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I ntroduction

Almost all the irrigated areas in the Sudan of about 1.68 ha (about 4 million feddan) fall
in the arid and semi-arid tropical zones of the Sudan, in which 76% of the human population
live (Ayoub, 1998) (Fig 1). The two zones are hot and dry during the long summer months,
interrupted only by short rainy periods, mainly during July-September. Average annua rain
fall within the two zones ranges between 100 and 400 mm, with considerable variation in
total amount from year to year and also with remarkable variation in shower intensity and
shower interval. The short winter months during November-February are generally warm
during the day; cool during the night but with scorching dry winds.

As a result of these harsh weather conditions, the evaporative potentia of the
atmosphere by far exceeds precipitation, not only in these two regions, but also in the
relatively more moist regions further south. Even in the extreme southern boundaries of the
country, classified as moist sub-humid according to UNSO 1997, thereis adry spell during
December and January. Therefore, even in the very humid parts of the Sudan there is need for
supplementary irrigation for perennial crops e.g. sugar cane, coffee, tea, etc. There is
evidence, which dates back to the mid fifties of the last century, that supplementary irrigation
for coffee treesincreased the yield of coffee beans (Ferguson, undocumented data).

It is now fully established that reliable estimates of crop water requirements (CWR)
must be based on experimental evidence in which the three components of CWR, namely
contemporary weather conditions, crop characteristics, soil moisture storage and release
properties, are al taken into account.

However, estimates of CWR, based on the calculation method of potential
evapotranspiration (Eo) and the crop factor (cf) on the scale of climatic zones for the whole
country are needed for the purposes of irrigation policy, planning, provision and allocation of
water resources. It is, of course, realized that such estimates must necessarily have the
limitations of the confidence in mean annual rainfall, the validity of estimated potential
evapotranspiration and the approximated values for effective soil moisture storage and its
relation to the deficit in meeting the demand of the evaporative potential for the particular
zone (Ep).

Therefore, the objective of this study is to make estimates for the deficit from potential
evapotranspiration (i.e. Eg — effective rain, assumed to be equal to moisture storage at the
rooting depth of field crops in the different soil types in the different zones). The calculated
deficitsin the different zones will establish the first step for a more accurate approximation of
crop water requirements, as calculated by the relation:

CWR = Ey % the crop factor (cf) (equation 1)

The second step is to determine values for cf for the remaining economic crops of the
Sudan. Thereafter, CWR of al economic crops in the different climatic zones can be
estimated by using equation 1. Thus, there shall be no need to repeat experiments of CWR in
the different zones, since Ey can be calculated for any location and cf has been determined for
each crop.
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M ethodology

The climatic zones of the Sudan have been identified according to the classification

reported by Adam (2000) (Fig. 2), trandated from the Arabic version, as follows:-

1- Desert

2- Semi-desert
3- Dry

4- Semi-dry
5- Semi-humid
6- Humid

7- Very humid

On the other hand, the UNSO classification (1997) the aridity zones of the Sudan are as

follows:-

Hyper-arid

Arid

Semi-arid

Dry sub-humid
Moist sub-humid
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However, the author of this paper prefers the classification of Adam 2000, as it

provides more divisions for the climatic zones which were based on long-term average
rainfall issued by the acknowledged authority of the Sudan.

Results

Reference evapotranspiration (Ep) was based on estimated monthly evaporation in the

driest and hottest hyper-arid zone as follows:

Table 1. reference evapotranspiration.

Months Daily Eq(mm) Total Days Total Eq(mm)
Dec —Jan 4 62 248
Feb —Mar 6 59 354
Apr—Jun 10 91 910
Jul — Sep 8 92 736
Oct — Nov 7 61 427
Annual Total 2675 ( 2700)

Potential evapotranspiration for the climatic zones was estimated by personal judgment and
experience only, but this was reasoned by the following known facts:

a. Day length (bright sunshine hours) decreases gradually towards the southern direction,

b.

C.

and therefore, the value of incoming radiation decreases accordingly.

Rainfall increases southwards, and therefore, the frequency of cloudy days increases,
thereby reducing incoming radiation (decrease in the value of n/N) and also decrease in
temperature.

With increasing rainfall Relative Humidity increases with the result that the difference
between the saturation vapour pressure of water and actual vapour pressure decreases (es

- €).



Table 2. Reference evapotranspiration of the Climatic zones of the Sudan.

Region Per centage Reduction From Refer ence Evapor ation (2700mm) Potential Eq
Desert Zero (Reference) 2700
Semi-desert 10% 2430
Dry 15% 2295
Semi-dry 15% 2295
Semi-humid 20% 2160
Humid 20% 2160
Very humid 25% 2025

Soil Moisture Storage

The capacity of soil moisture storage from rainfall depends on soil structure, texture,
soil depth, gradient or slope. This is summed up in the well-known equation of the water
budget shown below:-

Soil Moisture Storage(m)=R—(E+ S+ P) (equation 2)

Where, R = Rainfall

E = Evaporation

S = Surface run-off

P = Deep percolation below the root zone

The vertisols of the clay plain are deep with high storage capacity for soil moisture, but
with poor infiltration rate. The estimated storage per meter depth is about 100 mm and the
available portion for field cropsis about 70% of this amount.

Sands have a poor storage capacity and may be about 30-40% that of the clay soils, but
have better moisture release properties, to the benefit of growing crops, especially when the
storage depth is sufficient.

The lateritic soils in the south and southwest of the Sudan have an intermediate storage
capacity, which may reach 65-70% that of clay soils but the laterites are generally shallow
and may occur in plateaus or in slopes of different gradients. Therefore the values for run-off
and exposure to evaporation are high.

To demonstrate the difference in the storage capacity of different soil types and their
effect on the irrigation interval refer to Fig. 3.

Silty soils represent a small fraction of the total area of cultivated soils in the Sudan and
are limited to river banks, islands, Tokar & Gash deltas. The part of the silty soils which are
relevant for the purposes of this study is extremely limited.

The storage capacity of silty soils is comparable or higher than that of clay soils by
virtue of the higher infiltration rate related to their textural properties.

According to the aforementioned facts the following arbitrary values have been
assigned to the soils in the mentioned climatic regions of the Sudan. Thereafter, the values of
effective rainfal have been subtracted from the corresponding potential evapotranspiration to
give the deficit from potential Eq for each climatic region (i.e. Eg — effective rain).



Table 3. Estimates of the deficit from Potential evapotranspiration (E) in the different

Climatic zones of the Sudan.

Effective Rain Effective Rain Potential Eq Deficit from
Climatic Annual Rain, R % of the Total R- (E+S+P) Potential Eq
Zone (mm) (mm) = Ey,—€eff. Rain

Desert 0-100 100 0-100 2700 2700-2600
Semi-desert 100-200 90 90-180 2430 2340-2250
Dry 200-400 90 180-360 2295 2115-1935
Semi-dry 400-600 80 320-480 2295 1975-815
Semi-humid 600-800 70 420-500 2160 1740-1600
Humid 800-1000 70 560-700 2160 1740-1460
Very humid 1000-1200 70 700-840 2025 1325-1285

Remarkson table 3 above

The different values for the deficit from Eg can be useful or, at the same time,
can be completely misleading due to the following reasons.

All the effective rain is not available to plants. The available part of it depends on the
sensitivity or tolerance of the crop to the deficit from field capacity. Generally about
70% of field capacity is available to field crops. However, irrigation may be profitable
after the depletion of 50% of available water, for example, the irrigation of sugar cane
at Kenana Scheme (Abdel Wahab, 2005).
Short-season crops, of maturation period of about 100 days, can be produced by rainfall
of 200-300 mm of good distribution. Two short-season crops can be harvested during
the rainy season in the humid zone of the Sudan. Likewise, medium-season rain crops
can be successful in well-distributed rainfall of 400-500 mm.
Upland rice grown near Malakal, in the sub-humid zone, needs two to three
supplementary irrigations before harvest, although the maturation period of this crop is
between 110-120 days. On the other hand, swamp rice grown in Bahr el Ghazal (near
the city of Wau), requires draining of excess water before harvest.
Total annual rain is not informative by itself. Equally important is the suitable interval
between the rainy occasions and the duration of the rainy season which suits the
maturation period of the grown crops.
Again mean total annual rainfall may or may not be representative of a particular
season, in that case the Deficit between potential evapotranspiration and effective rain
will not be informative for the purpose of this exercise. This is due to the variation in
rain between years which reached a reduction of about19% in the arid and semi-arid
zones of the Sudan during the period 1971-1999, compared with the period 1941-1970
(Adam, 2000).

However, Zaroug (1996) reported that the mean annual rainfall at Duiem town during

the period 1921-1950 was 330 mm but the mean decreased to 226 mm during the period
1961-1990 ie a decrease of about 31.5%. This indicates that the decrease in the semi-arid
zone can be greater in magnitude than that reported by Adam (2000) in a different areawithin
the same arid zone. This provides further evidence for the wide range in the contribution of
rainfall to CWR.



Present and future CWR in the Sudan
At the present time there is a surplus of about two to four milliards cubic meters from
the share of the Sudan in the Nile Water. This surplus will be allocated to the following

projects:
1-  About 24.200 ha (60.000 feddans) for reactivation of the agricultural schemes of the
White Nile.

2- About asimilar areafor renewal of agricultural activitiesin the Blue Nile schemes.

3- Thenew sugar plantationsin the White Nile.

4- The Rice Project of the Whit Nile (El Gassaba, near Dueim Town).

5- The extension in the cultivated area after the completion of the Hamadab Dam.

6- Completion of Rahad Project.

7- The Peace Era shall witness several agricultural activities which include the following:

Rank—Jelhak Sugar Scheme.

Maloot Sugar Scheme.

The Rice Projectsin Maaka and in Bahr Elghazal.
Re-establishment of the Zandi Scheme.

Coffee, tea, sisa, pyrethrum and other horticultural crops.

A rough estimation of the area for the abovementioned schemesis about 84.000 ha
(200.000 fedans). Supplementary irrigation is needed for all the abovementioned projects.
Estimation of CWR for the mentioned Areasin Northern Sudan (A) = more than 1.5
milliards.
Estimation of the supplementary irrigation for the mentioned projects of Southern
Sudan = 200.000 feddans * 700 m® * 4 months =560 million cubic m® i.e. about half a
milliard m® (B). Therefore A+B = about > two milliard m®. Accordingly the present surplus
will be exhausted after the completion of the mentioned projects.
The merits of this scheme are:
1. The best economy in expenditure for research.
2. Best utilization of research facilities and research staff.
3. Minimum timeis required to complete CWR programme.
4. A Guide Book can be made for CWR for al economic crops of the Sudan
grown in the different climatic zones.

Conclusions

The past and present research has covered the CWR of some economic crops of the
Sudan. Examples for the work done in this aspect are given below:-
1. From the Agricultural Research Corporation (Frah, 1998).
2. From the Faculty of Agric U of K (Saeed and El Nadi, 1997; El Nadi, 2002; Ismail,
A. M. and Ahmed, M.F. 1994).
3. From the Faculty of Agric sciences, University of Gezira (Adam 2000).
However, the main problem at the present time is to improve water management by
finding a solution for the losses of irrigation from the source to the fields, and aso to hurry
up the execution of the future projects to increase water resources (e.g. Jonglay Canal).



Recommendations

1. More research is needed to improve the accuracy of this interim proposal for the
estimation of CWR on large-scale basis to cover the whole climatic zones of the
Sudan.

2. More work is needed to establish the crop factors (cf) for the crops which have not
been Studied for this objective.

3. To prepare a Guide Book for extension purposes to provide information for CWR,
water use efficiency, and proper water management in the Gezira net work of canals
and in the fields.

4. To Initiate programmers for public awareness and culture in the economy of water
use.

5. To adopt new research programmes for the use of new technology which is expected
to be used in the near future, e.g. programmed irrigation in stead of scheduled
irrigation.
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Fig. 2. Aridity zones and severity of soil degradation in the Sudan (UNEP/ISRIC,
1990; UNSO, 1997)



Fig. 3. Relation between soil type (storage capacity) and irrigation intervals for
date palm.



