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Abstract

PHOSPHORUS USE EFFICIENCY OF THE GUM ARABIC TREE (Acacia Senegal (L) Willd) IN SUDAN.

This study was conducted to identify gum arabic tree (Acacia Senegal L. Willd) provenances with high efficiency
for phosphorus uptake and use. Thirteen provenances were collected from different habitats within the gum belt of the
Sudan. A preliminary trial was conducted during the period 1989-1992 at the Gezira Agricultural Research Station in Wad
Medani. This study revealed that there are clear genotypic differences in phosphorus use efficiency, nitrogen yield and dry
matter production. All the provenances tested also exhibited a high ability for survival under the dry climatic conditions
as prevailing in the gum belt of Sudan. Based on differences in phosphorus use efficiency observed in the preliminary
study, 4 provenances were selected for a detailed study. Provenance 11 and 2 represented the highly efficient group,
provenance 7 the moderately efficient group and provenance 13 the low efficient group. The detailed study revealed that
provenance 11 is superior to all others in terms of biomass production as well as in phosphorus use efficiency. Although
the ability to take up phosphorus was low, this was compensated by having a high root length density enabling the tree to
take up a quantity of phosphorus similar to that taken up by other provenances. The high ability to convert the absorbed
phosphorus into a greater quantity of dry matter made this provenance the best in phosphorus use efficiency. These results
suggest that provenance 11 may be a suitable candidate to be introduced into the gum belt of Sudan in support of its
rehabilitation programme.

1. INTRODUCTION

Sudan extends between latitudes 4° and 22° N, and 22° and 38° E, covering an area of about

2.56 million square kilometres. This wide extension is characterized by variable ecological zones

ranging from tropics in the south through deciduous savannah woodlands in the centre to the sub-

desert and desert in the north. The gum arabic tree (Acacia Senegal L. Willd) (locally known as

hashab tree) occurs on clay and sandy soils [1] in a natural belt extending between latitudes 10° and

14° N (Fig. 1). Within this zone rainfall varies between 250 and 800 mm distributed in three months

leaving nine dry months in a year where maximum temperature can reach 45°c in the summer. The

terrain is flat and soils are dark and appears to be of alluvial origin. They are alkaline (pH 9) and

have a high clay content (60%). On drying, the soil shrinks and a wide network of cracks are formed

[2]. The sandy soils are coarse textured with 90% sand. The top soil is characterized by lack of finer

fractions, little or no minerals and or organic matter. The soils are generally poor in both macro

(especially phosphorus) and micro nutrients [3].

At present a rehabilitation programme on restocking of the sum belt for desertification control

is in progress in Sudan funded by UNDP. The objectives of the present FAO/IAEA project are very

much complementary to those of the UNDP funded project in that both if effectively implemented will

contribute to successful rehabilitation of the gum belt. A. Senegal is 5 to 7 m in hieght. It is the

main gum producing tree species, accounting for 90% of the world gum arabic production [1]. A.

Senegal is therefore economically important to Sudan and the world at large. Annually, Sudan exports

about 85% of the world's gum arabic consumption. This contributes 11% to the national income.
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In addition, it plays an important role in combating erosion and desertification, hence contributing

to preservation of the ecosystem and the environment. The traditional land use system for A. Senegal

is basically a kind of shifting cultivation commonly known as the-gum cultivation cycle. This cycle

could rage from 15 to 20 years and consists of: (1) clearance of the thorn savannah, (2) cultivation

of agricultural crops for 4 to 6 years, (3) a bush-fallow period in which A. Senegal is the most

vigorous tree colinizer, (4) tree taping commencing when trees are 4 to 5 years old with maximum

yield when the trees are around 9 years old, and (5) bush clearing at 12 to 15 years [1]. According

to the 1989 Annual Report of the Gum Arabic Company of Sudan [1] three concomitant problems has

recently disturbed the traditional land use system for gum arabic production drastically reducing its

yield from 29,000 to 11,000 tons per year. First, the bush-fallow cycle was reduced to one or two

years due to population increase and as a result the increased demand for agricultural produce and

fuelwood. The 3% upward demographic trend in the Sudan is one of the highest in the world.

Estimates based on a World Bank Report [4] has shown that the national fuelwood consumption has

crossed the sustainable yield threshold somewhere around 1965. Secondly, overgrazing has led to

elimination of seedlings thus reducing the possibilities for natural regeneration of A. Senegal. Goat

browsing is considered as the main cause of the disappearance of A. Senegal from many sites in its

natural habitat. The third problem arose from successive years (1960-1974) of rainfall decline in the

savannah and semi-arid zones which culminated in the recent Sahelian drought.

The steady deterioration of the gum arabic belt coupled with the expansion of the desert into

the southern semi desert and savannah belt called for an emergency restoration plan to stop the

advancing desert and to revive the trees in the deteriorated gum belt. The objective of this study was

to identify provenances of A. Senegal which are high in efficiency of uptake and use of phosphorus,

and capable of growing and yielding well under the environmental and soil conditions as prevailing

in the gum belt of Sudan. The findings of this project will be invaluable to the UNDP funded gum

belt rehabilitation programme undertaken by the National Forestry Corporation of Sudan.

2. MATERIAL AND METHODS

2.1. Preliminary screening

Thirteen A. Senegal provenances (Appendix Table XXIII) were collected from different

locations in Sudan. These were used in the preliminary screening for 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. The treatments consisted of 2 phosphorus levels. Po where no P was applied and P, which

received an application of phosphorus at the rate of 21.5 kg/ha in the form of triple super phosphate.

Phosphorus fertilizaer was incorporated into the soil as granules. The experiment consisted of a

randomized block design with 4 replicates. 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. Shoot hieght was measured 5 and 9 months
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after transplanting. The trees were harvested 12 months after transplanting and the dry matter yield

of shoots was determined which included branches and leaves. Total nitrogen in the shoot was

determined by the Kjeldahl method [6] and phosphorus by the method described Olsen and Watanabe

m.
2.2. Detailed study

Based on the results of the preliminary screening, 4 provenances were selected for a detailed

study in order to investigate the morphological and/or physiological reasons for the differences among

provenances for phosphorus use efficiency. Provenances 11 and 2 represented the group highly

efficient in phosphorus use, provenance 7 the moderatly efficient group and provenance 13 the low

efficient group. The site selected for this experiment was at Elobeid (latitude 13° N and longitude

30° E ) where the soil is an undulating sand dune of low phosphorus availability (< 4ppm). The

annual rainfall in this region ranges from 250-280 mm. The treatments consisted of two phosphorus

levels, Po where no P fertilizer was added and P, where an amount of 21 Kg/ha phosphorus fertilizer

as triple super phosphate was applied. The experiment consisted of a split plot design with 3

replicates. Blocks were laid parallel to each other and divided into 2 main plots for treatments. The

main plots were further divided into 4 sub-plots (4 x 4m) for the 4 provenances. Twenty five 10

week old seedlings were transplanted in each sub plot. Trees were destructively sampled 4 months

after transplanting. The samples were oven dried at 80° C for 24 hours and the shoot, root and total

dry matter yields were determined, phosphorus accumulated in the different plant parts was

determined by Olsen methd [7]. Phosphorus use efficiency was calculated as gm dry matter produced

per gm phosphorus in dry matter. Root length density was determined by the intercept method as

described by Newman [9]

3. RESULTS AND DISCUSSION

3.1. Preliminary studies

The ability of A. Senegal provenances to survive under field conditions was tested at 2 and

4 month intervals. Of the 13 provenances examined there was almost 100% success in the survival

rate in both treatments, with and without added phosphorus. The success of early establishment under

field conditions is an important factor that would detenmne the subsequent growth of trees. The data

suggest that all the A. Senegal provenances tested are generally well adapted to growing under

conditions as prevailing in the gum belt of Sudan; Shoot height was measured at 5 and 9 months after

transplanting in the field. It appears that there are significant differences among provenances in

growth (Figs. 1 and 2). These differences were observed at both growth stages suggesting that the

differences are more due to differences in their genetic make up than to soil and other environmental

factors. Based on the shoot height, the trees can be ranked (Tukey's method) into three categories,

viz., (1) short (2) medium , and (3) tall. The provenances collected from clay soils generally fell into

the first category while those from sandy areas (particularly provenances 12 and 13) were tall and

exhibited a high growth capacity. Air-dried biomass of wood of one year old A. Senegal trees are

shown in Table I and Fig. 2. The results show that there is more than two-fold genotypic variation

in dry matter production among the provenances tested. It would be interesting to see if these

differences plant productivity are maintained as trees become mature when they capable of producing

gum. A tree with a larger shoot biomass will also be in a position to produce more gum because of

higher photosynthetic capacity and a greater network of gum containing laticifers in the trunk. The
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FIG. 2. Dry matter yield of 1 year old Acacia Senegal provenances in the presence (P-1) and absence

(P-0) of applied phosphorus.

TABLE L EFFECT OF P TREATMENT ON DRY MATTER YIELD
OF ACACIA SENEGAL PROVENANCES 1 YEAR AFTER TRANSPLANTING

Proverances

1

2

3

4

5

6

7

8

9

10

11

12

13

Mean

Po

315.8

426.8

292.5

457.2

387.2

387.4

403.2

425.4

303.4

330.4

246.0

204.6

326.2

335.7

Treatments

P,

288.6

367.6

330.4

443.1

437.4

437.5

392.4

379.1

261.2

289.6

207.3

364.8

320.5

333.8

Average

301.8

397.2

311.4

450.2

412.3

412.3

397.8

402.2

282.3

310.0

226.6

284.7

323.4

Po = 0 kg P/ha; P t = 21.5 kg P/ha

57



dry matter yield did not appear to be closely ralated to the shoot hight. On the contrary, the

provenances with high biomass (2,3,4,5,7 and 8) yield were those that originated from the clay soil

sites where the shoot height was short. However, provenance 13 which was superior in shoot height

was also superior in biomass production. This provenance may be considered for introduction into

the gum belt of Sudan in support of its rehabilitation programme.

There were almost two-fold differences in phosphorus uptake among the provenances. There

were also differences in phosphorus use efficiency among provenances (Fig. 3) but these were not

big indicating that all provenances in general had a high ability to convert a given amount of

phosphorus into biomass. The occurence of large differences in the rate of absorption of phosphorus

from solution by different genotypes of Pinus radiata has been shown by Bowen [9]. However, such

observations in trees grown under field conditions are limited. Moreover, there were no apparent

benefits of applying phosphorus to A. Senegal trees, at least during the early stages of there

establishment. In this study the amount of phosphorus applied was low (21.S kg P/ha) which might

explain the lack of a positive response. The fact that trees often respond to the application of

phosphorus has been discussed by Bowen [9].
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FIG. 3. Genotypic differences in phosphorus use efficiency (FUE) of Acacia Senegal provenances.

Nitrogen yield of the different A. senega! provenances are shown in Fig. 4. Again there were

more than two-fold differences in nitrogen yield among provenances and this may be related to the

differences in nitrogen fixing ability of the these tree species. In this study however, the plants were

not inoculated with Rhizobium so any differences in the nitrogen yield indicates the differences in the

ability of different tree provenances to form effective symbiotic associations with the native Rhizobium

strains in the soil. The provenances with high nitrogen yields also had high dry matter yields which

suggests that the differences in nitrogen yield are more a result of differences in dry matter production

than due to possible differences in the capacity for nitrogen fixation. This aspect warrants further

studies in future research programmes as the genotypes with a higher capacity for nitrogen fixation

may have an advantage over others in growing in harsh environments as prevailing in the gum belt

of Sudan.
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FIG, 4. Genotypic differences in nitrogen yield of Acacia Senegal provenances.



3.2. Detailed studies

The detailed studies were conducted with the provenances selected from the preliminary study

reported earlier, based on differences in phosphorus use efficiency. These include two (provenances

11 and 2) highly efficient, one moderately efficient (provenance 7) and one (provenance 13) low in

phosphorus use efficiency. Contrary to the results of the preliminary investigation (Figs. 1 and 2),

this study showed that over both treatments (Po and P,), provenance 11 is significantly superior to the

others in shoot, root and total dry matter production (Table II). Also the provenance 2 which had

a higher shoot biomass in the preliminary study showed a low total biomass in the detailed study.

This cannot be attributed to differences in root biomass which was not investigated in the first

experiment because the shoot biomass showed a similar trend to the total biomass in the detailed

study. However, it is interesting to note that in terms of phosphorus use efficiency, provenance 11

was the best in both experiments (Table III).

TABLE II. DRY MATTER PRODUCTION OF 4 SELECTED ACACIA SENEGAL

PROVENANCES 4 MONTHS AFTER TRANSPLANTING

Provenance code

7

2

13

11

Po
(g/plant)

39.08

39.42

58.57

95.47

P,
(g/plant)

47.96

41.92

59.51

93.21

Average
(g/plant)

43.52

40.67

59.04

94.34

Po = 0 kg P/ha; P, = 21.5 kg P/ha

TABLE III. PHOSPHORUS USE EFFICIENCY (PUE) OF 4 SELECTED ACACIA SENEGAL

PROVENANCES 4 MONTHS AFTER TRANSPLANTING

Provenance PUE
(g DM/g P)

11 294.8

13 191.3

7 145.1

2 135.4
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The data also show that about 50% dry matter is found in the roots. The imporatnce of roots
in tree productivity and the interactions between roots and shoots have been highlighted by Bowen
[9,10]. Similarly, of the total phosphorus taken up by A. Senegal, 35-50% was found in roots (Table
IV). This clearly indicates the importance of taking into account the underground plant parts in total
biomass and nutrient uptake studies as otherwise major errors could be introduced in interpreting the
data. There were no major differences in total phosphorus yield among the 4 different provenances.
However, there were differences in the root length density (Table V). This was highest in provenance
11 and lowset in provinance 2. Thus it appears that the provenance 11 is not so efficient in terms
of uptake of phosphorus but is quite efficient in utilizing the phosphorus that is taken up by the plant.
Genotypic differences in phosphorus uptake and its close relationship with root length has been shown
by Caradus [11] for clover and Goddard and Hollis [12] for trees. Nambiar et al. [13] observed

TABLE IV. TOTAL PHOSPHORUS UPTAKE OF 4 SELECTED ACACIA SENEGAL
PROVENANCES 4 MONTHS AFTER TRANSPLANTING

Provenance

7

2

13

11

Shoot

Pt
(g/plant)

0.15

0.22

0.17

0.16

Po
(g/plant)

0.17

0.21

0.19

0.16

Root

P,
(g/plant)

0.14

0.13

0.14

0.16

Po
(g/plant)

0.14

0.10

0.11

0.16

Total

P,
(g/plant)

0.29

0.35

0.31

0.32

Po
(g/plant)

0.31

0.31

0.30

0.32

Po = 0 kg P/ha; P, = 21.5 kg P/ha

TABLE V. EFFECT OF P APPLICATION ON ROOT LENGTH DENSITY OF 4 SELECTED
ACACIA SENEGAL PROVENANCES 4 MONTHS AFTER TRANSPLANTING

Provenance

11

7

13

2

Root length density

P,

0.423

0.416

0.353

0.290

Po

0.470

0.447

0.570

0.543

Po = 0 kg P/ha; P, = 21.5 kg P/ha
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100% differences in Pinus radiata provenances in their length per unit weight of regenerating lateral

roots and concluded that selection for thinner roots might be advantageous for enhanced nutrient

uptake. The low ability to take up phosphorus in this provenance 11 appears to be compensated by

its ability to increase its root length density thus allowing the root system to explore a greater mass

of the soil for phosphorus. Although provinance 11 may have difficulties in taking up phosphorus,

once taken in this provenance has the highest ability to convert phosphorus into dry matter and this

may be related to differences in the physiology of phosphorus metabolism in this provenance. This

feature may make provenance 11 an ideal candidate for direct introduction into the rehabilitaion

programme of the gum belt in Sudan. Further, the provinance will be invaluable for future studies,

particularly for grafting into root stocks with a high ability for phosphorus uptake, or for future

breeding programmes of A. Senegal aimed at developing provenances capable of growing in soils low

in phosphorus resources. Provenance 11 could also provide useful material for modern molecular

biology studies involved in identifying genes responsible for high phosphorus use efficiency in trees.
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