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Total microbial activity of soils on natural gum groves of Acacia senegal in Niger
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ABSTRACT: This research showed positive effect of A. senegal on soils total microbial activity on different sites in Niger. Soils
were sampled under and outside A. senegal crown. The depth of soil sampling is 0-25 cm. sites that samples take out are:
Azzai, Bader, Malam Maimari, N’Guel kolo, Kokoye and Kiki. Activity was greater on soils under A. senegal crown, than
outside crown. Results showed strong correlation between total microbial activity and soils physico-chemical parameters.
Correlation was positive on soils with higher clay content, and negative on those with higher sand content. Thus, under A.
senegal crown, soils total microbial activity was significantly different between studied sites. Activity on Kiki’s site with value
of 5,9 µg/g/h, was twice that obtained at N’Guel kolo. On all sites, total microbial activities on soils outside of A. senegal
crown, was either a third lower (Kokoye and N’Guel kolo), or half lower (Kiki, Malam Maimari, Bader and Azzai), than under
the crown. A. senegal is legume plant, that can contribute to fertilize and stabilize poor soils. A better valorisation of A.
senegal would allow development of agroforestry system in nitrogen deficient soils of the Sahelian zone. Agroforestry
practices could increase plant diversity, control soil erosion and sequester organic carbon.
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INTRODUCTION

In arid and semi-arid regions of Africa, land degradation is mainly due to extensive agriculture, deforestation, overgrazing
and declining soil fertility. This degradation is the main threat to nature conservation and Food security [1].
In Africa, arid and semi-arid surfaces cover over 55% of the land, and dryness is a consequence low annual rainfall ranging
from 100 to 600 mm, and precipitations occur only over a short 2-4 months rainy season [2].
Parks in the Sahelian zone are mainly made up of acacia species, which play decisive role in its ecosystem balance. Among
these acacia species, A. senegal tree’s that has been identified as having great potential for restoring degraded and
vulnerable agro ecosystems [3]. The tree is particularly used in fallow land, and found on degraded soils to restore soil
fertility [4]. The tree is capable of establishing symbiotic relationships with soil endomycorrhizal fungi, and such relationships
promote better development of the tree through improved mineral nutrition [5].
A. senegal trees provide various economical goods such as production of gum Arabic, fodder supply and fuel. It is
furthermore used as pharmaceutical product in traditional practices.
Research showed positive effects of A. senegal tree on soil fertility through its symbiotic association with nitrogen-fixing
bacteria Rhizobia sp. ([6] & [7]. Debris from these plant species are important means of transferring plant elements to soils
[8]. Mineralization of such debris is one of the main sources of nutrients for plant growth [9]. Also, quality and quantity of
debris influences chemical and biological fertility of soil through interactions with microorganisms.
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In all ecosystems, soil micro-organisms play an important role in maintaining soil structure, facilitate organic matter
degradation, nutrient recycling, and carbon sequestration [10].
Microorganisms have crucial role in nutrient availability, plant growth and health. They are key factor influencing
functioning of ecosystems, and sustainability of soil resources [11]. Soil microorganisms secrete extracellular enzymes that
increase decomposition of organic matter, and nitrogen compounds transformation [12]. Metabolic activities of soil microbial
communities reflect vigor and vitality of the microbial processes associated with nutriment recycling. These activities are
sensitive indicators of environmental stresses responsible for soil quality degradation.
Thus, environmental variability and heterogeneity of resources associated with arid ecosystems may increase microbial
functional diversity [13]. In relation this observation, microbial parameters can be used as soil quality indicators [14]. Soil
microorganisms are sensitive to land usage and management ([11], [15], [16], [17], [18]).
This research is aimed at assessing total microbial activity of soils under and off various gum groves crown in Niger.

2
2.1

MATERIALS AND METHODS
GEOLOCATION AND DESCRIPTION OF SITES

Study was carried out in different gum basins of Niger (Figure 1). In the Western basin, sites used were Kiki and Kokoiye,
in the Central Basin selected sites were Bader Goula and Azzai, and the eastern sites used were Malam Mainari and N'guel
Kolo.

Fig. 1.

Studied gum groves sites of Niger

Climatic data of each site is presented in Table 1.
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Table 1. Climatic data of studied gum groves regions

Sites
Kiki
Kokoiye
Bader Goula
Azzai
Malam Mainari
N’guel Kolo
2.2

Climat

Dry Season

Rainy Season

Soudano-sahelian
Sahelian
Sahelian
Sahelian
Sahelian
Sahelian

october-april
october-april
october-may
october-may
october-may
october-may

may-september
may-september
june-september
june-september
june-september
june-september

Rain fall (mm)
(1995-2015)
622
425
376
350
309
300

Geographical coordinates
N 12°59'36,4'' and E 01°32'57''
N 13°59'06,1'' and E 0°44'32,3''
N 14°43'28,7" and E 7°14'27,10"
N 15°02'22,8" and E 06°24'46,2"
N 13°17'39,8" and E 12°18'27,5"
N 13°29'28,9" and E 12°20'38,9"

SOILS SAMPLING
Soils were sampled at the end of rainy season at 0-25 cm depth. Soils were sampled as follow method:
•
•

under the crown of A. senegal
outside the crown of A. senegal (control).

Soils were collected at different points under A. senegal’s crown in radiating scheme following opposites directions away
from the trunk (East / West / North / South).
For selected tree, sampled soils were mixed up to make composite soil, which was thereafter subsampled for laboratory
analysis. Soil total microbial activity was measured using hydrolysis test of Fluorescein Diacetate (FDA) according to method
described [19].
For each control sample, sampling and mixing up of soils for subsampling was done by taking up off crown, a number of
soil sample equivalent to that taken under crown.
The test measures on spectrophotometer, the amount of fluorescein released by hydrolysis. The technique allows
assessment of soil overall microbial activity.
For each soil subsample, total microbial activity was performed on three (3) enzyme containing assays, and a control
assay without enzyme, referred to as substrate control.
-1

-1

Enzyme control was made up of 15 ml of phosphate buffer (8,7 g l K2HPO4 and 1,3 g l KH2PO4, pH 7,6), 200 μl of sterile
-1
demineralized water, and 1 g of soil. Each assay was performed on 15 ml of phosphate buffer, 200 μl of FDA (1 mg ml ), and
1 g of soil. Substrate control was carried out only once, on 15 ml of phosphate buffer associated with 200 μl of FDA.
Samples were slightly vortexed then incubated with stirring at 30 °C for one hour. After incubation, reaction was stopped
with 1 ml pure acetone (100%) per tube. Tube’s contents were vortexed then centrifuged for 5 min at 10,000 rpm. Optical
density was read on spectrophotometer set at 490 nm wavelength over 1 ml supernatant. A standard 6 point-ranges was
prepared to calculate FDA concentration in fluorescein per μg of soil and per hour.

3

RESULTS

On all studied sites, results show that FDA values are significantly higher for soil sampled under A. senegal crown than on
control soil samples (Fig. 2). Data also furthermore suggest that total microbial activity level is significantly different amongst
-1 -1
the sites (Fig. 2). Thus, highest level of activity under crown is obtained at Kiki (5.9 μg. g .h ) and lowest at Bader is observed
-1 -1
(2.8 μg. g .h ). Similar analysis of control data shows no significant difference among control soils (Fig. 2). Relative difference
-1 -1
of 3,1 μg. g .h is found between values at the two extreme under crown. There is also a significate difference in total
microbial activity of soils outside A. senegal crown between Malam Mainari site and N'Guel Kolo, Azzai and Bader Goula.
However, the difference was not significant between sites of N'Guel Kolo, Azzai and Bader Goula. Kiki and Kokoiyé sites have
higher total microbial activity
-1

-1

(3 μg. g .h ) outside A. senegal crown compared to other sites.
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Fig. 2.

Total microbial activity measured in the soil under and outside crown of A. senegal trees in different provenances.

UC: under the crown
OC: outside the crown
Values followed by the same letter are not statistically different.
PRINCIPAL COMPONENT ANALYZES BETWEEN TOTAL MICROBIAL ACTIVITY, PHYSICO-CHEMICAL PARAMETERS AND SITE RAINFALL
Principal Component Analysis of soils under and outside A. senegal crown has been realized on parameters of each site.
Total microbial activity (FDA), chemical content (total carbon C, total nitrogen N, assimilated phosphorus P ass and pH),
physical content (silt, clay, sand) and rainfall have been projected on axes of principal component analysis (Fig. 2). Total
variance of data from soils under and off crown of trees is comprehensively explained by Axe F1 (89.98%), and axe F2
(86.34%) (Fig. 3).
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Fig. 3.

Principal component analysis of soils under A. senegal crown on axes F1 and F2 carried out on different parameters of
sites

Fig. 4.
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Results further show that total microbial activity is also influenced by soil physico-chemical parameters and rainfall (Figs.
3 and 4). Thus, three groups were deducted from both components of the factor under study:
• first group is represented by Kiki site where FDA is positively related to soil content of clay, silt, carbon and rainfall,
• second group is formed by N'Guel Kolo and Azzai sites, where total microbial activity is negatively related to soil
content in sand, pH and assimilated phosphorus,
• third group is made up of Kokoiyé, where total microbial activity is negatively related to nitrogen content of the soils.
CORRELATIONS BETWEEN TOTAL MICROBIAL ACTIVITY, PHYSICO-CHEMICAL PARAMETERS AND SITE RAINFALL
Variables relationships are studied using Pearson correlation (Table 2 and Table 3). Results from this analysis show strong
positive correlation between clayey and silty soil, to total microbial activity. Similarly, positive correlation exists between silty
soil, carbon, and rainfall, to total microbial activity. Correlation is negative r between sandy soil, and pH, to total microbial
activity (Table 2 and Table 3).
Table 2: FDA Pearson correlation matrix to key soil variables measured under tree crown.

Variables
FDA
pH
C
N
P ass
Clay
Silt
Sand
Rainfall

FDA
1
-0,748
0,868
-0,037
-0,404
0,979
0,922
-0,971
0,878

pH
1
-0,834
-0,479
0,468
-0,757
-0,657
0,714
-0,791

C

N

1
0,304
-0,514
0,929
0,775
-0,854
0,779

1
0,219
0,100
-0,285
0,154
-0,133

P ass

1
-0,375
-0,678
0,592
-0,664

Clay

Silt

1
0,867
-0,942
0,803

1
-0,984
0,922

Sand

1
-0,908

Rainfall

1

Table 3: FDA Pearson correlation matrix to key soil variables measured outside tree crown.

Variables
FDA
pH
C
N
P ass
Clay
Silt
Sand
Rainfall

4

FDA
1
-0,884
0,626
0,093
-0,279
0,900
0,826
-0,831
0,807

pH

C

N

1
-0,795
-0,488
0,451
-0,813
-0,732
0,710
-0,824

1
0,545
-0,599
0,835
0,665
-0,688
0,667

1
-0,081
0,149
-0,147
0,159
0,024

P ass

1
-0,396
-0,692
0,648
-0,737

Clay

1
0,844
-0,884
0,758

Silt

1
-0,993
0,956

Sand

1
-0,919

Rainfall

1

DISCUSSION

Results show increase in soil total microbial activity under A. senegal crown, relative to control samples. Our results
confirmed previous report that A. senegal tree improves microbiological characteristics of rhizospheric soil, through
rhizodeposition and rhizodecomposition of organic matter [20]. Other researcher showed that A. Senegal rhizosphere plays
positive influence on microbial biomass, and influence is greatest near tree foot [21].
According to [22], enzymatic activity of soils under A. senegal crown is higher, perhaps as a result of active microbial
biomass (intracellular enzymes), or to increased enzyme production by microbial biomass (extracellular enzymes).
Researchers also expressed hypothesis, that activity under tree crown is higher, as a result of combined action of both
intracellular, and extracellular enzymes ([22] & [23]). Such production of enzyme could explain that the greatest amount of
organic matter is observed under tree crown for it creates microclimate favorable to soil’s microorganisms development.
Increase of total microbial activity might be correlated to rhizodeposition. In fact, diversity and number of microorganisms in
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rhizosphere are largely determined by composition and concentration of root exudates excreted by plants ([24]and [25]).
Changes in rhizospheric soils by root exudates can influence abundance of telluric microbial populations.
Most pronounced aspect of rhizosphere effect on soil is increase in size and activity of microbial population near root
[26]. However, decrease of microorganism number is proportional to distance from roots [27]. This explains why total
microbial activity is more important under than outside crown. Rhizosphere is considered to be an area of increased
microbial activity, where plant roots transfer 17% of photosynthesis products. Majority of transferred products is available
for soil microbial community, thus increasing number of microorganisms present in the area ([28]; [29]). [30] estimated that
microorganisms present on rhizospheric soil are 19 to 32 times greater than on soil outside influence of plant root system.
Thus, organic matter quality and composition of soil microbial community could be factors influencing relative production of
soil enzymes ([31], [32], [33]).
Principal component analysis shows positive correlation between total microbial activity, and clay content of soils. This
analysis is corroborated by negative relationship between total microbial activity, and soil sand content. These analyses
suggest relationships between soil physico-chemical composition, and enzymatic activity. Such relationships explain why
total microbial activity is greatest at Kiki and KoKoiyé, sites that are located in Niger River basin, and lower on sandy sites at
N'Guel Kolo and Azzai (Fig. 2, and Table 1).
Activities are greater on clayey soils, for clayey soils tend to form clay-humic complexes, that can more easily associate
with soils chemical elements.
Soils rich in clay form micro-aggregates that are niches for microorganisms [20]. As a matter of fact, soil enzymatic
activities increase proportional to its clay content, for clayey soils are rich in carbon and nutrients [34].
Microbial activity changes based on soil types, and increase is proportional to soil content of clay. Clay effect on activity is
presumed due to higher protection of soil organic matter, and better production of enzyme which in turn influences
biological condition of soil [20].
Enzymes can adsorb on clay colloidal particles, or associate with humic substances in organic matter to allow soil
stabilization. Researchers also showed that enzyme such β-glucosidase influences soil properties ([35], and [36]). Other
workers showed that physico-chemical properties of soil influence, activity of soil enzymes [37].
Some authors consider physical part of soil to be responsible of variation in soil microbial activity [38]. Size of soil
particles, not only affects bacterial biomass, but also determines community structure. According to [38] & [39], parameters
such as clay percentage and soil texture, influence survival and proliferation of bacteria in the soil.
In our study, Principal Component Analysis revealed positive correlation between total microbial activity and soil carbon.
This result confirms finding by [40], which reported that carbonaceous input from plants to rhizosphere microorganisms,
stimulates growth of microorganisms and thus is referred to as "Rhizosphere effect ".
Positive correlation is found between total microbial activity and rainfall, and such relationship explains why total
microbial activity is more important at Kiki which possesses both high rainfall and high clay content soil. Conversely, microbial
activity is low at N'Guel Kolo where both rainfall and clay content of soil are extremely low. These are in line with finding by
[41] and [42] whose teams showed that size of soil microbial biomass is affected by changes in soil moisture. Furthermore,
[43] and [44] reported that several soil-born microorganisms are sensitive to low water content of soil.

5

CONCLUSION

Research showed that soil total microbial activity is higher under A. senegal crown. We suggest that increase of microbial
activity is due to positive influence of tree rhizosphere on soil microbial activity. Total microbial activity decreases rapidly
moving away from tree trunk. Work also suggests that high concentration of soil microbial biomass is an indication of greater
decomposition of organic matter into mineral elements. Consequently, soil microbial biomass may be used as reliable
indicator of soil fertility. Overall, it appears that as legume tree, A. senegal contributes to fertility of poor soils, depending on
local soil structure and rainfall pattern, as found on clayey soils at Kiki and Kokoiyé, and confirmed by low fertility of sandy
soils at N’Guel Kolo and Azzai.
Nitrogen deficient Sahel soils could be restored to greater fertility levels, through greater use of A. senegal tree in all
Sahel Agro-systems, and particularly in those based on agriculture and forestry. Thus, changes in agro-forestry practices are
strongly recommended in Sahel, as to include more of A. senegal trees for better soil erosion control, improving plant
diversity, and increasing crop production.
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