
Abstract

Inherent in the concept of good agricultural practice (BMP) is that
it improves resource use efficiency, mitigates environmental impact or
increases farm profitability. However, it is usually impossible to
achieve all the objectives, and trade-offs need to be accepted, such as
a reduction in productivity together with a reduction in costs or an
increase of soil organic matter. A European FP7 project, Catch-C
(http://www.catch-c.eu) analyses the effects that different manage-
ment practices have on productivity, mitigation of climate change and
chemical, physical and biological soil fertility, based on simple indica-
tors. Such indicators were collected from international literature,

national scientific or technical journals, or grey literature that dealt
with long-term field trials in Europe. We collected and analysed data
from more than 350 experiments.
This paper presents the overall results of the effects of a series of

BMP have on crop productivity, soil nitrogen (N) uptake, N use efficien-
cy end N balance. Important interactions with soil and climate types,
crop and duration of the experiment were noticed for most BMPs.
Rotations, also including double cropping, were among practices with
more positive effects of productivity and N indicators. A slight reduction
of yield counteracted benefits to soil quality and to climate change mit-
igation of minimum and no tillage, and of organic fertilisers.

Introduction

Soil management practices such as crop rotation, adoption of cover
crops and green manuring, crop residue incorporation and substitu-
tion of mineral with organic fertilisers may maintain soil fertility and
ensure adequate crop productivity and efficient use of resources. 
The effects of agricultural practices can only be assessed properly in

long-term experiments (LTEs), where small changes can accumulate
over the years until they become detectable, and interaction with
meteorological variability can be assessed (Johnston, 1994).
In the context of the European project Catch-C (http://www.catch-

c.eu), we performed a review of European LTEs on arable crops to ver-
ify the hypothesis that the above mentioned practices are not only
effective in improving the soil quality, but also in maintaining high
yields and quality. Here, the results related to crop productivity and
nitrogen (N) use are presented.

Materials and methods

We analysed multi-year averages of crop yields, N uptake and field
N surplus (difference between N supply and N removal) from 106 LTEs
across Europe. Our literature review included scientific and technical
papers, and grey literature, both in English and in national languages,
yielding a total of 115 papers.
Agricultural practices considered were crop rotation; catch/cover
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crops (either harvested or incorporated in the soil as green manure);
no-tillage and minimum tillage; organic fertilisation with compost,
farmyard manure, or bovine slurry; and crop residue incorporation into
the soil. 
Yields obtained using each practice were divided by those obtained

when the practice was not adopted (i.e. reference treatment): rotation
vs monoculture, catch crops or green manure vs bare soil; no-tillage
and minimum tillage vs conventional tillage; organic fertilisation vs
mineral fertilisation at the same nitrogen input; crop residue incorpo-
ration vs removal. The comparisons were made by ensuring that all fac-
tors different other than the one tested were equal in the two treat-
ments under comparison (e.g. two tillage treatments were compared
within the same rotation). The obtained indicator is called the
response ratio (RR), and it is greater than one when the practice
increases yield. Nitrogen uptake and N use efficiency (NUE) were also
analysed using RR, while N surplus was examined using the difference
between the practice and reference treatment (DIFF). A negative DIFF
indicates a reduction in surplus when the practice is adopted. 
A one-sample t-test (2 tails) was used to identify which RR means

were significantly different from 1, and which DIFF means were signif-
icantly different from 0 (P<0.05).
A multiple linear model was performed using climate type (Metzger

et al., 2005), soil type and duration of practice (4 levels each), and crop
type (12 levels) as nominal factors, to evaluate which conditions mostly
affected the performance of each practice (Zavattaro et al., 2014).

Results

Results are reported in Figure 1. Further details can be found in
Zavattaro et al., 2014.
In more than 80% of the cases, the yield of a crop grown in a rotation

was larger than the yield of  the same crop grown in a monoculture, and
the average increase in yield was 5%. The largest differences were
found in the Western European climate, on sand or loam soils, with
wheat or grain maize, and in long-lasting experiments (10-20 years).
Conversely, legume or grass leys and minor small grain cereals (such
as rye or triticale), and clayey soils represented unfavourable condi-
tions for a rotation. However, while the productivity of a specific crop
could be increased in a rotation, the dry matter production of the entire
rotation was generally lower than that of the single crop grown in
monoculture. Crop N uptake was also generally increased and N sur-
plus was reduced in a rotation compared to a monoculture. 
In 60% of the cases, the use of a harvested leguminous or non-legu-

minous catch/cover crop resulted in a yield increase of the main crop.
Best results were obtained in Eastern Europe, in soils other than silty,
crops such as barley, maize or minor cereals, and in long-lasting exper-
iments. Nitrogen uptake was also increased in 80% of cases, and con-
sequently N surplus was reduced. Little or no overall effect of incorpo-
rated green manure on yield and N uptake was observed, in all pedo-cli-
matic conditions explored. The N uptake and N surplus of the main
crop was reported only in two cases in northern Europe, with opposite
trends: positive for barley, negative for wheat. None of the factors con-
sidered in the multiple linear model was significant.
No-tillage has been widely studied in Europe, especially in southern

and western countries. Most of LTEs were started in the ‘80s, and pub-
lished data are therefore referred to several years of application. Wheat
and barley are the most frequent tested crops. On average we observed
a yield reduction of 4% in no-tillage compared to conventional tillage,
although the change ranged from –32% to +31%, following a normal
distribution. Silty soils performed the best. Nitrogen uptake was lower
in 73% of cases, resulting in an average non-significant reduction by

5%. Nitrogen surplus was enhanced up to +43 kg N ha–1, or reduced up
to –88 kg N ha–1, depending on the crop N removal. The RR of NUE
showed an overall average tendency to increase by about 5%.
We classified as minimum tillage a variety of experimental treat-

ments carried out with heterogeneous machinery. What all manage-
ment practices had in common was that they did not imply an inversion
of the soil and that tillage was performed at a shallower depth than nor-
mally adopted in ploughing in the same area. We observed RR of 0.97
(significantly different from 1) between yields under minimum and
conventional tillage; however, it ranged from +52 to –46%, and 65% of
the values were smaller than 1. Most of cases lay between –10 and +5%.
Nitrogen uptake and efficiency were more sensitive than yield: they
were significantly reduced in 92% of cases and by 9% on average, thus
evidencing that N availability was reduced with minimum tillage.
Nitrogen surplus was consequently increased by 13 kg N ha–1 on aver-
age. None of the factors considered resulted to affect the performance
of this technique on yield, whereas N uptake and N surplus were sig-
nificantly affected by climate (in particular, N uptake was increased
and N surplus was reduced in Western Europe Atlantic climate). 
All kinds of composts (plant-based, biowaste or sludge materials)

were pooled in this analysis, for a total of 21 experiments, mainly locat-
ed in Central Europe. When compared to a similar N fertilisation level
supplied using mineral fertilisers, compost additions showed a good
supplying capacity of nutrients, as yield RR had a mean of 0.95 (not sig-
nificantly different from 1). More than 70% of cases lay in the range +6
to –6%; in one case in Scandinavia, with maize on a clay soil, the per-
formance was remarkably high (+67% of yield). Best results with com-
post were obtained when vegetables (leeks, Brussels sprouts) and peas
were cropped, while grain maize and barley yield was notably
depressed. As several authors report (Alluvione et al., 2013), compost
can release nutrients slowly and immobilisation can occur in the first
years of supply. Therefore, it is not surprising that good results with
this fertilisation practice were observed only after some years of
repeated additions (>5 years).
The 60 experiments on farmyard manure used for this study were

mainly located in Eastern European (Pannonian) climatic conditions
and medium or coarse-textured soils. Especially, long-term experi-
ments, which lasted for more than 20 years, were represented. On aver-
age, a significant reduction in yield by 6% was observed. The variability
around the mean was notable; 52% of RRs were smaller than 1. Results
obtained in northern Europe on fodder maize were extremely positive,
although the absolute yield was rather low (<5.5 t ha–1 of aboveground
dry matter in the manured plots). Conversely, eight cases in Western
Europe with Atlantic climate showed a reduction in marketable produc-
tion. Coarse-textured soils, where mineralisation is enhanced, created
more favourable condition for manured treatments. All tested crops
responded to manure application in a similar way, according to the sta-
tistical test. However, a tendency to benefit more of the N mineralisa-
tion of organic fertilisers was observed in summer crops, probably
because they can better exploit N released from mineralisation of
manure, if compared with crops whose maximum requirements are
asynchronous with the organic fertiliser mineralisation curve.
Bovine slurry was tested in 37 experiments that were located mainly

in Eastern and Southern Europe. Most experiments lasted for more
than 10 years. Tested crops were mainly forages, and coarse-textured
soils were the most represented. In these conditions, a rapid minerali-
sation led to a fast release of N in the soil, similar to that of mineral fer-
tilisers (RR not significantly different from 1). Values of the yield RR of
slurry showed a normal distribution around a mean of 0.98, ranging
from 0.52 to 1.58, and greater than 1 in 46% of cases. Therefore, bovine
slurry performed even better than solid manure. On the other hand, N
uptake (n=11) was 8% lower (significantly different from 1) than in
treatments that received mineral fertilisers.
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Generally, the performance of all organic fertilisers depended on the
soil type (best results in coarse-textured soils), climate (the colder, the
better) and duration of practice (better results in experiments lasting
for more than 5-10 years). In some of the experiments, crop residues
acted as a source of nutrients or of stable organic matter, which
improved soil physical, chemical, biological and hydraulic characteris-
tics. Incorporation of residues caused an increase in soil organic car-
bon content of about 7% in the same dataset (Lehtinen et al., 2014).
However, in other cases straw immobilised N or caused technical diffi-

culties at sowing. The overall mean RR of incorporating residues was
significantly different from 1 and negative (–7%), although 49% of the
values were greater than 1. The maximum value was +16%. Minimum
values (RR<0.55) came from two experiments in Slovenia. Residue
incorporation was detrimental to crop yield especially in badly struc-
tured silty soils, in all crops. Nitrogen indicators were too limited to be
representative and were recorded only in continental climate. A slight
reduction in N uptake was observed; conversely, the overall N surplus
was decreased and NUE was increased by 36%. 
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Figure 1. Boxplot graphs of: A) yield response ratio (RR); B) nitrogen (N) uptake RR; C) N use efficiency (NUE) RR and D) N surplus
difference between practice and reference treatment (DIFF) obtained adopting improved management practices compared to standard
practices. Numbers indicate the number of studies considered for each practice. Cover cr, catch/cover crops; green man, green manure;
no till., no tillage; min. till., minimum tillage; inc. res., incorporation of crop residues.
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Conclusions

The indicator-based evaluation of agricultural management prac-
tices showed positive and negative effects. Productivity was enhanced
when adopting rotation and cover crops. A slight reduction of yield
counteracted the benefits to soil quality and to climate change mitiga-
tion of minimum and no tillage, and of organic fertilisers. The most
important single factor influencing the effect of management practices
was the climate type. 
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