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The soil under Acacia species is increasingly used in Namibia as growing 
media for nursery seedling production. A trial was conducted at the 
University of Namibia Ogongo Campus to determine the physicochemical 
properties of soil collected under different Acacia species and its effects on 
the growth of mango (Mangifera indica) seedlings. A split-split plot design 
with Acacia species (Acacia erioloba and Acacia nilotica) as main plot factor, 
the horizontal distance from the tree trunk (0–2 and 2–4 m) as subplot 
factor and the depth of collection (0–10 and 10–20 cm) as sub-sub plot factor 
was used. Soils were analysed for physicochemical properties; various 
growth characters of net house-grown mango seedlings were measured 
weekly for 4-month and subjected to parametric analysis of variance with 
appropriate error terms. The results showed that the soils collected under 
the Acacia species were predominantly sand, with 0.025–0.108% nitrogen, 
and 5.26–6.34 pH. Soil organic matter was higher within the 0–10-cm depth 
than within the 10–20-cm depth. Species by soil depth interaction was 
significant (p-value< 0.05). Conclusively, soils collected under the Acacia 
species can be used for raising mango seedlings with fertiliser 
supplementation. 
 
Keywords: Chemical soil properties, mango seedlings, seedling growth, split-split 
plot design 

 
 
 

 
 
INTRODUCTION 
 
Mango (Mangifera indica)is native to the Indian 
subcontinent and is one of the most important fruit crops 
worldwide (Shah et al., 2010; Yadav and Singh, 2017).  

Selecting the proper growing medium for seedlings is 
important for the production of viable and quality 
seedlings(Mhango et al., 2008; Douglas, 2011; Ahmed and 
Hamad, 2015). For container-grown plants, chemical and 
physical properties of the growing media is a strong 
determinant of success(Robbins, 2011). Studies have 
revealed that soils collected under leguminous A. nilotica 
contain high organic content thusare promising as growing 
media in raising nursery seedlings(Pandey, Singh and 

Sharma, 2000).The significantly higher concentration of 
Nitrogen (N), Phosphorus (P), Calcium (Ca), Magnesium 
(Mg), Zinc (Zn) and Manganese (Mn) have been reported in 
soils collected under Acacia species, and the existence of 
soil fertility gradient from the tree trunk outward (Githae, 
Gachene and Njoka, 2011). Furthermore, the interactions 
among physical, chemical and biological processes of soil in 
space and time determine the level of soil fertility(Pandey, 
Singh and Sharma, 2000), explaining why studies on the 
effect of growing media on seedling growth (in different 
place and time) have presented mixed results. For example, 
a study in   KrishVigya Kendra Sirohi  in India  by  Bhardwaj    
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Figure 1: Selection of potting media from a single Acacia tree, two 
samples from each of the centric rings A and B 

 
 
 
(2013), showed that a mixture of growing medium 
consisting of vermicompost, sand and pond soil yielded a 
maximum speed of emergence, germination percentage, 
and least time for imbibition among papaya (Carica papaya) 
seedlings. Whilst a mixture of soil, sand and farm manure in 
a ratio of 2:1:1 in Gujarat, India improved mango (M.indica) 
seedling growth in terms of seedling height, the number of 
leaves, length of root and shoot, stem girth, fresh and dry 
weight of seedlings as well as survival per cent of 
seedlings(Parasana et al. , 2013). On the contrary, a study 
on four indigenous tree species under semi-arid climatic 
conditions of the eastern part of  Ethiopia revealed that 
different soil mixtures has no effect on seedling growth 
(Abera et al., 2018). These results on potting media reveal 
the need for scientific generated data to guide foresters in 
their tree production efforts. 

In northern Namibian, where the inhabitants are among 
the poorest in the country(National Planning Commission, 
2016), foresters cannot afford expensive potting media. In 
fact, foresters rely on soils collected under tree canopies of 
Acacia species which are also widespread in the area. 
However, scientific information about physicochemical 
properties ofsoils collected under Acaciatree species as a 
growing media and the extent to which it influences the 
growth of mango seedlings in the field is not known. In the 
current study, we assessthe growth response of mango to 
potting media from different positions under two different 
Acacia tree species canopy. Specifically, the study 
determined (1) the physicochemical properties of the 
potting soil collected under Acacia species (A. nilotica and 
A. erioloba), (2) the influence of depth of soil collection, 
distance from the trunk on selected soil nutrients 
parameters and (3) the comparative effects of the growing 
media on the growth of mango seedlings.    
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
The  study   was   carried   out   at   the nursery site of UNAM 

Ogongo Campus in the Omusati region, Ogongo 
Constituency. The area lies some less than 100km from 
Southern Angola and in the extreme Northern part of 
Namibia. The main economic activity in the area is 
smallholder agriculture, with pearl millet, locally known as 
Mahangu as the main crop. Most forests in the surroundings 
have been cleared for agriculture or settlement purposes. 
The mean annual rainfall is between 350 mm to 500 mm. 
More than 80% of annual rainfall is received during the 
December–March period (Awala et al., 2019). The 
temperature has a seasonal variation, summer 

temperatures can go as high as 36 °C and winter 

temperature falls to 6 °C (Mendelsohn, Obeid and Roberts, 

2000). Soil is neutral (pH.6.7), very sandy (93-97 %) and 
with a small percentage of clay (3-5 %), with flat 
topography and prone to annual flooding 

 
Collection of growing media in the field 

 
Soil for potting media was collected under two Acacia 
species, namely A. erioloba and A. nilotica. Trees were 
randomly selected; the selected trees were almost of the 
same size by physical appearance. Five different trees 
(representing replications for the main plot) were sampled 
per species, and four samples of soil were obtained from 
each of the sampled trees. Two centric rings (A and B) were 
demarcated under each tree canopy (Figure 1). Each first 
centric ring had a radius of 2 m from the position of the 
tree. The distance from the circumference of the inner ring 
to that of the outer ring was also 2 m, giving a radius of 4 m 
from the outer ring to the tree trunk. In each ring, a 
procedure equivalent to grid sampling (Midwest 
Laboratories, 2020) was used as follow: Each of the rings 
were divided into equal sectors by a straight line from the 
tree trunk position to the respective circumference. For the 
inner ring, triangular sectors were formed, whereas the 
outer rings formed crescent-like akin to a fractional 
doughnut. The triangular sectors and crescent rings for 
circle A and B respectively acted as the coarse grids for the 
grid sampling procedure. By  throwing  a    ball randomly in  



 
 
 
 
each of the coarse cells, the starting sampling point was 
determined, and we pre-defined the position within the 
starting cell as circumference centre edge. A systematic 
sampling scheme defined as ‘Skip one coarse cell was used 
and choose the next cell with position circumference center 
opposite’. At each selected point, a soil probe was inserted 
vertically to a depth of 10 cm and soil collected into a 
polythene bag guided by the probe, making sure not to 
collect soils below the tip of the probe. At the same point, a 
soil probe was inserted vertically from the 10cm depth 
zone into around 14 cm and then removed, followed by 
transferring the soil sample into a polythene bag. The 
process was repeated until the 40 polythene bags using 
soils from 5 trees per species were filled. Whilst filling the 
polythene bags, we collected composite samples for each of 
the positions, which were sent immediately to the Ministry 
of Agriculture, Water and Forestry Resources 
 
Treatments 
 
The media collected using the method described in 2.2 
above was used for pot filling and used to evaluate the 
effects of plant growth. 
 
Experimental design 
 
A split-split plot design was used with the two tree species 
(Nilotica and Erioloba) as main-plots, two of the centric 
rings A and B (Figure 1) as the sub-plot factors and the soil 
depths as sub-sub plots factor. The selection of the design 
was to allow all factor interactions to be determined (see, 
equation 1) whilst noting the presence of the 
randomisation restrictions in the execution of the 
experiment. 
 
Experimental management 
 
Seeds were extracted from about 60 mango fruits, variety 
‒Kent from which 40 seeds of similar sizes were selected. 
The seeds were sown on the same day under the same 
environmental conditions. The same amount of watering 
was applied, and the removal of weeds was done during the 
germination period to avoid competition for soil nutrients. 
 
Soil analysis 
 
Soil samples were dried at a temperature not greater than 
35 °C. The part of the sample retained on a 2-mmsieve, 
called the fine earth fraction, was used for analysis. 
Available phosphorus was determined using the Ohlsen 
method(Olsen and Sommers, 1982), extracted with sodium 
bicarbonate, and measured spectrophotometrically using 
the phosphomolybdate blue method. Inductively coupled 
plasma (ICP) method was used to measure available 
calcium (Ca), Magnesium (Mg) and Sodium (K). The soil 
was dispersed with sodium hexametaphosphate/sodium 
carbonate. Clay and silt were determined using then pipette 
method(Miller and Miller, 1987). The sand fraction was 
determined by sieving to retain > 53-micron fraction. The 
textural class was established using the USDA classification  

Hove et al.          11 
 
 
 
system(USDA, 1987). Walker-Black method was used to 
determine the organic carbon (Organic matter content) to 
take account of incomplete oxidation, and organic carbon 
was scaled by a factor of 1.74. pHw was measured in 1:2.5 
soil: water ratio suspension on a mass to volume basis. 
Electrical conductivity (Soluble salt content) was measured 
in the supernatant of the 1:2.5 soil: water suspension 
before measurement of pH. Units of measurement are 
mS/cm (1 mS = 1000 uS). High results indicating possible 
salinity hazard are repeated on the extract of saturated soil 
paste. 
 
Statistical analysis 
 
The experimental design follows a Split-split plot design 
due to the presence of double randomisation restriction. 
The tree species was taken to be the main plot factor, the 
radius as a subplot factor and the depth in each radius as a 
sub-subplot factor. The linear statistical model adopted 
during the analysis (see Table 1) follows the statistical 
model specified by equation (1) below: 
    

 ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

i j ijijkh k ik jk ijk

h ih jh ijh kh ikh jkh ijkh
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Where i , j  and  ( )ij  represents the effect blocks, 

main plot treatment (Tree species) and the whole plot error 

respectively; while kγ , ( )ik ( ) jk  and ( )ijk  

represents the subplot treatment (radius from the tree 
trunk), the two-way interactions with the tree species and 

the subplot error respectively. hδ , and the remaining 

parameters represent the sub-subplot (depth within 
radius), and the other interactions and the sub-subplot 
error given as a four-way interaction (see also Table 1).
 For significant difference reported in a split-split 
plot Anova, means were separated using the pairwise 
method developed by Tukey (1953), the Tukey’s honestly 
significant difference (HSD) (See. Table 2) for the results of 
this method. The logic behind HSD comes from the fact 
that when the null hypothesis is true, the value of 
q statistics evaluating the difference between groups g  

and 
'g  is equal to:  
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q , follows a studentised range q distribution with ranges 
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Table 1. Summary of treatments used in the experiment 
 

Treatment Tree species Radius Depth 

T1 A. nilotica 0 < r < 2 10 cm depth 
T2 A. nilotica 0 < r < 2 10 cm depth 
T3 A. nilotica 2 < r < 4 20 cm depth 

T4 A. nilotica 2 < r < 4 20 cm depth 

T5 A. erioloba 0 < r < 2 10 cm depth 

T6 (Control) A. erioloba. 0 < r < 2 10 cm depth 
T7 A. erioloba 2 < r < 4 20 cm depth 

T8 A. erioloba 2 < r < 4 20 cm depth 

 
 

Table 2. Physical classification of potting media collected from different positions under Acacia species 

 

Growing 
media 

                                                         Percentage Textural 
classification Sand Silt Clay 

T1 79.90 16.60 3.50 Sand loamy 

T2 91.40 4.40 4.20 Sand 

T3 94.80 1.50 3.60 Sand 

T4 93.30 2.50 4.20 Sand 

T5 93.40 3.60 3.10 Sand 

T6 97.00 1.00 2.00 Sand 
T7 85.50 10.30 4.20 Sand loamy 
T8 91.00 5.40 3.60 Sand 

 
 
 
Pearson’s product-moment correlation coefficient (  ) was 

computed using the following equation: 

   2
2 2

2
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RESULTS  
 
Physicochemical properties of soils under Acacia 
species 
 
Physical properties 
 
Results ofthe analysis of soil physicochemical properties 
are shownin Tables 1 and 2. Soils under Acacia trees are 
predominantly sand soils (Table 1).The slight textural 
change was noticed across tree species and depth of soil 
collection. A. Nilotica topsoils (the 10 cm top layer of the 
soil profile) within the 2-metre radius from the tree trunk 
was sandy loam, and so was  A. erioloba soils from 2 metres 
to 4-metre distance from the tree trunk. From the 20 cm 
depth, soils were sand across all the two species and 
horizontal distances. 
 
Chemical properties 
 
Wide   variations   in   chemical   properties  of   the growing 

media were observed (Table 3).The parameters that were 
tested are soil pHw (soil pH water), organic matter, 
phosphorus and nitrogen. Nitrogen is relatively low across 
all the treatment (0.025%–0.108%). Organic matter was 
found to be highest (1.75%) in soil collected under A. 
nilotica at 20-cm depth within 2m radius of the tree trunk 
and lowest (0.4%) in A. erioloba soils (2-metre radius, with 
the 20-cm depth downwards). Phosphorus content in the 
soil was found to be between 6.5–16.3 ppm. Phosphorus 
was high in A. erioloba soil collected within 2 m radius at 
20cm depth. The soil pH (water) was moderately acidic 
(5.26 to 6.20).The soil electric conductivity ranged from 
83–218uS/cm. Potassium content was medium (150–250 
ppm) to high (250–800ppm)across the treatments. A. 
erioloba soil within 2-metre radius at 20 cm depth have a 
low magnesium content which was less than 60 ppm, and 
the rest of the treatments were medium (60–300ppm). 
Sodium was found to lie between 17–40ppm. Calcium 
content was found to be highest in soil collected under A. 
erioloba within 2m radius at a depth of 10cm and least in 
Erioloba soils within 2-metre radius at a depth from 20 cm. 
 
Dynamics of soil physicochemical properties in potting 
media collected under Acacia tree species 
 
Organic matter was significantly correlated with total N, Ca 
and Mg. The higher the pHw, the higher the OM, N, Ca, and 
Mg. Sand correlated negatively to all soil nutrients that 
were tested, implying that sand nature contributes 
significantly to the low fertility status of the soils under 
soils. Clay, on the contrary, correlates positively  to  OM  and  
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Table 3. Chemical classification of potting media collected from different positions under Acacia species 

 
Growing 
media 

pHw OM                  
(%) 

P                        
(ppm) 

N                        
(%) 

ECw                        
(µS/cm) 

K                     
(ppm) 

Ca                 
(ppm) 

Mg                         
(ppm) 

Na                    
(ppm) 

T1 6.20 1.52 9.4 0.094 133 253 633 100 40 
T2 6.03 1.75 7.9 0.108 123 232 556 103 30 
T3 6.08 1.73 9.6 0.107 110 159 554 92 24 
T4 5.81 0.78 4.5 0.048 83 121 416 96 22 
T5 5.96 1.23 16.3 0.076 218 300 635 125 36 
T6 5.65 0.40 8.1 0.025 177 154 166 43 37 
T7 5.26 0.90 12.3 0.056 197 168 328 70 24 
T8 5.37 0.82 6.5 0.051 183 219 319 69 28 

 

N‒A. nilotica, E‒A. erioloba, D1‒2 metre radius from the tree trunk, D2‒ 4-metre radius from the tree trunk, 10cm depth and 
20cm depth 

 

 
Table 4. Pearson’s product-moment correlation coefficient for the physicochemical parameters 

 
  pHw OM P N Ecw K Ca Mg Na Sand Silt 
OM 0.72*           
P 0.07 0.22          
N 0.71* 1.00*** 0.22         
Ecw -0.51 -0.36 0.70# -0.35        
K 0.34 0.43 0.61 0.43 0.49       
Ca 0.79* 0.86*** 0.39 0.86*** -0.23 0.62      
Mg 0.66# 0.69# 0.40 0.68# -0.17 0.59 0.93***     
Na 0.38 0.03 0.34 0.03 0.38 0.64 0.20 0.07    
Sand -0.06 -0.29 -0.13 -0.29 -0.03 -0.33 -0.34 -0.18 -0.24   
Silt 0.07 0.24 0.17 0.24 0.10 0.37 0.31 0.13 0.35 -0.99  
Clay -0.04 0.43 -0.19 0.43 -0.42 -0.09 0.35 0.42 -0.66# -0.40 0.27 

 

#p<0.1, *p<0.05, ***p<0.01 
 
 

 
N, thereby contributing to high fertility under high 
percentage thereof. 
 
Effects of the growing media on the growth of mango 
seedlings   
 
A parametric split-split plot analysis of variance was 
conducted to assess the impact of potting media from two 
different Acacia species (Main plot factor), the horizontal 
distance (from the tree trunk), the subplot and the depth of 
the collection, the sub-sub plot factor on growth parameter 
of M. indica(Table 4). Statistically significant results 
between the two Acacia species were observed in Leaf area 
only, with the other growth parameters showing 
statistically non-significance results. Two-way interaction 
effect between tree species and distance of collection from 
the tree trunk gave significant results for plant height F 
(1.32)=32.95, p<0.01; the number of leaves F(1.32)=3.20, 
p<0.1  and leaf area F(1.32)=14.40, p<0.01. Stem diameter 
was not significantly different for all factors and factor 
levels. 
 
Comparison of interaction effect (Tree × Distance from 
the tree trunk) on growth parameters 
 
The significant interaction effects reported in (Table 5) 
above led to multiple comparisons or post hoc analysis with 
results displayed in (Table 6). On average, soil collected 

under A. nilotica within a 2-metre distance from the tree 
trunk gave the fastest seedling growth. On the contrary,  the 
least plant height was recorded from soils collected under 
A. nilotica within 2–4 metres. Soils collected from A. 
erioloba, on the other hand, gave better results across all 
growth parameters from the 2 – 4 metres compared to the 
soil collected within 0 – 2 metre distance.  
 
 
DISCUSSION 
 
Characterisation of growing media based on 
physicochemical properties 
 
There were significant differences in soil physicochemical 
properties among the two Acacia species for the two radii 
and two depth. The present results agree with various 
findings in the literature on different species (Chang et al., 
2002; Mishra, Sharma and Gupta, 2003; Nsabimana et al., 
2008; Githae et al., 2011). The results showed that 
generally soil under Acacia species in northern Namibia has 
low fertility since nitrogen and organic carbon are lower. 
Similar findings were reported by (Yoshinori et al., 2016) 
who reported poor soils in the seasonally flooded wetlands 
(oshanas) in north-central Namibia. The oshanas’ soil 
fertility status is governed by the status of the surrounding 
soils, including the soils under Acacia at the early stages of 
deposition. Organic  carbon  was  significantly  correlated to  
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Table 5: Influence of potting soil from different tree species on plant height, no of leaves, leaf area and 
stem diameter of mango seedlings 

 
Treatment           
structure 

DF Plant height No. of leaves Leaf area Stem 
diamet

er 
Week (W)                         8 261.04 55.76 1189.50 0.0004 

Tree (T)                        1 0.66 1.08 540.40# 0.0002 

W × T            8 1.255 1.38 101.80 0.0006 

Radius  (R)                     1 0.423 0.03 153.11 0.0000 

T × R                1 0.374 0.01 223.70 0.0003 
W × T × R      16 1.142 1.85 162.86 0.0001 

Depth (D)                        1 1.675 0.04 38.50 0.0004 

T × D                   1 32.95*** 5.32# 1990.77*** 0.0008 

R × D               1 3.873 3.84 0.71 0.0004 
T × R × D           1 1.464 0.79 391.90 0.0008 

W × T × R × D 32 2.288 1.66 138.28 0.0003 
   

 #p<0.1, ***p<0.01 

 
 

Table 6. Comparison of growth parameters of mango seedlings under soil collected from different Acacia 
species and at a different radius concerning the tree trunk 

 
Tree × Depth Plant height       

(cm) 
Leaves 

(no.) 
Leaf area           

(cm2) 
Stem diameter 

(cm) 
Nilotica, D1 12.22a 6.8a 64.66a 0.56a 
Nilotica, D2 10.55b 6.6a 52.69b 0.55a 
Erioloba, D1 10.66b 6.8a 59.63ab 0.55a 
Erioloba, D2 11.71ab 7.39a 68.68a 0.56a 

 

Values with different letters in a column differ significantly at 0.05 significance level 

 
 
 
total N as expected as nitrogen is derived directly from 
organic carbon.  
 
Impact of growing media, the position of collection 
under Acacia species on growth parameters 

 
Highest plant height was recorded in Nilotica within the 10 
cm depth. This might be because the most significant N 
content was recorded from this soil, also with considerably 
high P, which are vital nutrients for plant growth. 
Importantly to note is the fact that different growing media 
produce a different response in mango growth. This is 
because mango-like any other agroforestry plant grows 
well in specific soil type; hence the variation in nutrient 
status of the growing media tends to results in different 
growth response. The present findings are in line with 
findings by (Bhardwaj, 2013) who established that growing 
media and coco peat had beneficial effects on germination 
and growth of Papaya Seedlings; and (Kaur, 2017) who 
reported that growth and germination parameters of 
mango differed across different growth media. 
 

 
CONCLUSION 
 

Soil fertility of growing media collected under Acacia 
species was generally low. Soil N and organic matter were 
low, and the media were highly sandy, with a low 
percentage of  clay. Although  foresters in  the  north  prefer 

soils collected under A.erioloba, results showthat the soils 
under A. nilotica can also be used as potting media. Due to 
the predominantly sandy nature of the surrounding 
environment, the soil needs to be supplemented with 
nitrogen or organic manure before using it for potting to 
improve its nutrient status and the production of mango 
seedlings. Since the results showed that the soils are 
predominantly sandy, and given the fact that mango prefers 
well-drained, fertile soils, mixing the soil with any media 
that reduces pore spaces between the soils particles and 
bind the soil together would be beneficial. It is 
recommended thatforesters should not collect soils for 
potting beyond 10 cm depth under Acacia as the top layer 
gave better results in comparison to the deeper zone from 
20 cm downward. 
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