followed by mulch MS (123.8 g m−2

of DM), and mulch M (172.8 g m−2 of DM), while in 2004, it was
lower in mulch MSR and mulch MS (on average 52.2 g m−2 of DM),
followed by mulch M (143.4 g m−2 of DM), within the paired rows.

3.3.2. The composition of the weed species
The weed species that grew in mulch and conventional treat-

ments from 2003 to 2004 are listed in Table 4. The number of weed
species was 42, and dicot weed species were more numerous than
monocot weed species (36 vs. 6). The above-ground biomass of the

main weeds within the paired rows of tomato at 25 DAT and at
tomato harvesting in both years is reported in Table 5. In 2003
Digitaria sanguinalis (L.) Scop., Amatanthus retroflexus L., and Portu-
laca oleracea L. were the main weeds observed in the experiment,
although there were great differences among soil management
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Table 2
The effect of interaction of the year × soil management × weed position on the weed density and weed above-ground biomass at 25 days after tomato transplanting.

Soil management Weed density (no plants m−2) Weed above-ground biomass (g m−2 of DM)

2003 2004 2003 2004

Between
paired
rows

Within
paired
rows

Between
paired
rows

Within
paired
rows

Between
paired
rows

Within
paired
rows

Between
paired
rows

Within
paired
rows

Conventional 271.1 a A 282.7 a A 60.0 a B 333.6 a A 50.4 b B 87.5 a A 37.8 b B 69.8 a A
Mulch M 56.1 d B 102.5 b A 19.8 c B 37.9 b A 15.0 c B 44.6 b A 59.5 a A 14.6 b B
Mulch MS 199.2 c A 37.5 c B 22.8 c A 26.1 c A 83.3 a A 7.0 c B 50.3 ab A 15.0 b B

.0 d B
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Mulch MSR 230 b A 12.5 d B 42.2 b A 8

alues belonging to the same characteristic without common letters are statisticall
osition, and columns for each soil management (lower case letter).

reatments. Generally, the above-ground biomass of these weeds
as higher in conventional (15.1, 68.5, and 3.8 g m−2 of DM, respec-

ively) and lower in MS and MSR treatments (on average 1.9, 6.6,
nd 0.0 g m−2 of DM, respectively), D. sanguinalis (L.) Scop. showed
he highest values of above-ground biomass in mulch M (22.4 g m−2

f DM). In the same year at tomato harvesting the most important
eed species were similar to those found at 25 DAT plus Polygonum

viculare L. These weed species together accounted for over 99% of
he above-ground biomass in conventional treatments (on aver-
ge 370.1 g m−2 of DM). Generally, the above-ground biomass of
. sanguinalis (L.) Scop. and A. retroflexus L. was lower in mulched

reatments (on average 18.7 and 57.6 g m−2 of DM, respectively)
n comparison to conventional (on average 189.4 and 104.2 g m−2

f DM, respectively). P. oleracea L. was present in all conven-
ional treatments (on average 70.4 g m−2 of DM) and in mulch MSR
6.9 g m−2 of DM), while P. aviculare L. were only present in con-
entional N0 and N60 (on average 12.1 g m−2 of DM). In 2004 the
ain weed species observed at 25 DAT were A. retroflexus L., P.

leracea L., Poa annua L., and Stellaria media (L.) Vill. The above-
round biomass of P. oleracea L. and A. retroflexus L. was higher in
onventional (on average 35.7 and 7.8 g m−2 of DM, respectively)
han mulch treatments (on average 0.1 and 0.6 g m−2 of DM, respec-
ively). S. media (L.) Vill. was higher in mulch MS and lower in mulch

, mulch MSR, and in conventional (4.8 g m−2 vs. 0.6 g m−2 of DM),
hile P. annua L. was higher in mulch M and MS in comparison

o conventional and mulch MSR (4.8 g m−2 vs. 0.5 g m−2 of DM,
espectively). At tomato harvesting D. sanguinalis (L.) Scop. and A.
etroflexus L. were the main weeds which together accounted for
ver 98% of the weed above-ground biomass. Generally, the above-
round biomass of A. retroflexus L. increased with the increase

f nitrogen fertilizer applied in conventional tomato crop (136.6,
21.3, 291.2, and 351.9 g m−2 of DM for N0, N60, N120, and N180,
espectively), while it was similar among mulched treatments (on
verage 8.2 g m−2 of DM). The above-ground biomass of D. san-
uinalis (L.) Scop. was similar in all soil management treatments,

able 3
he effect of interaction of the year × soil management × weed position on the weed den

Soil management Weed density (no plants m−2)

2003 2004

Between
paired
rows

Within
paired
rows

Between
paired
rows

Wit
pair
row

Conventional N0 2.2 ab B 79.2 a A 4.6 ab B 76.1
Conventional N60 6.7 a B 51.4 b A 1.4 b B 73.9
Conventional N120 3.3 ab B 52.8 ab A 3.7 ab B 56.1
Conventional N180 3.3 ab B 64.8 ab A 2.8 b B 62.2
Mulch M 1.7 ab B 20.8 c A 12.5 a A 11.2
Mulch MS 1.7 ab B 12.5 c A 5.1 ab A 4.8
Mulch MSR 0.0 b B 9.7 c A 1.4 b A 2.9

alues belonging to the same characteristic without common letters are statistically diffe
osition, and columns for each soil management (lower case letter).
80.8 a A 9.8 c B 57.9 a A 3.6 b B

rent according to LSD (0.05) in rows for each year (upper case letter) of each weed

although the highest value was found in mulch M (107.6 g m−2 of
DM).

The results of the canonical discriminant analysis on the weed
density observed within paired rows for soil management treat-
ments at 25 days after tomato transplanting in 2003 and 2004 are
reported in Figure 2. The first two canonical variables explained
87% and 61% in 2003 and in 2004 of the total variance, respectively.
There was a tendency towards differentiation among weed com-
munities based on soil management treatments, the appearance of
the main weed vectors P. oleracea L. and A. retroflexus L. in the same
ordination space of the conventional treatment in both years sug-
gested an association of these weeds with this treatment. Mulch
MSR does not seem to be associated with any weeds.

4. Discussion

As reported by Campiglia et al. (2010), hairy vetch appears to be
a suitable cover crop to use as mulch in the Mediterranean environ-
ment for spring–summer crops in no-tillage systems. The cutting
carried out during the flowering stage devitalized the hairy vetch
which did not re-grow thus avoiding competition with the next
main crop. Moreover, in both years of the experiment during the
cold season the hairy vetch did not suffer frost damage (data not
shown) even if the temperatures dropped below zero. At the time
of its conversion into mulch, the production of the above-ground
biomass of the hairy vetch was equal to about 7.5 t ha−1of DM, with
an N content of about 140 kg ha−1, similar to that reported by many
Authors in different environments (Teasdale et al., 2004; Anugroho
et al., 2009b) and to the quantity generally used by farmers for
nitrogen fertilization of the tomato plant in conventional treat-

ments (Abdul-Baki et al., 1997). Probably the sowing carried out
in early fall, with favourable temperature and soil moisture con-
tent, positively influenced the establishment of the hairy vetch and
its following growth (Kuo and Jellum, 2002). The arrangement in
strips was aimed at enhancing the mulch effect around the tomato

sity and weed above-ground biomass at tomato harvesting.

Weed above-ground biomass (g m−2 of DM)

2003 2004

hin
ed
s

Between
paired
rows

Within
paired
rows

Between
paired
rows

Within
paired
rows

a A 0.4 a B 266.5 c A 5.0 a B 190.1 c A
a A 15.1a B 329.1 b A 1.6 a B 306.6 b A
a A 0.9 a B 454.1 a A 4.1 a B 323.4 b A
a A 19.8a B 496.3 a A 5.0 a B 375.9 a A
b A 13.1 a B 172.8 d A 21.0 a B 143.4 c A

b A 4.4 a B 123.8 e A 6.0 a B 59.8 d A
b A 0.0 a B 97.0 f A 5.7 a A 44.6 d A

rent according to LSD (0.05) in rows for each year (upper case letter) of each weed
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Table 4
Weed species that grew in mulched and un-mulched plots in 2003 and 2004. Latin
name and symbol are from EPPO codes database.

Botanic name Symbol Plant
taxonomy

Life cycle

Abutilon theophrasti Medik. ABUTH Dicot Annual
Amaranthus retroflexus L. AMARE Dicot Annual
Ammi majus L. AMIMA Dicot Annual
Anagallis arvensis L. ANGAR Dicot Annual/biennial
Anchusa arvensis (L.) M. Bieb. LYCAR Dicot Annual
Atriplex patula L. ATXHA Dicot Annual
Buglossoides arvensis (L.) I.M. Johnst. LITAR Dicot Annual
Calystegia sepium (L.) R. Br. CAGSE Dicot Perennial
Capsella bursa-pastoris (L.) Medik. CAPBP Dicot Annual
Chenopodium album L. CHEAL Dicot Annual
Cirsium arvense (L.)Scop. CIRAR Dicot Perennial
Convolvulus arvensis L. CONAR Dicot Perennial
Datura stramonium L. DATST Dicot Annual
Daucus carota L. DAUCA Monocot Biennial
Digitaria sanguinalis (L.) Scop. DIGSA Dicot Annual
Diplotaxis erucoides (L.) DC. DIPER Monocot Annual/biennial
Echinochloa crus-galli (L.) P. Beauv. ECHCG Dicot Annual
Euphorbia helioscopa L. EPHHE Dicot Annual
Fallopia convolvulus (L.) A Löve POLCO Dicot Annual
Fumaria officinalis L. FUMOF Dicot Annual
Lamium amplexicaule L. LAMAM Dicot Annual/biennial
Myagrum perfoliatum L. MUGPE Dicot Annual
Papaver rhoeas L. PAPRH Monocot Annual
Poa annua L. POAAN Dicot Annual
Polygomun persicaria L. POLPE Dicot Annual/perennial
Polygonum aviculare L. POLAV Dicot Annual/perennial
Polygonum lapathifolium L. POLLA Dicot Annual
Portulaca oleracea L. POROL Dicot Annual
Rumex spp. – Dicot –
Senecio vulgaris L. SENVU Monocot Annual/biennial
Setaria verticillata (L.) P. Beauv. SETVE Monocot Annual
Setaria viridis (L.) P. Beauv. SETVI Dicot Annual
Sinapis arvensis L. SINAR Dicot Annual
Solanum nigrum L. SOLNI Dicot Annual/perennial
Sonchus arvensis L. SONAU Monocot Perennial
Sorghum halepense (L.) Pers. SORHA Dicot Perennial
Stellaria media (L.) Vill. STEME Dicot Annual/perennial
Tribolus terrestris L. TRBTE Dicot Annual
Trifolium spp. – Dicot –

p
t
d
h
i
o
v

T
A
a
d

A

Veronica persica Poir. VERPE Dicot Annual
Xanthium italicum Moretti XANSI Dicot Annual
Xanthium spinosum L. XANSP Dicot Annual

lants above all concerning the nitrogen supply and weed con-
rol (Petersen, 2005). Several studies show that hairy vetch residue

ecomposes rapidly after cutting and the nitrogen content in the
airy vetch residue may be released almost totally within a grow-

ng season of the summer vegetable crop (Teasdale et al., 2008). In
ur study, the marketable tomato yield was high in all the hairy
etch treatments and comparable in the case of a weed-free crop

able 5
bove-ground biomass (g m−2 of DM) of the main weed species inside the tomato paired
nd 2004. Values belonging to the same weed species in each sampling date without co
escription of symbols for weed species.

Weed species At 25 days after tomato transplanting At tomato harv

Conv Mulch M Mulch MS Mulch MSR Conv N0 Co

Year 2003
DIGSA 15.1 ab 22.4 a 2.2 b 1.5 b 0.0 b 11
AMARE 68.5 a 19.8 b 4.8 c 8.3 c 133.1 a 12
POROL 3.8 a 2.2 ab 0.0 b 0.0 b 122.6 a 63
POLAV A A A A 10.8 a 13

Year 2004
DIGSA A A A A 51.7 a 83
AMARE 7.8 a 0.5 b 0.4 b 0.9 b 136.6 d 22
POROL 35.7 a 0.1 b 0.1 b 0.0 b A A
POAAN 0.2 b 4.9 a 4.7 a 0.8 b A A
STEME 0.5 b 1.0 b 4.8 a 0.4 b A A

= absent.
onomy 33 (2010) 94–102 99

to treatments with nitrogen fertilizer at a ratio of 180 kg of N ha−1,
which is the maximum quantity of nitrogen used in conventional
treatments. This suggests that the nitrogen mineralization of hairy
vetch in Central Italy and in other similar environments meets the
nitrogen requirements of numerous summer vegetables such as
tomatoes and potatoes (Scholberg et al., 2000; Campiglia et al.,
2009). In our study, the tomato plants grown on the mulch pro-
duced a much higher number of fruits than the plants grown with
the conventional treatment above all those with the lowest lev-
els of nitrogen fertilization (Whitehead and Singh, 2005; Sainju et
al., 2001b). Probably, organic mulch also influenced soil temper-
atures, water dynamics and solar radiation reducing the stress of
the crop (Zotarelli et al., 2009) compared to un-mulched tomato.
Moreover according to Parisi et al. (2006) it should be noted that
in the case of tomatoes grown on mulch there is also a large num-
ber of green, ripening, and pink fruits (data not shown) due to a
more progressive and delayed ripening. Regarding the hairy vetch
above-ground biomass management, it appears that the placement
of the vetch in strips enhances the marketable tomato yield com-
pared to a uniform arrangement over the soil, also probably thanks
to the major concentration of N available near the root system
of the tomato plant (Doane et al., 2009). In conventional treat-
ments a gradual reduction in nitrogen fertilization corresponds to a
progressive reduction in the marketable tomato yield, with a max-
imum amount of waste between the maximum N dose (N180) and
the plots without nitrogen fertilization (N0) equal to 36%, and as
expected a weaker concentration of N in the straw as reported by
Scholberg et al. (2000). An early weed control, carried out at 25 DAT,
is not sufficient for assuring a high tomato yield in conventional
systems, in fact despite the increase in the doses of the nitrogen
fertilization, the yield was drastically reduced by the presence of
weeds (on average 20.1 t ha−1). Probably the weeds which survived
the early weed control or emerged subsequently benefited by the
N and water supplied to the tomato plants therefore the weeds
grew rapidly reaching a high content of above-ground biomass at
the time of the tomato harvest (on average 342.7 g m−2, Table 3),
and therefore conventional treatments require an adequate weed
control even after the first stages of development. As reported by
Mayén et al. (2008), in less competitive crops or in crops that do
not form a canopy which uniformly covers the soil, weeds may
continue to emerge throughout the growing season of the crops
and contribute to reduce crop yields. On the other hand a hairy
vetch mulch layer seems to decrease weed density and biomass

throughout the tomato growing season, probably due to its physi-
cal and allelopathic effects (Isik et al., 2009b). In particular, it seems
that the above-ground biomass arranged in strips on tomato paired
rows (mulch MS and MSR) is more efficient in respect to organic
mulch uniformly placed on the soil surface. Probably, a thick layer

rows at 25 days after tomato transplanting (DAT) and at tomato harvesting in 2003
mmon letters are statistically different according to LSD (0.05). See Table 4 for a

esting

nv N60 Conv N120 Conv N180 Mulch M Mulch MS Mulch MSR

5.4 b 360.3 a 281.7 ab 56.2 b 0.0 b 0.0 b
4.5 a 41.8 b 117.4 a 35.1 b 51.7 b 85.9 ab
.5 ab 21.5 b 74.0 ab 0.0 b 0.0 b 6.9 b
.4 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a

.7 a 32.2 a 24.0 a 107.6 a 48.1 a 27.8 a
1.3 c 291.2 b 351.9 a 5.7 e 2.0 e 16.8 e

A A A A A
A A A A A
A A A A A
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ig. 2. Biplot from canonical discriminant analysis of weed species within tomato p
description of symbols for weed species.

ncreased the chemical and physical effects of organic mulch on
eed control (Kruidhof et al., 2008). In fact the formation of a more

ompact layer of mulch can lead to a decrease in soil temperature
uctuations and a reduction in light penetration, which are known
o inhibit weed germination and growth (Teasdale, 1993). However
t seems that in the case of a high quantity of weeds the flattening
f the hairy vetch above-ground biomass in strips (mulch MSR) is
referable as it brings about a further reduction of the weed den-
ity and weed above-ground biomass. Probably, crushing the hairy
etch above-ground biomass favoured the release of allelochemical
ompounds through tissue disruption (Kruidhof et al., 2008) reduc-
ng light transmittance throughout the mulch layer (Steinmaus et
l., 2008). However further research must be carried out to verify
f the weeds that survive the control and emerge from the mulch
ayer have a major individual development which is confirmed by
he major weight of the above-ground biomass per plant com-
ared to those weeds which develop in conventional treatments
data not shown). It is probable that once the weeds have emerged
hey benefit from the positive effects of the mulch such as nitrogen

elease just like the tomatoes. However, the strip strategy seems
o be very useful because it enables us to drastically reduce the
eeds around the tomato plants where mechanical weed control

s difficult to carry out and the common method used for weed
ontrol is hand weeding or herbicides. These strategies of weed
rows at 25 days after tomato transplanting (DAT) in 2003 and 2004. See Table 4 for

control have both negative aspects in the tenability of farming sys-
tems in fact the use of herbicides means a higher environmental
impact (Oenema et al., 2009), while hand weeding involves higher
labour costs (Ngouajio et al., 1997). As expected, in our study the
largest quantity of weeds was found near the tomato plants both
in conventional and mulch treatments, where the water and nitro-
gen supply by means of drip irrigation placed between the paired
rows promoted weed establishment and growth (Shrivastava et al.,
1995), whereas weed emergence and growth was limited between
the paired rows. During the field experiment a high variety of weed
species were observed in all plots. A. retroflexus L., D. sanguinalis
(L.) Scop., and P. oleracea L. were the main weeds in conventional
plots. Although the weed density was highly reduced, there was a
higher number of weed species in the mulches compared to con-
ventional treatments even if A. retroflexus L. was the most common.
It should be noted that this weed is not very susceptible to the
allelochemicals released by hairy vetch residues (Ercoli et al., 2007).

5. Conclusion
According to our results, using hairy vetch as a winter cover crop
and organic mulch can determine an important reduction of chem-
ical input in relation to nitrogen fertilization and in weed control
(Teasdale et al., 2008). In fact, a hairy vetch mulch promotes tomato
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rowth and development as efficiently as nitrogen fertilizers and
ay potentially be a good substitute not only for producing pro-

essed tomatoes but also other summer vegetable crops, such as
eppers and eggplants. However weed control is a key factor for
successful tomato crop and for this reason using hairy vetch as
ead organic mulch enabled us to achieve a considerable reduction

n weed development (on average −69% of weed above-ground
iomass at tomato harvesting). In particular the arrangement of
he mulch in very thick, dense strips greatly reduced the weeds in
he area covered in mulch where the tomato plants were planted
n paired rows. This technique could be a useful solution for con-
rolling weeds in farming systems which do not use herbicides
for instance: organic farming systems). Weed control between the

ulch strips is easy to carry out as the wide space between the
ows enables us to work with mechanic machinery. The arrange-
ent of the mulch in strips also suits the irrigation system, with the

rip irrigation pipes placed in the centre of the paired rows. This
s true above all in the Mediterranean environment where there is
ittle rainfall during the growth cycle of the tomato crop. Water and
utritional elements are usually administered around the tomato
lants where an abundant weed flora grows if there is no weed
ontrol. The flattening of the mulch strips seems to be even more
ffective in controlling the weeds although further research should
e carried out in order to evaluate the effect of the flattening of
he mulch on the reduction of weed density and on the release of
itrogen.

cknowledgments

The Authors wish to thank the unknown reviewers for many
uggestions to improve the manuscript and Claudio Stefanoni for
is valuable assistance of land, labour and equipment.

eferences

bdul-Baki, A.A., Teasdale, J.R., Karcak, R.F., 1997. Nitrogen requirements of fresh-
market tomatoes on hairy vetch and black polyethylene mulch. Hortscience 32,
217–221.

bdul-Baki, A.A., Teasdale, J.R., Goth, R.W., Haynes, K.G., 2002. Marketable yields of
fresh-market tomatoes grown in plastic and hairy vetch mulches. Hortscience
6, 878–881.

llen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop
Evapotranspiration—Guidelines for Computing Crop Water Requirements,
Irrigation and drainage paper No. 56. FAO, Rome.

nugroho, F., Kitou, M., Nagumo, F., Kinjo, K., Tokashiki, Y., 2009a. Growth, nitrogen
fixation, and nutrient uptake of hairy vetch as a cover crop in subtropical region.
Weed Biol. Manage. 9, 63–71.

nughoho, F., Kitou, M., Nagumo, F., Kinjo, K., Tokashiki, Y., 2009b. Effect of the
sowing date on the growth of hairy vetch (Vicia villosa) as a cover crop influenced
the weed biomass and soil chemical proprieties in a subtropical region. Weed
Biol. Manage. 9, 129–136.

arberi, P., 2002. Weed management in organic agriculture: are we addressing the
right issues? Weed Res. 42, 177–193.

astiaans, L., Paolini, R., Baumann, D.T., 2008. Focus on ecological weed manage-
ment: what is hindering adoption? Weed Res. 48, 481–491.

everidge, L.E., Naylor, R.E.L., 1999. Options for organic weed control-what farmers
do. In: Proceedings of the 1999 Brighton Conference, Weeds, vol. 3, pp. 939–944.

ongsu, C., Daimon, H., 2008. Effect of hairy vetch incorporated as green manure on
growth and N uptake of sorghum crop. Plant Prod. Sci. 11, 211–216.

randsaeter, L.O., Netland, J., 1999. Winter annual legumes for use as cover crops in
row crops in northern regions: I. Field experiments. Crop Sci. 39, 1369–1379.

randsaeter, L.O., Heggen, H., Riley, H., Stubhaug, E., Henriksen, T.M., 2008. Win-
ter survival, biomass accumulation and N mineralization of winter annual and
biennial legumes sown at various times of year in Northern temperate regions.
Eur. J. Agron. 28, 437–448.

aamal-Maldonato, J.A., Jimenez-Osornio, J.J., Torres-Barragan, A., Anaya, A.L., 2001.
The use of allelopathic legume cover and mulch species for weed control in
cropping systems. Agron. J. 93, 27–36.
ampiglia, E., Paolini, R., Colla, G., Mancinelli, R., 2009. The effects of cover cropping
on yield and weed control of potato in a transitional system. Field Crop Res. 112,
16–23.

ampiglia, E., Caporali, F., Radicetti, E., Mancinelli, R., 2010. Effect of cover crops
and mulches on weed control and nitrogen fertilization in tomato (Lycopersicon
esculentum Mill). Crop Prot., doi:101016/j.cropro.2009.12.001.
onomy 33 (2010) 94–102 101

Coppens, F., Garnier, P., De Gryze, S., Merckx, R., Recous, S., 2006. Soil moisture,
carbon and nitrogen dynamics following incorporation and surface application
of labelled crop residues in soil columns. Eur. J. Soil Sci. 57, 894–905.

Curran, W.S., Hoffman, L.D., Werner, E.L., 1994. The influence of hairy vetch (Vicia
villosa) cover crop on weed control and corn (Zea mays) growth and yield. Weed
Technol. 8, 777–784.

Doane, T.A., Horwarth, W.R., Mitchell, J.P., Jackson, J., Miyao, G., Brittan, K., 2009.
Nitrogen supply from fertilizer and legume cover crop in the transition to
no-tillage for irrigated row crops. Nutr. Cycl. Agroecosyst., doi:10.1007/s10705-
009r-r9264-9.

Ercoli, L., Masoni, A., Pampana, S., Arduini, I., 2007. Allelopathic effects of rye,
brown mustard and hairy vetch on redroot pigweed, common lambsquarter
and knotweed. Allelophathy J. 19.

Gardarin, A., Guillemin, J.-P., Munier-Jolain, N.M., Colbach, N., 2010. Estimation of
key parameters for weed population dynamics models: base temperature and
base water potential for germination. Eur. J. Agron. 32, 162–168.

Gomez, K.A., Gomez, A.A., 1984. Statistical Procedures for Agricultural Research, 2nd
ed. John & sons, New York, USA.

Hartwig, N.L., Ammon, H.U., 2002. Cover crops and living mulches. Weed Sci. 50,
688–699.

Hill, E.C., Ngouajio, M., Nair, M.G., 2007. Allelopathic potential of hairy vetch (Vicia
villosa) and cowpea (Vigna unguiculata) methanol and ethyl acetate extracts on
weed and vegetable. Weed Technol. 21, 437–444.

Isik, D., Kaya, E., Ngouajio, M., Mennan, H., 2009a. Weed suppression in organic
pepper (Capsicum annum L.) with winter cover crops. Crop Prot. 4, 356–363.

Isik, D., Kaya, E., Ngouaijo, M., Mennan, H., 2009b. Summer cover crops for weed man-
agement and yield improvement in organic lettuce (Lactuca sativa) production.
Phytoparasistica 37, 193–203.

Kruidhof, H.M., Bastiaans, L., Kropff, M.J., 2008. Cover crop residue management for
optimizing weed control. Plant Soil, doi:10.1007/s11104-008-9827-6.

Kuo, S., Jellum, E.J., 2002. Influence of winter cover crop and residue management
on soil nitrogen availability and corn. Agron. J. 94, 501–508.

Kuo, S., Sainju, U.M., 1998. Nitrogen mineralization and availability of mixed legu-
minous and non-leguminous cover crop residues in soil. Biol. Fertil. Soils 26,
346–353.

Liu, J.G., Mahoney, K.J., Sikkema, P.H., Swanton, C.J., 2009. The importance of light
quality in crop–weed competition. Weed Res. 49, 217–224.

Mayén, C.D., Gibson, K.D., Weller, S.C., 2008. A comparison of the threshold strategies
in tomatoes and soybean. Weed Technol. 22, 729–735.

Möller, K., Reents, H.J., 2009. Effects of various cover crops after peas on nitrate
leaching and nitrogen supply to succeeding winter wheat or potato crops. J.
Plant Nutr. Soil Sci. 172, 277–287.

Ngouajio, M., Foko, J., Fouejio, D., 1997. The critical period of weed control in common
bean (Phaseolus vulgaris L.) in Cameroon. Crop Prot. 16, 127–133.

Oenema, O., Witzke, H.P., Klimont, J.P., Lesschen, J.P., Velthof, G.L., 2009. Integrated
assessment of promising measures to decrease nitrogen losses from agriculture
in EU-27. Agric. Ecosyst. Environ., doi:10.1016/j.agee.2009.04.025.

Parisi, M., Giordano, I., Pentangelo, A., D’Onofrio, B., Villari, G., 2006. Effects of differ-
ent levels of nitrogen fertilization on yield and fruit quality in processing tomato.
Acta Hortic. 700, 129–132.

Patanè, C., Cosentino, S.L., 2010. Effects of soil water deficit on yield and quality of
processing tomato under a Mediterranean climate. Agric. Water Manage. 97,
131–138.

Petersen, J., 2005. Inter-row crop competition for band-injected ammonium nitrate.
Plant Soil 270, 83–90.

Quemada, M., 2004. Predicting crop residue decomposition using moisture adjusted
time scales. Nutr. Cycl. Agroecosyst. 70, 283–291.

Ritter, W.F., Scarborough, R.W., Chirnside, A.E.M., 1998. Winter cover crops as a
best management practice for reducing nitrogen leaching. Contamin. Hydrol.
34, 1–15.

Ruffo, M.L., Bollero, G.A., 2003. Modelling rye and hairy vetch residue decomposition
as a function of degree-days and decomposition days. Agron. J. 95, 900–907.

Sainju, U.M., Rahman, S., Sigh, B.P., 2001a. Evaluating hairy vetch residue as nitrogen
fertilizer for tomato in soilless medium. Hortscience 1, 90–93.

Sainju, U.M., Singh, B.P., Whitehead, W.F., 2001b. Comparison of the effects of cover
crops and nitrogen fertilization on tomato yield, root growth, and soil properties.
Sci. Hortic. 91, 201–214.

Sainju, U.M., Whitehead, W.F., Singh, B.P., Wang, S., 2006. Tillage, cover crops, and
nitrogen fertilization effects on soil nitrogen and cotton and sorghum yields.
Eur. J. Agron. 25, 372–382.

Sarrantonio, M., Gallant, E., 2003. The role of cover crops in North American cropping
systems. J. Crop Prod. 8, 53–74.

SAS, 1996. SAS User’s Guide: Statistics. SAS Institute, Cary, NC.
Scholberg, J., McNeal, B.L., Boote, J., Jones, J.W., Locascio, S.J., Olson, S.M., 2000.

Nitrogen stress effects on growth and nitrogen accumulation by field-grown
in tomato. Agron. J. 92, 159–167.

Seo, J.H., Lee, H.J., 2008. Mineral nitrogen effects of hairy vetch (Vicia villosa Roth)
on Maize (Zea mays L.) by green manure amounts. J. Agron. 7, 272–276.

Shrivastava, P.K., Parikh, M.M., Sawani, N.G., Ramam, S., 1995. Effect of drip irrigation
and mulching on tomato yield. Int. Water Irrig. 15, 17–19.
Snapp, S.S., Borden, H., 2005. Enhanced nitrogen mineralization in mowed or
glyphosate treated cover crops compared to direct incorporation. Plant Soil 270,
101–112.

Steinmaus, S., Elmore, C.L., Smith, R.J., Donaldson, D., Weber, E.A., Roncoroni, J.A.,
Miller, P.R.M., 2008. Mulched cover crops as an alternative to conventional weed
management systems in vineyards. Weed Res. 48, 273–281.



1 J. Agr

T

T

T

T

02 E. Campiglia et al. / Europ.

easdale, J.R., 1993. Interaction of light, soil moisture, and temperature with weed
suppression by hairy vetch residue. Weed Sci. 41, 46–51.

easdale, J.R., Abdul-Baki, A.A., 1997. Growth analysis of tomatoes in black polyethy-
lene and hairy vetch production systems. Hortscience 4, 659–663.
easdale, J.R., Devine, T.E., Mosjidis, J.A., Bellinder, R.R., Beste, C.E., 2004. Growth
and development of hairy vetch cultivars in the northeastern United States as
influenced by planting and harvesting date. Agron. J. 96, 1266–1271.

easdale, J.R., Abdul-Baki, A.A., Bong Park, Y., 2008. Sweet corn production and
efficiency of nitrogen use in high cover crop residue. Agron. Sustain. Dev. 28,
559–565.
onomy 33 (2010) 94–102

Turner, R.J., Davies, G., Moore, H., Grundy, A.C., Mead, A., 2007. Organic weed man-
agement: a review of the current UK farmer perspective. Crop Prot. 26, 377–
382.

Whitehead, W.F., Singh, B.P., 2005. Fresh-market tomato gas exchange, biomass, and

fruit yield are similar with legume cover crops or synthetic nitrogen fertilizer.
Hortscience 40, 209–213.

Zotarelli, L., Scholberg, J.M., Dukes, M.D., Munõz-Capena, R., Icerman, J., 2009.
Tomato yield, biomass accumulation, root distribution and irrigation water use
efficiency on a sandy soil, as affected by nitrogen rate and irrigation scheduling.
Agric. Water Manage. 96, 23–34.


	Hairy vetch (Vicia villosa Roth.) cover crop residue management for improving weed control and yield in no-tillage tomato ...
	Introduction
	Materials and methods
	Site, soil characteristics and experimental design
	Hairy vetch and tomato establishment
	Measurements
	Statistical analyses

	Results
	Hairy vetch biomass and nitrogen accumulation
	Tomato yield and fruit characteristics
	Weeds in the tomato crop
	Weed density and biomass
	The composition of the weed species


	Discussion
	Conclusion
	Acknowledgments
	References


