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Abstract

Biodiversity is one of the important indices for assessment of agroecosystems sustainability. Unfortunately, the
benefits of biodiversity are ignored in the agroecosystems. Therefore, the present study was conducted for
evaluating horticultural crops biodiversity of Kermanshah province in the Campus of Agriculture and Natural
Resources of Razi University during 2012. Data were collected by the Ministry of Agriculture of Iran. The results
of biodiversity criteria indicated high diversity among the fruits species cultivated in the province. The number of
cultivated species was estimated 24. Among the cities, Dalahoo, Paveh, Harsin ,Salas-e-Babajani and Ravansar
had the most Shannon index while Qasr-e-Shirin exhibited the least species, Shannon index, diversity evenness
and Sorensen’s similarity index. Long-term mutual effects of different climatic elements on living organisms
create fixed and specific biologic conditions so that in each climate we find certain plants with particular
adaptations which have similar and specific growth and developmental characteristics and of a predefined
tolerance against environmental factors. With the increase of altitude and the environment becoming
mountainous, the cultivation of horticultural crops increased. Kermanshah Province, due to the territorial
diversity of species diversity was sufficient for horticultural crops.

*Corresponding Author: Shahla Allahyari P< Shahla_allahyari@yahoo.com

96 | Allahyari et al


mailto:Shahla_allahyari@yahoo.com

J. Bio. & Env. Sci.

2014

Introduction

Each agricultural system is a complex and

interdependent bed of soil, plants, animals,
agricultural equipment, labor and capital. These
systems are continuously introduced to the world as a
result of removing trade barriers, globalization,
introduction of modern agricultural technologies,
changing social demands and climate changes. There
are strong interactions between policy-makings and
adoption of agricultural modern technologies which
necessitates the assessment of the strengths and
weaknesses of these relationships to adopt policies
which pursue sustainable development (Van Ittersum
et al., 2008). Management decisions are largely
influenced by the type of agricultural system and its
conditions. Different reasons have been expressed for
the diversity of agricultural systems from one place to
another (Thapa and Rasul, 2005). Distance to
markets, access to water for irrigation (Blaikie, 1971),
the availability of inputs, overpopulation and land
scarcity (Ruthenberg, 1980), knowledge and skills of
farmers (Binswanger and McIntire 1987), access to
institutions and technology centers (McMillan, 1998),
access infrastructures and transportation system,
security of land ownership (Reardon et al., 2001) and
physical limitations (Turner II and Brush1987) are
among the being influential on this diversity. In a
viewpoint, Boserup (1965) see the various intensities
present in agriculture expansion as a result of
numerous biological, physical and social - economic
factors. In agriculture, sustainability involves the
same set of physical, biological, economic and social
factors (Goncalves-Gomes et al, 2009). Evidences
show that biodiversity loss of agroecosystem is
directly related to the type of agricultural systems
(Benton et al., 2003). Biodiversity indicators can be
used as a powerful tool for assessing the sustainability

of agricultural systems (Biala et al., 2003).

Plant and animal biodiversity are considered as
factors which affect the functions of agricultural and
natural ecosystems (Altieri, 1999). Thus a biodiversity
decline is deemed as a serious threat to the survival of

those ecosystems (Tscharntke et al., 2012).

Biodiversity is one of the important indices for

assessment of  agroecosystems  sustainability
(Thompson, 1998). Biodiversity enhancement plays a
critical role in maintaining ecosystems and this has
raised its importance. This holds true as an increase
in the number of the species of a region. On the one
hand, it augments the structural complexities and on
the other hand promotes the ecosystems’ ability in
responding to the occurrence of any environmental
change (Jenkins and Parker, 1998). The role of the
ecological biodiversity is clearly apparent in food
production, pest management, weeds and diseases
science, soil fertility and biodiversity enhancement of
soil organisms, decreasing dependency on external
items and energy conservation (Jackson et al., 20009;
Altieri, 1999; Tscharntke et al., 2012; Power, 2010).
Therefore, studying agricultural biodiversity and
protecting it has been at the center of ecologists
attentions, especially in recent years (Pimentel et al,

1993).

Koocheki et al. (2005) found that the diversity of

horticultural crops and vegetables of various
provinces of the country are in a relatively fair range.
Further in assessing agricultural ecosystems, they
argued that the species diversity of agriculture in Iran

is relatively poor (Koocheki et al., 2005).

Among Iran’s provinces, Kermanshah has devoted a
great share of the agricultural products due to its
continental conditions. The total agricultural land
areas of the province is 933,000 hectares (excluding
fallow land) of which 228,000 (equivalent to 23.3%)
and 663,500 (equivalent to 71%) hectares is allocated
to irrigated and rainfed lands, respectively and
33,200 hectares to horticultural products (irrigated
and rainfed/ 3.6%)

(www.kermanshah.agri-jahad.ir).

equivalent to

Koocheki et al. (2005) in evaluating the species
diversity of horticultural crops and vegetables of Iran
reported desirable species diversity for this province.
However, in order to better understand the

importance of species diversity, it is necessary to
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conduct such studies more carefully and at the county
level of province. Therefore, given the importance of
the subject, this study was conducted with the aim of
evaluating the diversity of horticultural crops in
Kermanshah province in the crop year 2012 and

separately for each county of the province.

Materials and method

This study was carried out during 2012 in
Kermanshah, western Iran. Kermanshah province
with an area over 2,339,000 hectares is

geographically located at 31°33’ to 17°35'N and 23°35’

to 50°38’E. Its average annual precipitation is around
537 mm, i.e. 270 mm higher than the mean annual
precipitation of Iran. The average annual temperature
is about 13.2°C (www.kermanshahmet.ir). The
characteristic of Kermanshah Province is having four
climates of cold, subtropical, temperate and tropical
which distinguishes it from rest of the provinces.
Therefore ecotone features are evident in many parts
of the province. The geographical characteristics of

the province are presented in Table 1.

Table 1. Some geo characteristics of Kermanshah province.

The annual The annual

. . Altitude average average
City Climate (m) Topography Precipitagtion I‘emperfltur
(mm) el (°C)

Kermanshah Semi-arid & cold 1320 Plain- hilly area 444.7 14.3
Ravansar Mediterranean & cold 1380 Plain- hilly area 532 14.9
Sarpol-e-Zahab Semi-arid & warm 545 Plain- hilly area 421.3 19.9
Eslamabad-e-Ghrab Mediterranean & cold 1350 Plain- hilly area 479.8 13.7
Kangavar Semi-arid & cold 1470 Plain- hilly area 395.1 13.3
Qasr shirin Arid & warm 376 Plain- hilly 375.4 22

Songor Semi-arid & cold 1700 Mountainous area 535.5 12.8
Gilan-e-Ghrab Semi-arid & warm 816 Plain- hilly area 429 20.3
Paveh Humid &moderate 1485 Mountainous area 755.5 15.1
Javanrod Semi humid &moderate 1375 Mountainous area 608 15

Harsin Mediterranean & cold 1382 Plain- hilly area 489 13.8
Sahneh Semi-arid & cold 1580 Mountainous area 369 13.9

To perform this study the required agricultural
products information has been collected from 14
counties of Kermanshah province over 2012. Data
were collected by the Ministry of Agriculture of Iran

also case interview with relevant authorities.

All the horticultural crops were classified into tropical
and subtropical fruits, dried fruits, granule fruits,

nucifer fruit and fruit with seeds.

Biodiversity Indices of Products
Species richness is a determinant presence of various
species and is obtained through the enumeration of

plant species in a region (Ghorbani, 2010).

Shannon species diversity index (H) is in fact a hybrid
indicator of species richness and uniformity (Barnes,

1998; Magurran, 1988).

Formulae (1) H=-YPixLlnPi

Where, =% , nj is the number of the individuals

(biomass) of each species (species i) and N accounts
for the total number of the individuals (total biomass)

of a given region. % represents the ratio or the relative

n .

species abundance. To calculate Shannon index, 7 is

set as the cultivation area of each county divided by

the cultivation area of the province.

Evenness index was calculated by below formula

(Barnes, 1998; Magurran, 1988):

Formulae (2) = _—

Here, horticultural is Shannon’s index of diversity

and species represents the number of species (or the

98 | Allahyari et al



J. Bio. & Env. Sci.

2014

area under cultivation). The value of this indicator is
equal to or smaller than 1. The value of J equal to 1
indicates the evenness of the area under cultivation
(or the number) for a species and shows non-
evenness in the distribution of the varieties of a crop

species.

Sorenson similarity index is obtained as (Ghorbani,

2010):

Formulae (3) 5 = Ti._

a: indicator of the number of common species present

in both regions A and B

b: indicator of the number of species being present in
region A which are not present in region B

c: indicator of the number of species present in region
B which are not present in region A

Sorenson similarity index varies between o (full non-

similarity) and 1 (full similarity).

Results and discussion

Species Richness

The results of this study revealed that there are 24
horticultural crop species being cultivated in

Kermanshah province (Table 2).

Table 2. Different groups of fruits and the number of cultivated species in Kermanshah province.

Tropical and subtropical Dried fruits Granule Nucifer Fruit with
fruits fruits fruits seeds
Date Pistachio Grapes BlackCherry Apple
Fig Almonds Mulberry Tree Cherry Pears
Citrus Walnut Strawberry GreenTomate Quince
Pomegranate Hazelnut Plum
Olive Sea-buckthorn Peach
Persimmon Apricots
Nectarine
Total 6 5 3 7 3

Regardless of the cultivation area, the share of nucifer
fruits and fruit with seeds were higher than of other
fruits in most counties of the province and cultivation
of tropical and subtropical fruits such as dates were
given consideration in few counties of the province,
particularly the city of Qasr-e Shirin. City of Qasr-e
Shirin has the highest latitude in Iran and therefore is
the only place having the possibility of palm
cultivation. Species richness is among the simplest
indicators and evaluative measures of species
diversity which its basis is the number if species

cultivated (Meff and Carroll 1997).

Table 3 shows the species richness (the number of
species being cultivated) of horticultural crops in each
county of the province. The findings depict different
species richness for different counties. Amongst,
Kermanshah city with a species richness of 20 has
dedicated about 83% of all horticultural species to
itself, while Islamabad-e-gharb, Qasr-e-Shirin and

Songor have dedicated just 54% of horticultural crops

to themselves with a species richness of 13.

Table 3. Species richness and cultivated area of
Horticultural crops from 2011-2012 seprarately for
each city.

G Species Cultivfa‘lt(.ed
i . area of ci
ty richness to provinctz
Kermanshah 20 0.17
Harsin 18 0.05
Sahneh 17 0.16
Ravansar 17 0.03
Paveh 17 0.08
Javanrod 16 0.05
Salas-e-Babajani 16 0.06
Gilan-e-gharb 15 0.04
Kangavar 15 0.04
Dalahoo 15 0.08
Sarpol-e-Zahab 14 0.03
Qasr-e-Shirin 13 0.07
Sonqor 13 0.04
Eslamabad-e-Gharb 13 0.02
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Shannon Species Diversity Index

Shannon diversity index (H) is in fact a combination

Table 4. Shannon index and Evenness index of

Horticultural crops in Kermanshah province for 2011-

of species richness and evenness (Barnes, 1998; 2012
Magurran, 1988). The greatest Shannon diversity City Shannon Evenness
indexes were seen for the counties of Dalahoo, Solas- index index
Dalahoo 2 0.23
e-Babajani, Ravansar and Paveh while Qasr-e-Shirin Salas-e-Babajani 1.99 0.24
devoted the least one to itself. As discernable from Paveh 1.94 0.22
Ravansar 1.92 0.25
Tables 4 and 5, Shannon’s index changes in different Gilan-e-Gharb 1.89 0.24
cities do not follow the trend of the number of Sahneh 1.86 0.2
Kermanshah 1.82 0.19
species. The value of Shannon’s index is equal to or Harsin 1.8 0.22
. . . T Sonqor 1.75 0.22
h hich high 1
greater than zero which its higher values indicate Eslamabad-e-Gharb 175 0.24
more diversity among horticultural species (Barnes, Kangavar 1.62 0.21
. Sarepol-e-Zahab 1.59 0.2
M .
1998; Magurran, 1988) Javanrod 1.36 0.17
Qasr-e-Shirin 1.06 0.12

Table 5. Sorensen’s similarity index of Horticultural crops from 2011-2012 seprarately for each city.

Java- Dala- Rava-

EslamPavehSalas nrod hoo nsar Sarpol Sonqor ?111111 Qasr:f:;lil?hliig% GilanHarsin
Eslam 1
Paveh 080 1
Salas 0.89 0.90 1

Javanrod 0.82 0.90 0.81 1

Dalahoo 0.88 0.75 0.83 0.77 1

Ravansar 0.80 0.93 0.83 0.96 0.75 1

Sarpol 0.73 0.70 0.80 0.66 0.82 0.72 1

Sonqor 0.92 0.86 0.82 0.89 0.78 0.86 0.66 1
Sahneh 0.80 0.88 0.83 0.90 0.75 0.93 0.70 0.86 1

Qasr-e-Shirin 0.61 0.66 0.68 0.55 0.71 0.60 0.81 0.53 0.53 1

Kermanshah 0.78 0.91 0.88 0.88 0.80 0.91 0.76 0.78 0.91 0.66 1

Kangavar 0.92 0.81 0.83 0.83 0.80 0.76 0.68 0.85 0.76 0.63 0.85 1

Gilan 0.78 0.75 0.83 0.70 0.80 0.75 0.96 0.71 0.75 0.78 0.80 0.73 1
Harsin 0.83 0.85 0.93 0.82 0.83 0.85 0.81 0.77 0.91 0.63 0.93 0.83 083 1

Counties such as Harsin and Ravansar by respectively
having 17 and 18 species of horticultural crops have a
lower Shannon index in comparison with counties
like Dalahoo and Solas-e-Babajani, while the number
of the horticultural species present in these counties
were much less than that of Harsin and Ravansar
counties. Considering the cultivation area of
horticultural crops, again comparison of Shannon
indices would be considerable. Despite having higher
cultivation area relative to Islamabad-e-gharb and
Sonqor counties, the number of the -cultivated
horticultural crops was the same in these three
counties. The non-evenness of the cultivation area of
the horticultural crops of this county led to a lower
Shannon index relative to Islamabad-e-gharb and
Songor counties. The low Shannon diversity index

seems to be related to the dominance of dates’

cultivation due to the special climate conditions of
this region. In addition to the number of species, the
diversity of an ecosystem also depends on the
abundance of species. In fact species diversity
consists of two components, namely species richness
and species evenness, which the latter point to the
evenness of individuals within different species
(NasiriMahallati et al., 2002). Koocheki et al., (2005)
have found that provinces such as Bushehr and
Khuzestan in comparison with other provinces of Iran
have a lower Shannon diversity index due to their
climate conditions being favorable for the cultivation
of palms, and this was so despite their great number
of species and because of the higher share of the
cultivation area for dates, also in another study have
reported that due to the dominance of the cultivation

of rice in Gilan province, the lowest Shannon index
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regarding wheat is devoted to Gilan (Koocheki et al.,

2005).

Evenness Index

Evenness index (J) demonstrates the diffusion and
distribution pattern of the species population
(Barnes, 1998; Magurran, 1988). The results of this
study depicted that there is unevenness in the
distribution of horticultural species among the
counties of the province (Table 4). The highest
evenness index was observed for Ravansar county and
the lowest one for Qasr-e-Shirin county. The results
derived from evenness index alongside the results
derived from similarity index confirm this fact that
the similarity index for Q is the lowest one compared
with of other counties. The more even the distribution
of species, the more stability and sustainability we see
and thus more species diversity is observed (Barnes,

1998; Magurran, 1988).

Sorensen Similarity Index

Similarity index shows the differences in species
composition and the changes of diversity in different
habitats. One of the easiest methods of measuring
habitat diversity is to use similarity coefficients. There
are various similarity coefficients which the most
common one is Sorensen similarity index (S)

(Ghorbani, 2010).

The counties of the province showed a relatively high
similarity index (Table 5). All the counties of the
province had the highest similarity in the cultivation
of pome and stone fruits, and it is the cultivation area
of small, dry, tropical and temperate fruits which
accounted for the difference among the counties. This
confirms the high species richness for pome and stone
fruits relative to other fruits. The similarity indices of
the counties were close to each other and the
similarity of adjacent ones were higher. As Table 4
demonstrates, the highest similarity indices were
obtained by the pairs of Kermanshah with Harsin,
Ravansar with Paveh, Ravansar with Javanrod, and
Gilan-e-Ghrab with Sarpol-e-Zahab. This similarity

was higher among the adjacent counties having

relatively similar climate conditions. On the other
side, Qasr-e-Shirin County had the lowest similarity
with other counties of the province due to the
cultivation of specific crops which in turn is an attest
on its lower evenness index (Table 4). Climate
conditions and physical and chemical characteristics
of soil, which themselves are a function of the climate
of region, are the basis of the formation and diversity
present in agricultural ecosystems throughout the
world (Stocking, 1999). The findings of previous
studies revealed that in regions being poor in terms of
climate and soil’s fertility (Gonabad county), there is
less number of vegetable species cultivated and the
cultivation area is distributed unevenly among the
species which in turn causes the dominance of a few
number of species (Koocheki et al., 2005). Koocheki
et al. also found that there is much similarity between
the provinces of the country in terms of varieties of
the wheat under cultivation and that this similarity
was seen more between the provinces having similar

climate characteristics (Koocheki et al., 2005).

Discussion

The consequences of climate changes have put a new
approach into attention for the discussion of species
diversity in agriculture. Today the reduction in
species diversity especially at a very wide range is
mostly resulted from the change in agricultural
operations and manufacturing systems. Climate
change is one of the most important threats and in
words of some scholars it is considered as the most
serious threat in the twenty-first century (B. Yanga,
2011) so that The UN Secretary-General Ban Ki-moon
labeled it in 2009 as the greatest collective challenge
that all we humans as the members of a single family
face it (B. Yanga, 2011). Among the very important
climate changes being influential in species diversity
of plants and animals, we could point to temperature
rise, change in the patterns of rainfall and
distribution and diffusion of water, rising sea levels,
extreme climatic disasters and increase of greenhouse
gases (Malhi and Meir 2002). Global warming of the
Earth is a climatic phenomenon of foremost

importance. Since 1861 average temperature have
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been annually increased 0.6 °C and the concentration
of carbon dioxide experienced an increase of 32% per
year which this outstanding increase of the
concentration is unprecedented during the last 20
million years (Malhi and Meir 2002). Scientists
estimate that temperature increases 1 to 5 °C annually
depending on the geographical location and the
highest value is expected to be in tropical and
subtropical areas (Caldera et al, 2003). Among the
consequences of temperature rise we could point to
the reduction in species diversity (both plant and
animal), intense evaporation from the soil surface,
increasing decomposition of organic matter, and the
incidence of diseases and pests (Pimentel, 1992). The
problems associated with water supply are one of the
most important challenging concerns. In the last
century, subtropical regions had less than 3% rainfall
and were faced with drought. In contrast, the
northern hemisphere accounted for the highest
rainfall of 5 to 10%. However, to deal with drought, it
is suggested to use varieties which are resistant
against dehydration (Oxfam, 2002). In addition to
temperature rise and changes in altitude is also an
important geographic factor in the development of
diversity. By increasing altitude and having
mountainous conditions, conditions are provided for
gardening activities and the species richness of
horticultural products increases (Hashemi et al,
2011). Kermanshah Province has a desirable species
richness regarding its horticultural crops due to
having a diverse climate. According to Table 1 and the
geographical location of the counties, the effects of
climate consequences are clearly evident in the
species diversity of horticultural crops. The type and
the extent of substrate preparation, type of
constraints associated with the cultivation time, and
management of chemical fertilizers including their
use, split, type and cultivation method are affected by
climate in various ways. Evapotranspiration potential
is a very important component of climate which
determines the need of plants to water and the
effectiveness of rainfall (Khagepoor, 2007).In humid
climates, access to irrigation water is higher and

requires less irrigation water and hence crop rotation

is largely determined by climate. These potentials and
limitations determine the compatibility of the plant
species and their varieties and specify the type and
specifications of different agricultural operations.
Therefore, we could explain all the agricultural
decisions related to the production of any crop or
group of similar products for each climate
(Khagepoor, 2007). Kermanshah province is divided
into different groups based on the distribution of
temperature, precipitation and altitude. The Southern
East, West and South West of the province including
Harsin, Kermanshah, Kangavar, Sarpol-e-Zahab and
Qasr-e Shirin had the lowest rainfall while Ravansar,
Javanrud and Islamabad-e-gharb had good condition
in terms of rainfall. The possibility of having suitable
temperature for germination was also divided into the
four categories of poor, average, good and very good.
In the central part of the province, there is a
possibility of 71% to have temperatures suitable for
germination (very good group) and Sarpol-e-Zahab
County placed in poor group, and east, northern east,
west and southern west areas placed in average
group. Counties like Harsin, Sahneh, Paveh, Javanrud
and Kangavar were rich for the cultivation of
horticultural crops due to having the right
temperature for growing crops, being mountainous,
and of good rainfall compared to other counties.
Long-term mutual effects of different climatic
elements on living organisms create fixed and specific
biologic conditions so that in each climate we find
certain plants with particular adaptations which have
similar and specific growth and developmental
characteristics and of a predefined tolerance against

environmental factors (Bladocchi, 2005).

The ground and its altitude are influential on crop
yield. As a general rule, with an increase in altitude,
rainfall increases. Western part of the province is the
best place in terms of altitude. With the increase of
altitude and the environment becoming mountainous,
the cultivation of horticultural crops increased. Such a
situation is typical for Paveh County. On the other
side, higher temperature and less rainfall of the

county of Qasr-e Shirin relative to other counties
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proved that the possibility of cultivating horticultural

crops is very low there.

Conclusion

Dalahoo, Solas-e-Babajani, Ravansar and Paveh
counties devoted the highest species diversity index
among the counties of the province and Qasr-e-Shirin
County was of the least Shannon diversity index,
evenness index and similarity index. But in general,
the results indicate that in the production systems of
horticultural crops in Kermanshah province, despite
having high species richness, the Shannon diversity
index do not follow species richness but further a
function of the cultivation area of horticultural crops.
Of course the effect of climatic factors and their
consequences on the cultivation of crops should not
be ignored. Understanding the effects of the species
diversity of horticultural crops on these systems, as
well as the impacts of the species diversity on
agricultural production systems and on their
surrounding natural environment requires collecting
comprehensive data about different species and
varieties under cultivation in all counties, about the
distribution of these crops in local and provincial
levels, as well as evaluating climatic parameters.
Unfortunately, due to the lack of access to detailed
statistics and that the name of the varieties were
unknown for most of the horticultural crops,
assessment of species diversity at the variety-level

was impossible.

Reference
Altieri MA. 1999. The ecological role of biodiversity
in agroecosystems: Agriculture, Ecosystems and

Environment 73,19—-31.

B. Yanga EA. 2011. Climate change and ASEAN
presented at the first international conference in
Thammasat

international relatins,Bangkok:

University.

Barnes BV. 1998. Forest ecology, John Wiley and
Sons. INC. 773, pp-

Benton TG, Vickery JA, Wilson JD. 2003.
Farmland biodiversity: is habitat hetrogeneity the
key. Trends in Ecology and Evolution 18(4),182-188.

Biala K, Peeters A, Muys B, Hermy M,
Brouckaert V, Garcia V, Van der Vaken B,
Valckx J. 2003. Biodiversity indicators as tools to
assess sustainability levels of agroecosystem, with a
special consideration of grassland areas. Options

Me’diterrane’ennes, Series A. No.67.

Binswanger HP, MclIntire J. 1987. Behavior and
material determinants of production relations in land
abundant Economic

tropical agriculture.

Development and Cultural Change 36,73-99.

Bladocchi D. 2005. Characterizing the vegetation.
Part IV. Plant functional types, biogeography.
Department of Envivonmental Science, Policy and
Management, University of California, Berkeley,
CA,USA.

Blaikie PM. 1971. Spatial organization of agriculture
in some north Indian village: part II. Transactions of

Instiute of British Geographers 53,15-30

Boserup E. 1965. The conditions of agricultural
growth:the economics of agrarian change under

population pressure. Earthscan publications, London.

Caldera K, Jain AK, Hoffert MI. 2003. Climate
sensitivity uncertainty and the need for energy

without CO2 emissin. Science. 299,2052-2054.

Ghorbani R. 2010. Ecology. Ferdowsi University of
Mashhad Press.

Goncalves-Gomes E, de Mello JC , da Silva e
Souza G, Angulo Meza L, Mangaberia JA. 2009.
Efficiency and sustainability assessment for a group
of farmers in ABrazilian Amazon. Ann Oper Res.

169,167-181.

103 | Allahyari et al



J. Bio. & Env. Sci. | 2014

Hashemi Shadegan F, Khoshbakht K, Mahdavi
Damgani A,Veisi H, Liaghati, H. 2010. Survey of
agrobiodiversity in Gachsaran county and influence of

climatic factors. Journal of Agroecology 2(1),1-11

Jackson LE, Rosenstock T, Thomas M, Wright

J, Symstad A. 2009. Managed ecosystems:
biodiversity and ecosystem functions in landscapes
modified by human use. In: Naeem, S., Bunker, D.,
Hector, A., M., (Eds.),

Biodiversity and Human Impacts. Oxford University

Loreau, Perrings, C.

Press, Oxford, UK, pp. 178—193 (Chapter 13).

Jenkins MA Parker.

diversity of woody vegetation in silvicultural openings

1998. Composition and

of southern Indiana forests, Forest ecology and

management, 109, 57-73.

Khajehpur M. 2006. Climatic Regionalization. gth

congress of crop science, Tehran University.

Koocheki A, NasiriMahallati M, ZareaFizabadi
A, Jahanbin M.

systems in Iran (In Persian with English Abstrac)

2005. Diversity of cropping

Pajouhesh&Sazandegi. No 63, 70 — 83.

Koocheki A, Nasiri Mahallati M, Asgharipoor
MR, Khodashenas A. 2005. Biodiversity of fruits
and vegetables in Iran. Iranian Journal of Field Crop

Research. Vol. 2. No. 1.

Magurran AE. 1988. Ecological Diversity and Its

Measurement. London: Croom Helm.

Malhi Y, Meir S Brown. 2002. Forests, carbon and
global claimate. In:Capturing carbon and conserving
biodiversity- The market approach. Edited by I. R.
Swingland. London:Earthscan. 15-41.

McMillan DE, Sanders JH, Koeing D, Akwabi-
ameyaw K, Painter TM. 1998. New land is not
enough:agricultural performace of new lands
settlement in West Africa. World Development

26,187-211.

Meff GK, Carroll CR.

Conservation Biology, 2" Edition, Sinaucr Associates,

1997. Principle of
Sunderland.
NasiriMahallati M, Kooheki A, Rezvani P,

Beheshti A. Agroecology (Translation).
Ferdowsi University of Mashhad Press.

2002.

Oxfam. 2002. Drouth releif in souther Ethiopia.
Sustainable water supply and food secueity systems
established by Oxfam partner Action for development
(AFD)

southern Ethiopia survive severe drought. www.

has helped hundreds of communities in

Oxfamamerica.org (accessed june 1.2006).

Pimentel D. 1993. Climate changes and food supply.
Forum for applied and public policy. 8/4, 54-60.

Pimentel D, Stachow U, Takacs DA, Brubaker
HW, Dumas AR, oNeil JJAS, Corzillu DB. 1992.
diversity

Conserving biological in agricultural/

forestry systems Biosience. 32, 353-362.
Power AG. 2010. Ecosystem services and
agriculture: tradeoffs and synergies. Proc. Roy. Soc.

Lond. B 365, 950—2971.

Reardon T, Barrett CB, Kelly V, Savadogo K.
2001. In: lee, D. R., Barrett, C. B(Eds), Tradeoffs or
Synergies?Agricutural  Intensification, Economic
Development and the Environment. CABI Publishing,

Wallingford, UK.

Ruthenberg H. 1980. Farming systems in Tropics,

second ed. Clarendon Press, Oxford.

Stocking M. 1999. Agrobiodiversity: A positive
means of addressing land degradation and suitable
rurallivelihoods. In: Conacher, A. J. (Ed.), Land
Dordrecht: Academic

Degradation; Kluwer

Publishers. pp. 1-16.

104 | Allahyari et al



J. Bio. & Env. Sci.

2014

Thapa GB, Rasul G. Patterns and

determinants of agricultural in Chittagong hill tracts

2005.

of Bagladesh. Agricultural Systems.84, 255-277.

Thompson RL. 1998. Public policy for sustainable

agriculture and rural equity. Food policy 23,1-70.

Tscharntke T, Clough Y, Wanger Th, Jackso
Global food biodiversity
future of

Ln. 2012. security,

conservation and agricultural

intensification. Biological Conservation. 151, 53-59.

Turner II BL, Brush SB. 1987. Comparative
farming systems. The Guildford Press, New York.

Van Ittersum MK, Ewert F, Heckelei T, Wery J,
Olsson JA, Andersen E, Bezlepkina I, Brouwer
F, Donatelli M, Flichman G, Olesson L, Rizzoli
AE, van der Wal T, Wien JE, Wolf J. 2008.
Integrated assessment of agricultural systems-a
component-based framework for the European Union
(SEAMLESS) Ageicultural Systems 96, 150-165.
www.kermanshah.agri-jahad.ir

www.kermanshahmet.ir

105 | Allahyari et al


http://www.kermanshah.agri-jahad.ir/
http://www.kermanshahmet.ir/

