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Introduction

In Europe, the conversion of permanent grasslands of 
flat lands and/or gentle slopes into arable lands and their 
abandonment or afforestation in the majority of mountain ar-
eas are consequences of their weak economic performance 
(Habel et al. 2013, Dengler et al. 2014). However, permanent 
grasslands below and beyond the tree line should still have 
relevance in the perspective of the so-called new “green econ-
omy” dedicated to sustainable development (Nábrádi 2004, 
Kemp et al. 2013, Jean-Vasile et al. 2013). There is no doubt 
that besides their role in preserving plant diversity (Hobbs 
and Huenneke 1992, Härdtle et al. 2006, Poldini et al. 2011, 
Gaujour 2012) they are still peculiar for the production of 
milk, butter and cheese with high specific nutrition values and 
they provide a typical landscape that may renew touristic and 
cultural interests. However, today it looks imperative that for 
their conservation, especially below the tree line, they must be 
managed such that they remain reasonably economically pro-

ductive. Both agricultural intensification and abandonment 
of grasslands lead to decreasing species diversity (Grootjans 
et al. 1996, Linusson et al. 1998, Stampfli and Zeiter 1999, 
Bassignana et al. 2002, Tasser and Tappeiner 2002, Dickson 
and Foster 2011, Samuil et al. 2013). Therefore, a trade-off 
between the conservation of biodiversity and economic pro-
ductivity must be found and applied at large scale where it is 
still feasible (Török et al. 2016). 

The permanent grasslands constitute a heritage that pro-
vides spontaneous gene pools "filtered by the environment" 
during the biogeographic history of the Earth and whose yields 
are used according to the needs and culture of the people who 
manage them. Traditionally, they were grazed or mowed. The 
mowed ones were treated mainly by manure; the others were 
left without fertilization. In the past 50 years, both mowed and 
grazed grasslands have also been treated with chemical fer-
tilizers. However, notwithstanding the increased productivity 
(also in terms of milk and meat) due to this new practice, the 
grasslands did not show economic competitiveness with re-
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spect to feeding the animals with monocultural fodder crops. 
What could make sharp difference between these crops and 
the permanent grasslands is the better quality of the products 
of the latter and the fact that, if properly managed, permanent 
grasslands offer many of the so-called ecosystem services 
(Daily 1997, MEA 2005). It is for these reasons that the 2013 
reform of the European Common Agricultural Policy (CAP) 
tries to support farmers willing to follow the environment-
friendly rural practices, by the so called ‘green payment”. 
More specifically, it is also suggested that governments and 
regions should maintain the ratio of permanent grassland area 
to the total Utilized Agricultural Area (UAA) according to 
some greening rules (Huyghe et al. 2014) (https://ec.europa.
eu/agriculture/direct-support/greening_en).

This European reform encouraged us to revisit our old 
unpublished data, obtained by experiments of chemical fer-
tilization on grasslands in the eighties, in order to give some 
useful contribution to the knowledge of the effects of ferti-
lization on plant yield and plant diversity necessary to sup-
port the new European policy. There is a wide literature on 
the relationships between biodiversity and ecosystem stabil-
ity and productivity so we do not want to enter into such a 
broad discussion that leads to the “questionable” hypothesis 
that the stability of ecosystems improves via the increment 
of biodiversity (e.g., Margalef 1957, May 1975, Tilman et 
al. 1996, Loreau et al. 2001, Tilman and al. 2006). Instead, 
with this study we want to answer the question: “What can 
we learn from the experiments done by chemical fertilization 
with NPK (Nitrogen, Phosphorus and Potassium) on the rela-
tionship between productivity (yield) and species diversity of 
permanent grasslands?”

There are many articles published in the so-called “grey 
literature” (internal reports, papers published in local jour-
nals, doctoral theses etc.) which present results of experi-
ments made between the seventies and nineties on the effects 
of mineral fertilization on the yield and diversity of perma-
nent grasslands. There are also results of many experiments 
done in the same period which have never been published. 
In this paper, we have chosen to present and discuss unpub-
lished results of two of them, one from NE Italy and one from 
Slovakia. We have chosen these two experiments because we 
think that we can answer the above question through their 
comparison. They have been carried out in the eighties within 
the activity of a coordinated network of European Institutions 
dedicated to the study of the effects of mineral fertilization 
on European grasslands (Prins and Kessler 2014, www.euro-
peangrassland.org) and of the Italian network project IPRA 
(Sarno et al. 1989). The experiment in NE Italy was carried 
out in Valbruna from 1978 to 1990. The experiment of Veľká 
Lúka was set up in the western part of “Zvolenská kotlina” 
basin in 1961 and is still going on (Vargová et al. 2012). The 
approach that we have applied is based on “similarity theory” 
(Feoli and Orloci 2011), i.e., on the assumption that two plant 
communities similar from a floristic point of view should 
also be similar from the environmental point of view. In our 
context, this means that if two plots of permanent grasslands 
treated with different fertilizers result in significantly simi-
lar floristic combinations to belong significantly to the same 

cluster based on floristic similarity, then the two treatments 
should be considered equivalent and we can choose, among 
them, the one with the lowest energy cost. We think this ap-
proach is very useful because it can help to find the above 
mentioned trade-off  in situations where the owners and farm-
ers do not have sufficient income through the CAP measures 
if they would strictly operate without the use of fertilizers 
(MEA 2005, TEEB 2010).

Materials and methods

Study areas and experimental designs 

The sites of the two case studies (Valbruna, IT) and 
(Veľká Lúka, SK) and the experimental designs are described 
in Table 1. 

Both experiments are based on block randomization 
(Rand.block). In IT there are 108 plots given by four repli-
cates for each possible combination of the values of NPK (33 

= 27). In SK the number of plots is 20 because the combina-
tions of NPK are fixed in five types: 1) 0 - 0 - 0 (the control); 
2) 50 - 15.4 - 41.5; 3) 100 - 30.8 - 88; 4) 150 - 46.2 - 124.5; 5) 
200 - 61.6 - 166 kg/ha. Climate data have been obtained from 
the closest meteorological station. Soil analysis was made by 
methods described in Jackson (1958), Black (1965), Walsh 
and Beaton (1973) for the IT experiment and Tjurin (1951), 
Schachtschabel and Köster (1959), and Egner et al. (1960) for 
the SK experiment. 

Vegetation data 

Both experiments were conducted on semi-natural per-
manent grasslands that according to the Braun-Blanquet ap-
proach (van der Maarel 1975) belong to the class Molinio-
Arrhenatheretea Tüxen 1937 (Chytrý and Blažková 2007). 
The grassland of IT could be assigned to the association 
Molinietum caeruleae Koch 1926 belonging to the alliance 
Molinion caeruleae Koch 1926, while the grassland of SK 
to the association Poo-Trisetetum flavescentis Knapp ex 
Oberdorfer 1957 belonging to the alliance Arrhenatherion 
elatioris Luquet 1926 (Chytrý and Blažková 2007). 

Vegetation relevés have been made in the 108 plots (27 × 
4) in IT and in 20 (5 × 4) plots in SK corresponding to the 
replicates of the two experimental designs (Table 1). In the 
relevés, the cover value of each species was estimated by the 
visual method in IT and by the reduced projective dominance 
method (Gáborčík and Javorková 1980) in SK. In both cases, 
the cover values of the species have been relativized to their 
totals, so they range between 0 and 1. To simplify the presen-
tation of the relevant results, in this paper we report only on 
the analyses of data collected in 1985 because, at this date, 
the floristic composition in the experimental plots of the two 
sites reached a good and remarkable stability from 1981. The 
striking difference between the two experimental designs is 
that in IT the fertilizers N, P and K were taken as independent 
variables by considering the 27 (= 33) combinations of three 
values of N, P, K (see Table 1) (it follows that the correlation 
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between N, P, K is 0), while in SK the fertilizers have been 
supplied in four combinations, besides the control, in which 
the values of the fertilizers are increasing in a perfectly cor-
related way (it follows that in this last case the correlation 
between N, P and K results is equal to 1). As a consequence of 
the different experimental designs, in IT we can evaluate the 
effects of the single elements, the effects of the combination 
of the elements two by two and three by three, while in SK 
we can evaluate the synergistic effects of the simultaneous 
increases of all the three elements.

The relevés of IT have been merged into 27 “vegetation 
units”, while the relevés of SK into five “vegetation units” 
corresponding to the respective different treatments. The con-
trol in both cases is considered the one without treatment. We 
give the list of species subdivided into grasses, legumes and 
forbs in Table S1 of Electronic Appendix (notwithstanding 
graminoids, the species of Carex, found only in Italy, have 
been included in the forbs to avoid another category that in 
any case disappeared after few years of tretaments) . 

Data analysis

The “vegetation units” (VU), of both data sets were ana-
lyzed separately in the same way. They were compared by 
the similarity ratio function using both the percentage cover 
and binary data for which the similarity ratio becomes the 
index of Jaccard (Podani 2000). To the matrices of similar-
ity, we applied the group average linkage cluster analysis 
(Podani 2000). The optimal classification was defined by the 
method of the evenness of the eigenvalues (Feoli et al. 2009). 
According to this method the higher the evenness the higher 
the sharpness and therefore the overall heterogeneity of the 
data set, in our case sets of VUs.  For each vegetation unit, we 

have considered the following “alpha” diversity statistics: the 
number of species (richness), Gini-Simpson (GS) diversity 
index, the Shannon diversity index (H), and the Hill number 
(Hill 1973) abbreviated as eH; and the following “beta” di-
versity values: the average similarity based on the similarity 
ratio (SJ), the average dissimilarity DSJ (1–SJ), the average 
nestedness (NSJ, i.e., the average relative inclusion of one 
set in another set, see Urlich et al. 2009, 2012), the average 
nestedness resultant dissimilarity (NDSJ), and the average 
number of species raised to the average dissimilarity (nspDSJ) 
(Feoli 2010). Nestedness (NSJ) is calculated as the ratio of 
the Jaccard index (SJ) and the maximum value of the index 
(SJmax). The maximum is realized only if the two units have 
perfect similarity or complete nestedness. When the Jaccard 
index is replaced by the Sorensen index (SS), it is easy to 
demonstrate that SS/SSmax becomes the index of Simpson 
(1943, 1960). The nestedness resultant dissimilarity (NDSJ) 
is calculated by (SJ/SJmax) – SJ) as proposed by Baselga 
(2010) for the index of Sorensen. To measure the correla-
tion between the quantities of supplied fertilizers N, P, K, the 
species diversity statistics, and the yield we have applied the 
well-known correlation Pearson’s coefficient (Podani 2000). 
For the IT data set we have applied also the partial correla-
tion (Wessa 2016) to isolate the effects of the single nutrient 
on the yield and on species richness. For SK, this analysis 
is not possible because the doses of NPK vary in a collinear 
way. The yields of different treatment have been compared 
by the test of Duncan within a classical analysis of variance 
(ANOVA).

 Besides using different measures of diversity the two data 
sets were compared by ternary plots (Podani and Schmera 
2011), i.e., the one based on the relationship 
R + D + S = 1, 

Table 1. Characteristics of the sites, Valbruna (IT) and Veľká Lúka (SK). The three levels of NPK in IT have been combined in 27 
combinations, in SK the combinations are only 5, the control (0-0-0) and those that can be read in colums under the control.

IT SK
Site coordinates 46°30'24"N 48°37'57"N

13°26'22"E 19°9'55"E
Altitude 807 m.a.s.l. 350 m.a.s.l.
Mean daily tempeperature 7.0°C 8.2°C
Sum of annual rainfall 1348 mm 757 mm.
Number of mowings/year 2 3
Soil characteristics 
Soil type Medium-loam            Loamy-fluvisol
pH in KCl 7.1 6.03
Humus (g/kg) 25.5 33.3
N (%) 0.18 0.22
P (mg/kg) 10.11 6.16
K (mg/kg) 24.3 96.6
Experimental design Rand. block Rand. block
Treatment x replication 27 × 4 5 × 4
Number of plots 108 20
Plot size 25 m2 32 m2

Fertilization levels Levels of nutrients (kg/ha)
N-P-K (control) 0 - 0 - 0 0 - 0 - 0
N 0 - 150 - 300 50 -100 - 150 - 200
P 0 - 32.73 - 65.46 15.4 - 30.8 - 46.2 - 61.6
K 0 - 62.26 - 124.51 41.5 - 88 - 124.5 - 166
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where R is the relativized replacement, D is the relativized 
richness difference and S is the Jaccard’s similarity. By this 
comparison it is possible to put in evidence the effects of fer-
tilization on beta-diversity between the VUs of the two grass-
lands (Podani and Schmera 2012, 2016). 

In order to evaluate the performance of the different treat-
ments in terms of the balance between the energy stored in the 
yield and the energy necessary to produce the fertilizers N, P, 
K, we have transformed the tons of the dry matter of yield of 
each VU into MJ (Mega Joule) according to the factor (18.18) 
suggested by Kizeková et al. (2017) and the quantities of the 
fertilizers that we assume to be used in the experiments, i.e., 
urea, triple superphosphate (TSP), potassium chloride (KCl) 
indicated as N, P, K according to the factors suggested by 
Ledgard et al. (2011). This transformation leads to the fol-
lowing values for the production of the pure elements whose 
quantities have been used by us (Table 1): MJ/kg N = 52.02, 
MJ/kg P = 17.21 and MJ/kg K = 11.77. 

Results 

The results of the classification of the VUs of the two 
sites based on similarity and cluster analysis show that both 
sets of them can be divided into three main clusters (Fig. 1). 

The evenness of the eigenvalues of the IT similarity ma-
trix is 0.67, while the evenness of the similarity matrix re-
duced to the size of 3 x 3 according to 3 clusters is 0.78. The 
evenness of the SK similarity matrix is 0.55 while it is 0.67 
for the reduced matrix according to three clusters. Since low-
er evenness means more homogeneity, these evenness values 
prove that the treatments of SK produce a more homogene-
ous vegetation than the one produced by the treatments of IT. 
This result is confirmed and illustrated in more detail by the 
ternary plots based on the method suggested by Podani and 
Schmera (2011) (Fig. 2). In the ternary plots the point swarm 
is attached to the S-R side of the triangle for the experiment 
in IT, while all points are confined to the lower right corner in 
the experiment of SK. This shows that the similarity compo-
nent is much higher in the latter, which leads to a higher level 
of nestedness as well. In the ternary plot pertaining to the 

IT experiment, species replacement is much more expressed, 
suggesting some underlying gradient behind the flora of VUs. 

Table 2 shows the description of the three clusters by the 
average values of the diversity statistics for both IT and SK. 

Figure 1. Dendrograms of the classification of the VUs: a. for the VUs of IT, b. for the VUs of SK.
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Figure 2. Ternary plots of IT (a) and SK (b) based on the method 
of Podani and Schmera (2011):

Figure 2. Ternary plots of (a) IT and  (b) SK based on the method of Podani and Schmera 
(2011): 
a  

50

50 50

R

D S

 

b  

 

Figure 2. Ternary plots of (a) IT and  (b) SK based on the method of Podani and Schmera 
(2011): 
a  

50

50 50

R

D S

 

b  

 

b

a

a b



Effects of fertilization on diversity 			     		      299 

The within and between-cluster similarities of the three IT 
clusters (the control is included in cluster 1) and SK are given 
in Table 3. Table 4 shows for the two sites the yield differences 
between the treatments, with the results of the Duncan’s test.

The correlation (r) between the NPK and yield, according 
to the supplied doses, and all the other values in Table 2 is 
given in Table 5 on the basis of all the data. SK has only one 
column for NPK because the correlation between the fertiliz-
ers N, P, K is equal to 1. 

In Table A1 of the Electronic Appendix, the three clusters 
are described by the average proportion of the species and 
by their presence absence. The species are grouped in three 
categories: grasses (G), legumes (L) and forbs (F). The spe-
cies of genus Carex have been included in the category of 
forbs notwithstanding that they are graminoids. Sedges are 
very sensitive to fertilization and disappeared in the fertilized 
plots after few years of the experiment. From this table we 
can see in detail which species take advantage by the treat-
ments and which are depressed. 

In Table 6 are presented the energy costs of fertilizers 
(MJ/kg) and the energy stored in the yield in the three clus-
ters of Table 2 based on the corrected conversion factors sug-

gested respectively by Ledgard et al. (2011) and Kizeková et 
al. (2017). In this table, the control of IT has been removed 
from cluster 1 and showed in one independent column. 

By analyzing the Figures and the Tables we can summa-
rize the results in the following 8 main points: 

1) The control treatment of IT (i.e., NPK = 0-0-0) is in-
cluded in cluster 1 of VUs, while it remains separated in the 
classification of vegetation units of SK. Table 2 shows that 
in both cases, IT and SK, the three clusters reveal a gradi-
ent of intensification of fertilization, along which we can see 
the decrement of all the parameters of diversity included the 
nspD, i.e., the number of species of the VUs raised to the av-
erage dissimilarity they have with the other VUs (a measure 
of beta diversity). This is in agreement with the results ex-
pressed by ternary plots and it means that the effects of ferti-
lization are the reduction of richness and the heterogeneity of 
the grasslands, i.e., both the so called alpha and beta diversity 
and an increment of nestedness and of nestedness resultant 
dissimilarity. 

2) Table 2 shows that in IT the cluster with the highest 
level of fertilization (with an average number of 25.4 species 
and the average value of nspE = 10.91) lost on the average 

Figure 1. Dendrograms of the classification of the VUs: a. for the VUs of IT, b. for the VUs 
of SK. 
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Table 2. Description of the three clusters obtained for IT and SK by the average values of the considered parameters. Legend to sym-
bols: N = Nitrogen, P = Phosphorous, K = Potassium, n = number of,  G = grasses, L = legumes, F = Forbs,  Tot = Total, sp = species, 
p = proportion of, cov = cover, DM = Dry matter, ha = hectar, DS = dissimilarity (1–SJ),  e = 2.781, H = entropy of Shannon, E = 
evenness, GD = Gini-Simpson diversity, SJ = index of Jaccard,  NSJ = SJ/SJmax = Nestedness (see text). NDSJ = nestedness resultant 
dissimilarity.

IT SK
Cluster 1 2 3 1 2+3 4+5
N 150 37.5 240 0 75 175
P 0 103.1 120 0 23.1 53.9
K 75 84.38 67.5 0 62.25 145.3
n G 5.444 8.25 7.8 11 13 10.5
n L 5.333 5 4.3 6 4 2.5
n F 20.89 14.5 13.3 23 21 15
nsp 31.67 27.75 25.4 40 38 28
G p cov 0.146 0.336 0.567 0.358 0.562 0.795
L p cov 0.308 0.274 0.125 0.253 0.158 0.032
F p cov 0.546 0.39 0.308 0.389 0.279 0.173
Yield (DM) tons/ha 3.967 9.05 9.8 3.57 6.6 11.32
eveness(E) 0.792 0.784 0.73 0.88 0.84 0.75
Shannon (H) 2.737 2.602 2.361 3.241 3.063 2.497
GD 0.902 0.901 0.848 0.95 0.936 0.885
e^H 15.65 13.41 10.91 25.52 21.47 12.05
SJ 0.465 0.534 0.521 0.743 0.802 0.758
DSJ 0.535 0.466 0.479 0.41 0.215 0.325
nsp (DSJ) 6.35 4.739 4.606 4.53 2.18 2.95
NSJ 0.543 0.603 0.616 0.857 0.919 0.932
NDSJ 0.078 0.069 0.095 0.114 0.117 0.174

Table 3. Within and between similarity (WB) of the clusters of VUs for IT and SK; Sp = similarity based on proportional cover; Sb = simi-
larity based on binary data. Within similarities are the values in the diagonal of the matrices, the between similarities are those outside.

WB Sp
IT SK

Cluster 1 2 3 1 2 3
1 0.500761 0.243034 0.11471 1 0.723069 0.264426
2 0.243034 0.644073 0.443121 0.723069 0.981546 0.614988
3 0.11471 0.443121 0.700933 0.264426 0.614988 0.949234

WB Sb
IT SK

Cluster 1 2 3 1 2 3
1 0.553359 0.407453 0.385991 1 0.794444 0.563
2 0.407453 0.592613 0.56049 0.79444 0.853659 0.681
3 0.385991 0.56049 0.567854 0.5629 0.68114 0.867
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Table 4. The average value of yield for each treatment and the results of the Duncan’s test of the comparisons between the yields of 
different treatments (a, b, c, d, e, f mark the significant difference in subsequent values).

Table 5. Correlation coefficients (r) between fertilizers NPK the yield and the chosen statistics of diversity. Numbers in bold indicate 
significant correlations. For symbols, see Table 2.

Table 6. Energetic costs to produce the fertilizers and the energy available from the forage both in MJ/kg. Legend to symbols N = 
Nitrogen, P = Phosphorus, K = Potassium, DM = Dry Matter.

IT SK
         N P K                                                N P K N P K

Treatment Yield (t/ha) Treatment Yield (t/ha) Treatment Yield (t/ha)
1 2 2 10.9 a 0 1 0 8.9 d 200 - 61.6 - 166                 12.26 a
2 2 2 10.7 ab 2 1 0 8.7 d 150 - 42.6 - 124.5              10.38 a
2 1 1 10.6 ac 1 1 2 8.7 d 100 - 30.8 - 88                     6.26 b
2 1 2 9.9 ad 1 1 0 8.7 d 50 - 15.4 - 41.5                     6.94 b
2 2 1 9.9 ad 2 0 1 4.9 e 0 - 0 - 0                                   3.57 c
1 2 1 9.7 bd 1 0 2 4.2 e                  
2 2 0 9.5 bd 2 0 2 4.2 ef
1 2 0 9.4 bd 1 0 1 4.1 ef
1 1 1 9.4 bd 2 0 0 3.9 ef
0 2 2 9.4 bd 0 0 0 3.9 ef
0 2 1 9.2 cd 1 0 0 3.9 ef
0 1 2 9.0 d 0 0 2 3.7 ef
0 1 1 8.9 d 0 0 1 2.9 ef
0 2 0 8.9 d

Average yield              7.6 Average yield     7.88
N, 1: 150 kg, 2: 300 kg
P, 1: 32.73, 2: 65.46
K, 1: 62.26, 2: 124.51

IT SK
N P K Yield NPK Yield

N 1 0 0 0.127 1 0.955
P 0 1 0 0.882 1 0.955
K 0 0 1 0.083 1 0.955
n Grasses -0.21 0.459 0 0.517 -0.312 -0.487
n Legumes -0.36 -0.306 -0.050 -0.443 -0.769 -0.907
n Forbs -0.10 -0.733 -0.022 -0.833 -0.979 -0.956
nsp -0.29 -0.589 -0.035 -0.695 -0.906 -0.971
G pcov 0.458 0.691 -0.106 0.806 0.923 0.962
L p cov -0.66 -0.389 -0.107 -0.556 -0.946 -0.983
F p cov -0.11 -0.741 0.272 -0.767 -0.889 -0.930
Yield (DM) tons/ha 0.128 0.882 0.083 1 0.955      1     
eveness (E) -0.37 -0.361 0.050 -0.375 -0.906 -0.944
Shannon (H) -0.37 -0.488 0.020 -0.540 -0.916 -0.972
GD -0.49 -0.361 0.010 -0.406 -0.867 -0.935
e^H -0.29 -0.526 0.024 -0.583 -0.918 -0.979
SJ -0.35 0.544 0.091 0.597 0.113 0.062
DSJ 0.348 -0.544 -0.091 -0.597 -0.113 -0.062
nsp(DSJ) 0.162 -0.691 -0.075 -0.762 -0.401 -0.366
NSJ -0.13 0.594 0.097 0.626 0.864 0.826
NDSJ   0.407 0.223 0.031 0.188 0.860 0.842
N 1 0 0 0.127 1 0.955
P 0 1 0 0.882 1 0.955

IT SK
Cluster Cluster

1 2 3 control 1 2 + 3 4 +5
Fertilizers kg/ha ( N -  P -  K ) Fertilizers kg/ha ( N -  P -  K )

150 -  0 - 75 37 - 103 -  84 240 - 120 -  67 0 -  0 -  0 0 - 0 -  0 75 - 23 -  62 175 - 53 -  145
Yield kg/ha DM 3970 9050 9800 3900 3570 6600 11320
MJ/ha N 7803 1951 12485 0  0  3902 9104
MJ/ha P 0 1775 2065 0  0  398 928
MJ/ha K 883 993 794 0  0  733 1710
Total MJ/ha  
N - P - K 8686 4719 15344 0 0  5032 11741

MJ/ha by yield 72120 164529 178164 70902 64903 119988 205798
MJ benefit 63434 159810 162820 70902 64903 114956 194057
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seven species with respect the control (with an average of 
31.76 species and nspE = 15.65), while in SK the cluster with 
the highest level of fertilization lost on the average 12 species 
(40 - 28). The ratio between the average species number and 
the average nspE (eH) indicated again that in relative terms the 
highest fertilization of SK (ratio = 2.32) reduces the species 
diversity (as combination richness-evenness) more than the 
highest fertilization in IT (ratio = 2.01). 

3) If we consider the total number of species per cluster, 
as given in Table S1, in IT 16 species disappeared in the VUs 
with the highest fertilization with respect to the control, while 
10 new species appeared. The total negative balance is only of 
six species. In SK, 12 species were lost while 4 were gained. 
The total negative balance is eight. It is to be emphasized that 
all the 26 species of IT and all the 16 in SK are widespread in 
European grasslands and none of them is in the list of threat-
ened species or considered a weed (Poldini 1991).

 4) The average dissimilarity (average DS in Table 2) of 
the VUs in the clusters with all the other VUs, indicates that 
the most dissimilar VUs are the less fertilized ones followed 
by the highly fertilized VUs. This is true for IT and SK. In 
both cases, the cluster with intermediate fertilization has VUs 
that on average are more similar to the other VUs. Note that 
the VUs of SK have a between similarity higher than those 
of IT. This result proves that the decrement of alpha diversity 
produces an increment of homogeneity of VUs, i.e., a decre-
ment of beta diversity. 

5) It is clear from Table 3 that the similarity within and 
between the clusters in IT (if we exclude cluster 1, that in-
cludes the control) are lower than those of SK. The similar-
ity within-between clusters, obtained on cover data (Sp), in 
terms of binary data (Sb = floristic similarity) decreases in 
both cases (IT and SK) when we consider the within-cluster 
similarity of the cluster with the highest fertilization. This 
means that fertilization produces more similarity in the pat-
tern of proportions than in the pattern of floristic composition. 

In the case of IT, the maximum similarity of the control is 
with the VU fertilized only with K and the minimal similarity 
is with the one fertilized with the maximum values of N and P.

6) From Table 4 we can observe that in IT the highest 
yields were obtained by the treatments in which N and P were 
applied in combination, while K appears to have no signifi-
cant effect. P is shown to have stronger effect than N. All 
treatments with P without N performed better than treatments 
without P. The distribution of N without P had no effect and 
the production is at the same levels of the control. In the SK 
experiment, there is a linear growth of production at increas-
ing doses of N, P and K. Nevertheless, the differences of 
yields between the plots with lower doses of N (50 and 100 
kg), P (15.4 kg and 30.8 kg) and K (41.5 kg and 88 kg) are not 
significant (6.94 t/ha vs. 6.26 t/ha of DM). The average yields 
of all treatments in the two sites were very similar (7.60 t/
ha in IT vs. 7.88 t/ha in SK). In both cases, the yields of all 
treatments were significantly higher than the yields obtained 
by the controls.

To the loss of alpha and beta species diversity, as testi-
fied by all the statistics used, there is a corresponding gain 

of yield, in fact it improves 2.51 times in IT while 3.17 times 
in SK. The gain in yield for species loss is lower in SK than 
in IT, respectively 3.17/12 = 0.26 versus 2.51/7 = 0.35 i.e., 
to each species lost the gain is 0.26 in SK and 0.35 in IT. 
However, since in both cases we are not going to lose endem-
ic and/or rare species, but species that are with wide distribu-
tion the choice between different treatments is only a matter 
of economic convenience.

7) Table 5, showing the correlation between all the vari-
ables considered in Table 2, confirms the results presented 
in that table. It is clear that the fertilization like that of SK, 
i.e., a linear increment of all the three nutrients, significantly 
decreases all the diversity values, except the average similar-
ity that actually increases, while it increases significantly the 
nestedness (SJ/SJmax) and therefore the nestedness resultant 
dissimilarity (NDSJ) confirming again the results showed by 
the ternary plots. In contrast it produces a strong increment 
of yield due mainly to grasses (G p cov in Table 2), while le-
gumes and forbs are decreasing in number and in their cover. 
The situation of IT is more complicated: Nitrogen significantly 
decreases both the abundance and the richness of legumes and 
enhances the abundance of the grasses, it does not influence 
any diversity statistic, but causes an increment of dominance 
(the Gini–Simpson diversity is significantly negatively corre-
lated with N) certainly due to the increment of the cover of 
grasses, that leads to an increment of nestedness resultant dis-
similarity (Table 2). Phosphorus shows a more striking effect. 
It enhances significantly the number and the cover of species of 
grasses, the yield, the average similarity and nestedness (these 
last two are significantly correlated, r = 0.88) and decreases 
significantly all the diversity values excluding the evenness, 
the index of Gini-Simpson and the nestedness resultant dis-
similarity. This means that the grasses, thanks to the increment 
of P are creating a grassland community with higher evenness, 
but with less species. Potassium shows no significant effects 
to any of the diversity measures. The partial correlation (r x, 
y|z) between P (x) and the yield (y) by removing the effect of 
N (z), remains practically the same (0.88 to 0.89) while for the 
number of species (r x, y|z ) increases negatively from –0.58 to 
–0.62. This means that N, if associated with P would guarantee 
a better level of species diversity.

8) Concerning the benefits in terms of energy (Table 6), 
in IT the vegetation units with the higher fertilization level 
improved with respect the control 2.29 times, while in SK 
2.99 times. In IT the cluster corresponding to an intermediate 
fertilization lost four species while improved the yield of 2.28 
times. In SK this cluster lost only 2 species while improved 
the yield 1.94 times.

Discussion 

The decline of permanent grasslands was mostly due to 
the production of annual crops and fodder maize that were, 
without doubt, more remunerative. A strong conversion to 
modern agricultural practices is present both in Italy and 
Slovakia. However, the new European policy is opening a 
new hope for the people living mainly on grassland resources 
that are willing to continue to produce their products in tradi-

IT SK
N P K Yield NPK Yield

N 1 0 0 0.127 1 0.955
P 0 1 0 0.882 1 0.955
K 0 0 1 0.083 1 0.955
n Grasses -0.21 0.459 0 0.517 -0.312 -0.487
n Legumes -0.36 -0.306 -0.050 -0.443 -0.769 -0.907
n Forbs -0.10 -0.733 -0.022 -0.833 -0.979 -0.956
nsp -0.29 -0.589 -0.035 -0.695 -0.906 -0.971
G pcov 0.458 0.691 -0.106 0.806 0.923 0.962
L p cov -0.66 -0.389 -0.107 -0.556 -0.946 -0.983
F p cov -0.11 -0.741 0.272 -0.767 -0.889 -0.930
Yield (DM) tons/ha 0.128 0.882 0.083 1 0.955      1     
eveness (E) -0.37 -0.361 0.050 -0.375 -0.906 -0.944
Shannon (H) -0.37 -0.488 0.020 -0.540 -0.916 -0.972
GD -0.49 -0.361 0.010 -0.406 -0.867 -0.935
e^H -0.29 -0.526 0.024 -0.583 -0.918 -0.979
SJ -0.35 0.544 0.091 0.597 0.113 0.062
DSJ 0.348 -0.544 -0.091 -0.597 -0.113 -0.062
nsp(DSJ) 0.162 -0.691 -0.075 -0.762 -0.401 -0.366
NSJ -0.13 0.594 0.097 0.626 0.864 0.826
NDSJ   0.407 0.223 0.031 0.188 0.860 0.842
N 1 0 0 0.127 1 0.955
P 0 1 0 0.882 1 0.955
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tional way, maintaining the traditional high quality. It is clear 
from our study, based on similarity theory and the extensive 
application of the similarity concept and formulas (the diver-
sity measures are in fact certain types of similarity-dissimilar-
ity formulas), that, notwithstanding the implicit imprecision 
and uncertainty of the data and results, grasslands or more 
precisely semi-natural grasslands as in our case, if properly 
managed may improve their yield in a considerable way by 
chemical fertilizers, without losing much in species diversity 
and with evident gain in energetic balance. From Table 6 it is 
clear that the fertilization can rise the yield of 2-3 times, and 
since the data are aggregated by clusters obtained by similar-
ity between species combinations it is clear that different kind 
of fertilization may produce more or less the same changes in 
species composition. For example, the IT experiment would 
suggest that the supply of K in the condition of the soil on 
which the experiment was done is useless and also that the 
supply of a light quantity of N together with P would preserve 
the diversity that high values of the P would suppress. The 
results of the SK experiment show that the fertilization levels 
of treatment 2 versus treatment 3 as well as the treatment 4 
versus 5, both in terms of species composition and in terms of 
yield do not produce significant difference, while there is sig-
nificant difference between these treatments, i.e., 2+3 versus 
4+5 and both these two versus the control. These results are 
relevant since they suggest that it would be possible to choose 
among many possible treatments the least expensive and pol-
luting combination of N, P and K from those that, according 
to the species combinations of the corresponding relevés, are 
assigned to the same cluster. Therefore, it is very important 
to maintain active experiments like those illustrated in this 
paper since by their results a trade-off between fertilization 
and biodiversity conservation can be easily found. It is clear 
that it is not compulsory to fertilize all the available areas of 
permanent grasslands, some unfertilized “strips” can be eas-
ily left as biodiversity conservation “spots”, without compro-
mising much the income of the farmers. However, it must 
be specified that, where threatened species are present, it is 
obvious that other strategies must be adopted and probably 
chemical fertilizers should be avoided. We let economists do 
the computations of the economic aspects in light of the new 
European policy and of the results of this kind of experiments. 

Conclusions

The conclusions of this paper may be summarized as fol-
lows:

•	 Well-balanced NPK mineral fertilization has a positive 
effect on yields and unimportant negative effects on bio-
diversity conservation. The exclusive use of N may have 
no effects on increasing the yield but negative effects on 
biodiversity.

•	 All fertilizer should be applied according to the require-
ments based upon soil analysis and the removal of NPK 
should be replaced to maintain soil levels and the botani-
cal composition of the grassland.

•	 The uses of cluster analysis based on similarity theory 
allowed to group, on the basis of species combinations, 
different treatments of fertilization that actually have 
more or less the same effects in terms of species diversity. 
These results have paramount importance for managing 
the grasslands with the aim to conserve biodiversity.

•	 The use of different statistics to measure species diversity 
of grasslands under different fertilization treatments is 
able to put in evidence different patterns of species abun-
dance and species combinations associated to the treat-
ments.

•	 The experimentation on the effects of chemical fertilizers 
on the floristic composition of grasslands and on produc-
tion is essential for planning their management in light of 
the new European directives. 
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