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Abstract

This paper purports a model of farmers’ crop choices in an uncertain environment.

The model shows that profit maximizing farmers will choose a crop mix

characterised by greater crop diversity if diversity is positively related to

productivity and negatively correlated with production and income variability.

An application using data from a Vavilov megadiversity spot, southern Italy, from

1970 up to 1993 is provided to test model hypotheses. It is found that interspecies

crop genetic diversity is positively related to mean income and negatively related to

the variance of income.

I Introduction

Both the Biodiversity Convention and the International Treaty on Crop Genetic

Resources encourage signatory countries to promote on-farm conservation of

agrobiodiversity. Crop Genetic Conservation generally involves one of two

strategies: ex situ germ plasm preservation in gene and seed banks, and in situ

conservation of crops and wild relatives. Ex situ conservation ensures against the

loss of genetic material from rapidly changing systems. On the other hand, in situ

conservation protects both dynamic, evolutionary genetic processes and the

complexity of genetic interactions in the agricultural ecosystem, both of which

are lost in ex situ conservation (Brush, 1995). Crop genetic diversity is important

at both global and local levels. At the global level, plant genetic resources are

valued for their role in the genetic ‘improvement’ of cultivated species to meet

the challenges posed by changing levels of demand, due to population growth,

and changing supply conditions, due to climate change and attendant changes in

pest and pathogen risks. At the local level, Interspecies Crop Genetic Diversity

(ICGD, hereafter) plays an important role in supporting the productivity and

stability of agroecosystems.

The evidence on the relationship between interspecies crop genetic diversity

and mean farm incomes is mixed. There is some limited evidence that diverse
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crop species systems may have higher mean yields than single crop species

systems. For example, Davis (1986) noted that inter-cropped systems yield a

higher level of (combined) output per hectare than systems in which crops were

separated. This is because the crops ‘segment’ the use of resources either

spatially or temporally in order to reduce competition. In a set of grass land

experiments, Tilman and Downing (1994) and Tilman et al. (1996) also showed

that the average amount of biomass grown per year in a plot increased with the

diversity of functional groups represented in the grass sward. The gains from

intercropping cereals with cereals may not be as obvious – given the heavy

nutrient requirements of both. However, where there is a time difference

between the nutrient demands of intercropped cereals, intercropping may still

produce higher mean yields than sole cropping, and should certainly produce

less variable yields (Rao, 1986).

There is more systematic evidence that diverse crop species systems offer less

variable yields than single crop species systems. Since the performance of

different species varies with climatic and other environmental conditions, greater

species diversity enables the system to maintain productivity over a wider range

of conditions (Naeem et al., 1995; Chapin et al., 1997). It follows that the

variance in yields from a more diverse crop system will be less than for an

individual crop. ICGD reduces the probability of absolute crop failure (Singh,

1981), and increases the stability of both yields and income (Trenbath, 1986;

Abalu, 1976; Walker et al., 1983). One reason why ICGD affects the stability of

yields is because it increases resistance to pests and pathogens. The greater

the diversity between or within species and functional groups, the greater the

tolerance or resistance to pests. Sumner et al. (1981), for instance, noted that

a reduction of crop genetic diversity promoted the build up of crop pest and

pathogen populations. Pests are more likely to spread when crops have a similar

genetic base. Genetic variability within and between species confers at least

the potential to resist stress, both in the short and long term (Giller et al., 1997).

It follows that the promotion of diversity in agriculture may be expected to

increase the resilience and sustainability of agroecosystems.

The vulnerability of agriculture due to the narrow genetic base of most

major crops is currently recognized to be a source of risk. The vast bulk of

global food supply is derived from a small number of crops – wheat, rice, corn,

oats, tomatoes and potatoes. Locally, other crops may be important, but do not

contribute much in global terms. The problem has been exacerbated by the

abandonment of traditional varieties and landraces in favour of newer high

yielding varieties. In most crops the number of varieties planted has been

substantially reduced. The result is increasing variability in farm incomes,

particularly amongst farmers in low-income countries without access to

alternative methods of insuring against crop failure. This is because the

correlation between agricultural risks typically varies inversely with crop genetic

diversity. In the limit – in monocultures – agricultural risks may be perfectly

correlated (Perrings and Gadgil, 2002).

There are a number of agroecological regions that are especially rich in

biodiversity, including crop genetic diversity. We hypothesise that in these
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regions the mean and variance of yields will be respectively increasing and

decreasing in crop genetic diversity. This paper considers the link between crop

genetic diversity and farm incomes in one such agroecological region: southern

Italy. We recognise that crop genetic diversity is only one aspect of biodiversity

in agroecosystems. Apart from crops, the diversity of agroecosystems includes

pests, competitors, predators and pathogens that inhibit plant growth, sub-soil

organisms and microorganisms that enable nutrient cycling and plants that

provide shelter or buffering from adverse conditions. The management of

biodiversity in farmlands involves not only crop choices, but the regulation of all

other organisms through, for example, the use of pesticides, herbicides, fertilizers,

crop rotation, ploughing practices and the like (Conway, 1993). Nevertheless,

the choice of crop genetic diversity may be the most important of the bio-

diversity choices made in agroecosystems.

The paper is structured as follows. In the next section we propose a simple

model of crop diversity decisions in farms allowing for stochasticity in at least

the production process. For this purpose we adopt the approach taken by Just

and Pope (the mean-variance model). The model shows that optimal crop

genetic diversity varies with the impact of crop diversity on the mean variance of

both output and income. In Section III we estimate a stochastic model of farm

incomes using data for eight regions in southern Italy over a period of twenty

four years. We find a strong positive correlation between crop genetic diversity

and both the mean and variance of farm incomes in the regions. A final section

offers some conclusions.

II The Model

In the standard agricultural economics literature, models of crop diversity

choices tend to be static (e.g. Barkley and Porter, 1996; Hesey et al., 1997;

Smale et al., 2001). However, farmers decide the level of biodiversity in the

agroecosystem by allocation of land among crops (interspecies diversity) and

farming decisions have implications for the stock of diversity available in the

future. Let gt be a vector describing the farmers’ land allocation at time t, and let

Dt be a measure of crop genetic diversity derived from gt. For simplicity, it is

assumed that each land allocation decision embeds decisions with respect to all

the other inputs (e.g. fertilizers, pesticides). Therefore, once the land allocation

strategy is decided, the corresponding fertilizer and pesticide regime follows. We

thus have a very simple production function:

Qt¼Qðgt;DtÞ: ð1Þ

Production, Qt, is a function of land allocation decisions gt, and the associated

crop genetic diversity Dt. The function is assumed to be continuous, twice

differentiable and concave. Crop genetic diversity depends on the relative area

under each crop variety. The ith element of the vector gt describes the share of

land allocated to the ith crop, implying that 0o git41 If git5 1, Dt5 1 and the

farmer’s land is devoted to a single crop or species. If a multicropping strategy is

chosen, gito1 for all i and Dto1. The technological properties of the production
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function are the following, neglecting time indices:

Qgi40;Qgigi40;

Cgi40:

Farmers face risks that affect either the output of agricultural activities

(the risk affects the quantity or quality of crops produced) or agricultural

markets (the risk affects the prices of agricultural inputs or outputs)1.

They hedge risks by their land allocation decisions. It follows that different

degrees of risk will affect the level of crop genetic diversity observed in the

agroecosystem. To capture risk, the model includes a multiplicative random

term. The problem for the farmer may be stated as follows:

Maxgt ¼
Z 1

t¼0

pðQt; pt; ytÞe�rtdt ð2Þ

where the revenue function, p(Qt, pt, yt), now depends upon the quantity

produced, price and a stochastic component. The latter is assumed to be

identically, independently and normally distributed, and to affect the output

of Q only. To see how output risk affects land use decisions we need an

appropriate specification of the production function. A popular specification

is that due to Just and Pope (1978, 1979), who suggest a stochastic function of

the form:

QðDt; gt; ytÞ ¼ f ðgt; DtÞ þ hðgt; DtÞyt ð3Þ

where f (gt, Dt) is a deterministic function of land allocation in period t, gt, and

the diversity of crops in the agroecosystem in that period, Dt. The term h(gt,

Dt)yt is a stochastic component that depends upon the same arguments as the

deterministic function together with yt – a stochastic disturbance. Farmers

are assumed to be risk averse, their preferences being represented by a Von

Neumann Morgenstern utility function, which is twice differentiable and

concave in revenues. The farmer’s problem in the face of output uncertainty

is to:

Maxgt

Z 1

t¼0

f½ptðf ðgt;DtÞþhðgt;DtÞytÞ � CðgtÞ�ge�rt dt ð4Þ

_DD ¼ Dt �DðgtÞ;
s:t:
and Dð0Þ ¼ D040:

Setting price equal to unity, the first order necessary conditions imply that:

f ðg�t ;D�
t Þþ hgðg�t ;D�

t Þ �
Dgðg�t Þ

r
hDðg�t ;D�

t Þ
� �

Covfpg
Efpg

� Cgðg�t Þ ¼
Dgðg�t Þ

r
fDðg�t ;D�

t Þ ð5Þ

1 This paper is concerned only with output uncertainty. This is because the level of price for
cereals have been set from the European Union in the time span considered.
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The term:

Covfpg
Efpg

reflects the structure of profit risks. The term:

hgðgt;DtÞ �
DgðgtÞ

r
hDðgt; DtÞ

represents the risk factor. It reflects both the marginal productivity of a change

in the land allocation decision hg(gt, Dt) and the impact of a change in land

allocation on the diversity of crops hg(gt, Dt).

Assuming D to be equal to a Simpson’s index for biodiversity
P

ðgiÞ2; and
assuming that gi is the share of farmland allocated to the ith crop then we have

that Dg5 2gi. Substituting the latter in (5) implies that for each crop:

gi� ¼ 1

2

CgðgÞ � hg
covfpgg
Efpgg � fg

fD þ hD
covfpgg
Efpgg

2
4

3
5: ð6Þ

We can use this to evaluate the effect of biodiversity on the mean and variance of

yields on the area planted gi, that is:

@gi�

@fD
¼ �

2ðCgðgÞ � hg
covfpgg
Efpgg � fgÞ

fD þ hD
covfpgg
Efpgg

h i2
2
64

3
75 ð7Þ

and

@gi�

@hD
¼ �

2
covfpgg
Efpgg ðCg � hg

covfpgg
Efpgg � fgÞ

fD þ hD
covfpgg
Efpgg

h i2
2
64

3
75: ð8Þ

Aside from the structure of profits risks, the effect of biodiversity on farm

incomes depends on the sign of the numerator given by:

CgðgÞ � hg
covfpgg
Efpgg

� fg

� �
:

If it is positive:

@gi�

@hD
o0 and

@gi�

@hD
40:

If it is negative:

@gi�

@hD
40 and

@gi�

@hD
o0:

The area optimally allocated to a given crop will increase if the marginal effect

on mean yields is negative and vice versa. It will also increase if the impact of

greater diversity on the variance of yields is positive and vice versa. In the next
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section we test the impact of crop genetic diversity on both mean and variance of

income.2

III Empirical Analysis

In order to test the relation between crop genetic diversity and the mean variance

of farm income a dataset from ISTAT, the Italian National Institute of Statistics

is used. The data are drawn from periodicals Statistiche Agrarie for the period

1970 – 1993. 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 production 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 data relate both to

farm incomes and the intraspecies diversity of cereals. To capture crop genetic

diversity and land allocation strategies, we apply a Shannon diversity index. This

allows us to relate the farmers’ land allocation strategy to the resulting

interspecies crop genetic diversity. The index is calculated on the acreage

devoted to each cereal, git, and the total acreage Gt:

Dt¼Dðgit;GtÞ

It is an index commonly used for spatial diversity and it combines indicators of

crop population richness as well as abundance (Magurran, 1988; for a discussion

on measurement of crop diversity see Meng et al., 1998). Specifically, we use the

measure:

DðgtÞ ¼ � X
i
m
giðgi � 1Þ{

GðG� 1Þ ln m
giðgi � 1Þ{

GðG� 1Þ :

This measure has the characteristic that D(gt) increases as diversity decreases. As

the land devoted to single species increases the crop genetic diversity of the

agroecosystem decreases. The data set is a combination of cross sectional and

time series. This suggests the appropriateness of a panel data analysis, which has

the advantage of both improving the reliability of the estimates and of

controlling for individual heterogeneity and unobservable or missing values

(Baltagi, 2001). The use of fixed and random effects eliminate problems arising

from stochastic trends that are specific to a variable, but cannot eliminate those

related to specific 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:

Dyit ¼ bDxit þ Deit:

To test the impact of the land allocation strategy and the resulting crop diversity

regime on the net benefit (at constant prices) of cereal production using the first

difference estimator on the farmers’ profit.

2Reminding that price are assured constant.
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We are interested in both the mean and variance of agricultural incomes. The

estimation is in three stages. First we estimate the production function without

the stochastic component in order to identify the impact of diversity on income.

Second, in order to capture the effect of stochasticity in production, we estimate

the variance of agricultural incomes. In the third stage we re-estimate the effect

on mean income given the variability observed in the second stage. The standard

Just and Pope procedure output is reported in Tables 1 and 2. Table 1 displays

the impact of the interspecies crop diversity loss on the mean income. Table 2

displays the impact of the interspecies crop diversity loss on the variance of

income.

The general fit of both models is quite good given the type of analysis. The R2

is equal to 0.4 for the mean model and 0.6 for the variance model. The individual

significance of the coefficients is very high. To interpret the results on the effect

of crop genetic diversity on the mean and variance of yields reported here, recall

that as the diversity index gets smaller, the greater the interspecific diversity

being measured. Interspecific crop genetic diversity is positively related to

mean income and negatively related to the income variance. The value of the

coefficients and their significance indicate that agricultural output bears a

strong, positive and highly significant correlation with crop genetic diversity.

This result is matched by the result on mean income.

The result on mean incomes is surprisingly strong. It is not intuitively obvious

whether it stems from market or production effects in the income model, but

estimation of the production function confirms that a high proportion of the

impact of crop genetic diversity on income does in fact work through

production. The marginal productivity of crop genetic diversity is positive, at

least in the long run. The result on the variance of income is also very strong, but

less surprising. In fact, existing studies show a negative relation between

intraspecies crop genetic diversity and the stability of yields (e.g. Widawsky and

Rozelle, 1998; Smale et al., 1997), then supporting the hypothesis that a high-

diversity strategy reduces both output and market risks. A strong positive and

significant correlation between the variance of farm incomes and crop genetic

Table 1

Interspecies diversity loss effect on mean income

Variables Coefficients Std. Errors t-ratios P-values

Intraspecies diversity loss � 2.764838199 0.69345198 � 3.987 0

Table 2

Interspecies diversity loss effect on variance of income

Variables Coefficients Std. Errors t–ratios P-values

Intraspecies diversity loss 0.9569438615 0.20698629 4.623 0
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diversity indicates that the greater the diversity of crops, the lower are the risks

of crop failure and/or price collapse. Diversity is a risk reducing input of the

production function.

IV Discussion

A number of farming system research and agroecological studies have

investigated the impact of diverse cropping regimes (multicropping, intercrop-

ping, rotation) on both mean productivity and the stability of yields. There is

some evidence that an inter-cropped system may generate a higher level of mean

output than a single crop system (Davis, 1986); and that the variance of yields in

a more diverse crop system is almost certainly less than in a single crop system

(Trenbath, 1986, Abalu, 1976). Part of the yield gain from intercropping is due

to pest pressure reduction either through allelopathic effects of crops or through

the reduced densities of pests in a mixed stand of crops. Pests have more ability

to spread through crop with the same genetic base (Gleissman, 1986; Altieri and

Lieberman, 1986; Brush, 2000). The potential for disease and insect tolerance

gained through plant breeding can also complement the effects of cropping

systems to reduce losses to crop pests (Francis, 1986), while agroecological

heterogeneity encourages variation in crop characteristics due to the creation of

different production niches and unique sets of selection pressures (Bellon, 1996).

Variation in rainfall and soil moisture, temperature and potential evaporation

all have the potential to shape the development of major crops such as wheat

(Loss and Siddique, 1994, Pecetti et al., 1992). More diversity in crops also

implies more diversity amongst complementary species. There are important

interactions between the fungal communities associated with the roots of

the plants and the diversity of the fungi in the soil. This improves the

effectiveness of nutrient uptake, builds the soil through increased biomass

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

the cropping cycle), all of which are important benefits in terms of resilience and

sustainability.

This paper has presented a model of farmers’ crop genetic choices in an un-

certain environment. The model shows that farmers will choose a crop mix

characterised by greater crop diversity if the latter is positively related to the

productivity, and negatively correlated with production variability and income.

Furthermore, if allocating land to different crops is a risk reducing strategy and

if crop genetic diversity is negatively associated with the stochastic component,

the more risk sensitive are profits the more diverse is the agroecosystem. A mean

variance approach has been undertaken in order to investigate the risk

properties of interspecies crop genetic diversity and its impact on the long run

mean income using data on cereals diversity in southern Italy. We find that

interspecies crop genetic diversity is positively related to mean income and

negatively related to the variance of income.

The result on the variance of income is consistent with research findings in

both ecology and agriculture, since it confirms that greater genetic diversity

makes a system more resilient to rainfall and temperature fluctuations. The use
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of a Just and Pope production function is somewhat limiting, but it does provide

a straightforward way of testing the effect of crop genetic diversity on income

risks. Finally, we note that the impact of diversity on expected incomes means

that we are unable to infer a great deal about the risk aversion of farmers, since

they have an incentive to opt for a high diversity strategy irrespective of the

impact on the variance of income. However, any degree of risk aversion will

strengthen the appeal of a high diversity strategy.
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