
Abstract

Nine-year results on yields and apparent balances of organic matter
and nitrogen (N) are reported for maize and processing tomato cultivat-
ed in a long term comparison trial between an organic and a convention-
al low-input system in Central Italy. In every year, above ground biomass
and N accumulation of each cash crop and green manure, including
weeds, and the partitioning between marketable yield and crop residues
were determined. Apparent dry matter and nitrogen balances were calcu-
lated at the end of each crop cycle by taking into account the amounts of
dry matter and ex-novoN supplied to the system as green manure legume
Ndfa (i.e. an estimate of N derived from the atmosphere via symbiotic fix-
ation) and fertilizers, and those removed with marketable yield.
Processing tomato complied with organic cultivation better than maize.
As compared to the conventional crop cultivation, organic tomato provid-
ed similar yields, used supplied N more efficiently and left lower residual
N after harvest, with lower related risks of pollution. Organic maize yield-
ed less than conventional one. The main limitation for organic maize was
the low N availability during initial growth phases, due to either low N
supply or low rate of N release from incorporated green manure biomass.
In both organic and conventional cultivation the system sustainability
could be improved by an appropriate crop rotation: wheat in fall winter
likely prevented leaching loss of mineral N in both systems; green
manure crops in the organic system allowed to either trap and recycle soil
mineral N or supply ex novo legume Ndfa to the soil, with benefits in mit-
igation of N pollution and improvement in self-sufficiency of the system.

Introduction

The effects and implications of organic and conventional cropping
systems on crops and the environment can be accurately evaluated
only in the long term period, on the basis of poli-annual results from
comparative field crops trials appropriately conceived for this aim
(Fließbach et al., 2006; Boldrini et al., 2008; Thorup-Kristensen et al.,
2012). The main bottle-necks of organic systems are represented by
the management of soil fertility (Watson et al., 2002) and the control
of weeds (Graziani et al., 2012), pests and diseases (Ferron and
Deguine, 2005), all affecting crop yield. With respect to the manage-
ment of soil fertility for spring-summer cash crops, several researches
demonstrated that nitrogen (N) can be efficaciously supplied by
means of fertility building crops, thanks to either recycling of soil min-
eral N or legume N fixation (Thorup-Kristensen et al., 2003; Thorup-
Kristensen and Dresbøll, 2010; Thorup-Kristensen et al., 2012).
However, not all cash crops comply the same way with organic man-
agement (de Ponti et al., 2012). 

A long term experiment for the comparison between an organic sys-
tem and a conventional low input system was carried out in Central
Italy (Boldrini et al., 2007, 2008). Authors focused on dynamics and
balances of organic matter and nutrients in the soil for each system as
a whole, while no data have been reported in detail until now for sin-
gle crops. In that experiment, maize and processing tomato have been
present as spring summer cash crops since 2002. These two crops dif-
fer much for N uptake capacity (also due to different plant spacing),
total amount and timing of N need, effect of N on crop yield (also due
to different requirements for marketable yield between a cereal and a
vegetable). Maize is a high N demanding crop with early spring sow-
ing and green manures may not guarantee an adequate N availability
especially in early growth phases, with consequent lower growth and
grain yield (Benincasa et al., 2008, 2010; Teasdale et al., 2008).
Processing tomato may better use organic N sources in virtue of its
lower and later N need due to its mid spring transplanting date (Tosti
et al., 2008). Also the N leaching risk for the two crops may be differ-
ently affected by fertilization strategies in organic and conventional
systems. However, the use of green manures has been demonstrated
to reduce the risk of nitrate leaching for both maize (Salmeron et al.,
2010; Gabriel et al., 2012) and processing tomato (Farneselli et al.,
2009), provided a non legume species is present as pure stand or inter-
cropped with legumes. 

Recently, Tosti et al. (2012) have reported a comparative study on N
nutrition of maize and processing tomato fertilized by using green
manures. That 2-year experiment however was not focused on the
effect of farming systems and actually maize and tomato had been
grown on fields all having conventional management history. One
might object that the two crops might have different performances if
cultivated in a soil with an organic management history where cumu-
lative effects of the organic management on soil properties may come
out. Moreover, due to year-by-year variability in climatic conditions
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and biotic disease during both green manures and cash crops, to be
accurate, the study of a crop in a certain cropping system should con-
sider many years.

For this reason, the aim of this work was to compare the nine-year
results on yields and apparent balances of organic matter and nitrogen
for maize and processing tomato cultivated in a long term comparison
trial between an organic and a conventional low-input system in
Central Italy.

Materials and methods

The field experiment was located at our Experimental Station in
Papiano (Central Italy, 15 km south from Perugia, middle Tiber valley,
43° N, 12.3° E, 165 m asl). Maize and processing tomato crops have
been cultivated between 2002 and 2010 in an organic system (ORG)
and in a conventional low-input system (LOW). The two cropping sys-
tems were carried out since 1999 on two contiguous fields, originally
homogeneous for soil properties [clay loam, with same initial contents
of soil organic matter, total N, available phosphorus (P) and exchange-
able potassium (K)]. In 1996, as required by the EU 2092/91 regulation,
the ORG field underwent to the transition from conventional to organ-
ic. During this transitional period (1996-1998), this field was cropped
with alfalfa (Medicago sativa L.), while the other field (LOW) was sub-
jected to a very common crop sequence in central Italy (faba bean,
silage maize, faba bean). Therefore, such a transitional period should
be regarded as an integral part of the experimental lay-out. 

From 1999 onwards, same rotations were set-up in the two fields and
good ordinary management practices were always selected, in strict
adherence to EU regulations for organic and conventional low-input
farming systems (ORG: EU reg. 2092/91; LOW: EU reg. 2078/92).
Starting from 2002, these rotations became more regular and charac-
terized by the same basic sequence of cash crops over a 6-year period:
summer cereal (maize) - industrial vegetable (processing tomato) -
winter cereal (durum wheat) - grain legume (in most cases faba bean
or common pea) - summer vegetable (in most cases melon or sweet
pepper) - winter cereal (soft wheat). In order to reproduce the steady-
state running of the basic 6-year rotation in a farm and test all the six
crops of the sequence in each year, six different orderings were real-
ized for both ORG and LOW field, each ordering starting with a differ-
ent crop of the sequence. The six orderings were laid down on a com-
pletely randomized design with three replicates and plot sizes of 120
m2. The main differences between the two systems concerned N fertil-
ization management and crop protection. The N fertilization in ORG
was carried out by fall-winter green manures (in most cases pure faba
bean before maize, and hairy vetch+barley intercrop before processing
tomato) integrated in case by organic fertilizers, while in LOW chemi-
cal fertilizers were used. Weed control was mechanical in ORG, inte-
grated (chemical+mechanical) in LOW. Pest and disease control in
ORG used allowed products, in LOW conventional chemicals. Other
agronomic practices (variety selection, implant dates, plant arrange-
ment, water management) were the same in both systems. Optimal
implant dates were always adopted for each crop (beginning of
November for wheat, field bean, pea and green manure intercrops; mid
April for maize; mid May for transplanted vegetables (i.e. processing
tomato, melon and sweet pepper). In agreement with a low input man-
agement for both systems, maize received a reduced water supply of
100 mm per year split in two irrigations. On the other hand, the irriga-
tion of processing tomato fully satisfied crop water requirements with
a total of 350 mm per year and a twice-a-week irrigation schedule.
Further details on the whole experimental design for the comparison
between the organic and the conventional low-input systems are

reported by Graziani et al. (2012). 
In every year, above ground biomass and N accumulation of cash

crops and green manures, including weeds, and the partitioning
between marketable yield and crop residues were determined by plant
samplings and analysis of organic N concentration in the dry matter
(Kjeldhal method). In particular, at harvest time, sixteen plants per plot
were sampled for processing tomato and all plants from four 10-meter-
long core rows per plot were sampled for maize. Biomass partitioning
was then determined on sub-samples. Apparent dry matter and N bal-
ances were calculated at the end of each crop cycle according to the fol-
lowing equations:

�DM = DMGM + DMOF + DMCC – DMMY (1)

where 
DM=apparent variation of dry matter in the system
DMGM=above ground dry matter from green manures (including
weeds)
DMOF=dry matter from organic fertilizers
DMCC=above ground dry matter from the cash crop (including weeds)
DMMY=dry matter removed from the field with marketable yield

DN = NdfaGM + NF – NMY (2)

where 
DN=apparent variation of N in the system (i.e. residual N in the soil)
NdfaGM=above ground N derived from atmosphere accumulated by
green manure legumes 
NF=fertilizer-N
NMY=N removed from the field with marketable yield

Therefore, the actual ex novo N supplied to the system was calculat-
ed by taking into account, besides fertilizer N, only the amount of
above-ground green manure N derived from the atmosphere (Ndfa).
This, in our environment, was estimated to account for 80% of total
above ground legume N for faba bean and hairy vetch, according to
Boldrini et al. (2007). The remaining 20% was thus assumed to be
absorbed from the soil and not considered in the balance because
already present in the system. The dry biomass and N accumulated in
roots was not taken into account for apparent balances.

Results

The marketable yield of both crops varied across years (Figure 1). In
maize it was generally lower in ORG than in LOW (-22%, on average
over all years), while in processing tomato it was not much different
between systems (-2%, on average over all years) except for the last two
years when controversial evidences were observed (ORG/LOW
ratio=1.47 in 2009 and 0.52 in 2010).

Figure 2 shows the biomass supplied to the system, calculated by dif-
ference between total above ground biomass (i.e. that from cash crop
and weeds and, in addition for ORG, that from green manure and
organic fertilizers) and marketable yield. The ORG management
increased biomass supply to the soil, especially in processing tomato
where difference from LOW was always positive across years ranging
between +65% and +140%.

The actual N supply (i.e. fertilizer N plus green manure legume
Ndfa) for both crops was generally lower in ORG than in LOW (-20% in
maize and -29% in processing tomato, on average over all years)
(Figure 3). Moreover, differently from the well defined mineral N sup-
ply in LOW, important yearly variation were recorded for the actual N
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supply in ORG. The N use efficiency (NUE) of each crop is intended
here as the ratio between the marketable yield dry matter and the actu-
al N supply to the crop (Figure 4). The NUE varied year by year in both
crops with wider variations in ORG. The effect of systems on maize
NUE was not univocal and substantially risible (-2% in ORG, on aver-
age over all years), while the NUE of processing tomato was generally
higher in ORG than in LOW (+49%, on average over all years, +28%
excluding the exceptional +222% of 2009).

The residual N in the soil after harvest (i.e. the actual N supply
minus the N removed from the soil with marketable yield) varied year
by year in both systems and crops (Figure 5). On average over all years
it did not differ much in maize (33 kg in ORG vs 37 kg in LOW) while
it was much lower for ORG than for LOW in processing tomato (18 vs
47 kg, respectively). 
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Figure 1. Marketable yield (t ha–1 of d.m.) for A) maize and B)
processing tomato in the organic (ORG=full circles) and the con-
ventional low input (LOW=empty circles) system across years
2002-2010. Vertical bars represent ±1 SE of the mean.  

Figure 2. Amount of biomass (t ha–1 of d.m.) incorporated into
the soil (i.e. total above ground biomass of each crop included
weeds minus marketable biomass plus green manure biomass and
organic fertilizer biomass) for A) maize and B) processing tomato
in the organic (ORG=full circles) and the conventional low input
(LOW=empty circles) system across years 2002-2010. Vertical
bars represent ±1 SE of the mean.

Figure 3. Amount of ex novo N (kg ha–1) actually supplied to the
soil (i.e. green manure legume Ndfa plus fertilizer N) for A) maize
and B) processing tomato in the organic (ORG=full circles) and
the conventional low input (LOW=empty circles) system across
years 2002-2010. Vertical bars represent ±1 SE of the mean.

Figure 4. Nitrogen use efficiency (kg of marketable yield dry mat-
ter per kg of N actually supplied to the soil) for A) maize and B)
processing tomato in the organic (ORG=full circles) and the con-
ventional low input (LOW=empty circles) system across years
2002-2010. Vertical bars represent ±1 SE of the mean.

Figure 5. Residual nitrogen in the soil (i.e. green manure legume
Ndfa plus fertiliser N minus N removed with marketable yield)
for A) maize and B) processing tomato in the organic (ORG=full
circles) and the conventional low input (LOW=empty circles) sys-
tem across years 2002-2010. Vertical bars represent ±1 SE of the
mean.
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Discussion

The inter-annual variability of marketable yield recorded in both sys-
tems was mainly due to the effect of season climate during the cash
crop cycle, while the lower (maize) and more variable (tomato) mar-
ketable yield achieved in the organic system across years (Figure 1)
was mainly a consequence of the lower and more variable amount of N
supplied to crops (Figure 3), especially by green manures. Only for
tomato marketable yield of 2009 and 2010 variations were clearly due to
causes other than N availability: in 2009 it was conventional tomato
that yielded less that potential due to a bad crop establishment; this
because a 50 mm rainfall occurred during seedbed preparation imped-
ing an adequate soil loosening which, on the contrary, could be
obtained in the organic soil thanks to green manure biomass incorpo-
rated just before; in 2010 the marketable yield loss of organic tomato
was due to an unsuccessful mechanical control of weed infestation and
to a higher proportion of unmarketable fruits over conventional toma-
to (36% vs 20% of total fruit weight in ORG and LOW, respectively). A
lower yield was reported in several studies where maize was grown
organically (Mischler et al., 2010; Wortman et al., 2012) or fertilized by
cover crops (Tonitto et al., 2006; Teasdale et al., 2008) and was often
explained by the lower and variable N supply from green manures. In
turn, the growth and Ndfa accumulation of green manures was affect-
ed by fall winter climate and was actually much variable. The green
manure Ndfa ranged across years from 33 to 141 kg ha–1 for maize and
from 30 to 132 kg ha–1 for tomato. Unfortunately, this variability of N
accumulation was not predictable with due accuracy. In fact, parallel
field experiments on green manures in the same locality (Benincasa et
al., 2008, 2010) did not allow to find any relationship to explain and pre-
dict green manure N accumulation as a function of season climate. The
values of green manure N supply were generally lower than those
reported by Benincasa et al. (2010) and Tosti et al. (2012) for the same
location and in some of the years considered in this work. This is due
to the fact that those values had been obtained from well cared plot
experiments in conventional soils, while our data from the long-term
experiment refer to an organic management on a field scale.

It is worth to remember of the fact that our actual N supply does not
take into account root Ndfa (see Materials and methods section)
which is known to account for around 5-10% of total Ndfa (Cazzato et
al., 2003). Therefore the actual N input in the organic system should
not have been much different from that used in the conventional low
input system where green manure crops were not used. Moreover it
should not be disregarded that green manures have also a positive
role in preventing leaching of soil mineral N in rainy fall-winter sea-
sons (Kuo et al., 1997; Tonitto et al., 2006; Salmeron et al., 2010) so
contributing to its presence in spring, when it will be returned to the
soil with green manure biomass incorporation. The different preces-
sion for maize (soft wheat) and tomato (maize) could have partly
affected differences between crops in the two systems, although
green manure intercrop composition (pure faba bean before maize;
barley-vetch mixture before tomato) was expressly conceived to
account for expected differences in soil residual N left by the previous
crop and provide different pre-emptive competition and N supply
accordingly (Thorup-Kristensen et al., 2003).

Also the rate of N release from green manure biomass and organic
fertilizers incorporated into the soil was likely affected by season cli-
mate (Quemada, 2004; Justes et al., 2009). This may be crucial for
maize, whose N need during early growth phases is high while current
initial N availability may be low due to both still low soil temperature in
early spring and the short time for organic matter mineralization
between dates of biomass incorporation and crop establishment
(Teasdale et al., 2008). The high clay content of our soil could have fur-

ther reduced N release from green manure biomass (Odhiambo, 2010).
Actually, Tosti et al. (2012), found that maize N content after green
manures in the same location of our long term trial was sub-optimal as
compared to the critical N curve of maize (Plénet and Lemaire, 2000),
especially in early growth phases. 

The higher amount of biomass incorporated into the soil in the
organic system (Figure 2) contributed to the maintenance of a higher
long term fertility (Kuo et al., 1997; Berntsen et al., 2006). This may
explain the higher nitrogen use efficiency generally observed in organ-
ic tomato, including the peak of 2009, when the yield was much high in
spite of a very low N supply (Figure 4). The values of nitrogen use effi-
ciency observed in organic tomato are also higher than those observed
in previous experiments in the same location for mineral fertilized
tomato (Benincasa et al., 2011). The lower N supply for organic tomato
has certainly contributed to this result as it is demonstrated that a lim-
ited N availability generally increases both the N uptake efficiency and
the use efficiency of absorbed N (Tei et al., 1999; Benincasa et al.,
2011). As far as maize is concerned, the nitrogen use efficiency was
similar in both systems and in line with values reported by Teasdale et
al. (2008) for the mineral fertilized crop, but much higher than that
reported by these authors for maize sod-seeded on soil covered by sur-
face residues from N fertilized or non fertilized cover crops. The lower
N supply for both systems in our experiment and for the mineral fertil-
ized crops by Teasdale et al. (2008) may explain this difference and
would confirm that the N rate is the first circumstance affecting the
nitrogen use efficiency, more than N source and the environment
(Benincasa et al., 2011).

The lower residual N (Figure 5) recorded for processing tomato in
the organic system demonstrates that tomato took advantage from
organic fertilization and that the release of N from incorporated bio-
mass was in good synchrony with the N need of this crop. This confirms
evidences from Tosti et al. (2012) who found that tomato after green
manure vetch was at around the critical N level (Tei et al., 2002) at any
growth stage. On the contrary, in maize the two systems did not differ
for residual N. Nonetheless, it is the environmental fate of residual N
that differed between systems in virtue of the crop rotation adopted in
our experiment (see Materials and methods section). On one hand the
N left after the harvest of processing tomato, although higher in con-
ventional than in organic system, should not have caused high risks of
pollution anyway, because it was likely trapped by winter wheat in both
systems. Similarly, the residual N after organic maize was likely
trapped by the green manure intercrop (especially by the barley com-
panion). On the other hand, the N left by conventional maize remained
in the bare soil until the establishment of processing tomato in the
next spring and in the meanwhile it was exposed to high leaching risk
in fall-winter (Gabriel et al., 2012; Salmeron et al., 2010).

Conclusions

Processing tomato complied with organic cultivation better than
maize. As compared to the conventional crop cultivation, organic toma-
to provided similar yields, used supplied N more efficiently (on a mar-
ketable yield dry matter basis) and left a lower amount of residual N
after harvest, with lower related risks of pollution.

Organic maize yielded less than conventional one. The main limita-
tion for organic maize was represented by the low N availability during
initial growth phases, due to either low N supply or low rate of N
release from incorporated green manure biomass.

Our experiment confirms that system sustainability for both organic
and conventional cultivation depends greatly on the management of
soil N availability and post-harvest residual N. In other words, appropri-
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ate crop rotations are essential in both systems, with cover crops in fall-
winter to prevent leaching loss of mineral N in fall winter. With this
regard green manure crops have a strategic role for organic cultivation
since they either trap and recycle mineral N or supply ex novo legume
Ndfa to the soil, with benefits in mitigation of N pollution and improve-
ment of self-sufficiency of the system.
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