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Fig. 1- Structural health of agroecosystems in northern provinces, 2002-11.
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Table 1. Average of normalized indicators of agroecosystems health in northern provinces.
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i Mazandaran Gilan Golestan
Indicator
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Mean of annual precipitation
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Agronomic diversity
* | (K3
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Cropping intensity
b )bl 1.62 0.50 0.57
Pressurized irrigation
Syl o gy 1.65 0.43 1.03
Machinary application
E Y
Spss slad 0.85 0.99 0.09
Field size
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Agricultural land per capita
5 <l
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Arable land/total area ratio
O3 2 2 0.64 0.11 0.40
Nitrogen use efficiency
T oM o Slos
el 227 1.01 0.59
Yield of irrigated cereal
it 225 1.15 2.00
Yield of dryland cereal
Slig> 3,5hoe 0.88 033 0.11
Yield of pulses
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Yield of industrial plants
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Yield of vegetable crops
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Yield of kitchen garden plants
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Production costs
* |- 15
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Dry land cropping intensity
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Dry land area/irrigated land area
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Introduction: In the last century, agroecosystems have been considered as production units despite their range of
functions. The variety of methods used to maximize production have had a negative impact on the dimensions
and functions of the agroecosystem (Alkorta ef al., 2004). Industrial agriculture methods have resulted in a series
of negative environmental effects such as contamination of surface drainage and groundwater with pesticides and
highly-soluble chemical fertilizers, soil compaction by excessive use of machinery, reduction in biodiversity,
overexploitation of natural resources, and high rates of carbon emission due to direct or indirect consumption of
petroleum. In different parts of the world, especially in developed countries, the expansion of agricultural lands
and the intensification of production methods reach their socioeconomic and environmental limitations. Therefore
sustainable agriculture with its holistic principles have a key role in finding solutions for these challenges. The
correct management of soil, water and fertilizer is critical for sustainable agriculture, because such management
can increase food production and enhance the quality of the environment. Evaluation of different aspects of
agroecosystem health (i.e. structural, functional, and organizational) is an acceptable method for monitoring and
comparing systems (Xu and Mage, 2001). The current study has been performed to determine the trend of changes
in agroecosystem health in the three northern provinces of Iran.

Materials and methods: The current survey was conducted in order to compare the health status of
agroecosystems in three important Northern provinces of Iran (Gilan, Mazandaran and Golestan) during the period
of 2002-11. The required data and information was obtained from a formal statistical database. Different
indicators selected and calculated based on their scientific definitions (Mohammadi et al., 2016; Vafabakhsh et
al.,2007) and for each year the total numerical value for health conditions was calculated using different indicators.
Because of the different nature of selected indicators and also their wide range, in order to facilitate a comparison
of all the calculated indicators normalized using the appropriate equations.

Results and discussion: Based on results in all of the studied years, the highest value of structural health calculated
was for Mazandaran Province and the lowest value was for Gilan Province. In all three provinces, the trend of
changes in structural health during the study period was incremental. It seems that in Mazandaran, the higher
values for some of the calculated indicators such as area pressurized irrigation, machinery applications, cropping
intensity, and agronomic diversity improved the structural health compared to other provinces under study. The
same results were also observed for functional health and in all years of study except 2004, the highest values of
functional health calculated for Mazandaran agro-ecosystems. The main reasons for better conditions of functional
health in Mazandaran were higher values of different indicators such as yield of irrigated and dryland cereals, yield
of pulses and kitchen garden plants, production costs and nitrogen use efficiency. The organizational health status
was somewhat different. During the first six years the organizational health in Golestan was higher, while in the
rest of the years Mazandaran had better organizational health status than the other two provinces. The higher
organizational health in Golestan was due to the higher value of different indicators such as dryland cropping
intensity, dryland area/irrigated land area, application of chemical fertilizers and application of chemical
pesticides.

Conclusion: Based on the results during the years of study, the total agroecosystem health in Mazandaran was
higher than in the two other provinces. Golestan ranked second and Gilan third. The structural and organizational
health of agroecosystems in Mazandaran had a more effective role in its higher health. Agroecosystems of Gilan
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were weakest in all three criteria. In Golestan, the organizational health of agroecosystems was better than
functional and structural health.

Keywords: Structural health, Organizational health, Functional health, Sustainable agriculture.
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