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Obiettivi uso 
cover crop

• Copertura suolo -> riduzione 
problemi agro-ambientali 
(erosione, lisciviazione, 
disseminazione infestanti in 
intercoltura)

• Servizi a supporto delle 
produzioni -> N scavenging, N2-
fissazione, mobilitazione P, 
minori stress biotici e abiotici 
(T, H2O)

• Vantaggi operativi -> portanza, 
anticipo semine/trapianti
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Anni ’80: CC in 
monocoltura 
/biennale 
mais-frumento 
per aumentare 
S.O. e N

Anni ’90: 
sovesci in agr. 
biologica

Primi anni 
2000: sviluppo 
AC con 
paradigma 
diverso dal 
"Roundup 
Ready"

Trasversalità 
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agroecologia

L’EVOLUZIONE 
DELLE COVER 
CROP (CC)
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COVER CROPS E PSR 2014-2020 R.T.

v MISURA 10 PAGAMENTI AGRO-
CLIMATICO AMBIENTALI

v ALMENO 20% SUPERFICIE

v 240 €/HA SOLO COVER CROPS: SEMINA
SU LAVORAZIONE MINIMA,
DEVITALIZZAZIONE MECCANICA,
COLTURA DA REDDITO SEMINATA DOPO
COVER CROPS SENZA ARATURA

v 350 €/HA COVER CROPS+SEMINA SU
SODO DELLA CASH CROP
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🤔
Glifosate proibito su terreni agricoli oggetto del 
PSR da Maggio 2021

Mercoledì 30 ottobre 2019

Sostenibilità, Rossi annuncia: "Toscana glifosate free 
nel 2021"

FIRENZE - Sempre più green la Toscana dichiara guerra al glifosate e segna il passaggio verso una 

politica di crescita sempre più sostenibile. L'obiettivo è: fare della Toscana una regione "glifosate 

free" dal 31 dicembre 2021. Lo stabilisce la decisione che la giunta ha appena approvato segnando 

un'anticipazione netta della linea dettata dall'Unione europea che ne vieta l'uso a fare data dal 15 

dicembre 2022.

Da subito si vieta l'uso del glifosate nelle aree di salvaguardia dei punti di captazione delle acque 

sotterranee con utilizzo idropotabile (in precedenza il divieto riguardava solo le acque idropotabili 

superficiali). Al tempo stesso si procede con la revisione annuale delle sostanze ammesse dal PUFF 

(Piano di utilizzazione per l'impiego sostenibile dei prodotti fitosanitari e dei fertilizzanti). L'elenco 

regionale, in linea con l'elenco ministeriale, eliminerà le sostanze attive vietate all'interno delle aree 

di salvaguardia di captazioni da acque superficiali e sotterranee. Si stabilisce anche di vietare 

l'utilizzo del glifosate in ambito extra-agricolo eliminando il rilascio di nulla osta per motivi 

eccezionali (ad esempio lungo i binari delle ferrovie).

Si dà mandato agli uffici di predisporre una proposta di modifica della delibera del 2015 sulle 

Disposizioni in attuazione della legge regionale sulla Disciplina per l'impiego dei diserbanti e 

geodisinfestanti nei settori non agricoli e sulle procedure per l'impiego dei diserbanti e 

geodisinfestanti in agricoltura.

"Il nostro obiettivo è netto e chiaro, fare della Toscana una regione "glifosate free" dal 2021 – ha 

detto il presidente Enrico Rossi – Un obiettivo che si raggiunge con una serie di divieti, limitazioni 

e tutele da un lato, e di intese con il mondo produttivo dall'altro. Intanto abbiamo eliminato il 

glifosate dalle aree di salvaguardia dei punti di captazione delle acque idropotabili sotterranee, 

come avviene già sulle acque idropotabili di superficie, e abbiamo aggiornato l'elenco delle 

sostanze vietate sulla base di quello ministeriale impegnandoci a aggiornarlo costantemente sulla 

base delle decisioni del Ministero. In Italia esistono già zone vocate per speciali produzioni 

agricole, come il Conegliano Valdobbiadene, che hanno deciso di eliminare questo diserbante dalle 

loro coltivazioni. Ebbene, noi vogliamo estendere l'eliminazione del glifosate all'intero territorio 

regionale. Si tratta di una scelta a favore dell'ambiente e del nostro comparto agroalimentare che 

deve poter contare sulla migliore qualità dei propri prodotti. Sono passi che richiedono tempo e 

lavoro ma grazie alla buona politica che è fatta di discussioni e di accordi, ingredienti fondamentali, 

possiamo centrare lo scopo nei tempi che ci siamo dati".

"Con questa decisione – ha commentato l'assessore regionale all'ambiente Federica Fratoni - la 
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• Roller crimper strumenti promettenti per gestione 
non chimica delle cover crop

• Tuttavia limiti di efficacia al di fuori delle fasi ottimali 
(latteo-cerosa graminacee, fioritura dicotiledoni)
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• PROVE ON-FARM SU 
DEVITALIZZAZIONE MECCANICA 
COVER DI VECCIA IN PRECESSIONE 
A GIRASOLE

• ROLLER CRIMPER V-SHAPE DESIGN
• COMBINAZIONE CON 100%, 50%, 

0% GLIFOSATE
• 3 EPOCHE: PRE-FIORITURA, INIZIO 

FIORITURA, PIENA FIORITURA

roller-crimper and a rear-mounted no-till driller (Figure 1). In
this way, double disturbance of the cover crop is achieved,
with the roller-crimper crimping the cover crop stems orthog-
onally and the metal discs of the drilling machines cutting
them and opening the sowing furrow along the crop row
direction.

The objective of this study was to investigate whether
an innovative no-till system based on roller-crimped hairy
vetch cover crop followed by sunflower directly sown in
the legume dead mulch could be agronomically and eco-
nomically competitive with the reference system, man-
aged in the same way, but glyphosate was also sprayed
to increase cover crop termination and weed control. In
particular, we aimed to optimise the timing of cover crop
termination by roller-crimper to reduce or eliminate
glyphosate use while maintaining sunflower performance;
to assess so, we built up a 3-year factorial study in which
three termination time and three glyphosate rate were the
factors. We hypothesised that (i) optimal roller-crimping
timing maximises cover crop biomass and minimises re-
growth as to enhance weed suppression and supply ade-
quate nitrogen to the subsequent cash crop, thus maintain-
ing crop yield and economic return even with limited or
no glyphosate application; (ii) weed community composi-
tion and diversity change upon roller-crimping timing,
with possible carry-over effects on sunflower perfor-
mance. To the best of our knowledge, no previous papers
have documented the effects of the combination between
roller-crimping and glyphosate application rate on sun-
flower agronomic and economic performances and on
weed shifts in Mediterranean conditions.

2 Material and methods

2.1 Experimental set-up and field management

A 3-year field experiment was carried out from 2012 to
2015 at a commercial arable farm in Lorenzana, Pisa,
Central Italy (43.58 N, 10.53 E). The trial was run each year
on a different field of ca. 2 ha size, each following durum
wheat (Triticum turgidum subsp. durum (Desf.) Husn.) and
located in the same area. The mean soil characteristics of the
three fields (0–30 cm) were determined at the beginning of
each experimental year by collecting 9 soil cores per field and
resulted in: clay content 8.38 g 100 g−1, sand content 65.49 g
100 g−1, soil organic matter concentration (Walkley-Black
method) 1.48 g 100 g−1, pH 7.84, total N (Kjeldahl method)
0.91 g kg−1, available P (Olsen method) 20.07 mg P2O5 kg

−1.
The soil was a Typic Xeropsamment, with sandy loam texture
(USDA 1999). The trial had a two-way factorial design with
three cover crop termination dates (early, i.e. before hairy
vetch flowering; intermediate, i.e. at the beginning of vetch
flowering; late, i.e. at 70% of hairy vetch flowering) and three
glyphosate rates (nil, half and full rate, where the latter was
1440 g a.i. ha−1, applied as 200 L ha−1 water solution of
Roundup 360 Power, Monsanto Agricoltura Italia).
Elementary plots were 6 m wide and 60 m long.

Main tillage (chisel ploughing at 40 cm depth) was done in
August 2012, 2013 and 2014, before the seedbed preparation
for the cover crop, i.e. one pass of rotary harrow that was
coupled with broadcast application of 300 kg ha−1 of 6–23–
0 fertiliser as a starter. Hairy vetch (cv. Haymaker Plus) was
broadcast sown at 35 kg seeds ha−1 on August 28th, 2012;
October 2nd, 2013 and September 17th, 2014 (with variations
due to weather conditions), and did not receive any other
input. Cover crop was terminated on April 22nd, 2013;
March 19th, 2014 and March 24th, 2015 (early stage);
May 13th, 2013; May 12th, 2014 and April 16th, 2015 (inter-
mediate stage); June 7th, 2013; June 3rd, 2014 and May 13th,
2015 (late stage). Where applied, glyphosate was sprayed the
day before the pass of the roller crimper.

The roller crimper was a chevron design Rodale-type built
by the farmer with the scientific support of the University of
Pisa. The main characteristics of the roller are reported in
Frasconi et al. (2019), with a slight modification (narrower
blade insertion angle on the roll body, made with heat-
treated steel) done to make it more aggressive. The roller
crimper was mounted on the front of the tractor and was
coupled with a rear-mounted direct drill machine (Semeato
SPE 06), to carry out cover crop termination and sunflower
no-till sowing in one pass.

Sunflower (hybrid LG 55-57 HO) was sown at a rate of
6.67 seeds m−2 with a 45-cm inter-row distance. At sowing,
lambda-cyhalothrin and metaldehyde were applied as gran-
ules in the seed furrows to prevent from seed predation,

Fig. 1. Roller crimper (chevron design Rodale-type built by the farmer)
mounted on the front of the tractor and coupledwith a rear-mounted direct
drill machine (Semeato SPE 06), carrying out hairy vetch (cv. Haymaker
Plus) termination and sunflower (hybrid LG 55-57 HO) no-till sowing in
one pass. Picture taken by Daniele Antichi at the farm hosting the trial
(Tuscany, Italy) the 19th March 2014.
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A succesful story of cover crops
were applied. RLQ and fourth corner analyses were performed
with the library ade4 of R (Chessel et al. 2004).

2.4.3 Vetch biomass at vetch termination stage

The effect of cover crop termination stage, year and their
interaction on vetch biomass was analysed by linear mixed
effect models assuming Gaussian distribution and an identity
link function, with termination stage and years as fixed factor
(three levels each). In all cases, a random intercept model was
adopted: years and replicates within years were added as ran-
dom effects.

2.4.4 Crop yield and gross margin, and relationship
between yield and weeds

The effect of cover crop termination stage, glyphosate rate,
year, and their interaction on crop yield and gross margin data
was studied following the same method as described in the
Section 2.4.1.

To study the effect of weed biomass and diversity on sun-
flower agronomic performance, crop yield data were studied
by testing the additive and the interaction effect of weed bio-
mass at harvest and weed diversity indices (Shannon) over the
effect of the three fixed factors tested (cover crop termination
stage, glyphosate rate and year). Model selection was based
on the Akaike selection criteria (Zuur et al. 2009); only the
most conservative model respecting the residual diagnostics
was selected. The analysis was run with the lme4 package of R
(Bates et al. 2014), normality and homoscedasticity of residual
were assessed with the DHARMa package of R (Hartig 2020).

Post hoc analyses were performed with Tukey’s HSD test
using least square means in the emmeans package of R (Lenth
2019). All statistical analyses were performed using the soft-
ware R, version 3.6.2 (R Core Team 2019).

3 Results and discussion

3.1 Cover crop and weed biomass

Final cover crop biomass was significantly affected by
year, termination stage and their interaction. Vetch dry
biomass in the first year (Figure 2) was more than double
that in the third year (548 vs. 256 g m−2, P<0.05), while in
the second year, it was intermediate (368 g m−2). The low
rainfall that occurred in fall 2014 and spring 2015, espe-
cially in May (Figure 3) was likely the reason of the low
biomass production in the third year. Overall, the amount
of vetch biomass produced in this trial is in line with what
previously observed under similar conditions by Farneselli
et al. (2020) that found a dry mass production of vetch in
two year of respectively 377 and 594 g m−2.

Hairy vetch biomass increased progressively from the early
to the late termination stage, although in the first year biomass
at the early and intermediate stages were not significantly
different (Figure 2). Although they did not focus on subse-
quent cash crop, Price et al. (2019) confirmed the importance
of hairy vetch late termination period to increase cover crop
termination rate, making glyphosate use unnecessary; this ef-
fect was explained with a 2–3 times higher vetch biomass in
the 2nd versus the 1st termination period (4 weeks apart).

Overall, the weed dry biomass at cover crop termination
across the 3 years was low (maximum 100 gm−2 in the second
year). Good weed suppression by hairy vetch was observed in
previous studies across a number of different conditions (e.g.
see Dorn et al. 2015). Total weed biomass at cover crop ter-
mination diminishedwhen vetch biomass was higher, but only
in 2 years out of three (Figure 4). In year 3, lack of such
correlation could be due to the low amount of both weed
and hairy vetch biomass observed.

The weed suppressive capacity of hairy vetch (first 2 years)
was likely due to competition for light and water, especially

Vetch dry matter

( g m-2)

Early termination stage

Intermediate termination stage

Late termination stage

Fig. 2. Hairy vetch aboveground dry biomass in the three experimental
years (2013 = year 1; 2014 = year 2; 2015 = year 3) as affected by
termination stage, across all glyphosate rates. Within each year,
treatments with the same letter are not significantly different at P ≤ 0.05
(Tukey’s HSD test). Confidence intervals at 95% of the actual data (1.96
times the standard error), are shown on top of each bar.
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from early spring. In Mediterranean conditions, hairy vetch
biomass can reach up to 8 t d.m. ha−1 (Tosti et al. 2012).
Instead, we do not expect significant competition for nutrients,
due to the high N-fixing capacity of vetch, which can supply
up to 275 kg fixed N ha−1 (Tosti et al. 2014), and to its sym-
biosis with arbuscular mycorrhizal fungi (AMF) and associat-
ed P solubilizing bacteria (Njeru et al. 2014). Normally, le-
gume cover crops can stimulate weed growth, especially of
high N-demanding species (Campiglia et al. 2015).
Nevertheless, hairy vetch is considered a mild allelopathic
cover crop (Hill et al. 2007), a reason which might explain,
in addition to high biomass production and soil cover, the low
average value of total weed biomass across termination stages.

Total weed biomass at sunflower harvest, averaged across
treatments, was 100.6, 88.2 and 170.5 g m−2 in years 1, 2 and
3(calculated only on early and intermediate termination stage)
respectively. In general, these values reveal a good weed sup-
pression ability of the combination of vetch cover crop and
no-till sowing in sunflower. It is worth mentioning that sun-
flower is well known to be a competitive crop against weeds,
provided early weed control and good crop establishment is
achieved (Johnson 1971) and sunflower is also an allelopathic
crop (Rawat et al. 2017). In a study conducted in similar con-
ditions, we reported no effect of the combination between
hairy vetch cover crop and reduced tillage on weed biomass
at sunflower harvest (Adeux et al. 2021). In the present study,
weed biomass at sunflower harvest was influenced by cover
crop termination stage and glyphosate rate differently upon
year (Table 1). In 2013, no differences among treatments were
observed, possibly due also to quite large variation in weed
biomass across replicates. In 2014, total weed biomass was

Total rainfall 
Mean Max. temperature 

Mean Min. temperature 

Fig. 3. Monthly values of total
rainfall and mean minimum and
maximum air temperatures
registered at the experimental site
from September 2012 to October
2015 (Source: Hort@ weather
station, Piacenza, Italy).

Vetch dry matter (g m-2)

Year 3

Year 2

Weed dry matter 

(g m-2)

Year 1

1000
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Fig. 4. Relationship between hairy vetch aboveground dry biomass and
total weed biomass at cover crop termination in the three years of trial:
2013 (year 1), 2014 (year 2) and 2015 (year 3). Data were pooled across
vetch termination stages. The slope of the regression line was
significantly different from zero in year 1: y = 490 − 0.59 x (t ratio –
4.076; P < 0.001) and year 2: y = 440 − 0.44 x (t ratio –4.044; P < 0.001)
but not in year 3 (t ratio 1.186; P = 0.237).
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Abstract
No-till cropping systems with cover crops can improve soil health, but often rely on glyphosate, which is a contentious herbicide.
In this study, we investigated whether a system based on the direct sowing of sunflower (Helianthus annuus) in the deadmulch of
a roller-crimped hairy vetch (Vicia villosa) could be competitive with a system where glyphosate is also sprayed to terminate the
cover crop and to control weeds. We hypothesized that optimum timing of roller-crimping would be key to eliminate glyphosate
requirements while maintaining sunflower performance. In a 3-year on-farm experiment, we compared three vetch termination
stages (early: pre-flowering; Intermediate: beginning of flowering; late: 70% flowering) and three glyphosate rates (Nil, half and
full, i.e. 1440 g of active ingredient per hectare). Vetch biomass increased progressively from early to late termination stages, and
ranged between 414 and 658 g m−2. Higher vetch biomass was correlated with lower weed biomass. Treatments had inconsistent
effects on weed diversity and composition, largely determined by the interactions between treatments and seasonal (different
years) or local factors (different fields). Glyphosate-based treatments seemed to select for aggressive weed species, but no clear
species filtering effect based on ecological or functional traits was detected. Shannon H’was positively correlated with sunflower
grain yield below a weed dry biomass threshold of 150 g m−2. Crop yield with early termination stage was a failure without
glyphosate application. However, crop yield with late vetch termination was acceptable, being at par or 15% higher (mean of first
and second years) in no-glyphosate compared with glyphosate-based treatments. Crop gross margins showed the same trend
(+33% for no-glyphosate compared with glyphosate-based treatments). This study, for the first time, shows that targeted timing
of roller-crimped hairy vetch in no-till sunflower can result in equal agronomic and economic performances as addition of
glyphosate.

Keywords Agroecosystem service . Conservation agriculture . Cropping system diversification . Dead mulch . Ecological weed
management . Functional trait . Gross margin . Integratedweedmanagement . Legume .Weed diversity

1 Introduction

Mouldboard ploughing is considered as one of the agricultural
practices with the highest potential contribute to soil health
deterioration and a major contributor to greenhouse gases
emissions in certain pedoclimatic conditions (Lal 2009).
Conservation tillage, i.e. reduced (non-inversion) tillage and

no-till, is well known for its positive impact on soil structure
and on chemical and biological fertility, with clear effects on
soil erosion reduction (Cooper et al. 2020; Ryken et al. 2018).
However, conservation tillage alone is not sufficient to reap all
the benefits of conservation agriculture, which stem from
context-based application of all its three components, i.e. re-
duced or no-till, crop rotation and permanent soil cover
(Kassam et al. 2009). This highlights the key concept that
conservation tillage can improve sustainability only when
framed into diversified cropping/farming systems
(Francaviglia et al. 2019). In fact, continuous use of no-till
in overly simplified cropping systems can increase soil com-
paction and facilitate selection of harmful organisms (e.g.
pests, pathogens and weeds) that are well adapted to a distur-
bance regime given by repeated application of the same agri-
cultural practices across time and space (Flower et al. 2019).
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treatment (3.9 t ha−1) was comparable to that in the half dose
treatment and 31% lower than in the full dose treatment (5.7 t
ha−1). This result was possibly due to the high biomass produced
by vetch even at early termination date in 2013, resulting in
higher weed suppression and possibly also higher N availability
for sunflower. In 2014 and 2015, sunflower did not produced any
yield due to difficulties in crop establishment, as the vetch was
not completely killed by the roller and its thickness hampered
crop emergence. No yield difference was ever observed between
the half and full glyphosate doses. Roller-crimper passed at the

intermediate termination stage did not determine any significant
differences in sunflower yield among treatments, with the only
exception of 2015, when yield in the half dose glyphosate treat-
ment was 58% higher than in the no-glyphosate treatment (4.1
vs. 2.6 t ha−1).

Obviously, sunflower gross margin was largely determined
by crop yield potential, also due to the stability of grain market
price across the 3 years (i.e. 380, 360 and 350 € t−1 grain,
respectively for 2013, 2014 and 2015) and the actualization
of production costs for the three systems (i.e. 653, 703 and 711

Sunflower dry grain yield  

(T ha-1)

Nil glyphosate rate

Half glyphosate rate

Full glyphosate rate

Year 1

Year 2

Year 3

Vetch termination stage

Early Intermediate Late

0
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Fig. 8. Sunflower dry grain yield
biomass as affected by hairy vetch
termination stage and glyphosate
rate in the three experimental
years. Within each year,
treatments with the same letter are
not significantly different at P ≤
0.05 (Tukey’s HSD test). Lines
on top of each bar represent
standard deviations.
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no-till, is well known for its positive impact on soil structure
and on chemical and biological fertility, with clear effects on
soil erosion reduction (Cooper et al. 2020; Ryken et al. 2018).
However, conservation tillage alone is not sufficient to reap all
the benefits of conservation agriculture, which stem from
context-based application of all its three components, i.e. re-
duced or no-till, crop rotation and permanent soil cover
(Kassam et al. 2009). This highlights the key concept that
conservation tillage can improve sustainability only when
framed into diversified cropping/farming systems
(Francaviglia et al. 2019). In fact, continuous use of no-till
in overly simplified cropping systems can increase soil com-
paction and facilitate selection of harmful organisms (e.g.
pests, pathogens and weeds) that are well adapted to a distur-
bance regime given by repeated application of the same agri-
cultural practices across time and space (Flower et al. 2019).
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€ ha−1 for nil, half and full glyphosate rate, respectively) that
differentiated only due to the buying cost of glyphosate and its
cost of spraying. Gross margin (Figure 9) was always positive,
with the exception of the no-glyphosate treatment in the early
termination period in 2014 (−653 € ha−1) and 2015 (−590 €
ha−1). In 2013, the highest gross margin was observed in the
full dose glyphosate treatment in the early termination period
(1447 € ha−1). In 2014, all treatments but the no-glyphosate
treatment in the early termination period resulted in similar

gross margin (on average 397 € ha−1). In 2015, use of the
roller-crimper with no glyphosate application at the late cover
crop termination period determined the highest absolute sun-
flower gross margin (1209 € ha−1), which was significantly
higher than in three out of six glyphosate-based treatments
(nearly 2.5-fold, corresponding to a net gain of 721 € ha−1).

The scientific literature on crop yield and gross margin
following a roller-crimped cover crop in trials that include a
glyphosate-treated comparison is relatively limited, and

Sunflower gross margin

(€ ha-1)

Nil glyphosate rate

Half glyphosate rate

Full glyphosate rate

Year 1

Year 2

Year 3

Vetch termination stage

Early Intermediate Late

a

a

Fig. 9. Sunflower gross margin
as affected by hairy vetch
termination stage and glyphosate
rate in the three experimental
years (2013 = year 1; 2014 = year
2; 2015 = year 3). Within each
year, treatments with the same
letter are not significantly
different at P ≤ 0.05 (Tukey’s
HSD test). Lines on top of each
bar represent standard deviations.
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Abstract
No-till cropping systems with cover crops can improve soil health, but often rely on glyphosate, which is a contentious herbicide.
In this study, we investigated whether a system based on the direct sowing of sunflower (Helianthus annuus) in the deadmulch of
a roller-crimped hairy vetch (Vicia villosa) could be competitive with a system where glyphosate is also sprayed to terminate the
cover crop and to control weeds. We hypothesized that optimum timing of roller-crimping would be key to eliminate glyphosate
requirements while maintaining sunflower performance. In a 3-year on-farm experiment, we compared three vetch termination
stages (early: pre-flowering; Intermediate: beginning of flowering; late: 70% flowering) and three glyphosate rates (Nil, half and
full, i.e. 1440 g of active ingredient per hectare). Vetch biomass increased progressively from early to late termination stages, and
ranged between 414 and 658 g m−2. Higher vetch biomass was correlated with lower weed biomass. Treatments had inconsistent
effects on weed diversity and composition, largely determined by the interactions between treatments and seasonal (different
years) or local factors (different fields). Glyphosate-based treatments seemed to select for aggressive weed species, but no clear
species filtering effect based on ecological or functional traits was detected. Shannon H’was positively correlated with sunflower
grain yield below a weed dry biomass threshold of 150 g m−2. Crop yield with early termination stage was a failure without
glyphosate application. However, crop yield with late vetch termination was acceptable, being at par or 15% higher (mean of first
and second years) in no-glyphosate compared with glyphosate-based treatments. Crop gross margins showed the same trend
(+33% for no-glyphosate compared with glyphosate-based treatments). This study, for the first time, shows that targeted timing
of roller-crimped hairy vetch in no-till sunflower can result in equal agronomic and economic performances as addition of
glyphosate.

Keywords Agroecosystem service . Conservation agriculture . Cropping system diversification . Dead mulch . Ecological weed
management . Functional trait . Gross margin . Integratedweedmanagement . Legume .Weed diversity

1 Introduction

Mouldboard ploughing is considered as one of the agricultural
practices with the highest potential contribute to soil health
deterioration and a major contributor to greenhouse gases
emissions in certain pedoclimatic conditions (Lal 2009).
Conservation tillage, i.e. reduced (non-inversion) tillage and

no-till, is well known for its positive impact on soil structure
and on chemical and biological fertility, with clear effects on
soil erosion reduction (Cooper et al. 2020; Ryken et al. 2018).
However, conservation tillage alone is not sufficient to reap all
the benefits of conservation agriculture, which stem from
context-based application of all its three components, i.e. re-
duced or no-till, crop rotation and permanent soil cover
(Kassam et al. 2009). This highlights the key concept that
conservation tillage can improve sustainability only when
framed into diversified cropping/farming systems
(Francaviglia et al. 2019). In fact, continuous use of no-till
in overly simplified cropping systems can increase soil com-
paction and facilitate selection of harmful organisms (e.g.
pests, pathogens and weeds) that are well adapted to a distur-
bance regime given by repeated application of the same agri-
cultural practices across time and space (Flower et al. 2019).
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3.3 Weed community composition

Results of PERMANOVA showed that weed community
composition was significantly affected by the glyphosate
rate × vetch termination stage in all 3 years (Table 2). Bi-
dimensional NMDS analysis (Figure 6) showed that weed
communities (Table 3) tended to cluster mainly by vetch ter-
mination stage, but glyphosate rate also determined a stratifi-
cation of samples, in particular in years 2 and 3. In year 1, the
full glyphosate rate applied at late termination stage resulted in
the most different weed composition, compared to the other
combination of treatments at sunflower harvest, characterized
by Poa annua and Echinochloa crus-galli. Weed communi-
ties sampled at sunflower 5th leaf stage (years 2 and 3)
showed a greater differentiation among treatments than those

sampled at sunflower harvest (year 1). In year 2, the effect of
glyphosate rate was highest when applied at the late termina-
tion stage, as indicated by the larger distance from the axes
origin of nil glyphosate application respect to full and half
rate. In year 3, the effect of vetch termination period on weed
community composition was stronger (more visible along axis
1) than that of glyphosate rate (more visible along axis 2). Beta
vulgaris, Ammi majus, Phalaris sp. and Matricaria sp. were
favoured by lack of glyphosate application, whileAmaranthus
retroflexus and Chenopodium album were characteristic of
plots where glyphosate was applied, regardless of rate.
(Table 3)

As expected, macrothermal species such as E. crus-galli
and A. retroflexus were associated to cover crop late termina-
tion stage, where they largely contributed to total weed bio-
mass observed at sunflower harvest in 2013 (pers. obs.). This
was the wettest of the 3 years from April to October (the
standard sunflower growing period in our area), an issue that
likely favoured the growth of these highly competitive species
(Mirshekari et al. 2010; Vázquez-García et al. 2021).

3.4 Weed community functional analysis

In all 3 years, RLQ and fourth corner analysis did not high-
light any significant association between treatments and the
selected ecological or functional traits. In accordance with
other authors (Alonso-Ayuso et al. 2018; Mirsky et al. 2011)
cover crop termination stage emerged as an important driver
of weed community composition. However, no clear general
trend was observed, likely due to the prevailing effect of sea-
sonal weather conditions and specific weed seed bank in each
field over treatment effect, which likely also influenced the
differences observed in weed biomass in sunflower.

Although we detected a clear effect of vetch termination
stage and glyphosate rate on weed species assemblages, their
effect on weed ecological or functional traits was uncertain.
Koning et al. (2019) showed that glyphosate selected for

Table 2 Results of permutational multivariate analysis of variance
(PERMANOVA) of weed community composition as influenced by
glyphosate rate (GR), vetch termination stage (VTS) and their
interaction, based on 9999 permutations, stratified by replication (6) in
each year. Significant effects (P ≤ 0.05) are highlighted in bold; df =
degrees of freedom.

Year Effect df R2 F value P value

Year 1 Glyphosate rate 2 0.033 1.011 0.499

Vetch termination stage 2 0.105 3.242 0.002

GD × VTS 4 0.135 2.087 0.001

Residuals 45 0.728

Year 2 Glyphosate rate 2 0.12276 10.349 0.001

Vetch termination stage 2 0.43356 36.550 0.001

GD × VTS 4 0.17679 7.452 0.001

Residuals 45

Year 3 Glyphosate rate 2 0.12836 7.3619 0.001

Vetch termination stage 2 0.28766 16.4981 0.001

GD × VTS 4 0.19166 5.4962 0.001

Residuals 45 0.39231

Fig. 6. Non-metric multidimensional scaling (NMDS) ordination of
weed communities in the 3 years (2013, year 1: sunflower harvest;
2014, year 2 and 2015, year 3: sunflower 5th leaf stage) for the three
vetch termination stages (early, intermediate or late) × three glyphosate
rates (full, half or nil) combinations. Markers represent sampling areas.

Species are indicated with their EPPO-Bayer codes reported in Table 3;
the 10 most abundant species are highlighted with a larger font size.
Ellipsoid size represents the extent of weed species compositional
variation within each treatment. Stress: year 1 = 0.170, year 2 = 0.171,
year 3 = 0.186; n = 54.
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Selezione di Amaranthus sp. e 
Chenopodium album in glifosate dose 
piena
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DONDI CUT-ROLL RT 300WORKING WIDTH 275 cm

DIAMETER 86 cm

NR. BLADES 15

BLADE HEIGHT 18 cm

INTER-BLADE DISTANCE 17,8 cm

NET WEIGHT 1.900 kg

- MACCHINA STATICA
- MULTIFUNZIONALE:

- MULCHER
- ROLLER CRIMPER

http://www.iwmpraise.eu/

Prova Rullo-trincia
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Analizzare	gli	effetti	derivanti	dall’applicazione	dell’agricoltura	
conservativa	con	l’utilizzo	di	diverse	specie	di	cover	crop autunno-
vernine,	impiegate,	in	seguito	alla	loro	terminazione	meccanica,	
come	pacciamatura	morta	per	la	semina	su	sodo	della	successiva	
coltura	primaverile-estiva	di	sorgo	da	granella,	coltivato	in	asciutta.

Maggiore	
sostenibilità	dei	

sistemi	conservativi

Agricoltura	
conservativa

Agricoltura	
biologica

Scopo della ricerca
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DISEGNO SPERIMENTALE: STRIP-SPLIT-PLOT

Cover crop:
SEGALE (Secale cereale L.)
VECCIA (Vicia villosa Roth.)
MIX (segale + veccia)

180 kg ha-1

120 kg ha-1

90 kg ha-1 + 60 kg ha-1

Velocità:
5 km h-1

10 km h-1

15 km h-1

Lame:
AFFILATE
NON AFFILATE

Blocchi: 3 (tot. 54 parcelle 3 x 80 m)

Materiali e metodi

3 anni sperimentali (2018-

2021)
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Rilievi	meccanici Rilievi	agronomici

• Efficacia di
devitalizzazione del rullo
crimper

• Lunghezza e numero di
crimpature nei culmi di
segale

• Biomassa delle colture di copertura e delle
piante infestanti (pre-rullatura)

• Asportazioni in N delle cover crop
• Umidità del suolo
• Contenuto in clorofilla (SPAD) del sorgo in
tre diverse epoche intermedie

• Parametri produttivi del sorgo e biomassa
infestanti alla raccolta

• Asportazioni in N del sorgo

Regressione	non	lineare	(Prism GraphPad
5)

+
ANOVA	univariata (SPSS	25)

ANOVA	(SYSTAT	13)	su	parametri	di	un	
Mixed	Model («anno»	fattore	random)

Per	l’efficacia	di	devitalizzazione

Per	tutti	gli	altri	

dati

Rilievi e analisi statistica
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Sito sperimentale - Meteo
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Land	Equivalent Ratio

Biomassa cover e LER

21

- Biomassa cover crop
- Segale e Mix > Veccia (+2 t s.s. ha-1)

- Biomassa infestanti nelle cover
- Segale = Mix = Veccia (~0.2 t s.s. ha-1)

- LER biomassa secca cover crop MIX
- 1 ha di miscuglio produce come 1,28 

ha di cover crop in coltura pura



Land	Equivalent Ratio

Asportazioni N cover crop

23

- Asportazioni in N della cover crop
- Veccia e Mix > Segale (+60 kg N ha-1)

- Concentrazione N nella veccia
- Mix < Veccia in purezza

- Concentrazione N nella segale
- Mix > Segale in purezza

- LER asportazioni N cover crop MIX
- 1 ha di miscuglio produce come 1,45 

ha di cover crop in coltura pura



Parametri agronomici del sorgo

26

- SPAD
- Tendenza a valori maggiori in veccia e mix rispetto alla segale -> 

Significativa fin dalle prime fasi
- Veccia superiore anche al mix alla raccolta

- Produzione e infestanti alla raccolta
- Mix, Veccia > Segale in granella e biomassa epigea totale
- Hravest Index maggiore in sorgo dopo cover con veccia (Mix e Veccia 

in purezza=
- Mix < Veccia, Segale per biomassa Infestanti
- Infestanti estremamente contenute in tutti i trattamenti

- Asportazioni N sorgo alla raccolta
- Mix, Veccia > Segale in granella, stocchi e biomassa epigea totale
- Fame azotata in sorgo dopo segale in purezza



Conclusioni
üSistemi agroecologici basati su cover crop e 

semina su sodo efficienti anche in assenza di 
chimica di sintesi

üEssenziale scelta della cover -> mix 
garantiscono resilienza a cambiamenti 
climatici (eventi scarsamente predicibili)

üApparentemente la semina tardiva può non 
rappresentare un problema per la coltura da 
reddito (migliore devitalizzazione cover crop)
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Prospettive future
üTestare sistemi analoghi su:
• Diverse cover crop
• Diverse condizioni pedoclimatiche
• Diverse cash crop

ü Sviluppare modelli previsionali che includano 
condizioni ambientali e caratteri vegetali per 
ottimizzare parametri rullo

ü Studiare dinamiche di degradazione del 
mulch
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