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Abstract

Given the scarcity of water and the contamination of water resources in most
countries of the world and Iran, and considering that the largest consumer of water
in Iran is the agricultural sector, water resources management is of particular
importance in this area. The purpose of this research is to optimize crop
cultivation and maximize green water use and conservation of water resources in
Golestan province in north of Iran, using virtual water trade approach. The
purpose of this research is to investigate the virtual water values of 22 products
in 7 categories including Cereals, Industrial products, Beans, Vegetable,
Cucurbits, Feed plants and Rice for the 13 major county of Golestan province for
the period of 2008-2016. Also, the priority of cultivating agricultural products has
been ranked based on its virtual water values. The results showed, the largest
cultivated area of crops in Golestan province is related to the cultivation of
cereals, amounting to 425,925 hectares. The lowest amount of virtual water in
different cities of the province was related to vegetables and cucurbits products.
Also, the results showed that the export and import of agricultural products are
currently not done properly and Golestan province, despite facing the problem of
water shortage, exports 396 million cubic meters of virtual water per year on
average, most of which is the result of it is one of the exports of cereals and rice
products. The ranking of the cultivation pattern of agricultural products from the
point of view of virtual water also showed that in this province, cucurbits and
vegetables are the first priority for cultivation in all cities, and crops such as
cereals and rice are the last priority for cultivation.
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1. Introduction

Iran is facing a risk of water shortage in the coming years due to its location in arid and semi-arid
climates as well as the growing growth of water consumption. Therefore, to deal with it, we must be
more sensitive to the types of water consumption. Since about 90% of Iran's water resources are
consumed in the agricultural sector, so the agricultural sector is a major consumer of water resources in
this country. Therefore, irrigation plays a vital role in Iranian agriculture and food production. Due to
the limited water resources available in the agricultural sector, water is considered as an economical
and scarce commaodity that water consumption planning should be done with the same attitude. The
purpose of this study is to investigate the spatial amounts of virtual water of 22 products in seven major
agricultural products in 13 major cities of Golestan province and to study its virtual water flow for an
average of 9 years from 2008 to 2016.

Introduction, Introduction, Introduction,
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2. Materials and Methods

The data of this research requirement were collected in the period 2007-2015. In this research, virtual
water of 13 big cities of Golestan province including cities: Bandar-turkmen, Ag Qala, Gorgan, Gonbad
kavous, Aliabad, Gomishan, Maraveh- tappeh, Kordkoy, Azadshahr, Bandar-Gaz, Ramian Kalaleh and
Minoodasht-Galikesh. In this study, the cultivated area of Minoodasht and Galikesh cities was
considered as Minoodasht. The crop water demand (CWD) blue virtual water (BVW), green virtual
water (GVW), and total virtual water (TVW) of 21 agricultural products were calculated in 7 categories
including Cereals, Industrial products, Beans, Vegetable, Cucurbits, Feed plants and Rice for the 13
major county of Golestan province for the period of 2008-2016. The required information and data have
been collected from the provincial meteorological organization, which includes monthly information
on minimum temperature, maximum temperature, average rainfall, wind speed, sunshine hours and
relative humidity. The data required to calculate the virtual water of agricultural products, including the
area under cultivation (hectare), crop yield (rainfed or irrigated) kg / ha, production area (tons) and
crops grown in the year in question from the Jihad Agriculture Organization and Regional waters of the
province have been collected.

3.  Results
In this section, first, the average water demand of agricultural products for each city is shown. The water

requirement of agricultural products that are in seven classes for selected cities in the period of 2006 to
2015 with an average of 9 years, in this study has been calculated using Crop-watt software. According
to the results, it has been determined that rice has the highest water requirement among the products.
Also, the highest amount of it in Maraveh - tappeh with the amount of 638.36 cubic meters per hectare
and then the cities of Kalaleh, Gonbad, Aqg Qala and Gomishan have a high water requirement. And
cities in the southern half of the province such as Aliabad, Gorgan and Kordkoy have lower water
requirements. Also, legumes and Vegetable have the lowest water requirement among cultivated crops.
The highest area of rice cultivation is in Aliabad and the lowest is in Bandar - turkmen, Gomishan and
Maraveh Tappeh. The highest area under cereals cultivation is seen in Gonbad and Ag Qala and the
lowest in Gomishan and Bandar-Turkmen. Gorgan also had the highest area under cultivation of
vegetables and Gomishan, Bandar--turkmen and Maraveh -tappeh had the lowest area under cultivation
of this crop. The highest area under Feed plants is found in Minoodasht and the lowest in Gomishan
and Maraveh -tappeh. Aliabad and Gorgan also have the highest area under cultivation of industrial
crops and Azadshahr, Ramyan, Gomishan and Bandar-turkmen have the lowest area under cultivation
of this crop. Cereals in Aliabad and Azadshahr have the highest area under cultivation of this crop and
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Gomishan, Maraveh Tappeh, Ramyan, Minoodasht and Bandar-turkmen have the lowest area under
cultivation. Cucurbits have the highest area under cultivation in Maraveh-tappeh and the lowest area
under cultivation in Ramyan, Bandar-gaz, Aq Qala, Mobnoodasht and Kordkoy. The largest amount of
virtual water is first related to the rice and then to cereals, industrial products, beens, feed plants,
vegetables and cucurbits, respectively.

4. Discussion and Conclusion

The purpose of this research is to investigate the amount of virtual water of important agricultural
products of Golestan province in order to determine the priority of cultivation of these products from
the point of view of virtual water in different cities of Golestan province, including Bandar _ urkman,
Agh Qola, Gorgan, Gonbad Kavos, Aliabad, Gamishan, Maraveh -tepe, Kordkoi, Azadshahr, Bandar-
gaz, Ramian, Kalaleh and Minodasht-Galiksh. The studied products are divided into seven categories.
The results of this research showed that rice has the highest amount of virtual water with the amount of
virtual water of 1740 cubic meters per ton in Aliabad and Gorgan to 2840 cubic meters per ton in
Marawah -tepe. Also, cereals are in the second place in terms of the amount of virtual water (970 in
Aliabad and Ramyan to 2170 in Marawah -tepe). Also, the largest cultivated area of crops in Golestan
province is related to the cultivation of cereals, amounting to 425,925 hectares. The lowest amount of
virtual water in different cities of the province was related to vegetables and cucurbits products. Also,
the results showed that the export and import of agricultural products are currently not done properly
and Golestan province, despite facing the problem of water shortage, exports 396 million cubic meters
of virtual water per year on average, most of which is the result of it is one of the exports of cereals and
rice products. The ranking of the cultivation pattern of agricultural products from the point of view of
virtual water also showed that in this province, cucurbits and vegetables are the first priority for
cultivation in all cities, and crops such as cereals and rice are the last priority for cultivation.
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