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Abstract

Introduction: In this study, the cultivation pattern in Kerman
province and Ghaleh-Ganj County is compared. While considering
production of crops, the results of this study is adjusted in order to
prevent the export of virtual water by decreasing the cultivation of
low yield and water intensive crops in the county. A comparison
between the main crops of Ghaleh-Ganj and Kerman province, based
on cultivation area, production and the calculation of crop yield, blue
and green virtual water, and water dependency index are presented.
Methods: The Water Dependency Index (WD) is an index that reflects
an area's dependence on external water resources. The Water Self
Sufficiency Index (WSS) shows the ability of an area to supply the
water needed to produce goods and services from domestic water
sources.

Findings: Among the studied crops, wheat has the highest area of
¢ cultivation in Kerman province (90,145 hectares) and Ghaleh-Ganj
DOI: : (15,159 hectares). The lowest areas of cultivation in Ghaleh-Ganj
10.30495/wej.2021.23812.2222 : belong to potato (95 hectares) and onion (134 hectares). Potato yield
in Ghaleh-Ganj is 41 tons per hectare and its virtual water content is
0.321 cubic meters per kilogram, which has the lowest virtual water
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content among these products after onion. It is recommended to
increase onion and potato cultivation in Ghaleh-Ganj and to limit the
development of water intensive crops. Increase in Alfalfa cultivation
is also recommended.
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Introduction

In this article, the cultivation pattern in
Kerman Province and Ghaleh-Ganj County is
compared. While considering the area under
cultivation, production and yield calculation,
virtual blue and green water and water
dependence index in the main products of
Ghaleh-Ganj have been studied and
compared with similar products in Kerman
Province.

Water is of special importance as a socio-
economic commodity and the increasing
need for water in all aspects of human life
has made water available to communities as
a valuable and scarce commodity. This is
especially evident in areas with arid and
semi-arid climates that have more limited
renewable water resources and necessitates
the management of water resources with a
comprehensive and accurate approach.

The study of the agricultural activities in
developing countries of the Middle East
shows that despite the potential to increase
the production of agricultural products, due
to the lack of proper management system,
the possibility of optimal use of available
water and soil resources has not been
possible. In this regard, it is necessary to
study the strategies of optimal use of water
by reviewing the allocation of water
resources and its management.

Therefore, identifying the water demand
and the actual amount of water consumed by
agricultural products is essential, in order to
attain the sustainable management of water
resources and achieving water balance in
accordance with available resources.
However, the amount of basic water
consumption of each product is affected by
the climatic condition, production and
consumption patterns, agricultural
operations and water use efficiency. Thus,
there is a need for an index that can be used
to assess the real water requirement of each
product.

In order to show the effect of consumption
patterns on natural resources, the concept of
water footprint can be used. Water footprint
is the total volume of water used in the

production of consumer goods and services
for the inhabitants of that community. As a
result, after calculating the water footprint
index and estimating the volume of water
consumed and considering the capacity of
the region, solutions can be provided for the
sustainable use of water resources in that
region.

Accordingly, while paying attention to the
cultivation of agricultural products, efforts
have been made to prevent the export of
virtual water by not cultivating low-
efficiency and water demanding products.

Methods

To calculate the amount of water required
to produce agricultural products, the
following equation is used:

SWD, = CZ"YP c (1)

Where SWD is the amount of water required
(cubic meters per ton) to produce c, CWP is
the amount of water required per product
(cubic meters per hectare) and CY is the
yield of production (tons per hectare). After
calculating the virtual water content of
agricultural products, by calculating the
amount of export and import of agricultural
products of each county, the amount of
export or import of virtual water and net
import of virtual water of the county will be
calculated.

In this research, water requirement has been
extracted from NETWAT software. This
software calculates the net water needs of
horticultural and agricultural plants.

After calculating the blue water and green
water requirements of each crop, the
content of blue and green virtual water of
agricultural products can be calculated. The
green water requirement of product CWg
and the blue water requirement of product
CWs is equal to:

CWs = 10 X.Zﬂ:l(ETGreen) (2)
ETGreen = min( ET, 'Peff) (3)
CWp = 10 X Zgzl(ETBlue) (4)
ETgpye = min(0,ET, — Peff) (5)
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The Water Dependency Index (WD) is an
index that reflects an area's dependence on
external water resources (through virtual
water imports):

NVWI
WD — {m x 100 NVWI >0

0 NVWI <0
(6)
The Water Self Sufficiency Index (WSS) is
defined as:

WSS =100 - WD (7)
This relationship is the opposite of the water
dependency index and shows the ability of
an area to supply the water needed to
produce goods and services from domestic
water sources. If the water self-sufficiency
index is close to zero, then an area relies
heavily on virtual water imports.

Findings

According to the proposed relationships,
cultivation yield, amount of virtual water,
share of blue and green virtual water, water
footprint and productivity of different crops
in Ghaleh-Ganj County in a period of 6 years
from 2011 to 2016 are calculated.

The highest area of cultivation and the most
produced crop in Ghaleh-Ganj County is
wheat with 38,913 tons and alfalfa with
102,744 tons, respectively. While the lowest
area of cultivation and the least crop
produced in Ghaleh-Ganj County are for
potato with 95 hectares and 3,908 tons,
respectively. In this County, the highest yield
are for three crops, namely: onion, potato
and watermelon. According to the index of
water dependence and considering the main
crops produced in Ghaleh-Ganj, the net
virtual water is being exported.

Wheat in Ghaleh-Ganj County covers about
one sixth of the total area under wheat
cultivation in Kerman province. The highest
annual production in Ghaleh-Ganj is alfalfa
with more than 102 thousand tons. But in
Kerman Province, watermelon is the highest
with more than 720 thousand tons of crop
product. The water dependence of these
agricultural products indicates that virtual
water is being exported from the Province.

Discussion

In this paper, virtual water index as a main
parameter in selecting the cultivation
pattern in major crops is compared and
based on that, the crop productions are
prioritized. Among the studied crops, wheat
has the highest area under cultivation in
Kerman province (90,145 hectares) and
Ghaleh-Ganj County (15, 159 hectares). But
the yield of wheat in Kerman province is
more than 1.3 times its yield in Ghaleh-Gan,;.
Therefore, wheat production in Ghaleh-Ganj
is in excess of domestic consumption, and
wheat cultivation in other areas of the
province will have a greater advantage.
Unlike virtual water, the amount of green
virtual water in all crops studied in Kerman
province (except potato) is less than in
Ghaleh-Ganj County, which shows the effect
of heat, evaporation and soil dryness and the
need for more periodic irrigation. Anyhow, it
is observed that the Ghaleh-Ganj has little
potential in the use of green water.

Conclusion

The crop yield of potato in Ghaleh-Ganj
County is 41 tons per hectare and its virtual
water content is 0.321 cubic meters per
kilogram. Thus, for every 321 liters of water,
one kilogram of potato is obtained. Potato
has the lowest virtual water content among
the products of Ghaleh-Ganj after onion.
Based on this research, it is suggested that
the cultivation of products such as potato
and onion be promoted due to its superior
advantage over Kerman province and the
cultivation of products such as watermelon
be limited. Alfalfa cultivation can be justified
according to its yield (32.70 tons per hectare
in the County and 10.59 tons in the
Province). This recommendation aims to
reduce the pressure on the water resources
of the County, although other alternative
products such as sesame or greenhouse
cultivation could also be proposed.
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