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☐Beyond Quarry Borders 

Abstract (max 1 page) 

This study assessed the effect of herbacious species diversity and earthworms on soil quality and biodiversity in 

rehabilitated sites of the Wazo Hill Quarry, Dar es Salaam, Tanzania. This experiment was conducted between 

April and September, 2016. Five herbacious plant species treatment were established individually (monoculture) 

with and without earthworm and as a combination in a species mixture fashion (biodiversity treatment) in a 1mx1m 

plots and the sixthy plots was a control where natural cover was left. The experiment employed a randomized 

complete block design and there were three replications as randomized complete blocks, hence making a total of 

eighteen (18) 1m2 plots. The species and seeding rate include; buffel gras (Cenchrus ciliaris) 6 m-2 -tiller number, 

teff (Eragrostis teff) 15kg/ha, Rhodes grass (Chloris gayana) 3kg/ha, Cowpea (Vigna unguiculata) 30kg/ha, Stylo 

(Stylosanthes scabra) 5kg/ha. Manure was applied at equal rates of 8T/ha except in the control treatment. The 

measurements included; seedling emergence and density, Soil Penetration Resistance (SPR) - measured using 

soil penetrometer, Water infiltration (Hydraulic conductivity) - using the Mariotte bottle technique. Above ground 

(shoot) and below ground (root) biomass, earthworm population counts and pH measurements. The study found 

significant effects between treatments for earthworm population density, root and shoot yield, soil penetration 

resistance at some depths, water infiltration, pH and earthworm population (P<0.05). The number of earthworm 

was measured higher in species mixture (biodiveriisity) as compared to species planted in monoculture and the 

difference was significant (P=0.0471). The average number of earthworms counted in species mixture at the end 

of the experiment was 24, while species planted in a monoculture and the control were 10 and 5  respectively. 

Lower SPR  was measured in species mixture with earthworm inoculation at all depths that found significant effects 

as compared to species mixture without inoculation and the control and the difference was significant (P<0.0001). 

The regression line plotted for the relationship between soil penetration resistance and water infiltration indicated 

higher water infiltration was measured at low SPR which implied that earthworm activities improved soil drainage 

and aeration (macro-porosity). Similarly, the relationship between SPR and plant biomass indicated higher 

biomass was measured at low soil penetration resistance which indicates the activities of earthworms in improving 

soil structure (reduced compaction). Species mixture didn’t vary in pH with single species except for the control 

and it could be due to equal rate of manure applied in all treatment except for the control which was less acidic as 

compared to sown species and the difference was significant (P=0.0028). It is therefore concluded that the higher 

the plant species diversity and earthworm population the better the soil drainage and the more enhanced soil 

organism activities including earthworms. It is reccomended that quarry rehabilitation initiatives/plans should 

ensure that plant diversity is promoted as opposed to monoculture, and perennial species including legumes 

should be promoted as opposed to annuals. Moreover, it is concluded that earthworm population is a good 

environmental indicator for wthether there is progress or not in quarry rehabilitation initiatives. It is therefore 

reccomended that earthworm and other macrofauna population and their diversity should be used in monitoring 

and reporting progress of quarry sites that are undergoing or have been reclaimed following disturbances caused 

by quarrying activities.  

 



 
 

 

 3/12 

1.0 INTRODUCTION 

One important soil-ecosystem function is to enhance infiltration of precipitation into the soil, resulting in less surface 

runoff and erosion (Lal & Shukla, 2004). Existence of a growing cover crop or residues is important for increasing 

hydrological resistance of the soil surface and, as a result, slow down runoff (Dabney, 1998). Studies have 

described the variable impacts of different cover crops such as legumes, grasses, annuals, and perennials 

(Dabney, 1998). Cover crop species through mechanisms of root growth can change the macro-pore geometry 

and indirect affect populations and activities of macro fauna such as earthworms and ants. By transpiring water, 

they reduce leaching losses and scavenging nutrients (Dabney, 1998). Reduced water infiltration can also occur 

as a result of soil compaction due to surface sealing and litter cover reduction (Naeth et al., 1991). 

The earthworm activities such as soil drainage is essential in enhancing aeration in the field and encourage other 

soil invertebrates such as ants, nematodes and ground beetles as well as soil microbe community including fungi, 

for example actinomycetes, bacteria such as azotobactor species and protozoa such as vampyrellids, in 

decomposing organic matter and nutrient cycling which foster plant life and biodiversity enhancement. Some soil 

compaction becomes inevitable with the use of heavy and huge machinery and other causes which cause 

trampling (Soane and Van Ouwerkerk, 1994). Soil texture can have a critical limit for root growth which differ in 

various plants. With sandy loam soil for instance, at field capacity the critical limit for root growth in cotton foristance 

was measured as high as 3000 kPa (Lal & Shukla, 2004).  

It is for this reason, this project unfolded the significance of earthworms and vegetation cover effect in improving 

soil drainage and biodiversity in the rehabilitated sites of Wazo Hill Quarry (WHQ). The objective of this study was 

to analyze the significance of of herbaceous perennial and annual cover species diversity and the role of 

earthworms in improving soil quality and biodiversity enhancement. We hypothesized that, increased species 

diversity and earthworm population density will improve soil quality and enhance biodiversity through improved 

soil physical properties such as soil drainage, hydraulic conductivity, Soil Penetration Resistance (SPR) and soil 

organic matte.  
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2.0 METHODS 

2.1 Site description 

The experiment was conducted in rehabilitated site of Wazo Hill quarry, which is within Tanzania Portland Cement 

Company Limited (TPCC), Dar es Salaam. The climate is typically tropical and mostly with hot and humid weather. 

The area receives over 1000mm of rainfall per year with a mean annual maximum temperature of 30.8 degree 

Celsius and a mean annual minimum temperature of 21.3 degree Celsius.  

2.2 Baseline survey   

This study was divided into two major phases of vegetation establishment and earthworm inoculation following a 

successful vegetation establishment. These two phases were preceded by the baseline study. Baseline study was 

done before establishment of treatment plots where a transect of 0.5km was lied down and assessment of 

vegetation composition and soil physical properties was done and includes soil texture analysis and pH 

measurement using an instantaneous pH meter along various stations spaced after 100m.  

2.3 Experimental design  

The plot area was prepared by tilling the soil surface. Weeds were removed mechanically with simple tools such 

as hoes. Manure were incorporated during seedbed preparation in equal rates of 8T/ha. In the first phase which 

lasted for two months (May and June) involved Five vegetation species treatment establishment were applied 

individually and as a combination (in a species mixturet) of (1x1m); seed were broadcast to the tilled soil on 

05/05/2016. The seeding rate were; i) buffel gras (Cenchrus ciliaris) 6 m-2 -tiller number, ii) teff (Eragrostis teff) 

15kg/ha, iii) Rhodes grass (Chloris gayana) 3kg/ha, iv) Cowpea (Vigna inguiculata) 30kg/ha, v) Stylo (Stylosanthes 

scabra) 5kg/ha.  

The Experimental design was a randomized complete block design (RCBD) with treatment combinations in the 

following order; cowpea+manure; teff+manure; Stylo+manure; buffel +manure; cowpea +teff+stylo+Chloris+ 

buffel+ earthworm; with and without earthworm inoculation and the unsown (control) without inoculation. There 

were three replications as a randomized complete block design. There were 18 experimental units in total.  

Measurements before and after earthworm inoculation were the same and they included; seedling emergence and 

density, Soil Penetration Resistance (SPR) or soil compaction - measured using soil penetrometer, Water 

infiltration (unsaturated hydraulic conductivity) - using the Mariotte bottle technique. Above ground (shoot) and 

below ground (root) biomass, Earthworm population counts and pH measurements.  

Water infiltration was measured using the Mariotte bottle techniques which use a Mini Disk Infiltrometer to measure 

the unsaturated hydraulic conductivity. Measurements were repeated five times in each plot. 

Soil penetration resistance was measured using a digital compaction meter (Field Scout SC-900, Spectrum 

Technologies, Inc). In each subplot measurement comprised an average of five sub-sample readings. 

Measurements were made before inoculation (June) and after inoculation (August ) near to the end of the 
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experiment 2016. The measurements were made when the soil was at or near field capacity. The soil penetrometer 

measured pressure per depth, and the maximum depth measured was 40cm. Soil samples were collected for 

determination of soil moisture content in each block. This was done gravimetrically by recording the initial wet 

weight at the time of sampling and the final dry weight after drying the samples for 48 hours at 50 ◦C. Soil moisture 

measurement aimed at determining if differences existed between treatments that would affect soil penetration 

resistance measurements.   

Inoculation of earthworms in treatment plots was done 2 months after seedling emergence where a total of 5 

earthworms were used in each inoculation made. Earthworm population counts was done in the whole area of 

1*1m at a depth of 0-25cm.  

2.4 Data Analysis 

Treatment effects were analyzed using general linear model procedures of SAS. The experimental design used a 

randomized complete block design. There were three replications, arranged as complete blocks. Thus the following 

effects were included in the model: Yk(ij) = µ + αi + βj + eij. Where; µ = grand mean, , αi = effects of treatments, βj 

= an effect of blocks, eij is an error term and Yk(ij) = is the response of the ith and jth factors in the ij(k) combination. 

Mean comparison was done by Fishers Protected Least Significant Difference (LSD) at P = 0.05. The LSD was 

calculated by multiplying the appropriate t-value by the standard error of the difference, as provided by the output 

for analysis of variance with means comparisons option.  

 

3.0 RESULTS AND DISCUSSION 

3.1 Baseline site soil characteristics 

The soil pH at the rehabilitated site were slightly acidic with an average pH of 6.3. However soil pH measurement 

following vegetation establishment and manuring was measured lower as compared to the control which was 

unplanted and unfertilized and the difference was significant (P=0.0028). Low soil pH could be due to irrigation 

and manuring as a result of leaching along the soil profile depth measured. There was no significant difference in 

pH measurements between plant species planted, watered and manured (Table 1.0). The soil textural class was 

largely sand-clay with red color.  

Table 1. Soil pH measurement at 0-15cm depth done at the end of the experiment on August 2016, Wazo Hill 
Quarry Tanzania 

Species Mean pH (0-15cm depth) t-grouping 

Control 6.3 A 

Stylosanthes scabra 5.6 B 

Vigna inguiculata 5.6 B 

Biodiversity 5.6 B 

Eragrostis teff 5.5 B 

Cenchrus ciliaris 5.3 B 

LSD 0.3773  
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3.3 Earthworm population before and after inoculation 

The population of earthworms counted before and after inoculation found significant effects at p=0.0471 and 

p<0.0001 respectively. Species mixture was measured with higher earthworm population than monoculture  

species and the difference was significant (Table 4). The control treatment was measured with a small number of 

earthworm population than all other treatment. Higher number of earthworm population in a species mixture plot 

indicates the significance of biodiversity in improving the quality of the soil and hence attraction of macro and micro 

fauna in the soil. Good soil properties such as aeration and soil drainage as a result of earthworm activities 

enhance biodiversity sustainability.  

3.4 Soil Penetration Resistance (SPR) 

Soil penetration resistance as measured by penetrometer in June 2016 found significant effects of species 

(P<0.0001) at some depths (Table 5). Notably, at 5, 10 & 15 cm depth, species mixture (biodiversity) had 

significantly lower SPR than other species and the unsown (control) at all depths and the difference was significant. 

The control treatment was measured with the highest SPR at all depths that found significant effects except at 

15cm depth.   

Table 2. Earthworm population before and after inoculation measured in June and August 2016, Wazo Hill 
Quarry Tanzania. 

species Population before inoculation 
(m 

-2) June, 2016 
Population after inoculation 

(m 
-2) August, 2016 

Biodiversity 7 a 24 a  

cowpea 5 ab 9 b 

stylo 5 ab 8 b 

cenchrus 5 ab 10 b 

teff 5 ab 7 bc 

control 2 b 5 c 

LSD 2.667 3.062 

 

On the other hand, SPR measured after inoculation (August 2016), found significant effects at 5 depths (P<0.0001) 

of 5, 7.5, 10, 20, 22.5cm respectively. Where the control treatment was measured with higher SPR at all depths 

and the biodiversity treatment combination was measured with less SPR and the difference was significant (Table 

6). The results demonstrate that, SPR increased with depths where measurements at lower depths were measured 

with lower SPR as compared to higher depths. This could be due to biomass production and root activities on the 

upper soil layer profile. Lower SPR in species mixture treatment could be due to increased diversity of species 

which increased micro and macro fauna activities such as those of earthworms in creating aeration and good soil 

drainage and hence improve the quality of the soil. Higher SPR and soil compaction at some depths in the control 

treatment could be due to less cover and lower biomass which suggest the significance role of plant cover in 

degraded soils such as those of Wazo Hill Quarry.  
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Table3. Soil penetration resistance measured in June 2016 at 5, 10 and 15 cm depth, Wazo hill quarry Tanzania 

Species LSMEANS (Kpa) 
5cm depth 

LSMEANS (Kpa) 
10cm depth 

LSMEANS (Kpa) 
15cm depth 

Stylo 204 b 586 b 1200 a 

Control 514 a 740 a 947 b 

Cowpea 134 b 204 dc 450 c 

Teff 144 b 266 c 446 c 

Buffel 173 b 201 dc 242 d 

Biodiversity 49 c 120 d 179 e 

LSD 81.794 86.206 43.791 

.  

Table 6 Soil penetration resistance measured in August 2016 at 5, 7.5, 10 and 20 and 22.5 cm depth, Wazo hill 
quarry Tanzania (P<0.0001).  
 

Species LSMEANS 
(Kpa) 
5cm 

LSMEANS 
(Kpa) 
7.5cm 

LSMEANS 
(Kpa) 
10cm 

LSMEANS 
(Kpa) 
20cm 

LSMEANS 
(Kpa) 

22.5 cm 

Control 350 a 720 a 786 a 1545 a 2101 a 

teff 287 b 413 b 620 c 851 e 1113 d 

buffel 210 c 345 c 628 c 966 d 966 e 

cowpea 205 c 241 d 742 b 1087 b 1639 b 

stylo 200 c 364 c 414 d 983 c 1187 c 

Biodiversity 67 d 104 e 212 e 552 f 742 f 

LSD 27.506 43.876 41.766 8.748 65.528 

 

3.5 Water infiltration (Unsaturated Hydraulic conductivity) 

Soil water infiltration as measured by the Mariotte bottle technique in June 2016 found significant effects of species 

(P<0.0001) Notably, cowpeas had significantly greater infiltration (4.94 x 10-3 cm/s) than all other species 

combinations (mean = 3.21 x 10-3 cm/s). On the other hand, water infiltration measured in August (post inoculation) 

found significant effects between species (P<0.0001) notably, buffel grass was measured with higher water 

infiltration followed by species mixture and the control had the lowest. The results shows increased amount of 

water infiltration in August as compared to June. This could be due effective development of roots of some 

perennial plants such as buffel grass and stylo which increase the macro-porosity and enhance infiltration. 

Increased water infiltration could also be due to increased eartworm population and hence their activities which 

increase soil drainage. 

3.6 Relationship between Plant biomass, SPR and water infiltration 

Soil penetration resistance as an indicator of soil compaction is expected to be inversely related to the biomass 

and hence soil cover. The results of the study therefore shows that higher SPR which indicates the degree of soil 

compaction was associated with less cover and hence lower plant biomass (figure 3) which shows higher SPR 

corresponded to lower plant biomass. Similarly, the study shows an inverse relationship between water infiltration 

and soil penetration resistance which was expected (Figure 4). Higher SPR indicates the degree of compactness 

of soil, less cover and hence more runoff than water infiltrating the soil. Therefore the study suggests an increased 

cover in degraded soils such as those of Wazo hill to improve water filtration and hence improve the soil quality.  
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Figure 1: Unsaturated hydraulic conductivity of treatment species measured in June 2016, Wazo Hill Quarry 

Tanzania. 

 

Figure 2. Linear regression line showing the relationship between plant species biomass and SPR measured in 

August at 5cm depth, Wazo Hill Quarry Tanzania.  

 

Increased runoff is an indicator of soil compaction of the upper layer which create a hard pan and impede 

downward movement of water. These relationships therefore suggest the important factor in reducing soil 

degradation and enhancing biodiversity increase is the establishment of soil cover (herbaceous cover), which will 

reduce the rain drop effect to the soil, improve hydraulic conductivity an lower compaction, add organic matter to 

the soil which will improve the soil quality by creating good soil aggregates and provide suitable environment for 

macro and micro fauna in the soil and hence biodiversity sustainability.      

 

0

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

K
s 

(c
m

/s
e

c)

Treatments

unsaturated hydrolic conductivity of species planted in Quarry 
soils and unsown (LSD 0.0001)

a ab ab
b

c
c

y = -1.6319x + 1055.2
R² = 0.7066

0

100

200

300

400

500

600

700

800

900

1000

0 50 100 150 200 250 300 350 400

B
io

m
as

s 
(K

gD
M

/h
a)

SPR (kPa) 5cm depth

Linear regression line showing the relationship between plant 
biomass and SPR



 
 

 

 9/12 

Figure 3 Linear regression line showing the relationship between water infiltration and SPR measured in August 

at 5cm depth, Wazo Hill Quarry Tanzania.  

 

 

 

4.0 CONCLUSION AND RECCOMENDATIONS 

4.1 Conclusions 

It is therefore concluded that the higher the plant species diversity and earthworm population the better the soil 

drainage and the more enhanced soil organism activities including earthworms. This was demonstrated with the 

research results through improved soil physical properties such as soil drainage, hydraulic conductivity via 

enhanced water infiltration, reduced soil compaction as a result of lower soil penetration resistance observed and 

biodiversity enhancement. A mixture of nnual and perennial herbaceus plant species have demonstrated an 

effective role of each, where annuals were rapid and effective in building an immediate cover and organic matter 

and by altering soil properties to ensure rapid infiltration in the initial phase of the experiment while perennial 

species become even more important for cover provision when annuals end their life cylce.  

4.2 Recommendations 

It is reccomended that quarry rehabilitation initiatives/plans should ensure that plant diversity is promoted as 

opposed to monoculture, and perennial species including legumes should be promoted as opposed to annuals. 

Moreover, it is recommended that earthworm population is a good environmental indicator for wthether there is 

progress or not in quarry rehabilitation initiatives. It is therefore reccomended that earthworm population and other 

macro fauna diversity should be used in monitoring and reporting progress of quarry sites that are undergoing or 

have been reclaimed following disturbances caused by quarrying activities. 
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APPENDICES 

Figure2.0 Unsaturated hydrolic conductivity of treatment species measured in August 2016, Wazo Hill Quarry 
Tanzania (P<0.0001) 

 

Table 2.0 The population density of plant species measured in August 2016, Wazo Hill Quarry Tanzania. 

Species Mean density (m-2) t-groping 

Eragrostis teff 174 A 

Biodiversity 119 A 

Vigna inguiculata 46 B 

Stylosanthes scabra 25 B 

Cenchrus ciliaris 25 B 

control 17 B 

LSD 71.427  

 

Table 3.0 The above and below ground biomass of treatment species measured in August 2016, Wazo Hill 
Quarry Tanzania.  

Species Mean leafy yield (kgDM/ha) Mean root yield (kgDM/ha) 

Vigna inguiculata 854 a 606 a 

Stylosanthes scabra 832 a 482 b 

Biodiversity 832 a 463 b 

Cenchrus ciliaris 723 b 564 a 

Eragrostis teff 523 c 150 d 

control 415 d 283 c 

LSD 92.626 62.401 
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Field study, showing Earthworm inoculated plots fenced with wooden box. Soil water infiltration is being 

measured using the Mariotte bottle technique (left) and soil compaction using soil penetrometer (right) (June 20, 

2016). 
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