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Abstract
WATER USE EFFICIENCY STUDIES OF Acacia Senegal L. WILLD PROVENANCES IN SUDAN.

An experiment was conducted in 1989 to screen Acacia Senegal L. Willd provenances collected from within the natural
gum belt for high water use efficiency. Thirteen provenances were tested for water use efficiency and consequently 6 out
of them were selected for further screening. The selection was based on their performance in the preliminary screening.
Both the preliminary and the detailed study revealed that provenances 7, 3 and 11 combine high dry matter production with
high water use efficiency. Water use efficiency and dry matter production appears to be negatively correlated with root
length density and root/shoot ratios. Provenance 7 which exhibited the highest water use efficiency and dry matter yield
had the lowest root/shoot ratio and also a low root length density. Based on these studies provenance 7 can be considered
a suitable candidate for introduction into gum-belt of Sudan through for rehabilitation of this region.

1. INTRODUCTION

Sudan extends between latitudes 4° and 22° N and longitude 22° and 38° E , in an area of about
2.S6 million square kilometre. This wide extension is characterized by variable ecological zones,
ranging from the tropics in the south through deciduous savanna woodlands in the centre, to the sub-
desert and desert in the north.

The question posed in this study relate to the rehabilitation of the deteriorated conditions of the
gum belt in the aftermath of the Sahel drought. Gum arabic production decreased from 29000 to
11000 tons [1]. Acacia senega! (L) Willd "Hashab" is a tree of about 5-7 m in height. It occurs in
the Savanna belt of Africa and in drier parts of India. In the Sudan form forms, together with other
species , extensive stands on both sands and clays between latitudes 10° and 14°, where rainfall varies
from 250 mm in the north and 800 mm in the south [2]. Hashab is the main source of gum arabic,
accounting for about 90 % of the world's production of
gum . Gum arabic is widely used in different food products, beverages, pharmaceutical, dentistry,
adhesives, textiles, plastics, lithography and other industries. About 70 to 85 of the world total
consumption of gum arabic is produced in the Sudan [3]. The traditional land use system for hashab
is basically a kind of shifting cultivation commonly known as the gum cultivation cycle. This cycle
could range from 15 to 20 years and consists of (a) clearance of thorn Savanna, (b) cultivation of
agricultural crops for 4 to 6 years, (c) bush-fallow, in Which hashab is the most vigorous tree
colonizer, (d) hashab tapping which commences at 4 to 5 years with maximum yield at 9 years, and
(e) bush clearing at 12 to 15 years .

Recently, three concomitant problems disturbed the traditional land use system for gum
production. First, due to overpopulation and the increased demand for agricultural produce, the bush -
fallow cycle was reduced to one or two years only. The 3 % upward demographic trend in the Sudan
is one of the highest in the world. Sudan's wood imbalance illustrate the interaction between it's
rapidly increasing population and it's biological support system. Estimates based on world bank data
indicated that national fuelwood consumption crossed the sustainable yield threshold somewhere
around 1965. from then on, fuelwood consumption exceeded new tree growth [4]. Second,
overgrazing led to elimination of seedlings, thus reducing the possibilities of natural regeneration of
hashab which eventually died of old age or, otherwise cut down by Man to meet the fuelwood
demand. Seif el Din et al. [3] considered goat browsing as the main cause of the disappearance of
hashab from many sites in it's natural habitat. The third problem arose from successive years (1960 -
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1974) of rainfall decline in the Savanna and semi - desert zones which culminated in the recent Sahel
drought. The shortage of water supply adversely affected the gum - gardens which deteriorated and
were finally abandoned. The steady deterioration of the hashab belt coupled with the southern
expansion of the desert into the semi - desert and Savanna belts called for an emergency restoration
plan to stop the advancing desert and revive the trees of the affected gum belt.

The objective of this study was to screen Acacia Senegal (L) Willd genotypes for high water use
efficiency, and capable of growing well in dry arid environments. The findings will be invaluable
for gum arabic rehabilitation programme which is being undertaken by the National Forest
Corporation of Sudan.

2. MATERIAL AND METHODS

2.1. Preliminary screening experiment
Thirteen 4 . Senegal pwvinancos (Appendix Table XXIII) were collected from different

locations in Sudan. These were used in the preliminary screening for water as well as phosphorus
use efficiency. During the collection campaign, records were made of the differences in the habitat
and the location. The experiment was conducted at the Gezira Agricultural Research Station farm at
Wad Medani just above the northern part of the gum belt. The soil in this region is a dark clay type.
Climate is dry and hot most of the year and the maximum temperature sometimes approaches 40-42°c
during summer months. No rainfall was recorded during the year of the experiment. A minimum
irrigation was however provided when necessary. The soil contains 7 ppm available P which is
equivalent to 22.1 kg P/ha. Each sub-plot was 4 x 4 m and consisted of 9 trees in the harvest area
with a plant spacing and row spacing of 1 m. The sub-plots also had a spacing of 2 m inbetween.
Tree seedlings were raised in the nursery in polythene bags. About 5 weeks after germination, the
seedlings were graded to achieve uniformity in size and growth. Ten week old plants were then
transplanted in the field in August 1990. The trees were harvested 12 months after transplanting and
the dry matter yield of shoots was determined which included branches and leaves. The daily
evapotranspiration was measured using a neutron probe (Model: CPN) using access tubes installed
vertically in each sub-plot. Readings were taken at IS cm intervals upto a depth of 60 cm before and
after irrigation.

2.2. Detailed study
The test material was 6 provenances selected from within the 13 provenances tested in the

preliminary screening. The selection was based on their performance with respect to water use
efficiency. Provenances 7 and 8 representing the highly efficient, provenances 3 and 10, representing
the moderately efficient and provenances 6 and 11 representing the low efficient in water use
efficiency (Fig. 1). Seeds of the selected provenances were collected in November 1993 and seedling
were raised in polythene bags for 10 weeks and men transplanted to the field. The experiment was
conducted at the Gezira Agricultural Research Station farm at Wad Medani, where the soil was a dark
clay and the weather is dry hot with maximum temperature about 45° C during summer months.
During the duration of experiment the site recieved tow showers amount to 64 mm and hence a
supplementary irrigation was applied to simulate 200 mm rainfall distributed through out the
experimental period of 4 months.

The experiment was a split-plot design with 4 replicates. It consisted of 4 blocks each 75 x
10 m laid parally 3m apart along a gentle slope. Each block was devided in to 6 plots 10 x 10 m and
3 m apart. Thirty six seedlings were planted per plot with plant .spacing of 2 x 2 m.

Shoot, root and the total dry matter yield was recorded after oven drying at 80°c for 24 hours.
The daily evapotranspiration was measured using a neutron probe (Model: CPN) using access tubes
installed vertically in each sub-plot. Readings were taken at IS cm intervals upto a depth of 100 cm
before and after irrigation.

The root length density was measured in cm of root per cubic cm of soil using the intercept
method described by Newman [S]
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FIG. 1. Genotypic differences in water use efficiency of Acacia Senegal provenances grown in the
field in Sudan.

3. RESULTS AND DISCUSION

The preliminary screening showed larged genotypic variations in water use efficiency among
the 13 Acacia Senegal provinances studied (Fig. 1). The values ranged from 165 g dm/1 water to 340
g dm/1 water making genotypes 7 and 8 about 2-fold superior in water use efficiency compared to
genotypes 6 and 11 which can be considered as the poor in water use efficiency. Of the other
genotypes that were tested 1,2,4 and 5 also showed characterises of high water use efficiency. The
results indicate that screening for water use efficiency may be a good approach for selecting Acacia
Senegal provinances suitable for introduction into dry semi-arid areas of the gum-belt of Sudan where
rainfall is low.

Six provenances with contrasting water use efficiency characteristics were selected for the
detailed study. Provenances 7 and 8 represents the highly efficient, provenances 3 and 10, represents
the moderately efficient and provenances 6 and 11 represents the low efficient groups in water use
efficiency The study revealed that the 6 provenances reacted differently to low water availability.
There were significant differences between the provenances in shoot, root and total dry matter (Table
I). Both shoot and root systems ad similar dry matter yield probably because the trees were harvested
when they were only 4 months old. Provenances 3 and 7 were superior in shoot dry matter
production where as provenances 3 and 11 were the more efficient in terms of root dry matter
production. Interestingly, provenances 3 and 11 also turned out to be the superior genotypes in total
dry matter production. It is possible that in trees growing in dry areas, the root systems contribute
substantially to total biomass yield probably because of the need to develop an extensive root systems
capable of reaching deeper layers of the soil profile in search of water.

Of the 2 genotypes (7 and 8) selected from the preliminary study for high water use
efficiency, only the genotype 7 proved to be high in water use efficiency in the detailed study as well.
In fact, the genotype 7 was the best in terms of water use efficiency in this study (Table II). While
the two experiments were conducted in the same location, the environmental conditions were
somewhat different during the two seasons. Although irrigation was provided to prevent water
deficits, different provinances appear to perceive the soil water availability in different ways and react
in different ways. Clearly, provenance 7 shows better adapted in terms of water use efficiency,
compared with the provenance 8 which appears to be very sensitive to subtle changes in this
parameter.

The root length density and root/shoot ratio measurements are shown in Table III. The
general observation is that those provenances with a high dry matter yield and high water use
efficiency have a smaller root length density and a root/shoot ratio. Provenance 7 again falls into this
category having in fact the smallest root/shoot ratio.
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TABLE I. DRY MATTER PRODUCTION OF ACACIA SENEGAL PROVENANCES 4 MONTHS
AFTER TRANSPLANTING

Provenance

7

3

11

6

8

10

Shoot dry matter
(g/plant)

32.8

28.2

23.3

26.3

24.6

25.7

Root dry matter
(g/plant)

21.4

29.2

32.6

22.2

22.1

20.8

Total dry matter
(g/plant)

54.2

56.4

55.9

48.5

46.7

46.5

TABLE II : WATER USE EFFICIENCY OF ACACIA SENEGAL
PROVENANCES 4 MONTHS AFTER TRANSPLANTING

Provenance

7

11

3

8

10

6

Water use efficiency
(g dm/1 water)

187

182

182

157

147
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TABLE m. ROOT LENGTH DENSITY AND ROOT/SHOOT RATIOS OF ACACIA SENEGAL
PROVENANCES 4 MONTHS AFTER TRANSPLANTING

Provenance

11

3

8

7

6

10

134

Root length density
(cm root/cm3 soil)

0.392

0.403

0.346

0.124

0.110

0.100

Root/shoot ratio

1.399

1.030

0.898

0.652

0.849

0.809



From on these findings, we conclude that large genotypic differences exist in Acacia Senegal
tree provenances with respect to water use efficiency and dry matter yield and that these
characteristics may be linked to differences in the root systems. Further studies are however needed
to make any definite conclusions with respect to the root parameters, but root length density appears
to play a key role in determining the water use efficiency of trees. Based on these studies provenance
7 can be considered a suitable candidate for introduction into gum-belt of Sudan through for
rehabilitation of this region.
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