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DESIGN OF IRRIGATION SCHEME FOR 
AN IMPROVED FODDER CROP PRODUCTION 
AS FOOD FOR RANCH CATTLE

The object of this research is Cattle Ranches. Cattle Ranches is the practice of raising herds of cattle on large 
landscape including the structures and crops of legumes, grasses or forages, devoted to the raising, and grazing of 
the herds. Organized animal productions have been successfully practiced for decades in developed countries, but 
have been of minor Agricultural consideration in arid regions and Sub-Saharan Africa. Most African herders relied 
on natural pasture in the tropics which are either forested with high incidences of disease and parasites detrimental 
to profitable animal production, or dry zone which calls for tremendous physical exertion on the animal in order to 
obtain feed and water. Feed shortage and low quality of available feeds are constraints for livestock production 
and has been a major constraint for animal production during dry periods. Therefore, farmers use different coping 
mechanisms ranging from purchasing of feeds from the market and destocking unproductive animals as drastic 
measures. The negative trend results into many pastoralists resorting to grazing in crops farm lands. The pressure 
from increasing population and diminishing availability of land for pastoral range practice causes farmers- herders’ 
clashes which results into loss of lives. Rise in the toll of farmers-herdsmen crisis and clashes across many African 
countries in recent years, became worst. This brings to fore, the need to set up Cattle Ranches as an alternative 
to nomadic agriculture. The viability of setting up ranches for Cattles using improved irrigation systems to make 
up for the dry zone/season condition is practicable and profitable as practiced in developed countries. Ranches 
provide feed from grown forage legumes and fodder trees species through irrigation, combined with appropriate 
postharvest handling practices. Feeds availability mitigate the constraints of food scarcity and improves livestock 
productivity. The study consisted of outlining design procedure for the establishment of an irrigation scheme for 
an improved fodder crop production as food for ranch cattle.
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1.  Introduction

Livestock Agricultural systems have the ability to utilize 
pasture to produce saleable meat and milk. In Arid Regions, 
poor, extensive pastures are used or animal production and 
nomadic system enable animal to be grazed over a wide 
area to use the scarce resource available [1]. Production is 
limited as there is no supplementary feeding unless given 
on an opportunity basis. Calves or lambs are grazed along 
with their goats and ewes, and these results in poor growth 
mates and usually takes two to four years before animals 
could be marketed or else very low care case weight. The 
ranged land is over stocked in some areas where demand for 
food is increasing and output of tradition system is low [2].

The major livestock producing areas, the Sudan-Sa-
herian region of Africa have a long severe dry season of 
approximately 8 months duration and a short-wet season 
of about 4 months. Rainfall, the significant climatological 
parameter, directly affects the productivity of livestock. 
During the dry season, loss of weight following the dry 
condition which the ruminant animals, especially cattle, 

graze on the natural grassland, is a major constraint to 
efficient livestock production during this period, annual 
grasses which constitute the main pasture becomes de-
hydrated, bleached and wilted, as a result of shortage of 
rainfall. This is an indication of serious losses of nutrient 
vital to animal growth and production [3].

But Cattle grazing on the proposed designed fodder 
crops and having enough drinking water have attained live 
weight gains up to 150 kg per year/animal without nominal 
supplements and up to 200 kg per year/animal with mineral 
supplementation of the animal compared to 50 kg/year/herd 
on the native pasture [4]. Higher stocking rate on stylo 
pasture [5], could lead to four to six-fold increase in animal 
production per hectare over that from native pasture [6]. 
This increase alone may surely offset the cost of integrat-
ing any brand of irrigation system into the farm project.

In region of dry Savannah in Africa, large cattle herd 
are kept under Settled system of alternating farming. This is 
usually due to population density, the shrinking of available  
land resources and the emergence of a market. The alter-
native of land cultivation and grazing is also typical of cattle  
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production in Ethiopia, Tanzania and Burundi. In Indone-
sia, the alternating system is employed for the cultivation 
and with cattle using plantations at night [1].

Irrigation of Fodder in Ranches. The slow performance 
of livestock sub-sector in most African countries, especially 
Nigeria is attributed to nomadic use of outdated pastoral tech-
nology and unscientific use of rangeland. Modern ranching is, 
thus, an improvement over traditional livestock management. 
The introduction of commercial Cattle ranching in Nigeria 
is with the aim to boost the supply of milk, meat, butter, 
and hides not just in the country but to Europe and Anglo-
phone countries of West Africa. Ranching is geared towards 
transforming the social and economic life of the nomadic. 
An evaluation of the livestock sector shows that in spite of 
government policies and incentives, ranching schemes are still 
insignificant in Nigeria. The restriction of the movement of 
livestock is seen by the nomadic as a sequential destruction 
of vegetal resources and an invitation to livestock diseases.

Establishing irrigated ranches to develop fodder for 
pastoralists require skills and has a lot of advantages in 
animal businesses. Forage crops offer an excellent solution 
to filling the forage gap in the months when grass growth 
slows down [7]. They integrate well with grassland and 
livestock, aiding in controlling a surplus and offering a high 
yielding, quality feeds. In addition to these advantages, 
there is also a benefit for the land in that forage crops 
are an excellent break crop for grassland renewal. The 
forage crops can be grazed in situ, meaning there are also 
benefits to the ground in terms of increased organic matter  
and return of the grazed nutrients to the soil [7].

There are numerous forage crops available [8], each crop 
has its own strengths and weaknesses, and these should be 
compared to one’s own situation and requirements. When 
working out which crop to grow, consideration should be 
given to the length of time it takes to grow before it can be 
eaten (utilized) by livestock, season, what class of livestock 
will be eating the crop, if the plan is to feed in situ in the 
field or to lift the crop, etc. Irrigation has the potential to 
improve productivity and provide some risk mitigation in 
pastoral farming, most especially in the following areas [9]:

– Feeds availability: Irrigation enables the production 
of fodder that can be used as pastoral feeds for feed-
ing stock and maintain stock in their existing condi-
tions [10]. Self-supply of this fodder avoids the purchase 
of fodder from elsewhere.
– Weight gain strategies: Using irrigation to produce 
good quality pasture and fodder enables pastoralists 
to turn off cattle at a higher live weight to achieve 
greater price per kilogram and price per head in the 
market. The flexibility of being able to feed cattle to  
a market requirements and at specific times could cre-
ate an opportunity to maximize profits [11].
– Improving condition of breeding stock: Quality pastures 
also provide the opportunity to improve the condition 
of the breeding herd. Firstly, heifers weight can be 
grown to be suitable for mating, thereby accelerating 
the breeding process. Secondly pastures can be used to 
improve the condition of cows that are to be mated.  
Improved cow condition and conception rates will drive 
overall herd fertility [9, 12].
– Better control over genetic improvement: Confining 
a selection of the breeding herd to irrigated pastures 
provides an opportunity to command greater control 
over genetic improvement. Introducing new genetics  

to animals in improved physical condition and in a con-
trolled environment increases the likelihood of success 
in introducing improved traits.
– Capital costs: The capital costs of developing an irri-
gation project are significant, particularly in the area of 
services required for the development of water resources, 
land clearing and site works. Area/geographic location, 
resource availability and equipment also considerably 
influence the viability of the development. The develop-
ment costs estimate for project of these magnitude are 
often considered in monetary cost per hectare (Cost/ha), 
using the following areas: Land and water development, 
Irrigation equipment, Plant and machinery, Livestock 
yards and grazing management [9].
– Land and water resource development: Development 
of the water source infrastructure is usually the most 
expensive component of an irrigation development. These 
costs include site selection, consultants, production and 
monitoring bores, pipelines, clearing, fencing, roads and 
site accommodation. Land development costs can be mini-
mized by good site selection and ensuring suitable soils 
are close to the water resource. The nature of the water 
resource and how it is developed will impact on capi-
tal development and long-term operating costs [9, 13].
– Irrigation equipment: Irrigation water resources are 
most suitable determining factor for the kind of Irriga-
tion equipment to be used. Sprinkler irrigation systems 
is one of the best and is suitable for better management 
of water resources and grazing ranges [10], as water 
has to be pumped to the irrigation site. Centre pivot 
irrigators are also recommended because it can travel 
over undulating terrain and don’t require expensive soil 
levelling that flood irrigation would require. On sandy 
loam to clay loam soils, centre pivot irrigation is an 
efficient means of irrigating field crops and pasture [9].
– Plant and machinery: A suite of cropping and hay-
making machinery would be selected and utilized across 
the farm hectare (ha) development (per ha harvested 
fodder crops + ha stand and graze). This would include 
a tractor, cultivator, harrow, seeder, fertilizer spreader, 
mower, boom spray, hay rake, baler, bale wrapper, tele-
handler and shed [14]. All equipment would need to be 
in good condition as service support may not always 
be readily available when needed.
– Livestock management: Livestock handling yards, feed-
ing facility, cell grazing fencing for the stand and graze 
pivot areas and perimeter fencing is required [4].
– Opportunity and Variable costs: Pastoralists consider-
ing irrigated fodder production should consider the op-
portunity costs involved. These include the use of the 
water for extending water points and associated fencing 
for better pasture utilization, and growing other crops. 
Alternative strategies could also be considered to pre-
serve breeding herds and genetic improvement/agistment.
The variable cost is considered under operating fodder 

production irrigation area per hectare per annum, fodder 
annual production and weight gain in young cattle at a feed 
conversion ratio of 8:1 [9]. Variable cost components are 
calculated on the basis of a pressurized water supply, cost 
of solar/diesel generator energy to drive the irrigation 
equipment and power the machinery shed, and accommo-
dation camp. If irrigation water has to be pumped, using 
diesel generators, the total cost (diesel, depreciation and 
maintenance) increases with utilization [15]. The variable 



CHEMICAL ENGINEERING:
FOOD PRODUCTION TECHNOLOGY

45TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 6/3(74), 2023

ISSN 2664-9969

cost of feeding cattle in the stand and graze areas, confined 
feeding area, capital components of the development, are 
financed and cost on an annualized basis. The total costs 
of running the irrigated fodder and cattle feeding farm is 
estimated per annum for the number of hectares’ opera-
tion as = annualized capital cost + variable costs of fodder  
production + variable cost of livestock feeding.

Thus, the aim of research is to assess and outline the 
design processes and procedures involved in planning and 
subsequent construction of a durable ranch farm with irri-
gation systems. To do this, it is necessary:

– to analyze suitable land area, water sources, irrigation 
systems, energy requirement and livestock management;
– to outline how to compute for the irrigation systems  
efficiencies and regulations for drainages and grow impro-
ved fodder crop for ranch cattle.

2.  Materials and Methods

2.1.  Design  of  ranch  irrigation  field. Selection of any 
area is based on soil fertility, availability of a viable water 
source – its quality, quantity and cost effectiveness. Gene-
rally, the following factors are critically investigated before 
deciding on the method of irrigation to be adopted.

Physical conditions: Topography of the terrain, Soil cha-
racteristics, Size of the field, Crop/forage feeds to be grown, 
Agro-climatology of the area.

Economic and social condition: Cost and availability of 
equipment and power sources, cost of labour, the know-
ledge and skills of the farmers.

2.1.1.  Soil  physic-chemical  characteristics. The surface 
soils of the project area have to be subjected to labora-
tory analysis to determine the mechanical, physical and 
chemical properties. Parametric requirement in each test are  
as follows:

– Mechanical analysis: The soil parameters determine 
under mechanical analysis are Top soil structure, Soil 
depth, soil Permeability, Soil type and water hold-
ing capacity.
– Physico-Chemical Parametres: The parameters de-
termine for soil physical properties are; soil texture 
and soil Organic content, organic matter, while the 
chemical properties of the soils determined includes 
soil pH, Nitrogen, Phosphorus, Potas-
sium, Sodium, Magnesium, Calcium, 
Exchangeable base, cation exchange 
capacity, exchangeable acidity and base 
saturation.

2.1.2.  Water source and irrigation water 
quality. Water source for irrigation could be  
surface (ponds, river, lake, dam) or ground-
water (well, borehole, etc.). The choice of 
water source can be determined by avail-
ability, suitability, cost or proximity. Wa-
ter is tested for different physico-chemical 
parameters [16]. Selection of parameters 
to be tested depends solely on the pur-
pose of the water use and extent of its 
needed quality and purity [17]. For irriga-
tion purposes, most of the parameters that 
are paramount in irrigation water quality 
are shown in Table 1 [18, 19].

Table 1

Parameters used in the evaluation of agricultural water quality

Parameters Unit Symbol

Physical

Odour mg/l Pt-co

Color – –

Temperature – °C

Total dissolved solids mg/l TDS

Turbidity ntu mg/l

Chemical

Acidity/Basicity – pH

Hardness mg/l CaCO3–

Calcium mg/l Ca++

Magnesium mg/l Mg++

Sodium mg/l Na+

Carbonates mg/l CO3
–

Bicarbonates mg/l HCO3
–

Chloride mg/l Cl–

Sulphates mg/l SO4
–

Sodium absorption ratio mg/l SAR

Boron mg/l B

Trace metals mg/l –

Heavy metals mg/l –

Nitrate nitrogen mg/l NO3
–N

Phosphate phosphorous mg/l PO4
– P

Electric conductivity µS/cm EC

Different crops vary in their tolerance to salinity and 
therefore have different thresholds and yield reduction 
rates. The most common parameters used for determining 
the irrigation water quality, in relation with its salinity,  
are Electric conductivity (EC) and Total dissolved so-
lids (TDS) [20]. Salts of calcium, magnesium, sodium, 
potassium present in any irrigation water falls collectively 
under TDS [21], Table 2. Natural body and reservoir waters 
becomes saline if high salt content is present [22], Table 3.

Table 2
Salinity hazard classification based on EC, TDS and HCO3

Water quality variables Class value Water class Salinity significance/Interpretation

EC (µs/cm)

<250 Excellent Low saline water for irrigation use

250–750 Good Moderate saline water

750–2250 Doubtful High saline water for irrigation use

>2250 Unsuitable Very saline water for irrigation use

TDS (mg/l)

<450 Excellent No problem for all crops to grow

450–750 Good Moderately saline water

750–2000 Permissible High saline water

>2000 Unsuitable Very high saline water

HCO3 (mg/l)

0.05<75 Excellent Soft – low saline

75–150 Good Moderately hard – moderate saline

150–300 Doubtful Hard – high saline

>300 Unsuitable Very hard – very high saline
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Table 3

Salts normally found in irrigation waters and approximate proportions

Chemical Name
Chemical 
symbol

Approximate proportion  
of total salt content

Sodium chloride NaCl Moderate to large

Sodium sulphate Na2SO4 Moderate to large

Calcium chloride CaCl2 Moderate

Calcium sulphate (gypsum) CaSO4·2H2O Moderate to small

Magnesium chloride MgCl2 Moderate

Magnesium sulphate MgSO4 Moderate to small

Potassium chloride KCl Small

Potassium sulphate K2SO4 Small

Sodium bicarbonate NaHCO3 Small

Calcium carbonate CaCO3 Very Small

Sodium carbonate Na2CO3 Trace to none

Borates BO3
– Trace to none

Nitrates NO3
– Small to none

2.1.3.  Design  of  irrigation  systems. The design of the 
farm area includes laying out of irrigation systems which are; 
combination of pumping unit with main pipe lines, to the 
lateral distributors. If the topographical area of the source of 
water is much higher than the irrigated area, then water flow 
into the field channels can be by gravity [23]. For example, 
an earlier topographical survey conducted on field for this 
research was prepared with 0.5 m contour interval. From 
this, the canal and drainage system were designed as follows:

– Pumping plant: A pumping plant unit with required 
capacity is installed at the water source to pump the 
water through the main pipe line laid to the field within 
a distance 500 m [24].
– Stilling basin/Levee: This is to be constructed as per 
layout plan to contain or dissipate the pressure of water 
coming from the pumping plant through the main pipe 
line from which water flows by gravity into the distribu-
tary canals. Number of canals to be constructed at each 
distributary canal transition points depends on farm size.
– Distributary canal: There will be two main distributary 
canals running parallel to the length of the field which 
divides the farm into a discharge capacity in liters/sec.
– Field channels: These are the farm layout, there were 
5 field channel to serve five blocks of farm lands. The 
blocks were designed with uniform capacity, and separate 
water flow safety.
– Turn outs, checks and drop structures: Turn outs are 
designed based on field channels on each sector, and appro-
priate number of checks. A total number of drop structures 
will depend on the steepness of the field, so as to reduce 
the velocities of the water from one point to another 
due to field topographic steepness for effective irrigation.
– Drainage: Field drains, collectors drain and main drain 
should be provided for efficient evacuation of excess ir-
rigation water from the irrigation fields. Field channels 
for drainage should be provided in all irrigation areas 
under control/day.

2.2.  Irrigation  water  schedule. Irrigation water schedule 
can depend on the type of forage crop grown. For instance, 
schedule could be 2 times a week, with 3 days interval, once 

a day from week 1 to 5, 3 times a week, with 2 days inter-
val, once a day from week 6 to 10, and 2 times a week at  
week 11 and harvested at week 12, etc.

Various studies have shown that one of the promising 
irrigation strategies might be deficit irrigation [25], whereby 
less water than required is applied during the growing period 
causing crop stress and yield depression. High yield can be 
obtained by supplying the required amount of irrigation 
water during sensitive stages, and restricting water stress to 
tolerant growth stages [26]. Therefore, the irrigation water 
schedule should be determined by the evapotranspiration 
of the crop and moisture content of the field soil.

2.2.1.  Determination  of  water  consumptive  use  of  the 
irrigated crops. Consumptive use of evaporation (ET) is the 
sum of two terms; transpiration, which is water entering 
plant from the roots and used to build plant tissue and 
then passed through the stomata of leaves of the plant 
into the atmosphere. Evaporations; is the amount of water 
evaporating from adjacent soils, water surfaces or from the 
surfaces of leaves. Water deposited by dew, rainfall, or ir-
rigation and subsequently evaporates without entering the 
plant system constitutes parts of consumptive use. Evapo-
transpiration test is usually conducted on the selected field 
to determine the evapotranspiration rate (ETo) [27].

2.2.2.  Irrigation  water  requirement. Net Irrigation re-
quirement (NIR): This is the amount of irrigation water 
required to bring the soil moisture level in the effective 
root zone to field capacity. The net depth of irrigation can 
be determined from readily available moisture (RAW) [28]:

RAW MAD AW= ⋅ , (1)

where RAW – readily available water (mm); MAD – maxi-
mum allowable deficiency; AW – available water:

RAW
MAD Drx FC PWP P

=
⋅ ⋅ −( )⋅

100
, (2)

where Drx – effective rooting depth of the irrigated crop; 
FC – average field capacity (%); PWP – permanent wilt-
ing point (%).

Gross Irrigation Requirement GIR: The gross irrigation 
requirement is the total amount of water applied through-
out irrigation:

GIR
RAW

FE
= , (3)

where GIR – gross irrigation requirement; RAW – readily 
available water; NIR – net irrigation requirement, and 
FE – field efficiency of the system.

Irrigation interval/frequency: This is number of days 
between irrigations during periods without rainfall. The 
design irrigation frequency = Net depth of irrigation/Tran-
spiration rate of crop:

T ET
Ps

= ⋅
85

, (4)

where T – average transpiration rate of the crop (mm/day);  
Ps – area shaded by the crop as a percentage of the total 
area (%); ET – conventionally accepted consumptive use 
rate of the crop (mm/day).
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Irrigation period (Ip): Irrigation period is the number of 
days that can be allowed for applying irrigation to a given 
designed area during the peak of consumptive use period 
of the crop irrigated [28]:

Ip
Mb MI FC BD

Cu
=

−( )⋅ ⋅
⋅100

, (5)

where Ip – irrigation period (days); Cu – consumptive 
use (mm/day); Mb – moisture content at the start of 
irrigation (%); MI – moisture content in the root zone 
at the lower limit of moisture depletion (%); FC – field 
capacity; BD – bulk density [28].

3.  Results and Discussion

3.1.  Results. Some practical studies and analysis pertinent 
to this research work were done from a proposed 20 ha scheme 
land site in Makurdi. Results of the soil mechanical properties 
were determined and shown in Table 4. The soil physical 
and chemical properties analyzed are as shown in Table 5. 
Source of water was from a stream. It was analyzed as irri-
gation water and compared with irrigation water standards 
for salinity and sodium salts as shown in Table 6 [19, 29].

The annual evapotranspiration/consumptive use of 
the study area is 1945 mm/year [30], which equals  
162.08 mm/month. This breaks down to monthly con-
sumptive use of 5.40 mm/ha/day.

Therefore, irrigation efficiency IE = 60 %.
Hence, field diversion requirement FDR = =5 40 0 6 9 00. . .  

FDR = =5 40 0 6 9 00. . .  mm/day.

Allowing 20 % peaking factor:
– Total field diversion requirement TFDR = 9+(0.2·9) = 
= 10.8 mm/day/ha.
– The equivalent volume EV m= ⋅ ⋅ =10 8 1000 100 1082.  m3.
– Hence for irrigation interval of 4 days.
– The gross field requirement GIR = 10.8·4 days =  
= 43.2 mm/day/ha.
Since the water holding capacity (WHC) of soil is 

143 mm/m and the depth of application is 75.6 mm; this 
is < 143 mm, therefore, water logging, problem is free from 
the field. For irrigation duration/day:

ID day
GIR

/ = ≈
infiltration

=
43.2 mm

14.2 mm/hr
3 hrs.

The equivalent flow rate EFR is computed as:

EFR =
⋅( )

⋅ ⋅( ) ≈
108 1000 liter

3 60 60 sec
10 lit/sec/ha.

Table 4
Mechanical analysis of soils

S/No. Soil parameter Unit

1 Top soil structure 0.3 mm diameter

2 Permeability 14.2 mm/hr

3 Soil depth 1 m

4 Soil type Medium textured soil (Sandy clay silt)

– Water holding capacity 143 mm/m

Table 5
Mean physic-chemical parameters of the site soils

Sample pH % Sand % Clay % Silt O.C % O.M % N % P (mg/l)
Units (Cmol/kg)

% BS
K Na Mg Ca EB EA CEC

Site
soil

5.74 69.9 15.16 14.94 1.10 1.65 0.096 4.70 0.26 0.24 1.73 2.93 6.16 1.07 7.23 85.12

Notes: O.C – organic content (%); O.M – organic matter (%); EB – exchangeable base (Cmol/kg); EA – exchangeable acidity (Cmol/kg); CEC – cation 
exchange capacity (Cmol/kg); BS – base saturation (%)

Table 6

Salinity hazard and sodium salts from the stream as water source compared with standards recommended irrigation water values

Water quality Std. Water class Class value Water source values

EC (µs/cm)

Good 250–750 –

Doubtful 750–2250 980

Unsuitable >2250 –

TDS (mg/l)

Excellent
Good

0<450
450–750

65

Permissible 750–2000 –

Unsuitable >2000 –

HCO3 (mg/l)

Excellent 0.05<75 –

Good 75–150 78

Doubtful 150–300 –

Unsuitable >300 –

SSP %
Good

Unsuitable
<50
>50

25

SAR

Excellent
Good

Doubtful
Unsuitable

10
18

18–26
>26

8
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Hence the full supply discharge of a canal for a given 
area is: flow rate×irrigated area.

For safety and efficiency, all field channels will be de-
signed up to 2.8 hectares/day [31–33], therefore:

– Equivalent flow rate as computed vef = 10 lit/sec.
– Discharge capacity for the F Cs. .= ⋅ ≈10 2 8 28 ha  lit/sec.
– For example, discharge capacity D.C = 10·20 ha = 
= 200 lit/sec.

3.2.  Design computations for the irrigation water conveyance
3.2.1.  Distributor canal for water flow. For the dimensions 

and parameters for the distributor canal, sectional formula for  
non-erodible uniform flow is used [34, 35]:

Depth of flow, AR Qn S2 3 1
2/ .=

Type of soil material of the site (Sandy clay silt):

Mannings’s coefficient MC = 0.02.

Bed slope S = 0.15 % = 0.0015.

Computed D.C capacity Q = 200 lit/sec = 0.2 m3/sec.

AR2 3
1

2

0 2 0 02

0 0015
0 103/

. .

.
.=

⋅
=  designed.

Assuming bed width of the canal b = 0.6 m.

Depth of flow y = 0.3 m.

Side slope S.S = 1:1.5, hence Z = 1.5.

Area A = by+Zy2.

Wetted perimeter p b y Z= + +2 12 .

Hydraulic radius R = A/P.

Therefore,

AR
b zy y

b y Z
2 3

5
3

2 2
32 1

/

[ ( )]
.=

+( ) 
+ +

Substituting the values of b and y:

AR2 3

5
3

2 2
3

0 6 1 5 0 3 0 3

0 6 2 0 3 1 5 1

0 1
/

. . . .

[ . ( . ( . ))]

.
=

+ ⋅( )( ) 
+ ⋅ +

=
445831359

1 414142115
0 103

.
. .=

AR2/3 = 0.103, or AR = 0.033.

Since AR2/3 computed is approximately equal to AR2/3 
designed; it implies that b and y are assumed to be okay 
for the design, therefore: b = 0.6 m, y = 0.3 m; S.S = 1:1.5; 
B.S = 0.15 %. And with the provision of the freeboard the 
total depth (D) of the canal is: D = 0.3+(20 % of 0.3) = 0.36 m.

The Top is T = 2e+b, where e = ZD = 0.54.
Hence, T = 2·(0.540+0.6) = 1.68 m (top of the canal).

3.2.2.  Design of field drains. The rational formula [36, 37]  
is used for the design of field drains as follows:

Q = C·I·A,

where Q – peak run-off of the area under consideration  
in m3/sec; C – runoff coefficient – C = 0.40; I – rainfall inten-
sity in m/hr – I = 102 mm/hr; A – area to be drained in km2.

Therefore, 

Q = ⋅
⋅

=0 40102
2 75 10000

1000000
1 122. ·

.
.  m3/sec.

Using Mannings equation, the drain section factor could  
be found as:

AR2/3 = Qn/S1/2,

where S = 0.1 %; AR2/3 = 1.122·0.02/0.0011/2 = 0.709.
By trial and error the following values for b and y were  

computed b = 0.7 m, y = 0.66; S.S = 1:1:5.
Substituting in the equation:

AR
b Zy y

b y Z
2 3

5
3

2 2
32 1

0 7 1 5 0 66 0 66

/

[ ( )]

. . . .

=
+( ) 

+ +
=

=
+ ⋅( )⋅ 

55
3

2 2
30 7 2 0 66 1 5 1

0 567 0 57
[ . ( . ( . ))]

. . .
+ ⋅ +

= ≈

3.2.3.  Design of pump size. Selection of the pump size [24], 
for an irrigation project depends on the required discharge 
per day. Hence the expected discharge per day [38] is de-
termined by:

q
Ad

Ct
= ,

where q – expected discharge from the pump/day in m3/hr;  
A – area to be irrigated per day by pumping (20 ha) at 
5 days interval which is ( ) ;20 10000 5 40000 3⋅ =  m  d – depth  
of application in cm (10 cm); constant C = 100; T – time 
of application in hours T = 5 hrs.

Therefore,

q =
⋅

⋅
=

40000 10

100 5
800 3 m /hr.

Water horse power is computed using the formula [39, 40]:

WHP
Q H SG

=
⋅ ⋅
3960

,

where WHP – water horse power – the theoretical power 
required to lift a given quantity of water each second to 
a specified height; Q – discharge in m3/hr; H – total dynamic 
head in meters (suction+delivery+frictional loss), here, 
suction head is 10 m, delivery head H = 5 m; SG – specific  
gravity of water SG = 1.

Friction loss:

Hf = 0.33·F·L·Q2/D5,

where F – frictional coefficient of the pipe material (for 
asbestos pipe F = 0.00874); L – length of the pipe (L = 9 m); 
Q – discharge in m3/s Q = 800/3600 = 0.222 m3/s; D – dia-
meter of the pipe (0.3).
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Hence, Hf = 0.33·0.00874·9·0.2222/0.35 = 0.527.

H = 10+5+0.527≈15.53 m.

Therefore,

WHP =
⋅

= ⋅ −
0 222 15 53

3960
8 706 10 4

. .
. hp.

Break Horse power:

BHP
WHP

Efficiency of the pump
= .

Assuming pump efficiency = 50 %.

BHP = 8.706·10–4/0.5 = 1.741·10–3 hp.

But 1 kilowatt = 1.341 hp.

BHP = 0.105/1.341 = 1.298·10–3 kW.

3.3.  Design  of  irrigation  structures. There are various 
types of irrigation structures used in irrigation engineer-
ing and practice. Structures such as drops stilling basin, 
diversion structures, flumes chute, division boxes, etc.

3.3.1.  Design of a stilling basin. A typical stilling basin 
design should have the following dimensions [41]:

y – sequent depth of hydraulic jump;
y2 – conjugate depth of hydraulic jump;
y2

1 = S·y2, where S – safety factor;
y* – depth of stilling basin;
yo – depth of uniform flow in the downstream channel;
L – length of stilling basin.
Parameters under consideration:

Discharge q = 0.222 m3/s.

Velocity:

V = q/A,

where A = πd2/4, and d = 0.3 m; V = 0.222·4/3.142·0.32 =  
= 3.140 m/s.

Coefficient of discharge (Cd) for rectangular weir Cd = 0.75.
Bed slope = 0.3 %, and crest height = 0.2 m.
а) Design head:
To compute design head, the following formula is used [41]:

q = Q/b,

where b – length of crest, which is b = 2 m.
Therefore, design head = 0.222/2 = 0.111 m3/s, but 

Q Cd gbHd= 2 3 2 3 2/ ./  Since q = Q/b.
Therefore,

0 111 2 3 0 75 2 9 81 3 2. / · . . ;/= ⋅ ⋅ Hd

0 111 0 5 2 9 81 2 3 2. . . ;/= ⋅ ⋅ ⋅ Hd

Hd 3/2 = 0.02505956207;

Hd = 0.086.

b) Loss coefficient on spill way
Loss coefficient is calculated using the formula [42]:

Q = 1–0.0155S/H,

where S – height of crest S = 0.8 m, H = 0.214.
Therefore Q = 1–0.0155(0.8/0.214) = 0.942
c) Depth of uniform flow – yo.

Using manning’s equation:

V = 1/nr 2/3S1/2,

where n = 0.045, r is assumed y (for wider channels), hence:

q = Vyo = 1/nyo
2/3S1/2yo,

0 111 1 0 045 1 0 82 3. / . / . ,/= ( )⋅y yo o

0.111 = 19.876yo
5/3,

yo = (0.219)3/5 = 0.044.

d – segment depth y1 (of hydraulic jump) this is given 
by the formula [43]:

E = y1+q2/2gy1
2Q2,

where E – crest height + design head = 0.2+0.214 = 0.414 m.
Hence, 0.414 = y1+0.0479/y1

2·17.41.
By trial and error y1 = 0.41 m.
Conjugate depth (y2) this is given by:

y2 = y/2(–1+√1+8fr1
2),

where fr V gy q gy
x1

2
1

2
1

2
1

3
0 047892

9 81 0 413
0 0034= = = =/ /

.

. .
. .

Therefore, y2 0 41 2 1 1 8 0 0034 0 003= − + + ⋅( )( ) =. / . .  m.

Since y2 (0.003 m) < yo (0.36 m), the stilling basin is  
not required for the transition point. The condition stipu-
lates that stilling basin or energy dissipater is required 
when y2 > y0 [43].

3.3.2.  Drop  structures. Drop structures convey water 
from one elevation to another without causing erosion. 
A drop structure is a low wall constructed with a chan-
nel across its entire width. Different shapes, heights and 
construction materials are used depending on their loca-
tion and purpose [44].

Drops structures are structures used in places where 
natural slopes, down-ward along which water flow are high 
that could cause excessive water velocities and erosion in 
banks and bed of channels, if not provided.

Drop structures can be constructed using wood and 
concrete or masonry. Vertical drops generally incorporate 
stilling begin and form of sill or baffle or both, combined 
with Side wall arrangement to dissipate the jet. These 
structural arrangements create a reverse rolling flow at 
ground level, hence reducing scouring of the channel bed to 
prevent erosion; rip-rap is placed at the downstream [45].

The dimensions of the stilling pool or energy dissipater 
depend upon the height of the drop and the discharge over 
the crest. Hydraulic jump may be formed downstream and 
from experimental results, the flow geometry of a vertical  
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drop structure is described by a function of the ‘drop 
numbers’ [46], defined as:

D = q2/gh3,

where D – discharge per unit width of the crest over fall 
in m3/second; q – discharge in m3/hr; g – acceleration due 
to gravity; h – height of the drop in meters.

Drop length is found by using the formula [46]:

Ld/h = 4.3D0.27,

where Ld – length of drop in meters; h – height of drop in  
meters; d – number of drops.

3.3.3.  Turn outs. Turn outs are structures constructed at 
junctions of the main distributor and field channels as main 
and appropriate division of irrigation water. The structures 
are made of wood, concrete and steel [47].

3.3.4.  Estimation of required materials. Major estimates 
of materials required for the construction of structures 
are categorized as follows [48]:

– Distributor Canal Earth Material (Filling and compaction):

A = 1/2(1.68+0.6) ·0.36 = 0.4104 m2.

Volume of earth material Vem = (0.4104·550)·2 = 451.4 m3.
– Field channels earth material (Filling and compaction):

A = 1/2(0.66+0.3)·0.576 m2.

Volume of earth materials Vem = (0.0576·500)·5·2 = 288 m3. 
Total volume of filling and compaction earth material =  
= {288+451.4}+20 % for consolidation x compaction = 887.3 m3.

– Drainage Excavations (earth material):

Area A = 1/2(3.076+0.7)·0.792 = 1.773 m2.

Volume of earth Ve = (1773·500)·5·2 = 8862.5 m3.

– Metal gates for turn – outs. 
Size dimensions, 0.6×0.36 m (× required number).

3.4.  Discussion
3.4.1.  Soil and irrigation water quality. Some of the practical 

studies and analysis done from the proposed 20 ha scheme land 
site in Makurdi, were done to guide and illustrate the necessary 
field research works that must be carried out on any proposed 
ranch farm in preparation for the planning of the fodder crops 
and design of the irrigation systems in any selected site.

Thus, results of the soil mechanical properties as shown 
in Table 4 was done to determine the soil constituents – pre-
dominant soil constituents and characteristics of the site soil, 
Particle size distribution, structure, type and water holding 
capacity of the soil, which is important in irrigation planning.

The soil physical and chemical properties analyzed in-
dicates the soil elemental and nutrient contents. Other soil 
characteristics of organic content (%), organic matter (%), 
exchangeable base, exchangeable acidity, cation exchange ca-
pacity and base saturation (%), helps to determine the field 
capacity (FC) of the soil, permanent wilting point (PWP), 
density, available moisture content (percentage %), moisture 
content (%), etc. (Table 5).

Source of water from a stream was analyzed as irriga-
tion water to illustrate how irrigation water standards can 
determined the level of salinity and sodium salts in the 
intended irrigation water, Table 6. The test for salinity 
hazard and sodium salts, measured inform of EC, TDS,  
HCO, SSP % and SAR. The analyzed water from the stream 
was found to be suitable for irrigation, except EC whose 
concentration (780 μs/cm) was above the minimum stan-
dard of 750 μs/cm, falls under a water class of «Doubt 
full» (Table 6), therefore, concentration of EC parameter 
has to be treated, depending on the water use.

The characteristics that affect irrigation water systems 
were equally determined in the areas of Evapo-transpira-
tion (consumptive use), Net Irrigation Requirement (NIR), 
Gross Irrigation Requirement (GIR), Irrigation interval/fre-
quency, Irrigation interval (It), Irrigation period (Ip). The 
determination outlines the processes involved in planning 
for the irrigation water.

3.4.2.  Designing  irrigation  systems  and  structures. Pro-
cedure of how to compute for the field irrigation system 
was calculated for Distributor Canal of water flow (Depth 
of flow, Bed slope, Hydraulic radius, freeboard the total 
depth, top of the canal); design of field drains involving 
peak run-off of the area under consideration, rainfall in-
tensity, drain section factor.

Design of pump size: Computation was done on how to 
select pump size for an irrigation project depending on the 
required discharge and pump efficiency per day.

Design of Irrigation Structures: Design calculations were 
done for drops stilling basin, diversion structures, flumes 
chute, and division boxes, using the parameters for design 
head, Loss coefficient on spill way, segment depth of hydraulic 
jump and Conjugate depth. Others are Drop structures and 
Turn outs for discharge per unit width of the crest over fall, 
depending on location and purpose, and main distributors 
and field channels.

Thus, all the computational procedures discussed above 
are tentative and the numerical values obtained from the 
calculations are for research guidance only. Therefore, for 
practical application, detail study that is site specific must be 
carried out, with further research on the design parameters.

4.  Conclusion

In this study, it is able to obtain and outlined all the 
designed parameters for the design of an improved irriga-
tion scheme for Fodder Crop Production for ranch cattle. 
Soil physic-chemical characteristics of the selected land area 
were analyzed to be loamy, water source and irrigation water 
quality was suitable. irrigation systems designed for consump-
tive use, Net Irrigation Requirement (NIR), Gross Irrigation 
Requirement (GIR), Irrigation interval/frequency, Irrigation 
interval (It), Irrigation period (Ip), showed numerical values 
to be all suitable, because the water holding capacity of the 
soil is 143 mm/m and the depth of application was computed 
to be 75.6 mm; which is less than 143 mm, therefore, water 
logging, problem is free from the field.

The design for the distributor canals and structures 
were for medium size of 20 ha, the designed calculated 
values all falls under the recommended standard design. 
It is recommended that further details be made on all the 
design parameters because project of this magnitude depends 
on site data.
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