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The National Field Research Centre for Environmental Conservation

The National Field Research Centre for Environmental Conservation was established in 2009. It
aims to contribute to the conservation of Oman’s precious natural heritage by strengthening the
vital role of field studies. Field work programmes are ongoing around the Sultanate, including
on the falaj in Luzugh, near Sumail. The falaj was chosen for field research because it represents
hundreds of aflaj across Oman: neither especially large, nor very small. The falaj is still important
to the local community, but it is facing problems. Originally a small village, Luzugh has grown
rapidly in recent years and life for its residents has changed dramatically.

In 2005, in anticipation of the listing of Oman’s aflaj as Unesco World Heritage sites, His Majesty
Sultan Qaboos said:

“The falaj is a unique and important water source that has made a major contribution
to Omani society throughout its history. Not only is it regarded as one of the most his-
torical sites in Oman, but it represents the ability of Omanis to build civilisations in the
face of severe challenges and, at the same time, enrich the world’s heritage through
their intellectual and creative endeavours.”

If the Sultanate’s aflaj are to have a future it is vital that younger generations, who are no longer
dependent on the falaj in the way their grandparents were, understand and appreciate the way
the systems work.

This book on the changing environment of Oman’s aflaj is an important outcome of the col-
laboration between the National Field Research Centre for Environmental Conservation and the
Earthwatch Institute in Oxford. My thanks go to all those involved in the research and writing
of this book. We hope it will encourage those living in aflaj communities to take steps to ensure
their long term future.

Dr Saif bin Rashid al Shagsi
Chief Executive Officer
National Field Research Centre
for Environmental Conservation
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Freshwater ecosystems, particularly the aflaj system, are under multiple ecological and economic pressures, due to

the economic boom and rapid rural-to-urban transition in the Sultanate of Oman since the 1970s. This has led to a
decline in the flow of aflaj; many have stopped flowing with significantly disrupting of the social and environmental
system. Despite many previous studies on aflaj, few addressed the economic and social and there are no studies on
aflaj biodiversity.

Afaj are home to a diverse range plants and animals that depend directly or indirectly on the water; and this includes
crops, domestic animals, wild animals and plants, migratory birds, insects, freshwater fishes and herbs. Document-
ing the biodiversity of aflaj is of paramount national importance and the first step towards sustainable conservation.

The National Centre for Field Research and Environmental Conservation, in collaboration with Earth watch, has
sought to reveal the ecological and social significance of aflaj systems and underscore their economic returns by
studying one of the da’udi falajs. Falaj Luzugh in Wilayat Samail was selected for study after making sure it met the
study criteria. This book highlights some aspects that were covered by the study, including aflaj biodiversity, social
system, the right of access to aflaj water, water management and distribution, indigenous crops grown with aflaj
water and the challenges threatening the sustainability of aflaj.

In the past, aflaj contributed greatly to the income of both individuals and community at large. However, aflaj are no
longer economic due to rapid industrial development and improvement of living standards. This situation threatens
the sustainability and very existence of aflaj; this prompted the idea to enhance aflaj’s economic vitality. To achieve
this, three experimental projects were implemented in Falaj Luzugh, Solar energy was need to operate a trickle irri-
gation system in one of the farms irrigated by falaj water, thus achieving the optimal use of water share by irrigating
a larger area with affordable energy. The second project was to develop leakage-proof water gates for the main
channels. The third was to install an aquaponics unit to grow fishe and seasonal organic vegetables.

We hope these efforts will bear fruit so that the technology can be copied in other aflaj in the Sultanate of Oman.

Khalid bin Hilal Al Busaidi
Minister of Diwan Of Royal Court
Chairman of the Board of Directors of
the National Field Research Centre for
Environmental Conservation
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A note on Arabic words

This book is intended for the general reader; scientific terms have been avoided where possible. In
the English text, a small number of the many Arabic terms relating to aflaj have been used. Definitions

of these are given below.

Arabic terms used in the text

aflaj
athar
‘ayni falaj
badda

bayt al mal
dawran
da‘udi falaj
falaj

ghayli falaj
shari‘a
wadi

wakil

plural of falaj, a gravity-fed water distribution system
falaj time share of approximately half an hour
falaj fed by a spring (‘ayn means spring)

a term used for both a set of water shares, and a period of the day in which the shares
can be used (usually, but not always, half a day, or 24 athars)

government-owned water share (literally ‘House of Treasure’)

falaj irrigation cycle

falaj fed by groundwater from a motherwell (also known as ‘iddi falaj)
singular of aflaj, a gravity-fed water distribution system

falaj fed by wadi baseflow

drinking-water collection point

valley or water course in an arid area (usually dry)

senior falaj official

Image credits:

Photography: All photographs by Badr al Lawati, except for the following: John Cody (page 50);
Ruth Kamnitzer (pages 44-46, apart from carmine darter on page 45, 53 top); Rebecca Ridley (pag-
es 17,18, 18, 24, 41, 43, 46 bottom right, 54); Arvind Venkat (page 51)

lllustrations: Jake Tyas (pages 10-14)



Introduction

Water: Oman’s most precious resource

Oman is one of the driest countries in the world.
About 100mm of rain falls a year on average across
the Sultanate; some countries get more than 25
times this amount. When rain does fall, the water
quickly evaporates because of high temperatures,
so surface water is rare. And yet for thousands of
years, throughout northern Oman’s Al Hajar moun-
tains and on the nearby plains, people have lived in
villages or towns. These self-sufficient communi-
ties, each with its own date palm gardens, were
made possible by the building of remarkable wa-
ter supply systems: Oman’s aflaj.

Sustainable water use

Aflaj are channels which transfer water by gravity
from a source to an area, sometimes several kilome-
tres away, where there is land suitable for farming
and settlement. Of the many lessons we can learn
from aflaj, the most important is that they use water
sustainably. In contrast, in many parts of Oman, wa-
ter is being pumped out of wells much faster than
it can be replaced by rainfall, causing groundwater
levels to fall. The building and management of aflaj
need an understanding of hydrology, engineering,
astronomy, and law. But just as important, they show
what can be achieved when people work together
for the good of the community.



A rapidly changing world

Since oil exports began 50 years ago the Sultanate
has undergone a remarkable transformation. Pro-
ducing enough food is no longer essential for a
community’s survival; many Omanis are employed
or run businesses. Water is now readily available
thanks to pumps, drilling rigs, desalination plants,
and piped water networks. These changes have
had a real impact on Oman’s aflaj and created
many challenges. Despite this, falaj (singular of af-
laj) systems still play a very important role. Nearly
90% of groundwater used in Oman is for farming;
aflaj deliver over a third of this. And farming needs
to be profitable; oil and gas will not last forever.
Aflaj need to develop and adapt if they are to

remain a living example of Oman’s rich heritage.

The following chapters explain how aflaj through-
out northern Oman were traditionally organised
and managed. They also look at how aflaj have
changed and adapted over the past 50 years and
the challenges they now face, using the example
of Falaj Luzugh. Luzugh is 50 kilometres south
east of Muscat in the district of Samail. The final
chapter looks at three pilot projects being run in
Luzugh, which could help Oman’s aflaj have a long
term future.

Oman’s aflaj in numbers

/3
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1,000
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Animal fodder
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An ancient system: the origin of Oman’s aflaj

The legend of Oman’s aflaj

According to local legend, Prophet Suleiman bin Daudi (King Solomon) visited Salut in Oman
for ten days. Because the land was so dry he ordered demons to build 1,000 aflaj a day for 10

days. Some aflaj in Oman are known as da‘udi aflaj because of this legend.

A 3,000 year old system

Irrigation systems like Oman’s da‘udi aflaj are found in dry countries around the world from
Chile to Japan. There are many theories about when and where the first of these systems were
built. It was previously thought that da‘udi aflaj were introduced to Oman about 2,500 years
ago from Persia, where they are known as qanat. However archaeologists working near Salut in
Oman’s Wadi Bahla have now discovered evidence of ancient aflaj systems in use 3,000 years
ago, 500 years before this. The Prophet Suleiman is thought to have lived around this time. Like
many legends, there appear to be elements of truth in the story. The debate about the origins
of aflaj continues.

Many aflaj were rebuilt during the second half of the 15th century when Oman was ruled by
the Yaruba Imams. But many systems have also been abandoned because of damage or falling

water levels. More than 1,000 disused aflaj have been recorded.

The origin of Falaj Luzugh

According to local tradition, Falaj Luzugh was built about 300 years ago by the Al Huseini, Al
Nadabi and Al Hadhrami families. This was during the Yaruba Imamate when many aflaj were
being rebuilt, so it is possible there was a falaj here at an earlier date. In places there are signs
of two older disused tunnels alongside the present tunnel.

In the past there was another falaj very close to Falaj Luzugh which belonged to a nearby village,
Biaqg. About 50 years ago a villager died whilst working in this falaj. The falaj was abandoned,

the date palms died and the land where Biaq’s falaj gardens once were now has houses on it.




spring

limestone

impermeable
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rock

Springs: ‘ayni aflaj

One-third of aflaj, including
those at Sayg and Al ‘Ayn on
Al Jabal Al Akhdar, are fed by
springs. Springs are often found
where limestone - through
which water can seep — meets
an impermeable rock, into
which water cannot flow. In-
stead, the groundwater flows
to the surface creating a
spring. A surface channel frans-
fers water from the spring to the
village and gardens. Where no
flat land was available for farm-
ing, tferraces were built.

Spring-fed aflaj are also found
near the foot of the mountains.
On the northern side of the Al
Hajar, water sometimes seeps
deep underground where it is
heated before being forced up
to the surface again. The water
can be scalding hot. Aflgj in
Rostaq and Bosher are fed by
hot springs.

flowing

wadi earth

dam

groundwater leye|

Wadi flow: ghayli aflqj

Although Oman’'s dry climate means there is very little surface water, some wadis have short
stretches where water flows most of the time. This may be diverted directly into a surface
channel, or communities may build a small earth dam, then channel the water from the
resulting pool. The channel may run along the side of the wadi for some distance before
reaching an area suitable for farming. Pools in Wadi Bani Khalid feed ghayli aflaj. Just under
half of Oman’s aflgj are fed by wadi flow.



An adaptable system: using different water sources

Although water is scarce in northern Oman, more rain falls on the Al Hajar mountains than elsewhere. Most of this rainfall
seeps into the rocks where it is stored as groundwater. There are three kinds of aflaj. These allow people to use water

wherever it can be found: on the surface or underground; in the mountains or on the nearby plain.

Groundwater: da‘udi aflqj

Da'udi aflaj carry groundwater from a ‘motherwell’, along
a very gently sloping tunnel, to a vilage and gardens. Al-
though only one in five aflgjis of this type, da‘udi aflaj deliver
over half of total falaj water. They include the largest aflaj in
Oman such as Nizwa's Falaj Daris.

Surface section
* The falaj comes to the surface close to the village.

¢ A network of surface channels delivers water to
individual gardens.

* Wateris channelled through different branches of
motherwell the network by opening or closing falaj ‘gates’,
usually using stones and cloths.

A
\ /

<
<

\

Tunnel section

* When a reliable source of groundwater was found, a ‘motherwell’ was built. More groundwater leve|
than 800 da'‘udi aflaj have motherwells over 15 metres deep.

¢ A line of vertical shafts was then dug between this and the location for the village.
Tunnels were cut sideways from the bottom of each shaft unfil they met. groundwater

* The tunnel is usually several kilometres long and required great skill to build. The sfored in rock
direction and slope had to be built very accurately.

¢ Some shafts are kept open so the falaj can be maintained.

* Near the vilage where the falqj is closer to the surface it was built by digging a

trench, roofing the tunnel with stone, then backfilling. impermeable

rock
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Falaj Luzugh: a da‘udi falaj

The source of water in Falaj Luzugh is groundwater stored in rock
about 2.5 kilometres south of the village. A 20-metre deep mother-
well and five feeder branches collect this water. It then flows along

the main tunnel to the village where the falaj comes to the surface. In New concrete-lined tunnel

the village a network of surface channels delivers the water to indi- * built by government in mid-2000s

vidual gardens. Falaj Luzugh has been extended and parts of it rebuilt, * needs much less maintenance

* much safer fo maintain

several times, since it was first constructed around 300 years ago. .
e 1.7 kilometres long

¢ rejoins old funnel 800 metres from village

Motherwell

* main water source

e 2.5 kilometres from village
e 20 mefres deep

. ynne
an ‘0\0\ for
Mo <—  Feeder branches

* help to collect extra water

Extension to main channel  fivein total

¢ one unavoidably damaged by

e built to improve flow, possibly during recent highway construction

a drought
e never connected to motherwell




Luzugh village and falaj gardens

¢ network of surface channels deliver water to individual
gardens

<«—— Drinking water
collection point
e falaj comes to

surface on edge

Overflow channel of Luzugh village

\

e diverfs excess water from falaj to wadi
after heavy rain

* reduces damage to falqgj

Original falaj tunnel

¢ mounds of soil and stones
visible on surface

¢ open shafts allow falaj to

\ be cleaned
e
e
N\O

Abandoned falaj system
* gardens and village of Biag deserted 50 years ago
e abandoned after the death of villager working in falgj




A sustainable
water-use system

Until recently the amount
of groundwater used in
Oman was never more
than the amount be-
ing replaced by rainfall.
In other words, water
use was sustainable. Af-
laj take water from the
ground by gravity. Dur-
ing long periods of little
or no rain the amount
of groundwater stored
in the rocks falls; the
amount of water flow-
ing in the falaj also falls.
The advantage is that the
falaj cannot over-exploit
groundwater reserves by
taking too much water
out of the ground. wWells
were dug by hand and
the water was brought
to the surface by hand,
or using bullocks or cam-
els to operate a pulley
system. This limited the
amount of groundwater
used.



Luzugh has grown very rapidly in the past 15 years. The date palm gardens of Falaj Luzugh are just visible in the top right hand corner of this picture.

The arrival of pumps and drilled wells

Since the 1960s the amount of groundwater be-
ing used every year in Oman has hugely increased.
Drilling rigs have enabled thousands of new deep
boreholes to be drilled; 1,700 drilled wells were reg-
istered by a national well inventory carried out in the
early 1990s. Pumps have been installed in the major-
ity of wells allowing water to be extracted 24 hours
a day, without effort. In many areas groundwater is
being pumped out of the ground much faster than
it is being replaced by rainfall. This causes the level
of groundwater in the rocks to fall. If this happens
near a falaj and the groundwater level drops be-
low the depth of the motherwell, the falaj will fail,
threatening the livelihood of the community which
the falaj supports.

Many aflaj were badly affected by well drilling be-
fore it became properly regulated by the govern-
ment. In addition to requiring people to apply for
permission to drill new wells, the government also
prohibited well drilling within 3.5 kilometres of af-
laj motherwells. Although the regulations have un-
doubtedly helped protect aflaj, extensive develop-
ment and excessive groundwater extraction further
upstream continue to reduce falaj flow.

In many aflaj where water flow has been affected
by surrounding development, the government has
drilled auxiliary wells to either replace or supple-
ment the supply from the motherwell. Whilst this
enables the palm gardens to survive, it means that
these systems may then contribute to the over-
extraction of groundwater in the area.

Falaj Luzugh:
the impact of development

Like most villages and towns in Oman, Luzugh has
grown rapidly, especially in the last 15 years. A
large new residential area, known as New Luzugh,
has been built to the west of the old village. How-
ever, so far, there has been relatively little develop-
ment south of the village, upstream of the moth-
erwell. But the situation is changing fast, and an
industrial estate is now being built.

The building of a new highway very close to the fa-
laj led to the unavoidable loss of one of the feeder
branches in 2014. To compensate Falaj Luzugh, it
was agreed that a new branch will be built away
from the new road.

he Changing Environment of Oman’s
A case study of Falaj Luzugh

Aflaj




A flexible system: coping with unpredictable rainfall

Coping with wet and dry periods

The main factor affecting falaj flow is the amount of rain which falls. This varies a lot in Oman from season
to season and from year to year. Long term rainfall records for Muscat show a pattern of wet and dry cycles:
several years of above average rainfall, followed by several years when rainfall is below average. Oman’s aflaj
enabled communities to survive these long periods with little or no rainfall, and to benefit when water was
plentiful.

Coping with changes in falaj flow

Aflaj communities cope with changes in falaj flow in a number of ways, one of which is adjusting how much
land is irrigated. If water is very scarce, the trees — mostly date palms - always take priority. Under normal
conditions crops, often for feeding livestock, are grown between the date palms. And when water is plentiful,

extra land beyond the palm gardens is brought in to use to grow seasonal crops such as wheat and vegetables.

When there is a lot of
water in the falaj, farm-
ers who have more wa-
ter than they need can
sell their spare water
to other farmers, often
those who are growing
seasonal crops. Chang-
es can also be made
to the irrigation cycle.
For example, when fa-
laj flow is low each plot
of land may be watered
less often.

Beyond the date palm gardens is
land which is used to grow seasonal
crops when there is enough water
in the falgj. In Luzugh two or three
farmers use falaj water in this way.




Falaj Luzugh: a reliable source of water, for now

The falaj has been a reliable source of water for Luzugh for as long as anyone can remember. In common with
many aflaj, the flow of Falaj Luzugh is now regularly measured by staff from the regional municipalities and
water resources ministry. Between 1997 and 2009, flow averaged 27 litres per second, but the flow varies a lot

as the graph shows.

Very few of Luzugh’s farmers use falaj water to grow seasonal crops on land beyond the palm gardens. Instead
seasonal crops are grown on surrounding land which is irrigated by new wells, and by water piped from old
wells in the palm gardens.

Falaj Luzugh flow 1997-2009

The changes in
falaj flow are
caused by wet
and dry periods
which are a
normal part of
Oman’s climate.
The years 2000-
05 were ‘dry’
years; flow aver-
aged 8 litres a
second. During
the ‘wet’ years
of 2007/8 flow
averaged 60
litres a second.
The highest flow
followed the
exceptionally
heavy rainfall of
Cyclone Gonu
in mid-2007.
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A recycling system: ensuring water quality

water for all uses

Aflaj used to supply water for all the needs of the community. Activities such as collecting drinking water and
bathing were only done at particular places along the falaj to ensure the water was clean enough for each use.
This also makes very efficient use of the water as it may be reused several times.

Drinking water is collected from a point, known as the shari‘a, where the falaj first enters the village. In da‘udi
aflaj this is normally where the water comes to the surface. Close by there is usually a mosque with cubicles
built over the falaj for men to bathe. A walled bathing area for women is further down the falaj, followed by an
area where dishes and clothes are washed. The water is then distributed through a network of surface channels
to irrigate individual gardens. A few large aflaj flow through a fort before entering the town or village, such as
in Birkat al Mawz.

Hand-dug wells

The falaj was not the only source of water for most falaj communities. Where possible, several wells would be

dug within the palm gardens. These provided a more accessible source of water for households and mosques

far from the drinking-water
collection point. They were
especially useful in the hot-
test months of each year when
families would move from
their mud-brick houses to the
relative cool of their palm gar-
dens. The wells also acted as
an important back-up water
supply if the falaj failed.

One of two walled areas built over
Falaj Luzugh for women to bathe.
They fell out of use as families moved
info modern houses with bathrooms
and piped water.



Three generations of water supply for Luzugh: the wakil inspects a shaft of the old falaj tunnel; an access shaft for the new concrete falaj tunnel
is in the foreground; the pumping station in the background pumps water from a deep borehole on the other side of the hill, via storage tanks
on the ridge, fo Luzugh.

Falaj Luzugh: changing water use

New sources of water for household use

There are about 15 privately-owned hand-dug wells in the falaj gardens. In the past these were the only alterna-
tive sources of water for household use. However over the past 35 years the government has provided other
sources of water. In the 1980s a borehole was drilled close to the village and tankers delivered water to houses.
Gradually a pipe network was built. Since the 2000s Luzugh has grown rapidly. A second borehole was drilled
to the south of the village. In 2013 Luzugh was connected to the desalination plant at Barka as part of a govern-
ment project to develop regional water networks.

Changing use of the falaj

Until recently, the water in Luzugh’s falaj would be reused several times as it passed downstream. Today the
situation is very different. As alternative sources of water have become available, and nearly all houses in Lu-
zugh have piped water, the falaj is used much less for drinking water and washing. The ladies’ washing areas
have fallen completely out of use. Women are no longer seen carrying drinking water in large pots on their
heads, or washing clothes and dishes beside the falaj. Men do sometimes wash in the falaj before praying at
either of the two mosques near the falaj.

23




A changing population

As Luzugh has grown from a village into a small town, the number of Luzugh’s residents has also grown. Some
of the new residents are expatriates, mostly from Pakistan and Bangladesh, employed by locals to work on
farms or for small businesses. Some of the expatriates live in accommodation without piped water and rely on
falaj water for household use as the villagers did in the past. However, the newer residents are less aware of
the rules associated with the falaj, and its importance to the community. In 2014 the falaj organisation put up
signs saying that bathing in the falaj is prohibited.

Changing use of falaj-garden wells

Like the water in the falaj, the water in the hand-dug wells is no longer used for household use. Once electric-
ity arrived in the village and air conditioning was installed in homes, families no longer moved into the palm
gardens each summer. But the hand-dug wells are still very much in use. The wells now have pumps, some of
which have been in use for over 50 years. Water from the wells is used to top up the water the well owners get

from the falaj.



A community system

Aflaj were built by communities for communities. Building a new falaj was a huge job which was only possible
if people worked together. Those involved in building a falaj were allocated a permanent share of water for
irrigation, depending on their contribution to the effort. Over time water shares are inherited, bought and sold.
Very large aflaj can have hundreds of water shareholders; small ones may be owned by one family.

A communal source of water for household use

Although much of the water is privately owned for irrigation, the falaj provides a free source of water for
household use to the wider community. Everyone may freely use the drinking-water collection point, includ-
ing those from outside the community. And the water is available to all members of the community, including
those who do not own water shares, for other household uses such as bathing and washing clothes.

Charitable water share

Aflaj may also benefit the wider community indirectly. Water shares
may be permanently donated by shareholders to raise money for
charitable purposes. The money raised by the use of this water ben-
efits various causes including local mosques, Islamic schools, and
the poor. Up to 40% of the water in some large aflaj, such as Nizwa’s

Falaj Daris, has been given for charitable use.

Water share owned by the falaj organisation

Nearly all aflaj have a share of water which has been set aside to
raise money for falaj maintenance. Most of this water is sold at regu-
lar auctions. Some may be used to grow crops on land owned by the
falaj organisation.

Government-owned water share

In some large aflaj a share of the water belongs to the government:
as much as 45% in Falaj al Khatmeen in Izki. This (bayt al mal) share,
as it is known, was the property of the state when Oman was ruled
by the Imamate.

Everyone, including those from outside Luzugh, is allowed to collect drink-
ing water from the sharia’, the drinking water collection point.




Falaj Luzugh: the falaj
community

In 2015, 50 people owned water shares
in Falaj Luzugh. Most water shares are
owned by men, but a few are owned
by women or children. The average
size of households is 12 people. Two
of the three families who built the falaj
300 years ago still own water shares.
Members of four other families now
own shares as well. A growing number
of expatriate labourers also live in and
around the old village. Although they
do not own water shares they use falaj
water for household purposes.

Two of Luzugh’s mosques benefit
from small water shares. And over the
years a number of Luzugh sharehold-
ers have bequeathed the harvest from
some of their date palms for various
charitable uses in the village. The mon-
ey raised helps to care for orphans,
support local mosques, purchase fu-
neral shrouds, and buy food for those
breaking the fast during Ramadan. Fa-
laj Luzugh does not have any govern-

ment-owned water shares.

Mosques in Luzugh benefit from owning
small water shares in the falaj.



Falaj Luzugh has two wakils; one looks after falaj finances, the otheris in charge of maintenance.

A management system: the falaj organisation

The day-to-day running of the falaj is done by officials on the shareholders’ behalf. In small aflaj this may be done
by one man. Large aflaj have a number of officials with different responsibilities. The senior official is the falaj
agent, or wakil. In a typical falaj the wakil is responsible for the overall administration and the financial manage-
ment of the system. He is in charge of spending on falaj maintenance, arranges repairs, resolves conflicts, and
deals with emergencies. He takes decisions on behalf of the shareholders but calls a meeting if major expenditure
is needed, or a significant matter affecting the falaj needs to be discussed. He is paid a share of the falaj income.

In large aflaj the wakil may be assisted by one or two administrators. One will manage the distribution of water
by supervising labourers opening the falaj ‘gates’, and oversee cleaning and repair of the communally-owned
surface channels. If the falaj has a tunnel section, a second administrator may be responsible for supervising its
maintenance. Some aflaj also have a separate banker. He controls the falaj income from the auction of water
shares owned by the falaj organisation. The banker maintains the falaj transaction book and produces an annual
report for the shareholders.

In the past almost all the labour in the gardens and on the falaj itself would have been done by members of the
community. Labourers could work for several land owners. In return for pollinating, watering, and harvesting the
date palms they would receive one bunch of dates per tree.
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The dangers of working underground

One of the wakils has helped to maintain Fa-
laj Luzugh since he was a teenager. Cleaning
the tunnels is difficult and dangerous work. His
grandfather was working underground when
the tunnel collapsed, killing him and another
man. It took three days to recover the bodies.

Only 20 years ago seven men nearly died when
a blockage they were clearing suddenly gave
way because of the weight of water banked
up behind it. The men were swept hundreds of
metres down the tunnel but fortunately none
were killed.

Since then the government has replaced much
of the original tunnel with a new concrete tun-
nel which is much easier and safer fo maintain.

Falaj Luzugh: two wakils

Luzugh, like every falaj community, has developed its own arrange-
ments to suit local circumstances. Somewhat unusually, there are
two wakils who share responsibility for the running of Falaj Lu-
zugh. They represent two of the three families who built the falaj
300 years ago. One of the wakils is in charge of the falaj finances.
He became wakil in the early 2000s, taking over the job from Ab-
dulla Mohammad Al Husaini. He maintains the falaj books, keeping
a careful record of the ownership of water shares, falaj expenses,
the outcome of water auctions, and credit earned by those who
have done work on the falaj; he also supervises the monthly auc-
tions. The wakils receive a percentage of the money raised by the

auctions in payment for their work.

The other wakil has responsibility for maintenance. He took over
the job from his father in 2015. He arranges the cleaning and repair
of the tunnel section and the part of main surface channel that is
maintained by the falaj organisation. He also organises labourers
to irrigate and tend the date palms on the land owned by the falaj

organisation.

Regular maintenance of the communally-owned parts of the fa-
laj remains the responsibility of the falaj organisation. In Luzugh,
members of the falaj community who help with maintenance earn
credit which can be used to buy water at future auctions. A day’s
work earns RO8 of credit. If the work is underground, this is earned
in four hours because of the difficult conditions. However, like all
aspects of the falaj, younger members of the community are now

rarely involved in falaj maintenance.

Since 1970 the government has helped many falaj communities by
doing major repairs, especially if part of the tunnel has collapsed.
In the mid-2000s the government rebuilt nearly 1.7 kilometres of

Falaj Luzugh making maintenance much easier and safer.



A fair system? water timeshare

The word falaj comes from an ancient word meaning ‘to divide’. The division of the most precious of resources
- water - is what aflaj are all about. Over the thousands of years that aflaj have operated in Oman each falaj
community has developed its own set of rules to govern the way water is distributed, to make the division
as fair as possible, taking local conditions into account. The result is an extraordinary degree of variation and
complexity.

Despite this, the division of water in most aflaj fol-

lows some general rules:

Division by timeshare

* In almost all aflaj, water is divided by time, rath-

er than volume.

*  When falaj flow is low during a drought, all wa-
ter owners in the falaj continue to receive wa-

ter, albeit a reduced amount.

* Likewise, everyone benefits when there is good
water flow following rain.

Initial division of water rights and land

* When a new falaj was constructed, timeshares
in the water flow, and surrounding land, were
divided amongst those involved in its construc-

tion.

* In asimple example, if eight people built a falaj,
the land on either side of the falaj would be di-
vided into eight plots, with each plot allocated a
day’s flow of the falaj.

e Over time water shares and land are inherited,
divided, bought and sold.

* In most aflaj, a share of water and land was set

aside to raise funds for maintenance.




The irrigation cycle

Shareholders use their water in a cycle, known as the dawran.

The length of this irrigation cycle varies from one falaj to another but is usually between 7-14 days. It may

be as short as 5 days, or as long as 19 days.

Dividing each day into timeshares

Until recently water shares in nearly all aflaj were measured using the movement of the sun and stars.
Shares measured this way vary in length.
In most aflaj a 24-hour day is divided into 48 athars, each roughly half an hour.

There are various ways in which athars can be further divided: in some aflaj (including Luzugh) there are
half-athars, quarter-athars and eighth-athars (about 15 minutes; 74 minutes; and 3% minutes). Large aflaj
have even smaller shares.

Many aflaj use sunrise and sunset to divide each 24-hour day into two badda: daytime and nighttime. In

these aflaj, the average length of a badda is 12 hours over a year, but this changes by just over 3 hours

throughout the year as the time of sunset and sunrise changes.

[The term ‘badda’ can be used both for

a set of water shares and the period
of day in which the shares can be used
(usually, but not always half a day). In
some aflaj there may be one badda per
day, or in rare cases, three.]
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Measuring time using the sun and stars

* Most aflaj had a sundial near where the falaj entered the village.

*  The sundial usually used an upright stick to cast a shadow.

* Timeshares were measured as the shadow moved between stones carefully placed on the ground.
* At night, shares were measured using the rising of particular stars.

* Each falaj had its own set of 20-25 stars.

* On any night of the year about half of these stars would be visible.

Ensuring fairness

Sunrise and sunset times change through the year, making daytime three hours longer in summer than in win-
ter. Because of this, timeshares measured using the sun and stars change in length through the year. Aflaj com-

munities use different ways to ensure fairness in the distribution of water.

* The irrigation cycle can end with half a day, for example 7'2 days. This results in water shares changing

between day and night in alternate cycles.

* In aflaj where the cycle is measured in full days, the shares on each half-day can be switched between day

and night over alternate cycles.

* The timing of shares on each day of the cycle can rotate, following a set pattern, over a number of cycles
(this is what happens in Luzugh).
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Falaj Luzugh’s irrigation cycle
Luzugh has a five-day irrigation cycle. On the first four days of the cycle, the water shares are privately owned.

The water on each of these days is divided into two half-day shares, or badda. On the fifth day the water is
owned by the falaj organisation to raise money for the upkeep of the system.

Falaj Luzugh: the five-day irrigation cycle
Days 1-4:
* water shares are privately owned

¢ each of the shares belongs fo a
badda, a set of shares totalling half

a doy Badda 9
¢ shares are always used on the same
day of the cycle DAY 5
e fime of day at which shares are used Water shares
changes each cycle owned by falaj
Day 5: organisation

« wateris owned by the falaj organisa-
tion to raise money for falaj upkeep

e mostis auctioned monthly

¢ some is used to irrigate land owned
by the falaj organisation

e all the shares belong fo one full-day
badda

¢ shares are used at same time each Badda 7 Badda 4
cycle § ‘ )

Badda6 | Baddas
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Mobile phones and watches have largely replaced sundials and the stars for timing water shares.

The gradual adoption of standard time

In common with nearly all of Oman’s aflaj, Luzugh used the movement of the sun and stars to time water
shares. The stars were watched from a small hill in the middle of the date palm gardens. As wristwatches be-
came increasingly common in Oman over the past 50 years, the majority of aflaj communities gradually began
using them for timing water shares at night. This happened in Luzugh in the late 1990s. As the stars are no lon-

ger being used, knowledge of the star system, in use for generations, is not being passed on.

Luzugh’s sundial is close to where the falaj enters the palm gardens. It remained in use until 2012 when it was
agreed that most of the daytime water shares would also use fixed times measured by wristwatches and, in-
creasingly, mobile phones. Athars measured this way now equal exactly half an hour.




The continuing use of sunrise and sunset

Although Luzugh’s sundial is no longer in use, the sun itself still plays an important part in Falaj Luzugh’s irriga-
tion cycle. Sunrise still marks the start of each day of the cycle, and the start of the first timeshare of the day. In
June this is just before 5.30am, in late January it is not until almost 7.00am. Despite the considerable variation
in when it begins, the first timeshare always ends at 7.30am. A similar system applies at sunset. As a result, the
timeshares before and after sunset and sunrise vary a lot in length through the year.

Ensuring fairness

Like many aflaj, Falaj Luzugh has developed a complex system to ensure the fair division of water. On the first
four days of the irrigation cycle privately-owned shares are received at different times of the day over succes-
sive cycles, alternating between day and night. The example in the illustration shows how, over several cycles,
this evens out the differences in the length of the shares, especially in mid-summer and mid-winter.

An example to show how the timing of water shares
is rotated to ensure fairness in Falaj Luzugh

e A farmer owns a water share of six athars
(about 3 hours) on the first day of Luzugh'’s five-
day irrigation cycle.

e He receives this share every fifth day, but the
time he uses it rotates through different times
of day and night.

e Although the shares differ in length, espe-
cially in mid-summer (shown in this example)
and mid-winter, over eight irrigation cycles
he receives about 24-hours’ worth of water,
smoothing out the differences

e The arrangement also means that no one's
water share always falls in the middle of the
night.

* In a further refinement to the system, if the six
athars are owned by two people (eg they are
inherited by the farmer’s sons), they take it in
turns to receive their share first.
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The relationship between privately-owned water shares and land

Every privately-owned water share in
Falaj Luzugh is part of a badda: a group
of shares that totals half a day in length.
Some of these groups of shares have
the same names as areas of land irrigat-
ed by the falaj. The names hold clues to
the way in which water and land were
originally divided when Falaj Luzugh was
built. For example, one of the groups of
shares on the first day of the irrigation
cycle is called Baddat Ash Sharia‘. The
land irrigated by the first major branch
of the falaj is also know as Ash Sharia‘
as it is the closest to the drinking water
collection point (the sharia®).

However, water shares can be inherited,
sold, or bequeathed, both with the land
they were originally allocated to, or sep-
arately. As a result, over the 300 years
since Falaj Luzugh was built, the rela-
tionship between water shares and land
is no longer as simple as it once was.
The privately-owned water shares are
now owned by individuals from six fami-
lies. Two of the families, Al Huseini and
Al Nidabi, are descendants of those who
built the falaj 300 years ago. Four other
families now also own water shares in

Falaj Luzugh.




A survival system? subsistence to cash econ-
omy

A means of survival

In the past, aflaj were the key to survival for their communities.
They provided water for drinking, cooking and washing, and en-
abled each community to grow its own food. Date palms were
by far the most important crop. Dates, which could be stored in
pottery jars for months after the harvest, were the staple food
in the Omani diet; they were also fed to goats and sheep. Palm
trunks and leaf ribs were used for building, whilst the leaves
were woven to make a wide range of household items including

mats and baskets.

All the work in most falaj gardens was either done by male fami-
ly members or by farm labourers from the village. In a few aflaj,
bedouin or fishermen would move to the village in summer to
help with the harvest in return for a share of the dates. The la-
bourers were given one bunch of dates per tree for their work.

The move to a cash economy

From the 1950s onwards, men from Oman’s falaj communities

began taking paid jobs. To begin with they were mostly in other

Gulf countries, but from 1970 onwards, opportunities for employment in Oman grew. This affected aflaj in a
number of ways. As men began earning salaries, their households were no longer totally dependent on the falaj
for survival. People were able to buy a wider range of foods; dates became less important to the Omani diet.
Fewer men were available to work in the gardens and maintain the falaj. Many falaj gardens were neglected and
some aflaj fell into disrepair or were even abandoned.

During the 2000s an increasing number of households began employing expatriate labourers to maintain their
gardens, helping to ensure the survival of many aflaj. However, skills built up over hundreds of years are not
being passed to the younger generation. Those living in falaj communities are now taking much less physical

exercise than they did. And although there is now a much greater choice of food, much of it is not as healthy.




Falaj Luzugh: is falaj farming worthwhile?

Like many aflaj communities across northern Oman, the people of Luzugh no longer depend on their falaj for
survival. Falaj Luzugh’s water-share owners live in households with an average of 12 members, two-thirds of
whom are adults. Most of the men, four per household on average, are employed: just over half for the gov-
ernment, the rest for the private sector. On average they have been employed for 10 years. Very few women
have paid jobs. Household income varies a lot. Luzugh has shops selling a wide variety of food and there is a

piped water supply.

Few falaj farmers making money

In summer 2014, some of Falaj Luzugh’s water shareholders were asked if their farms were making money.
The results were not encouraging: over a third said their farms were losing money; half reported they were just

breaking even; fewer than one in ten said their farms were making a profit.

The amount of falaj water which Luzugh’s farmers own and buy at auction varies a great deal: from as little as
half an athar (about 15 minutes) to 14 athars (about 7 hours). The number of date palms owned also varies a
lot: from just five trees, to nearly 140. A third of the farmers have 20 trees or less; two-thirds have fewer than
50 trees; only four farmers have more than 100 trees. However the relationship between access to falaj water
and number of date palms is not straightforward. Some farmers with relatively little falaj water have a large

number of date palms. Some farmers may also be using water from wells within the falaj gardens.

The cost of labour

The falaj farmers have costs to pay. By far the biggest of these is labour. Nearly
all of Luzugh’s farmers now hire expatriate labourers, paying them RO60 a month
to irrigate and tend their trees, fertilise the female flowers, trim dead leaves and
harvest the dates. During the harvest the labourers are paid RO 1 for each time they

climb a tree.

Few farmers selling dates

The dates are sold at an annual auction whilst still on the tree. Only eight farmers
reported selling dates at the 2014 auction at an average profit of RO300, but this
varied widely. One farmer made nearly RO 1,600, whilst another made a loss of
nearly RO700. The low number of farmers selling dates may be because most farm-
ers, especially those with a small number of trees, are growing dates mainly for
their own consumption. But it may partly be because the price received for dates

in 2014 was very low.

Nearly all of Falaj Luzugh's farmers now employ expatriate
labourers. Wages are the farmers’ biggest cost.



The need to increase profits

Nearly all of Falaj Luzugh’s farmers feel that the falaj is an important part of their heritage. Very few would
ever consider selling their falaj water or land. However, if aflaj are to have a real future and make a significant
contribution to Oman’s food security, it is important they are profitable. Although few of Luzugh’s falaj farmers
are currently making money, over half said they were breaking even. And nearly half regard the falaj as an im-
portant source of income for their family. For these farmers a small increase in income, or reduction in costs,

could make their farm profitable.

Willingness to make changes

Most of Falaj Luzugh’s farmers are prepared to make changes to increase profits. Nearly all said they would
replace their date palms with a different variety that could be sold for a higher price, providing the price was
high enough. Just under half the farmers said the new price only had to be 25% higher. More surprisingly, a
quarter of farmers are prepared to replace their date palms with a completely different crop to increase the
price they receive by just 25%. However, half of the farmers said they would never replace their date palms

with another crop.

Economies of scale

The more date palms a farmer has, the less it costs him to maintain each
tree, and the greater his profit. If all the land irrigated by Falaj Luzugh was
managed as a single farm, costs could be reduced substantially, perhaps
by as much as 80%. Luzugh’s dates are also currently sold wholesale. They
would fetch a higher price if sold to the retail market. However, as this
involves extra costs such as packaging and shipping it may only be worth-
while if all of Luzugh’s farmers market their dates together. It is unlikely
that Luzugh’s 50 water shareholders would agree to either of these pro-
posals. More realistically, several farmers with a small number of trees on
nearby plots could arrange for their trees to be collectively managed to

reduce their costs.

As well as growing dates, farmers in Falaj Luzugh are growing a number of other crops.
Culfivated tfrees include lime, safargin (another citrus fruit), mango, fig, banana, guava,
papaya and henna. A lot of forage is grown for livestock including maize, clover, alfalfa
and the grass Panicum maximum. Vegetables grown include ftomatoes, okra, auber-
gines, chillis, onions and beans.



A self-financing system?

Aflaj were organised so that they gener-
ated enough money to pay for routine
maintenance and pay the wakil. Most af-
laj have a share of water owned by the
falaj organisation for this purpose. This
water is auctioned in smaller shares to
members of the falaj community on a
regular basis. The auctions may happen
every irrigation cycle, or every month, or

in some cases just once a year.

The price of water varies depending on
the time of day of the share, the time of
year, and the flow of water in the falaj.
Daytime shares fetch a higher price than
those at night because of the need to be
awake to open the falaj. Water fetches a
higher price during summer when high
temperatures mean more water is need-
ed for irrigation. Particularly high prices
may be achieved for water sales during

dry periods when falaj flow is low.

Some falaj organisations own land as
well as water. Crops - usually dates -
may be grown using a share of the falaj-
owned water. The crops are sold to raise
money for falaj maintenance. The land is
managed by the wakil who receives an
agreed share of the produce, or the pro-

ceeds, in return.

The recently retired wakil counts the bunches of dates on frees growing on the falaj-
owned land. The wakil responsible for maintenance receives a share of the dates in
payment for having looked after the trees.




Raising money for the upkeep of Falaj Luzugh

The water on the final day of Luzugh’s five-day irrigation cycle is owned by the falaj organisation to pay for the
system’s upkeep. Money is raised from the water in two ways.

Crops grown on falaj-owned land

The falaj organisation owns the first plot of land irrigated by the falaj after it enters the village. Every fifth day,
from 3pm to sunset, the falaj irrigates the 75 date palms growing on this land. The wakil arranges labourers to
tend and irrigate the trees. In return he receives a share of the dates. The remaining dates are sold to raise cash
for falaj maintenance. The sale of the dates takes place whilst they are still hanging on the trees.

Water share owned by the falaj organisation e

e The water on the fifth day of the irrigo-
fion cycle is owned by the falaj organ-
isafion fo raise money for falaj upkeep.

e Asix-athar share (about 3 hours) is used
to irigate date palms on land owned
by the falaj organisation.

P ATHARS

¢ The use of the remaining water is sold at ed to water
a monthly auction. VWP falaj-owned land
e 13 water shares are auctioned. :_,_: .

e Most auctioned shares are 3 athars
(about 1% hours); the last is 6 athars,
from 3am-sunrise.

e The fiming of these shares does not
change each cycle, unlike the private-
ly-owned shares on the first four days of
the cycle.
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The retiring wakil (fifth from right) conducts the monthly auction of water shares owned by the falaj organisation.

Monthly auction of water shares

The use of the rest of the water owned by the falaj organisation is sold at auction to the highest bidder. The
water is auctioned in 13 shares; 12 shares are three athars (about 1% hours); the final share is six athars (about
3 hours). The time of day these shares are used does not change like the privately-owned shares on the other
days of the irrigation cycle.

Until 2013, an auction took place every fifth day: once during each irrigation cycle, 73 times a year. As many of
those farming land irrigated by the falaj now have jobs outside Luzugh, it was agreed that the auction should
be held monthly, on the 23rd day of each month. Under the new arrangement, successful bidders pay for the
use of a water share over the following month, or six irrigation cycles.

Between 12-20 men, many from Luzugh’s older generation, attend the monthly auction. It takes place at the
heart of the palm gardens, beside a small mosque. At the April auction in 2015 the retiring wakil acted as auc-
tioneer. The current wakils collected payments and recorded the name of the successful bidder and how much
was paid for each share in the falaj book. A small amount of the money raised by the auction is kept by the

wakil as payment for his work.

Water shares are usually paid for in cash at the auction. But up to RO50 of water shares can be bought on
credit. Farmers may also buy water using credit they have earned by maintaining the falaj. Some farmers have
hundreds of riyals of unspent credit. But as younger members of the community no longer maintain the falaj,
this arrangement is likely to eventually fall out of use.




The finances of Falaj Luzugh

The water auctions only raise a small amount of money each year; not enough to maintain the falaj, according
to the wakil responsible for finances. A further complication is that most of this money is coming from the
small number of people who regularly buy water at the auctions. Any attempt to increase the funds raised by
the auctions would have a particular impact on their costs. The amount raised by the auctions also varies con-
siderably from year to year, as well as from month to month. A study of the auction records for 2006-13 found
that differences in falaj flow, and the season of the year, account for most of the variation.

The effect of falaj flow

In 2009 the water auctions raised four-and-a-half times more than they did the previous year. One of the main
factors affecting the price of water was changes in the amount of water flowing in the falaj. Between mid-2006
and late 2009, falaj flow averaged 40 litres per second. But flow fell as low as 9 litres per second and rose as
high as 90 litres per second: a ten-fold difference. When there is plenty of water in the falaj the average price
of auctioned water shares is low; as the falaj flow declines, the price of water rises.

Higher summer prices Monthly falaj flow and average prices
. for auctioned water shares
As well as varying from year to year, the mon- 3.00

ey raised by the auctions varies from month

to month. The auction records show that the .25

price paid for water tends to rise in the sum- - -

mer. It is at its highest in July and August when g g

the average price per water share is almost % & o7

double the amount paid in the winter. This co- i,', g

incides with hotter weather and the date palm % & 0.0

harvest, both of which are likely to increase &

the demand for water. In contrast, in the cool- o7 — Falaj flow
er winter months, water shares often remain 150 — Waterprice
unsold or are sold at the reserve price. 2006 - 2009

A comparison of variations in the amount of water flowing in the falaj and the average monthly price for water show
that as falaj flow increases, the price of water falls, and as falaj low drops, the price of water increases.
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At the end of the auction, the wakil responsible for finances collects payment for the shares and records the amount paid, and the
name of the successful bidder, in the falaj book. He is helped by the other wakil who counts the money collected.

Who buys water at the auctions?

Any Luzugh residents owning, or renting, land beside the falaj are able to bid for water shares at the auctions,
regardless of whether they own water shares. In 2014 this was 50 people. Each year between 2006 and 2013,
only about a thirdof this group, 18 on average, bought water shares at the auctions. Of these, an even smaller
number bought most of the auctioned water: about three-quarters of the water shares were bought by just
ten buyers each year. Although there were some changes from year to year, the same names regularly appear
among the yearly lists of the top ten buyers. This suggests that these individuals are relying on the auctioned

shares as a permanent supply of water.

The fact that people depend on the auctioned water to meet permanent demand, combined with the fact that
the auctions are repeated, may help explain why relatively few members of the community take part in auc-
tions. If a small number of people repeatedly win bids in successive auctions, non-winners may be discouraged
from taking part in future auctions. The low number of people taking part in the auctions keeps prices relatively

low.




A biodiverse system

Falaj gardens are full of plant and animal life. The permanent presence of water, so rare in Oman’s hot, dry
desert environment, makes this possible. Conditions vary greatly throughout the gardens allowing many very
different kinds of animals and plants to find a home. Levels of light change dramatically: from the shade of the
date palm gardens, to the bright sunshine of plots used for seasonal crops. Differences in the frequency and
amount of irrigation mean that some areas have plenty of moisture, whilst others are fairly dry. Some plots are
carefully tended, a few remain untouched for long periods. Certain crops such as the grass Panicum maximum
are regularly cut for fodder.

Falaj Luzugh: a haven for plant and animal life

More than 60 different wild plants have been identified growing alongside the cultivated crops in Falaj Luzugh’s
gardens. Many are plants which are found growing as weeds in tropical regions around the world. The amount
of water an area is receiving, and whether it is being regularly cultivated, determines which wild plants are likely
to be found there. Where maize is being grown as a fodder crop, few wild plants are found as the plots are
carefully and regularly tended. Areas which are regularly watered and cleared occasionally, but not continu-
ously tended, have a varied mix of wild plants. A few plots are left untended and unwatered for long periods.
Grasses and plants that can grow in drier conditions are usually found there.

Madras thorn



Insect life

The crops and wild plants of the falaj gardens provide an abundant source of food for many insects, some of
which are very attractive. The permanent supply of water means that dragonflies and damselflies are a com-
mon sight. Six different kinds of these insects have been found in the gardens of Falaj Luzugh: the epaulet skim-

mer, Evan’s bluetail, green hooktail, and the three pictured below.

There are also many butterflies in the falaj gardens. The most common is the large black and yellow lime but-
terfly which feeds on the leaves of citrus trees. The diadem is often seen on its favourite food plant, Sodom’s

apple. Other butterflies that have been recorded include the pea blue and common three ring.

Slender skimmer Carmine darter Violet dropwing

Diadem Plain tiger Large salmon Arab
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Many other insects are found in Falaj Luzugh’s gardens, not all of them as attractive or welcome as the dragon-

flies and butterflies. But each plays an important part in the ecological system. Cicadas and crickets mean the

gardens are rarely quiet; toads, the plentiful birdlife, and the sound of running water complete the soundtrack.

Wolf spider

The extraor-
dinary look-

ing gangling
grasshopper
can easily be
mistaken for
dried grass and
leaves.

Two different kinds of Garra fish are found in Falaj Luzugh and snakes
are sometimes found in the falaj shafts and tunnels. Toads, which can

often be heard in the gardens, are also attracted by the water. Tad-
poles offen hatch in small pools created by leaking falaj gates.

The Changing Environment of Oman’s Aflaj:
A case study of Falaj Luzugh

Cricket

The insect life
provides a source
of food for many
birds. A survey
recorded 12
different species
in Luzugh'’s falaj
gardens. Laugh-
ing doves and
sparrows are most
common. Attrac-
tive and distinc-
tive birds include
the Indian roller
with its bright blue
wings and the tiny
purple sunbird.
Unfortunately the
Indian myna is also
found here. Not
originally found

in Oman, mynas
compete with lo-
cal wildlife.



An attractive, heritage system

Aflaj are a key part of Oman’s rich heritage. They were enabled communities to live a settled life in an inhos-
pitable environment for thousands of years. Many are masterpieces of engineering, built with the simplest of
tools. They require a high degree of cooperation to build and maintain; sophisticated systems were developed

to run them.

Aflaj also create a distinctive and attractive environment. Almost every falaj community has extensive date
palm gardens. It is impossible to imagine the northern Oman landscape without these oases. Within the falaj
gardens, the contrast with the surrounding landscape could not be greater, especially in the baking heat of sum-
mer. The temperature is always significantly cooler and the sight and sound of running water is never far away.
During the hottest months of the year many families moved from their mud brick houses into shelters built of
palm fronds in the falaj gardens.

A World Heritage site

The importance of aflaj was internationally recognised in 2005 when five were collectively listed as a World
Heritage site by Unesco. Systems in Nizwa, Ibri, Rustaq, Birkat al Mawz, and Al Jeela in Wadi Tiwi were chosen
to represent the 3,000 aflaj still active in the Sultanate. This was an important moment for all of Oman’s aflaj
communities, especially as tourism becomes increasingly important to Oman’s economy.




The heritage value of Falaj Luzugh

The 50 owners of Falaj Luzugh’s water
shares are keenly aware of the impor-
tance of the falaj to their heritage. It is
encouraging that the community values
the falaj so highly. But if thousands of af-
laj across Oman are to survive in the long
term, they also have to be economically

sustainable.

The fact that the survival of the com-
munity no longer depends on the falaj
is evident. The ladies’ bathing enclosure
is collapsing and some privately-owned
channels and paths are smothered with
weeds, something the wakils say would
never have happened in the past. In plac-
es, piles of rubbish suggest that some
members of the community no longer
have as much respect for the falaj as pre-
vious generations. Despite this, Luzugh’s
falaj gardens remain attractive and cool:
a welcome green oasis in an increasingly
built up area. Luzugh has been fortunate
that its palm gardens have remained in-
tact and not been built on as has hap-
pened in some falaj communities, espe-
cially larger towns such as Nizwa. Since
2010 it has been forbidden to build on
land irrigated by a falaj.

Despite the fact that it is no longer in daily use, in
2014 the falaj organisation at Luzugh decided to
renovate the sundial, as an important part of the
heritage of the village.



A system for the future? new ideas for Falaj Luzugh

It is clear that there are many challenges facing Oman’s aflaj. The Oman Earthwatch Programme helped in-
troduce new technologies to Falaj Luzugh with the aim of increasing the amount of money available for falaj
maintenance; improving how efficiently falaj water is used; and producing more food. Following discussions
with the wakils, three projects were identified: aquaponics, solar-powered trickle irrigation, and fibreglass falaj
gates. Aquaponics and solar-powered trickle irrigation are relatively new technologies which have never been
installed as part of a falaj system before; the fibreglass falaj gates were designed specially for Luzugh. All three
projects are therefore experimental, some aspects are likely to work well, others less so. Only time will tell

whether these are ideas which can usefully be introduced to other aflaj.

Aquaponics: increasing money for falaj maintenance

In order to increase the money raised from the land and water owned by the falaj organisation, it was agreed
to install an aquaponics system. Aquaponics combines two activities: growing fish (aquaculture) and growing
crops without soil (hydroponics). Aquaponics systems make very efficient use of water - on average just 10%
of the amount of water needed to grow crops in soil. Because most water is recycled, only small quantities are

needed to top up the amount lost by evaporation.

In the aquaculture part of the system, fish are grown in a tank. Many different kinds of freshwater fish can be
grown; the Luzugh unit is raising tilapia. The water in the fish tank is constantly being recycled to prevent it
becoming full of fish waste. The water is treated with natural bacteria which convert the fish waste to nutrients

that can be used by plants.

The hydroponic part of the sys-

tem uses this nutrient-rich water to

grow vegetables. Plants placed di- In 2014 field
rectly in the water easily absorb the ~ assisfants from

) . . the National Field
nutrients, growing more quickly and Research

Centre for
strongly than they do when grown Environmental
in the soil. When the plants have ab- ~ Conservafion
and the University
sorbed all the nutrients, the nutrient- of Nizwa's Aflgj

. Research Unit
free water is then recycled back to sampled and

tested the water

the fish tank where it is safe for the ; |
in Falaj Luzugh.

fish, as it is now free from waste.




The nutrient-free 10 When the water level 9 The nutrient-free 8 As the water flows

water is recycled in the system drops water flows into a through the troughs the
back into the fish due to evaporation holding tank which vegetables use the
tanks using a it is topped up helps regulate nutrients in the water,
small pump. from a concrete water levels in the replacing the need for
tank which is troughs and fish chemical fertilisers. Only
refilled by the falaj. tank. seaweed extract and iron
1 are added to the water.
Freshwater fish (tilapia) are grown 9
in fibreglass tanks. The fish
produce solid waste and 1 \
ammonia. q
2 7 6
10
A 1
2 6

Air is bubbled through
water in the tanks to provide
oxygen for the fish.

© The nutrient-rich water flows
into fibreglass troughs.
Young vegetable plants
are placed into holes in
polystyrene sheets
floating on the surface.
The roots of the plants
Fish are fed pellets nutrients (including dangle in the water and
made of farm waste phosphates) for plant growth. absorb the nutrients. Air is
and fish meal. Air is bubbled into the bioreactor bubbled into the water to

to provide oxygen for the bacteria. provide oxygen for the plants.

5 The solid waste and water are
moved to the bio-reactor.
Here bacteria convert
waste ammonia dissolved
in the water into nitrate.
Solid waste is also broken
down releasing other

Water from the
fish tanks flows
through a filter
which separates
out the solid fish
waste.

Falaj Luzugh aquaponics unit

Is the falaj water suitable for aquaponics?

Before the system was installed in Luzugh, a study was done to ensure there was nothing about the water qual-
ity that would be poisonous to fish, or prevent plant growth. Water temperature is also important as tilapia can
only live in water of a particular temperature. The study found that the water quality in Falaj Luzugh appeared
to be ideal, both for the fish and for supporting the bacteria which convert ammonia, produced by the fish, into
nitrates which can be used by the plants. The falaj water was also found to naturally contain nutrients essential
for both plant and fish growth. This reduces the nutrients that have to be added to the system. The combination
of the nutrients and water temperature help both fish and plants grow quickly.

Records of the amount of water flowing in the falaj were also analysed to check that the flow of the falaj was
reliable. It is expected that the Luzugh unit will need topping up by about 500 litres of water a week. This will be
taken from the water share owned by the falaj organisation. Even during a dry period when falaj flow is low (8
litres a second), this amount of water flows through the falaj every minute. There were therefore no concerns

about the unit affecting the flow of the falaj for other users.
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The practicalities

Although there has been a com-
mercially-run  aquaponics  unit
using well water in Barka since
2012, and an experimental system
is in operation at Sultan Qaboos
University, the unit at Luzugh is
the first time an aquaponics sys-
tem has been designed to use fa-
laj water. A small, unused area of
land owned by the falaj organisa-
tion was chosen as a suitable lo-
cation for the unit. A wall was built
round it and a shade canopy put
up to protect the fish and plants
from direct sun. A channel was
built to enable water to flow from
the falaj into a deep cement-lined
tank where it can be stored until
needed for topping up the wa-
ter level in the unit. A storeroom
was built for equipment; another
room and bathroom were added
to house the farmer whose job it
is to maintain the unit. This takes
about four hours a day: testing
water quality; growing and trans-
planting seedlings; feeding and
caring for the fish; and harvesting

vegetables.

The newly installed water troughs and fish tanks in the shaded enclosure built to
house the Luzugh aquaponics unit.

Baby tilapia fish are bought from a farm at Manah. The vegetables
are grown from seed; the young plants are then moved to the water
troughs. Their stems are wedged between polystyrene blocks and their
roots dangle in the water. When the fish and vegetables are fully grown
they are harvested for sale. The fish tank is restocked with baby fish and
new vegetable seedlings are planted. If the unit is successful, several
date palms which are raising very little money for the falaj will be cut
down and the unit will be extended.




Solar-powered irrigation: saving water and work

Falaj farmers traditionally water their crops by flooding their land when they receive a timeshare of the falaj
flow. This usually happens only once every irrigation cycle; in Luzugh this is every fifth day, but can be much
longer in some aflaj. Flooding can be an inefficient way to use water, particularly if only one crop, such as date
palms, is grown. It also means it is difficult to grow crops that need to be watered little and often, especially
if the falaj has a long irrigation cycle. A few farmers build concrete tanks for storing some or all of the water
they receive from the falaj. They can then use the water whenever they need it, but if they flood the land with

water, much may still be wasted.

One way of using water more efficiently is to install trickle irrigation and sprinklers which, if used properly,
ensure that the correct amount of water is delivered directly to the crops. A disadvantage of this type of ir-
rigation is that it usually needs a pump, either powered by diesel or connected to the mains electricity supply.
However, in recent years solar-powered water pumps have been developed which, once installed, cost nothing
to run. Solar-powered pumps are already used in some trickle irrigation systems, but these use water from

wells, rather than aflaj.

In Luzugh it was agreed that a solar-powered irrigation system would ‘ 2 m N 28

be installed on a privately-owned falaj farm to test the technology. Af-

ter discussion with the wakils and farmers, a farm was chosen. The 15 m

=~

land, which is farmed by the owner, is largely open ground with few

date palms; it is mostly planted with crops for feeding animals, and

some vegetables.

56 m

A 50-cubic metre concrete tank was built to store up to 50,000 litres of

E\ock‘/S,W X é‘/sprink\e\;s
E\ock45 x 9 éprink\ers‘
E\ocl:(i x 9 éprink\ers‘
E\ocl:7 x 9 éprink\ers‘
Block 8.2 x 9 sprinklers

falaj water. When the owner receives his share of the falaj flow the wa- 15 »

ter is channelled into the tank. Solar panels nearby generate electricity

which powers a pump in the tank. This lifts the water from the tank into

a network of pipes across the farm. Just under half of the area is trickle

M\ filter, woter meter

& pressure gauge

f\so m3 buried tank (holds 50,000 litres water)

irrigated: rows of thin plastic pipes are laid on the surface; small holes

in the pipes allow water to trickle directly onto the roots of the crop.

With submersible pump powered by solar panels

The rest of the land is watered by sprinklers. A filter near the tank pre-
Tank refilled b
falaj when farn}'lver
receives his share

of falaj flow

vents the narrow pipes from becoming blocked; a pressure gauge and

water meter make sure that the correct amount of water is delivered.

The system is designed to use water very efficiently with little effort. Solar-powered irrigation system
installed in Luzugh




Fibreglass falaj ‘gates’: preventing water loss

An aspect of Falaj Luzugh that the wakils were keen to improve
was the condition of the falaj ‘gates’ in the main channel. These are
openings in the side wall of the channel which allow water to be
diverted into side channels. All of the gates are in poor condition;
the stones and rags which are used to block the openings allow
a considerable amount of water to leak from the main channel
and be wasted. The loss of water through all the gates along the
main channel means those whose land is near the end of the falaj
receive considerably less water per timeshare than those whose
land is further upstream.

It was agreed to design a new falaj gate which would be manufac-
tured, installed, and tested. If a successful design were found, 30
new gates would be installed. It was decided that fibreglass would
be a suitable material and a local manufacturer was found. The de-
sign consists of a fibreglass ‘gate’ that clamps to a fibreglass frame
cemented into the concrete walls of the falaj. Each gate has two
frames: one in the opening to the side channel, and the second in
the main channel. The gate can be moved from one frame to the
other to divert the flow of water.

The gates went through various stages of design: When the first
design was installed it was found that soil quickly gathered in the
base of the frame. This prevented the gate from making a tight
fit with the frame so that quite a lot of water still leaked round it.
Each time the design was altered, examples were made and fitted
in the falaj for testing, until a fitted version was made with which
everyone was satisfied.

As with the aquaponics unit and solar-powered irrigation system,
only time will tell how well the fibreglass falaj gates work in the
longer-term. However given the significant amounts of water that
were being lost, they appear to be a relatively low cost, simple
solution.

A lot of water was being wasted because of leaking
falaj gates, blocked with stones and rags. The wakils
were keen to reduce the water loss.

The design of the fibreglass gates was modified several
times. The different designs were each tested in the falaj.
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As the projects in Luzugh illustrate, with imagination and commitment there are ways in which aflaj can adapt
to the needs of the future, as they have done in the past. Water has been, and always will be, Oman’s most
precious resource. Aflaj, constructed and refined over generations, ensured its fair use and prevented it be-
ing over-exploited. For thousands of years aflaj enabled communities not only to survive, but thrive, in one of
the harshest environments in the world. Every falaj in Oman is unique; each one represents hundreds, or even
thousands, of years of cooperation, thoughtful management and constant maintenance. Each falaj was built
and extended to take advantage of the local conditions. Every community refined its own set of rules to man-
age their most precious resource in the fairest way.

The past 50 years have brought huge benefits to the people of the Sultanate, but they have also brought con-
siderable challenges. As communities are no longer dependent on aflaj for their survival, many have fallen into
disrepair and much traditional knowledge is being lost. Despite the changes, aflaj are still very important for
agriculture in Oman. They deliver a large proportion of the water used for growing crops in the Sultanate. And
as oil makes a smaller contribution to Oman’s economy, farming, upon which Oman relied in the past, will once
again play a more significant part. Aflaj could, and should, be an important part of that future.

Four generations
from Luzugh
discuss the work-
ings of the falgj
that has been

at the centre of
their community
for hundreds of
years. If aflaj are
to survive, knowl-
edge about
them must

be passed to
younger genera-
tions and they
must continue

fo adapt as they
have done in
the past.
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