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ABSTRACT

     Settled nomads in the Wadi Nugua El Matama Rural council use various run-off farming systems to fufill
their subsistence needs. The teras techniques of water harvesting is widespread and offers good opportunities
for run-off manipulation and moisture storage. Despite high labour requirement and low grain yields, the
technique remains important for agricultural income. Its small scale, private management and adaptive capacity
make the technique widely replicable in rural development programmes . The implementation of the teras water
harvesting catchment basin, conveyance device, storge facility and cultivated field type of water harvesting
system a well as direct run-off system using indigenous micro–catchment basins (teras).
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Introduction 

Water harvesting is a process of collecting rain water from a modified or treaded area to either maximize
or minimize run-off,  which ever technology is to be implemented at a specific site . Water harvesting
techniques will only be sustainable if it fits into the socio-economic context of the area and also fulfills a
number of basic technical enteria pertinent of the physical feature of the concerned area ( Guleid , 2009) . The
teras technique is based on the principle of increasing soil moisture for plant growth by reserving part of the
holding for the capture and conveyance of rain water to the arable land . Osman ,( 2008) reported That this
techniques is useful in area which have low and poorly distributed rainfall. The System allegedly aims at
moisture conservation with capacity conditions – Nutrient conservation and erosion control usually are positive
secondary effects.                                                                      

The teras (P.teras) is widespread in arid and semi-arid northen and central Sudan. The teras origins are
still obscure but technical historical and especially linguistic evidence point to Nubian roots . The technique
might have evolved out of Nile irrigation basins first to closed low –walled basins (hods) for in-situ moisture
conservation still used on rainfed lands in central Sudan to teras which are open on the upslope side to let
sheet flow runoff in . Hods are sometimes almost teras in themselves and described as such Barbour  (1961)
Randell (1963), Gulid (2009).

When runoff is maximized the technique collects water for distribution onto designated areas to supply
an adequate amount of water for crop growth. For example, the soil surface of a rainfall catchment areas could
be formed into large furrows or ridges which would direct surface water into channels . The ridged soil surface
could be compacted or sealed with asphalt, oil, paraffin, salt etc to restrict infiltration. 

The runoff could be collected and stored in a pond ( Hafir ) or it could be immediately redistributed onto
cultivated area . When a catchment is properly designed and constructed runoff from light rain showers of 3
to 4 mm can be collected (Perrier, 1984 ).

The concept of zero – runoff implies that rainfall remains on the soil surface until infiltrates into the soil
or collected for future plant use. Techniques which have been used in most rainfed agricultural regions for
retaining rainfall in place are called tied –ridges. (Hudson, 1971) or with slight modifications are called
microcatcment basins (Figure 1).
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Tied – ridges consist of closely spaced ridges covering the soil surface in two directions at right angles
so that the ground is formed into a series of rectangular depressions . The most common water harvesting
technique in the study area is the u-shaped earth bunds or teras (harvesting rain or floodwater) Figure (2) .

The objective of this paper is to evaluate the constraints of local environment, equipment availability and
socioeconomic conditions on the indigenous water harvesting technique ( teras ) 

Results and discussion 

Rainfall is the element of major concern for plant growth. Because precipitation is a stochastic variable
its quantity and timing are difficult to predict, therefore, probability techniques must be used, to help the farmer
evaluate the amount of risk involved before construction of water harvesting system . The probability of the
amount of rainfall and timing to meet crop requirements can be estimated from analysis of daily rainfall values
the most common data available.  When  attempting to apply various statistical methods to estimate rainfall
probability, the frequency distribution of the data must be known e . g. normal logarithmic or other skewed
distribution. The frequency distribution dose not quantify the variability of measurements but distributes the
values about their relative   magnitude independent of  position . The mean of a data   set, Y, is usually
obtained by taking many samples so that the population mean can be estimated .

In the belief that 30 year is usually adequate to describe a meteorological cycle, the WMO recommends
that average rainfall be computed on the basis uniform data sets for that period of time. Table (1) shows the
analysis of rainfall data from shendi mean number of storm and mean runoff each with standard deviation,
percent coefficient, of variation and coefficient of sqewness. The mean annual rainfall for the region is 102.4
mm and annual average of 6 runoff storms yielding 85 mm of runoff. 

The seasonal events (June to Oct) show that August has the maximum rainfall the highest number of
runoff storms  and the largest amount of runoff . However the month of greatest water need for water are in
the fall at planting time (June) during the vegataive stage and during the grain filling stage (August) . The
percent Coefficient of variation and the skewness Coefficient show the stochastic nature of 30- year data set
. In particular, a maximum monthly rainfall of 85.0 mm (1957) and a minimum monthly rainfall of 4.0 mm
(1982) occurred during. The difference between the mean monthly rainfall and the mean monthly runoff is
about 40 percent therefore 60 percent of rainfall on the catchment basin would not be collected. If the runoff
surface were ridged or (teras) then much larger percentage of the rainfall could be collected. The probability
analysis (Table 2) demonstrates that at Shendi a design storm based on number at 5 percent probability value
is the most feasible to calculate volume flows and storage for the design of a water harvesting system. 
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Even though storm damage to the system could be expected design criteria for larger storms at smaller
probabilities are not considered economical.

Alternative water sources such as wells pumback system and intermittent streams can be useful to reduce
the risk of a poor harvest during periods of low precipitation > To insure that time and money are not wasted
alternative methods of water supply should considered before installation of water harvesting system. 
Materials and labour are of primary concern when selecting a water harvesting system. The economic factors
of alternative water sources or materials to be used for catchments and storage must be considered in
determining the costs of construction and maintenance. Teras bunds are built of the local alluvial and colluvial
material. Traditional construction of teras and diversions is by hand using simple tools hoe, spade, axe and
baskets.

Table 1: Mean Rainfall Number of Stormes and Runoff Each with a statistic of standard Deviation mm (s) percent Coefficient of
Variation (%CV) andskewness Coefficient (g) for 30 year of Daily Rainfall Data for Shendi by Month.

Mean Values Month
----------------------------------------------------------------------------------------------------------------------------------------
June July August Sept Oct

- Rainfall (mm) 31.0 60.0 85.0 42.0 14.0
- S (mm) 17 38 45 27 12
- % CV 26 64 78 64 129
- g 1.82 1.18 3.48 1.15 1.55
- No. of Storms 1 3 4 2 1
- S (mm) 1 2 2 2 1
- % CV 162 127 148 74 113
- g 1.20 0.46 1.12 0.81 0.72
- Runoff (mm) 2 7 11 4 3
- S (mm) 4 18 20 9 7
- % CV 213 116 146 89 107
- g 2.49 1.97 2.66 0.94 0.88
(+) General statistics are computed for the runoff storms by month . y. using the following equations ( Kowal and Kassam , 1978 &
linsley, 1982 ): 

y = mean = 3 Yi n 
n = number of year
S = Standard deviation = [ 3 yi – y)2 / n -1 ]½ 
% CV = % coefficient of variation = 100 ×s/y 
g = Skewness = n 2 ( 3 y3 ) -3n ( 3 y) ( 3 y2 ) + 2 ( 3 y )3

n (n-1) (n – 2 ) S3    

Table 2: Percent probability and Recurrence values ( year ) for the Means of Monthly Rainfall, mm , Number of Runoff storms and
runoff, mm.

Months Values Mean Percent probability / Recurrence ( %year )
-----------------------------------------------------------------------------------------------------------
50/2 30/5 10/10 

June Rainfall 31 52 17
No.of storms 1 1 1
Runoff 2 12 7

July Rainfall 60 79 48
No.of storms 3 6 4
Runoff 7 16 9

Aug Rainfall 85 132 96
No.of storms 4 18 7
Runoff 11 18 13

Sept Rainfall 42 70 56
No.of storms 2 2 3
Runoff 4 6 2

Oct Rainfall 14 51 32
No.of storms 1 2 2
Runoff 3 4 2

Using temporary or intermittent water sources may permit the installation of a smaller catchment area.

In the study area teras frequently are also naturally raised by wind action . For this purpose an initial 20-
30 cm low ridge is built and brushwood is placed on the windward side to capture additional sand .
Maintenance makes substantial demands according to type of damage . gully  erosion occurrence and degree
of weed infestation. Teras building  is usually in different phases, Which allows the necessary adjustment by
trial and error. An average teras would need 25-45 man– hours per  fd preparation. The building of brushwood
panels by comparison needs an estimated 5 man–hours. 
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Sedimentaion is a serious threat to cultivators, while some windblown sand is easily cleared from the land,
runoff deposition is more difficult to deal with the rate of deposition range between  1 to 2 cm per  year. The
base of bund is usually the highest observed in the area (over 1.5 m) , such situation quickly result in deep
gullies. The inherent natural land leveling process inside the teras also reduces irrigation efficiencies . only the
most laborious task of all can solve this problem, certain sections, or even entire teras are rebuilt on upstream
land to improve the runoff catch. Cultivation is still mainly for household subsistence needs . Sorghum (dura,
Sorghum vulgare) is the dominant crop. Grain yields of sorghum range between 350-600 kg per fd Other Crop
grown on part of the holding include okra (Hibiscus esculentus) Karkadeh (H. sabdariffa) water melon,
sometimes lubia (Dolichos lablab) Okra  and water melon are potential cash– crop .

Conclusions:

Teras as a small-scale water harvesting technique can economically reduce risk and increase crop
production. Water harvesting to maximize runoff is a stabilizing factor for farming system which depend on
natural precipitation . Calculaion of statistical parameters and analysis provide design criteria for construction
and optimizing the catchment area, conveyance device, storage facitity and cultivated field. Possible
improvement of the system are on the field of crop husbandry and crop protection.
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