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Abstract —The aim of the paper was to assess the water management practices on smallholder surface irrigation schemes (A case study
of Insukamini irrigation scheme). A case study type of design in which phenomenology will be at the center stage was adopted.
Positivism was used as a complementary approach to make the study adopt triangulation. Results indicated that the irrigation
scheduling was not according to the recommended or designed. There was a significant difference in the yield of plots with drains and
plots without drains. A few farmers had drains on their plots and a larger number of farmers had not installed drains on their plots.
Furthermore, most farmers had a portion of their plots that was water logged and a few plots had no signs of water logging. The paper
recommends that water management practices on smallholder irrigation schemes that use surface irrigation must be improved so that
sustainable yields can be attained and productive land may not be lost due to water logging. Regulation of irrigation scheduling to avoid
either over watering or under watering is essential. Installation and maintaining an adequate surface drainage system is critical.
Irrigation schemes should strive for improved planning, operation and sustainable; and integrated water resources management. It is
also imperative to improve farmers’ knowledge of water management. There is indeed a need in developing countries for capacity
building in drainage in all its aspects: design, construction, integration with water management, the environment and health.
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|.INTRODUCTION AND BACKGROUND

This study aimed to assess the effects of water
management practices on smallholder surface irrigation
schemes. Irrigated agriculture accounts for two-thirds of the
water withdrawn from the earth’s rivers, lakes, and aquifers
and produces approximately 40% of total food production
[4]. Demand for water to satisfy the needs of industry and a
population is increasing. On a global scale, agriculture will
be obliged to give up water for higher-value uses in cities
and industries. Water to satisfy agriculture demands can be
found by irrigated agriculture becoming more efficient,
therefore water management practices should be properly
planned. The challenge is to sustain irrigated food
production with less water.

Water management is the activity of planning,
developing, distributing and managing the optimum use of
water [7]. Water resource management planning has regard
to all the competing demands for water and seeks to allocate
water on an equitable basis to satisfy all uses and demands.
Using an integrated approach method to water resources
planning, a framework is offered for formulating strategies
to ensure adequate water supply. Grafton and Hussey
highlighted that Integrated Water Resource (IWR) planning
is elaborated covering policy issues, cost-benefit analyses
and environmental issues. Water management practices
determine the vyields and environmental effects such as
water logging and salinity issues.

Effect of water management practices on yields and
income of a small holder irrigation scheme need
clarification. Water management practices deserve more
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recognition than it has received. Water-use efficie in
smallholder irrigation schemes is in the range 36%0%,
leaving substantial room for improvement [2]. Adgation
development is crucial to ensuring food securitypath the
short and long terms, and small-scale irrigatecdpction
will have to supply an increased amount of foodhwéss
water in the future.

Insukamini irrigation scheme was first establisbgdhe
Government of Zimbabwe in 1988 benefiting forty efiv
families each with 0.25ha of land. Insukamini daas ta
capacity of 38x106 cubic meters and has an irogatvater
allocation of 600 megalitres per year. The avadawhter
can support the development of 50 hactares undgation
at an allocation of 12 megalitres per hectare par.yThe
area is generally flat with a slope of approximat2l5%
making it ideal for any type of irrigation systeirhe soils
are clay loam soils, moderately deep with inhersoi
fertility. The scheme draws water from Insukamiandand
uses the canal system. It is communally owned and i
located in region three of the Midlands provinceowthb
twenty five kilometres from the city of Gweru, inet Lower
Gweru area. Insukamini irrigation lies within twoards
which are eight and sixteen of Vungu District. The
surrounding area is dry but the irrigation schema green
oasis of life visible for miles.

The Insukamini irrigation scheme have problems of
water logging, water shortages, salinity, lossaofd due to
water weeds and decrease in yields in some pldiss T
paper assesses the effect of water managemenicpsaon
productivity on smallholder irrigation schemes with
Insukamini scheme as a case study. The community of
Vungu District will benefit immensely from the ptise
adoption of recommendations from this paper.
recommendations might ultimately result in propeatev
management resulting in overall improvement indgeand
ultimately incomes of beneficiaries of the Insukami
Irrigation Scheme. The study may provoke further
researches that will enhance the yields of thegatidn
scheme. The overall objective of this study thumiassess
the effect of water management practices on smidkino
surface irrigation schemes.

The

Il. LITERATURE REVIEW

Better water supply, sustainability of the wateurse,
improved crop yields, efficient water uses whickilfeate
equitable distribution of water, lower water chargsaving
in time and energy, reuse and safe disposal ofrveaie the
reduction of pollution to the environment which all

contribute to an improved quality of life for tharal and
peri-urban communities [5]. They must be equitahfel
sustainable utilization of water for social, envingental
justice, and economic benefit for present and #&utur
generations.

To improve water management people have to improve
the conveyance efficiency, field canal efficiendield
application efficiency, distribution system effiogy and
farm irrigation efficiency. Surface irrigation sehes are
designed and operated to satisfy the irrigation ewat
requirements of each field while controlling deep
percolation, runoff, evaporation and operationgk&s. The
performance of the system is determined by theieffcy
with which water is conveyed to the scheme fromtbed
works, distributed within the scheme and appliedthe
field, and by the adequacy and uniformity of apgtiien in
each field [3].

Some authors have questioned the economic vialiity
smallholder irrigation schemes in Zimbabwe. Theinfeul
out that certain smallholder schemes have failed are
under-utilized. This was attributed to poor water
management practices, lack of inputs and irrigation
experience by farmers [9]. In the same report Mugsev
advocated for the reduction of subsidies on smkl#ro
irrigation and indicated that irrigation developrhemad
become expensive.

However, effectiveness of smallholder irrigation
agriculture as a poverty alleviating strategy hasgl been
recognized by many developing countries. The more
farmers produce with the same amount of waterlebe the
need for infrastructure development, the less
competition for water, the greater the local foedwsity and
the more water for agriculture, household and itrthlauses
and the more that remains in nature. To achievesmmp
per drop, either production must be increased, ikgepater
constant or the same amount of production must be
maintained while using less water [8].

the

Irrigation engineers have traditionally dependedniya
on engineering measures to meet water saving targee
future will require modernization of irrigation amlainage,
which means not only modernizing the infrastructuyat
includes improving the water management practidethe
scheme [1]. Water is seen as a strategic inputoid f
security policy and in poverty reduction strategi&ter is
also seen as a key environmental resource. In iaddit
water is an input to other sectors and has to beaged
within an integrated framework, especially whereist
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scarce. Increased water scarcity has shifted tbesférom
exploitation of water resources and building infirasture to
improvement of water use efficiency [11].

Planning, consultation between the public and the
ministries involving appropriate legislation andnfling
agreements are essential if irrigation projects tarebe
economically efficient and socially and environnadiyt
acceptable. If every party concerned is involveahfrthe
planning to the implementation phase everyone would
benefit even through spinoff effects [10].

I1l. METHODOLOGY

Phenomenology and positivism were wused as
complementary approaches to make the study adopt
triangulation. In  easiness the two approaches
(phenomenology normally known as qualitative; and
positivism, also known as quantitative approachl e
used. This is the Quan-Qual model, a model in whieh
researcher uses two or more methods in an attempt t
confirm and corroborate findings within a singledst [6].
CROPWAT is a decision support system developedhby t
Land and Water Development Division of FAO for piamg

and management of irrigation. CROPWAT is meant as a
practical tool to carry out standard calculatiomsreference
evapotranspiration, crop water requirements andp cro
irrigation requirements, and more specifically ttiesign
and management of irrigation schemes and will teel der
data analysis.

A population is all possible observations of thedam
variable understudy [12]. In this case it refersatb 121
farmers at Insukamini irrigation scheme. Stratifratidom
sampling was used to identify the primary partioiga A
sample of 30 individuals was drawn from the popaoiat
under study through a stratified random samplichréue.
Stratification was based on proper book-keeping aoiw-
book-keeping of beneficiaries as well as diarizatiof
events. From the strata a random sample was draws &
obtain responses from which judgments could be draw

IV. RESULTSAND DISCUSSION

The table below shows the crop water requirements a
evapotranspiration for each month from the CROPWAT
model.

TABLE 1: CROPWATERREQUIREMENTS

Jan Feb Mar | Apr May [June |Jul [Aug |Sep | Oct Nov Dec Tl
ETo mm/day 4.1 3.9 4 3.6 31 | 27 28| 3.6 46| 5.2 4.4 4 46
Effective rainfall |130.6 | 118.1 | 83.3 | 426 | 121 6.9 1.0 3.0 9.8 36.6 2093|1349 | 672.7
mm/month
ET crop mm/month
Grain Maize 137.2| 100.4| 84.1 38.2 75.1 12361.7
Groundnuts 91.3 | 103.3] 1154 71.4 232 644 9.046
Tomatoes 102.5| 112.8 1281 1001 7.3 620 .2518
Dry Beans 88.8 | 109.5| 118.9 60.8 32.8 410.8
Green Mealies 83.1( 129.9 173fr 1372 523.9
Onion 60.3 | 79.0 | 98.3| 118.9 125.p 482|1
Cabbage 17.8| 446| 81.3 1239 1371 4.4 400.1
Wheat 20.5| 61.0 | 98.3 1229 120 20.1 443.3
Source: Author computations
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The table above shows the brief irrigation desmrtlie Insukamini irrigation scheme.

TABLEZ2: BRIEF DESIGNREPORT

Item Design Maturity Symbol Value

1 Soil Type S Sandy loam
2 Available Moisture Content AWC 120mm/m
3 Allowable Moisture Depletion MAD 48%

4 Design Crop Mz Maize

5 Root Zone Depth RzD 0.75m

6 Field Application Efficiency E 60%

7 Field Canal Efficiency S 92%

8 Water Conveyance Efficiency E 92%

9 Farm Irrigation Efficiency (EbxEa) {E 55%

10 Distribution System Efficiency (EcxEb) J«E 86%

11 Overall Irrigation Efficiency (EcxEbxEa) oE 50%

12 Peak Crop Water Use ET 7.5

13 Net Depth of Irrigation [: 45mm

14 Irrigation Frequency IF 7 days
15 Gross Depth of Irrigation dRss 90mm

16 Irrigation Cycle IC 6days

17 Total Area At 36.5Ha

18 Area to be irrigated per day A 6.08Ha
19 Volume of water to be abstracted per day \% 547m
20 Irrigation time per day IT 10hrs

21 System Capacity Q 547.2ni/hr

TABLE3: PEAK NETIRRIGATIONREQUIREMENTSFOR DIFFERENTCROPS

Crop mm/month mm/day
Grain maize 138 4.7
Green maize 225 7.5
Groundnuts 125 4.2
Beans 143 4.8
Wheat 174 5.8
Onion 163 5.4
Tomatoes 122 4.3
Cabbage 122 4.3
In the design of the irrigation scheme the peakewat an irrigation frequency of 7days. Net depth ofgation is

requirement of green maize (7.5mm/day) has beed.use 45mm and an irrigation efficiency of 55%.
This ensures that the irrigation schedule catersloother
crops since maize have the highest water requireWéh
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TABLE4: IRRIGATIONSCHEDULING PRACTICEDAT INSUKAMINIIRRIGATIONSCHEME

Butternut
furrow.

Twice a week in the early stages, Oncengexk in the late stages, (0,25ha/45min) 2 sipipang

Sugar beans
furrow.

Twice a week in the early stages, Percereek in the late stages, (0,25ha/45min) 2 sipiper

Cabbage Twice a week , (0,25ha/45min) 2 siphonfuperw

Peas Once a week in the early stages, Twice pé¢ iwake late stages
(0,25ha/45min) 2 siphons per furrow

King onions Once per week, (0,25ha/45min) 2 siphons per furrow

Maize Once in a week (0.25ha/45min)

MeanET, = 3,83mm/day from the cropwat

Irrigation frequency =7days.

50mm siphon size is used.

therefore

From designed 6ha is hour

0.608ha=1hr
0,456har.
0,456x10000/F4560n%
410,4nd per%hr.

O -0.0912MDgross

4560m2

91.2mm=Dgy 45

irrigated per

ET, =ET, xK,
45mm :7days
ETc

45mm+ ET, xK.) =7days=45mm-=+ (3.83.) =7

ThereforeK.=1.68

Dpet =Dgross XEfficiency
Dpet=91.2mmx0.55=50.16mm
50.16mm — 45mm=5.16mm
0.00516mx 10000fw51.6n?

The irrigation scheduling is not according to the
recommended or designed. In the design of theatidg
Dnet=45mm and Dnet for the practised irrigationesithing
is 50.16mm.Therefore the farmers are over irrigpthy
5.16mm.

The challenge was that the scheme had no water
management committee (IMC) and irrigation manageémen
supervisors for a very long time to help monitaigation
scheduling. The farmers used to over irrigate beedhey
was no supervision. Farmers used to have disputes
water allocation and siphons. In 2012 that is wpewper
water allocation, irrigation scheduling and irrigat
practices in line with design recommendations haénb
adhered to because of the Water Management Coremitte
and Water Management Supervisors who thoroughly
monitored the irrigation schedule and water allorat
according to blocks.

Covering of infield drains by mealies stalks clgarl
shows that farmers do not really know the importané
drainage systems and some farmers are ignorantt Poo
maintenance of these drains is caused by poor rearedy.

The figure below shows the extent to which farmers
have drains in their plots.

90 % of farmers did not have drains on their pkntsl
10% of farmers had drains on their plots. A fewnfars
have drains on their plots and a larger humberaahérs
have not installed drains on their plots. Wherdndige has
been maintained yields have been increasing. Tlgre
reduced water logging. With drainage, there is anck
possibly that yields are maintained and improvegjdly at
first, then more slowly until the system reachewasistent,
sustainable level.
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93% of farmers had plots affected by water loggang have no signs of water logging at the moment. This be
only 7% were not affected. This indicates that nfashers attributed to poor water management system duado of
had a portion of their plots water logged and a fdats proper drainage system.

Figure 1: Drains Covered With Meaie Stalks

Farmers with
drains
10%

r

Figure 2: Presence Of Agricultural Drains In FarmePlots

Figure 3: Water Logging In Plots
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Pictures below show some of the waterlogged areas.

Figure 4: Waterlogged Areas

V. CONCLUSIONAND RECOMMENDATIONS

The paper concludes that Insukamini irrigation sohe
has poor water management practices. The irrigation
scheduling was not according to the recommended or
designed. Drains were covered by mealies stalksvisigo
that farmers do not really know the importance i@&inage
systems on smallholder irrigation schemes thatsustace
irrigation. Most farmers did not have drains onirthsots
and most plots were affected by water logging. Fitben
statistical analysis of the data from Insukamimigation
scheme results indicated that often importance of
installation of land drains is neglected in achigyi
sustainable yields and preventing loss of prodectand
due to water logging and salinity.

The significant importance of proper water managgme

practices can be more pronounced and realizedeirotig

run. Investments in the installation of water masmagnt
facilities in irrigation schemes take time to yieldsults.
This suggests that irrigation can be sustainabladppting
proper water management strategies and productive
agricultural land will not be lost as a result oditer logging

and salinity. Agriculture in irrigation schemes tthase
surface irrigation must pay more attention to water
management practices, because this is important for
agricultural sustainability.

Governments and NGOs must be informed about the
contribution proper water management makes to
sustainability, in order to mobilize investments frroper

water management facilities in agricultural are@serall
planning, designing, construction, sustainable afj@n and
maintenance, management of irrigation schemegatian
research, and provision of irrigation engineeriagyisory
and regulatory services to irrigation clientele foability
and sustainability of irrigation schemes must bhieed.
The threat of water logging and salinization hamoyer
nearly every irrigation scheme: apparently excellen
irrigation schemes have failed because of lack roper
water management strategies. There are presseds rier
more investment for proper water management systems
maintain current production levels in existing aghiural
systems around the world and to drain degraded and
abandoned agricultural land.

Regulation of irrigation scheduling to avoid over
watering and under watering is also critical. Iiateon and
maintaining an adequate surface drainage systeruding
installing a subsurface drainage system where thedn
arises. Using proper irrigation schedules with leaching
requirements incorporated is important. Adjustimgpping
patterns through the cultivation of crops with &
tolerance and avoiding mono cropping. Incorporatiog
ameliorates, such as incorporating gypsum in itioga
water to reduce sodium content of soils

Land levelling reduces water logging and as well as
salinity. Strive for improved planning, operation and
sustainable and integrated water resources manageme
Improve farmers’ knowledge of water and salt managyd.
Address the essential needs relating to water neaneqt;
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training and improvement of WMC and IMC staff. Taés

a need in developing countries for capacity buddim
drainage in all its aspects: design, constructiO&M,
integration with water management, the environmemd
health. It is important to give authorities suffiot means
and executive power to promote installation of wage
systems. They should be aware of the various water
management solutions available for specific prolslem
Farmer beneficiaries need to be made aware of what
drainage can contribute to their well-being.
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