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Summary

The Gezira Irrigation Scheme, in Sudan, reclinaghsof Khartoum between the Blue and White
Nile Rivers. For more than 80 years since its distatnent the Scheme has been a very important
asset for the country’s economy.

The scheme was designed for cotton plantationvgast designed to serve water to 50% of its gross
command area in two consecutive growing seasomani@u and winter). With the scheme the
cultivated area could be irrigated at the same tméhe basis of a 14 day rotation. But laterhi t
1960s, a crop diversification and intensificatiaigy was implemented in the Scheme. This policy
has affected the original design of the irrigateystem. The need to operate the system beyond its
capacity, together with an increment of the actalimentation rate which comes from the Blue
Nile’s catchment, has allowed increased silt lotmlsenter the canal system. Because of this
increasing sediment loads at each level of thelaagtavork, operation and maintenance (O&M)
costs have risen since the 1970s to a point tHa¢yend the capacity of the government. However,
it is not clear, if there are water supply shortagethe area, why and where there are water supply
shortages, and it is not clear how farmers hava lbegponding to this water supply and siltation
changes.

In view of that, in the Blue Nile programme PhD jpris were implemented to analyse the
situations (operation and maintenance) in the Blde in depth. One of the PhD project aims is
‘Understanding persistence of soil erosion andtsih in the Abbay/Blue Nile Basin’. Under this

project, as a case study on a minor canal, thiy/stwestigates how ‘different actors’ management
responds to silt load and water distribution charigghe Gezira Irrigation Scheme, Sudan.’

In 2005, the Sudan Government endorsed the Irogatlanagement Transfer (IMT) concept in
close consultation with the World Bank. One of #spirations of the 2005 Gezira Scheme Act is,
to enable farmers to cover 100% of the O&M costghalir hydraulic unit (minor canal). The
principle which would allow this to happen, wasl¢ave farmers themselves to decide to grow
more profitable crops. That in turn would empowem to request companies to undertake O&M
activities for their minor canal on their own expes (the virtuous cycle). However, this study
demonstrates that the system has entered a vicyamles of O&M. The reality is that farmers could
not even cover the previously set rate of 15% efwlater discharges. One of the reasons for this
failure to collect money is that due to poor maiaiece of the canal system, farmers are suffering
from water distribution problems. In the end thanpredictable and chaotic access to water results
in low profitability. Moreover, there are no preafitle markets for their crops which even further
compound the finance issue.

However, farmers are doing their best to cope withter distribution, sedimentation and
management changes. If farmers would refrain froactsing these coping mechanisms their crops
will die. Hence, the farmers’ strategies repredéeir efforts to secure their livelihoods. But, to
reclaim the irrigation system in a sustainable neanrehabilitation of the irrigation infrastructgre
should be considered one of the first steps.
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Chapter 1Introduction

1.1 The Gezira Scheme

The Gezira Irrigation Scheme reclines south of khan between the Blue and White Nile Rivers
(Figure 1. 1).The scheme is one of the largesgatibn scheme$880,000 ha)on the African
continent. The reservoir, Sennar Dam, was compieté®25. The irrigation system comprises two
main canals running from the head-works at Senm@an B a common pool at the cross-regulator at
km 57. The scheme was established by the Britispgsely for the cotton production. But in the
1960s with the diversification and intensificatipolicy, other crops like groundnuts, wheat, and
vegetables had been introduced in the scheme. Ugdently a pea like crop, locally called
‘Kebkebe’, has spread widely in the scheme. Gelyetlaé Scheme has played a significant role in
the country’s economic development.

A o Y
3
— = —
= Sk Field of 90 Acres —» |
o~ ey HE-N

S
1420 M Z.) divided into % plots of 10 |
cres :

MINOR CANAL

o

MINOR CANAL

T MAJOR CANAL
Detail of Field Layout

(Canals 1420 AMf-Apart)

Figure 1.1: The Gezira ScheméSource: ‘Agriculture in Sudan’ in Wallach, 1988)
N.B. the Red box is the study site of the Kab BaGimajor

According to the World Bank (2000) report, the sokehas a long history of satisfactory
performance, to the extent that it has been usedmaedel for designing and developing all other
major irrigation systems in Sudan, especially upht 1960s, when the scheme was operated at its
designed capacity. However, in contrast to thisohisal appreciation before the 1960s, recently
many studies showed that the scheme has detedodate to high siltation problems. The main
sources of siltation are the Blue Nile waters, \Wwhaarry large amounts of sediment from the
Ethiopian highlands, as well as wind-blown mater@zdnal banks eroded by rain, and animal
crossings inside the Gezira itself (Eldaw, 2004)isTresulted in siltation problems in the scheme,
and there is a need for high levels of financigitek to overcome this problem. However, the
government supplied budget for O&M is insufficidot cover the capital outlay required to cope
with the sedimentation problem. For instance camaihtenance costs have increased fourfold to a
total of around 15 million US$ annually over thetl20 years (HRS, 2008). Also a decline in the
cultivated area of the Gezira scheme has been\@zs€¢Eldaw 2004 and World Bank 2000), and
there is a lack of ‘equity and reliability’ of watsupply to tenants (World Bank 2000).



1.2 Operation and Maintenance changes in the scheme (0&M)

Sediment load in the Gezira

According to the World Bank report because of 8dta in 1985 the volume of the Sennar reservoir
had been reduced by 34 percent and that of Rodgyr@% percent (World-Bank, 2000). Recently

these figures significantly increased to 60% anb 33 reservoirs storage capacity reduction for
Sennar and Roseires respectively (Younis, 2009.distribution of the sediment entering into the
Gezira irrigation canals (at km 57) in the irrigatinetwork is as follows: about 5 percent setthes i

the main canals; 23 percent in the majors and hem)c33 percent in the minor canals and the
remaining 39 percent pass on to the field (HRS fadlingford, 1990). Therefore, considerably

more extensive and expensive annual silt and weedval or other related activities (maintaining

broken/damaged artefacts) are necessary at eaghotethe canal network especially from minor

canals, to keep the system in a good working cmmditn this way one can conclude that the
maintenance demands are increasing and the opgrabilhe system is changing.

Water distribution

After flowing 57 km to the north, water is dischadgfrom the Sennar dam to two parallel main
canals which are called Gezira and Managil maimksarit this junction (km57), the Managil canal
divides into 4 branches, to divert water to the Bghextension, while the Gezira main canal flows
an additional 137 km northwards. Then it conveygewt branches and then from branch to major
canals as a continuous flow during the irrigatieasons (from July to April). The designed peak
capacity of a major in the Gezira is 13.5-15 cubigter per day per feddaBoQ to 1,500 little per
second per major canalfFrom the major water is delivered to minor canalbich had designed
capacities of 0.5-1.5 cubic meter per second. Taemdistribution principle was, at the beginning
of the cropping season, the water requirement efdifferent crops in the minor first had to be
calculated and transmitted to the engineer who @vdetermine the amount of water that would be
discharged to each reach of the minor canals. Alaegly the required water from the higher levels
to the minor had to be conveyed. From the minoalsawater flows to Abu-Ishreens (Abu XX)-a
small field ditch (tertiary channel)- and from AKX to the field through Abu Sittas (Abu VI) - the
smallest field channel.

An Abu XX is designed to serve the ‘Number’ or i@y unit (1,350m x 280m=37.8 hectare land)
at fixed intervals of 292 m along the minor caraby Xx's take off perpendicular of the minor
canal). Field Outlet Pipes (FOPs) take-off the wateright angles (12 meters long with a 0.35 m
diameter). This unit was divided into nine 10-fexigdots (called Hawashas) watered by secondary
watercourses called Abu VI taking-off from watemucses. But later it became eighteen 5-feddan
plots. In 1995 the Hawasha size was reduced taldafe plots, which increased the Hawashas to 22
per Number. But at present the hawasha is reddosasato a 2-feddan plot by which the number
is divided into 44. The Abu XX has a theoreticapaeity of 116 I/s (Ahmed, 2009). These
infrastructural modifications all indicate that nyathanges have taken place in the scheme.

1.2.1 Management problems and Irrigation Management Transfer (IMT) in the
Scheme

‘The irrigation network of the Gezira Scheme isemsdive and the management of irrigation
operations at any level of the network represerdsretraint for the other levels’ (Eldaw, 2004, p.
16). The overall management of the Gezira schenseble®n changing over time due to the
problems encountered.



Before, 1950 the management was performed by tdarSBlantation Syndicate. In 1950 the Sudan
Gezira Board replaced the former managing body S&dantation Syndicate. Then up to recently
(2009) the management was between Sudan Gezira B8&B) and the Ministry of Irrigation and
Water Resources (MOIWR). The MOIWR was responsibtethe maintenance of the irrigation
network with budgets fixed by the government arel$IGB was responsible for water management
in the minor canals up to the field level with joatcount system budgets. But there was a problem
related to collecting water charges from farmensgitiiermore there was a problem to settle the
required Budget for MOI that helps it to undert@&M.

World Bank (2000) concluded that the problem ofited O&M that appeared in the scheme was
mainly related to management problems. Theref@el@ion was recommended such as irrigation
management transfer (IMT) throughout the schemecoAlingly the Sudan government

empowered farmers as the main actors of the IMuih 2005 Gezira Act. The Gezira Scheme
Act of 2005 transferred the responsibility for O&M minor canal level into the hands of the
farmers, whilst at the same time liberalising thepcpattern allowing tenants to grow the crop of
their own preference.

Following the 2005 Act, water users association A¥)Jwere established in the whole scheme
around 2007. The aim is “achieving optimum utitiva of available water through a participatory
process that endows farmers with a major role & rttanagement decisions over water in their
hydraulic unit”(Elfiel, no date)Here ‘Hydraulic unit’ refers minor canals levelnee WUAS are
established for each minor canal. In other wordi&® government wants to transfer all its
responsibilities under the minor levels such agapm and maintenance- works to farmers. Hence,
the WUAs are authorised as an intermediary betvi@eners and the government. Under the new
arrangement, farmers would specify their O&M-nedaough the WUAs, then WUAs would
address these needs by hiring O&M services frompaonies or transmit the request to the higher
responsible bodies (former SGB &MOlI).

Despite the frustrating problems facing the Geinigation scheme, the causes and consequences
of the problems are not yet known precisely. Intipalar it is not known, how much and why the
sediment concentrations occur, how this has affietite water distribution pattern in the Gezira
scheme; how siltation and water distribution paenbserved in various types of canals is related
to management responses of the different actoosighr changes in operation and maintenance of
canals; and what are the consequences of incredtatbn on changes in the irrigated command
area at different parts of the scheme. This callafdeep longitudinal understanding of the refatio
between actors’ influence on siltation through threanagement response (through operation and
maintenance) of the scheme and the process andtimpsilt deposition in the irrigation canals in

a spatially and temporally differentiated manneherefore, the Blue Nile research Programme
established a project to solve such problems.

The Blue Nile research programme comprises a awiédion between UNESCO-IHE Institute for
Water Education (the Netherlands), University ofakbum, Addis Ababa University, Free
University (VU) of Amsterdam and IWMI-Ethiopia. Tkem of the programme is to increase our
understanding of how people in the Blue Nile RiBasin are linked to each other through an in-
depth analysis of farming practices, hydrology,iset flows, land use, the gender dimension of
land and water use, the economic and social vdliend and water use and an analysis of how the
increased knowledge on these topics can be inetitltzed. There are different research projects
included in this programme. One of the projecta BhD-project with the objective ‘to investigate
whether and how specific configurations of soc@bes and material artefacts can be related to and
explain persistent soil erosion and siltation ie thasin’ (PhD proposal of (Hermen, 2009). This
PhD-project includes two case studies, on two maaorals of one major canal in the Gezira main



canal, studying how land and water users deal Wigih sediment loads in the Gezira irrigation
scheme in Sudan.

This research is one of the case studies on otteeahinor canals (Tuweir minor canal). It focuses
on farmers strategies to cope with siltation/watstribution changes. The second case study on
another minor canal of the same major was studyeahbther MSc. student (Koen Mathot), who is
in the same MSc study programme (MIL) at Wageningdaiversity.

1.3 Problem statement

Without substantially changing the amount of waleerted from Sennar dam, the Gezira Scheme
has been facing problems with high siltation levafsd water distribution changes. The total
irrigated area size and water used in the schemeddaiced below the average in the last six years
(Ahmed, 2009). Moreover the irrigation infrastruetiand agricultural production has deteriorated
(Eldaw, 2004). However, there is no clear undeditay) if there are water supply shortages in the
area, why and where. And it is not clear, whattegi@s farmers have been practicing to cope with
this change, how farmers interact with each othemwih water users associations and canal
operators; with what operation and maintenancesrihiey get water to their fields. This study seeks
to create a more profound understanding of thosees Moreover, the study investigates how
farmers respond and how their interaction recuhgiadfects water distribution and siltation
patterns.

1.4 Research objectives

For more than 80 years since its establishment,Gheira irrigation scheme has been very
important asset for the country’s economy. Howetlex,scheme has faced a pernicious problem of
siltation which affects its performance. Conseglye@peration and Maintenance (O&M) practices
are becoming difficult and costly. Water distrilmutibetween upstream and downstream irrigators
is also a problem. Faced with such problems farmegsmanipulating the scheme on their own
trying to save their crops. In view of that, unttee PhD project ‘Understanding persistence of soil
erosion and siltation in the Abbay/Blue Nile Basih‘am interested to investigate how ‘farmers
respond to silt load and water distribution changale Tuweir Minor canal, in the Gezira Scheme
, Sudan.’ with the following objectives.

Scientific objectives:

1. To analyse what silt load, water distribution andnagement changes have taken place in the
scheme.

2. To understand what various actors’ management nsggothrough O&M-works have been
used to siltation and water distribution changeshm scheme. And what the impact of their
response has been to the system.

3. To identify impacts of water distribution and diiten on agricultural performance (in terms of
irrigable area size, yield or crop preference).

Social objective:

The development objective is to assess the posigibil limitations and implications of actors’
responses to siltation and water distribution clearg terms of O&M -practices.

Personal objective:
My personal objective to do this research in thei@elrrigation Scheme, in addition to the
impressive nature of the problem settings in theste, are-



* To assess its links to political/institutional, afiwancial affairs. In spite of much attention
having been given to resolve the problem both kjonal and international organizations,
like the World Bank, little success is observedtime Scheme. This is starting — My
guestion iswhat is behind

* For me, doing a research in a challenging envirartrbat in a well-developed, huge, well-
known and aged irrigation Scheme, where famousrexped people are involved, makes
me feel privileged. | wish to gain much experienemd knowledge, in facing and
understanding a natural resources problem on thengr Moreover, to be part of a solution,
engaging with crucial pieces of information on thisge asset (scheme) is interesting and
also very important for my future career.

1.5 The Thesis outline

Chapter 2 provides the scientific perspective eeldb this research, the theories used and the key
concepts employed during the study. It also preste research questions and methodology of this
research.

Chapter 3 introduces the operation of the schentieeippast and present. Based on different reports
from the scheme and different sources of inforrmatimutline the present operation situation in the
study site- Tuweir minor canal. Also treated irstbhapter are the reasons for a difference between
the past and present operational management. Reltamges like the introduction of the WUAs on
the irrigation system are included in this chapter.

Chapter 4 explains the performance of water distidin in the area. It elaborates information on
the theoretical and actual water distribution ati&s undertaken in the Scheme. It also highlights
the water distribution situation differences wittie Tuweir minor canal.

Chapter 5, this chapter is about maintenance &esvin the scheme. It includes an analysis of the
sediment load entering the Scheme, and its causesffects on the Scheme. | aim to show the
maintenance situation of the Tuweir minor cangbeeglly for the 2010 season.

Chapter 6 is about water availability and crop @eniance in the area. Here, | present the crop
rotation and crop choice strategies in the pastpaiesent as well as factors which can influence the
crop performance in the area.

In Chapter 7 | analyse the farmers’ strategieadtiresses the different coping mechanisms farmers
apply to deal with changes in water distributioedisnentation and management which take place
in the area. It also gives an overview of the lggs and effects of the mechanisms on each other
and on the irrigation system.

Finally, Chapter 8 presents a conclusion, recomiagma and discussion of this research. It
provides a conclusion, on the operation and maamtes of the system, the farmers’ response to
O&M changes, and the effect of siltation on watistribution changes in the area.






Chapter 2Theoretical Framework and Methodology

This section presents the scientific approachthberies, concepts, the methodology as well as the
limitations of this research.

2.1 Scientific Approach of this Research

This research is based on the social construcipastpective. Here, the different actors, who have
been involved at different levels of the scheme agament and use cannot be detached from the
consequence, how and why O&M- practices are relatédgh siltation problem. In other words the
actors are both part of the affected and causaents of the problems. So, the nature of
knowledge of the problem is affected or createdti®se actors. For instance, in Tuweir minor
canal, impacts of farmers’ strategies on the itrogasystem come about when farmers start to cope
with water shortage or siltation problems. Hencthlibe cause and effects of social actors’ actions
recursively shape each other.

In this research the cause- effect relationshigilbétion, water distribution changes and O&M-
practice according to different management respdfasseners’ strategies), or physical levels are
within the Gezira irrigation Scheme boundary cohtédence, it is not a universality valid context.
However, the mechanisms observed in this study ma@kome extent also be at work outside the
scheme boundary.

The interdisciplinary nature of this research @nes normally, sinceobject and purpose (should)
define what approach is suitableo address a particular problem’ (Mollinga, 200%.5).
Accordingly understanding and analysing the diffé@ctors’ influence regarding siltation or water
distribution needs to employ both a social and nexi methodology simultaneously. Hence there
is a need to define so-called hybrid conceptshiogh social and technical concepts are interlinked.
Knowledge has been gained from the different acimesspectives. How they perceive siltation
problem through O&M-works, water distribution arftetorganizational activities in the Scheme
reflects the social dimension of this researchtil@nother hand the technical observations-at which
level or parts of the canal the siltation is mooaa@entrated, how, where, when the O&M-practices
are going on, observation of the nature of theivatitd area etc. and measured water level in the
canal as well as taken sediment samples are tedhméws. So these two dimensions (social and
technical) can be analysed simultaneously usingpbadconcept.

However, this young approach is challenging to taptualize’ and to integrate methodologically
due to the ontological and methodological diffeeenaf the two sciences (Mollinga, 2008).
Moreover, uncertainties like being a foreigner wdlifferent culture and language influenced the
Gezira Irrigation Scheme’s people (farmers, engs)eélhey seemed reluctant to give us some
sensitive data, particularly related to the managencthanges that took place in the scheme in
2010. However, different attempts were made tarilthe gap. For example, acting as ‘insider’ or
having a good relationship with the society, isspect the social world (culture, religion), of the
target groups was part of my approach to tackkrangciplinary.

2.2 Theories of this research

Socio-technical approach

The socio-technical approach, in which irrigatioystems are seen as socio-technical systems
(Mollinga, 2003) helps to understand contests over water in Gezg@ecially in understanding the



relation between siltation/water distribution chasgvith the various actors in the scheme through
their strategies of managing siltation or watetribation or struggling to satisfy their livelihood
(improving agricultural performance).

To understand how the land and water users in Gezanipulate the water and silt distribution,
particularly through studying O&M practices, itimportant to look at which crops they decide to
grow and what are the possibilities and limitatimisthe water management, infrastructure and
maintenance situations to get water to these cips.limited capacity of the system is important
to understand the level of competition over watethie system. All people especially want to get
water in September and October in the Gezira. Maatgr users and experts report that shortages
arise because the people do not use the rulespkmation as originally designed, because they
cannot sit back and wait for their crops to dienéts it is important to investigate this situation
from a socio-technical angle.

The socio-technical approach also stresses tharwsta politically contested resource and that
through this water allocation, distribution powelations are constituted, negotiated, mediated,
reproduced, transformed or otherwise shaped byathers (cf, Boelens and Zwarteveen, 2005;
Bolding et al., 2000; Bolding, 2004; (Mollinga, Z)). For instance who are capable to manage
operational activities at which level depends quaticular power relation (e.g. level of education
or wealth status). This power relation can be riatgt, mediated, reproduced or transformed. For
instance in terms of O&M challenges in the Gezirel) farmers are capable to buy a pump that
helps them to irrigate directly from the main systémajor canal). On the other hand, pumping
directly from the major or minor is not allowed,tbaome people can get away with it through
political relations. Therefore, this power relatignestablished through financial capital or relati
with membership of the managerial board (politmasecurity bodies).

Moreover, from the actor network theory (Law, 199%)e ‘follow the actor’ principle was
borrowed. Using this principle, | constructed aavatetwork (Bolding, 2004) in which | described
how people manipulate water (in terms of O&M) aitay from off take to field.

2.3 Conceptual framework (Key concepts)

The key to understanding the struggles over watethé case study is to understand the links
between the O&M (sediment load and water distrdoutthanges) and, crops grown by different
actors with their strategies in the Gezira systathiwa certain time dimension.

Operation Activities

Uphoff defined that operation is an activity on tteuctures‘to acquire, distribute and remove
(drained) water according to some determined ptalacation’ (Uphoff, 1986), p 38). But, in this
research the concept is a bit wider than Uphof&gnition of operation; the concept applies to all
irrigation infrastructures instead of only on thestdbution structures. The infrastructure may
include many things but in this report there isyoal focus on canal, controlling/regulating
structures (Night Storage Weirs (NSWs), weirs atdff-take, Field Outlet Pipe and farmers’ field)
in terms of water distribution patterns/stratedileat are applicable inside the scheme from the
actual field up to the minor canals.

Water distribution
Water distribution is ‘the process of actual wag@oportioning in practice—'the concrete

distribution of wet water’-it is about water schédg that is a certain amount of water per a cartai
area for a certain time duration (Boelens, 2008) &dphoff, 1986). The relation between



‘hydraulic laws’, the ‘control infrastructures’ inse and the socio technical linkages between
techniques (design, operation, maintenance), ‘uaacs‘providers’ often lead to typical patterns of
distribution (Treffner et al., 2010). Users and \Rders refer both technical and social actors
(operators, irrigation engineers and managemeniebaat different levels of the network). The
typical patterns of distribution are proportionkdw, rotational system, request supplysystem,
and head-end or tail-end control, along the commahdrrigation canal. Likewise, water
distribution in the scheme has been influenced iffgrént phenomena. In the early 1960s the
Gezira scheme was expanded and crop diversificadtias taken place. Consequently water
distribution patterns were changed following ther@ased amount of available water supply.

Further to the amounts of water available in aigation system, effective irrigation management
promotes, equitable, reliable, timely water supi@yusers. So, it promotes user satisfaction and
trust in the system through saving them from spemdidditional costs to irrigate, i.e. pumping
costs or time spent in case of inappropriate wdistribution changes. It also encourages them
through high crop productivity. But the reversede#o a steady deterioration of the whole system.
Likewise, the real situations in the Gezira schemeh as unequal, un-reliable and non-scheduled
water distribution among users (World-Bank, 200 due to ineffective irrigation management
practices in the system. The World Bank report shtvat ‘the Scheme has over time turned into
one of the least efficient with irrigation intenstypically less than 50 percent’'(World Bank, 2000,

p. ).
Sediment load and Maintenance activities

Sediment load or siltation is muddy water thatnoudtiely reduces: the reservoirs’ water storing
capacity; the canals water carrying capacity antemdistribution situation to plants in the field
(because sedimentation in the field results indiffies for continued gravity irrigation). Silt &ol

is the frequently mentioned problem in the Gezohesne. This study considered how this most
important problem has been changing over time awl ih can be influenced by various actors’
response directly or indirectly. Another importadimension is the time-bound nature of
sedimentation. There are annual and seasonaligasatf sediment load in the area. At the start of
the rainy season in the Ethiopian highlands, theeB\lile river flow reaches its maximum peak
from the end of June to end of August. At this pehk& sediment contents of irrigation water in the
scheme are high, containing on average 70% of timeiad sediment load entering the scheme
(Younis, 2009). At the end of the dry season (ehdmril), when the flow drops to a minimum
(about 2 % of the peak) the silt content is atlatsest rate. Therefore, in this research the main
focus was on the highest sediment accumulatiorgethat has been recorded from July to August
to analyse changes over a time range (from 1988200

On the other hand, maintenance is a way of keethiegirrigation infrastructures functional. It
includes the assessing of infrastructures perfocman a particular time whether the problem is
observed or not. It also comprises de-silting giasited sediments or removing of grown weeds;
and amending of broken artefacts in a particulaiodeof time at/in which the problem is observed,
in order to have ‘efficient acquisition, distribomi and removal of water’ (Uphoff, 1986, p.38).

Operation and Maintenance Rules and hydraulic propeslation concept

In this research O&M rules are defined as formaindormal rules that have used to operate the
system (water distribution schedules to differeetels, irrigation turns between farmers and
relation between management structures to perfgrenation tasks), as well as the rules that have
used to perform maintenance activities at diffefemls in the scheme.



Hydraulic property is conceptualised as: as covaatled irrigation property right specifically for
Asian case that collective social action in irrigatsystem is based on property relation (Coward,
1983 as cited bvCoward, 1986). Hence, ‘....irrigation groups forateld principles of action and
acted out irrigation tasks in ways that reflectermpand continuing investment in their hydraulic
property’ (Coward, 1986, p. 495). Therefore, hydicaproperty is a typical hybrid concept to link
the social (property relation/ownership) to thentgcal (maintenance of a technical object-artefact)
In particular in Tuweir minor (can be also in theZBa system) hydraulic property relation concept
is very useful to explain why farmers often refr&iom undertaking maintenance work, unless it
concerns nakoosi infrastructure they have congtduttemselves. For instance, in Tuweir minor
one nakoosi user has replaced his nakoosi FOPis atum expense, and the maintenance of this
Abu XX is also under his responsibility, but theseno FOPs which replaced by normal users in the
Tuweir minor.

Crop performance

Irrigation water supply performance is a concepicWhs related to increasing water adequacy (is
there sufficient water for every farmer to grow bisher crops?); water equity (which relates to
head vs. tail water distribution-a lower irrigatiperformance at the tail end of the system) and
reliability (predictability of water and timelingsge. is the irrigation schedule meeting farmers’
actual needs?) (Ahmed, 2009). Since the crop pudgnce is influenced by the irrigation
performance, the crop performance concept can lopted from the irrigation performance
concept.

Moreover, crop performance concept also consideeysucrop choice preference or criteria,

irrigated area changes in a certain area sincertairteperiod of time. It also assesses yield

differences of different crops that grow in theaamhether related or not with siltation or water

distribution changes in the scheme. For instarioe,total irrigable area size in the scheme has
reduced in size (Ahmed, 2009 and Eldaw 2004). $wtker this change links to silt load or water

distribution changes and the type crop the farmenst to grow preferably had been assessed.

Farmers’ Strategies

Farmers’ strategies are coping mechanisms develbpeddividual or groups of farmers to cope
with short or long term problems of water shortagjtation or other management aspect such as
maintenance or irrigation related problems. Thesging strategies produce negative or positive
impacts on one or groups of farmers at differenafmns in the system. As defined by (Abdalla et
al., 1989)these strategies are undesired practices maininmgluvater shortage periods that are
developed by the farmers with a view to save hrsfineps. The practices are undesired practices
may from an engineers’ perspective, since suchtipescare perceived to interfere with the planned
water distribution. However, these strategies canséen as reflecting a level of flexibility and
ingenuity on the part of tenants to keep the systerking despite it suffering from such heavy
sedimentation, and break-down in effective manageme

Irrigation management transfer and management leafesponsibilities)

In an irrigation system there are various typestaictures such as weir, channels and gates which
comprise together physical structures of the itragasystem. Similarly ‘bureaucratic agencies, and
water users associations represents important iazegaomal structures that establish patterns of
authority, communication and other interaction agdhne people involved in irrigation” which
constitute ‘management structures’ of the irrigatystem (Uphoff, 1991, p.31).
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Various management leaders in the Gezira schemeetiezed to be part of who are influenced by
sedimentation/water distribution changes in theesuh at the same time they have influenced
sedimentation and water distribution changes thidhgir management responses in the study site.
Hence, even though there might be many differetttra¢hat have a direct or indirect linkage to the
Gezira scheme (say consumers), the focus of tisisareh has been only on the following key
management actors. such as ministry of irrigatdd®(), Sudan Gezira Board (SGB before 2010)
and the Sudan Gezira 2010 (the Sudan Gezira boamhgement body in 2010), different O&M
companies (Hadaf, Taiba), water user associatidMBIAs) and different groups of farmers
(owners, sharecropper, renters or labours). Themsagement leaders have involved at different
levels of the irrigation system.

As Uphoff stated that classifying the irrigatiorsegm by their number of levels of operation and
organization is a good way to use structure (Upht®91), hence we can see the Gezira scheme
into three different levels, and which managemeatlér involved at which level is as follows.

1. Main level

In the Gezira scheme context, the main levelsragdd from a minor off-take to Sennar Dam. In

this level various management agencies have indoteecarryout operation and maintenance

activities, such as MOI, SGB and different O&M camges. For instance, up to 2009, the scheme
management MOI and SGB was responsible for undagdake maintenance of primary, secondary

and tertiary canals. But during 2010 change theallvemanagement in this level was transferred to
Sudan Gezira 2010, as well as the maintenanceitadiwere transferred to different companies

(Hadaf, Taiba).

2. Minor Level

In this concept minor level includes down to miodirtake structures (i.e. minor canals and FOPs,
Abu XX). In the pre IMT era of 2005, this level wasder the responsibility of SGB and MOI.
MOI was responsible for maintenance of minor caarad FOPs while SGB was responsible in
operation of FOPs and Abu XX maintenance. By 20@3ia Act, the management responsibility
at minor level has been transferred to WUAs. So,A¥became responsible in O&M activities of
minor canal, FOPs and Abu XX though the practicgalasion is different (it will be presented in
chapter 3). IMT refers to the irrigation managemiansfer which took place in the scheme in
2005.

3. Hawasha level.

This level indicates farmers farming plots and A1 VI channels which directly deliver water to
the plots. Therefore, the users themselves hacitiorp O&M at their hawasha level (Abu VI-
smallest field channels and furrows inside the jaMvhile because of the management failure to
some extent before 2005 Gezira Act, as well asifegnt failures after the IMT transfer
(2005Gezira Act), operation of FOPs, maintenancAlmf XX are undertaken by users (Tenants,
sharecroppers and renters). Even in some areassitoliserved that farmers also involved in
operating of their minor off-take.

Though some mixing up of management responsitikty be observed at the minor and Hawasha
levels, more or less the three levels are impomaabagement structures of the Gezira scheme.
There is a communication among and between thesageaent structures.

Generally, the following figure frames the aboveaepts together.
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Figure 2.1: The conceptual framework
The figure stands for: siltation and water distrilin changes in the Scheme are influenced by O&lkr(which are
followed by different management structures aedhffit levels), and by the upper catchment areagBlile River).
Siltation and water distribution changes can affeps grown by different actors and their performoa. Then,
because of the crop’s performance change, farmexstise different strategies to cope with the nagaeffects of
siltation and water distribution changes. Howeuegir strategies might also influence siltation amdter distribution
changes in the scheme. .
In the figure Black arrows indicate influence whited arrows represent communication between diftere
management structures

2.4 Research Questions

Main Research Questions

What Operation and Maintenance (O&M) strategieslifferent land and water users along Tuweir

minor of the Gezira scheme apply to irrigate tloeaps and how are these strategies related to, and
shaped by, the increased sedimentation rates andgament changes in the Gezira scheme?

Sub-research Questions

1. How is the irrigation system in the Tuweir minoreogted in theory and practice and how
has this changed over time under consecutive mamageegimes?

2. How was the maintenance of the Tuweir minor caedigpmed in the past and present?

3. How is the water distribution performed between aittiin the 22 numbers along the minor
in theory and in practice?

4. What is the cropping pattern and performance mwé&iuminor?
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5. What are different land users’ coping strategieggbwater to and from their fields and in
what way can these be differentiated accordingtation, individual or collective nature,
and socio-economic status?

6. How does the application of the above mentionedngpptrategies interact with increased
siltation and water distribution changes and howitdse in turn affect the supply of water
to farmers in the same number as well as alongdahe minor?

7. How does the resulting water distribution pattend aedimentation affect crop choice and
crop Yyields of different water users of the minor?

2.5 Research Methodology

This section discusses how and which kinds of dagacollected; which kind of methodological
tools are used for the data collection and; howctiiected data is managed, analyzed and reported.

Research Design

This study is a case study type in the Gezira naaimal which concentrates on one minor called
Tuweir minor in the Kab El Gidad major canal wittetaim to contribute to an overall view of the

Gezira scheme. The Gezira scheme is huge; sotivasdetween the different levels even within a
single level are obvious. Therefore, to selectritgor canal, a couple of field visits at different

parts of the scheme (middle to tail end) were made.

Finally, the major canal at the tail of the GS, mihartoum, 194 kilometre (K194) from Sennar
dam to the North, which is called ‘Kab El Gidad’swehosen. What is interesting in this major as a
tail end major is to assess in detail whether $saas of up-downstream distribution of siltatiod an
water have resulted in a different outcome or mben, two minor canals at the head and tail end of
this major canal were selected. Thus, since twe saglies were carried out by two MSc. students,
| studied one of the minor canals which is callesvé&ir in the upstream part of the major, while the
other MSc student studied another minor which ieda&iyut Khalifa at the downstream end of the
same major. Finally the differences or similarit@fsup/downstream cases of the major will be
incorporated together by a PhD student (Hermen)Swhio is from UNESCO-IHE.

In the Tuweir minor canal, two ‘numbers’ (90 feddabout 37.8 hectare land size each) were
chosen: one at the head (first reach) of the mamaor another at the tail end (last reach). ‘Reach’
refers to length of the canal between two reguipsitiuctures and night storage weirs. That is first
reach is from the off take of main, major or mingr to the next respective controlling/regulating
structure of each. Similarly from the last struettw the tail end is called last reach. Why thst for

last reach is chosen is because first, to asseskethd-tail end issues of water distribution in the
area; second the Hydraulic research station (HR&)rseent monitoring programme assessed that in
the first reach of any canal most of sediment diépos take place (more than 80%) (Younis,
2009). Hence, according to this report, sedimepbsdigion that comes from the same major canal
may not be significant at the last reach of a mibr the other hand water shortage problem at the
last reaches (tail end) is a day to day farmergigaint in most cases of canal irrigation systems.
Moreover to overcome the siltation or water digttibn changes farmers might have their own
coping mechanisms, but it can be different with geegraphical differentiations along the minor
(up-downstream case). Therefore, to understanthedle cases, encountering the real situations of
head and tail end issues in the area is required.

We stayed in the Gezira scheme, Sudan for threghsom the first month we stayed in Wad
Medani where HRS, the project designing, the Gebinversity and nearby SGB head office
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found. So the place was ideal to collect secondary primary data from different officials.
Therefore, in the first month, mainly adjusting f@posal with the actual situation of the area;
communicate with different officials mainly in tlmentioned offices; visiting different place in the
scheme including Sennar Dam and interviewing fasnagrd officials to make some key decisions
on how to structure our case studies were donan®tinis month Hermen Smit was supervising us
and he stayed with us in the village for a weeknfie it was a great opportunity and | gained much
field experience. We spent one and half month énvillage in collecting the primary data through
interviews of farmers, WUAs, canal excavator andasmeement personnel’s; measurements
(sediment sampling, FOPs’ discharge estimation) @skrvations on the particular minor canals
situation were also made. In addition, during thise visiting the sub Division Engineer office, in
Turabi to collect secondary and primary data wexdgomed. In the last two weeks we turned to
Wad Medani back, then in the first ten days, wdectéd some remaining secondary data and we
had interviews with some official. We also presdnteir main findings and to different officials
(HRS, Gezira University, SGB 2010, agriculture c#8 and project design officials) at HRS.
Finally, for the last five days we visited somegaan Sudan.

Research Approach

How this research was performed and how the relseguwestions are answered, is explained for
each sub question below.

1. How is the irrigation system in the Tuweir minor operated in theory and practice and
how has this changed over time under consecutive magement regimes?

The following steps were made to answer this qoesti

Step one | reviewed various literature sources to recartdthow the system had been designed to
operate in the past. And it was verified througtermiews with farmers, canal operators and the
former ‘Ghaffir' how the system had been operatethe past in their experience.

Step two: | made observations on both the physical stateaatahl operation of the off-take of the
Tuweir minor canal, the FOPs and Abu VI channels.

Step three then | compared the difference and the reasonandhijference is occurred.

2. How was the maintenance of the Tuweir minor canal @rformed in the past and
present?

Step one | analysed sedimentation/water distribution clemnffom 1988 to 2009 at each level of
the irrigation canal network. To do so | undertabkee separate activities: First, | collected
sedimentation data at HRS (hydraulic researchostatSecond | assessed sedimentation/weeds in
the minor and Abu XX of the two numbers in thedieThis involved a rough assessment of levels
of siltation/ weeds accumulation in the minor canaAbu XX and why. Third, at the major off-
take, minor off-take and at the downstream nigbtagfe weir | took sediment samples for about 30
days in September. These were analysed at Hydr&dsearch Station laboratory (HRS).This
helped to verify and corroborate the scheme sedatien changes which were collected from
secondary sources ranging from 1988 to 2009;

Step twa | interviewed users about their experiences efstdiment problem and how they related
to it and why. | interviewed many farmers withiretminor to know how sedimentation changed
over time. And | also interviewed the technicalffskom HRS, Turabi officers, a canal excavator
and officially appointed measurement men.

14



3. How is the water distribution between and within tre 22 numbers along the minor in
theory and in practice?

| tried to find out whether the water distributitmat is stated theoretically at the beginning & th
system is assured in practice or not within difféneumbers of tenant plots, i.e. to what extent has
this plan been practiced in the field (in actuahditon); do crops perform well? (entailing
gualitative descriptions); So, | assessed the dngppnap in the area, as well as the crop
performance indicators like water availability; tla@mers cost recovery capacity; commercial crops
coverage in the area; and the performance of thiastnucture in the area are discussed; who is
working on that specific plot- the farmer, shargger or labourers? Is the system operated as
designed? Or is the system manipulated, and ibsd¢’h

To provide for a quantitative description, durihg field work period, | have regularly observed the
field outlet pipes (FOPs) in each number. | alsgeased the water flow into the smallest water
courses (Abu VI) in the two numbers (head-tail ehdhe minor). | took simple measurements at
the FOP level to see if the water is distributedia@ty as intended in theory. Say theoretically4a
days irrigation interval is required to satisfy gravater requirements. But if one FOP gets water
more than once within 14 days, it indicates sonmgths different in practice. By means of field
observations on FOP operations | tried to find th& reason behind unscheduled irrigation.
Generally the procedures which | followed to comgas actual crop map in the area, assess the
performance of those crops, assess who grew tlope and what each farmer tried to get water to
their fields were as follows:

A. In Theory:

Description of the designed water distribution sysim: Here | investigated the design capacities
and operation rules/management of the minor caml, XX and Abu VI. And | reviewed literature
to find out the designed capacity of the canals (thnor, Abu XX and Abu VI); and for how long
they can/should be operated per day/week or 14 idégval (plan of water distribution schedule
between minors/Abu XX and Abu VIs ) to address wattemands of the fields according to the
designed capacity. Moreover, farmers’ verificatadyout the management of the irrigation system,
water supply, the irrigation structure and the cpepformance in the past through interviews was
made.

B. Distribution in practice

| observed the actual water distribution in the onjnduring the critical irrigation month
(September) through the following steps:

Step one: Water measurements in the minor and two lbcks (numberg: Based on my
experience of the system at that moment | monitaredi measured about eight times the flow of
waterdelivered to each Abu XXduring the critical month of September around theom | also
made observations on each Abu VI of the selectednwnbers in upstream and downstream cases.
| also measured the water level in the minor ofetawo times per day for about a month.

Step two: Verification of actual applied water through obsenation and interviews: during the
research stay | have observed, the off-take ofrtimer, each FOP in the minor and each Abu-VI in
the two numbers on various days. The observatisweafied through interviews with operators,
WUA members and farmers.

Step three: Mapping irrigation intervals: Based on the knowledge obtained from these
observations, users’ views and measurements | ceaapitie water distribution pattern in the minor
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system and in the block for different times durithgs critical period, establishing the actual
irrigation turns on a map like is shown in the Axne

Step four: Assessing the condition of the physicatate of the canal and structuresi described

the actual physical state of the structures innti@or on the basis of observation and interviews
with users. Hence, to check the functionality a structures, FOPs, night storage weirs (NSWSs) in
the minor and off-take weirs of the minor, the dagrass-sections and the Abu XX and Abu VI
channels situations, the canal banks and the rcaéd assessed in a qualitative manner. These
structures play a vital role in guiding the watemf into the target field, otherwise the water ntigh
flow somewhere else without reaching the field.

C. Comparison of water distribution in theory and in practice:
Here the actual water distribution in the minoridgrSeptember was compared with the actual crop
requirements and actual water distribution forgh@wvn crops in terms of interval and duration.

| described the differences in watering of thed$ein practice-which are during the field work with
water distribution in theory in the minor and irethumbers. The comparison is mainly described
through farmers’ interviews about their crops wiatgdelay.

4. What is the cropping pattern and performance in Tuweir minor?

Step one Crop map: | observed each tenant’s plots (all the numbiershe minor and identified
which crops are growing, and | made a crop map stgwhich crops are grown in each number
within the minor in the summer season (from Jun®©¢tober 2010). The following Table shows
which information was collected.

Table 2.1: Growing Crops Field data collection Formt within the minor
Number| Crop type| Sowing date Farm size Remark
1
2
>>

17

Step two: Qualitative crop performance assessment.observed the crop performance in the field
to check whether the supplied water was likely écshfficient or not. Because in the field one can
see significant difference of growing crops, onekl wilted, others look deep green. Next | have
tried to identify where the difference came from dssessing the amount of water each hawasha
had received.

5. What are different land users’ coping strategies taet water to and from their fields and
in what way can these be differentiated accordingot location, individual or collective
nature, and socio-economic status?

This is to find out who manipulates water levelsAdu VI, Abu XX, FOP, and at controlling
/regulating structures and what different typesvater users do to make sure water reaches their
field. To do this during the field work in the dcl period of September, | have tried to find out
what, how and why people cooperate or not to gaemat their field through observations and
interviews- ‘following the actor’. Using the principle ‘follow the actor’, | reconstted a water
network Bolding, (2004) in which | described howopke manipulate water, natural elements (like
mud) and other actors on the way from off takeetf | identified operators and water users along
the route and | established what do they think, Waye they done that, are they important persons,
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who have influenced the flow on the water wayshatoff take. In addition detailed interviews with
farmers in the two selected numbers were held.falk@ving steps clarify this in detail:

Step one: observation of the actors:

During the critical water shortage period of Segdiem | have observed critically whether the
existing infrastructure, are as designed or replaweadded with new features by users and why. |
had watched what the actors have been doing amd daskm what their motives were at each level
of the minor, at different times of the day.

Step twa literature review on past practices and responsibities: literature has been reviewed to
retrieve the past farmers practice and their resipdity/power related to water management.
Operators and users was asked what structures/wateses were constructed in the minor to
control, regulate and distribute water to the fiatdd how these structures should be operated, for
how long, etc.

Step three Interviews with key actors: users, operators and WUA members were interviewed o
their strategies to get water to their Hawasha, ittty have any operational guidelines to do so?
And what are the rules of cooperation. This wasedasfollows:

» First | selected 10 farmers in two numbers (upstread downstream part of Tuweir minor),
and | asked them what do they do to get irrigat@ter; how they get water to their farm and
how they depend, cooperate and deal with operatwisother users. Also | asked what written
or traditional rules exist regarding water disttibn within their plots/ Abu XX or minor canal.
| asked them which challenges they faced due tmther users’ actions or due to cooperative
rules if any, to get water near their farm, Abu ¥Xminor.

» | asked minor canal level operators about theireggpce of users’ strategies to get water to
their farms, and how the operators have coopemteatbalt with users, as well as what rules
apply regarding these strategies. | held the sape of interview with three members of the
WUA.

Step four: Triangulation of different sources: | listed and described what strategies were applied
and why users practice these strategies basedsamvaltions, interviews and literature review.

6. How does the application of the above mentioned cop strategies interact with increased
siltation and water distribution changes and how dothese in turn affect the supply of
water to farmers in the same number as well as algnthe same minor?

This question seeks to understand to analyse hewlitferent users’ strategies to get water at their
plot or at minor canal level interacts with siltatiand water distribution changes of the scheme as
well as how one user strategy affects another siseater supply at which level within numbers or
minors. For example, during a field visit | foundtahat, every user is responsible to remove
silt/weeds or to maintain the Abu XX length corresging to the width of his or her plots in each
number in which their plots found. Therefore, shgne user at the head of the Abu XX has not
removed silts/weeds or maintained his/her shateeoAbu XX, the other users’ plot downstream of
this user will be affected by difficulties in getty water. Or, on the other hand to cope with the
effect of the head end farmer, those downstreams usigght try to use water from other Abu XX or
minors illegally. They will also try to break/diteor pump water to their field directly from the
major canals or main systems. Hence, when usess dr@ated their own means to irrigate instead
of resolving the existing problems the problem opredictable water supply becomes more severe
in time. The problems have the same effect at thim system or the Scheme level. The following
steps were used, to identify and understand thes'usteategies, and the influence of the strategies
on the system mainly at the minor levels.
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Step one as mentioned above, | collected data about waer siltation changes and farmers
different strategies.

Step twa analyse the influences of users’ strategies erstlpply of water with in numbers/minor
or major, this was done through:

* | Interviewed farmers how they have been affetigtheir neighbour user strategies, and
verified through observation during the field work.

« Different pictures were taken of the water sumityation and the effects of the changes
effected by various water users was described aalysed on the basis of the two selected
numbers in the Tuweir minor. Moreover, | descrilbigdrs’ influence on each other, and
how one user depends on other users in the twiblked in the minor.

7. How does the resulting water distribution pattern and sedimentation affect crop choice
and crop yields of different water users in the mior?

During the water shortage period (September-Ocjpbebserved the fields particularly in the two
numbers to identify who faces water shortages amg?w held interviews with the affected farmers
about the effects of the shortage or problem oldyiand irrigated area, and how it influences and
how they deal with it-in terms of crop choice. Thaif their crop choices in the past and present
have changed and why? Moreover the different crafemwequirements were assessed in a rough
manner (looking at irrigation intervals). Therefoom the basis of this information from the two
blocks and the crop map constructed earlier, | ¢adscribe how water shortages in September
affected different areas in the minor.

Research Techniques

The required study data are of a quantitative araditative nature. These data were collected from
secondary data sources, literature review; intarsjeand observations.

-Literature Reviews

Different types of literature were reviewed. Thds@eve been used to understand the overall
situation of the Gezira irrigation scheme as baokgd information. Literature, such adfice
reports and research papers about Gezira Schempariicular with regard to siltation, water
distribution; and O&M was reviewed to relate thestpand present situation of the scheme.
Moreover, other important literature to develop @epts and theories for this research kept
recurring as important methodological tools thraugtthis research.

-Measurements and sediment sampling

As mentioned in the research approach section alvester level measurements were taken at the
head and middle reaches of the Tuweir minor caBehple discharge measurements were also
taken at the FOPs of the Tuweir minor. Point sedinsamples were taken to assess the siltation
concentration changes in September at three loma{mff take of Kab El Gidad major, off-take of
Tuweir minor and at the downstream of Tuweir mindrhese samples were analysed in HRS
laboratory to know the suspended sediment in entsnillion (ppm).

Quantitative data- Secondary data sourcése quantitative data such as silt load measuresvant
main canals, the amount of removed sediment ants,caad water distribution measurement
records (discharges), the different strategies lthat been employed to overcome siltation over a
time range was collected from secondary sourcegaiticular from HRS (sediment monitoring
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programme), SGB and MOI, and from Engineers atmthgr division boxes (i.e. in Turabi office
which is where division box of Kab El Gidada mdmcated).
-Observations

The making of observations in real-time was an irtgrd tool in this research. How observations
were made has already been described in the psesiation on research approach under each sub
guestion. But as a research method it could alsdelseribed here. It is one method of collecting
gualitative data. It helped me to gather data¢batd not be obtained from the interviewees. And it
was used for triangulation of data from the farneard as a first step to get ideas for interviewing.
had divided the observation into two parts, obseyvactors (tenants, WUAs and operators
including silt remover machine and the hydrauligeleitself- the selected minor canal and its
downstream smaller water courses (Abu XX and Aby Vhat means observing both how the
actors perform their day to day activities, and @i{yhe first) and what the structures look like
physically to deliver the required water amounttla required place, why? (Second). But the
observations can also be done at the same time.

Observation of Actors

Tenants-at two numbers farm fields; one at the first reatthe minor (head) the other at the last
reach (tail) was selected. In four feddans tenaysyem number represents 22-23 tenants. But the
tenancy size for each tenant varies, could bethessor greater than four, hence; number of tenants
from number to number might be different. Howevéelants in each number of the two blocks are
chosen. To know the difference within a number, temants at the head of the number, one at the
middle and two at the tail were selected for eaamnimer.

Then, what are tenants doing at their farm for duthd and tail end cases regarding sediment or
water distribution impacts, i.e. What are their day day activities (regarding operation or
maintenance, or their relation with the nearby farmr WUAS) to get enough water to their farm
crops, their crop performances (keep in mind otfaetors rather than water/sediment) were
assessed attentively to know the effect betweets plo

WUASsH Interviewed three members how they deal with orQ&M activities- with tenants or at
field was observed and interviewed.

Higher level operators and Engineer-ihe GS, there are operators at each reach ohdj@ canal

and engineer at the head of the major. So the tpesh the off take of the specific minor and
engineer/operator at the off take of the major vam®sessed, to see how they are carrying out their
activities at their level, if it relates to the aleassues (water distribution and sedimentation).

-Observations of the system itself

Observation was carried out following the routehd specified irrigation networks from fields (on

the selected blocks) up to the minor canal (follayihe flowing water actor). The structures in the
minor including the off taking structure from thegjor, the field out pipes and the night storage
weirs performance was assessed. The sedimeniitugite water flow condition also was watched
at the morning, and in the afternoon.

-open and semi structured Interviews
Semi-structured interviews-techniques were desigizedollect the designed data. The actors,

mentioned above were intervieweBasically the following actors have been intervidwéut
unforeseen problems like: time, transport access lemited information to the study area and
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actors’ willingness to response, might be a comgtr&ut attempts will be made to contact all of
them. Chatting with actors will be done formallyinformally.

Tenants: As mentioned above, in each sub quedifferent tenants were interviewed. But also
one reality in the area is tenants might not bekwadrtheir farm, instead they may have given
already their land to sharecropper or labourereHere new one may not be known exactly the past
situation that went in the field. So attempts werade to get the tenant him/herself to know about
the past, otherwise interviewing the sharecroppéatmurer was the second option.

In the WUAs, three of them were interviewed (thedethe finance and one from the tenant
representative). Here what should be noticed thate the WUAs seem less functional, all these
members are not involved? WUAS were also used tag point to get tenants list, and their specific

place. Operators (at the minor off take), engireresperator at the major off take and one driver of
the hydraulic excavator who removed silts at theanhave interviewed to have their views in this
system related the above issues. Information fraghdn officials of MOI, SGB and HRS was also

gathered with kinds of informal chatting and iniewing.

Data management and analysis,

It was tried to manage the collected data (picturasords, observations and interviews) on a daily
basis. This was done by attribute key words to wextten in a word document. Later on it was
translated into Atlas.ti programme to have goteraatcess of the interviews data.

Partially data analysis was carried out in thedfi¢his allowed me to collect additional data, whic

| found missing after analysis. Complete data aialyvas done after the field work in the
Netherlands. Depending on the collected data, itapbdata analysis methods for qualitative data
analysis was used, as mentioned it was Atlas. ti.

Quantitative data analysis: excel spread sheetdhar software like SAS to see the trend of silt
loads, water distribution and irrigable land sizeamges over the year were used. Again the
correlation of silt load with water distribution tpern and irrigable land size changes will be
analysed.

2.5 Limitations of the study
This study suffered from a number of limitation®eTmain ones are presented below.

-Language

Since the national language in the study area isbi&r and | cannot speak Arabic at all,
communication with actors was in English througtramslator. But sometimes it was difficult to
understand the reality because farmers do not twaeteal it. Speaking the same language helps to
understand such a situation from their voice. Havethe translator usually translated word by
word without analysis whether it is true or not.isTis by itself one limitation of this research.
Actually, it was tried to minimise the limitatiomnrough regular discussions with the translator
afterwards. Since, | stayed in the study area Waithmers it helped me to assess the reality on the
next days.

-Lack of Secondary data

Lack of updated data was another limitation | fadeal example, it was tried to find a copy of the
2010 management change declaration from the Scheewtorate, but we did not succeeded. It is
even more difficult to retrieve any data that piarta the minor canal level.
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-Locals Perspectives

Though the Sudanese people are sociable and nieeoro with, | faced several people, who
seemed more sensitive in politics. As a resultas wometimes difficult to ask and incorporate such
politically sensitive information. For instance nyaattempts were made to find the responsible
engineer in the Kab El Gidad major to ask his aurresponsibility and his relation with O&M
companies. But he refused to give us informatidre feason as he said was ‘with security reason
we should find him through the 2010 Sudan Gezivdé tried by approaching the responsible
channels, but it proved impossible.
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Chapter 30peration of the Minor

This chapter will describe operation of the systartheory and practice. The latter is mainly how
the users, operators and other bodies have inggrasith each other to operate the system
corresponding to the past and present time linst Fiwill discuss the theory of system operation
(design) on the basis of how the system had bdended to be operated in the past (3.1). Next |
will summarise how it has been transformed, esfigcacording to changes endorsed in the
Gezira Scheme Act of 2005 (section 3.2 and 33)allirthe current situation of operation will be
presented, mainly based on practical observatiamsgl the three months stay in the area with
verification through users’ interviews (3.4).

3.1 Theoretical Operation of the System in the past

The scheme was designed to serve 50% of its gmssnand area in the two growing seasons.
Then 50% of the cultivated area can be irrigatati@same time on the basis of 14 days rotation. In
other words 25% of the gross area is irrigated days and the remaining 25% for the next 7 days
in day and night irrigation schedule (InterviewshwHRS Engineer on August 16 2010).

But latter in 1937 night storage weirs (NSWs) weesigned in the scheme with main idea since
farmers had refused to irrigate at night, so that NSWs can be used as a night water storage
reservoirs by which the minor length is dividedoirdifferent reaches based on the slope of the
minor (Elmohrougi, 2008). Hence when these strastuvere constructed, rotation among Field out
let Pipes (FOPs) was in consideration. That meams the cultivated area almost half of the FOPs
were operating for 7 days in 12 hrs of day time@ation, so that the whole 90 feddans number
would be irrigated within the 7 days. In the scHedluAbu XX, ‘sud mud’ should be built after four
hawashas of the past 10 feddan size, so that tipsgeeam farmers irrigated at the same time for
three days. Then, the sud- mud should be removedlde the downstream five hawashas to be
irrigated together for the rest four days. In tlextn/ days the other half FOPs would be opened in
turn in similar ways. The same procedures woulddpeated in 14 days (Osman et al., 198%
World-Bank, 1990), and all this is the responsipibf the Ghaffir, including inspection along the
canal length and the Abu XXes to check whethex warking properly or not.

Field operation method: in 40 feddan tenancy a Bawds a 10 feddan land. Each hawasha is

divided in to 16 Angayas’ by 8 channels which iezhjadwal and ditches called ‘tegnants’. These
help to irrigate safely for the plants, without amgter wastages (Morgan, 1951).
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Figure 3.1: The Gezira canalization systematic layd

The above Figure includes the following structures:

Field Outlet Pipes (FOPs)s one of the most important hydraulic structurethe scheme (about
2900 FOPs in total) (Abdalla et al, 1989). In Tuwainor there are 15 FOPs, but most of them are
not functional any more. The FOPs have a desigrischarge capacity of 10, 008f24hours
(116l/s), with this discharge capacity the 90 fedtinds (number) will take 7 days irrigation in12
hours operation of the FOPs.

Abu XX:is a water channel delivering water from FOPs afiaor to Abu VI. It carries water for
the 90 feddan land on day time irrigation duringfistorage system

Hydraulic structuresare major intakes, minor off-takes and regulatdrslifferent reaches of the
main, major or minor canals. Their main functiome distributing, controlling and measuring the
irrigation water throughout the scheme (Abdaallale1989).

Abu VI: is the smallest water course which carries watanfthe Abu XX to the irrigable field.
These courses have original discharge capacitp ¢65

3.1.1 The management of the Gezira scheme

Before 1950 the management was divided betweemrS@ezira and the Sudan Syndicate. It
consists of 2 irrigational departments each comsi$tthree sub divisions and five agricultural

groups. The subdivision engineers were responsglmanage the water that is to deliver the
required amount to the syndicate blocks. The swtei@lock inspector was responsible to the
agricultural works and the general work of the sgaté (Morgan, 1951). Then from 1950 to 2010
the management had been handled by the Ministhyigation and Water Resource (MOIWR) and

the Sudan Gezira Board (SGB) (World Bank 1990)nfeas have had little say on the irrigation

system; their full participation on their minor wasued on 2005 Gezira Scheme Act though its
practicability has been questionable.

The water management from the dam to the minotad&- is controlled by the MOIWR. SGB
staffs operate from the off take to the Abu XX. &xde of water from the Abu XX to Abu VI and
its control within the field is the responsibiliyf farmers (Eldaw, 2004). The MOIWR has 7
divisions. These divisions are located in differgarts of the scheme, and headed by Division
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Engineer. These seven divisions are further sulelivinto 23 sub-divisions. The head of the
subdivision is called Assistant Division EngineADE). On average each ADE deals with 4 or 5
Block Inspectors (BIs), except in some cases, wihiffierent minors within a block belong to
different majors or minors from different blockddreg to the same major ( World Bank 1990).

On the other hand SGB operates 18 groups, withdudivisions into 114 (Bl). There is a parallel
structure of management: MOIWR alongside SGB. AmREANn MOIWR and Bl in SGB are the
main actors responsible for water management is¢heme (Wold Bank, 1090).

Bl at each minor level calculates the crop watquiements of the following season’s crops. They
send the results to the respective office divigagineers. These engineers summarise the amount
of water requirements for various reaches of thmalsaup to the dam. Then, the amounts of water
are delivered to each minor by different water omntengineers and operators (Sections) of
MOIWR based on the crops demand, as will be expthbrelow.

The ‘Ghaffirs’, from the SGB were responsible fetelasing water from the minor to Field Outlet

Pipes (FOPs). He had also operated the NSWs.
The following figure visualizes the interactionstween these different bodies to operate the

system.

T
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Figure 3.2: The operation system and management iattaction in the pre IMT era

In the above figure, farmers communicate with theafirs and the field inspectors (Samod).

Farmers communicate with the Ghaffir, since hdhesEOPs and NSWs operator; they follow him

to irrigate their fields according to their turnield inspectors supervise farmers in the field for
agricultural activities including good irrigationamagement and equal water distribution among
them. Similarly, the higher levels MOIWR and SGBgmnel communicate accordingly to manage
their respective levels efficiently.
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Therefore, the SGB and the MOI should reach conseos the overall planning of the next season
crops before the beginning of the season to enbatemaximum efficiency in use of the water,

land and irrigation facilities. The MOI requiressaning that the amount of discharge that is
released from Sennar to the respective canals) tipetlevel of minor off takes, satisfies the crops
water requirements based on the Bl demand requatst,a consideration of the canals water
carrying capacity. Hence, with effective contrble twater reaches the farmers’ fields with the right
schedule (time and amount) to satisfy the cropstne

3.2 Operation during the post-Independence era: collapse

Researches show that the above mentioned effempieration of the system has become ideal. The
original design was used satisfactorily for 35-4@angs (World Bank 1990). Since then it has been
changed from time to time. The intensification amkrsification of crops from the 1960s to 1970s
(Eldaw, 2004, p. 15) that lead to operating thdesysover its designed capacity. The water flow
from the dam increased from about 2 billion cubietens in 1960 to 7.1 billion cubic meters
onwards. As a result significant amounts of sik aarried into the system. The technical and
management inefficiency of water management adgtorsperational and maintenance activities
have also had effect in the steady deterioratiadh@ischeme. In addition the slump in world market
prices for cotton made it harder for the Sudan @Guwent to cover the financial requirements of
those activities in the scheme. However, the fraorkvof the above figure has been maintained
more or less in place up to the recent 2009/10rmefp though the real management kept
deteriorating especially at the minor levels. Friira 1970s till 1987 the communication system
was in problems (Abdalla et al., 1989) allowing g@b coordination between the Bl and ADE to
emerge and shifting away from the old close comeation system.

World Bank (1990) cited that inefficient management both SGB&MOI also became a
phenomenon -by the SGB through unbalanced requlestswere much higher than the crops
needed-44% more, and by the MOI who released nesshwater than requested-only 78%, with a
variation among majors. Moreover little relationst@d between MOI gate opening records and the
practical value gate openings (HRS report as ditetlVorld Bank, 1990). This also indicates that
operation had become theoretical, bearing no osiship to actual water flows in the system.

At the minor level, though the Ghaffirs were summbso operate FOPs and NSWs, farmers also
became actively involved in the operation of FOP&BWS, especially during instances of water
shortage. In a study done at farm level of the mase in Abdullahi and Nur, the farmers’ response
was that “We often have to steal it, bribe the @h&d get it or tamper with its level to irrigataur
crops on time” (Abdullahi and Osman, 1989). Thiples that the actual operation of the system
did not go as designed. The functional storagesgat and day time operation, with formal rotation
between FOPs with good follow-ups of Ghaffir andrfars were changed to an irregular pattern-
and 24 hour continuous irrigation without any att@mces at night by farmers (World Bank,
1990).The World Bank (2000, p.ii) also reported tivaigation infrastructure is in serious disrepai
and the distribution of water is inefficient and steful’. The presently destroyed and non-
functional NSWs and disappeared FOPs in Tuweir miaoal also represent examples of the past
management regime in the Scheme (see figures 3R4% These non-functional pipes have
impacts on water distribution among numbers. Theyexposed for each individual farmer action
to get water. Though the NSWs are not functioridl,tsese are operated by some farmers. Usually
in Tuweir canal farmers try to create head usinddsmud at the NSWs which has effect for
downstream users.
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Figure 3.3: Damaged and non-functional NSWs in Tuwieminor

Figure 3.4: Disappeared FOPs in Tuweir minor

At the time of the Abdullahi and Nur study, farmevere also ‘glorifying’ the past management
system. This is because as the writers confessttkipast communication was good, maintaining
the system was fast and the Ghaffirs had beeningrgut their responsibilities in good ways
(1989). At present almost all of the farmers whomtalked with confirmed this picture of the past
situation, especially they appreciated the pasbdjollow up and ‘fast’ response in operation and
maintenance works. | believe, this is because fesnmave upset with the present change of
management even though the changes were maderesadde weak performance of the Scheme.
In the past, the government accomplish most of O-&Wrks by itself, as well as, cotton was
grown by the government. Now O&M work responsii@kt are transferred to farmers through the
water users association. Farmers shall be respersiltheir minors situations and be take decision
on crops what they want grow for maximum profit.tBarmers could not adopt all of them
smoothly as the government’s thought.

3.3 Addressing the weak performance of Gezira through management
reforms (1992-2009)

Since the 1970s many changes have taken place isctieme but the objectives and goals could
not be met. Especially the changes brought negatipacts on water managements (Eldaw 2004)

3.3.1 Introduction of water fee payments-(failed), in the early 1980s

In 1980s, related to the irrigated sub-sector:ittteoduced policy was rehabilitation of existing
projects and changes of production relations andketiag systems. This policy had a aim to
promote capacity utilization and productivity impement in order to maximize production of
export crops like cotton and groundnuts. It wa® dts expand import substitution products like
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wheat. In this time water charge and individualoard system was introduced (Eldaw, 2004 and
World Bank, 2000).

3.3.2 Crop liberalisation in the early 1990s

The'Policies adopted in the 1990s through 200&re geared to reallocation of resources in favour
of the agricultural sector and removal of bottldfseso as to improve and enhance the productive
capacity of the sector’ (Eldaw, 2004, p.3). Theonapjectivesof these policies were liberalization
of the economyn order to stimulate agricultural exportsgenerate more foreign exchanges; attain
self-sufficiency and food security; and achieve financehd social stability. And the major
instruments of the liberalization policy were rerabef subsidies on agricultural inputs; lifting of
price controls and government regulations on afitical products, reduction of subsidies, abolition
of monopolies of marketing parastatals and withélaef government financing of agricultural
parastatals.

Privatisation of public cotton corporation and SGB993)within the context of liberalization
policy mentioned above, the cotton public corporat{CPC) was transformed into a private
company Sudan cotton company (SCC) in 1993 (El@®084). Before the transformation the full
control over all the cotton trade was by the gomeent.

3.3.3 The radical changes introduced in the Gezira Scheme Act of 2005

privatisation of land:based on the recommendation that was made by Bah (2000), on the
2005 Act farmers who owned a land before the estabent of the scheme, got land as a ‘free
ownership’ and to whom did not have land in theesad territory before, the land was given as a
‘use ownership for 99 years’ (Gezira Scheme Act2@0%cle 16).

Hand-over of O&M to WUAs at minor leveéhe government wants to transfer all its respolitsés
such as operation and maintenance works below tinerntevels to farmers. Under the new
dispensation, farmers can address their O&M-neéddsugth WUAs. Then, the WUAs are
authorised as an intermediary responsible boditésdes the farmers and the government. The
WUAs will either address the O&M works or transniitto the higher responsible bodies.
Unfortunately it has not succeeded in resolvingisbae of O&M in the Scheme.

3.3.4 Introduction of Water User Association WUAs (WUAs)

Before the introduction of the WUAs massively iretscheme, a pilot project was tested in
Abdelhakam Block in 2000. The pilot project wasmising (Eltigani, 2009) because ‘it was within

a small area, having trained farmers and with gexplert follow-ups’ (personal communication

with Dr. Eltijani in October). Then after in 200D@8, WUAs were established throughout the
scheme. The aim was “achieving optimum utilizatiohavailable water through a participatory

process that endows farmers with a major role e rttanagement decisions over water in their
hydraulic unit” (Elfiel, no date). Here ‘Hydraulianit’ refers to minor canal level, since WUAs

have been established for each minor canal. Themeomntation related water management was
expected as follows:

Farmerse«— WUAs<— Government (to S&@ MOI)
The WUAs responsibilities and duties

I.  To take decisions in planning and execution ofifihannel operation and maintenance
ii.  To make contacts with the ministry of irrigation f@ater supply and technical advice
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iii.  Field channel operation, maintenance and the nsalitin of the necessary financial
resources for these tasks

iv.  To make it possible for each WUA member to haveritjlet amount of irrigation water at
the gate of his Abu VI

v. Responsible to execute the technical works andrgeresponsibility delegated to it by the

board.
vi. To maintain and update a list of farmers, whetlhés thanges due to buying, selling or
otherwise.
vii.  To keep the internal roads in the field open thiraug the year.
viii.  To cooperate with other WUAs, and other respongibldies, for the benefit of its aims.

iXx.  To pay the administration and water service fe¢sradened by the board.
X. To determine its financial needs to enable it tcetaver responsibilities all through the
season and collect it from members.

However, the above responsibilities only exist apgr: presently the WUAs are mainly working
on collecting water and maintenance charges. Ewercdllect the charge as the ‘financial
responsible’ person of the WUAs in Tuweir minor kaped, they couldn’t collect efficiently
(September 04-2010). Generally the WUA is not eifecin managing the water in the system
regardless of its establishment.

To know one of the root causes of the present tiparar maintenance-activities changes taking
place in the area, | think understand the WUAs @¢mrdin the area is one critical point. Because
on the one hand the higher officials are thinkisgtlze lower levels are managed by the WUAs
(Elfiel, no date)whilst the reality is WUAs are not effective enoug@he net result is that operation
and maintenance at lower levels in the system ffersug. In interviews with WUA members,
farmers and officials several reasons that comgtthe effectiveness of the association at the mino
level were mentioned. These include:

Lack of experience/knowledge of managing the hyidraait:

As farmers said the WUA members have no knowledgednage the water: ‘they are just farmers
like us’. As mentioned above, the pilot project wasccessful. But later regardless the
implementation of the pilot project with full comtmient in a specific areas, without considering
the size of the scheme and without train and sugiervof farmers, it has been implemented at a
large scale (interview with, Dr E. October 2010)orgover the establishment has not followed a
bottom-up approachhid), meaning that the actual irrigators had no sagsiestablishment.

-Lack of motivation/low (no) payment/ (WUAS):

As the two members of the WUAs and farmers expthitieey have no or very low payment, ‘we
are doing this voluntarily, how can we sacrificeaindime and make a good decision?’, they have
also their farm or other income generating workddo

-Close relation (relatives, neighbours...)/ friendgh farmers (WUAS)

Both farmers and WUA members explained that itificdlt to make a restricting decision to
manage the water, because they are living togettey,are all tied closely by blood or marriage or
neighbourhoods, so it is difficult to take actiohem some farmers do something wrong, or to carry
out their responsibilities. Farmers also consitierrhembers as their colleagues so they don’t give
respect to the WUASs rules and regulations. Theyehava trust that the water can be managed by
these members.

-No collaboration between WUAS:

‘Each WUA member is isolated from each other- ny weacollaborate to make good management
between them’ (interviews with HRS Engineer on Astdi, 2010). There are 1,580 WUAs as
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many as the number of minors in GS (Vice WUAS witar on October 1, 2010). But each stands
in isolation.

Election

As the participated farmers explained, the criteiwd the four core members’ election was ‘owning
land’, and being ‘active in farming’ and ‘stable time village’. Unfortunately, the head and vice
head member of the Tuweir minor are employed inrtGen (jobs). The first is only in the village
on Fridays and Saturdays (weekends) and the ateediiver, who gave his land to a sharecropper.
This absence causes complications: how can farawsss these members? Indeed both of them
admitted that they are not working for farmers latla the head minor the WUA head is also the
village head, very well vested with power issues.

3.4 Operation in Practice-the case of Tuweir Minor in 2010

At present, the water management regime seemsatiydiransformed as compared to past
management regimes since independence. Some btdeated this to the implementation of the
new Gezira Scheme Act 2005, but it is difficultseyy whether all changes can be attributed to those
envisaged in the Act since additional changes @ @bserved. For instance the World Bank’s
statement was ‘MOIWR would continue to be respdesfbr delivering irrigation water to the
Gezira Scheme where the SGB would be responsibierigation water distribution, operation and
Management of canals, and cost recovery (Wold B&Wk0, P. 56). And the Act states ‘the
MOIWR is responsible for the maintenance and mamage of irrigation canals and drainage
pumps, and make sufficient water available to wasars associations at the intake of the minor
canals,” (Gezira Scheme Act2005, -18) reflectirgg the responsibility of MOIWR is kept the same
as in the past by this Act. Then what is new in@01The prime deputy to the president signed on
1 January of 2010 a declaration which transferm@utrol over the water to the scheme, and ‘the
ministry of Irrigation lost its responsibilitiesrfalirect O&M of schemes and dams.” (Interview of
higher positioned official of MOI). We couldn’t géte document which states this declaration of
2010, but the transfer is confirmed through obg#raa and many other interviews in the field.

So that, contrary to the previous different layefsollaborative operation of the system between
the SGB and MOIWR, now the latter seems to be dyilay of the Scheme’s direct management
system (O&M- activities) (Figure 3.5). This was @iamed both by observations during the field
work stay at the minor level; and by interviewshyitreviously higher level positioned officials of
MOI. They explained that they ‘do not have any oesibility to do for the scheme at the
movement rather than watching TV and reading ndteste in their offices.” Because their
‘responsibility has been given to others who be#dnghall be under SG-2010-, and private
companies.” Now they sit at the office ‘awaitingetfinal decision about their fate in December,
2010'. Some of them are actively looking for anotémployer. By this time (In December 2010)
this radical reform trial period may be over andnight be revised based on the outcomes of the
trial. To acquire more information on the changangnattempts were made to meet the ‘new’ Civil
Engineer under the SGB, who is responsible in thdysarea. In the end we failed to get hold of
him, presumably also due to his many reasons ngivi® us information. He has been working
under the MOI since April 2010. Moreover, Bls ants lhave been fired; the scheme’s total
personnel number has decreased from around 4,00@ ipast to 75 presently (Interviews with the
present SG-2010 Official).

One may say what is wrong with change? Yet theippsvmanagement personnel of MOI enjoy no
smooth communication, if not at all, with the nemgmeers under SG-2010. Hence the transfer of
the previous data, reports and management procettora the old to the new management has not
yet been done. In addition, the ‘old’ Engineerssedi the question ‘how could the system be
managed with ‘15’ engineers at present out of ‘1@0Jineers in the past, the worst is without
having the past management documents’. Howevap¢ lthat the engineers, who transferred from
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the MOI to the new SGB, might have those documekibeut the personnel numbers, the above
mentioned new engineer in the scheme was too lousgver his area. Though | believe the quality
of work takes prevalence over the number of stafbived to execute it, the radical changes
instituted in January 2010 have resulted in a gsrdrop in the quality of the work. In addition the
newly employed personnel of the SG-2010 have notagmll employment certificate, making it
difficult to say whether they can work in full deian with the necessary qualifications for the job.

Figure 3.5 below shows the present communicatioesliand the key actors involved in O&M,
based on physical observations in Tuweir minor cadnaact this figure shows communication is
possible through different paths, but the obsepradtice is that both the message and the response
arrive too late.

\ Companies (HADAF, TAIBA )

-,
2 |

Civil Engineers Mt. And Excav. men

WUAs }_ Operators

Farmers(different groups)

\

Figure 3.5: Communication routs for O&M at minor level, observation Tuweir minor case
As the above figure shows farmers communicate mesth the operators. Any farmer goes to the
off take operator and former Ghaffir, who now beecemployer of Hadaf company, to ask them to
open fully or close the off take when he/she faseder distribution problems. Farmers also
communicate their problems (operation and maintesjgto the engineer directly. In Tuweir Minor
on 20 September 2010 one of the farmers, who & #fe middle of the canal tried to propose to
the responsible Engineer that he himself would ctive fuel costs of the excavator machine, if the
engineer in return would assign the excavator @&mtlsoon. For more than a week those farmers
had not had water to irrigate (for details, seetérad). The farmers communicate with the WUA to
pay their water fees, but most of the farmers sa&y do not communicate with the WUA about
their problems, because they know it is incapabkolving their problems.

Farmers can also contact the excavator driver encéises of Abu XX maintenances. In Tuweir
minor, farmers have collected money to give todkeavator driver not the company for the same
purpose. Actually in this particular case the eatawrefused to do so. However, in interviewing
the excavator, he confirmed that farmers come o td ask their Abu XX to be maintained/
cleaned and in some cases he has done. This ceufd dxchange for money. When possible, he
might be motivated on this kind of works becaus¢éhefmoney incentive he will be received from
farmers. So, | do not think the Tuweir minor farséave collected the money to him for the first
time trial, but this could be from their past expece. The off take operator confirmed that
‘sometimes farmers give some money for the excawdiver to motivate’ (on 22 August 2010),
here farmers may want to motivate him, to accesswinen they need a help (excavation) - a kind
of bribing. Also, | do not think the excavator maitl devolve the money to the company.

The engineers and the companies work for the réitatesi Gezira Board (SG-2010), and their

salaries are paid by the SG-2010. The engineemdspe the companies, for instance in Tuweir
minor the operators are supervised by the engivékereas the minor operators, measurement and
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excavator men are employees of the different compa(Hadaf and Taiba), which pay their
salaries. Whereas, before this change, one offibeator (formerly called Ghaffir) was employer of
the SGB; the off take operator and the measuremantare new employers of Hadaf company, but
if it were in the past they would be under the MDb. assess the present operation situation in
detail, | shall separate the different levels ad thinor section, at the off take, FOPs and Abu VI
levels.

3.4.1 Operating the off take

There are two Operators who are employers of adpei (‘security’) company which is called
Hadaf. One of the operators is working at the aKet of the minor, responsible for opening and
closing the off take moveable weir gate (Figure.3l®e other is responsible to follow-up along the
minor length from the off take to the tail, incladi the opening and closing of FOPs, as well as
assisting the WUAs members in collecting water gearand contacting with respective bodies. But
execution of his job is questionable, since alirfars are complaining this operator is unreliable
because he does not report back to them?

As explained in section 3.1 on the past situattbe, operator had delivered water based on the
engineers predetermined discharge to that spesifitor. The engineer would determine the
amounts of water to be delivered to his minors @adsmit instructions to the operator, so that the
latter delivers water to each specific minor acoagly. However, now the practice is operator will
operate the gate based on farmers’ request (usubby they complain). He said he can manage it
by his experience, yet he is a new employee hustfpur months ago. As he also said, ‘sometimes
when the engineer inspects the canal the enginagromler me to open or close it’. Otherwise he
will only report to the engineer when he faces r@goss problem to operate the system like if there
is ‘over flow.” As a result, most of the time thanal looks as empty as playing fields (Figure 3.8).
Whilst sometimes the minor section suffers fromakneg out flows (Figure 3.7).

Figure 3.6: Operation of the Tuweir off-take

Figure 3.7: Breakout of minor section at the third Figure 3.8: Dried canal at downstream of the third
NSW (on 29-Aug-10) NSW (on 1-Sep-10)
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But these claims by the operator do not imply faaters are not involved in the operation of the
minor section. As (Abdullahi and Osman, 1989) metiffarmers were ‘tampering’ with the gates of
the minor section. This practice has only increasestrength. Fortunately in Tuweir minor the off
take operator is a full time worker in the day tjirhe has no any farm except a piece of vegetable
plot inside his guarding place, so that the ofttglte is relatively protected from farmers’ ineeef
during the day time at least. But it was observet tn other parts of the Gezira scheme, called
Rehana major (at K177), in Abu Doam minor canaraaht was opening the off take to this minor,
claiming that the operator was absent that day#&nat (09-Aug-2010, field visit to Rehana major).
On 14-Aug-2010 also, in the same major but on gemiht minor, another farmer was observed
while closing the off take of his minor, the readming that his Abu XX got too much water (Field
visit to Rehana major). But what should be notifiedhat to allow other FOPs to benefit from the
flow this farmer did not close his Abu VI. It is dlotful that the examples mentioned concern the
only farmers who interfere with the operation of afkkes. And what is the consequence to other
downstream farmers? | believe that at present, ghastice is spreading throughout the Gezira
scheme, which results in up- and downstream waisrilgition issues that lead to conflicts
between farmers (farmers’ interviews in Tuweir nmno

Another practice that farmers have directly invadlwe is pumping on the main or major and minor
section. The latter seems obvious during times afewshortage, and many farmers in Tuweir
minor approved the practice. In the past, espgdadit year, there has been pumping. For this year
also there were several farmers preparing to pumgther parts of Gezira, more than three pumps
were installed in a minor near Barakat head quantiére (observations on 07 and 19- October-
2010), as the official said, ‘that canal has a @b so, is that rehabilitation? But also pumping
directly from the main Gezira canal was observe2tAQ0g-2010, field visit to Bekaa (at km108)
near Tayba division box).

Figure 3.9: A farmer operating a minor off-take Figure 3.10: Pumping from the main Gezira canal

In Tuweir minor, farmers do what they think is inmf@amt to irrigate their Hawasha on the minor
cross-section and at the NSWs (Figure 3.11&Hyre what should be notified also that, these
practices are an individual farmer’s practices (skapter 7). Hence, one can understand those
downstream farmers of the individual farmer coutd dffected negatively in unreliable/unequal
water quota. So, these features can be indicatoesaluate the current operationthe area. The
pictures below show what farmers did at the fiesch NSW and at the sixth FOP of the minor
section of Tuweir minor to raise the water leveptsh water to their hawashas.
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Figure 3.11: Farmers closing a NSW Figurg.12: farmers create water head with mud on the
with iron sheet (25-Sep-10) minor (31-Aug-10)

3.4.2 Field Outlet Pipes (FOPs) Operation

FOPs are controlled by farmers, there being no ffldhavho operates the FOPs at all at present.
Every farmer opens his/her number FOPs when he/siants to irrigate.
As mentioned on section 3.1 abowen the NSWs were designed in the scheme, rotatimong
FOPs was in consideration. However, at the monantnany farmers explained, especially since
the last three to four years, there is no planceédule or rotation among FOPs at all. Observations
during the field work along the whole minor lengih different times confirmed this situation
(Table 3.1). The Table shows that almost all FPsgure 3.13) were opened at the same time,
except fallowed lands. If any FOP is observed dogds for a short time only. Another farmer can
be expected to open it soon. Especially in the pemjation period, starting from September, these
FOPs are opened for 24 hours continuously. Thisvitout considering two nakoosies FOPs
(illegal” FOPs- see chapter 7), from Tuweir mindihese nakoosies FOPs supply water for the
upstream minor command area. They are operatedhé&eaormal command FOPs, even their flow
condition is always better than that of the norfF@Ps.

Closing of the FOPs is controversial in case no meeds irrigation. If one opens the gate another
will continue irrigation after a while. Such thduet first ‘operator’ may not close it, while usually
the subsequent irrigator also leaves the FOP dfere, also farmers have complained about female
and ‘outsider’ farmers. As they justified, it idfaiult for female farmers to open/close FOPs. ‘Yhe
may ask someone to help to open it, but no oneswait them to help close it again.” To this
allegation female farmers replied that, usuallyythan irrigate when they found it open, but they
can also open or close it if necessary. In addifimmers who landlords called ‘outsiders’ are thos
who came from in other parts the country like framstern Sudan and Chad. Most of these farmers
don’t have their own land. Hence, the tenants beli¢these farmers have not ‘enough experience
and concern’ to manage the system properly. | doutéther this is a lack of experience in
operating the FOPs. Rather there is a lack of ‘eonor motivation’, but this also applies to the
‘real’ owners.
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Figure 3.13: Field layout of Tuweir minor
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Table 3.1: Round Trip Observation in the Tuweir minor

Operation situation of FOPs
Observation Dates Open FOPs Closed FOPs Remarks

24-Aug-2010 FOP1, 2,3,7,9,10,12,13 FOP6

03-Sep-2010 all 0 No flow to FOP15, because
12-Sep-2010 all 0 water cannot reach and the
17-Sep-2010 Except FOP1 FOP1 farmer use from the head
20-Sen-2010 all 0 minor canal breakage flows
21-Sep-2010 all 0

25-Sep-2010 all 0

29-Sep-2010 All except FOP6 FOP6 in the afternoon it was opened
02-Oct-2010 FOP1,2,3,7,9,13,15 FOPs 6, 12 FOP12 was immediately closed

Moreover, the downstream farmers do not ask th&eg®s farmers to close their FOPs, as they do
not have any working rule that governs between rermiBut beyond the sights of upstream users
(stealing), downstream farmers sometimes closeFDEs by themselves (communication with
farmers). | think, this is more complicated dueotenership issues. There are different groups of
farmers in the consecutive numbers(sharecroppe&rsers, renters, even different owner- some
may buy/sell only 2 feddan lands, some other anerited) that make difficulty a rotation among
numbers. But in the past at least in four adjacemhbers owners were almost the same farmers-
easier to deal among numbers just like dealingiwihnumber: since each owner had crops in each
of the four numbers.

Within a number- as mentioned above ‘sudd-mudhatrhiddle of the Abu XX is old practice or it
was the designed operation of the Abu XX. Tuweimigrs also said that, the practice in the past
was based on proper schedule with good follow-ugheywater guard. However at present it is
randomly in everywhere of the Abu XX section by amng who faces water shortage to irrigate
his/her field. It was observed and farmers alsdiooed that some farmers built a sudd-mud at the
beginning of the Abu XX, or after three or four ARl without a pre-discussion with downstream
farmers. When farmers asked if they can do a sudd-after their Abu VI; their response was ‘yes
| can make when the water level drops to reach yofield, no need asking the downstream
farmers’. But, if a neighbour farmer is irrigatinge sudd-mud head will be created after this
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farmer. Indeed farmers are doing this just to at@gtheir crops, to cope with the water shortage or
lacks of good management at the upper levels.

In this scenario, many downstream users should watit few upstream users’ finishes their
irrigation. Or if the downstream users fill a smathter can reach to their field they will remove it
without any discussion to whom that built it, usldeose farmers, who built the head, be around
and negotiate to continue their irrigation. This d¢e ‘hot conversation or conflict’ between them.
Because, the one who built it also consider iisgher right till finishing his/her irrigation.

Generally, during my stay in the area and from famsminterview | understood that, the movement
to make a discussion or to solve a problem abaubgeration of the Abu XX or any problem (like
maintenance) that are obstacles to access irrrgatater is from downstream to upstream users,
except within adjacent tenants. Indeed the adjaegaints’ relation was observed more significant
between close relations or relatives. Hence, thatre@m users do not go to downstream at all,
unless otherwise a close social relationship batvieem (Figure 3.14). Its impact will be discussed
in chapter 4& 5.

- Minor canal

‘ | > Abu VI

Figure 3.14: Farmers communication within a numberin Tuweir minor : the white arrow represents farmers
movement to communicate with other farmers is ugwaelnile the black represents in both direction hesw
adjacent farms

3.4.3 Operation of Abu Sitta(Abu VI)

Abu Vis are the smallest field channels that comweyer from Abu XX to crop fields through a
‘tegnant’. It was designed to irrigate 10 feddandls later has reduced to five, then four feddan
plots capacity due to crop rotation changes. Naw ieduced to mostly 2 feddan fields by farmers-
with two reasons. One is because of the water atrinihe Abu XX has reduced, and as the same
time the level of the hwasha increased due totisiftaand poor land preparation, hence farmers
have to dig more than one Abu VI per their 4 fedawasah to irrigate. The second reason is
because of a hawasha fragmentation to owners rsemtasharecroppers and different crops within a
hawasha, even some Abu Vs are designed for orsafethnds. Because, farmers have dugout
additional Abu VI to irrigate the different cropsparately.

Abu VI supplies water to a ‘bigger’ furrow calletegnant’. Depending on the amount of water
flow into the Abu VI, usually 1 up to 4 tegnantsndae opened together. One tegnant irrigates a
small plot of a hawashas called ‘rubat’ here: wdligws in to the plant root zone through small
furrows along the rows of the plant. The sizeshw tubats are different with the sizes of the
hawashas.
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Next Abu Sitta Tegnant
Abu Sitta

Figure 3.15: Operation at field level of Tuweir miror (Field Irrigation method)

However, farmers suffer from a number of flaws perting their Abu VI. Most farmers leave the
Abu VI opened at night. Even during the day timaally the farmers working time is from 7:00-
11:00 am in the morning and from 4:00 pm to 6-789in the afternoon. From 11:00 am-4:00pm
they go to home for lunch and rest. During thisetimost of them leave their Abu VI open. As a
result water flows in the wrong direction: to theighbouring hawashas, or to the road. |
investigated this in depth during round trip asses#s of the two numbers for more than seven
times and while walking inside the farm to chathafdrmers. During this time, in most cases no one
has been around to irrigate his farm, while the AMbwvere opened. ‘Some farmers also explained
their crops stunted growth is due to over-irrigaticaused by their neighbour, or their Abu VI
breakout flow during the night and or within theedk time.’ In this case the downstream hawasha
of the same number had been more affected dirdwtlythe flood. But indirectly all of the
downstream farmers would be affected due to unegatdr distribution.

3.4 Conclusion

Implications of the present operation on distribntchangesgenerally good management of the
system with happier and motivated users might rgéexd water distributions among them or in the
system. But many farmers in the area seem theyatrdnappy and not motivated with the new
management changes which states they shall mahagenhydraulics units- they are thinking they
have no enough knowledge and experience to take tbeeresponsibility. Second they have no
finance to carry out all the activities alone withhaupport. Thus first of all with this sense of
responsibility how they can manage the water? Nitvm and sense of ownership is important for
water management. This amplified with the curreabrpmanagements of O&M activities. At
present no one is controlling the system to halialie, equal and scheduled water distributions
among farmers. In Tuweir minor was observed thailexthe upstream farmers had been irrigating
more or less their demand relatively on time, basetheir plan, the downstream farmers had been
suffering in water shortage more than a week. Heoogflicts between farmers was realised an
outcome at the end of September in the area, dsawgethe vision of producing maximum and
quality yield by everybody cannot be met in thisigiions. Farmers also claim on it that especially
last year in Tuweir minor, they gained lower yig¢hén before (farmers interviewdyloreover the
following conclusions are drawn.
(1) Tenants have virtually always interfered in @atanagement at the minor and Abu VI level.
Particularly after independence a variety of foohsiterference can be observed:

(a) Opening and closing FOPs and minor off takeshe Past (before independence) who is
called off take operators, Ghaffir and Bl had bdetharging their responsibilities satisfactoriby i
their levels. So that farmers could not, or they meed to interfere in operation of the off-takel an
FOPs.
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(b) Destroying FOPs, NSWs and minor off-takes:tstgrfrom the 1960s following the
diversification and intensification policy, farmenave started to destroy FOPs, NSWs and off-take
structures to get water to their plot and it hasolb@e worst onwards.

(c) Constructing illegal intakes which is calleckoasi on the minor and the next Abu XX
channel, as well as deploying pumps at both minwl aajor canal levels has become a
phenomenon.

(2) The infrastructure of the system in general Miggeriorated which has limited water
management possibilities. In figure 3.3 as theeglahow, non-functional NSWs and FOPs clearly
influence operation. Of course this clearly links maintenance; no maintenance was done in
Tuweir minor since long time.

(3) This practice has led to a situation of watgy insecurity (that is further compounded by the
siltation problem, see next chapter). As a resriahts and other water users tend to hoard water
whenever it is available.

(4) The transfer of responsibilities for water mgement to WUAs has not resulted in an
improvement. Rather WUAs have been establishedtopalown haphazard manner: so far they
have only been involved in fee collection. Since fiees collected do not seem to make any
difference with regard to water supply securitynmintenance activities, people are not motivated
to pay.
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Chapter 4Water Distribution in Tuweir Minor Canal

The Gezira Scheme gets its irrigation water from $®nnar and Roseires Dams on the Blue Nile
River. The annual water discharge of the Blue Mlestimated at an average of about 50 billion
cubic meters measured at Roseires (Ahmed 2000-bitelildaw 2004). Based on the Nile water
agreement between Sudan and Egypt in 1959, theatdld water for is 18.5 billion cubic meters
(37% of Blue Nile). The Gezira Scheme is entitle@pproximately 35 % of this share, which is 6.5
billion cubic meters (Eldaw, 2004). This has besaduto irrigate 50% of the gross area in a season
(about 1 million feddan land can be irrigated iseason).

In this chapter, since the main actors operating @ezira system (which includes water
distribution) up to the present time have alreadgrbmentioned in chapter three, we would like to
continue on water distribution in theory (that mwhwater was intended to be distributed among
users); and in practice our focus is on Tuweir mimo2010 based on practical observations and
interviews. The impacts of water distribution chesgnd conclusions will be also presented.

4.1 Water Distribution in Theory

From the Sennar reservoir water is released inw parallel main canals with a combined
maximum daily discharge capacity of 31.5 milliorbiumeters i.e. 168 ffs the old Gezira and 186
m?/s the ‘new’ constructed canal to serve Managiéesion which run in Northern direction to the
first group of canal regulators at 57 kilometremrthe dam (World Bank 1990). After this junction
the canals are called Gezira and Managil Main caawadl run in different directions to their targeted
areas supplying water through various levels oftsato irrigation fields. Basic characteristics of
the various levels of canals are given in Tableb&lbw.

Table 4.1: Detail information of the Irrigation System in GS
2 354 261 50
11 25t0 120 651 30
107 1.2t0 15 1,652 20
1,500 0.5t01.5 8,119 6.0
1068  --a----- 10,683  a------
29,000 0.116 40,000 1.0
350,000 0.05 100,000 0.5
380,068 @ ---------- 150,683 ------

(Source Ahmed, 2009)

Indenting (Required water requesting)

As mentioned in Chapter three, the principle otewalistribution at each level up to the minor
canals was based on the Bls request to the Sulsi@wvEngineer (SDE). The request is made
before the coming planting season. The requesadenon the basis of the crop water requirements
which are calculated by Bls. Actual distribution svay considering the canal water carrying
capacity which is checked by the respective Engsmee each level, such that, too much of the
water is needed for the crops calculated by thenis the canal capacity, which is checked by the
engineers, the two actors need to negotiate tdreagsensus.

During the planting seasons the request from BEME occurs on weekly basis, on Tuesday as
early as possible before 1:00 pm, but not laten 2x®0 pm. After 2:00 pm indenting will not be

considered for the afternoon change, it would drdymplemented in the next morning’s alteration.
This procedure helps to maintain a steady unifdow throughout the week in all the canals; and
the indent is expressed in cubic meter per day (MRI1934). If a need arise to adjust the indents,
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it will be sent to the Division Engineer on SatyslaAnd the adjustment should balance changes
on different area within a major. So in this wagniars can irrigate according to their schedule.

Normally the above described indenting has becdmenbrm with a long time history. Reports

show that it has not been practised accuratelyesi@cyears ago (Ahmed, et al, 1988). They found
many unclear indenting records, such as high ped&nting in October regardless of small area
coverage for wheat during this time; peak crop wagguirement records during the peak rain
period of August. As many other researchers havetioreed also, water distribution in the scheme
is continuously altered from time to time (Walliogl, 1991) due to different reasons. HRS and
Wallingford (1988) reported that the indenting Im@$ been perfect without any change effected in
the case of rain. For instance they reported fdyr EGidad major, in the case of Tuweir minor, a
severe reduction to less than 50% of the indertt Idsded for over seven weeks in the 1987/88
season. And the World Bank reported that ‘usudtynts of inequity caused by siltation and weed
infestation are frequently being made by farmevgb(ld Bank, 1990, p. 4). All these indicate the

indenting practice has become less effective thahea past.

4.2 Water Distribution in Practice: causes of water distribution changes

Nowadays indents are totally gone. WUAs have @ldbe previous BI, but they are not working in
the same way as the BIl. At presently WUAs, probadilyhe beginning of the planting season,
based on their past experience they may send axieweof the type of crops that will be grown in
their respective area to the respective body-eegin€Eommonly the crops are: sorghum and
groundnuts as summer crops; wheat and recenthkéteh, which is a kind of pea as winter crops.
To some extent vegetables are also grown in bathoss. These crops are known by the engineer
as well. But, no crop water requirement based &aticun at the block or minor level is undertaken.
How much feddan land will be covered and which onalb be planted is not known to decide on
the amount of water to be released to each arddook. No weekly request and no adjustment
indenting in case of rain or peak crop water deraaaré made (interviews and observations). The
off take operator will made a request to the respeengineer when he faces a serious problem
like a canal breakout flow. But he will not makeyaequest to facilitate a reliable, equal, on time
water distribution according to the crops’ needcatl for adjustments to have healthy and
productive plant growth. In this section, watertdgition between minors, numbers and within a
number will be presented as follows.

4.2.1 Water Distribution between Minors, in Kab El Gida Major

Without going through further analysis, the aboxplanation of ineffective indenting can create
unequal water distribution between minors. Cursetite water discharge which is released to each
minor is based on a rough estimation instead oftiberetically restricting indents according to the
crops need and canal capacity. Minor off take dpesamight be also influenced by some powerful
farmers and they may not have the experience toatgeorrectly. For instance, the off takes of
Tuweir and Kersh El Fil minors are operated by operator, who has no experience of canal
operation. | doubt if he is distributing water fgito these two minors. Simply from the observed
gate opening of the two minors in the field, ona sae the difference between these two minors
(Graph 4.1). It shows the Kersh El Fil minor gataswfully opened most of the time on the
observation dates, while the Tuweir minor gate wenstly opened at a quarter or third hand of
Kersh El Fil minor opening. My Differences do noiginate from the exact/allocated water needs
of these two minors, but simply from farmers’ resjuto the operator. It is difficult to assess
whether this is fair, as the operator also saidKbesh El Fil minor farmers come to him more
frequently than the Tuweir minor farmers, to fohte to open their minor fully. This kind of water
distribution is also practiced in other upstreard downstream minors of Tuweir minor within the
Kab El Gidad major. These indicate that the sysker®m become a mess throughout the scheme.
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Evidently in some minors, it was observed that fansrthemselves opened their minor off take, this
raises the question fair water distribution careffected among them?
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Graph 4.1: Gate opening of Tuweir and Kersh El FilMinors

4.2.2 Water Distribution between Numbers, in Tuweir Minor

To understand this situation observations and sdiseharge estimation of all Tuweir minor’'s

FOPs and Abu XX were made for about 8 times. Durtimig assessment water distribution
differences between numbers was realised. Somkeopractical reasons for the difference that |
understood during this assessment are presented.b&hese practices are important factors in
water distribution differences among users not dydyween or within numbers but also can be
influential factors between minors and majors. Eha@sctices are treated below.

Farmers operation of Field Outlet Pipes

Since farmers have their own perception of thedpawvater satisfaction, one may irrigate his crop
with too much or too little water (World Bank, 199dn Tuweir minor canal farmers were
complaining about this situation as ‘one takes mwmater than his crops need while others are
suffering from water shortage within the minor/nweribFigure 4.1 show that two farmers in this
minor were irrigating their crops fully. That meahgy need to open the FOPs or their Abu VI for a
longer time than the others. Yet it was not obsgmymt all of the farmers in Tuweir minor were
irrigating their crops like what these farmers d&ince nor all farmers irrigate like these two
farmers, it is questionable whether water distidouis done in a fair manor. These two farmers’
actions clearly can affect water availability favehstream users.

At FOP1 at FOP6
Figure 4.1: Two examples of Farmers irrigating thei fields fully
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Differentiated management concerns amongst vatiypes of Farmers

There are different groups of farmers in the Scheowh as owners, sharecroppers, labourers and
renters. These groups have their own sense of giwipeaind responsibility in managing the system
(structures or the irrigation water). Also they aalifferent irrigation management experiences. In
this scenario unequal water distribution betweemnths almost inevitable through one may leave
the gate open to acquire more irrigation water ibihiers; another one may not care about what will
happen to others the next day due to his actionnyMawners in Tuweir argued that water
management failures are experienced in the areeaube most of the sharecroppers have
insufficient experience to manage the water.

However, | argue that, rather than experience, nsduayecroppers do not own land. So, they want
to maximize their yield as much as possible inasen. To do so they operate the system in any
way, that helps to satisfy their crops’ need acewrdo their perception of on timely basis. In
addition this group of farmers have not been waykina fixed hawasha, number or minor. Instead
they may change to another hawasha, number or reveny year. Hence, they may not care for
what problem will occur next, in one specific aesafar as no rules have been developed to control
their irrigating behaviour. Moreover, this groupnet the only hoarder of water. Also the other
groups (renters, owners or labourers) display #meesbehaviour of carelessness/selfishness. Figure
4.2 below shows some farmers’ actions on the mamar Abu XX section to irrigate their farm,
which affect water distribution patterns for dowesin users.

Besides differences in management concern, mamyefar practise additional income generating
activities outside the village. Usually many landiners give their land to the other groups
(sharecroppers, renters, labourers) when theyanéully employed outside the scheme. However,
| have met sharecroppers who are employed in Kharten addition to their farm work as a

sharecropper. In such cases, their wives or cmldnéd handle the farm work. But their wives and

children may not have enough experience on howrigate; hence misdistribution of water will

result.

Nakoosi

‘Nakoosies’ are FOPs/Abu VI which farmers employ itoigate by diverting water from
downstream minor or Abu XX to upstream numbers awdshas. These practices are illegal and
beyond the minor or Abu XX canals’ designed capatiough it is one of strategies farmers use to
irrigate their higher level lands almost at the ¢tdievery hawasha. There are two nakoosies FOPs
from the Tuweir minor that have been used to iteaghe upstream minor command numbers, Wad
Hezam minor canal. There are 15 and 12 normal F@PSuweir and Wad Hezam minor
respectively. Within Tuweir minor there are manyuANI from downstream Abu XX to in
upstream number. Such practices have been obséeeuently in all planted numbers of Abu
XXes of the Tuweir canal during the field work stdyom number 4 Abu XX to number 3
hawashas; from 8 to 7 (total 6 Abu VI); from 1111@; and from number 14 Abu XX to number 13
(about 10 Abu VI). Certainly these practices havgnificant impacts on water distribution
differences between users of different minors anitimv the same minor (since not all of the
farmers use nakoosi and it is not encouraged). Mewet is one kind of farmers’ coping
mechanism to irrigate in case of water shortagedsstdbution problem (see chapter 7).

Other practices

Other practices comprise of water use making a-somdl across the minor or Abu XX sections to
back up the water levels and the closing of NSWgush more water through the upstream FOPs
or field inlet. These are also sources of watetriBigtion differences among the farmers (figure
4.2). These practices can be sources of confligtden farmers.
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Using the canal water for household purposes ishangractice in Tuweir minor ( see Figure 4.3
below). Since, Tuweir villagers have no access atewtaps; they use water from the minor canal
for domestic purposes. One day | observed thaigells opened a fallowed FOP to divert water to
their village, to irrigate ornamental trees insttle village and to serve other purpose like house
building, while the downstream farmers in the saneor were suffering of water shortages. These
practices may seem simple or normal in other placeshey have significant effects on decreasing
the level of water in the minor and creating inéajolie water distribution between users.

Closing the inlet Pipe

using iron sheet

Normal FOP
Head creation
across Abuxx

Head
creation

Nacooisi
Abu VI

from No8
to7

across the
Minor

Nacoois FOP

Figure 4.2: Nakoosi and different farmers’ actionson a minor and Abu XX channel
Those have clear influence of water distributioroam users.

(a) (b)
Figure 4.3: Using the Canal water for household pyose
N.B. (a) shows a boy who is fetching water for leobsilding purposes. | observed this practice mames. The
second photo (b) was a case where farmers had dpefilowed land FOP to ferry water to their vifja directly. As
the same time there was water shortage in downstifeams (in the peak period, on September 25-2010).

Maintenance induced effects on water distribution

In many ways (lack of) maintenance can produce matistribution differences among
numbers/minors. For Tuweir minor as will be expéalnn detail in chapter five, no silt removal has
taken place after the middle of the minor sincelestst three years ago. This affects the
reliability/equity or on time distribution of watéor downstream farmers.

On the other hand, may be in some places only, wherwater level is lower in the canal, the
accumulated silt raises the water level, thougk d@n indicator of the poor water management in
general. Before excavation was done in the Tuwamat; the upstream users were accessing more
water, since the accumulated silt raised the mivatder level, such that water was easily discharge
into upstream FOPs. But after the silt removal, wlaer level in the upstream section of the canal
decreased dramatically. This produced differennewater level between FOPs within the minor
canal (Figure 4.4). As a result the amounts of wdédivered to these upstream FOPs decreased,
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and relatively the discharge into downstream FOMwzaoved (Table 4.2 and Graph 4.2). Though it
might not be a general case for other places amghtrmot be long lasting, it was a problem for
upstream users at that moment.

However, in general except for the above excepticase, as figures 4.4; 4.5 and 4.6 indicate from
the available water in the canal, the upstreamsusejoy the lion share of the water at the expense
of downstream users, because of poor managemeaddition it was obvious to observe that after
any irrigation of upstream users, there was exagdgsr flowing to the road or to the fallowed land
while the downstream farmers are not able to itegheir crops. All in all this results in unequal
water distribution among users.

(a) FOP1 when excavation was started on Sep 21 (DP1 after excavation on Sep 25
Figure 4.4: Water distribution difference because bsediment management example on FOP 1
N.B. The first photo(a) shows in FOP1 even water wasifig out over the suck-mud and this was most diftertase
before sediment removal. But after the silt wasaesd, the water level in the minor canal decreaa®(b) shows, then
the amount of water discharging into this Abu XXrdased dramatically, so that farmers create a haeaass the
minor.

Table 4.2: Water distribution estimation between F@s of Tuweir minor canal

Field Outlet | Area Date of Observation (2010) Aver | -(+)
Pipe (FOPs) / age | 30%

fromthe | fedd [FLLCHZ il TARE i o 25-  29-  02- correc
feeikinel |l sy Sep Sep Sep  Sep Sep  Sep  Oct tion
Factor
Estimated Discharge (at the head of each Abu XX) iliters/second
FOP1 60 26 32 0 0 10.13 25 15 11-20
FOP2 90 0 51 116 56 25 60 44 50  35-65
FOP3 83 48 0 68 53 45 100 19 48  33-62
FOP6 90 0 0 54 40 0 0 0 16  11-20
FOP7 90 111 11 94 82 11 43 45 57 40-74
Average 37 19 66 46 20 43 27 37
FOP9 90 27 0 12 6 44 96 68 36  25-47
FOP10 90 16 0 13 26 61 83 100 42 29-54
FOP12 90 0 0 10 0 23 0 0 5 3-6
FOP13 90 15 0 69 0 58 50 74 38 27-49
Average 15 0 26 8 47 57 61 30

FOP15 80 This FOP is a tail, much stored water , since tiennel is bigger and
difficult to estimate the discharge
Source: Round trip Assessment of the Minor dutiregfield work
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Graph 4.2: Water distribution in upstream and downdream parts of Tuweir canal

The above Table (4.2) is a rough estimation oftdisges in operated ( cultivated land) FOPs in
2010 season in Tuweir minor during round trip oleagons of the specified FOPs on the specified
dates. The estimation was supported by simple flogasurements using orange method. The
unmentioned FOPs in the above Table are left fatbar winter crop numbers’ FOPs (i.e. there is
no water flow into these FOPs during study timegn&ally the Table shows water supply at
downstream FOPs was less than that of upstream B&Bse excavation was done. But after the
excavation (after Sep 21-2010), the discharge wandtream FOPs (FOP 9 and FOP 10) was better
than to upstream FOPs (FOP 1) because of the abenBoned sedimentation effect (Figure 4.4).

The values in the ‘average column’ of Table 4.2aate that FOP 1 and FOP 6 in the upstream part
have less discharge than downstream FOPs excepgtQér 12. But the case especially which
pronounced in FOP1 before the minor silt removathsre was always much water flow into this
FOP. Evidently, excess water flooded to the adjafa@iowed number when this FOP was partially
or fully closed. It is evident in the Table thatete is area size difference between the cultivated
FOPs. However, there is no functional dischargetrolimg structures that help water to deliver
according to the area coverage of each FOP. Ftamos FOP 1 and FOP 3 have no pipe at all; the
water runs into their Abu XX without control onlymtrolled with mud filled-sack. In addition, as
already mentioned in chapter 3 under ‘FOPs operasiession, there was also a case though FOPs
were observed closed, after a moment these FOPIsl wewobserved open, but for the sake of time
| have not measured them back. So in reality tieereot water shortage in these upstream parts.
However, in downstream FOPs such as FOP 9, 10nd2.3 zero refers to the fact that the FOP
was already opened, but there was no water thabeatelivered to these FOPs. Especially FOP 9
and 12 face a problem of water to discharge int@r hbu XX. As a consequence many ‘nakoosies’
channels from FOP 10 and FOP 13 to FOP 9 and FOfesliectively have been observed. Also
during these round trip assessments, it was fohatlithere are differences of water distribution
between upstream and downstream parts of an Ab(sEX examples in Annex).
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FOP1- at the head PQ@O0- downstream
Figure 4.5: Grass covers difference because of watdistribution difference

Road between Number 3 and 4 Road between Nbar 13 and 14
Figure 4.6: Excess water flow in upstream Abu XX

Moreover, photos in Figure 4.7 below show that walistribution differences between upstream
and downstream parts along the Tuweir minor secfibat means if the upstream FOPs are opened
then the downstream FOPs cannot get water at Eksrwater, which is not enough for the farmers
to irrigate their fields. As stated in the previatmapter, this situation has been aggravated becaus
there is no water distribution schedule in operaamong FOPs. Consequently water inequity can
always be observed between upstream and downspadsof Tuweir minor.

4th NSW at 34 NSW at 2nd NSW at
4:30 pm 5:00 pm 5:30 pm

FOP10
at 4:30
pm

FOP2 at FOP10

11:00 y
o at 1:30

pm

Figure 4.7: Water distribution difference in Tuweir minor Section(Plates were taken on September -17-2010)
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4.2.3 Water distribution differences within a number

This is also a significant issue in the area: fasneho have hawasha at the head of an Abu XX
recieved water relatively more reliably and on tithan the downstream farmers. To assess the
situation it was observed that for more than selegrs in two numbers of the Tuweir minor: one in
the upstream and another in the downstream. Itohess that downstream farmers can get water
only after the upstream farmers have finished thggation in each of the numbers (Figure 4.7).
That means that the downstream farmers in a nuhder no reliable irrigation water on time. As a
result many downstream farmers have been forcedigate their crops too late or insufficiently.
More than one week delay, it was observed in nuriteiTable 4.3 below shows interview results
from some farmers in Tuweir minor about the tinmed of irrigation. Indeed it is according to their
perception of irrigation interval. That is basedwamat they think a good interval or problematic for
their crop according to their experience. Accortindpere, irrigation delay refers the time from
which farmers want to irrigate but they could nbteato irrigate because of water shortages in the
area as that time. Hence, long delays can havdinegdfect on the plant.

Table 4.3: Farmers claim of irrigation delayed dueo water distribution in Tuweir minor

Farmers | Farm Location Irrigation Date of Remarks
[ [EEVACEVYS ] I E S

[ Number 11 4 06 Sep-10 the off take was closed
Number 14 7 06-Sep-10 the off take was closed
Number 10 5 26 Sep-10 Still she has not got water to irrigate
- Number 11 16 24-Sep-10 He started to irrigate on this day but he expec
yield Reduction because this delay
Number 14 30 27-Sep-10 Irrigating on this day
P Number 11 9 22-Sep Not yet get water to irrigate
5 Number 3 6 28-Sep The water distribution changes (decrement)
arises after excavation
P Number 10& 11 5 26-Sep-10 Started irrigation on the Z&f Sep
Number 11 15 30-Sep She start irrigation on this day
PR Number10 & 11 4 24-Sep  This farmers started irrigation on 30- Sep-10

Source: interviews with farmers in the Specifiethbars of the Tuweir Minor

This result was confirmed through observationshiesé two numbers - number 3 and number 11.
Of course relative to the downstream number, nurBlfarmers were irrigating on time when they
want to irrigate. Only some downstream farmers’ &slva of number 3 were faced with the
problem after excavation, but the problem was moibss like number 11 farmers. At least there
was water in number three Abu XX up to the taililevmumber 11 Abu XX was dry completely
after the middle. | observed in number 11 thattisig from 12 September 2010, water flow to this
Abu XX was limited and many farmers were complagniabout it frequently, because their
irrigation was delayed from a few days to more th&mays as the above Table shows.

Farmers also confirmed water distribution variasionithin the number-between the head and tail
end farmers. | met Abdulhaman whose farm is athébed of Number 11 on September 19 while
irrigating his sorghum plant in this number. The ¢éad farmer in the same number, who is called
Hawa Silma, only managed to get water to irrigateSeptember 30. Yet she wanted to irrigate two
weeks before that day. But no water at all waslabk in the Abu XX before September 30 for
more than two weeks (observations and interviewasjiqularly below the middle of the Abu XX
channel. Hence, it is at least 11 days differencé@rmation between these two head and tail
farmers. For this difference the reason might beiog@onomic or power. Most owners were
working at the head while, if one goes to the ddveasn, the number of sharecroppers is more
significant. On the other hand head- tail issuesvatier distribution are significant. Obviously, at
the head farmer can capture the amount of watetable regardless of power /socioeconomic
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factor. Here, with different scales there is aatiéhce in accessing irrigation water at each lefel
the number between upstream and downstream hawashas

This is because, as one can imagine that as teem® iplan for irrigation scheduling between
farmers to irrigate their farms turn by turn, theall farmer might even be irrigating twice before th
tail farmer does not irrigate once. One farmer, whoalled Ahamed, whose farm is at the tail end
of number 3, claims that ‘usually the head farmargate two times, while | do not irrigate even
once’. There are no working rules to govern eacinéa to irrigate fairly. However, the problem is
more severe for downstream farmers than upstreamema farmers within the minor. As
mentioned, | have observed the two numbers for aBodays, and | found that there was even
mismanagement of water (excess water flow and AubxXeakout flow, say on September 17-
2010) in the upstream FOP, while the Abu XX of nembl ran dry after a few Abu VIs from the
head. Thus the effect clearly results unequal wditribution between farmers.

4.3 Impacts of the Observed Water Distribution Pattern

First an introduction on the main effects, nameabid/ reduction and increased conflicts will be
provided. (What about on-going socio-economic d#fgiation between head and tail end farmers?
As well as, what about changes in cropping stragegs a result of water insecurity?)

Table 4.4: Yield difference between the past and $ayear (2009/201010)

Farmers Crop type Previous seasons| Average Current Average Yield
location in the Average Yield ield Reduction
minor

Suck/fedda Kg/ha suck/feddan Kg/ha suck/feddan Kg/ha

FOP9&10  Sorghum 13 3095 4 952 9 2143
Sorghum 10 2381 2 476 8 1905
FOP7 Sorghum 13 3095 2 476 10 2381
[ 4 ] Sorghum 10 2381 2 476 7 1667
e Average 11 2619 3 714 9 2143
FOP 1 Groundnuts 27 6429 18 4286 20 4762
PG FOP10  Groundnuts 20 4762 8 1905 13 3095
FOP 2 Groundnuts 30 7143 25 5952 E 1190
] Average 26 6190 13 3095 9 2143
9 | FOP 2 Wheat 14 3333 4 952 10 2381
Wheat 13 3095 1 238 12 2857
] Average 13 3095 3 714 11 2619
1 suck=100 kg

Source: Interviews with farmers mainly based onsihgation last year (2009)

Yield reduction

Though it is difficult to justify, since there ameany factors affecting yield reduction (like inputs
(fertiliser, land preparation, pesticide usageed®le seeds and management)), many farmers in
Tuweir canal claim that their yield reduction fraime to time is mainly because of poor water
distribution between upstream and downstream édrtse minor and Abu XX and even within a
hawasha/Abu VI. So, even if it is not easy to ass®e water distribution impact on yield
guantitatively without detailed research, Table grdvides some clue of yield reduction which was
deducted from interviews with farmers, in Tuweimmi, especially considering last year's water
shortage problem over the past their good harwes. tMost farmers claim that due to last year
situation in Tuweir minor most farmers did not gedld at all. But as explained above, it does not
mean the yield reduction is only because of waisridution differences. Indeed, simply from the
above observed water distribution difference betwasers, yield reduction is expected. Omer
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Elwaded, ( 1986, who sited Hamid Fakki et al, 198&Yed that clear yield reduction originates
from inequitable water distribution for cotton pignvithin the scheme depending upon the location
and the level of major, minor and Abu XX field cimah

Conflict between farmers

Unequal water distribution creates frictions betwegstream and downstream farmers in a minor
or number. Some farmers told me that they haveddbeir Abu VI was closed by someone. By
default they know who did that, so they have exgered conflict with that person. Otherwise they
should watch their Abu VI in the evening or theyoshl look for other options, like a pump.
Between who are using nakoosi and other practides dreating a head/close NSWs and the
impacted downstream users by these practices cbilobvious. Of course, they said they have
been resolving the conflict soon, through theirselesocial relationship like Religion. But one
reality is usually at the tail end of the minor, shof the farmers are sharecroppers while at thd he
end of the minor, most of them are owners. This loara reason that tail end farmers could not
equally negotiate on water right or other managdénckms like maintenance as the head end
farmers.

Unequal water distribution has also forced farnmterspent additional costs such as pumping and
labour. Farmers in Tuweir minor said, last yearytlused pumps to irrigate, and downstream
farmers always use pumps for the winter seasonsci®yt it costs them a lot of money, renting a
pump is about 42 US $ at present currency per ndénalf days pumping. This is too expensive for
most farmers to buy their own pump. In addition wiige amount of water decreases in their Abu
XX farmers need a longer time to irrigate than vathormal flow. That way they incur additional
labour or labour costs.

4.4 Conclusions

The past relatively formal and restricted wateremithg according to the crops need and the canal
capacity estimation has become a theory rather ghpractice. Nowadays such practice is gone
instead water is released to each level jus ad#, m scientific approach crop water calculation
over canal capacity balance at all. As a consequehanequal, unreliable and unscheduled water
distribution to users has become a practice. Thes chot mean the past system was absolutely had
followed a scientific way; however, at present iany cases the water management in the Scheme
has become worse than in the past.

Factors such as operation of the FOPs by everyetaand their irrigation perceptions, lack of
concern /sense of ownership while managing theesysind their different practices to cope up
water distribution changes (see chapter 7); misgemants of the system by officials like poor
operation and maintenance; and absences of wonkigr management rules for users are
aggravating the situation of unequal water distrdyuwithin a major/minor/number.

In Tuweir minor, there is water distribution difégrces between numbers, usually upstream farmers
get relatively good amount of water than downstréammers. Such variation was also observed
within a number. Usually the downstream farmerslggt amount of water. To get a better amount
of water they should wait until the upstream farsrfarished their irrigation. The way of excavation
has also impact on water distribution as can ba se&able 4.2 in Tuweir minor. After the minor
excavation the downstream farmers got relativelydgamount of water. However, some upstream
numbers get limited amount since the water levethim minor drops down when the sediment
removed.

The impacts of this unequal, unreliable, or unsaketiwater distribution have long term and short
term effects on users. In a short term effectsait clearly reduce yields; arise conflicts between
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farmers or expose farmers to additional costs, rigkging/buying pump to get irrigation water, then
finally deterioration of the irrigation infrastructes as a whole. Further more in a long term effect
of water distribution changes, farmers have beenihg their villages to seek a job outside the

scheme; the remaining farmers are changing thepping patterns. That is a focus on less risk
bearing crops (sorghum).
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Chapter 5Maintenance of the Minor

Before the 1970s the maintenance issues weredesgige, since siltation was not recognized as a
serious problem in the Scheme (interview with Eegmin HRS on August 17, 2010). However,
starting from the late 1970s siltation has becdmeebiggest constraint affecting the operation ef th
scheme (World Bank, 1990). It led the scheme terdwtite (Ahmed, 2009). Even though most of
the government expenditure has been on silt remavads been beyond its capacity to control it.
The management and technical gaps have been @savatgng the situation.

Appreciating these negative impacts of siltatiorttmscheme, the Ministry of Irrigation and Water
Resource (MOIWR)-HRS (Hydraulic Research Statidajted an intensive Sediment Monitoring
Programme in 1988, in collaboration with HRL —Wadiford. The programme covered 52 locations
in the Gezira Scheme and the Blue Nile River. Theaperation ran for two years. There after HRS
has continued the silt monitoring programme uphgresent though it covers a limited number of
locations, only at Sennar and K57 (the pool of tike main canals). Measurements of sediment
concentrations in the major and minor canals wemeped after the programme ended in 1989. The
limited data about sediment concentrations in these make a concise assessment of the siltation
problem impossible. In this chapter an indicatidntte seriousness of the silt problem will be
explained based on the above described HRS sitterration measurements, yearly records of
volumes of silt excavated in the Gezira Scheme (HR®8) and my own daily silt concentration
measurements and observations in Tuweir minor aatdl Gidad major in September 20009.

This chapter describes the siltation situation I tScheme starting from late 1980s and
maintenance activities (mainly de-silting) beinglartaken at the lower levels of the scheme. The
sub-sections summarise the causes, impacts and cbdiltation (section 5.1.1-5.1.3). Under
maintenance activities, maintenance activitiessitivis between actors, the excavation situation and
cost recovery conditions of Tuweir minors (minodakbu XX and Abu VI) are elaborated. Finally
conclusions are drawn.

5.1 Sediment loads in the Gezira Scheme

Based on MOI records, Ahmed (2009, p. 4) reportet in the 1933-1938 season the mean
sediment concentration of water that entered then@$ Canals in August was only 700 ppm,
while it had increased to 3,800 ppm in 1988/1980in@rease of more than five times. However,
during the 1990s the mean August sediment condemtrigvels reached to about 8,000 ppm, more
than 11 folds the concentration level in the 1930® sediment monitoring data collected by HRS
of MOIWR, also show that the peak sediment conegiotn in the Blue Nile downstream of Sennar
in 2003 (Graph 5.1), was more than 11,000 ppmhénstame Graph the sediment concentrations in
2007 and 2009 are relatively low. This might beyédy because of a low erosion rate in the upper
catchment areas of Blue Nile. The Blue Nile hashhygarly and seasonal variation (Wold bank
1990, P.14). On the other hand the peak sedimereoatration that entered the Gezira main canal
from 2003 to 2006 is on average 12,000 ppm (Gragh, Bnany fold increases over 1933/38.
Especially in 2006 it highly increased about 13,000m. And these maximum sediment
concentrations have been recorded mainly from DabyAugust | (Graph 5.2).
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Graph 5.1: 10 days Average sediment concentratiorf the Blue Nile at downstream of Sennar
(Source, hydraulic Research Stations-HRS)
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Graph 5.2: 10 days average sediment concentration the Gezira Main Canal at Sennar ( from 2003-2006)
(Source: HRS-Presentation ¥bunis, 2008)

The sediment load entering at Sennar is distributex various canals of the Scheme in different
proportions. Graph 5.3 below show this sedimenbdijon at different levels of the scheme. For
the seasons from 1988 to 1991 the data source d\VBank report. Sediment concentrations for
1995 to 2009 seasons are taken from the schemmaesgidconcentration data as reported by Younis
in HRS. Then, to distribute the Scheme sedimenteaination to each level (from main to field
canals), the sediment entering proportions intodifferent levels which were studied in 1988 by
HRS and Walingford is used. | adapted these prapwmtas reported by Younis. To mention, these
proportions are 5% of the total sediment which esttéhe scheme deposits at the main and branch
canals; 22% at majors, and 33% at minors whilerémeaining 40% goes to the fields (Younis,
2009). But would be this proportion valid over marears is questionable. It is not clear whether
sampling has been taken yearly or not, in what itimmd at the same location, same discharge and
time are exactly the same as the previous yearafyixorrection factor developed in deviation of
sampling condition? These all are not clear. Seaitcuracy of the Graph 5.3 at present situation is
guestionable. | believe in this regard detail resd®es have not been taken, since from 1988s the
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figures are almost the same. However, here itesl us estimate the sediment load roughly and to
have an overview in each level especially at theomi
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Graph 5.3: Sediment load to different levels of Gém Scheme (from 1988 to 2009)
(Source: from 1988 to 1991 (WB, 2000); from 1988894 and from 1995 to 2009 HRS)

Generally the trend shows that the sediment loadcigasing though variations have existed from
year to year, especially between two consquetiagsy®988 and 1989; or 2005 and 2006 there is
large variations. Mainly this can be due to thafedl situation of the Blue Nile catchment areas
and/or variations in the operation of Sennar ddmainfall is less in the upper catchment areas of
Blue Nile River, the incoming sediment with the &iwvill be less, and then less sediment is
transported to the scheme. On the other hand drth&unt of rainfall is less in the command area of
the Scheme, the system is forced to release thénmmax volume of water to satisfy the crops’
demand, so that much silt will be transported thi® scheme. At the same time when the Sennar
dam is opened in the peak season (July-August)toluop diversification in the scheme, the
sediment load at the various levels will be incegadvioreover the time and ways of sampling can
also bear considerable influence on the variatian the graph 5.4 shows.

Furthermore, during the field work stay, to estienttte sediment concentrations at the major and
minor levels, point silt samples were taken daillyd period of 30 days at three locations: at fiie o
take of Kab El Gidad major (upstream of the regulgiate), at Tuweir minor off take, again in the
upstream part and at the third NSW of Tuweir middrough the sampling period was almost at the
end of the peak sedimentation period that has begorted by HRS researchers, still the results
indicate significant amounts of sediment concerunagt
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Graph 5.4: Sediment concentration in Kab El Gidad major and Tuweir Minor in September 2010

Especially in the beginning of September 2010,aswore than 6,000, 4,000, and 3,000 ppm at the
Major, Minor and NSW respectively (Graph 5.4). ®Hpgke in Tuweir minor arround 25 September
could be because of excavation disturbances araifdell during sampling. From 26 September to
3 October 2010, the ‘zig- zag shape’ in the NSWdus to excavation disturbance and variable
water flow conditions of the minor (sometimes gdloav other time zero). In this regard the trend
in the major is almost uniform because the flowhi& major is not influential as the NSWs.

Besides siltation in the scheme, there are alderdiit types of aquatic weeds which are growing in
the scheme, mainly in minor canals. They produc®se impacts on siltation; in turn siltation
facilitates their growth by supplying nutrients aswapport (Ahmed, 2009). These weeds can be
classified in three categories such as: floatingpnserged and emerged (Ahmetdal, 1989). The
weeds limit water flow to the extent water canreatah to the tail end of minor canals (World Bank,
2000). These weeds highly infested Tuweir canal tiegree that it is hard to see the water level or
the flow in the canal (Figures 5.1 and 5.2). Duriihg research time, it was noticed that one of the
reasons proffered by farmers for water shortagbeatail end is because of the prevalence of these
weeds. They also affect the operation of the FOPs.

Figure 5.1: Weeds at first reach of Tuweir minor  Fgure 5.2: weeds in the last reach of Tuweir minor
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5.1.1 Causes of siltation

The increases in sediment concentration are atédbto different reasons (World Bank, 2000 and
Ahmed 2009), such as the diversion of the maximwhinae of water that can be carried by the
main canal to service the successive extensiogstfe Managil Extension of 420,000 ha) of the
scheme to its present size, and increased cropsitydrom the 1960s. Hence, the current operation
of the Scheme is very different from those antit@gaduring the design (see chapter three). The
amount of water discharged to the system at Sahararhas increased more than three- fold from
2.0 billion n? in 1957/1958 to 7.0 billion tin 1997/1998 (Wold Bank 2000). This additional
amount of water carries an additional amount of Skecond, planting time has been moved
forward, occurring one month earlier than the prasiseasons. Before 1960 no water entered the
scheme in late July and early August when sediroententrations are at their highest in the Blue
Nile River. However, nowadays water enters the s&hduring that time. Third, the capacity of the
Roseires and Sennar reservoirs to trap silt has teekiced since their dead storages have silted up.
Finally, there is increased erosion in the uppereBlile catchment areas in Ethiopia. Canal bank
erosions within the scheme (Figure 5.3) and delwhg&h are carried by wind form additional
causes for siltation (Figure5.4).

N\
N\

Figure 5.3: Canal banks erosion in the Gezira maicanal  Figure 5.4: Floating debris which might #ect Flow
Velocity

5.1.2 Impacts of siltation

The deposition of sediment in irrigation canals @adsubsequent built-up of aquatic weeds results
in losses in production of great magnitude. Thea# are manifested in water shortages in the tail
end numbers that clearly affects potentially ol#hla yields and some areas have been taken out of
production, due to an increase in land level bezafisedimentation. For instance, in Tuweir minor
on average at least 16m*16m rubat land at the haddail of each hawasha cannot give any yield.
First of all the seed might not germinate (Figurg) because water cannot reach it. Second, if the
seed do manage to germinate, the yield will ofteridm low (observations and farmers interviews).
One may say that this can be attributed to poat lawelling. However, it is because of excessive
silt deposition into the fields that also affedis tand levelling.
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Figure 5.5: Bare land at the tail of a hawasha duto increased land level

To cope with those impacts major efforts have basatertaken by the Sudanese to clear silt from
the canals. Over 60% of the total maintenance duaggEbeen invested on de-silting, yet much less
investment has been made available for structuretemance and de-weeding (World Bank, 2000).
Despite the intensity of these efforts, they domatch the rates at which silt is accumulatingm t
canals. Such problems were confirmed in the figid,Tuweir minor canal. No maintenance
satisfaction by farmers was observed in the aireg gshe problem has been affecting them.

5.1.3 Amount and costs of sediment removal at scheme level

The trend in quantity of removed silt and its clwetn 1987 to 2005 (Graph 5.5) shows that from
1999 onwards higher amounts of sediments have tegeoved. The amount of removed sediment
increased from 11 million fin 1998 to 41 million Mmin 1999. But the amount of sediment load
entering the Scheme (Graph 5.3), shows that th@ $488son was comparable with the 1988 season
and less than the amount entering in the 1996 seabich is the maximum record in the scheme.
So, where did the extra sediment removed come fiBra8ion within the scheme is not significant
enough to produce such an effect. Rather it islylikkat the recorded amounts of ‘removed’
sediment are untrue. One reason is, the respahgsihfildecision making on sediment amount to be
removed. Mostly engineers deal with the excavatsteiad of taking exact measurement. Finally
they agreed upon on the amount of silt removed wihat excavator stated since no exact
measurement done before (personal communicatidn KRS engineer, on 12 October 2010). So,
this cannot be removed sediment. If this much sedinwvas removed no any canal feature would
be seen in the Scheme. Instead it is one of theagement failures indicators. Ahmed argued that
‘...this is really a waste of the GS financial nes®s and has led to a great damage to the whole
canalization system, which is still suffering franup to now’ (Ahmed, 2009, p.7). And the amount
of money paid was based on this reported fake sadiremoved amount.
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5.2 Practices of maintenance observed at Tuweir minor canal

5.2.1 Division of maintenance responsibilities at minor and scheme level

As explained in chapter 3 on the operation of ttleeme, again for maintenance activities, the
management of the Gezira Scheme had been dividedede the MOIWR and the SGB, a

parastatal corporation which replaced the Sudant&ians Syndicate in 1950. The MOIWR was

responsible for the maintenance of the main sygraain, branch, and major canals) and minor
canals, and the SGB for the Abu XX (World Bank, @P9SGB was also responsible for the

maintenance of the irrigation structures (at milemel) and other infrastructure which includes a
railway network of 1,050 km in length, used to spaort cotton and agricultural inputs. However,

all main works on regulator gates and pumping atatincluding regular maintenance, repairs and
installation of replacement parts was carried quihle Mechanical and Electrical Department of the
MOIWR (ibid). However, in January 2010, all MOIWR managememicerns of the scheme were

transferred to the previous SGB or to SG-2010utn the SG-2010 hired private companies which
carry out maintenance works and assist in the tiparaf minor canals (the whole history about

this change is already mentioned in chapter 3).

Pre 1950s maintenance of the irrigation networkstimely was carried out by the irrigation
department of the Government between April and Jboe the overall control resided with the
Sudan Plantation Syndicate. De-silting and de-wepdias done all round the year except for rainy
periods. Then after 1950 the MOIWR took over trepomsibility and the practice continued up to
2009. The MOIWR used to carry out maintenance #iets/from March 15 to May 25, annually.
The maintenance comprised surveying of the carald, identifying the types of excavating
machine that can be used for de-silting or de-wegdneasuring of the cross-section to know how
much silt should be removed and checking out thectres whether they need maintenance or not
(Interview with the former Division Engineer, on Ober 12-2010, Khartoum). Maintenance work
was usually done under the daily direction of thesidtant Engineers and Technical Assistants of
the MOIWR (World Bank 1990).

Before 1974, the Construction and Mechanical Davisi of MOIWR were responsible for the
maintenance of canals, drains and roads and cotistiwf irrigation structures. But later it was
found too difficult to carry out these activitiemder the auspices of the MOIWR. Therefore, in
1974, the Construction and Mechanical Divisionsem@moved from MOIWR and established as
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two separate Branch corporations: the Earthmoviagp@ation (EMC) and the Irrigation Works

Corporation (IWC). Both were constituted as senteaomous bodies empowered to work in the
private sector and even outside Sudan. They effdgtibecame contractors to the MOI for
maintenance work in the Gezira.

The budget to carry out maintenance activitieh@dgcheme is assigned by the federal government.
But generally it responds ‘late’ and releases ‘fhsient’ funds (Adeeb, no date). Because of this
MOI was not able to cope with the removal of sitdeclearance of weed. Indeed, following the
introduction of the individual account system in819and and water charges were determined
every year to recover in principle: the administatcosts of SGB and MOI, the operation and
maintenance costs of the irrigation system andctpgtal replacements of part of the irrigation
system (Eldaw, 2004). The water charges from tenaete collected by the SGB until 1995. But
the collected land and water fees by the SGB wesefficient for the MOIWR to cover the costs of
the desired maintenance workbiq). The average recovery rate from 1985 to 1988 WaS5%
(Wold Bank, 1990). This in turn led to the deteaitton of the irrigation infrastructure and low léve
of service provision to tenant farmers (World BaB@D0). The SGB was aware of these problems
and the difficulties faced to collect land and watbarges. Hence in 1995 the responsibility for
collecting water charges from tenants as well a&s dbtual operation and maintenance of the
irrigation system in the Gezira was transferrethirrigation work corporation (IWC.) However,
the IWC failed to undertake these tasks in a satisfy manner. Therefore in 1999 the
responsibility was handed back to the SGB (Eld&d42and Wold Bank, 2000).

At this time (1999), in the face of the continueddisus deterioration of the Scheme, all relevant
stakeholders, like the SGB, local consultants &edMOIWR and Ministry of Agriculture (MOA)
became motivated to find a solution that could reviee scheme back to its historical state of
success. They attributed the problem of water memagt to the financial shortfalls that were
caused by inadequate recovery of water costs. S8pploposed to strengthen the means of water
cost recovery and revising water costs to ensueefittancial viability of the scheme, itself a
precondition for improved management of the schéagaw, 2000). On the other hand consultants
from the Wold Bank associated the solutions forawatanagement with the need for institutional
changes in the Scheme. As a result they recommemigedestablishment of Water User
Associations (WUAS) to be the primary responsibigaaisation for the operation and maintenance
of their minors (Wold Bank, 2000). As a result tBevernment, considering these inputs important
to restore the Scheme to its past good managenegitrmance, declared an Act in 2005, which
facilitates the handing over of the responsibilityO&M works to farmers. Gradually WUAs were
introduced progressively at each minor. In 2007 Ttheveir farmers were grouped into a WUA and
started taking over the responsibility of operatasrd maintenance of their minor canal. However
this institutional change did not result in thealetion of the scheme’s problems, rather the water
management problem has intensified.

Also, reports show that the MOIWR faced technical &éinancial limitations to carry out accurate
sediment load measurements or to undertake thesssgemaintenance activities in the Scheme.
Adeeb (no date, p.4) argued that ‘the availablehaeical arsenal of silt removal is composed of
aging machines imported hurriedly without technicaipport nor qualified operators. Some
powerful

companies refrained from operating in Gezira Schdoeeto unjust repayment of debts. MOIWR
has lost qualified engineers to private compangsecial assignments, consulting firms and
immigration. The standard procedures of, neithé&utation of accumulated silt in a canal nor the
handover of the silt clearance job are practiceg ranre’. Moreover, at present many FOPs and
NSWs have been non-functional since the 1970s inynaaeas of the scheme, many roads have
become inaccessible, labour intensive aged regslatevail in the scheme. These are some of the
indicators to poor maintenance in the Scheme.
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Many maintenance problems were observed in the, a:&&ano one seemed to respond in an
adequate manner. For instance, in Tuweir minorgthad been a pipe breakage at the second night
storage weir (Figure 5.6, a). For more than two th®rthe water was flowing to the fallowed
adjacent number and the breakout flow was incrgaimm time to time. Especially on the last
three days before temporary maintenance took ptheebreakout flow to this number was about
one third of the total available water flowing ihet minor to downstream. As a result, the
downstream farmers became victims of water short&gemuch water was flowing out of the
system that half the numbers contained at the soktiee leakage were flooded to the extent that
the Tuweir villagers were fetching water from itr foousehold purposes (Figure 5.6, b). This
leakage and resulting flooding could result seriotgp damage for at least half of the flooded
number where crops had been planted.

Meanwhile, when farmers were asked why do you raihtain it? Their response was ‘we cannot
afford money to pay it, it is too much for us, amdtead we have been asking a solution to
‘responsible bodies’, but no one gave us a solutidare, you may ask who the responsible body
is. It was already observed that in principle (&e#Act 2005) is stated farmers are responsible for
their minor O&M activities but at the same timenfers are claiming they cannot afford it,
especially just before harvest. However, later winenproblem got too serious, farmers themselves
organised Tuweir village school children to maint#i Then the young students put soil filled
sacks and stones over the gap, so that the prokéentontained in a temporary fashion.

The same problem was also observed in Wad Hezarmormivhich is upstream of the Tuweir
minor; the breakout flow from this minor floodedarthe final three numbers of the tail of Tuweir
minor. As a result, some of the Tuweir minor fareneere forced to plant late and some other left
their Hawasha for winter crops even when they hadted to plant summer crops (interviews with
downstream farmers, September 4/2010). The tailremdber of the Wad Hezam minor was left
fallow, possibly because of this problem (Figur@, %)

(a) (b) (©)
Figure 5.6 Maintenance situations in Tuweir minor
(a)-the broken pipe at thd"2NSW; (b)-Water fetching from the flooded watersealiby the breakage; (c)-Flooded
water at the tail of Tuweir minor from Wad Hezammonibreakage (the picture was taken after the pgobhad been
resolved, but one can still observe some flow).

Basically, the 2005 Act states that the full resploiity for O&M would be handed over to the
farmers after rehabilitation works would have takéace. But where is the rehabilitation? The only
thing | heard about this was that a Rehabilitamommittee had been established to do all the
necessary rehabilitation works for three yearduthiog activities like de-silting and replacing the
old and damaged gates of the system. However then@iitee is alleged to have stopped working
soon after their inauguration, due to a lack oéffice. As one member of the committee confirmed
in the first year the MOF released small amountsohfey, but for the second year nothing was
released (interview with one of the committee meampbAugust 17-2010, HRS). In Tuweir minor

59



no rehabilitation activity had been observed, destiie fact that many FOPs have disappeared or
are seriously damaged. In addition many non-funetlidlSWs exist in the Scheme.

5.2.2 Maintenance activities at Tuweir minor in the 2010 season

It seems that only de-silting with as underlyingnpiple ‘let the water flow into FOPs’ actually
takes place. Evidently, the de-silting that wagiedrout by Taiba company in the 2010 season at
Tuweir minor, including other minors of Kab El Gidaajor, took place in a random fashion (‘here
and there’) during the growing season (routs frota 9, see figure 5.7). The decision to de-silt was
based on the severity of the sedimentation proldenthe Engineer persuaded the Tuweir minor
farmers. However farmers complained that, sometigesilting of a minor depends on the
activeness of the WUA in a minor. If the WUA isaglely influential in a particular minor, de-
silting might take place in that minor earlier thanothers. Unfortunately Tuweir Minor's WUAs
were not so active, failing to secure early maiatee. This all reflects that the Companies cannot
cope with maintenance activities in a systematicy.wimstead the maintenance strategy in
minimalistic aiming to minimize sediment loads irder to prevent complete stoppage of water
flows into FOPs. Hence maintenance assessmentg-silting for the minors in Kab El Gidad
major were not carried out before planting as m phast. This uneven sediment clearance between
minors also can be a source of unequal water loigion among minors. The one which is cleaned
first can get a relatively good supply of water Mtihe one cleaned last hardly gets sufficient vyate
since the sediment load reduced the capacity ofdhal.

In addition | noticed that in Tuweir minor, the exation was done in late September at a time
when most farms needed water to irrigate their ©rdys a result of the excavation, the off take
could be closed only partially in the day time dgriexcavation time. Then all the FOPs were
opened and almost mudded water, due to excavaituriohnce, entered into FOPs in the day time
to some extent and fully during the Night. Thedagphenomenon produces a problem in terms of
Abu XX siltation and rising up of farm level.

Sub minor sections parall

No excavation b.c. road to the major , No FOPs

problem?

Figure 5.7: Excavation movement in Kab El Gidad Magr and its minors:
(Source: Interviews with excavator driver and olysions).

In the above Figure, the numbers from 1 to 9 regrssexcavation sequence:l refers to the first
excavated minor canal and 9 is the last excavapdl so far we were in the field.The Red broken
line represents excavation was done by differentextor companies rather than Taiba company;
the Orange line refers the major excavation. It w@stinual to the direction of the arraw as the
excavator driver confirmed.

Moreover, sediment removal was only based on observand just for the immediate resolution
of pernicious blockages or else to evade persistemplaints from farmers (Interviews and
observations). Hence maintenance was only undertakean ad hoc basis. Canal clearance was
limited in extent, covering only the head or ordesof the minor cross-section, or at the pool ef th
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major off-take, instead of full maintenance of aolehcanal section to allow for good water
distribution. Earlier | argued that no measuremevdse taken in Tuweir canal to facilitate the last
excavation that took place in September 2010. Alsamaintenance assessment was undertaken
before the excavation. Evidently, the measuremedtexcavator driver men were informed to do
the work at the last minutgiz. in the afternoon just one day before excavationld/take place. |
met the man responsible for taking measuremenee tdays before the excavation would take
place: at that time he had no idea about the immifaweir canal de-silting.

Furthermore, this measurement man had been recemibtoyed, just four months ago, directly
after completing his high school education. He hadelevant work experience before; except for
one month training that was given by his employ@mpany (Hadaf-private Company but some
people also said it is a security company). Higpaesibilities are to ‘jump’ into the canal to
measure the amounts of sediment load and to follmvexcavator man to monitor the original
cross-section and assess the quality of work. Hhaittetl that to do the work precisely is not yet
easy for him, so mostly the decision to removemedi was made through observation with the
Engineer. Actually it was done in this way duringe t2010 excavation season. After the joint
observation, the excavator driver is told to remtivie much length of the canal instead of the
measured amount of sediment. This practice wascalstirmed by the previous measurement man,
one of the MOI personnel who were retrenched du¢héonew change. He claimed that ‘no
measurement has been taken this year except tdndriver how much length of the canal section
he should clean’. Fortunately the newly hired measent man is this man’s son, who benefits
from the experience of his father. In fact takirngurate measurements has not been practised for
long time (Ahmed, 2009).

5.2.3 Excavation situation of the Tuweir canal

The excavation situation at Tuweir minor is expdgirmainly on the basis of observations in the
field. The de-silting of Tuweir canal was done akofwvs:
% At the first two reaches de-silting was done ahlmtles of the minor section;
+ For the next two reaches only one side had beemedewith the sides of field outlet pipes
(FOPs) done in a hurried fashion that raises atounresf quality;
+« And the last reach, which covers half the lengthhaf minor canal, was left without any
clearance.
Yet the latter stretch of minor canal has beenstef@ with aquatic weeds (Figure.5.8). Also weeds
and sediments were removed together though it waposed to be cleaned separately with
different machines.

Vo

(a) Both sides cleaned (bjeoside clearance (c) noadance
Figure 5.8: How excavation looks like in Tuweir miror (it took place in late September 2010)

61



The quality of excavation is questionable (see f&gh.9, ¢ and d). Though farmers always
seriously want excavation of their minor, they atemfess that they experience no relief whether
excavation is done in their minor or not. The farsnebserved that the problem of limited water
supply due to siltation returns within less thaimmanth after excavation. Hence the effects of
excavation activities do not even last the duratibane season. In addition to the above mentioned
main reasons for poor maintenance (technical angagement inefficiencies), the quality of silt
removal is negatively affected by the piles of resw sediments at both sides of the canal banks.
These piles make it very difficult for the excavato drive along the banks, so that the driver
spends much of his time trying to level the roadatmlitate machine movement (Figure 5.9, a). In
some instances the driver is forced to leave pdrtise cross-section without cleaning at all, due t
the inability to remove the accumulated silts oa danal bank. As a result the driver just cleans
whatever section he can access. On the other hanguintity of silt removal will be reported and
the cost will be paid is based on the amount wisckuggested by the engineer to have been
cleaned. Another problematic aspect of the way \&tt@n was done is that ideally the excavator
should put the removed sediment back on the raatiyemove the piles of past removed sediment
along the canal banks (Figure 5.9 b). In practiie does not happen aggravating the problem for
the next sediment removal and creating a tranggpamtaroblem for farmers. Moreover, due to rain
or winds part of accumulated sediment erodes backthe canal or onto the farm plots, adding to
the sediment load in the canal and incrementingd levels on the farm plots.

(a) (b)

(c) (d)
Figure 5.9: Tuweir minor excavation situation:
(a)- Levelling the road; (b)- accumulation of reredvsediments on the road and (c)and (d)- canalsssestion before
and after 10 days of excavation

5.2.4 Costrecovery of Tuweir Minor

To estimate the degree of cost recovery for Tuweior in the last three years, from 2007 to 2009,
Graph 5.6 is presented based on rough data furhizh¢he MOIWR office in Turabe and my own
estimations of the amount of cost could be recalidr@st to estimate the collected water charges
from tenants in Tuweir minor during the three seasd estimated 12 numbers of 90 feddan land
size (comprising 75 % of the total command area) haen planted on each year. Also it is
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estimated that 70% of the water charge had bedectad for the seasons 2007 and 2008. However,
in the 2009 only 50% is estimated. For this seasany farmers were claiming crop failures due to
water shortage. So, it might resulted significaegative impact on water charge collection in 2009.
The amount of charge per feddan is estimated |laweyunt, that on average for all the main crops
35 Sudanese Pound (14 US$) in 2007, and 30 Sudaoesels (12US$) for the 2008 and 2009,
since it is realised growing cotton had been des@aluring these years. Instead much sorghum
has been growing which has less cost recovery anfdable 5.1).

Accordingly, in Tuweir minor, the total estimatedtentially collected water charges for the three
seasons could be 32670 US$(see Table 5.1 belod)th@namount that might be invested for the
canal maintenance of the three years, could beverage 9,328US$ based on Graph 5.6 that is 29%
of from the total potentially collected money iretminor. On the other hand, as explained above,
maintenance is almost only de-silting, so this amaf money could be invested on de-silting.
Then there was 71% of extra collected money leftdther purpose during the three seasons.
Hence, | can say that the amount of charge coulcbbected from farmers can be enough to their
minor maintenance at least for de-silting.
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Graph 5.6: Sediment removed and removal costs fror2007 to 2010 in Kab El Gidad Major and its minors
(Source: MOI-Turabe Office). N.B the total (the m@umn) refers sum of all the removed sedimettiénmajor itself
and in all its minors. Here Tuweir and Biyut El Kalminors are presented representing head andnt@ilor canals of
Kab EIl Gidad major

Table 5.1: Estimation of cost recovery in Tuweir mor for the last three years
Removed | cultivate | charge | collected | Collected Total Tuweir
Sediment| dland | /fedda Mainten | Mainten
(m) (feddan) n ance ance
(USS$) cost/ Cost
(US$) (%)
2635 1080 14 70 13230 1647 12 803
8902 1080 12 70 11340 5564 49 204
3388 1080 12 50 8100 2118 26 383
14925 3024 32670 9328 29 350
(Source: Graph 5.6, which is from MOIWR office-Tagand farmers interviews and estimation)

N.B.:-Cost of sediment removal pef+0.625US$ (taken from 2009 estimation by Ahimed®200
The removed sediment was collected from TurabeeCdfid charge per feddan was collected from farhietesrviews
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5.3 Maintenance of Field channels (Abu XX and Abu VI)

Before the onset of the IMT era, the responsibihtyAbu XX maintenance before planting resided
with the SGB, whilst during the growing time it wismers’ responsibility, with follow ups done
by field inspectors. There were also penalties wepoon those tenants, who failed to do
maintenance in time or according to specificatidist following to the management transfer, the
full Abu XX maintenance responsibility was transéslr to the farmers around 2007. Each
individual farmer has to maintain or cover the dusther part that is the Abu XX length that lays
in front of his/her hawasha at the beginning of ptenting season. Since the cost is low when
distributed amongst all tenants, on average ab&@udanese Pounds per feddan, almost all tenants
can afford it. Yet, the tenants face obstacles etting the job done, like timely securing an
excavator for the work, and a lack of technicalprp And, during the growing season it was
observed that no one maintains his/her part irspamsible manner. Anyone cleans anywhere along
the Abu XX, when s/he experiences a water flow |gnobto his/her Abu VI. In this scenario the tail
end farmers within a number, may clean othersparty times during the growing season. On the
other hand the head end farmers may not clean@ven

There seems to be no working rule that allows d¢acher to take over his/her responsibility. The
tail end farmers respond that, when they face aleno they should clean the head end farmers’
Abu XX parts. When they want to irrigate, they dut have another option, just one farmer alone
may clean all the water flow obstacles along the XIX. On the other hand, the head end farmers
claim that ‘much of the silt or weeds always coricae at the head of the Abu XX. So why should
we clean it alone? The other farmers should helpBaesically, since the head farmers can get
better water flow to irrigate than the tail endnfi@rs, cleaning the Abu XX is not their issue. But i
the past every farmer would clean his part inclgdime road, otherwise a penalty would follow,
which was double the money spent on labour to cle&an part by the field inspector
(communication with farmers).

Figure 5.10: Abu XX cleaning by farmers:
These two Farmers are examples who have Hawasbathé middle of an Abu XX but they were cleanintp@ head
of the Abu XX (in the first FOP)

Abu VI maintenance is the individual farmer’s respibility. As in the case of Abu XX, the first
maintenance is done by an excavator but with @mifit machine. The cost is 10 Sudanese Pounds
per Abu VI. But for most farmers the Abu VI is sated at a lower level than their farm plot due to
over digging to divert enough water from the Abu ¥Kd incremental elevation of the farm plot
level due to siltation.

Farmers clean the Abu VI during the growing seasioly to avoid serious water flow obstacles.

Most farmers purposely keep the grass growing atbadganks of the Abu VI, to cut later for their
animal feed. So always the Abu VI channel look$ dfilgrass and this affects the water flow and
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capacity of the channel when the water flow incesasConsequently the neighbouring farmer’s
hawasha is often affected with inundation due &lohv capacity of the weeded Abu VI channel.

Figure 5.11: Maintaining Abu VI by a farmer
5.4 Effects of Maintenance on Tuweir Minor canal

The maintenance failures in the scheme, in padicul the Tuweir minor have effects on water
distribution inequity among users and contributehmih sediment accumulation on the lower levels
up to field level. The sediment load obstructs\itager flow in the minor at different level. At the
head of a canal or Abu XX, the water velocity iktieely high. Therefore, the upstream users can
get relatively more water amount than the downstresers. But it decreases when it goes in
downstream

On the other hand the amount of sediment ententoythe lower levels, forces farmers to shift to
use different illegal strategies to irrigate th@ops. For instance as the sediment load enterég:to
field increases, farmers are forced to dig deepdriacrease the number of their Abu VI channels.
They have also used undesired practices like nakowking sudd- mud on the minor/Abu XX
section to raise the water level that increasesdibeharge to their hawasha. On the other hand,
finding these coping up strategies are on the esgeeaf farmers time and or money.

One of the key causes for the above mentioned sadimmpacts on inequity water distribution,
channel and field silted up is the poor maintenasitgation of Tuweir canal. For instance, as
mentioned in section 5.2 half of the canal in tlevdstream part has not been cleaned for four
years, as well as, there was no satisfactory maanie in the upstream part (observation and
interviews with farmers and excavator and the pnéviand new measurement men, on August 29
and September 17 & 21, 2010). The maintenanceerctier levels is also poor. That could have
significant contribution to aggravate the problefruequal water distribution and illegal practices
by farmers.

5.5 Conclusions

Sediment load

Though variation has been existed from year to,y&Hation has increased highly in the scheme.
One of the reasons is maintenance and operatioragearent failures in both technical and
institutional dimensions. Sediment has impacts peration of the system. It results unequal water
distribution between users at each level of thekaatworks. As well as, it increases maintenance
and operation costs or management insufficiencghliediment load needs high maintenance and
operation investments which have been beyond tpeaoty of the government since from the
1970s.
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Maintenance of the minor level

In 2010 season maintenance in Tuweir canal was, pmdy de-silting, that results in water
distribution problems among farmers (see chapteaur-Fowater distribution among numbers’
session). Generally poor maintenance is lossesoofugtion. Because, it affects water distribution,
it decreases channel capacity to deliver wateieldd; sediments deposition to the cultivated field
However, no fast response for sediment removalnt@aance of broken and damaged FOPs.
Neither, farmers take their new responsibility tisagtated by 2005 Gezira Act.

Abu XX maintenance

Abu XX maintenance is the responsibility of allrfeers explicitly at the beginning of the planting
seasons. But during the growing seasons it is éspansibility of anyone who face water flow
problem to his/her farm. This in turn magnifies twpam-downstream issues of farmers’ interaction
(conflict, unfair labour demand) within a number.

Removed Sediment and cost Recovery

The amount of sediment removed report in the Ge2alaeme cannot be a good indicator for the
amount of sediment entered to the scheme. The redneediment amount is more than the amount
coming into the scheme. So, it seems a fake becacsmpletely deviates to the amount of entered
sediment in the scheme. But the reality is thathmarmount of sediment was not removed, rather it
would be a deal between the engineer and the etaravaompany or the driver. It can be also over
estimation of the sediment load in the canal then report of sediment removal relies on that
report. In anyways it has significant impact on sbheme budget allocation.

On the other hand the amounts of money that casolbected from farmers seem enough to cover
the maintenance costs if it is done in the cursantation (i.e. if the way of maintenance just
removing silt or weed). As Table 5.1 shows, théwesied cost recovery over three years of Tuweir
minor is 350%. However, for only de-silting, formplete maintenance the recovery will be less
than 350%.
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Chapter 6 Water Availability and Crop Performance

In the previous chapters | tried to give curretwations of O&M-activities and water distribution,
particularly in the Tuweir minor canal. Here | wattt link these factors influence on crop
performance of the area. Therefore, this chap®udes, in section 6.1 the main crops in the area
and the rotation system changes, decision makecsojm choice and what the rotation system is,
Tuweir farmers’ views of crop choice freedom ang#mots of conjunction cropping in a number; in
section 6.2 it comprises- crop performance, watailability, the system performance, crop
liberalization and the market and cost recoverythie conclusion-section 6.3 | summarise crop
pattern refers head-tail water distribution problemater variation situation which determine the
cropping pattern and the vicious cycle of the Salem

6.1 Crops and Crop Rotation in the Scheme

6.1.1 Crop Types

Crops that are grown in Tuweir minor canal are 8ong, Groundnuts, Cotton and Vegetables in
summer; Wheat, Vegetables, and a recently intratiaogp which is locally known as ‘Kebkebe’ in
winter. The following Tables show crop calendar apecific planting date for the main crops in
the Gezira scheme.

Table 6.1: Crop Calendar in the Gezira Scheme

Month Nov | Dec
crops
Cotton
Sorghum
Groundnuts
Wheat

Vegetables
(Source: Hussen and Adam 2008 and field obseralio. P= Planting month/ date, H= harvesting mddtte,
O&M= months of operation and maintenance activitiglse place in the scheme. There is always landgpedion

within one month before planting. Vegetables ptamtind harvesting is not in a specific month. liesfrom farmer

to farmer. The colure parts refer growth period$ite one is off time, no plant

Table 6.2: Summery of the Crop Calendar
End of date | Total growth days
Ohiienl =l July 20-Aug 7 March 31 237

July15-31 March 31 244
Jun15-Jull5 October 10 90-110

Junl-15 October 20 127-142
Oct 15-Nov15 Feb 28 146-176

(Source: Draft thesis on optimal sowing and endiates of season of main crops in Gezira scheme-page

Despite the establishment of the scheme for cqgitantation (World Bank 1990), at present cotton
is almost disappearing from the area. For instamc@uweir canal, in 2010/2011 season only 12
feddan land cotton was grown, which is only 3.4% @u350 feddan cotton area size (100%) that
used to be grown in the last rotation system be20f (Table 6.3). In another minor of the Kab El
Gidad major called Biyut Khalifa (downstream of Teiwy, where my cligue MSc. Student-has
worked his research, there was no cotton plantlah £2010/2011 season. In Tuweir minor the
cotton numbers were mainly replaced by sorghum tandome extent by other crops such as
vegetables and winter crops (Table 6.3).
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Already for a long time, vegetables have been greuimer in conjunction with groundnuts or in
place of wheat or other winter crops (World BanR0@). This is true for Tuweir minor canal;
vegetables are grown in groundnuts’ numbers or bhas But farmers grow vegetables mainly in
upstream numbers (from number 1 to number 4). iBhéxpected to happen because of relatively
better water supply in the upstream numbers thahardownstream part. The following Table 6.3
and figure 6.1 show the 2010 summer season crograge in Tuweir minor canal. As the Table
shows, despite the single crop type within a nunnbéne past, at present it was observed that up to
four crops are grown in one number.

Table 6.3: Crop cover in Tuweir canal in 2010 Sumnreseason

. Farm size /feddan Total size in
: Feddan
N[5« Sorghum Groundnuts Vegetables Left for winter crops or  Cotton
fallow
20 34 14 0 0 68
4 71 15 0 0 90
12 63 6 0 0 81
T 46 0 4 32 8 90
8 N 0 0 0 0 90
72 0 0 18 0 90
90 0 0 0 0 90
52 0 0 38 0 90
14 76 0 0 0 90
0 0 4 72 4 80
403 244 43 160 12 859
% 47% 28% 5% 18.6% 1.4% 100%

Source: own observation

N.B.:

The star signs indicate what the cotton number didel in 2010 if it were based on the past rotagstem.
The percentage of each crop is calculated out@fsike of planted numbers in summer in 2010/20440se
which is 859 feddan over their respective covee f@maining (un-mentioned) numbers in the abovdeTab
(Numbers: 2, 5, 6, 9, 12, 15, 17) were left fortesircrops or fallow. However, up to October 05 onlymber
2,12 and 17 were not prepared - so probably thmesabers might be fallowed, while land preparatibase
been done for the other numbers.

% The proportion of vegetables represents which asvgrpurely in a plot- which is not included vegdeab
which were grown in conjunction with groundnuts haha. so the total vegetable cover grow in the d@sea
expected higher than 5%. On the other hand thegmtage of Groundnuts is expected to be less théim 28
because vegetables are grown mutually in almostagrpoundnuts hawasha, and it is considered as
groundnuts plot.

0
°n
®,
°n
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Figure 6.1: Crop map of Tuweir canal
N.B. In the figure numbers from 1-15 represents EQ¢€tters From A-B refers NSWs; the rectangulapss with
different colour between two FOPs is called numingixed crop refers to more than one crop is gromwa hnumber or
hawasha; Preparation refers to land ploughed fonter crops; fallow refers to numbers where landgaration was
not observed up to the end of the research pefuidber /4/2010)

6.1.2 Crop Rotation

In the Gezira Scheme, crop rotation changes hdaentplace at various times. From 1925 to 1932,
a three course rotation was practised: Cotton, fiwmngand Lubia/fallow. Because of disease

infestation of the cotton plant in 1932/33, it wadsanged into a four course rotation system. One
rotation unit comprised 8 numbers (the Gezira sehband out, 1933). While, Eldaw (2004) and

World Bank (2000) reported this rotation unit a®ttion by itself that is instead of a four rotati

as reported in the Gezira Scheme hand out (1988, ¢tonsidered it 8 rotations. However, the

types of crops that were rotated at this time viewue, such as cotton, fallow, sorghum or Lubia.

The biggest crop rotation change took place as @semuence of the diversification and
intensification policy, which came in to practicerithg the 1960s. This policy aggravated the
rotation system to an 8 course rotation (Table)6B4t later, in the 1975/76 season, the rotation
was changed into four crop rotation system by ekoly the fodder crops Lubia and Phillipisara
(Table 6.4). This system continued for six yeardil the 1980/81 season. Then it was replaced by a
five course rotation in 1981/82 season by introdgcadditional fallow for fodder (farmer’s
interview, Oct-30-2010), being practiced more aslentil the 2007/2008 season. Then the 2005
Gezira Act, came into-fore the responsibility faog choice and decision making regarding to
where and when crops should be grow was transfawetarmers. Unfortunately from 2007
onwards there is no formal way of crop rotationirashe past. Hence, farmers have been facing
additional problems since from the declaration fremp choice to then. This crop choice decision,
now it is influenced by individual farmer interesthereby some farmers have kept the past
rotation, and others not. As a result it was obsgrthat more than one type of crop was grown
within a number that previously had been devoteahly one specific crop.
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Table 6.4: Crop rotation practiced during different eras

NGEES Number of Crops grow remarks
Rotation
3

1925-1932/3 Cotton, Sorghum and Lubia /fallow

1933-1960/6 4 Cotton, Sorghum and Lubia/ fallow 1/3 sorghum and 2/3
cotton coverage

1961-1975/74 8 Cotton, sorghum, groundnuts, wheat, Lubi:
phillipisara, fallow
1976-1981/87 4 Cotton, Groundnuts, sorghum and fallow
1982-2007 5 Cotton, Groundnuts, sorghum and
fodder/fallow
2007-now Mixed up Sorghum, groundnuts, wheat, ‘kebkebe’,

‘Adess’, fallow, vegetables,
(Source: Eldaw 2004 and The Gezira Scheme Hantboaew personnel)

6.1.3 Crop Choice and Rotation Decisions

The crop rotation decisions and crop choice wasrdehed by the syndicate up to 1950. Then
after, the responsibility was transferred to theBS@orld Bank, 2000 and Eldaw, 2004). This
responsibility of the SGB continued almost up te tast three, four years, that is until the
establishment of the water users associationsdh ganor, in 2007. When this responsibility was
given to the farmers, it was believed that it calves the problem related to crop choice and
marketing.

Previously, the decision on every aspect of cromagament such as: crop choice, rotation, and
marketing was under the SGB. It was uniform thraugithe scheme regardless of environmental
and socioeconomic difference from place to plac¥@arfrom farmer to farmer. These were sources
of inefficiency and difficulty for farmers who wisd to allocate their resources to their most
substantial benefits (Eldaw 2004). Thus, to avdid problem, the World Bank proposed an
‘efficient solution’ that is ‘for tenants (in grogpto take responsibility for their own choice obg
rotations in accordance with their own evaluatidrnthe soils and micro climate on their land’
(World Bank 2000, p. 21) and assessment of the ehark

Hence, from 2007 onwards through the establishedAgyUtarmers have been responsible to take
decisions on what they want to grow. This was tibulelps farmers to achieve more economical
and profitable crop production in their own minanal units. However, the reality in Tuweir canal
shows, the expected achievements and benefitstagpated by the Worlds Bank have not been
realised yet (Observations and interviews with fish This was evidently seen in Tuweir minor
canal situations and many farmers were claiming, tih@ change was sources of other problems
like lack of support from the government rathemtlsalving the limitations that was realised in the
past.

6.1.4 Farmer Views on their Crop Choice Freedom in Tuweir Minor

Regarding their crop choice farmers have differgetvs, which were scrutinised during the field
work. Some of them dislike the present five rotatsystem and crop choice freedom. Instead they
appreciate the past four rotation system, which efeected from 1975/76 to 1981/82. One reason
given by farmers for disliking the change was thiafring the change of the four rotation to five
rotation system, those farmers were given a hawastsade their village in different minors, even
within their minor at least one of their hawashasvessigned far away from their four other
numbers. Hence, they had to go a long distancéteadcato their crops, which made it difficult to
give follow-up on a daily basis. In addition, itshdrought them extra labour demands. Indeed,
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water management performance has also been affiegtizamers who could not attend their farms
frequently.

Another group of farmers appreciated the presesgdiom of crop choice by themselves. They
believe that ‘it is good to grow what we want, hesmdepending on our capacity to afford inputs or
other management costs (labour) we can choose wiogtswe can grow easily '( farmers interview

on September 7/6 2010).

However, almost all of the farmers with whom | haalxed about this issue, had negative reactions
on the consequences of crop choice freedom progagdime idea of crop choice freedom is, that

farmers can make decisions on which crops they gvdlw in the season, keeping one crop in a

number as in the past. But, the implementationfes ary from this idea; rather it results in pliaugt

one crop in conjunction with different crops witrannumber/hawasha (see Table 6. 3 and Figure
6.1 above).

6.1.5 Impacts of conjunction cropping in a number

Here what is important is, basically planting arep throughout one number in a season was
designed to make it easier to enforce water agmitaschedules to each number and hawasha
(Personal communication with the Former Block Iespeon August 09-2010). This is because
obviously different crops have different plantingtes, length of growth stages, and watering
intervals and durations; so that, they need torfigated at different times. Furthermore, uniform
crop establishment throughout the number helpsheese efficient water management, as well as,
farmers will have free time to clean their Abu XKannel during the cut of water into that specific
FOP (interviews with head of WUAs of Tuweir minon September 03-2010).

But when different crops are grown in a number, plo¢s crop may have already maturated while
another still needs irrigation. In this case waéght enter into the matured crop plot. That result
in crop damage, which will further lead to yieldduetion and conflicts between farmers. On the
other hand some crops are sensitive to insects,tlad will be infested soon when grown in
combination with other crops in a number. For exiengs many farmers expressed Okra is known
as on insect attracting plant when grown in comtmnawith other crops like groundnuts, so the
latter will be damaged by the insects.

Moreover, the ‘freedom’ is one of the importanttéas in many farmers stopping to grow cotton.
Some farmers in Tuweir minor claimed that thouglytwvant to grow cotton, they are afraid to
grow it because they fear this disease infestatiah might come from adjacent farms affecting
their cotton plant. On the other hand the goverrimaannot come to spray insecticides just for one
or two hawashas of cotton plants in each numbezalized in many ways how this change affects
the farmers’ attitude towards cotton. For instarmee female farmer requested me to stay in the
area and to become a farmer. | replied, if | cammgcotton, is that good? But her answer was
‘cotton is not good, it is better to grow groundsiwtnd her reason was the marketing problem that
faced them 2 years ago (interviews with female @&rim tail end on September 1). Though the
reasons given by farmers are different, the overaticept of refusing to grow cotton by many
farmers is related to the change in crop rotations.

6.2 Crop Performance

As already mentioned in the previous chaptersasetisufficient water for every farmer to grow his
or her crops? Is equal water distribution betweendhvs. tail farmers? Is the irrigation water
schedule meeting farmers' actual needs? All thepects are questionable in Tuweir minor: no
irrigation schedule exists between farmers, andlaypnstream issues of water distribution and
maintenance all influences crop performance. Howermeaddition of irrigation water, factors such
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as: performance of the system, marketing, and thesigal factors such as soll, fertiliser, land
preparation, crop variety, agronomic practices rurcrop growth and marketing can affect the
performance of crops.

(a)-On September 25-2010 (b) on September 2010

(c) —On September 29-2010 (d) on September 29-2010
Figure 6.2: Crop Performance examples in Tuweir mior

N.B. plate (a) sorghum plot in number 9; plate gbyghum plant in number 11; plate (c) and (d) grdouats plot in

number 14. In all the four plates the crop seemwith even the first ‘rubats’ plants of plates @)d (d) had already
dried. As mentioned above the cause might not bevesiter but also can be agronomical, for instahabserved a
farmer on plot (b), he was broadcasting fertilidate but after broadcasting the fertiliser, he abudot get water to
irrigate so that aggravates the situation, the ifesg¢r might evaporate or cannot reacted with tlod because no water
to do so (this is called cooking. It can kill theg)

Since, it is difficult to qualify quantitatively éheffects of each factor in this research; | wil to
explain how the crops in Tuweir minor have beerugriced with irrigation water availability or
distribution, performance of the system and Crdaerklization and the market especially in the
2010 season.

6.2.1 Water Availability in the Area (water distribution performance)

When | start with last year’'s situation (2009/2046ason), many farmers in Tuweir minor
mentioned that last year, there was water shoitagiee area. A female farmer in number 10 said
‘last year my crop totally failed. Even it was rmissible to use a nakoosies or pump to irrigate
because there was no water flow at all in the AbG of minor channels’. Again on this year
situation many farmers explained as follows.

On September 26/2010, | met three female farmers wdre sitting under a big tree near Tuweir
village (Figure 6.3). They were chopping their Okiavest. All of them have farms in different

numbers in the Tuweir minor. One female’s hawaha isumber 1 and the second female’s farm is
in number 4 and the other female farm is in nuniber| asked them what problems they have
faced in their area. The one who have land at trendl 11" numbers said ‘there is water shortage’.
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But the one at no. 4 said ‘no problem | alreadigated the day before’. The two farmers who had
faced a water shortage problem again mentionedatse of the problem as: the farmer whose plot
is in number 11 said she irrigated her farm atéhd of ‘Ramadan fasting’ (on September 8-
9/2010). Now, though she wanted irrigation wateiays before, she could not get water. She hoped
she would get water up to the end of Septembenhifwiour days). She was worrying because, her
crop may only last up to the end of September fiat ¢hat it would be a problem, the crop might
dry or the yield will be decreased. The farmerhe first number has faced a problem after the
excavation was done in the minor, on SeptembesiBte their Abu XX was full of silt and weed.
After excavation the water couldn’t enter their F@te canal bed level was lowered).

Figure 6.3: Interviewed female farmers’ picture

Another farmer in number 14 (at the tail of the amnalso confirmed that the problem of water
shortage. He said that ‘the main problem is sdtdfihe explained the consequences as ‘no water to
irrigate’. ‘Though I irrigated on 15 Ramadan’ (anouAugust 25) no water till today’; ‘I wanted to
irrigate at the end of Ramadan’ (on September 79¢refore his irrigation had delayed for more
than 20 days-from Sep 7 up to Sep 27-2010, he cutldet water to irrigate.

In addition the following Table presents observagi@f Abu VI in humber 3 and number 11, on
two selected plots to get detailed information oigation intervals. As the Table shows, | made
observations on different days during the irrigatperiod of September. Especially in number 11, |
found, there was serious a water shortage problemmglthat period. But relatively in number 3
most plots were already irrigated and the rest hadn irrigating. Some water problem for
downstream users of number 3 emerged after thevatica was done. Because as already
mentioned in chapter 5, when the silt is removedviater level in the minor decreased, and it was
also aggravated since the Abu XX was full of weaild silt.

Table 16.5: Water flow observation in number 11 onlifferent dates

Observation Dates in number 11

Selec RO RCSTINCR GRS | 19Sep- | 20 Sep- | 21 Sep- | 22 Sep- | 25 Sep- | 26 Sep-
along the Abu XX 2010 2010 2010 2010 2010 2010

Head (Abu VI 1-15 5 3 0 2 7 3
Middle (16-30 0 0 0 0 2 3
Tail (31-45 0 0 0 0 0 2

% Each Abu Vl irrigates 2 feddan land (=approximatel$4 hectare)

% Values, greater than 0 in the Table indicate nundfekbu VI where water flows.

% 0 indicates no flow in the Abu Vls, in that specibcation (head, middle or tail) and on that sffiecdate
because no water reached the course, yet many famvere waiting the water to irrigate

« In this situation the tail end plot got water oapgBember 30 (observation).
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O

(a) - on September 17 (b)- on September 19

0

(c)- on September 21 (d)- on September 21
Figure 6.4: Water Flow situation on Number 11 on dferent dates
N.B. (@)-Abu XX section after the middle; (b) Abu XX Becat the tail; (c)-the minor section at the FOPnumber
11; and plate (d)-water flow to the Abu XX at tleath. From the figure especially plate (b) showsvitater looks green
(algae), which indicates there was no water flowhis channel for several days at least. Platea{sp shows the canal
section looks dried (cracked soils), this is alsdication of there being no water flow to downsireand for at least a
few days.

Table 6.6: Water flow observations in number 3 on ifferent dates
Observation Dates in number 3

el SN 17Sep-201C 24 Sep-2010 26 Sep-2010 01 Oct2010
Sitta along the Abu XX

Head (from plot 1-16 9 2 3 1
Middle (16-32 4 0 0 2
Tail (33-48) 4 0 0 5

N.B: 0 indicates almost all of the plots were altgarrigated, except some problem was observeawindtream plots
on Sep 24-2010 when there was a water shortagderob

(@) On Sep 18-2010 (b) On Sep 18-2010
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(c) On Sep 21-2010 (d) On Sep 28-2010
Figure 6.5: Water Flow Situation on number three ondifferent dates

N.B. Plate (a)-is at the tail of a hawasha in thewthstream part of no. 3. Plate (b)-is in the samenber at the
upstream part of the Abu XX. Plate (c)-fully irrfgd hawasha at the middle of number 3. Plate (d)ater
distribution problem that faced at the tail of nuent3 Abu XX after the excavation was done.

Table 6.7: Irrigation turns, intervals and duration

Crop type Average Irrigation interval Irrigation Duration
Irrigation turns
5

It is variable depending on the It also varies from 1 to 3 or 4

8 availability of water , the first interval days depending on the
7 is not more than 20 days and the ne amounts of discharge in the
9

intervals will decrease respectively area/2 feddan.
Vegetables

for each crop
(Source-farmers’ interviews)
Table 6.7 shows average number of irrigation tdnased on farmer’s experience in Tuweir minor.
It addresses the practical situation of irrigatioms, interval or duration in the area. It depeods
the availability of water in the area, not on teeammended crop water requirement or interval.
For instance farmers said, they need only 1 dayritgate their 2 feddan land (0.84 hectare) when
the water flow in their Abu XX is ‘good’ but the rs@ plot size needs 3-4 days when the flow is
small. The interval is also dependant on the wiater or availability in a specific minor or number.

Therefore, as the above interviews, plates andeBabhow; and as mentioned in the previous
chapters, the availability of water in the aregugstionable. If one asks a question is it relialie
that equitable among farmers? Timely basis /Scleeddistributions? The answer is no. Because, it
was observed, also many farmers were complainingtakrigation delays in their area- as already
explained in chapter 4. There are also upstreamdamdhstream issues between and within the
numbers (see Tables 6. 4 & 5). That is, when theemia good at the upstream end, sometimes
completely no water is available in downstream ehithe minor or the number (Figure 6.4). On the
other hand no rotation exists between FOPs inrd& ®ne can understand that the available water
supply cannot satisfy all the FOPs, so that metanannot be available to each farmer equally on
time. So, one farmer may irrigate fully on timelgdis, the other will irrigate late may be with a
small supply. Clearly these all will result in crtglure or poor crop performance in the area.

6.2.2 Performance of the system (M&O situations)

If the irrigation infrastructure is not well maimad, the performance of the irrigation (technical)
will be poor. In the above case of the three wontlea,female farmer in number one claimed the
water shortage was related to the maintenancegmobf their Abu XX. The man in number 14, his
argument of water shortage blamed maintenance bedauthe downstream part of Tuweir canal
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maintenance has not been done for more than theaes,yand their canal is full of weeds that
prevent the water to flow, even if water is enougthe minor. As can be seen in chapter five, canal
and Abu XX breakout flows or breakage has beconserebus problem in the area; what is the
consequence then? It is directly or indirectly etifeg crop performance. A farmer at the tail of
Tuweir canal planted his cotton crop on Augusti#cause his land was flooded by a breakage of
the upper minor, wad Hezam minor (interviews ont&mper 04-2010). Thereafter, he feared his
crop might not give the expected yield.

6.2.3 Crop liberalization and the market

Now performance will here be related to crop lilieedion and the market-so actually to a farmer's
aim to increase or maintain a high agriculturalduaivity for market purposes. Here in the scheme
as a whole from the beginning of the scheme estabknt, cotton had been the single important
commercial crop (World Bank, 1990, 2000). Howewddaw (2004, p. 1) reported that ‘long-term
developments of performance indicators for majapsrin the Gezira Scheme reveal a steady
decline and/or stagnation of output of cotton, whatad groundnuts’. As explained above, the
World Bank assumed if farmers determine the crberélization by themselves, they can produce
crops based on the market profitability. Howevearnfers are focusing on non-commercial
consumption crops (sorghum). Amazingly at preséet gituation of the cotton crop has been
changing. Cotton has depended out of the marketause many farmers in the scheme have
stopped growing it. The reason includes poor perémce of the system (water distribution and
M&O situations). As explained above now farmerghe area-in Tuweir minor are focussing on
consumption crops. So, on one hand farmers carollmwf crop liberalization and marketing
thinking because of unreliable water availabilitythe area. On the other hand inability to grow
commercial crops because of water shortage resgiteulture failure. Since farmers will be
suffered in money scarcity to buy inputs and to wayer fees

6.2.4 Costrecovery

Performance can be also related to the farmer &ideln capability to pay for the maintenance of

the system: it might be a physical constraint fa farmer to pay. Farmers said in Tuweir minor

that they could not pay cash money for maintenanesés because they are getting less income from
agriculture. Even to pay water fees it is difficidt them before harvest. As the WUAS’ responsible

man for finance said: because of lasts year’s taipre due to water shortage many farmers could
not pay the fees (interviews on September 4/2020)the other hand as Eldaw argued ‘inefficient

recovery of overhead costs at the tenant levele haade it impossible to replace the aging

irrigation infrastructure and exacerbated mainteeaproblems of the silted canals. As a result,

inefficient and wasteful water distribution becarttee rule and expansion in acreage and

productivity of crops was limited’ (Eldaw, 2004 p.Z'hat is because of poor harvests or less
income from agriculture, farmers could no longerarahe cost. If the cost cannot be recovered, the
system cannot be maintained well-which in turn aggtes the poor crop performance.

6.3 Conclusion

Generally water availability and crop performanedtie area has been going down particularly in
recent years. Indeed many crop rotation systemgdshave taken place in the scheme. But the
recent change has more effect on the water disivibb@and performance of the system. As a result
crop performance highly affected, for instance ratirlg situation of cotton crop has been changed,
which was important cash crop to generate incomddoners. It had been helped them to buy
inputs and other management costs like water fiem Ehe realities stated in this chapter we came
up with the following conclusions.
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1. Crop pattern refers head-tail water distribution problem

As can be seen in Table 6.3 there was water digimitv problem in the tail end than in the head
end. Groundnuts and vegetables were grown in te¥egm part of the minor, where obviously has
relatively good water supply. However, when we gavdstream along the minor, sorghum is the
single grown dominant crop. Indeed this is becaiidegs less water demands (see Table 6.7), and
less risky in case of water shortage than the stHadeed, in the Table 6.3, one can realise two
exceptional cases, a groundnuts number at theNail-14 and 4 feddan vegetable again at the tail
end- in No. 16. But the reasons for those exceptame: it was found that in No. 14 most of the
tenants are a female farmer that is common forcAfriwomen farmers producing relatively high
value crops in any case. However, the fact is, imza@f water shortage in almost every hawasha
the first and last rubats land plants have notigedv As well as, the 4 feddan vegetable in No. 16
was, this farmer had not used water from the Tuweiror, he was irrigating from the flood flow
which came from the upstream minor canal breakdgbere were no canal breakage flow water
into this number, | do not think this farmer cogtbw vegetables from the Tuweir canal water

supply.

2. Water supply situation increasing determines the @pping pattern (cotton, vegetables
in head end, sorghum is increasing to downstream)

Again in Tables 6.3 and 6.7, there are clear crgppattern differences between numbers of the
Tuweir minor because of the water differences. Bang has less water turns (Table 6.7). As a
result the proportion of grown sorghum in the aiedhe highest-47%, while the highest water
demand crop which is vegetables were only 5%. Thstmwaluable cotton crop in terms of market
is only-1.4 %. And on most of cotton plots, sorghwas growing. Generally, one can understand
that, water distribution performance has been deteng the cropping pattern perhaps not the
market or crop liberalization.

3. The system has entered as a vicious cycle of O&M
Crop liberalization was meant as a kick start teeethe O&M by allowing farmers to increase
income through changing cropping patterns. This f@swished. Rather insecure and unreliable
water supply have forced to farmers to switch teslevater demanding, non-marketable crops
(sorghum).As explained above, the World Bank assumed if fasnaetermine their croping
pattern, they can produce profitable crops basethermarket and what they can afford. So that
since the crop production will be increased, thay pay the O&M fees, then O&M practices cost
can be covered by farmers to do good O&M activitiEthe scheme (the virtuous cycle).
However, the realty has become the reverse (itieus cycle), farmers could not follow through
the dash lines(the virtuous cycle). Whereas, thendes crop choice emerges from the water
availability in the area. As Tables 6.3 & 6.7 shdheir focus is on the less risk crop towards a
water shortage like sorghum. Therefore, since #reynot getting good income, they could not pay
O&M fees. Results in dificult to improve O&M actti@s. This leads to unreliable, unequal and
insufficient water distribution between farmers dmally poor crop performance in the area. The
following figure represents Virtuous and Viciousdl®yof O&M.
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Figure 6.6: Virtuous vs. Vicious cycle of O&M
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Chapter 7Farmers’ Coping Strategies in the Tuweir Minor system

This section describes the different farmers’ stgegs that have been devised to cope with water
shortages, sediment accumulation and managemémtetaiaffecting their crops performance or
yield. Hence, | will discuss in section 7.1, an mwew of farmers’ coping strategy; in section 7.2
specific farmers responses (strategies) to recantigement changes; finally section 7.3 concludes
links the coping strategies to place, time and viddial/collective farmers’ actions and
socioeconomic differentiations in strategies indhea.

7.1 Farmers’ coping Strategies

Farmers’ strategies are developed by individuaroups of farmers to cope with short or long term
problems of water shortage or other managementtspeh as maintenance or irrigation problems.
These coping strategies produce negative or pesitiypacts on one or groups of farmers at
different locations in the system. It is also definby Abdalla, et al (1988) that it is undesired
practices mainly during water shortage periods #ratdeveloped by the farmers with a view to
save his/her crops. As they mentioned, these pexciinclude: use of ‘Siphon’, construction of
nakoosies intake, breaking or raising of the nggbtage weirs (NSWSs), disappearance of the FOPs,
building of small sudds-mud in Abu XX and minor an(bid). In addition Abdullahi and Osman
(1988, p. 391) reported that at times of water sig@s, farmers were involved in , stealing of water
bribing the ghaffir to get water and tamping witte twater levels to irrigate their crops on time.
This has been also their strategy to overcome tbblgm of water shortage. Therefore these
practices are farmers’ mechanisms to secure iroigavater for their crops. Presently, more or less
the same practices are taking place in Tuweir camatope directly or indirectly with water
shortage problems. Therefore | shall divide thesgctires into coping strategies to deal with
siltation and water distribution problems and mamagnt failure coping strategies.

7.1.1 Strategies to Cope with Water Distribution and Siltation Changes

The above practices, called ‘undesired practicgsAbdalla, et al (1988) have been practised in
cases of water shortage. Of course the water gfeonaay be caused by water distribution or
siltation changes rather than water supply shorsgm@se. This is what is happening in Tuweir
minor at present. To overcome these problems fartngitheir best to irrigate their crops applying
both ‘desirable’ or ‘undesirable’ practices. Threggardless of the impacts of the practices on other
farmers or on the system itself, the practices amapfarmers’ strategies to foster good crop
performance. These practices or ‘strategies’ atenaw. Rather they have been applied for a long
time, at least since 1988, and evidently the NS¥akages were begun in the scheme during the
1960s. Some farmers in Tuweir minor responded #whe of the practices like nakoosi
construction and NSWs breakages were practisedlefene they started to farming in the area i.e.
when they were children, 30/40 years age (farmesview on August 22-2010 and September 10-
2010).

Some of the practices that were observed in Tuwaimal during the field work stay are:

construction of nakoosies, increase in Abu VI, soddl building, or NSWs breakage, pumping,
crop choice change and different in planting dafeasy work transfer to other sectors, and Abu XX
maintenance relations. These practices will badcebelow.

a. Establishment of Nakoosies from the minor:
Nakoosi means: authorised alternatives way for éasnto convey water to the field. It also entails
involvement and authorization from SGB and MOI. STlpractice was defined by Abdalla et
al,(1988), as a practice caused by water shortageigate the Hawasha of 10 or later 5 feddan
lands (actually this recently changed to 2 or ldésdland) to irrigate from tail to head, instead of
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from head to tail using the next Abu XX through AL Nakoosi inlets often irrigate the whole 90
feddan number from the next minor by breaking tlomcanal bank through installed FOPs. So, it
can be seen illegal inlet since it is built outlodé canal’s capacity. As these writers mentioniee, t
reason behind the construction nakoosies accotdisgme officials were: the bad condition of the
minor canal. However Tuweir minor farmers mentioaéeditional reasons like,

+ A way to overcome some obstacles in between thd b&édhe minor and the farm, like
villages: this is observed for Tuweir minor, ther8aat village was built in the middle of a
number, and then hawashas downstream of the vilkageot get water from the Wad
Hezam minor easily. So, the affected farmers coottd a nakoosi with permission from
the SGB officers (interviews with the nakoosi userSeptember 2010).

s Dealing with the increment of land levels in fieldaused by sediment settlement many
years which forces the farmers to irrigate fromnle&t channel. Many farmers believe that
despite the illegal nature of nakoosies, they offegood solution to irrigate higher level
farms.

% To overcome water distribution problems emanatirmgnf non-functioning FOPs, due to
deferred maintenance some FOPs are not good ertoudéliver water to the Abu XX
channel. In such cases farmers are often forcadd¢@ nakoosies from the next Abu XX.

A distinction can be made between nakoosies inntiror and nakoosies in the Abu XX as
discussed below.

Nakoosi from the Tuweir minor:

There are two nakoosies FOPs from Tuweir minor sbaply water to Wad Hezam minor numbers
(minor upstream of Tuweir). And in turn there iseamakoosi from Kersh El Fil (minor downstream
of Tuweir) that supplies water to Tuweir minor nuenbThe nakoosies from Tuweir minor to the

head minor are located in the head and middlea@edfi the Tuweir minor. These nakoosies were
constructed a long time ago.

Nakoos\ Baraket village
\ akoos
(a) First Nakoosi at the head (b) Secomdakoosi at the middle

¥~_Kersh EI Fil

Nakoosi

(c) Nakoosi from Ker el fill to Tuweir minor number 1
Figure 7.1: Nakoosi FOPs in the Tuweir and Kersh EFil Minor

The first nakoosi (Figure 7.1.a) was developed addwears ago with permission from SGB. The
reason was this nakoosi user faced problem tcateitpis 6 feddan land by gravity from his minor
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(Wad- Hezam minor). This farmer’'s hawasha is latatethe tail of a number, but its level is too
high making it difficult to get water. Thereforeetfiarmer asked permission from the SGB to build
his FOP from Tuweir minor. Though it was develoged 6 feddan land presently more than 50
feddan lands are supplied water from this nakddsese users perceive the nakoosi is as their right
and property. For instance the first user rebutliaiftained) the FOP six years ago. As he
explained, though the other users of the FOP diccootribute money to help him in maintenance,
they are operating the FOP at any time when thayt veairrigate. When he was asked a question,
about his relationship with Tuweir minor usersréplied: ‘I have no any relation with them and no
one has a right to stop my irrigation, because mgndfather built the FOP with permission’
(interviews on September 23-2010). Also, the noros#rs indicated that they know it is a big
problem to those downstream users, but since tkeosawas built with permission from the SGB,
‘we could not stop the nakoosi users’. Instead threyposed to build additional nakoosies for them,
as a substitute from the neighbour downstream miSaice, they have been affected by the
nakoosies especially when the water level drogherminor (interviews on August 22 and Sep 29-
2010).

Again, the second nakoosi (Figure 7.1.b) was lwiilh permission from the scheme management
(SGB) in 1972. The reason for the constructiorh@f hakoosi was the unreliable water supply from
Wad Hezam minor of a tenant who wished to devetapt frees on his hawasha. The latter were
situated farm from the minor canal with Barakalagé located in between. Hence, the farmer
asked the office to build a nakoosi for developgngarden (grape, orange, lemon and other fruits).
Surprisingly this nakoosi was first developed jimst 3 feddan lands, but at present it is used to
irrigate 30 to 40 feddan lands. Since it was bloyitpermission these farmers exert the right to
operate the nakoosi at any time when they wantiggaie. Now the first farmer is not growing the
fruit trees any more, instead he is growing vedetaljobservation and interviews with him on
September 2010). The farmer considers himself lubkgause his nakoosi FOP is situated at low
level lands. As a result he can get a good amdunater by gravity regardless of the water level in
the minor. Moreover, the Tuweir canal users cardety water to him because he built it by
permission. However, though the Tuweir minor farsnas mentioned above could not stop the
nakoosies users explicitly, they complain nakoosiese it affects them (other farmers and the
nakoosies users’ interviews on September 06, 17 2P30).

The third picture shows (Figure 7.1.c), the Tuweinor users are in turn using a nakoosi from the
next minor (Kersh El Fil minor). This nakoosi iraigs the first Tuweir minor number, 20 feddan
hawashas from the tail end upwards. As users samhs also developed by permission with a
similar reason mentioned above- the tail hawaslifered water shortage when the water level
drops down in their minor, since the level is gegthigher at the tail (farmers interviews on August
31-2010). Generally, these nakoosies constitute adenmalised version of farmers’ strategies
allowing them to irrigate when the level of tharr is too high to get water from the normal minor
by gravity. But as can be understood, clearly theedea inlets produce significant effects on the
downstream users.

In addition these users have created hydraulicgstpmf these nakoosies. The users themselves
are responsible to carryout maintenance of thedesF@s stated above, even one of the nakoosi
users has totally replaced his nakoosi FOP by Wis expense. But for normal users (those using
the designed FOPs on their minor) it is hardly taintain their FOPs even. | have not observed
maintained or replaced normal FOP by users rati@n exploiting them for their daily water
demand.

Nakoosi from Abu Ishreen

These are constructed and used to direct irrigatiater from the next Abu XX within the same
minor; this seems to be a widely used practice uwdir minor. Especially in the downstream

81



numbers nakoosies are common. And farmers useahwle level of their land at the tail of the
hawasha is too elevated due to silt accumulatiomeSof the FOPs (FOP 9 and 12) have also a
problem with water supply due to lack of mainterean&s a result many nakoosies were observed
from Abu XX 13 to 12 and from Abu XX 10 to 9. Anethphenomenon that | observed is in the
period of water shortage farmers were trying t@ate using the nakoosi, since the flow in the
normal Abu XX is too low to reach to the tail okthhawasha. And many farmers confirmed that
nakoosies constitute a good method to irrigatehtigber level lands especially during times of
water shortage.

Flow direction in the

/ minor

Figure 7.2: Nakoosi from the neighbour Abu XX

a. Many Abu-Sittas per number

In the past there were 9 Abu VI in a number (9@#&dland), i.e. one Abu VI supplied water for 10
feddan hawasha. Later on it was split into two, aee Abu-VI per 5 feddan hawasah. Still the
maximum number of Abu VIs would be 18 per numbeesEntly there are more than 45 Abu Vs
in one number (observation in Tuweir minor); onrage one Abu VI per each 2 feddan plots. One
of the reasons for farmers to dig additional maryuAV/Is is the rise of their farm level by
sedimentation and poor land preparation. They ateahle to irrigate the entire farm using one
Abu-VI per 10 or 5 feddan hawasha as in the pasmfer 3 and 11 farmers’ interviews on
September 18 and 19, 2010). Another reason abeaeen in chapter 3, is subdivision of plots
amongst the tenants (inheritance, renting or shapemg). Fortunately the type of soil in the area
is clay that prevents deep percolation, but il$® @ hot area, more water is expected to evaporate
from 45 Abu VI channels than from 9 Abu VIs chamdllso it can be expected that water losses
due to excess irrigation will increases when usittge Abu VIs. This further compounds the water
shortage problem.

b. Methods of irrigation and use of other farmer’s AbuSitta (Abu V1)

Farmers of course are trying their best to irrightgr farms in case of water shortage or farmlleve
problems. For a long time, they have used a metlatidd ‘tegnant’( dike or bund) or ‘jadwal’ to
irrigate their farms part by part through the Abucdéurse (Abdullahi and Osman, 1988). These
methods are especially important when the wateal lérops in the Abu XX i.e. when small amount
of water are supplied to their Abu VI. Indeed thesgthods can help to irrigate the crops uniformly
if farmers follow them restrictedly.

Farmers have also used the next or the upstreaghbwir farmers’ Abu VI course to irrigate parts
of their farm. Not all farmers can use others’ Al only close relatives are using it. The ones,
who neither use others’ nor allow their Abu VI te bsed by someone, complained that the method
forms a source of conflict among farmers. Because may leave the Abu VI channel opened
whilst water enters to other people’s hawasha wsserily.
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Figure 7.3: A farmer making a tegnant

c. Building Sudd-mud (small dam) across the minor andhbu XX sections

Many farmers build small dams in the minor or AbX Xt the point immediately downstream, of
their Abu XX or Abu VI respectively (Figure 7.3 agbClearly farmers build these to raise the
water level, which helps in turn to increase theoant of discharge supplying their respective
channels. Usually, they construct these small daimen the water level drops below the level of
their intake channel. The drop may be caused bgtarnvdistribution problem in the supply channel
or siltation of their intake channel. This practifmgms a cause of disagreement between the
upstream and downstream farmers at each leveltavi@ers do not stop it since they want prevent
their plants to die.

(a) Sudd—-mud in the Minor (b) Sid-mud in the Abu XX
Figure 7.4: Sudd-mud construction:
These two plates reflect many farmers’ common m@gin Tuweir minor.

d. Breaking the NSWs and FOPs, closing these gatesngisack and Night irrigation

In Tuweir minor as mentioned in the previous cheptthere are no functional NSWs. And some
FOPs have been disappeared since long ago. Butamastemance has been done yet. Farmers
indicated the reason for the damage is to createvirater flow without any control particularly in
water shortage periods. The structures have beskebrby farmers (interviews with farmers, on
September 2-2010). The existing FOPs have no anyl & operate easily. Farmers are operating
the FOPs by using a thread or putting a sack of atuthe inlet pipe. This is laborious and one
cause of in-efficient water management in the ahegway farmers damaged the structures to cope
with water shortage problems in their farm or numbe

At the NSWs in Tuweir minor it was observed thatrfars were putting iron sheet and a sack of
mud to close the intake pipe at the downstreamadiride structure. Of course, these actions were
done without of downstream users. So as soon tivastceam users see this, they will remove it or
a conflict might occur.
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During periods of water shortage, farmers alsgate at night. In September and October there are
often water shortage, since it is the peak irrayatime for most crops in the scheme. In this time
farmers need to attend their farm at night becd#uey want to irrigate their plot at night, other
with attended farmers will close the open Abu Viirgate their own farms. Hence farmers who
need to irrigate should stay at night to watch ¢hather farmers’ actions. But farmers indicated tha
before September they do not necessarily irrigateight, since they can irrigate at the day time
(Farmers interview both up-downstream on SepterBBesthd 28/ 20-2010). But it was observed
that farmers left their Abu XX and Abu VI open agimt in August too. Basically, by irrigating at
night the water use efficiency can be increasattesno one closes the off-take at night, and NSWs
no longer functional. If farmers did not irrigateraght water normally would run to waste at night.
On the other hand irrigate at night could be alsoarces of water use inefficiency and conflict in
the area when everyone leave his/her Abu XX or Xbopen and if the water flows into irrigated
neighbour hawasha.

Water leaking through sac
-mud closed Abu XX

/

(a) Closing the Intake pipe at the NSWs (b) Dégppeared FOP
Figure 7.5: Making a head at the NSWs and Disappead FOP

e. Pumping

This is another practice in Tuweir canal throughohlfarmers cope with water shortage problems
especially during the winter season. Some, farrmeusing pump to deliver water from their own
minor or from the next minor (both up and downstmdarmers’ interviews, on September 04 and
21). This practice is expensive, since it requiaekigh capital investment, which is beyond the
capacity of many farmers. However, in Tuweir mirsmme farmers have their own pump to use for
themselves and renting it to some other farmei.r&ting is not affordable for all farmers ingh
area (Number 11 farmer’s interview on SeptembeR0¥0). However, it is one option for those
farmers who can afford it, to escape from watertsige consequences for their crops. It is also
widely spread throughout the Scheme starting frept&nber/October. Therefore, it is a source of
unequal water distribution between farmers. Thesomeo can afford it can irrigate on time from
both minors but the one who cannot afford it matyged water to irrigate at all.

f. Crop Choice and Planting Date Differences

The most demanding crop in watering is cotton. €lae also some indications that cotton is by far
more sensitive to changes in watering than othgpsceultivated in the scheme. In general cotton
requires water every 12 to 15 days (Abdullahi arsin@n, 1988, page 394). On the other hand
sorghum is less water sensitive crop and it neestsWater as compared to cotton or other summer
crops in the area. In addition sorghum bears lisg&stihan cotton for any crop failures, since the
input cost of sorghum is less than cotton. Morepgseme farmers in Tuweir canal argue that lack
of trust on the current water distribution and &iton situations prevent them to grow cotton
(WUAs head interviews on September 02). And it wlaserved that most farmers’ previous cotton
plots by the 2010 season were covered with sorgl@amthis shift in cropping pattern explicitly or
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implicitly constitutes farmers’ strategy to avoidetrisk of water distribution insecurity that is
expected by farmers to occur in the season.

Flexible planting dates form another way to tackkter shortages. As farmers said, if they plant
early the expected water shortage in Septemberctmb®r does not affect them as serious as when
they plant late. So, they prefer to plant earlyt 8m some farmers, covering input cost on tima is
constraint to follow early planting strategies (f@r’s interview on Aug 27-2010 at the middle). On
the other hand, as long as no irrigation turns betwfarmers, if all of the farmers plant together,
water shortage will arise. But at the current gibraof Tuweir minor farmers, all farmers cannot
plant as the same time. Because of finance shottagay inputs and prepare land on time, many
farmers also pant late.

g. Abu Ishreen Clearance

Usually farmers at the head end do not clear #ileir XX part as long as they can irrigate without
any problem. While farmers downstream of those hmadl farmers, usually should come to the
head end to remove the silt or weed that affecsahter flow to downstream. Hence it is strategy
practiced by both groups of farmers at the headdmvehstream of the head. Of course the head
farmers should remove the Abu XX section in frohtheir farm, but since they know someone of
the downstream users will come to clean it, silnay tare affected more by the problem, the head
farmers let the work to those downstream farmers stsategy. On the other hand, the downstream
farmers also know the responsibility of cleaningsliwith the head enders, but they are not
negotiating with them since that costs time (feguihat in the meantime their crops might fail).
Hence by default those downstream farmers clearupiséream Abu XX section (many farmers’
interviewing in Tuweir canal). Whilst this is unfaithe practice continues to avoid water
distribution conflicts.

h. Transferring farm works to others: sharecroppers, renters, labourers
For various reasons tenants partially or fully dgikreir plots to sharecroppers or renters or labours
The reasons are various.

+ Some tenants are getting old and do not feel ableigate a crop twice yearly

% Others tenants are fed-up with agriculture andrésted in a ‘better life’ in the city
occupying less menial professional (especially gopeople)

% Yet others indicted that irrigated agriculture leesome less productive due to the water
distribution problems or on-going siltation, seakia job outside the village or opening
retail shops in the village.

The plots that freed-up are readily taken by shapgers, renters or labourers who often do not
have access to their own plots. Why farmers apteftdner of the option i.e. advantages and
disadvantages of each method is disused below.

Sharecropping

This is a practice through which land owner trarsstas/her hawasha’s/s’ agronomic works to a
farmer who would like to work. Both the owner arnd tsharecropper have their own reasons or
strategy. The reason for the owner is as spediEye, while the sharecroppers are those who have
no land or both land and money to invest. Therevamous sharecropping agreements within
different farmers. The two most common agreemehistware assessed in the Tuweir minor are:

1. The land owner supply land and cover all the inposts (seed, fertiliser, pesticide if
needed), land preparation, Abu XX maintenance leegbteinting, water fees and harvesting
cost if it is by machine. And the sharecropper esdll the necessary agronomical works
starting from planting: watering, sawing, and wegdiFinally they divide the yield into two
equally.
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2. The second agreement is divided every cost eqbaliywyeen them, but usually the owner
cover every cost first during planting and growtten the sharecropper will pay it back
after harvest, i.e. after dividing the product dtyua

Here, both owners and sharecroppers indicated shatecropping is more advantageous to land
owners than to the sharecroppers, because the ®waprget a yield without any farm work. So

that the owner can spend their time on other incgemerating works. Moreover, the right to choice
crop to grow is for the owner, the sharecroppeukhagree or find someone that wants to grow the
same crop as his interest. Hence, as the sharessop|so pointed out, sharecropping is an option
for farmers who have no money to buy or rent a.land

Sharecropping has also some disadvantages on wae@agement in the area. l.e. some
sharecroppers do not have experience to operate RO#s, Abu XX or Abu VI, which leads
inefficient water use. In addition, since most glcaoppers have no their own land. To satisfy their
demand, they want to produce maximum vyield on #ageplots. Hence, they are intentional to
exploit the water over others, which results unéguer distribution between farmers in the area.

Renting

Renting is an agreement where a payment is madéh&rtemporary use of the land owner’'s
hawasha. The renters need to pay the agreed amionmtney before planting. Therefore renting is
possible to those have cash money to pay beforel@ndhe other hand, the owners rent their
hawasha when they need cash money in advanceheAtidsts, such as water or maintenance fees,
land preparation, and input cost are covered byré¢héer. So, the product (yield or biomass and
grass for animals feed) belong to the renters. éth the owners and renters indicated, renting is
more advantageous for the renter if there are nervgnortages or other risks which might lead a
yield loss in the area. But the owner can be atswhited from the cash money he got in advance.

Similar to sharecroppers, the disadvantages ofngens related to lack of experience on water
management by some of the renters and an intefrggtiing maximum benefit from the land by
most of them. Because, most of them have no their land, to get a maximum yield they affect
the irrigation system, by using much amount ofymtion water through improper operation.

Labours

This is a process of owners or sharecropper oergnhire daily workers, to help them in farm

work. Usually, these workers are hired to do agnoicoworks like sawing, weeding, harvesting.

Thus, their influence on water management is lggsifeant. However it does not mean some
farmers still do not let labourers to operate tlPE or to irrigate the farm. In this case, problem
related with their experience can affect the iimasystem in the area.

Owners

In this context, owners are the hawasha (farm) oswwho work on their farm by themselves.

It was observed that many of the land owners anmking in the upstream parts of the minor, while
most of the sharecroppers and the renters have Wweeking in the downstream parts. This
indicates that water distribution differences betwehe up-downstream parts influence owners’
interest to work on their land. But, the sharecesppor renters have no preference on upstream or
downstream water distribution differences.

It is expected that owners have more experiengeaier management in the area, in both operation
and concern for futurity of the system. Therefdhey have relatively sense of ownership while
managing the system than the other groups (shameers, renters or labourers).
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7.2  Coping with Management Changes

Farmers in Tuweir minor complained about the mamege changes effected by the Gezira
Scheme Act of 2005. They argued that it is one eafigarmers’ lack of trust and lack of incentive

to invest in agriculture anymore. As a consequeheg are looking for other options what seem
more promising. One of these options that most éasnm Tuweir minor adopted is to stop growing

cotton. As they indicated, before the enforcenwnthe Act the inputs and land preparation of
cotton had been covered by the Sudan Governmewtw fidrmers should handle everything by

themselves, without government support. Actualgréhare credit suppliers through the WUAs. But
farmers refused to loan money. Because they aa@adf the risk failing to turn back the money to

loaners in case of crop failures. Then many farmbosce has become to stop to grow cotton. And
instead they substitute other crops in place aboooike sorghum. As mentioned before, sorghum
requires less input costs and less risky and caaten directly (food security).

Moreover, due to the management changes, many fargazve their farm to other workers —to
those sharecroppers, renters, labourers, then Idfietheir villages to somewhere else (town or
city) to seek other income generating jobs (In@mg with farm on Sep30-2010). They are not
happy about the change with many reasons. As aneefasaid, in the past to control disease risk
which is caused by irrigation, the government suggabfarmers’ health care follow up. However,
presently ‘in spite of farmers being exposed teases that are caused by working in the farm and
operating the FOPs, no one give them health carehwlksults farmers to be in bed’ (September
30/2010).

7.3  Conclusion: the different coping strategies linkage and impacts

Generally, all the strategies applied by tenanistfi a level of flexibility and ingenuity on thart

of the tenants. The strategies show how tenanttotrpake the best of a basically bad situation.
Particularly they show how a system that suffecenfrheavy sedimentation and a break-down in
effective management (water distribution) strategsestill working to a certain extent. On the othe

hand one can observe a shifting over time fromtstesm strategies to long term strategies by
tenants diversifying their livelihoods away fronmigating agriculture since it becomes too risky.
Since, farmers’ strategies are different dependinghe type of farmer, | will summarise these
differentiations by presenting geographical diffeération along the minor, individual versus

collective actions, as well as time based and secamomic differentiations.

7.3.1 Geographical differentiation

Strategies like constructing a nakoosi, buildingudd-mud, or closing the NSWs and clearances of
the Abu XX carry head-tail dimensions. Generallg thil end farmers or any downstream farmers,
who are immediately downstream of these actionl beiaffected significantly. And these farmers
do not agree with upstream farmers’ actions. Hericas usually done out of sight of the
downstream users, though everyone knows it, asaseiveryone does it at his/her corresponding
level of the irrigation network.

The impacts of these strategies apply not onlyrmmiadividual farmer but on many other farmers
downstream within a minor or number. Some of thpaaots are:
“ Inequity in water distribution between farmers,csgithe benefit might be only for a few or
one individual farmer;
%+ Emergence of conflicts between upstream-downstfeamers at each level,
+* Additional workload to those farmers at the doweastn end: some farmers leave the built
sudd-mud, or the closed NSWs, or open nakoosi FEBRtsis after finishing their irrigation.
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So the downstream farmers need to check where tbklem is and remove it by
themselves, which gives them extra work;

+«» It affects the minor system as a whole; especitiéynakoosi from the minor section was
built beyond the design capacity of the minor camdlich results in canal damage. The
NSWs breakages and disappeared FOPs have prodegeadive impacts on the whole
system performance.

7.3.2 Individual versus collective coping strategies

Almost all of the farmers’ strategies reflect indwal farmers’ interest and actions. Only
occasionally do some close groups of farmers dssousrmally to undertake some of the actions
together, like building a sudd-mud in the minort Bwe negative impacts lay mainly on groups of
farmers such as downstream, tail end farmers. @nother hand the benefits of the applied
strategies accrue mainly to individual farmers.yanlsome cases do the benefits accrue to groups
of farmers for instance, the nakoosies in the mirawe been used by more than one farmer. Also
the creation of a head at the NSWs will benefitupstream users.

According to Wade’s finding in collective action $outh Asia farmers’ unity is based on intensity
of water scarcity, their unity is significant whehee amount of water is in average condition alang
canal (Wade, 1988). In instances of extreme waiicsy or abundant water supply farmers do not
perceive the need for collective action, sinceokglprovide benefits. In this case usually coNecti
action by farmers is undertaken at the middle ef ¢Anal. Similarly though the unity between
farmers in the middle reach of the Tuweir minon& clear for me, in Tuweir minor there is no
farmers’ unity at the two extremes positions (ugetn and downstream) of the minor. At the tail
farmers did not have cooperation because theneoigchance for more) water. In contrast, at the
head end farmers have no unity because the waiptysig relatively good, allowing each farmer to
irrigate within some time difference.

7.3.3 Time based differentiation
A distinction can be made between immediate, medinchlong term strategies.

Immediate action

Immediate actions comprise strategies such asrdjgmit the Abu VI, or constructing a sudd-mud
across the minor or the Abu XX. These are usuapliad when the farmers face immediate water
shortage problems. For example, the sudd-mud willldmoved soon after a particular farmer
finished his/her irrigation.

Medium term

The use of pumps, seasonal crop changes, and chemglanting dates can be grouped as medium
term strategies. These methods can be used afdeasseason. Say, if a farmer chooses to plant a
less risky crop like sorghum, he cannot changestinghum crop to plant another crop on the same
plot in the same season.

Long term

A long term strategy that was observed is the dgtation of farmers (who often become absentee
landlords). These farmers leave their vilage mgvia the city to find other work, rather than
relying on irrigated agriculture. The chance to eoback to the village to continue agriculture is
rare. Even some of them already sold their hawaskas change in cropping pattern can also be
considered a long term strategy, as is reflectethéndemise of cotton growing in the scheme in
recent years. Constructing nakoosi intakes anchgatesponsibility for it also comprise long term
strategies. For instance the two nakoosi FOPs weiruminor have been used for almost 40 years.
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7.3.4 Socioeconomic differentiations in strategies

There are socioeconomic differences between farieapplying the different coping strategies.
How wealth status can affect the use of differdrategies by different farmers is summarised
below.

Wealthy Farmers

Though use of a Pump offers an easier and a fagtgrto irrigate than digging out a nakoosi in
water shortage periods (September, October an@&mseason), it needs high investment to buy and
rent. Therefore, only wealthy tenants can makeofise and not the poor farmers. Wealthy tenants
can also move away from irrigated agriculture & #me when they have lost trust in O&M-
activities or management in the system.

Moreover, wealthy farmers have a chance to getsacte irrigated land (because they can buy
tenancies as well as keep their own tenancy). Toeys on growing cash crops like cotton and
vegetables. Since, inputs and labour demands eétbmps are high, only rich farmers can afford
to plant at the appropriate time. Moreover, thesp< carry a high risk in periods of water shortage
or market failure. Only rich farmers can overcoine tisks of crop failure through using pumps in
water shortage periods. And, since they are foadrsgthey can also sell their products when they
get a good market price. For instance, in Tuwemanthere are two plots of cotton, one with four
feddan, the other with 8 feddan. The owner of théeddan cotton plot is a rich farmer as |
understood from interviews with him (interview omudust 27, 2010). He has a truck to transport
his cotton to wherever good markets are availafhel he covered the capital outlay for his inputs
with no problem.

Poor farmers

The poor farmers have low chances to get accessdgated land. And they use their land for food
security purposes preferring to grow sorghum rathan cotton, since the latter is too expensive
(input costs). The cotton farmer introduced aba@ied to my enquiry about why other farmers
did not grow cotton in the Tuweir minor: ‘most difet farmers have no cash money at hand to buy
inputs and cover land preparation costs’ (interviewAugust 27, 2010). Though this is not the only
cause for the drastic decline in cotton cultivatiorthe area, it is true for the poor farmers, sinc
they could not grow cotton without any support. Yhefrain from using credit, since they are
afraid of water shortage or O&M problems that migfiect their crops; because at the end of the
day, they may not be able to turn the money batkew creditors.
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Chapter 8Conclusions and Recommendations

In this chapter | will present the main findingsorfr this research and | will formulate
recommendations based on the research results, Heiletry to answer the main question of the
research, relating to why and how farmers in Tuwamor canal cope with O&M related problems
that affect their crops, and how these strategiesshaped by the increased rates of siltation and
management changes. To do so, | will answer edehliesearch question divulging which changes
in O&M management occurred in the past and theeptesviore in particular 1 will show how
recent changes endorsed by the 2005 Geziravictthe establishment of WUAs and freedom of
crop choice, affected O&M practices in Tuweir minbr the process of doing so, | will explain
water distribution differences between numbers laadashas and how crops performed as well as
farmers’ different coping strategies to overcome fttifficulties caused by a combination of
increased siltation and the unpredictability of evadlistribution. Finally the O&M management
gaps observed in the Study area will be discussed.

8.1 Operation of the irrigation system in the Tuweir minor: past and
present

The scheme was designed to serve 50% of its gassnand area in two consecutive growing
seasons (summer and winter). Then 50% of the abéi/area can be irrigated at the same time on
the basis of a 14 day rotation. In other words 25%he gross area is irrigated in 7 days and the
remaining 25% in the next 7 days. The system wagyded to irrigate 24 hours per day. But it was
not achieved, since the tenants were uncomfortalile irrigating at night. Considering the
farmers’ resistance to irrigate at night, withoutreange in command area only day-time irrigation
(from 6:00 am to 6:00 pm) was adopted from 1937 ama. At this time, for day time irrigation
night storage structures were constructed to stapeigh water at each specific length (reach) of
canal based on the slope of the minor canal layithen farmers could irrigate their farms with a 14
days rotation applied.

But later, in the 1960s, a crop diversification anténsification policy was implemented in the
Scheme. This policy affected the designed irrigagstem. At this time a higher water supply was
required to satisfy the crop water demand througbwiextended areas. From then on, tenants had
to acquire additional irrigation water to preveneit crops’ failure. One consequence of this need
was that they started to damage the constructed N&wd FOPs, whilst some were forced to
irrigate at night. Presently, the Tuweir minor lre tkab El Gidad major displays evidence of all the
above mentioned practices. All the NSWs have beedared dysfunctional, which implies that
water in the minor is flowing day and night withcary form of control being exercised. Indeed
when farmers want to create water head upstreagach NSW they have used a sack or metal
sheet to control the water flow to downstream pagually the FOPs have not been working well.
Almost all of the FOPs have no scroll to operatrtiyate; farmers are using thread rods rope to
operate them. Two FOPs out of a total of 15 havepipe at all. Moreover there is no regular
operation of the off take or the FOPs. Many havenbepened for a prolonged time at the same
time. As a result water cannot reach each FOPeimtimor in equal measure.

The management of the irrigation system seems a.rfredeed from the beginning during the time
of the Syndicate, it has been managed by two grotigs agriculturalists and the irrigation

engineers. The agriculturalists were responsibtenfanaging the lower levels of the irrigation

system from minor canal downstream. They were iactlicontact with the tenants. In contrast the
irrigation engineers (Civil Engineers) were morenace&rned with the technical aspect of the
irrigation system mainly at canal levels aboveriiaor. The decision to release water to farmers’
fields was made jointly by the engineers and agjticalists. However, the engineers’ direct focus
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has been on irrigation structures (canals). Theyewmt in direct contact with farmers. Indeed
farmers had little say in the operation of the eystuntil the recent empowerment through the IMT
movement. The IMT movement has not managed to empthem in the right way. So far, the new
set of IMT policies, endorsed under the 2005 Ge&of has not been effective to enable tenants to
become real responsible decision makers on thiegation system.

Until the 1950s, the irrigation management wasqreréd by the Sudan Gezira Board (SGB) and
the Sudan Planters Syndicate. Then from 1950 t® 20& management had been handled by the
Ministry of Irrigation and Water Resources (MOIWRNd the Sudan Gezira Board (SGB). The
water control from the dam to the minor off-takeswzerformed by the MOIWR (manned with
mostly civil & irrigation Engineers). SGB staff apged the irrigation system from the minor off-
take to the Abu XX. Both MOIWR and SGB had theirodivisions. The MOIWR had 7 divisions,
which were divided into 23 subdivisions. Again t86&B was divided into 18 groups and 114
subdivisions (Blocks). There was a parallel contstiveen the MOIWR and SGB divisions and
sub divisions. For instance the subdivision Engimksalt with the Block inspector. In principle, the
latter had to request water from the Engineer basetthe crop water demand estimation. Then the
former focused on the canal capacity to supplywheer in line with the request. But it was clear
that the calculation of the crop water requirenantvell as the canal capacity estimation could not
be done in a scientific manner. It proved too coocapeéd to consider each specific farmer or crop
whilst also allowing for adjustments necessitatgddnfall. Indeed in most cases it amounted to
little more than a general estimation. Also theeask of irrigation water to each canal level has
been mostly achieved on the basis of experiencedan working the system.

At field level, release of water from the Abu XX Adu VI and its control within the field has been
the responsibility of farmers. To do so farmeriatted directly with the FOP operator who was
called Ghaffir under the SGB. However, startingha 1960s Ghaffirs have operated the FOPs on
the basis of bribes or personal deals with keyrtnaPresently the operation of the FOPs is
completely under farmer control. Moreover farmeosugstream to operate and manipulate control
structures at the main levels of the system; &t Ieach has been the case for the minor off-take.

Later on in 2005, the Sudan Government has enddingetMT concept in close consultation with
the World Bank. The concept underlying IMT is tartsfer the responsibility for O&M to farmers.
Freedom of crop choice as well as the performané28dM activities at the lower level was left to
the farmers through the establishment of WUAs atlo2@07. However, the reality in 2010 is the
WUAs have not been effective in performing thesigsed tasks in the Scheme. This also applies
to the WUA in Tuweir minor canal. The only thinget®WUA is really doing is the collection of
water fees from farmers. But even that has proweenetno easy task for them. With regard to the
other assigned tasks it can be observed that WUibees have no knowledge how to manage the
water supply; how to interact with farmers; theyd&ao had technical trainings, and more generally
both the tenants and WUA members did not grasganeept of IMT or they do not believe in it.
The only thing that WUA members said was that tbeg€enment had ordered them to be elected by
farmers. The introduction of WUASs represents a rclegse of a top down approach. Generally
farmers believe IMT is part of a government stratég remove its support from them. So, the
transfer of water management responsibilities toA&as not resulted in an improvement. Rather
WUAs have been established in a top-down, haphareadner: so far they have only been
involved in fee collection. Since the fees colléctly not seem to make any difference with regard
to water supply security or maintenance activitgeple are not motivated to pay.

8.2 Maintenance of the Tuweir minor canal: past and present

Sedimentation has steadily increased in the scladfeeting its operation. This increase in siltation
has been attributed to different reasons. Firtipviang the diversification and intensification jpoy}
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in 1960, the need to operate the system beyondajiacity for a long time, including the peak
sedimentation time, has allowed increased siltddacenter the canal system. Second, an increment
of the actual sedimentation rate which comes frioenBlue Nile’s catchment area has occurred.

Sedimentation has become a significant problem froain to lower levels of the irrigation
network. It has at least produced the following awis in the area.

% Ineffective operation of the system, which resuttsunequal water distribution between
users at each level of the canal network. Partilyulahas produced more significant effects
to the tail end parts; to the extent that they dget irrigation water;

« Poor performance of the infrastructure such as Isamhstribution structures (off-take,
NSWs and FOPs) and roads;

« It has also produced a negative effect on thewallie area size. In Tuweir minor on
average about 1 rubat land (16m*16m) per each @afedand (0.84 ha) hawasha were left
out of crop production because of sediment depwsidn the farm;

% Yield reduction and cropping pattern changes, rfavsters in Tuweir minor said that since
2008 there was substantial yield reduction. Sir@@72the Tuweir minor farmers have not
practiced the previous rotation system. As a rdbeit cropping pattern has been changing.
Now, farmers are restricted by water distributiovd aedimentation changes to what they
grow.

+ Increased levels of conflict between farmers. tfrfars do not get enough water, they start
to play with other people’s shares, i.e. in respotts shortage; farmers develop different
coping mechanisms to save their crops. For instamdaweir minor, most farmers were
complaining about other farmers’ action in mid-®epber, because they have found
obviously their Abu VI channels were closed, bailsudd-mud, as well nakoosi Abu XX
upstream of their Abu VI channel, this was a pdssiluse for conflict.

+ To remove the sediment load, funds have to be msedil However, because of increasing
sediment loads at each level of the canal netwO&\ costs have risen since the 1970s to
a point beyond the capacity of the government.

Despite the negative impacts created by increasezld of sedimentation, there has been a lack of
proactive maintenance and operation activitiesawtrol it. The current responsible maintenance
companies do not seem to be handling the maintenamblems in the scheme. Rather they seem
preoccupied with their security mission. Howeveérjsi almost impossible to control the water
problem with security arms. Hence, maintenanceviéies, which comprise maintenance and repair
of FOPs, NSWs, canal cross-sections and otheatroig infrastructures, have been scaled down to
comprise de-silting only.

In 2010 season, the maintenance performed on Tuwiemr was poor. Excavation was done only
on half the canal length. The other half of the anicanal was left behind despite the fact thatta lo
of grasses have overgrown it. The little mainteeahat has been done seems to be informed by the
principle of letting a modicum of water flow. Algbe little work that was done provides a bit of
relieve from farmers who continue beggaring thepoesible bodies for their canal to be
maintained.

Generally Abu XX and Abu VI maintenance are theoesibility of each farmer. However, with
the exception of the period preceding planting, ctmo farmer takes his/her responsibility for
maintenance. Instead maintenance is only perforbhedhose who face a problem of getting
sufficient water to his/her plot. This creates ghhivork pressure for the downstream farmers within
a number. The Abu VI maintenance is also affected berious limitation. Farmers want grasses to
grow inside the channel for their animals to feed ©hat affects the channel’'s water delivery
capacity, which might damage the neighbour farmeasiasha.
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One of the aspirations of the 2005 Gezira SchemesAdo enable farmers to cover 100% of the
O&M costs of their hydraulic unit (minor canal). lprinciple which would allow this to happen
was to leave farmers themselves to decide to grase nprofitable crops. That in turn would
empower them to request companies to undertake @&fiwities for their minor or Abu XX on
their own expenses. However, after the implemeosriatif the Act in Tuweir minor, the reality is
that farmers could not even cover the previouslyate of 15% of the target water charges. One of
the reasons for this failure to collect money iattdue to poor maintenance of the canal system,
farmers are suffering from water distribution perbk. Then, finally their unpredictable and chaotic
access to water results in low profitability. Moveo, there are no profitable markets for their srop
which even further compound the finance issue. Earry to manage the de-silting through- some
people bribe excavator drivers; others put presgumgh the WUA to request for canal cleaning
from the Engineer; farmers also talk to the engirdieectly when they get him. For instance in
Tuweir minor on September 20/2010 since farmers tget Engineer around, the downstream
farmers talked to him to beg for maintenance ofrtivgor (see chapter 3).

8.3 Water distribution between and within the 22 numbers along Tuweir
minor

Unequal, unreliable and unscheduled water disiobuto users has become a general practice.
Though it is difficult to claim that water distriban in the past was planned well and optimal,eher
was at least a relatively formal, predictable amebc#ied water indenting system (roughly
corresponding with estimated crop water requiresiand the canal capacity). However, currently
such practice has gone. No scientific approachrad evater calculation takes place nor does the
canal capacity feature in the balance at all.

Factors such as the operation of the FOPs by fartteemselves as well as their irrigation
perceptions negatively affect the water supply ggcaxperienced. Furthermore a lack of concern
or sense of ownership, while managing the systethfarmers’ different strategies to cope with
water distribution changes and maintenance failgmdribute to an unequal and unpredictable
water distribution both along the minor and at AKX level. Finally mismanagement by the
officials or O&M companies and the absence of wagkiater management rules for users are
important factors which are affecting the water trithsition patterns negatively within a
major/minor/number.

The interplay of these factors has created unegumkliable and unscheduled water distribution
between numbers of the Tuweir minor canal. Gengrtlle upstream FOPs have received the lion
share of the water supplied to the minor, while tlmevnstream parts have suffered of water
shortage. The same head-tail differences occurdeetviarmers within a number. Basically, it is
found that these differences were not caused bemnaipply problems at higher levels in the
system.

The impacts of the water distribution changes peceduoth long term and short term effects on the
water users. Among the short term effects thergjiatd reduction, a rise in the number of conflicts
between farmers, additional costs for particulaaiy end farmers to rent or buy pump sets to get
access to irrigation water, and finally a detetioraof the irrigation infrastructure as a wholderT
long term effects of the water distribution changesthat farmers have been leaving their villages
to secure employment outside the scheme, whilsteimaining farmers are changing their cropping
patterns by focusing on less risk bearing crope (iorghum). Indeed these are farmers’ ways of
overcoming the current water distributions charngeke minor.
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8.4 The crop map and crop performance in Tuweir Minor

In the 2010 season sorghum was the most dominapeircithe Tuweir minor (covering 47% of the
total cropped area). In contrast, cotton, the dovpvhich the Gezira is famous in Sudan, covered
only 1.4% of the cultivated land in the Tuweir mingegetables had also a low coverage of land of
about 5%.The rest was fallowed and left for wirtewsps Moreover, there are clear crop pattern
differences between the head and tail end becdusater distribution differences along the minor.
Groundnuts and vegetables were grown in the upstpeat of the minor, where a relatively good
water supply is available. Whereas, moving towatdgnstream along the minor, sorghum is the
single grown dominant crop (which has less watemalals). Number 14 is exceptionally
dominated by Ground nut as stated in chapter 7sdbéservations point out that the water supply
situation increasingly determines the croppinggratt

Generally, one can observe that contrary to theeved motivating the implementation of IMT
policies in the Gezira, water distribution performa has been determining the cropping pattern
and not the market or the new freedoms acquiredugir crop liberalization. The system has
entered a vicious cycle of O&M. Crop liberalizatiofas meant as a kick start to break the vicious
cycle of O&M by allowing farmers to increase incoiieough changing cropping patterns. This
has not materialised. Rather insecure and unreliagter supply (key factor) with other input
factors indeed have forced the farmers to switchess water demanding, non-marketable crops
(sorghum).

Therefore, the World Bank assumption that if farsnéetermine their cropping pattern, they can
produce profitable crops based on the market, wiieh increases crop production and revenues so
that farmers can pay the full O&M fees resultinghe performance of good O&M activities in the
scheme (the virtuous cycle) has not been met yathdR the opposite has happened whereby
unreliable, unequal and insufficient water supplyffarmers has resulted in poor crop performance
in the area, further deminishing any preparednasthe part of the farmers to foot the bill of canal
maintenance. In part this vicious cycle has bedrbfea lack of viable crop markets.

8.5 Different Strategies to get water to and from the fields

Farmers do their best to cope with water distrdoytisedimentation and management changes.
Generally if farmers refrain from practising thesmping mechanisms their crops will die. Hence,
these strategies represent farmers’ efforts toreetheir livelihoods. The following list presents
farmers’ strategies in Tuweir minor canal; mosth@@m are not new but rather represent their long
time strategies.
% Construction of Nakoosi (illegal material ways od@ing water from a minor or Abu XX)
% Increasing the number of Abu VI
% Change in methods of irrigation and use of othené&’s Abu VI
+« Building Sudd-muds (small dams) across the minaor Abu XX sections to push up water
levels so as to squeeze more water to one’s hawasha
+ Breaking the NSWs and FOPs, closing these gatag gacks and Night irrigation
% Pumping
++ Crop Choice and Planting Date Differences
% Abu XX Clearance
« Transferring farm work to others: sharecroppenstenes, labourers
% Seeking another job in town rather than agriculture
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8.6 The influence of coping strategies on siltation and water distribution
changes at Abu Ishreen and minor level

Though these coping strategies have highlighteades’ efforts to protect themselves against the
negative impacts of siltation and water distribntemd management changes, they also directly or
indirectly influence the way the system works anthstimes puts farmers against each other. The
farmers’ strategies impacts can be categorisedetdollowing main points.

Individual versus collective effects

In Tuweir minor, almost all of the farmers’ strateg reflect individual farmers’ interest and
actions. According to Wade (1988) farmers only utad@ collective action at certain intensities of
water scarcity, whereby extreme scarcity on thelarel and abundance of water on the other hand
do not incentivize farmers to undertake collectagtion. In the case of Tuweir minor collective
action is only significant at the middle of the aarSimilarly though the unity between farmers at
the middle of the Tuweir minor is not clear for ntleere is no farmers’ unity at the two extreme
ends (upstream and downstream) of the minor. Attaileend farmers did not have cooperation
because there is no chance that such cooperatibrresult in more water (since the water
availability in the downstream reach is not promggi On the other hand their collective actions
would at most result in marginal corrections onirthater situation. To the contrary, at the head
end farmers have no unity because the water suppiglatively good, each farmer can irrigate
within some time difference. Each individual farfseaction produces negative impacts on all
farmers at the downstream end of such action anterigation system.

Geographical differentiation (upstream, middle adwlvnstream)
Strategies like constructing nakoosi, building saadds, or closing the NSWs and clearances of
the Abu XX carry head-tail dimensions. These ddfgrdimensions result in:
+« Inequity in water distribution between farmers,csirthe benefit might be only for a few or
one individual farmer;
¢ Conflict between upstream-downstream farmers dt kael;
+ Additional workload to those farmers at the dowestn end: some farmers leave the built
sudd-mud, or the closed NSWs, or open nakoosi FEGRtSis after finishing their irrigation.
So the downstream farmers need to check where tbblem is and remove it by
themselves, which gives them extra work;
< It affects the minor system as a whole; espectalynakoosi from the minor section which
was built beyond the designed capacity of the mindvich results in canal damage. The
NSWs breakages and disappeared FOPs have broughtiviee impacts on the whole
system performance.

Socioeconomic differentiations in strategies (Wealtd poor)

The socio-economic differentiation of the strategieeates water distribution differences between
farmers. For example, in case of low water supply{fuweir minor, rich farmers can buy a pump
which helps to irrigate their crops directly frohetother minor or major. But poor farmers cannot
afford it; they have to wait for the remaining wateom their minor. Again rich farmers usually
have their own farm, while poor farmers are shanggers, renters or labourers.

The farmers’ strategies have also impacts onisittaThe impacts can be seen in two ways. On one
hand the strategies affect the silt distributionoagn FOPs and Abu VI. For example, when one
makes a sudd-mud across the minor canal or Abu b@&fels, the probability of high silt entrance
into that opened upstream FOPs or Abu VI course®rbe high. Because purposely sudd-mud
increases water level to those upstream parts eofstldd-mud, then the increased discharge can
wash much silt into its way. In addition, the camcef different farmers on de-silting is different
because of their particular coping strategies. &@mple those farmers who have a pump, could
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not have as much as concern for maintaining tteiakcon time as other farmers, because, they can
access water using the pump directly from the mi@or the other hand, as proved in the Tuweir
minor, the downstream farmers have more concerrcdoal maintenance than upstream users, to
the extent they would like to cover the fuel costhe excavator machine (see chapter 3). So these
situations can affect sedimentation negatively a as positively (downstream farmers motivation
on de-silting the minor can be seen as positivgdradlic property relation is also another factor
that affects maintenance situation in the Tuweinani a nakoosi number having been constructed
in Tuweir minor can be concrete examples. Sinceotiggnal tenant was requesting permission for
the nakoosi presently his son is being involvedsmaintenance (footing the bill, supplying labour
and replacing the FOP gate) is very instructivettier scheme, it shows how maintenance levels in
the scheme could be improved by hydraulic relabigns

8.7 Influence of water distribution and sedimentation on crop choice and
yields

As already stated above in the Tuweir minor, ttegsewater distribution and siltation problems. On
the other hand obviously different crops have déife water demands. Their resistance to water
shortage is also different. Vegetables and cotteednmore irrigation water than groundnuts or
sorghum. Cotton is the most valuable cash crofphénarea, but sorghum is not a cash crop (it is
cultivated mostly for home consumption). Howevdre fTuweir minor farmers prefer to grow
sorghum rather than vegetables or cotton. The yuéldorghum and other crops have been
decreasing from year to year. This is because therndistribution and siltation problem in the
minor is also increasing.

Therefore as the above points confirmed, farmevacathe Tuweir minor of the Gezira Scheme
have been practicing different O&M strategies. kxtléhese strategies are related to, and shaped by,
the increased sedimentation rates and managemé&nd)(Ghanges in the Scheme. It can be seen
that, because of increasing rate of sedimentatimh water distribution changes, the scheme
management has been incapable to address all tkesagy O&M needs in the Scheme. Hence, the
Scheme suffers from a low O&M performance. Themfan option was made by the Sudan
Government on management changes throughout themsch{virtuous cycle). However, the
changes have not made improvement on the O&M siuat the Scheme (vicious cycle). While at
the same time, these changes impacted on the erfgripance in the scheme as stated in chapter
6. So, farmers could not see their crops to dialligtthey are using their effort to cope with the
changes. For instance, farmers divert water fromvdtream Abu XX (nakoosi) to irrigate their
higher levelled part at a tail of their hawasha tlusediment load. Also, the strategy leaving the
village to town or city to find a job option is atéd to the changes.

This research found out that, the practical iriyatife of farmers in Tuweir minor, i.e. farmerayd

to day struggle to keep their livelihood against #xisting problems in the scheme. It is also
realised that farmers might not express their agpunorally (directly), but they can express

practically. For instance, at least in Tuweir miftowas evident that some farmers participated in
WUASs election. But those who participated have imgplemented the WUAs concept. So, this
depicts that farmers do not hesitate to do what bedieve in or not to do what they do not trust in

The situation of cotton farming and using credé also related to this reality. As the WUAs head
in Tuweir minor explained, there is credit serviheough WUAs to farmers but farmers have not
borrowed yet. Because they do not have trust hay Would turn the money back. The same is
true for cotton growing, indeed the input demandaiton is high but why most rich farmers could
not grow it is still questionable. Indeed the degoé farmers’ persistence might differ from farmers
to farmers. Therefore, management bodies (decisiakers) need to think in depth how they can
make a decision that farmers understand and tnu$dtherwise whatever improved technology is
introduced to farmers, they might not accept it.
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However, further research is needed on the follgwapics:

 How do farmers strategies affect siltation, onlynsopoints are highlighted, so it needs
further study

* How can farmers’ strategies be improved/avoidedfuited to avoid its negative impacts
and to keep the positive one on the irrigationesyst

* What are the real missions of the Private (secucitynpanies in the Scheme, what are their
impacts on the Scheme

* What are the impacts of the changes in the schesne 2010 on irrigation management

* What effects that have occurred in the Schemebeaascribed to the management changes
that took place in 2010

* What are the past water management facts in thensel{in more detail than World Bank
and Eldaw’s reports)

» Sedimentation rate within the Scheme rather tharBtbe Nile

Generally the following figures show the interantaf each factor in Tuweir minor.
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Figure 8.1: O&M determine crop choice
N.B. Figure 8.1 (a) is the virtuous cycle whiclintended O&M success in the Scheme through the&@aet, 2005. It
shows that with farmers freedom of crop choicefdioeralization), and good market, farmers coutdw high
profitable crops. The crops could also be performetdl since the established WUAs can manage thieomn good
way. They can request to the Scheme managemeesti{®iDIWR and SGB) for O&M, and private maintenanased
on their demand. Then farmers can also cover B&M charges fully. Hence there can be highly parfed O&M
activities in the scheme. However, as Figure (B)witious cycle indicates the Scheme has entediffieaent cycle
from was thought by the Act. Rather the siltatiod avater distribution changes are determining farsnghat they can
grow, it is aggravated since there is no working I@&ules. Therefore, farmers are manipulating thaivn strategies
to keep their crops from dying. Since the cropdifability is low and they are not motivated by ttteange they could
not cover O&M costs.

8.8 Recommendations

As mentioned already, at the time of 2005 Gezirai&c when IMT era began, it was intended that

the crop liberalization and market would improvel @etermine O&M performances of the scheme,

as well as farmers’ livelihood. However, what happened in the scheme is the performance of
O&M are the most important factors which has beetemnining what farmers can do to keep their

livelihood. Therefore, this session pops up witmeasuggestions which help to change the vicious
cycle that the Gezira scheme has faced into aougwycle.
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The existing water distribution should be imprové&dis can be achieved if hydraulic property is
created by each farmer. However, since the perfocmadf the irrigation infrastructures in the
scheme has been deteriorated; first the Sudan Gmesrt should rehabilitate the infrastructure
based on research with farmers’ full participatidmis includes replacement of old and non-
functional irrigation structures (gates, weirs, BQBanal cross-section), maintenance of broken
structures; removing the piles of sediments actr@al banks and maintenance of roads, and where
necessary construction of new roads.

The rehabilitation can be done by both MOI and ggBvcompanies. The MOI primarily lead the

work, and the private companies which are famousaimal maintenance, structure installation can
be hired to facilitate the work. Before starting tiehabilitation, surveys of the irrigation systand

if necessary researches by MOI; consultancy or rexpee sharing from known successful

countries is important. The government may get $unoim like the World Bank or other supportive

funders may be also some local private companiagicipating farmers to contribute for the

rehabilitation cost would be also important to tedaydraulic property.

Regarding maintenance: farmers can find a maintmnaompany by themselves, and farmers can
deal the cost with the companies. But the governrsieould control the quality of the companies to
keep the quality of the work; the amount of siltiadegemoved should be first measured by whoever
is going to maintain the canal. Those who do noteha good track record in irrigation
infrastructure maintenance; they should be comtdofiom being a contractor in the scheme by the
government.

To control, the sediment entrance to each minomlcasontrolling the amount of discharge to
release to each minor during the peak sedimentat@riod of August should be reduced. One
solution can be specially adjusting the plantingedaf many crops to minimum of water need
during this month.

Critical review of some core assumptions of the @®ZXcheme management

It may be questioned whether all the Gezira scheensonnel and management bodies aware about
the theoretical story of the scheme with its currelity? For example, the huge amount of Abu
VI, reported from the last decade which still stttat the design field layout of 9 Abu VI rather
than the present 45 Abu VI. Second, is it likelgttthe maximum discharge, the canal capacity to
carry it, the designed cross section etc. havesdtdlye same with the huge amounts of sediment
load story in the scheme at present?

In addition, the results of the 1988-1989 silt mdny HRS with collaboration of Wallingford are
outdated. But still the silt entering proportiondifferent levels of the irrigation system is reéat

to, though obviously the sediment entering rate ithie irrigation network can be influenced by
water discharge and operation of the specific ¢aitak of sampling. The proportions of the silt
entering into each ‘reach’ of a canal is obviousalyo affected by the discharge situation of the
levels, if there is always maximum discharge atlitbad then the amount of silt settling in it will
decrease, if minimum discharge is recorded thersewill occur. For example we thought 33% of
the sediment load entering into Sennar will setilehe minors but when the minor canals are
excavated randomly, there is a disturbance in th&ribution. As a result high sediment
concentration can enter and increase the reporgabpion into the field. So that the sediment
proportion entering into each level shall be repain different situations and conditions, it canno
be just one single figure.
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Furthermore, the amounts of silt that are expetdduk settled at each level in the scheme, depends
not only on the specific area situation from theoming sediment, from the upper catchment area
of the Blue Nile. Because it is known that thereaiso canal bank erosion in the scheme, and
excavation disturbances, throughout the growing@easpecially since recent years.

| observed that, at the minor canal sometimes themflow is high, creating a kind of turbulent
flow, but sometimes there is totally zero flow. Bas difficult to take representative sediment
samples in the canal unless one can measure ttigadie at that time and derive an equation of
discharge vs. sediment vs. time vs. point of samgpli
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Annex

Round trip water distribution observations Samples

Abu xx flow Estimation
1. High (H) =80-120 L/s
2. Medium(M) =40-80L/s
3. Low(L)= 10-40L/s
4. Zero(0)=0-10L/s
5. Dry (D)
Correction of errors=plus or minus 30%

-— = - -— e = -

on September 25-2010

Legend

- =Minor off take

=Night storage weirs(NSWs)
® —Field outlet Pipes(FOPs)
<~ > = Round trip/walking rout
mg = fallowed lands
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