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1. Introduction

1.1 Background

The Japan International Research Center for Agricultural
Sciences (JIRCAS) started a study on Developing
Improved Infrastructure and Technology for Rice
Production in Africa (DIITRPA) in 2008 with major financing
from the Ministry of Agriculture, Forestry and Fisheries
(MAFF) in Japan. The study focused on validating
techniques that JIRCAS acquired through a three-year
study in Ghana and a two-year study in Ethiopia. This
technical manual is published to be disseminated to other
countries in Africa.

1.2 Why JIRCAS started the study

Demographic studies show that there is rapid population
growth in Africa. As a result, food shortage will become a
world-wide serious problem in the near future. Since rice
production in Africa is still not sufficient to meet demand,
rice imports from Asia and other parts of the world is
currently in force.

Since 1970s, rice consumption has been increasing in
Africa. As a result governments of Western Africa assisted
by FAO established an Agency (West Africa Rice
Development Agency - WARDA, currently “Africa Rice
Center”). Since its establishment WARDA has produced
new rice varieties in Africa (NERICA) and its dissemination
has been supported by Japan. However, NERICA is not
popular yet in most African countries because of the poor
experience of most societies in rice cultivation.

In May 2008, Japan started the concept of the Coalition
for African Rice Development (CARD) together with the
Alliance for Green Revolution in Africa (AGRA). Its goal is
to double rice production in ten years, and this study was
started to contribute towards achieving the goal of CARD.
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1.3 The study

Since fiscal year 2008, JIRCAS has conducted several
research studies in Ghana to verify the current issues on
rice production and decided on two project sites each for
two research institutes based in Kumasi, Crops Research
Institute (CRI) and Soil Research Institute (SRI). At the
four project sites near Kumasi, JIRCAS implemented
validity studies to ensure the effectiveness of shifting the
field into traditionally-practiced Asian paddy-field
development. This included, (i) constructing bunds,
leveling and puddling with inlet and outlet facilities for
irrigation, (ii) applying appropriate fertilizers and (iii)
introducing weeding and post-harvesting techniques.

The project sites are located in the target area as shown in
Figure 1-1.

Understanding the importance of dissemination, JIRCAS
asked the Ministry of Food and Agriculture (MOFA) in
Ghana to help in technology transfer activities. As a result
on-the-job trainings (OJTs) were conducted in collaboration
with experts from CRI and SRI for Extension Staff of MOFA
who have knowledge in land conditions of project sites.
These extension staffs are expected to transfer their
experience to farmers after the OJT programs.

Target Area

Crests and slopes Hydxwrmpluc Walleybottom
frivges

Figure 1-1 Target area of the study
Source: Africa Rice Center
http://www.africarice.org/
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1.4 Environmental Condition

The Sawah technology is not always the only solution to solve
the problem of low-level yield of rice. There are conditions that the
Sawah technology can be applied to or successfully implemented.
These conditions can be divided into two categories; natural and
social conditions. Both are environmental conditions that cannot be
usually changed by human power. Rather, it is the rice variety or
cropping system that can be modified to suit a given environment.

1.4.1 Natural conditions

There are three main factors that can be considered under natural
conditions for rice cultivation. These include; Rainfall, Temperature
and Topography.

1.4.1.1 Rainfall

Water is indispensable to the start of any rice system. Adequate
rainfall may be required for the proper operation of the sawah
system. Literature states that annual rainfall between 800mm and
1300mm is adequate for rice cultivation.

Basically, less than 800mm of annual rainfall is not suitable for
rice cultivation. For high-grade management under rice cultivation
such as growing twice, thrice, or more crops per season or highly
mechanized rice cultivation, annual rainfall amounts should be
carefully checked in order to plan what kind of rice production
system to adopt.

1.4.1.2 Temperature

Temperature is another important factor that affects rice
cultivation. However, in Africa, temperatures are quite uniform for
most areas and suitable for rice cultivation. In areas of high altitude,
low tolerant temperature varieties may be bred and used.

For mountainous areas like Ethiopia, careful consideration for the
lowest temperature during rice cultivation season, and special
consideration/treatment should be applied, such as introducing
low-temperature tolerant species of rice or counter-measure
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management, such as keeping deep water in the paddy field during
the nights would be applied before or when cold air hit or is
predicted to hit the area.

1.4.1.3 Topography (slope)

For easy land development and water management, relatively flat
or gentle sloping areas are recommended for sawah systems.
Gravity irrigation is easier to be applied under flat or gentle sloping
conditions, such as inland valleys, than flood-plain conditions. This
is because water management under flood-plain conditions requires
higher investment for both irrigation and drainage facilities.

1.4.1.4 Accessibility (Nearness of Site)

For easy management such as movement of farm machinery (e.g.
power tillers), farm inputs (seed, fertilizers, herbicides, etc.) and
farm produce to and from the field, sites that are easy to access are
preferable.

1.4.2 Social Conditions

Social conditions are important factors and can affect rice
production. Some of these factors include; land tenancy issues,
condition of extension staff, and stages of mechanization.

1.4.2.1 Land Tenancy Issue

Land ownership is a major factor for rice production. For farmers
who do not own their land, it is important to secure long term land
tenancy agreement. This is because land development under the
Sawah system requires higher initial investment as compared to
other systems.

For sustainability, long term agreements are therefore required in
order to re-coop the investment.

1.4.2.2 Conditions of Extension Staff

For effective communication and technology transfer the technical
knowledge, and working conditions of the extension staff should be
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considered. Extension staff should know the existing social
conditions of farmers and should be able to communicate with them
in languages they understand better. Extension staff should be
mobile, motivated, and made to work with an optimum number of
farmers.

1.4.2.3 State of Mechanization of the area

Mechanization is not easy to be achieved within a few years,
since a power tiller needs continuous activities of operation and
maintenance when they are introduced in a particular site. Spare
parts are needed and sometimes blacksmiths can be trained to
manufacture simple parts. Similarly, local mechanics and power tiller
operators should be trained on routine operation and proper
maintenance of machinery.
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2. Site selection
2.1 Basic Feasibility
2.1.1 Water resources

- Common sources of irrigation water are usually rivers, streams,
and springs. It is necessary to obtain data on the amount of
precipitation and the availability of water from rivers and springs
throughout the cropping season.

- For effective planning and irrigation scheduling, it is necessary
to estimate the volume of water available for irrigation. Continuous
monitoring of the water level is preferable for long term planning.

2.1.2 Soil and topographical condition

- The area selection should be made on a gentle slope or a broad
humid basin.

- An example of the condition setting:
Slope should be gradual or gentle ( less than 1/100). Stagnated
water level in a site to be selected should be less than 35cm. (In case
machinery use is envisaged, the bearing capacity of soil should be
tested and over 0.5 kg/cm? is recommended.)

2.1.3 Accessibility

- Good access from the village or main roads to the farming area
is necessary for transporting of equipment, other inputs to the field
and products from the field to the village or market center.

- Farm roads surrounding the rice cultivating area enable access
to the field and transportation of outputs.

2.1.4 Farmers’ interest

- A prerequisite condition is that, farmers should be eager for
improved infrastructure and technology on irrigated rice cultivation.
Otherwise, the intervention will end in a futile attempt.
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- Conducting interviews or sampling surveys of farmers are
recommended prior to selecting sites.

2.1.5 Economic condition of farmers

- The ability of farmers to adopt new farming technologies
depends on the farmers capacity to provide the needed resources
and also the suitability of the existing land tenure systems.

- The other social conditions of farmers, such as machinery
leasing systems and micro finance systems, should also be
considered.

2.1.6Total Assessment
- The site should be considered in totality before selection. A
sample selection criterion done by Dr. Fukuo (2010) is as shown
in Table 2-1on page 2-3.
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Table 2-1 A sample selection criterion

2.2 Planning

2.2.1 Concept of water delivery and irrigation cycle
e To achieve equitable irrigation water distribution to all fields,

the rotational irrigation method is recommended.
e Scheme area should be divided into a number of irrigation

blocks.

2-3

Access Drycs:’zson culz:/ca?cion Water resource S(z:’lyc:enads"g:; Palm tree Total

. ota

No.| Community name Rice = 4 _ no flood = 3 flood Wet = 3 _ (5~18)
1~5* Vegetable = 2 YNe°s=—12 ({1m) = 2 flood |Wet and dry = 2 YNe°s=—21
No = 0 (>1m) =1 Dry =0

1) |Afari 4 4 2 2 3 : [
2) |Manhyie Dkc 5 0 2 2 3 2 14
3) |Pakukrom 2 2 2 2 2 2 12
4) |Sabronum 2 2 2 3 3 2 14
5) |Akropong 4 4 2 2 3 2
6) |Amdum Adankwame 4 4 2 2 3 2
7) |Boatenkurom 4 4 2 1 2 2 15
8) |Kunsucamp 3 2 2 2 2 2 13
9) |Odoyefe 2 2 2 2 2 2 12
10) |[Nyameadom 5 2 1 2 2 1 13
11) |Bronikrom 5 2 2 1 3 2 15
12) |Afresine Camp 3 2 2 1 2 1 1
13) |Afresini 2 4 1 1 0 2 10
14) |Akuapem - 2 1 2 3 2 10
15) |Asebekrom 4 2 2 1 2 2 13
16) |Ademse 4 0 2 1 0 2 9
17) |Awia - 2 1 - - 2 5
18) [Senkyem 3 2 2 3 3 2 15
19) [Amanin 3 0 2 2 3 2 12
20) |Yawkobi 3 2 2 2 0 2 11
21) |Ohiapae 1 2 2 3 0 2 10
22) |Mehame 1 2 2 3 0 2 10
23) |Pasoro 5 4 2 2 3 1
24) |Aninkroma 5 2 2 2 3 2 | 16 |
25) |Amakye Bari 5 4 2 2 3 2
26) |Betinko 1 2 2 2 3 2 12
27) |Amoakokrom 4 2 2 2 3 2 15
28) [Biemtetrete 4 2 2 1 2 1 12
29) |Anyinasuso 5 2 2 1 3 2 15
30) [Banokrom 4 2 2 2 0 2 12
31) [Amoakkrom 4 2 2 2 2 2 14
32) |Amakon 5 0 2 2 0 2 11
33) |Pokuase 4 2 2 1 0 2 11
34) |Esienkyem 4 2 2 3 0 2 13
35) |Adugyama 5 2 2 3 0 2 14
36) |Achiese 4 2 2 2 0 2 12
37) |Attakrom 5 0 2 1 0 2 10

Source: Dr. Fukuo, 2" Steering Committee Meeting (March, 2010)



e Water demand can be estimated based on crop water
requirements, cropping pattern, and irrigation efficiency at the
farm level.

e Water delivery plans (irrigation schedules) should be
determined at a farmers’ meeting, considering the availability
of water, crop and other factors. This meeting should be held
before the cropping season.

2.2.2 Cost estimation
Cost should be estimated on the following items:
e Machinery and tools; power tiller, pick axe, cutlass, mattock,
shovel, spade, etc.
e Infrastructure; canal construction, reservoir construction, land
clearing, de-stumping and debris collection, bund construction.
Ploughing, puddling, and leveling.

2.2.3 Planning fields for rice production
- Area to be developed should be located along a reliable water
source. A larger area is recommended (50 acres).
- The area should be divided into manageable and regular plot
sizes.

2.2.4 Recommendation for improving rice fields based on
JIRCAS project sites in Ghana
2.2.4.1 Shape and nature of the valley

* Inland valleys are variable in shape, e.g. convex shape, concave
shape, etc.

* In times of flood, under the convex type, water would gather in the
center of the land because of lower elevation relative to the other
parts. (Reference-Figure 2-4, on page 2-7)
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2.2.4.2 Dual-Canal type
 Naturally, waterways flow in the center of the valley.
» Canals should be constructed on either side of the natural water

course.
» After canal construction the natural water course should become

the drain. (Reference-Figure 2-1)

FEa P

i

Figure 2-1 An example of designing divided canals type,
Baniekrom-C site.Source: SRI

2.2.4.3 Weir and canal type
Under this situation, water source is near the land but there is no

natural waterway to convey it onto the field.
* Weir and canal should be constructed to convey water onto the

field.
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Figure 2-2 An example of designing Dyke-and-canal type,
Nsutem-‘A’ site.Source: SRI

2.2.4.4 Pond type
Under this situation there is no running natural water source.
e Existing natural ponds should be desilted.
¢ A pond should be constructed if there is none.
e \Water may be delivered by pumping.

Wires

Sequare pond
- Unfirished-
ater way reclamation area

Frnished-reclamation area

— Seepage-water flow
- r ?- J

< >)

.

Figure 2-3 Image of collecting-ponds type, ‘Kodadwen’ site
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<Current situation> <Recommended types for field construction (Betterment)>

A Bank (small weir) A weir
= An artificial canal
& i:I o I:' artificial cana
= = \
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P - ' 8 |
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Figure 2-4 Image of current situation and three recommended types
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3. Farmers Organization
3.1 Establishing a Farmers’ Organization
The process of establishing a farmers' organization is as shown in

Figure 3-1.

Preparation

Analysis of actual situation
and examination of need }

~>
Confirmation of farmers' willingness

~~

Establishment of a rice
cultivation group/cooperative Establishment
- ~ of a farmers'

(DExplanation on the method for election of Orgamzat'on
executive members

@Election of executive members

(®Formulation of by-laws or regulations

@Training of  members

~

(®Registration for local/central administration J
- J
Establishment of an action plan
& AR
plan - review G}
@ Monitoring and
: ; ’|  evaluation
Implementation - Evaluation
monitoring

Figure 3-1 Flow chart of establishment of a farmers' organization

3.2 Advantages and disadvantages of group activities
Table 3-1 below shows the advantages and disadvantages of

group activities during rice cultivation.
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Table 3-1 Advantages and disadvantages of group activities

Advantages e Group efforts can help in carrying out cultivation,
nursery planting in a shorter time than in the case
when a single worker is involved.

e Group purchases can reduce overall expenses and
transportation costs of equipment and materials,
including fertilizers and agrochemicals.

e Group sales can reduce the transportation costs of
the harvested rice. A group is more likely to ensure
sales from outside buyers if a sufficient harvest
amount can be offered. The establishment of a
farmer’s group and registration with the government
is likely to obtain outside support.

Disadvantages e Per capita income decreases if total income is divided
among members. Plan for any activity may be
delayed unless all members follow the schedule.

As shown in the table, the advantages far outweigh the
disadvantages. However, it is important to note that this system also
poses challenges. There is a certain degree of difficulty in
introducing group activities that depend on whether previous works
have been collaborative in the area to be cultivated. Farmers should
be allowed to make decisions independent of other members. The
decision to participate in a group should not be forced on farmers.

3.3 Points of concern for group activities
If farmers select group activities, they should consider the
following points, shown in Table 3-2 to minimize misunderstanding -
and increase trust among group members.
Table 3-2 Points of to note for group activities

ltems Points of concern
Election of e A minimum of five officials, including a chairperson, a
officials deputy chairperson, a secretary, a treasurer, and an

organizer, should be elected. This number may vary
with the size of the group.

e Consensus is recommended for elections among
groups of limited sizes. However, secret voting is
advisable, if possible, because it can reflect the actual
intentions of the members. Therefore, the executives
should be elected by secret voting.

Formulation e |tis necessary to document the objectives of the group,
of by-laws items for collaborative work, scheduling and frequency
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and of meetings, tenure of office for the elected officials,
regulations membership registration fee, membership fee, and
penalties in the case of breaches of responsibilities.
This documentation should be distributed among

members.
Accounting e Management of membership registration fee,
report membership fee, and any expenses should be

recorded in a ledger to ensure transparency. In
addition, an audited accounting report should be
presented during a general meeting.

Management e A manager should be appointed to supervise the
of materials group-owned farm equipment and materials such as
and power tiller, fertilizers and other inputs.

machinery e Inventory, user, and amount used should be recorded

on each occasion, and the current status should be
reported on, during each general meeting.

3.4. Land tenancy agreement

The farmer needs to have a land tenancy agreement if he wants
to develop Sawah (Suiden) on rented land. He should conclude a
written land tenancy agreement, and it is better to make the period
as long as possible. The first year of Sawah development needs
many infrastructures, such as water intake facilities, canals and
drainage. The investment cost is high compared to upland field
development. Therefore, if the landowner takes a developed land
away after a short period of development there would be no
motivation for the farmer. It would not be profitable as the farmer will
not be able to re-coop his/her investment. Thus, the land tenancy
agreement should be at least five years, but more than ten years is
desirable.

An example of the land tenancy agreement is shown in Annex 2.

3-3



4. Land Development

Methods of site selection and planning have earlier been explained
in chapter 2. Concrete procedures and methods of land development
are explained in this chapter. The flow chart of land development is
shown in Figure 4-1.

Paddy Field Preparation on Virgin Land
(Clearing and De-Stumping)

Refer to 4.1

Construction of irrigation and drainage facilities
(Irrigation canal, Drainage canal, Dyke, Pond)

Refer to 4.2-4.10

Land Preparation
(Virgin Land Plowing, Bund Construction, Leveling, Puddling)

Refer to 4.11

Figure 4-1 Flow chart of Land Development

4.1 Clearing
From the outset the area should be clean-cleared (weeds, shrubs,
slashed, burned, and de-stumped).

« Slashing: Weeds and shrubs must be slashed or cut down
using a cutlass or hoe.

« Burning: Slashed grasses and shrubs, and leaves of trees
should be partially burned to make room for easy land
development. The area to be burned should be less than 2 to 3
ha. The burning should be controlled to avoid causing
bush-fired.

o De-Stumping: Trees and shrubs roots and trunks should be
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removed.

Note: In addition larger size stones (e.g. size of an egg) can
also be removed as these turn to negatively affect the
operations of machinery.

4.2 Canal construction
In order to construct a canal the route should be considered first.

It should always adapt to the shape of the side slopes of the river and
valley. In doing so two main criteria are used;

« Position of the river route.

« Position of the water distribution point.

Factors to consider:

« The canal gradient should be more than 0.5% through its entire
length but should not exceed 1.0% (if it is an earth canal)
because water flows down by gravity. Depressions and
negative gradients and excessively long canals should be
avoided.

« Canals may differ in shape, length and gradient.

« It should adapt to the shape of the sides slope of the river and
valley.

Note: The river route is naturally derived and that cannot be easily

changed.

Figure 4-2 shows a river gradient of 1.44% and an average canal
gradient of 0.5%. In the case of ‘A, undulation is gentle, and the
canal distance between the intake and distribution points is slightly
longer than the river route.

Conversely, in the case of B, the canal must bypass the tributary.
Accordingly, a long detour with a gradient of at least 0.5% is
necessary.

Extending the canal length may result in the following:

- Increased construction and maintenance costs
- Increased loss of allocated water due to water leak and
evaporation
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- Increased complications with the surrounding land because the
canal must traverse a larger area

A Routeif the undulation present is insignificants River toute
I-mcontour interval-

N -fl.l.” o -.Ir'-"--.iﬁ".
-,_.{ Contour-

Distribution- Canal route.

b Section MPofriver: 250m-
Intake point. Section LP-ofcanal:-320m.

B Height difference between L-and M:2.0m.
Height difference between M-and P:-3.6m-
Height difference betwesn L-and P:-1.6m-
Average gradient of river:-1.44%.
Average gradient of canal:-0.5%.

0. 100 200. 300m.

B:Routeifundulation present 15 significant.

. 2=mcontourintervals
Valley detour/’. " N ~ . T e --""""Intai:epm'ut-
______ ] Canaltoute-
eeeses n 1600me,
-

' 3 Tributary.

Section MPofriver: 695m.
Section LP-of canal:-1600m.
Height difference between L-and M; 2.0m-
Height difference between M-and P;-10.0m-
Height difference between L-and P:-5.0m-

, . ; Average gradient of river; - 1.44%.
Kmfw Average pradient of canal:-0.5%.

- - 100- 200. 300m-
0O Although the canal route in-Case B is-quite long, the average gradient of the river is the same in both Aand B..

O wWhen the requirements -and -expenses-involved-in-constructing-a-protracted route are-considered, the-option-of
theclosed channel system may be preferred over that of the open-channel.-

Figure 4-2 Determination of the length and bend of diversion canal
by the terrain of the side slope.
(Source: Hugues Dupriez and Philippe De Leener, 1990)



4.3 Effects of Slope Canal
The side slopes of earth canals are exposed to the following:

« Running water scours sand and clay particles from the side
slopes for rapid streams, backwater, and scarce vegetation.
When this occurs, the cross section of the canal tends to
expand.

« The scoured soil particles either settle onto the bottom of the
canal or are deposited by drift far from the stream. Accordingly,
the bottom is silted to shorten the height of the cross section.

Changes in the cross section cause various types of damage by

such factors as deceleration and acceleration of the stream,

changes in flow volume, flooding, clogging, and blockage by
structures such as a distributor or a valve.

- If a small levee is constructed as an earth canal, the
cross-sectional shape may change owing to the decreasing bund
height caused by raindrop erosion, reduced bottom face through
water scouring, and piping at narrow points.

The effects are illustrated in Fig 4-3. The principle of constructing
the side slope parallel to the natural gradient should be applied to
minimize these risks. It is necessary to heap materials on the sharp
gradient as much as possible. Dried soil clods should be broken into
small pieces before heaping. The gradient should be measured with
a protractor.

No technical problems will arise even if this gradient is larger than
that of the natural slope side created through the construction of a
small levee. In this case, however, prevention of the bottom face of
the bund from widening is highly unlikely. This increases the extent of
sand movement, extends the wetted perimeter of the canal, and
increases the number of land requirements.
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Fear of collapse

L lnial cross-sectional shape of small

levee
+— 501l eroded by ramfall
Deposit of sand from outside
slope  scoured by rmnfall
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parallel to the natural slope
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Dietenorate

Deposit of soil scoured from the
Iuitial cross-sectional view of canal  small levee raises the borom level

Natural gradient of the slope

Figure 4-3 Deterioration of earth canal walls
(Source: Hugues Dupriez and Philippe De Leener, 1990)

4.4 Process of Canal construction
In order to construct Irrigation canals, the following procedure
should be followed:

Step 1:
« The area marked for construction should be pegged with
knotted strings at intervals of 3 -10m depending upon the
layout. (Figure 4-4)

« Construct the canal by digging out and also filling depressions
along its walls to give it a uniform height.

o Filled areas along the canal walls should be compacted to
make it strong.

« Shaping the canal to a trapezoidal section is recommended to
reduce erosion. (Figure 4-5).

« Construct a dyke on the upper stream and divert water into

the constructed canal.



Ground plan
1) The planned field

Culvert

Natural stream
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Cross-section
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2) The canal (Red-line) is constructed along with the outline of

the planned field

Culvert

Road

3) The main drainage(Blue-line) is constructed to promote the

drainage.

Culvert

Source: Chikako Hirose

Figure 4-4 Concept of Design the boundary of ridges and
construction of canal




Field

Source: Chikako Hirose

Figure 4-5 The trapezoidal lateral of canal

4.5 Canal Construction Material
Generally, unlined canals are constructed using earth materials.
Various types of materials are used to reduce seepage loses and
erosion. One of such materials is the Geomembrane sheet which is
commonly used in Ethiopia (Figure 4-7).

Geomembrane sheet is a construction material made from
polymeric material such as plastics.

Usually, earth canals that do not use Geomembrane sheets
(Figure 4-6) have high conveyance losses.

Earth Canal

— 50cm —

Figure 4-6 Earth canal (a) and Cross Section (b)
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Geomembrane
sheet

+«— 50cm — <+ 50cm —

Figure 4-7 Canal covered with Geomembrane sheet (a) and Cross
Section (b)

4.6 Plot-to-plot irrigation

Plot-to-plot irrigation is to send the water taken in the uppermost plot
from the canal to downstream plot one after the other through the
plot (Figure 4-8). If all the plots do not have intakes from the canal
this irrigation system is usually applied. Irrigation and drainage of this
system is constrained by the water movement from one plot to
another. Instead of this constraint this system has the advantage of
water saving and easy construction.

Figure 4-8 plot to plot irrigation

4.7 Drainage canal
The drainage canal should be constructed at the lowest portion or
existing stream if that is the lowest. By improving drainage on the
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field, workability is improved and power tiller operations enhanced.
An example of a drain constructed in the middle of the field is as
shown Figure 4-9. In order to improve the flow of drainage water from
the fields it is recommended to have a straight layout.

4.8 Intake
An intake is a structure designed to take water from a river into a
canal or from the canal into the field. Intakes are  generally

composed of the following structures:

« An Intake Weir; is designed to raise the water level to allow

flow through by gravity. Several types of materials such as
sandbags, stones, bricks, concrete, and wood are used for its
construction. The durability of the structure depends on the
type of material used.
An intake point is the starting point of a diversion canal and
should be constructed perpendicular to the natural stream
direction at the point where the river runs slowly. Intake points
should not be constructed at points where the flowing water
deposits alluvial soil. The flow volume inside the diversion
canal should be adjusted by a check structure.

« Spillways; are designed to maintain a desire water level in the
field. They can be adjustable or fixed. The spill level
determines the water level. It is important to select the
positions of the intake point and the bed height appropriately.
Improper selection may cause considerable flooding.

4.9 Division Work

An intake structure constructed to distribute water to various fields
from the same point. Division works can be done with earth or
constructed with hard materials (see Figure 4-9 on page 4-10).
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Figure 4-9 Division Works
(Source: Hugues Dupriez and Philippe De Leener, 1990)

4.10 Pond

Farm pond is a facility for storing irrigated water which is used during
the period