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Abstract

The European Union regulation 2078/92 promoted the use of agri environ-

mental management contracts in objective one area. These measures, provide

a framework for the implementation of �agricultural production methods com-

patible with the requirements of the protection of the environment and the

maintenance of the countryside�. However, the EU contracts development

in South of Italy (a Vavilov megadiversity area for cereals) has been modest

and slow. This paper assesses the impact of cooperative production agree-

ments on interspecies and intraspecies crop diversity. It has been found that

cooperative density has a positive, respectively quadratic and linear, relation

with diversity. This result, o course, suffers from the limitations of aggregate

analysis. Nevertheless, it might get into perspective ad hoc EU policy for

crop diversity conservation it raises the question whether is not worth ex-

ploiting existent production agreements to achieve the goal of crop diversity

conservation.



1 Introduction

Recently it has been observed that where local rural communities depend on

the ecological services provided by natural resources, and have the capacity

to regulate access to those resources, they will more readily internalize the

external beneÞts of private conservation efforts. In particular, it has been

argued that local communities in developing countries invest in the conserva-

tion of biodiversity as a local public good (Gadgil et al, 1997, Smale, 2000,

Perrings and Gadgil, 2002). And rural communities are particularly depen-

dent upon the services of an higher diversity regime (i.e. risk reduction,

agroecological interactions). This may also explain the fact that in spite of

the introduction of the new high yielding varieties, in some rural communities

a certain level of crop genetic diversity is maintained. Therefore, the level of

diversity decreases to an asymptotic lower bound, at which even commer-

cial households maintain a set of minor varieties (Brush, 1992, Van Dusen,

2000). However, in a developed economy where credit, insurance markets

or farm supporting income policy takes place farmers dependence on resource

conservation is less strong and alternative conservation mechanisms should be

implemented. For instance, the European Union regulation 2078/92 promoted

the use of agri environmental management contracts in objective one areas

(areas with high development priority). These measures, provide a framework

for the implementation of �agricultural production methods compatible with

the requirements of the protection of the environment and the maintenance
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of the countryside� (cfr. European Commission, Regulation EEC 2078/92,

1992). In 1998 one farmer out of seven had an agri environment contract and

more than 20% of European Union farmland was covered by agri environ-

mental measures (EEA report, 2001). Farmers get beneÞts if they implement

managements strategies that reduce air, soil, and water pollution, improve

biodiversity, adopt organic agriculture. Surprisingly, in the south of Italy (a

Vavilov megadiversity area for cereals) the adoption of the EU contracts has

been slow and very modest, and the evidence shows that the adoption of agri

- environmental contract for biodiversity conservation is scant. The purpose

of this work is to assess the impact of on crop diversity of cooperative of

production. . In the South of Italy the production system is mainly based

on cooperatives. Agricultural cooperatives have developed largely since 1945,

and are particularly prominent in the south of the country. The majority

of agricultural cooperatives, around 70%, are devoted to arable production.

Cooperatives are characterized by the central coordination of production de-

cisions, as well as the marketing of output. Production agreements among

members take place and that have important spillovers on the aggregate crop

biodiversity. Infact, a cooperative organization might leads towards more

both intraspecies and interspecies diversity conservation in a developed econ-

omy. It is argued, that where the cooperative has a coordination role and

a marketing power might affect (positively) the crop varietal diverstity in a

given area. This because 1) the cooperative addresses members� crop varietal

choices in order to intermediate farmers production to the agri - food indus-
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try. The latter might require diversity because different varieties are needed

to produce different products. And on the other way round , the marketing

role of the cooperative guarantee farmers with an higher payoff because of the

fact that the price given to the farmers is the output of the the cooperative

and agrifood industry interaction. 2) The cooperative can coordinate deci-

sion over a larger amount of land. This paper proceeds as follows, in the next

section a background section is provided. In section three the study area, the

data used and the econometric method applied are presented. Section four

presents the results and section Þve offers some conclusions.

1.1 Background

Farming system research and agro ecology studies have been focused on the

study on the impact of diverse cropping regimes (multicropping, intercrop-

ping, rotation) on agroecosystems. Multicropping or intercropping strategy

implies that two or more crops are growing together. It means that each

species must have adequate space to maximize cooperation and minimize

competition between the crops (Sullivan, 2001). Rotation practice, instead,

implies changing from one crop to anther one year to the next. This can

enhance soil productivity by increasing the level of soil nutrient. ( Walker

1998) Diversity can be enhanced by providing more habitat for beneÞcial. In

traditional agriculture one way to move from simple monoculture to a higher

level of diversity is with crop rotations, which break weed and pest life cycles,

and provide complementary fertilization to crops in sequence with each other.
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Some of the potentials of disease and insect tolerance gained through plant

breeding can complement the effects of cropping systems to reduce losses to

crop pests (Francis, 1986).There are two dimensions to diversity: the one of

functional groups (plant types) and the one within a functional group (plant

species). Plant are classiÞed into functional groups on the basis of their in-

trinsic physiological and morphological features (e.g. nitrogen Þxation, three

or four carbon photosynthetic pathways, or if they are woody).This work is

concerned with both. The main advantages of an higher diversity regime are:

� system productivity

� system stability

� pest resistance

� above ground below ground interactions.

Davis (1986) noted that an inter - cropped system yields an higher level

of (combined) output with respect to an equal land extension in which crops

are separated, because the crops are capable to segment the use of resources

either spatially or temporarily to reduce competition. In a set of experiments

held at the University of Minnesota, Tilman et al. (1994, 1996) showed that

the average amount of biomass grown per year in a plot of a given size increase

with the diversity of functional groups represented. Because the performance

of different species varies with climatic and other environmental conditions,

greater species diversity in the grass sward enables the system to maintain
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productivity over a wider range of conditions (Naeem et al, 1995). Hav-

ing functionally similar plant that respond differently to weather randomness

contributes to resilience and ensures that � whatever the environmental con-

ditions there will be plants of a given functional type that thrive under those

conditions�(Heal, 1999). Furthermore the variance of the more diverse crop

system is less than for an individual crop (Trenbath, 1986). Abalu (1976)

showed that a two crop pattern has a lower variance in net income. In a

couple of studies on India, plot surveys showed that intercropping would re-

duce the probability of absolute failure of crop (Singh,1981), and that crop

diversiÞcation increases crop income stability (Walker et al.,1983).

Agroecological heterogeneity is instrumental in fostering the existence of

variation in crop characteristics due to the creation of different production

niches and unique sets of selection pressures (Bellon, 1996). The agroecosys-

tem is subject to stresses caused by inadequate rainfall and soil moisture,

randomness of temperature, and potential evaporation have all the potential

to shape wheat development and variation (Loss and Siddique, 1994, Pecetti

et al., 1992).

It has been observed (Sunner, 1981) that a reduction of crop genetic

diversity promotes the build-up of crop pest and pathogen populations. This

is because greater is the diversity between or within species and functional

groups, the greater is the tolerance or resistance to pests. Also with respect to

pest resistance. It should be noted that pest pressure reduction either through

allelopathic affects of crops or through the reduced densities of a mixed stand
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of crops, both of which have important effect on pest population dynamic.

Pests have more ability to spread through crop with the same genetic base

(Gleissman, 1986, Altieri and Lieberman, 1986, Brush, 2000). Genetic vari-

ability within and between species confers at least the potential to resisting

stresses, both in the short and the long term (Giller et al., 1997). Moreover,

Chapin et al. (1997) observed that �genetic and species diversity per se are

important to long term maintenance of community and ecosystem structure

and processes. This argue that no two species are ecologically redundant,

even if they appear similar in their ecosystem effects under one particular set

of environmental conditions�.

Crop diversity plays an important role in soil nutrient interactions. In

fact, interactions between the fungal communities associated with the roots

of the plants and the diversity of the fungi in the soil affects the effectiveness

of nutrient uptake. Building the soil through increased biomass production

and protecting the soil from erosion ( because it is covered for the most of

the cropping cycle, has important long term spillovers in terms of resilience

and sustainability (Holtz - Gimenez, 2000). All these explanation have been

proposed to explain the productivity and the stability of diverse land man-

agement strategies as intercropping. Anyway, it has been observed that in-

tercropping cereals with cereals, because of complementary effects and the

heavy nutrient requirement, can be contraindicative. However where large

temporal differences takes place intercropping leads to produce higher yields

than sole cropping (Rao, 1986). The beneÞts of crop genetic diversity in
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agro - ecosystems is a well established Þnding in agroecology literature. Sur-

prisingly it has received almost no attention in the agricultural economics

literature with few exceptions. Meng (1997, 1998) suggested a comprehensive

model to study the determinant of wheat varietal choices in Turkey. This has

been done formulating a diversity function where a combination of household

level, plot level, and climatic variables contributes to the level of diversity

plot as well as household level. The Þnding is that while transaction costs,

price differentials or isolation from market centers take place he probability

to keep a traditional farming system based upon traditional variaties is in-

creased. A Shannon Index and Coefficient of variation have been used as crop

diversity index. Widawsky et al. 1998 study on rice varieties in the Chinese

agricultural system showed that increasing varieties and adopting host plant

resistance for pest management increase would lead to an higher productivity

than a low diverse pesticide intense farming system. Widawsky and Rozelle

(1998) adopted a Just and Pope speciÞcation to test the correlation between

yield variability and varietal abundance. They Þnd that as the number of

planted varieties increase the coefficient of variation decreases.

Aguirre et al. (2000), tested the correlation about corn biodiversity, to

agricultural potential and infrastructure development. they found that it is

important the agroecological features interaction with infrastructure factors.

Therefore �the richness of maize populations maybe associated with maize

yield potential in a geographical area whereas the evenness of the maize pop-

ulation maybe associated with infrastructure�. Smale et al.(1997) presented
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a study on Punjab of Pakistan which attempted to capture relationships be-

tween diversity and crop production in term of mean and variance. They

found that among rain fed districts, genealogical distance and number of va-

rieties are associated with higher mean and lower variances. In the irrigated

areas, instead, an high concentration of areas to fewer species has an impor-

tant effect on the expected yields. Therefore crop diversity effects on mean

and variance are distinct by production environment.

2 Area description, data and methodology

Cereals are historically1 one of the most important crops produced in southern

Italy. Both climatic and soil conditions favor this crops (along with olives and

grapes). In 1997 some 1,242,185 hectares were planted in Durum wheat in

southern Italy, with an output of 3,383,813 tons. This is some four times

the land area committed to Durum wheat in the rest of Italy. Agriculture

counted for the 8% of the overall European agricultural land ( just the 8

southern Italian region with respect to the other remaining 218 regions) and

the average ratio of added value in agriculture against added value in industry

it is 0.4 from 1960 to 1993. The next two Þgures depict the agricultural land

contribution of the eight regions to the overall agricultural land of Europe

1Some regions are cereal production sites since the Roman empire
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and their cereals production compared to the one of the rest of Europe.

.

Fig1.Europeran Union and Southern Italy agricultural land

Eu
Southern Italy

Fig.2.Average cereal production 1990 -2000

EU
Southern Italy

The production of cereals it is particularly favorable. Dry warm weather

facilitates the development of this family of crops. This weather condition

reduce also the spread and proliferation of pests. Therefore it is an agricul-

ture compatible with low pesticides use. The soil is quite sandy (specially

in Sicily and Puglia), this reduces the ability of plant roots to absorb fertil-

izers. Therefore farmers have not much incentive in using these product to
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boost production2. On average between 1990 and 2000 south Italy produc-

tion accounted of almost the 4% of the overall European cereals production

performance. Land allocation is devoted mainly to cereal production, and in

some regions it went up to the 69% of the total land use (i.e. Basilicata). In

the following tables production characteristics are reported.

Table1.Average cereals production, South of Italy, 1970 - 1992

Crops Abruzzo Molise Campania Puglia

Tender Wheat 72144 12076 75838 12497

Durum Wheat 62956 104795 99529 482689

Barley 3474 7870 21689 57627

Rice 72144 - - 8

Corn 379 1027 2336 216

Hybrid Corn 15420 14169 66965 4983

Table1. (continues) Average cereals production, South of Italy, 1970 - 1992

Crops Basilicata Calabria Sicilia Sardegna

Tender Wheat 6349 30573 1220 309

Durum Wheat 200928 63373 434730 62717

Barley 31541 7330 15111 21813

Rice - 1323 - 13078

Corn 953 1334 201 16

Hybrid Corn 4697 11558 3973 11554

2Bacarella, A., personal communication
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Altough the most common cereals are all present durum wheat accounts

for the larger part of production, reaching important peak in Sicily and Puglia.

Table 2.Average Land use for Cereals, South of Italy, 1970 - 1992

Abruzzo Molise Campania Puglia

37% 52% 35% 38%

Table 2. (continues) Average Land use for Cereals, South of Italy, 1970 - 1992

Basilicata Calabria Sicilia Sardegna

69% 30% 38% 34%

South Italy cereals production is relevant for the national production. For

instance, national durum wheat production, a staple product in Italy, relied

on average in the past 20 years for the 68% on southern regions. In 1997 some

1,242,185 hectares were planted in Durum wheat in southern Italy, with an

output of 3,383,813 tons. The next graph report the south of Italy Durum

Wheat compared to the whole of Italy.

Average Durum wheat production, 1980 - 2000

italia
suditalia

S1 -
500,000

1,000,000
1,500,000

2,000,000

2,500,000
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Among the regions, Puglia and Sicily displays remarkable level of added

value and production. It is worth to note that the regions that display also

higher level diversity in cereals are also those having higher level of production.

Therefore, merely by graphical inspection, it is possible to note that higher

levels of production are where high diversity takes place. Although farm level

information are not available, this in someway conÞrms agroecology literature

Þndings on the importance in term of productivity and resilience of an high

diversity regime. While diversity is low farmers have to offset while fertilizers

and pesticides. The former as production enhancer, the latter are primarily

used for pest control.

In this paper we use a dataset from ISTAT, the Italian National Institute of

Statistics and INEA, the National Institute of Agricultural Economics. The

data are drawn from periodicals Annuario di Statistica Agraria and Annuario

dell� Agricoltura Italiana for the period 1983 - 1991. The observations are on

the Southern Italian regions: Abruzzo, Molise, Campania, Puglia, Basilicata,

Calabria, Sicilia and Sardegna. These regions differ somewhat in climate and

topography, but the agricultural sectors, and particularly the cereals produc-

tion sectors, are reasonably homogeneous. They all have Objective 1 status

in the European Union - i.e. they are considered to be �backward� and to have

high development priority. The limitations of having aggregate information

are well known. Unfortunately, farm level data are not at hand. For instance,

for the variable intraspecies diversity the only information available, is at the

regional level. Nevertheless, the empirical analysis should be able to equip us
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with an interesting insight on the effect of aggregate cooperative density on

aggregate crop diversity conservation. The variable agricultural cooperatives

density allows us to infer the importance of the phenomena. As mentioned

earlier the vast majority of agricultural cooperatives is devoted to arable land,

and in southern Italy durum wheat production is dominant. The following

table summarizes the variables in use in this paper and their deÞnitions.

Table 3. Variables deÞnitions

Interspecies crop diversity Simpson Index for spatial diversity

Intraspecies crop diversity Shannon Index for spatial diversity

Cooperative density % of agricultural cooperatives

Pesticides Pesticides per ha

Weather Rainfall (mm per year)

It has been observed (Meng et al., 1998) that the biggest problem in the

empirical studies on biodiversity is its quantitative dimension and a reason-

ably wide range of indices have been suggested. In the next subsection this

important issue is brießy discussed and the choice of the indices used in this

work motivated.

2.1 On the choice of a Crop diversity index

Many measures of diversity have been developed in the ecological literature for

the calculation of diversity at both interspecies and intraspecies level. Magur-

ran (1988), classiÞes species diversity measures in three categories based on

the weights assigned to the concepts of abundance and richness underlying

the measurement of diversity:
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1. Species richness indices.

2. Species abundance models.

3. Indices based on the proportional abundance of species.

The richness indices measure the number of species existent in one are,

while the second category focuses on abundance or evenness of species and

regards the distribution of an existing species in a given area. Although, The

abundance or evenness indices provide the most complete use of the informa-

tion they do require Þtting a particular distribution to the data. Magurran�s

third category is composed by indices that are based on proportional abun-

dance and incorporates elements of both richness and abundance and since no

assumptions are made regarding distribution, these indices are considered to

be non parametric indices (Meng et al., 1998). Given the considerable num-

ber of indices there is no a general agreement on what index should be used

to capture crop genetic diversity. And it has been observed that this choice

is determined by the the data at hand (Smale, 1998). However, in agricul-

tural economics studies the most commonly recognized concept of diversity

and refer to the amount of diversity found in a given geographical area (e.g.

Smale et al, 1997, Smale 2000). Therefore, index of spatial diversity are in

use widely in this kind of analysis. For instance, one of the indices commonly

used to measure spatial diversity is the Simpson index (Pardey et al.,1996,

Hartell, 1996,1998, Smale et al 1997, Hesey et al, 1998), that is equal to
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D =
P
p2

i

where pi is the proportion of land planted to the i − th species. As D

increases, diversity decreases, therefore the Simpson index is usually expressed

as 1−D or 1/D. However, this index is �heavily weighted towards the most

abundant species in the sample wile being less sensitive to species richness�

(Magurran, p.40). Given that the interspecies diversity data used in this

thesis, have a single species, durum wheat, that is spread widely and other

that are more marginal, a Shannon index is adopted for the empirical analysis

provided , while Simpson index is used for intraspecies diversity because of

the more homogeneous distribution of cultivars. The Shannon Index has the

following form:

H = −
X

i

pi lnpi

Assumptions underlying use of the Shannon index include random sampling

from an inÞnitely large population and the representation of all species from

the deÞned area in the sample. The literature on diversity has presented var-

ious type of indexes to measure crop genetic diversity (i.e. molecular meth-

ods, latent diversity, pedigree information). For instance, Weitzman (1992)

proposed a distance measure that maximizes diversity among the surviving

members of the set. Solow et al (1993), observed that the distance measures

should take account also for the size of the set, in order to capture richness,
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as well as distance among members. These indices, clearly embed genetic

information. in fact spatial diversity measures may not be an accurate re-

ßection of genetic information, therefore, caution must be taken in their use.

Unfortunately, the index choice is mainly determined by the data at hand. In

this work, for example, spatial diversity has been chosen because of its pop-

ularity but also because it was the only available information. The data set

are a combination of cross sectional and time series. This suggests the appro-

priateness of a panel data analysis, which has the advantage of improving the

reliability of the estimates, and can control for individual heterogeneity and

unobservable or missing values (Baltagi,1998). However, it has been observed

( Hsiao, 1986, Stern and Common 2001), that Þxed and random effects elim-

inate problems arising from stochastic trends that are speciÞc to a variable,

but cannot eliminate those related to speciÞc regions. Therefore, in order to

eliminate regional stochastic trends in the variables we take the changes in

the series between adjacent observations, we take the changes in the series be-

tween adjacent observations, so we use a First Difference data transformation

(Hsiao, 1986). This transformation wipes out the individual effects (Baltagi,

2001), reduces serial correlation, and if there are omitted integrated variables

the Þrst differences estimator is consistent.

3 The empirical analysis

This section will provides an empirical estimation of the effect of cooperatives

density on interspecies and intraspecies crop genetic diversity. Agricultural
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cooperative or (assuming homogeneity) a system of agricultural cooperatives

might act as a centralized decision maker which could lead toward crop ge-

netic diversity conservation deciding the land allocation to different species.

This may be expected because of the bigger amount of land which would be

available. After 1950 an agrarian reform in the southern Italian agricultural

sector has been partitioned in very small amount of land tenured by a multi-

tude of different owners with no market power and limited investment capa-

bility. Production cooperatives developed in order to overcome this structural

feature. In agricultural systems cooperativistic behavior is observed because

of cost sharing and marketing purposes. Cereal production it is aimed to

the agri food industry. cereals are raw material for bakery product as well as

pasta. Cooperatives provides intermediation between the cereal producer and

the food industry. The bigger is the cooperatives, the bigger is the marketing

power. The price to be paid by the industry to the farmers it is determined by

the cooperative bargaining power. This is even more striking if one consider

that because of EU tariffs and protection the food industry could not buy

cereals from extra EU countries. Therefore cooperative are in a monopson-

istic regime. The cooperative might address the composition of agricultural

production. Moreover, the food industry requires diversity of crops, sic et

simpliciter because varietal diversity it is requested for variety of products.

Marketing considerations, also, may suggest to the food industry to act in fa-

vor of biodiversity conservation because there is a growing demand for these

kind of product specially for cereals.The data set are a combination of cross
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sectional and time series. This suggests the appropriateness of a panel data

analysis, which has the advantage of improving the reliability of the estimates

and can control for individual heterogeneity and unobservable or missing val-

ues (Baltagi,1998). Denoting the set of individuals (Þrms, regions, countries,

etc.), the cross section dimension, with the subscript i and the time series

dimension with the subscript t the model is the following:

yit= α+X
0
itβ + uit (1)

where α is a scalar β is a K x 1 vector and Xit it is the itth observation

on K explanatory variables and

uit = µi + vit (2)

The term µi denotes the unobservable individual speciÞc time invariant

effect that takes account of any individual speciÞc effect not in the

regression. The vit denotes the disturbance. It is possible to rewrite the 1

in a vector form as

y = αιNT +Xβ + u (3)

= Zδ + u

where y is NT x K , X is NT x K , Z = [ιNT , X], δ
0
= (α

0
,β

0
) and ιNT

it is a vector of ones of dimension NT and the 2 night be rewritten as

u = Zµµ+ v (4)
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where u
0
= (u11,...,u1T , u21, ..., u2T , ..., uN1, ..., uNT )

Zµ = IN ⊗ ιT . IN it is the identity matrix of dimension N, ιT is a vector

of ones of dimension T and ⊗ represents Kronecker product. Zµ is selector

matrix of ones and zeros, or the matrix of individual dummies that one may

include in the regression for the individual effect.

Assuming that the µi are Þxed parameters to be estimated and the remain-

der disturbance stochastic with vit independent and identically distributed IID

(0,σ2
v). Moreover, if the set of regressors Xit are assumed to be independent

from the vit ∀ i and t, the appropriate model speciÞcation is the Þxed effect

model (Baltagi,1995). Substituting the ?? into the ??, one gets:

y = αιNT +Xβ + Zµµ+ v (5)

= Zδ + Zµµ+ v

and then performing the OLS , to get the parameter estimation. When

the number of individuals is large, the Þxed effect model leads to a severe loss

of degrees of freedom. In addition, if one is drawing the set of N individuals

randomly from a large population, therefore it is of interest to make infer-

ence about the population it is suggested the use of the random effect model.

The random effect model assumes that µi it is not correlated with the regres-

sors, and applies a GLS technique to estimate the coefficients. It has been

observed ( Hsiao, 1986, Stern and Common 2001), that Þxed and random

effects eliminate problems arising from stochastic trends that are speciÞc to
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a variable, but cannot eliminate those related to speciÞc regions. In order to

eliminate regional stochastic trends in the variables we take the changes in the

series between adjacent observations, so we use a First Difference Estimator,

therefore:

yit = µi +Xitβ + vit

yi(t−1) = µi+Xi(t−1)β + vi(t−1)

yit − yi(t−1) = β(Xit −Xi(t−1)) + (vit − vi(t−1))

∆yit = β∆Xit +∆vit

Assuming that ∆vit are uncorrelated with ∆Xit the equation may be

estimated by use of OLS. This transformation wipes out the individual

effects (Baltagi, 2001) and reduces, eventually, serial correlation and if there

are omitted integrated variables the Þrst differences estimator is consistent.

Two models will be estimated the Þrst one is then a second model where a

constant term that represents the mean rate of technical progress is added,

hence:

20



∆Dit= β0+β1∆Cit+uit (6)

where D represents the interspecies or intraspecies crop genetic loss, Cit

is the cooperatives concentration. Following Stern and Common (2001), the

latter may be estimated with a Þxed effects transformation for time effects

only. Therefore one would use the term βt to represents period speciÞc rates of

technical changes3. However, the time effects �may capture other time related

effects besides technical change in the neoclassical sense� (Stern and Common,

p.169). To avoid omitted variable all the models showed in this section have

been controlled for other two explanatory variables of crop diversity choices:

the pest resistance (proxied by pesticide use), and the weather conditions.The

estimation results are reported in the following tables:

Table 1. Interspecies diversity and cooperative density.Estimated equation 6

Variables Coeffs Std errors

Constant -1.5 0.34

Cooperatives Density 0.11 0.27

AdjR2 = 0.003 Akaike info = 0.953

The Þrst model performance is very poor. Neither the goodness of Þt or

the individual signiÞcance of the estimated coefficients of the linear speciÞ-

cation are adequate for the data at hand. This is also conÞrmed by the F

test which is equal to 0 .18. A general test is presented in order to test for

3This speciÞcation has been also estimated. However, the results were not signiÞcant.
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misspeciÞcation, the Reset test. Equation 6 is then estimated using OLS and

the �D are used to produce the proxies for possible incorrect functional form.

Hence the following equation Dit = β0 + β1Cit + β3
�D2 + β3

�D3 + β4
�D4 + uit

has been estimated. From the comparison of the models, using an F test,

H0 : β3= β4= β5= 0

H1 : otherwise

The critical F is 0 .1348, which strongly detect a strong misspeciÞcation

at play (Prob value =0 .7152).A squared term is added in order to check if a

quadratic speciÞcation would offer a better Þt. Hence, C2
it is the cooperatives

density squared

∆Dit= β0+β1∆Cit+β2∆C
2
it+uit (7)

Therefore, the equation 7 estimation results are reported in the following

table:

Table 2. Interspecies diversity and cooperative density.Estimated equation 7

Variables Coeffs6 Std errors

Constant 0.5∗ 0.13

Cooperatives Density -1.81∗ 0.33

(Cooperatives Density)2 1.2∗ 0.21

AdjR2 = 0.37 Akaike info = -1.046
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The overall performance of the model is quite good. The F −test = 44.62,

allows to reject the null with a probability value of 0. The R2 provides a good-

ness of Þt equal to 0.37. Therefore the latter model performs better with the

data at hand. It seems that in a Þrst phase the density of the cooperatives is

negatively related to the aggregate change in interspecies crop diversity bigger

it is the control on the higher is the crop diversity of the agroecosystem. Let

us turn, now, the impact of cooperative density on intraspecies crop diversity.

Table 3. Intraspecies diversity and cooperative density.Estimated equation 6

Variables Coeffs Std Errors

Cooperatives Density 0.73∗ 0.17

Constant 0.9∗ 021

AdjR2 = 0.25 Akaike info = -0.32

F − test[1, 49] = 18.25, Prob value = 0.00009

In the interspecies case, the linear relationships shows a good goodness

of Þt, and the estimated coefficients are highly signiÞcant. In order to test

for misspeciÞcation a reset test has been implemented. Again, the reset test

detected the presence of misspeciÞcation, although not sever (prob value =

0.20). A quadratic speciÞcation has been estimated for the intraspecies crop

diversity has well but differently from the interspecies diversity case the former

showed a better statistical signiÞcance of the estimated coefficients. Although,

similar value of AdjR2 comparing the Akaike info criteria suggests to adopt
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a linear speciÞcation the following table summarizes the statistic

.

Table 4. Linear Vs quadratic speciÞcation for the intraspecies case

Linear Quadratic

Adj R2 0.256 0.258

Akaike info Criteria -0.32 0.07

Amemiya -2.87 -2.85

The Akaike and Amemiya tests are useful alternatives in comparing alter-

native models. They are particularly useful when the models are not nested

and when there is no an a priori economic theory that can provide some

guidance on selecting the appropriate model. Furthermore, like the adjusted

R squared, they incorporate the trade off between parsimony and goodness

of Þt . Table 4 shows the comparison between the linear equation and the

quadratic equation. In all the test the linear equation result as the model

that should be chosen.

4 Concluding remarks

The European Union regulation 2078/92 promoted the use of agri environ-

mental management contracts in objective one areas (areas with high develop-

ment priority). These measures, provide a framework for the implementation

of �agricultural production methods compatible with the requirements of the

protection of the environment and the maintenance of the countryside�. Un-

fortunately, in the South of Italy the adoption of the EU contract has been

really modest. This is even more striking if is considered that the South of

Italy is a Vavilov megadiversity area for cereals. This paper investigated the
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impact of production cooperatives on crop diversity. It is argued that produc-

tion agreements between the cooperative and members may take place that

lead towards an higher level of aggregate diversity conservation. In fact, if the

cooperative has marketing power, and is integrated to the agri food indus-

try, it might coordinates farmers decisions and leads towards conservation.

Agri food industry requires diversity because different varieties are needed to

produce different products or because it faces a demand for diversity friendly

products. On the other way round , the marketing role of the cooperative

guarantee farmers with an higher payoff because of the fact that the price

given to the farmers is the output of the the cooperative and agri food indus-

try interaction. Consumer demand for a range of wheat-based food products

drives the food processing industries to acquire several varieties of crops, each

having a slightly different set of properties. Cooperatives encourage farmers

to grow multiple varieties with the same set of properties. Therefore, if co-

operatives are acting as monopsonistic agent and integrated to the agri food

industry, the observed regional level of diversity will be higher. The impact of

cooperatives on the regional diversity function is tested a Þrst difference esti-

mator. For interspecies diversity has been found that at a Þrst stage in which

the density of agricultural cooperatives is low there is a important genetic di-

versity loss in crops. This up to a turning point after which genetic diversity

increase as cooperatives increases. For the intraspecies crop diversity, instead,

a linear equation seems to better Þt the data.Therefore, cooperative density

is positively and signiÞcantly associated with higher aggregate crop diversity.
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This is the result of our preliminary aggregate data analysis. The availability

of farm level data would strengh the relevance of the Þnding of this study

avoiding the well known limitations of aggregated studies. Nevertheless, far

from getting into perspective ad hoc EU policy for crop diversity conserva-

tion it raises the question whether is not worth exploiting existent production

agreements to achieve the goal of crop diversity conservation.
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