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Abstract — In this study, we describe the evolution of crop diversity in Flanders, using three indicators to measure diversity between crops and
within crops: the Shannon index (H), the evenness index (E) — both used for diversity between and within crops — and genetic relatedness
between varieties (CP). Despite the significant increase in the number of crops in Flanders, from 67 in 1950 to 101 in 2002, the results show a
weak decrease in crop diversity between 1950 and 2002: H decreased from 2.52 to 2.50 and E decreased from 0.58 to 0.53. This apparent
contradiction can be explained by the fact that the ‘new’ crops are mainly vegetables, which only have a small share in the total agricultural
area, and thus hardly influence the overall crop diversity. The evolution of genetic diversity between varieties (within crops) from 1980 to 2002
is crop-specific. For maize, the number of cultivars with a high CP (= 0.125) increased from 1.8 to 7.5%, indicating a decrease in genetic
diversity. For potato and winter wheat the number of cultivars with CP > 0.125 decreased (from 7.3 to 3.7% and from 6.9 to 6.0%, respectively),

indicating an increase in genetic diversity within these crops, which is confirmed by the increase in the crops’ H and E values.
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1. INTRODUCTION

Diversity of agricultural crops enhances the stability and the
sustainability of agro-ecosystems, since high crop diversity
contributes to a higher diversity of associated wildlife species
and habitats, therefore contributing to agro-biodiversity in gen-
eral (OECD, 2001; Marshall et al., 2003). During the last few
decades, the area planted with major crops has increased at the
expense of the area of minor crops. For example, in Flanders
maize suddenly became a major crop in the 1970s and its area
has increased ever since, at the expense of some former impor-
tant crops such as rye, barley, oat and fodder beet. Moreover,
the rotation of crops has decreased, both in space and in time,
causing a general decrease in crop diversity. However, the
growing concern to reduce pesticide application highlights the
importance of diversity between and within crops, since genetic
diversity offers opportunities to reduce the spread of diseases
and pests and to slow down resistance development (Finckh
et al., 2000).

Genetic erosion has significantly increased from the begin-
ning of the 20th century, caused by the introduction of modern
plant breeding (Vellvé, 1993; Clunies-Ross and Mangolds,
1995) and the development of new, mechanized production
methods. Modern plant breeding resulted in uniform varieties,
going hand in hand with uniform production techniques.
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The breeding of our current, highly-performing crop varie-
ties started from genetically diverse landraces and wild varie-
ties. Continuous selection and breeding caused a shift in crop
phenotype and genotype. On the one hand, breeding has led to
an increase in genetic diversity, through the search for partic-
ular characteristics relating to growth habit, seed production,
etc. On the other hand, selection and breeding have caused
genetic erosion, since only the most suitable plants and varie-
ties, often in terms of production, were selected (Wascher,
2000; OECD, 2001).

Bertin et al. (2001) concluded that with as little as ten orig-
inal varieties, the genetic base of modern spelt (Triticum spelta
L.) in Europe has become very narrow. Also, for chicory
(Cichorium intybus L.) and sugar beet (Beta vulgaris L.), a
great loss of genetic diversity in modern varieties has been
shown (Bellamy et al., 1996; Desplanque et al., 1999; Van Stallen
et al., 2000). For some other crops, however, it seems there has
been no or only little genetic erosion. Donini et al. (2000) did
not find any substantial decrease in genetic diversity in winter
wheat (Triticum aestivum L.) varieties in the UK since 1930.
Other studies concerning genetic diversity of wheat and barley
(Hordeum vulgare L.) confirmed these results (Reeves et al.,
1999; Manifesto et al., 2001; Christiansen et al., 2002).

Witcombe (1999) concludes that in regions where modern
crop varieties are well established, plant breeding does not
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necessarily cause a loss of genetic diversity; in some cases even
an increase is observed. However, in regions where mainly tra-
ditional varieties and landraces are grown, the introduction of
modern varieties and modern plant breeding often causes a loss
of genetic diversity.

Today, itis common knowledge that genetic diversity within
crops is of major importance as a unique and irreplaceable
source for future plant breeding (FAO, 1996; Tripp and van der
Heide, 1996; Collins and Hawtin, 1999; Dotlacil et al., 2001)
that should allow us to cope with new production methods,
changing climatic conditions or changing consumer demands.

Hence it is important to monitor diversity between and
within crops and to follow up the evolution in diversity. In this
study, we develop indicators for agricultural crop diversity in
Flanders (Belgium) and we give an overview of the evolution
during the last few decades. We consider diversity at two levels:
diversity between crops and genetic diversity within crops
(between varieties). This study is part of a 6-year research
project concerning the development of a set of indicators that
will be used by the Flemish government to guide and evaluate
agricultural policy in terms of sustainability.

2. MATERIALS AND METHODS

2.1. Indicators

Indicators are used to quantify complex phenomena that are
difficult or even impossible to measure exactly. A good indi-
cator meets a number of criteria (NERI, 1995; Delbaere, 2003):
it is relevant, reliable, repeatable, applicable, practicable and
normative (possibility of comparing with a baseline value).

The three indicators we used — the Shannon index (H), the
evenness index (E) and relatedness between varieties (CP) —all
meet the criteria stated above. We used indicators H and E to
estimate both diversity between crops and genetic diversity of
varieties within crops; CP is an indicator for genetic diversity
between varieties within crops.

2.2. Diversity between crops

To study all crops used in agricultural and horticultural pro-
duction in Flanders, we relied on the data of the Belgian
National Institute of Statistics (NIS, 1950-2002), which organ-
izes a yearly survey on each farm in Belgium. All farmers are
legally bound to respond to the questionnaire and thus to report
which crops they grow on which area.

We assessed the evolution of the overall crop diversity in
Flanders by calculating the Shannon and evenness diversity
indices using the NIS data from the years 1950, 1960, 1971,
1980, 1990, 2000 and 2002.

Bothindices simultaneously account for the number of crops
and for their share in total agricultural area. The Shannon index
(Shannon and Weaver, 1949), a diversity index often used in
ecology, is calculated as:

N

H=-3% p; lnp
i=1

where p; is the share of crop i (=area of crop i/total agricultural
area) and N is the total number of crops. Diversity (H) increases
when the number of crops increases, and/or when the crop area
shares are more evenly distributed. The evenness index (Pielou,
1966) is calculated as:

g=_H _Hd
H, . InN
where H = In N, the maximum Shannon index. E varies

max —
between 0 and 1: E = 1 when all crops have the same area; all

crops are then equally important and diversity is high. The
value of E is close to 0 when a limited number of crops take up
a major part of the agricultural area.

2.3. Diversity within crops

We assessed diversity within a crop by the above-mentioned
Shannon and evenness indices, using the total specific crop area
and the areas cropped with different varieties as data. In addi-
tion, we determined the relatedness between varieties, by cal-
culating pairwise relationships, based on pedigree information.
This pairwise relationship was quantified by the coefficient of
parentage (CP). The CP between two individuals is the proba-
bility that two random gametes, one from each individual, carry
alleles that are identical by descent (Falconer, 1981). The CP
between two varieties P and Q is calculated as:

1
CPPQ = Z(CPAC+ CP,p+CPgp),

where P’s parents are (A x B) and Q’s parents are (C x D) (Falconer,
1981).

When P and Q have one common parent, while all other par-
ents are mutually not related in any way, this will result in a
CP =0.125. Further, a CP = 0.0625 represents a cousin-cousin
relationship between P and Q. When CP = 0.03125, P and Q
are second cousins and when CP =0, P and Q are not related
in any way.

When a specific crop has a high number of varieties with a
high pairwise CP (= 0.125), relatedness between the varieties
is high and we presume genetic diversity within this crop to be
low.

We selected three crops to estimate within-crop diversity:
maize, potato and winter wheat. Together, they represented
57% of total agricultural area (excl. meadows and pasture) in
Flanders in 2002. For each crop, we compared the situation in
2002 with the one in 1980.

3. RESULTS AND DISCUSSION

3.1. Diversity between crops

The number of crops in Flanders increased from 67 in 1950
to 101 in 2002. The values of the Shannon and evenness diver-
sity indices increased between 1950 and 1971, subsequently
decreased from 1971 to 1990 and became more or less stable
from 1990 on (Fig. 1). Overall, between 1950 and 2002, H
decreased from 2.52 to 2.50 and E decreased from 0.58 to 0.53.
So, despite the increasing number of crops, there is no general
increase in the diversity indices between 1950 and 2002; we
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Table I. The share (%) of arable crops and vegetables in the total agricultural area in Flanders (pastures and meadows excluded).
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1950 1960 1971 1980 1990 2000 2002
Arable crops 92 91 90 92 90 88 91
Vegetables (outdoor) 1 1 3 3 4 4 4
Shannon index (H) Evenness index (E) a
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Figure 1. Shannon index and evenness index for crops in Flanders
from 1950 to 2002. b
3.0 0.8
even notice a decrease. This is caused by the fact that the ‘new’ _ /\
crops are mainly vegetables, which only have a small share in T 25 0.7 g
the agricultural area (Tab. I). The evolution in the dominant % f \ » g
arable crops therefore has a larger impact on the overall crop = 2.0 0.6 2
diversity. g = F
=
Figure 2 shows the evolution of the diversity indices for both g E
arable crops and vegetables. For vegetables, we observe an s 15 05 Z
increase in both diversity indices, indicating an increase in
diversity. For arable crops there was an increase in the indices Lo 04
between 1950 and 1971, but a sharp decrease between 1971 and : ‘ ‘ ‘ ‘ b
1990. To a large extent, the decrease can be explained by the 1950 1960 I?Z_OH _1.9_83 1990 2000

significant increase in the maize area, at the expense of a
number of other crops.

3.2. Genetic diversity within crops

The values of the Shannon and evenness indices for potato
and winter wheat increased between 1980 and 2002, indicating
an increase in genetic diversity within the crops (Tab. II). For
maize, there were noreliable data available to calculate the indi-
ces in 1980. In 2002, the value of the indices (in particular H)
is higher for maize, compared with potato and winter wheat.
This is caused by a very high number of available maize vari-
eties (287 varieties), compared with potato or winter wheat
varieties (both 43 varieties).

From 1980 to 2002, the number of maize cultivars with a
high CP (= 0.125) increased, from 1.8 to 7.5%. Recent maize
varieties are often closely related, because seed companies
cross top inbred lines with many other lines, thus creating a
series of consanguineous varieties. For potato and winter wheat
we observed a lower share of variety pairs with a high CP
(= 0.125) in 2002, compared with 1980. This indicates an
increase in genetic diversity between varieties of these crops.

Figure 2. Shannon and evenness indices for vegetables (a) and arable
crops (b) in Flanders between 1950 and 2002.

3.3. Discussion: CP versus DNA analysis

Although computation of CP has a relatively low absolute
precision, calculating averages and patterns may be useful for
describing relative diversity in different regions or time periods
(Cox et al., 1986; Murphy et al., 1986; Soleimani et al., 2002).
Errors are mainly caused by incorrect assumptions (Witcombe,
1999). The pedigree information of some cultivars may be
incorrect or incomplete. Also, the assumption is made that a
cultivar derived from a cross between two parents will inherit
half of its genetic material from each parent (Souza and
Sorrells, 1989; Tinker et al., 1993). However, this is only fully
true when the variety is a direct product of the cross between
two parents, e.g. in single hybrids. Effects caused by mutation
or selection are not taken into account.
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Table II. Shannon (H) and evenness (E) indices, and percentage of pairs within a specific coefficient of parentage (CP) class for maize, potato

and winter wheat in 1980 and in 2002.

maize potato winter wheat

1980 2002 1980 2002 1980 2002
H - * 4.29 0.63 2.00 2.17 3.25
E - * 0.76 0.23 0.57 0.65 0.86
percentage of pairs (%) with
CP =20.125 1.8 7.5 7.3 3.7 6.9 6.0
0.125 > CP = 0.0625 12.7 8.5 1.8 5.5 7.6 1.3
0.0625 > CP = 0.03125 1.8 1.6 10.9 20.5 5.1 1.7
0.03125>CP>0 0 0 56.4 66.9 174 0.5
CP=0 83.7 82.5 23.6 34 63.0 90.5

* no data available.

Recently, evaluation of genetic diversity has moved to the
use of molecular markers, which are indicators of diversity at
DNA level (Cox and Wood, 1999). Compared with pedigree
analysis, DNA analysis may have a higher absolute precision
for estimating genetic relatedness between varieties, but this
precision is strongly dependent on the type and the number of
markers that are used, their genome coverage and the crop stud-
ied (Messmer et al., 1993; Soleimani et al., 2002; Sun et al.,
2003). Moreover, two cultivars may have the same allele of a
particular marker simply by chance (i.e. they are identical “by
state”), and not because they have inherited their alleles from
a recent common parent (i.e. they are identical “by descent”).
When alarge enough array of markers is used, one can conclude
that the genetic distance between two cultivars is indicated by
the number of markers for which they carry contrasting alleles
(Cox and Wood, 1999; Sun et al., 2003).

Correlation between relatedness measured either by CP or
by molecular markers is often low (Schutetal., 1997; Sunet al.,
2003); incongruities are the result of the inaccuracies of both
methods. In this study we preferred pedigree data over DNA
analysis, because calculation of CP is a quick, inexpensive and
repeatable method that can essentially be applied by any person
with basic knowledge of genetics.

4. CONCLUSION

In the literature, the number of crops or varieties is often used
as the sole indicator for genetic diversity between and within
crops. Our study has shown that this indicator is not sufficient
to assess true genetic diversity. Therefore, we estimated crop
diversity in Flanders by the Shannon and evenness indices.
Although the number of crops has increased since 1950, the
overall crop diversity did not increase; we rather observed a
decreasing trend, caused by the increasing dominance of a lim-
ited number of arable crops. Genetic diversity within three
crops was assessed by the Shannon and evenness indices and
the relatedness between varieties. Considering the period
1980-2002, the indicators showed a decrease in diversity
between maize varieties, and an increase in diversity within
potato and winter wheat.

From this study, we are not able to make a sound conclusion
on the true state of genetic diversity of crops in Flanders, since
no reference base on genetic diversity exists (how much diver-
sity is actually needed?). However, we did develop an instru-
ment that can be used to describe the evolution in time of the
genetic diversity of crops within a specific region.

Considering its importance in sustainable agriculture and the
fact that there has been a decrease in genetic diversity in Flan-
ders during the last few decades, the Flemish government
should take measures to at least maintain the present genetic
crop diversity. Moreover, genetic diversity of crops should be
monitored now and in the future and it should be taken into
account when developing new agricultural production systems.
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