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Abstract

In order to evaluate agro-technical characteristics
of rice-based agroecosystems in Mazandaran,
Northern Iran, a study was conducted in 2007 and
2008. Data relating to agronomic and ecological
indicators were collected using questionnaires.
Results showed that these systems earned only
22% of the score of production indicators which
shows they are not productive systems in term of
crop and livestock production. Mean rice yield in
these systems was 3129 kg/ha. More than half of
farmers apply 200-400 kg/ha N and P chemical
fertilizers which is of concern given the demand
for rice and the ccological fragility of Mazandaran
to environmental pollution due to agrochemicals.
In 20% of systems, crop residues are left in the
field and, in other cases, residues are removing or
burning. Studied agroecosystems earned 73% of
score of these indicators which means they are
sustainable in terms of applying water and water
resources. These agroecosystems earned 39% of
the score of mechanization indicators which
reveals that they are not sustainable or efficient in
terms of mechanization. The survey showed that
any progress in crop production management,
agrobiodiversity and application of agrochemicals
could improve the overall sustainability of these
agroecosystems substantially.
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Introduction

Sustainability of agricultural systems can be defined as
a set of activities which results in supplying food and
fiber demands of current generation, while not limiting
future generations' ability to meet such their needs. This
definition has its roots in sustainable development and
involves the production of enough food with high
quality in agroecosystems in a manner which prevents
deterioration and depletion of non-renewable natural
resources like water, soil and biodiversity as well as the
socio-economic structures of rural societies (Rao and
Rogers, 2000).

To understand agroecosystems, the simplification of
these natural systems is a necessity. There are several
ecological, technical, economic and social processes
which control agroecosystems and make the interactions
of human, crop, microorganisms, soil and water
complex and detailed and their simplification is one way
to understand and analyze them (Marten, 1988). There
is, however, a critical question of how to simplify these
systems without ignoring their key characteristics and
interrelations.  Integrating  several —agroecosystem
processes as quantitative indicators is a way of
simplification which shows us the degree of an
ecosystem’s health and its ability to meet human needs.
So, there is an urgent need to quantify many qualitative
aspects of agroecological sustainability. Sustainability,
however, is a concept and cannot be evaluated directly
(Berroteran and Zinck, 1997) and so suitable indices
should be chosen to determine amount and durability of
system sustainability. A sustainability index is a set of
various indicators which clarify sustainability of an
agroecosystem quantitatively (Mahdavi Damghani et al,
2004). A sustainability indicator is quantitative
measurement of physical, chemical, biological, social and
economic variables that facilitates interpretation of system
sustainability (Hess et al., 2000; Kleinman et al., 1995;
Pannell and Schilizzi, 1999; Lopez-Ridaura et al., 2002).

Several indices have been suggested for
determining the sustainability of agricultural systems
which facilitate measuring and monitoring the
sustainability of these systems fast and efficiently. For

practical application, a sustainability index should be
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(Camacho-Sandoval and Duque, 2001; Liverman et al.,
1988; Nicholls et al., 2004):
e easy-to-handle for farmers,

o highly precise and easy-to-interpret,

applicable in all scales from a small farm to a

landscape,

sensitive to environmental and management changes,

and

effective in clarifying different ecological relations

and processes.

Some studies have been conducted on the
sustainability of agroecosystems in Iran during last
decade. Sadighi and Rousta (2003) evaluated the
sustainability of maize-based agroecosystems in Fars
Province, managed by elite farmers of the region. The
indicators applied in this study were crop yield,
considering crop rotation, applying manure and organic
fertilizers as well as legumes, crop residue management,
tillage management, water and soil resource conditions
and the consumption of agrochemicals (N and P
fertilizers and chemical synthetic pesticides). Results of
this study showed that 58% of these agroecosystems are
non-sustainable or relatively non-sustainable which
were attributed to the high consumption of urea and
phosphates as well as pesticides. Hayati and Karami
(1997), using similar indicators, studied the
sustainability of wheat production systems in Fars. A
remarkable finding of this study was that the crop yield
in sustainable farms was comparable with those who
were not sustainably managed; mean wheat yields in
sustainable and non-sustainable agroecosystems were
4.2 and 4.3 tonha', respectively which indicates that
correct management practices would result in good
yields as well as the overall sustainability of
agroecosystems.

Mahdavi Damghani et al (2006) developed a
sustainability index, composed of 82 different indicators
to study the sustainability of  wheat-cotton
agroecosystems in Khorassan. Indicators included
information of crop and livestock yield, agrochemicals,
crop residue management, water and irrigation data,

tillage and machinery, biodiversity of agricultural
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species, ecological weed management and socio-
economic factors. Results of this study showed that only
18.6% of these agroecosystems were sustainable and
relatively sustainable. The data indicated that crop and
livestock production followed by water and irrigation
had the lowest scores among different indicators of
sustainability. Stepwise backward analysis showed that
acreage, wheat yield, crop residue management,
farmers’ agronomic income and access to education and
extension services were the most important
determinants of sustainability in these agricultural
systems; while the effect of chemical fertilizers,
especially nitrogen, was  less determinant  on
sustainability of the field.

The present study has been performed in rice-based
agroecosystems in Mazandaran, Iran, to determine the
critical characteristics of sustainability-related points in
these agroecosystems in order to improve their ecologic,

technical and socio-economic sustainability.

Materials and Methods

This study evaluated the sustainability of rice
production systems in Mazandaran, northern Iran, as an
important region of rice production in the country. First,
sustainability was defined as the common face of
agronomic, ecologic, economic and social factors. The
sustainability index in this study is composed of 69

sustainability indicators as follows:

Agronomic-Ecologic Indicators

a) Production indicators: these indicators include

cropping acreage area and crop yield as well as

production of dairy products (mainly meat and milk);

b) Fertilizers and pesticides: in this part, data relating to

the application of different fertilizers (organic vs.

chemical) and pesticides (herbicides, insecticides,

fungicides) was recorded. The information ~ of

consumption of N, F and P as well as micronutrient

fertilizers were gathered;

¢) Crop residue management: includes indicators of
burning residues, feeding residues by livestock,
returning residues to soil and, finally, putting them in

the soil surface as mulch;

d) Water and irrigation: these indicators are divided into
two groups: indicators relating to annual
precipitation and its seasonal distribution and the
second group, indicators of irrigation amount, source
of irrigation water, water will depth and kind
(electric or diesel);

¢) Tillage and machinery: tillage by animals,

-

mechanical cultivation, applying disc, leveler,
ditcher, seeder, fertilizing and pesticide-distributor
machines and harvester information were recorded.
Data on machinery privacy was also extracted;

f) Biodiversity of agricultural species: consisted of
information on crop and livestock species diversity
and their density as well as application of crop
fallow and forage legumes;

g) Weed management: indicators of this group include
mechanical control, hand weeding and biological
control of weeds. Although chemical control could
also be evaluated in this group, the chemical
characteristics of herbicides was more important in
this study and so chemical control of weeds was
studied under the indicators of fertilizers and

pesticides (group b).

From a total score of 100 in sustainability index, 70
points were allocated to agronomic-ecologic indicators.
The socio-economic characteristics of these systems are
described and evaluated in another paper (Mahdavi
Damghani, 2009).

Calculating Sustainability Index, Data Collection and
Analysis

The weighing sum method was used to calculate the
sustainability index (Andreoli and Tellarini, 2000;
Mahdavi Damghani et al., 2006). Each indicator had a
score ranging from zero to maximum depending on the
scoring system of each indicator. The highest and
lowest scores were allocated for the most favorable and
the worst conditions of an indicator, respectively. The
final value of 100 for the sustainability index was the
sum of all the indicators' scores. The indicators used in
the study and their weight from final sustainability are

presented in Table 1.
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Table 1- Agro-technical indicator classification and
weight of each class in final sustainability index.

Total sustainability index is 100.

‘;ﬁll‘ ge and machinery 15.5
 Biodiversity of agricultural species = 6.0

The data of indicators gathered from Sari,
Ghaemshahr, Neka, Babol, Savadkouh and Juibar
counties, using 278 from total 350 questionnaires. The
questionnaires passed the validity test and were filled by

interview with farmers in the rice-based agroecosystems.
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Results and Discussion

Production

On average, rice-based agroecosystems in this study
earned only 22% of the score of production indicators
which shows they are not productive systems in term
of crop and livestock production. Mean rice yield in
these systems was 3129 kg/ha and only 19% of them
had yields higher than 4,000 kg/ha while in 63% of the
farms, rice yield is not more than 3,000 kg/ha (Figure
1). Cropping acreage was another indicator and its
results are given in Figure 2. More than 30% of farms
were less than one ha and less than one percent of
them were greater than 5 ha. Results of livestock
production showed that more than 80% of these

systems have no livestock (milk and meat) production.

<2000 2001-3000

3001-4000
Yield (Kg/ha)

4001-5000 >5000

Figure 1. Average rice production in rice-based agroecosystems in Mazandaran.
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Figure 2. Farm size (cropping acreage) in rice-based agroecosystems in Mazandaran.
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Fertilizers and Pesticides

Rice-based agroecosystems in this study earned 42% of
the score of these indicators which shows they are not in
sustainable status. As shown in Figure 3, more than half
of farmers apply 200-400 kg/ha N and P chemical
fertilizers which is a cause for concern in view of the
demand for rice and the ecological fragility of
Mazandaran to environmental pollution due to
agrochemicals. ~ Although application of chemical
fertilizers prevents increasing the cropping area and
improves crop yield, excessive fertilizer use will cause

economic loss as well as environmental degradation.

Crop Residue Management
Rice-based agroecosystems earned 55% of the score of
crop residue management which indicates they are

relatively sustainable in managing crop residues. In

Frequency (%)

<100 100-200

20% of systems, residues are left in the field and, in

other cases, residues are removed or burned.

Water and Irrigation

The studied agroecosystems eamed 73% of the score
for these indicators which means they are sustainable
in applying water and water resources. Although Iran
is located in an arid and semi-arid area and water is
most limiting factor in agricultural production in the
country, Mazandaran has a good annual precipitation
and so farmers are not forced to utilize non-sustainable
methods of water consumption in the systems.
However, it should be mentioned that we have not
studied water pollution in present research and,
therefore, it was not possible to evaluate health of
water resources. Figure 4 shows water sources for

irrigation of rice in the studied agroecosystems.
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Chemical fertilizer application (Kg/ha)

Figure 3. Chemical fertilizer application in rice-based agroecosystems in Mazandaran.
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Figure 4. Source of irrigation water in rice-based agroecosystems in Mazandaran.
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Mechanization

The results of the mechanization indicators are given
in Figure 5. These agroecosystems earned 39% of the
score of mechanization indicators which reveals that
they are not sustainable and efficient in mechanization.
For example, more than 63% of farmers apply more
than two tillage practices. Although tillage has clear
benefits for soil aeration and facilitates crop
establishment and growth, excessive tillage is harmful
for soil structure and its aggregates as well as its fauna
and flora (Plante and McGill, 2002).
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Agrobiodiversity
On average, rice-based agroecosystems in this study
earned only 32% of the score of agrobiodiversity
indicators which shows they are not productive
systems in terms of biodiversity as an important pillar
of sustainability. Less than half of farmers cultivated
other crops than rice in their fields (Figure 6) which
means these agroecosystems are monocultures which
is not a sustainable farming system.

Furthermore, among farmers who cultivated other
crops than rice, most of them are growing just one or
two crops other than rice and two third of them have

no livestock in their agroecosystems.
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Tillage and mechanization

Figure 5. Scores for indicators of tillage and mechanization in rice-based agroecosystems in Mazandaran.
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Figure 6. Crop diversity in rice-based agroecosystems in Mazandaran.
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Weed Management

On average, rice-based agroecosystems in this study
earned 56% of the score of weed management indicators.
It seems that as they usually control weeds by hand
(Figure 7), they apply less herbicide and, therefore, the
methods of weed management in these agroecosystems

appear to be more environmentally friendly.

Conclusion
Overall, the picture of the agro-technical characteristics

of rice-based agroecosystems of Mazandaran is shown

Frequency (%)

in Figure 8. Results showed that production indicators
(including crop and livestock) had the lowest score and
these systems should improve their production to attain
agroecological sustainability. Production is an important
component of sustainability of agroecosystems and
many researchers argued that improving agricultural
production would result in increasing system
sustainability (Marten, 1988, Senanayake, 1991;
Mahdavi Damghani et al., 2006). It, however, does not
mean that all systems that have a high productivity are
sustainable. Some intensive systems have a high

level of production while they are not sustainable.

99.4

hand weeding Biologic

Mechanical

Weed management practice

Figure 7. Weed management practices in rice-based agroecosystems in Mazandaran (in some fields,
farmers apply more than one method for weed management).
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Figure 8. Observed scores (%) of different agro-technical indicators of sustainability index in
rice-based agroecosystems in Mazandaran.
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