P
¢| Desalination and Water Treatment ololl dyidig 04 lc dieon
www.deswater.com Water Sciences and Technology Association
—\D- v :ja
o doi: 10.5004/dwt.2020.25519 ‘:?% S
ey, < cutin e &
ulf water €°

crop management: Kingdom of Bahrain

Salma Bani

Senior Executive Program Planning, Ministry of Municipality and Urban Planning, Tel. 00-973-39409222;

email: Salmabani@gmail.com

Efficient use of water for food production through sustainable

ABSTRACT

Food production under unfavorable climatic conditions and limited water resources cannot be sus-
tainably practiced unless crop water management techniques are designed to meet the present grow-
ing demands of water for increased food production. Bahrain, severely constrained by limited agricul-
tural resources such as limited water resources, poor and declining quality of the soil, and unfavorable
climate therefore water scarcity will reduce agricultural production and threaten country’s food secu-
rity. The aim of this paper is to analyze the efficient use of water for food production through better
crop management. It focuses on the water use efficiency and water productivity of agricultural sector
in Bahrain. The study provided a comprehensive analysis of the vegetable production activities in
Bahrain and assessed their efficiency in terms of financial and economic profitability, especially their
utilization of the scarce natural resources, water. The analysis conducted for three methods of certain
vegetable production in different farms of vegetable production (traditional, green house and hydro-
ponic methods). The irrigation method adopted under open agriculture is traditional, drip, sprin-
kler and bubbler irrigation while the protected house adopted drip irrigation. Policy analysis matrix
(PAM) has been used in the study to analyze the comparative advantage of 12 crops production sys-
tems under traditional farming and protected and hydroponic farming systems in Bahrain using the

2016/2017 production data.
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1. Introduction

Due to arid climatic conditions natural sources of food
production are limited in Bahrain. High temperatures limit
yields for many stable food crops; soils are fragile and
groundwater which can be renewed inherently scarce and
are among the lowest in the world. Thus, due to shortage of
fresh water, poor soil resources, low rainfall and high evapo-
transpiration in GCC countries constrain local agriculture
production in meeting the food demand of the current and

growing population (Salma Bani 2015). Also, climate change
is likely to tighten these constraints.

Food production under unfavorable climatic conditions
and limited water resources cannot be sustainably practiced
unless crop water management techniques are designed to
meet the present growing demands of water for increased
food production. The deficit between available water and
water demand is growing and expected to increase in the
near future. Water scarcity will reduce agricultural produc-
tion and threaten country’s food security; therefore, the best

Presented at the 13th Gulf Water Conference — Water in the GCC: Challenges and Innovative Solutions. 12-14 March 2019, Kuwait

1944-3994/1944-3986 © 2020 Desalination Publications. All rights reserved.



214 13th Gulf Water Conference Proceedings / Desalination and Water Treatment 176 (2020)

use of water must be made for efficient crop production
and higher yields. The aim of this paper is to analyze the effi-
cient use of water for food production through better crop
management. It focuses on the water use efficiency and water
productivity of agricultural sector in Bahrain. The present
status of agricultural water use will be outlined to point
out the main factors of inefficiency in the use of irrigation
water such as losses in the conveyance of irrigation water;
low efficient on-farm irrigation methods, inefficiency related
to the irrigation systems setup and losses due to inadequate
irrigation practices.

Policy analysis matrix (PAM) has been used in the study
to analyze the comparative advantage of 12 crops produc-
tion systems under traditional farming and protected and
hydroponic farming systems in Bahrain using the 2016/2017
production data. The actual measurement of competitiveness
in this study focuses mainly on private resource cost which
indicates competitiveness under real market conditions and
domestic resource cost (DRC) which gives an assessment
on the social or economic efficiency of an activity, that is,
whether domestic resources are really used efficiently in
current production.

Water productivity will be analyzed from an economic
point of view through a study on economic considerations.
Two scenarios will be elaborated by means of crop water
requirements, costs and income of agricultural production.
Finally, the paper will recommend the cultivation of crops
which have low crop water requirements but have a high
economic return together with an extensive use of treated
sewage water for agriculture.

2. Food production system in Bahrain

Bahrain was one of the richest countries in the Arabian
Gulf even prior to the discovery of oil resources in 1932.
Its’ pearl was the famous and best in the region, an important
agriculture and trading center. However due to urbaniza-
tion and expansion of new towns and communities as well
as industrial sector land consumption which all resulted in
pressure on agriculture in Bahrain. The biggest challenges
Bahrain agriculture facing are limited agricultural lands and
shortage of water resources. The total arable land in Bahrain
is estimated to be 64,000 donum (Agricultural Statistics Year
book 2017), in other words it is about 10% of the total area
which amounts to 622 km? Two thirds of this arable land
is cultivated.

The agriculture products produced locally covers only
12% of total consumption needs. The major crops grown
are dates and fruit trees with a yield of 7.5 tons ha”, vege-
tables, mainly tomatoes, with a yield of 11.7 tons ha™, and
fodder crops, mainly alfalfa, with a relatively high yield of
74.5 tons ha™'. The alfalfa tolerates high salinity and is a cash
crop grown all year round with high local demand. However,
because of the very high irrigation water requirements of
alfalfa, it is expected that this trend will have negative impli-
cations for the country’s groundwater resources.

Tolner (2013) comprehensively described various aspects
of Bahrain. According to him, the limited arable lands, sandy
texture and associated high infiltration rate, low organic
matter (0.05%-1.5%), low inherent soil fertility, low water
and nutrient holding capacity, limited good quality water

has resulted into focused low agricultural activities in
Bahrain. Agriculture is mainly focused along the north-west-
ern coast of Bahrain Island. Irrigated agricultural farms
present soil salinity within a range of 4-12 dS m™, while
in the areas of recently abandoned agriculture (1,065 ha) it
could reach 60 dS m™. Tolner (2013) also expressed declin-
ing of agricultural lands between 1956 and 1977 from about
6,460 ha (with 3,230 ha cultivated) to about 4,100 ha (with
1,750 ha cultivated). This decrease was attributed mainly
to urban expansion, waterlogging and soil salinization due
to deterioration of the quality of the groundwater used in
irrigation. In an attempt to reverse the situation, the govern-
ment initiated a major agricultural development program in
the early 1980s represented by (1) the replacement of sur-
face irrigation methods with micro-irrigation (more water
efficient) by subsidizing more than 50% of the cost of their
implementation, (2) the construction of major drainage sys-
tems to alleviate waterlogging and salt accumulation, (3)
the provision of agricultural extension services in terms of
educating and advising farmers on types of crops suitable
for agriculture under prevailing conditions, (4) the intro-
duction of TSE water in irrigation and, (5) the reclamation
of new agricultural lands (Tolner 2013). This resulted in a
gradual increase and restoration of agricultural lands to
about 4,230 ha, with 3,165 ha irrigated at present, all power
irrigated. These 4,230 ha can also be considered as the irri-
gation potential, should there be an increasing future use of
nonconventional water sources, in addition to groundwater.
The quantity of groundwater available in the future for agri-
culture is difficult to estimate since groundwater quality, and
hence its availability for irrigation, changes with time. The
small size of agricultural landholdings, ranging between 0.5
and 10 ha with an average of 2.5 ha and the fragmentation of
the agricultural land.

2.1. Soil, water and land resources
2.1.1. Soil resource

The soils of Bahrain are mostly moderate to shallow
in depth. The topsoil texture ranges from sand to loamy
sand whereas it subsoils texture varies from loamy sand to
sandy loam. The water holding capacity is very low and the
available moisture is about 2%—6%. Infiltration rates are very
high, above 120 mm/h. Most of the cultivated land became
saline, mainly due to heavy applications of saline water
during irrigation.

2.1.2. Water resource

The demand for water in Bahrain comes from domestic,
agricultural and industrial sectors. The water demands in
Bahrain are met through groundwater desalinated water and
treated sewage effluent. About 70% of the total water demand
is met by the island’s groundwater resources. Bahrain being
an arid to extremely arid climate, due to which recharge of
aquifer is very slow or not at all. Groundwater has become
less accessible and less acceptable environmentally; there-
fore, sufficient availability and adequate water quality are of
crucial importance for sustainable development and protec-
tion of the environment. The question, however, is pertinent
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that can we increase water productivity and ensure enough
water for sustaining the resource base for food production?

2.1.3. Agricultural land

Bahrain, severely constrained by limited agricultural
resources such as limited water resources, poor and declin-
ing quality of the soil, and unfavorable climate. Also, due
to urbanization and expansion of new towns and commu-
nities as well as industrial sector land consumption which
all resulted in pressure on agriculture in Bahrain as result
of which agriculture contributes only 0.4% to Bahrain’s
real GDP.

Agriculture development is concentrated on the north
and northwest coast, as prescribed by soil, and water quality
and availability. In the past, springs located at the contact
of the limestone uplands (Dammam black slope) and the
coastal fringe deposits were used for irrigation on the coastal
lowland soils. These large continuous areas of flat, easily
filled, permeable soils are served by groundwater of mod-
erate quality, and this zone has been intensively cultivated.

2.2. Farming systems for efficient use of natural resources

Bahrain’s agricultural policy reflects overall economic
policy, which emphasizes diversification of the production
base. Bahrain implemented a 2004-2015 plan for sustain-
able agricultural development to improve production and
raise productivity. Development efforts in agriculture have
included the promotion of intensified farming, Government
assists agricultural producers mainly by offering subsidies
for a number of inputs, such as 84% of the cost of machinery
services; 40% of the price of modern irrigation equipments;
and 50% of the price of pesticides; 40 percent of the price of
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Diagram 2:1 Bahrain Agricultural Land Use

Source: Agricultural Engineering & Water Resources Directorate.
Ministry of Municipal Affairs & Urban Planning Agriculture Affairs,
Kingdom of Bahrain.

plastic sheet; 50% of the price of veterinary drugs and animal
vaccines; and 5% of the price of local poultry meat. Loans are
also provided to farmers intending to launch programmes to
protect date palms, and other farming activities.

Water is given high priority among other national prior-
ity issues in Bahrain due to the limited freshwater resources
and escalating water demand. The highest consumption of
abstract ground water is by agriculture sector at estimated
rate of 66% as a whole. Committee for the protection of fresh-
water resources was formed with four main tasks: defining
and evaluating freshwater resources; protecting freshwa-
ter quality, ecosystems and preventing groundwater pol-
lution; integrating development and management of water
resources; and, studying climate change effects on water
resources. Bahrain has ratified the Convention on Wetlands
of International Importance as Waterfowl Habitats (Ramsar
Convention). To sustain water, two guiding principles have
been followed to manage water more effectively in agri-
culture. The first approach dealt with the issue of reducing
groundwater abstraction, while the second concentrated
on finding alternative irrigation water for agriculture and
ever-growing landscape projects. A number of actions have
been worked on to reach these two objectives, including:
enacting and strictly enforcing laws to reduce groundwater
abstraction; increasing water use efficiency in agriculture;
improving irrigation methods (modern irrigation techniques
75% of agricultural area is under flood irrigation); replacing
high-irrigation requirement crops with others of less water
demand; introducing tariffs for using groundwater; and
using treated sewage effluent. Management of water used,
agriculture under greenhouse was introduced in 1976 with
the aim of increasing production and achieving a higher
level of self-sufficiency in various agricultural products,
particularly high-quality fresh vegetables crops. The main
greenhouse crops produced are tomato, cucumber, pepper,
squash, eggplant, lettuce, strawberry, bean and cauliflowers.
However, new policies and institutions are needed for imple-
menting a sound water use development program under
these conditions.

Field crop production in Bahrain is diverse. There are
three systems of producing a wide variety of fresh vegeta-
bles. The three systems of vegetable production are tradi-
tional agriculture, protected agriculture, and hydroponic
system. Protected agriculture was introduced in Bahrain in
1976, and significant changes in the total area of greenhouse
vegetable production have occurred. The total area under
cultivation was 59.46 ha in 1996. An increasing number of
farmers are now attracted to this new system of intensified
cropping. Other investors with capital and land are also
becoming interested.

Water scarcity in the region has been an issue for a
long time, given the current trends of unsustainable water
withdrawals, population increase and degradation of land
resources. Bahrain being an arid to extremely arid climate
as a result of which natural sources of water in Bahrain is
limited to groundwater which can be renewed either very
slowly or not at all. Groundwater has become less accessi-
ble and less acceptable environmentally; therefore, suffi-
cient availability and adequate water quality are of crucial
importance for sustainable development and protection of
the environment. The question, however, is can we increase
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Traditional irrigation
systems

water productivity and ensure enough water for sustaining
the resource base for food production?

Unfortunately, due to lack of rain, agriculture is irrigated
and mainly depends on ground water, therefore, the agri-
culture sector is the main groundwater consumer and con-
sumes about 80% of the groundwater abstracted. The irriga-
tion method adopted under open agriculture is traditional,
drip, sprinkler and bubbler irrigation while the protected
house adopted drip irrigation. Water scarcity will reduce
agricultural production and threaten country’s food security.
Therefore, strategies to optimize water use in agriculture
under conditions of scarcity need be developed to maximize
return per unit of water instead of per unit of land and to
improve local livelihoods.

The need to reduce groundwater abstractions has
prompted the Government to consider the use of treated
sewage effluent as an additional source of water for agricul-
tural purposes. However, it is not utilized to its full capac-
ity, and only 20% of the treated effluent is used, mainly on
experimental farms, landscaping and certain industrial uses.
Bahrain being an arid to extremely arid climate, due to which
recharge of aquifer is very slow or not at all. Groundwater
has become less accessible and less acceptable environmen-
tally; therefore, sufficient availability and adequate water
quality are of crucial importance for sustainable develop-
ment and protection of the environment. The question, how-
ever, is pertinent that can we increase water productivity
and ensure enough water for sustaining the resource base
for food production?

The water withdrawal and use and their percentages
for the year 2017 (the latest figures) are as follows:

Drip irrigation
systems

Modern irrigation

hydroponic

Items Quantity Percentage

(Mm?) (%)
Gross total water withdrawal/ 437.1
production and use
Minus losses during transport 5.1
Net total water withdrawal/ 432.0 100
production and use
Of which from:
* Renewable groundwater 103.8 24
¢ Non-renewable groundwater 54.6 12.6
* Desalinated water 234.1 54.2
e Treated wastewater 39.5 9.2
Of which used by:
¢ Agriculture 143.0 33.1
* Municipal 258.4 59.8
* Industrial 30.6 7.1

Note: Wastewater from urban wastewater is excluded.

Source: Agricultural Engineering & Water Resources Directorate.
Ministry of Municipal Affairs & Urban Planning Agriculture Affairs,
Kingdom of Bahrain.

I asked a question in my previous email but you did
not answer it. We were using the term exploitable before
for certain reasons. The best is to use water withdrawal/
production and use format to make things comparable with
our database and international requirements. The water



13th Gulf Water Conference Proceedings / Desalination and Water Treatment 176 (2020) 217

withdrawal and use and their percentages for the year 2017
(the latest figures) are as follows:

3. Problem identification

Due to arid climatic conditions natural sources of water
in Bahrain are limited to groundwater. Water scarcity will
reduce agricultural production and threaten country’s food
security. Agriculture in the Kingdom of Bahrain witnessed in
recent years many obstacles that affected its role in the devel-
opment process and achieving food security in the country.
Agricultural products produced locally cover only 12% of
total consumption needs. The value of agricultural output is
16.2 million dinars at a contribution rate of 23% of the GDP,
and the value of food imports amounted to more than 202
million Bahraini dinars, and the deficit of the balance of com-
modity trade in the Kingdom of Bahrain up to the borders
of almost 173 million dinars. Therefore, with the world fac-
ing perfect storm of food scarcity, Bahrain needs to focus on
lowering its food imports and increasing agricultural pro-
duction to boost the contribution of agricultural sector to its
gross domestic product. However, food production under
unfavorable climatic conditions and limited water resources
cannot be sustainably practiced unless crop water manage-
ment techniques are designed to meet the present growing
demands of water for increased food production. The deficit
between available water and water demand is growing and
expected to increase in the near future. The best use of water
must be made for efficient crop production and higher yields.

4. Methodology

The aim of this paper is to analyze the efficient use of
water for food production through better crop management.
It focuses on the water use efficiency and water productivity
of agricultural sector in Bahrain. The study provided a com-
prehensive analysis of the vegetable production activities in
Bahrain and assessed their efficiency in terms of financial
and economic profitability. Especially their utilization of
the scarce natural resources, which is water in particular.
The analysis conducted for three methods of certain vege-
table production in different farms of vegetable production
(traditional, green house and hydroponic methods). The
irrigation method adopted under open agriculture is tradi-
tional, drip, sprinkler and bubbler irrigation while the pro-
tected house adopted drip irrigation. This paper employs
the concept of comparative advantage of international trade
theory to analyse the competitiveness of Bahrain vegetable
production. In order to do this analyses, we will construct
a modified PAM for the selected vegetable major compet-
itive crops (cucumber, tomato, lettuce) in three produc-
tion systems. The PAM framework and its modifications
are discussed and applied in Monke and Pearson (1989),
Monke et al.,, Yao and Tinprapha, and Yao. The framework
will be adapted to the specific conditions of Bahrain and
changed to incorporate aspects that are different from PAM
approach.

4.1. Policy analysis matrix structure

The policy analysis matrix is a product of two account-
ing identities, one; defining profitability as the difference

between revenues and costs and the other measuring the
effects of divergences (distorting policies and market fail-
ures) as the difference between observed parameters and
parameters that would exist if the divergences were removed.
By filling in the elements of the PAM for an agricultural sys-
tem, an analyst could measure both the extent of transfers
occasioned by the set of policies acting on the system and
the inherent economic efficiency of the system. Profits are
defined as the difference between total (or per unit) sales
revenues and costs of production. This definition gener-
ates the first identity of the accounting matrix. In the PAM,
profitability is measured horizontally, across the columns
of the matrix, as demonstrated in Table (4.1), Profits, shown
in the right hand column, are found by the subtraction of
costs, given in the two middle columns, from revenues, indi-
cated in the left-hand column. Each of the column entries
is thus a component of the profits identity-revenues less
costs equals’ profits. Each PAM contains two cost columns,
one for tradable inputs and the other for domestic factors.
Intermediate inputs-including fertilizer, pesticides, purchased
seeds, compound feeds, transportation and fuel are divided
into their tradable-input and domestic factor components.
This process of disaggregation of intermediate goods or
services separates intermediate costs into four categories —
tradable inputs, domestic factors, transfers (taxes or subsi-
dies that are set aside in social evaluations) and non-tradable
inputs (which themselves have to be further disaggregated
so that ultimately all component costs are classified as tradable
inputs, domestic factors or transfers).

As shown in the Table (4.1), Monke and Pearson arranged
the data in three rows; the first row for the private prices,
the second row for social prices and the third row for the
transfers, which are the difference between profits measured
at private prices and those measured at social prices. This
difference is also referred to as the effects of government
intervention or divergences.

whereas: -

A =total revenue in private price (market prevailing price)

B = cost of tradable inputs in private price

C = cost of domestic factors in private price

D = private profit

E =total revenues in social price (price which are adjusted
for government intervention)

F = cost of tradable inputs in social prices

G = cost of domestic factors in social prices

H = social profits

Table (4.1): the policy analysis matrix

Revenues  Costs Profit
Tradable = Domestic
inputs factors
Private prices A B C D
Social prices E F G H
Divergences I J K L

Source: Erik and Pearson (1989).
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The matrix is thus made up by the following identities: -

Private or financial profit (D) D=A-B-C
Social profit (H) H=E-F-G
International value added (IVA) E-F=H+G
Output transfers D), 1=A-E

Input transfers M, J=B-F

Factors transfers (K), K=C-G

Net transfers (L), L=D-H=IJ-K

5. Findings/results

The study provided a comprehensive analysis of the
vegetable production activities in Bahrain and assessed their
efficiency in terms of financial and economic profitability.
Especially their utilization of the scarce natural resources,
which is water. The analysis conducted for three methods of
certain vegetable production in different farms of vegetable
production (traditional, green house and hydroponic meth-
ods). The irrigation method adopted under open agriculture
is traditional, drip, sprinkler and bubbler irrigation while the
protected house adopted drip irrigation. The activities that
appear to have the best comparative advantage (i.e., lowest
DRC values) are the greenhouse production of cucumbers
and tomatoes (0.45 and 0.48, respectively). However, the
production of vegetables under traditional irrigation sys-
tems did not show a very clear comparative advantage, with
possible exception of green onions (DRC = 0.53). Therefore,
result of the study shows that the green house and hydro-
ponic methods outperformed the traditional method.

Figs. 1-3 show that the green house and hydroponic
methods outperformed the traditional method. There is
huge potential for increase in vegetable production by using
non-traditional method of production. The expansion of veg-
etable production by non-traditional methods of production
may lead to reduction of the import of fresh vegetables to
zero. Accordingly, yes, for increasing the vegetable produc-
tion by non-traditional method.

The best use of water must be made for efficient crop
production and higher yields. Bahrain’s local vegetable

Table 5.1
Cash flow statement (costs and revenue) of the three methods of
tomato production.

Cash Flow of the three methods of
Tomato Production
A5 -
40000
m Total cost of
35000 3
30000 production per 1000m
250040 B Gross Income (total
20046} sales) per 1000m
1ml]l]|]|] @ Net income
15m (profit)/100m
0 - — ] |

Tradiional Green House Hydroponic

method of method method

production

Source: different farms detailed cash flow statement (costs and reve-
nue) of the three methods of lettuces production.

Table 5.2
Cash flow statement (costs and revenue) of the three methods of
cucumber production.

Cash Flow of the three methods of Cucumber
Production
16000
14000
12000
10000 | Total cost
8000 —— @ Gross Income
6000 — O Net income
4000
o == = :
Traditional Green House Hydroponic
method of method method
production

Source: different farms detailed cash flow statement (costs and
revenue) of the three methods of cucumber production.

Table 5.3
Cash flow statement (costs and revenue) of the three methods of
lettuce production:

Cash Flow of the three methods of lettuce
Production
25000
20000
15000 | Total cost
B Gross Income
10000 O Net income
5000
S S N o M

Traditional Green House Hydroponic

method of method method

production

Source: different farms detailed cash flow statement (costs and
revenue) of the three methods of lettuces production.

production can be increased by promoting vertical intensi-
fying faming. Accordingly, in order to reduce ground water
over pumping, total agricultural water use should be reduced
by 50% and applying water tariff of 15fils/CM. The applica-
tion of water tariff has very slight effect on the net profit and
it increases significantly the returns to water which gives a
good signal of financial and economic viability of such policy
option.

6. Conclusions and recommendations

The agricultural sector of Bahrain is facing many chal-
lenges including the inadequacy of water resources neces-
sary for production process and the dependability of the
cultivated space. Also, the effect of climate change wors-
ens the challenges of dry areas which are characterized by
acute water scarcity and land degradation. Since, climatic
challenges impose constraints on sustainable agricultural
development, greater emphasis is needed to safeguard nat-
ural resources and agro-ecological practices. Also, for food
security purpose, there is an urgent need for adapting sus-
tainable and economically viable crop production system
to enhance production efficiency, productivity and quality.
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In spite of these challenges, advances in science and technol-
ogy, and closer cooperation and partnerships with between
various organizations provide numerous opportunities.
Increased agricultural production through vertical expan-
sion by supporting infrastructure needed for developing
and facilitating utilization of modern techniques that will
contribute to raising productivity and increased self-reli-
ance in some food commodities.
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