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The tool included open and closed-ended questionnaires covering the following topics: i) farmers' 
perception of the status of land degradation; ii) constraints in implementing soil fertility management; 
iii) characterization of the degradation and fertility status of degraded lands (soil surface 
characterization (signs of erosion, microtopography, surrounding topography, cartographic unity, soil 
classification/FAO system, human influence), and; iv) vegetation survey (e.g. floristic inventory, soil 
cover rate). A total of 219 respondents were interviewed in selected areas in Burkina Faso, Ethiopia, 
and Tanzania (Table 1; Fig. 2). With technical support from UNISS and OCCAM, the questionnaire 
was uploaded online using the "KoBotoolbox", making it possible for partners in the field to collect the 
data using PCs, tablets and smartphones. Data were cleaned and submitted to OCCAM for uploading 
to a central server. Descriptive analysis of the data was done by partners in collaboration with OCCAM 
who managed the database.   

 

Figure 2. The interview team paying a courtesy call at the Village office (a) and ICRAF staff 
administering questionnaire using the smartphone (b) in Arusha, Tanzania. (Photo Credit: J. Sianga) 

 

In Tanzania, a Participatory Trade-off analysis of SI technologies (Annex 4) for land restoration was 
also used to collect socioeconomic data on land restoration technologies with the potential for 
integration into sustainable land management in FFRUs (Sub-task 2.2.2). The analysis was based on 
the perception of farmers with prior exposure to the technologies from previous projects. The 
participatory trade-off analysis was developed by Winowiecki et al. (2021) based on the SI framework 
manual by Makumba et al. 2007 and it has been used in previous projects in Tanzania. The methodology 
involved the collection of perceptions of farmers on the trade-off and synergies of a given technology 
across the five domains of sustainable intensification namely, Productivity, Income, Human Condition, 
Land health, and Social. A total of 218 farmers were interviewed using the focused group discussion in 
Arusha and Monduli Districts (Table 2; Fig 3). A total of 41 groups were formed of which 26 (64%) 
were male groups and 15 (36%) were female groups.  

 

a) b) 
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Table 2. Participants of the trade-off analysis in Arusha and Monduli Districts, Tanzania 

Village District Male Female Total 
Likamba Arusha  31 17 48 
Nengungu Arusha  14 9 23 
Olcholvus Arusha  23 7 30 
Emairete Monduli 21 25 46 
Enguiki Monduli 28 5 33 
Mlimani Monduli  21 17 38 
Total   138 80 218 

 

 

Figure 3. ICRAF staff explaining trade-off analysis methodology to farmers (a), farmers presenting 
their results on a paper (b and c) and presenting their results to the group (d) during data collection in 
Engaruki village, Monduli District, Tanzania (Photo Credit J. Sianga).   

 

 

a) b) 

c) d) 
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Figure 5. Farmer perception on levels on land degradation (a) and farmers who left some fields fallow 
in the last 3-4 cropping seasons (b) in Ethiopia. 

 

(b) 

(a) 
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Figure 6. Farmer perception on the main reasons for land degradation (a), and land restoration options 
(b) in Ethiopia 

 

3.1.2. Mapping degraded/abandoned land in Ethiopia 

In the initial mapping of degraded/abandoned land, we used the RandomForest classification method in 
Google Earth Engine covering a wide area. In this mapping process, the report pertaining to the 9% is 
the amount of land (in hectares) out of the total landmass that was claimed as degraded. A definition 
for degraded land is given in Annex 2 (Table A1.1) which did not include degradation in crop lands. 
Therefore, following purposive selection of sites with degraded lands, farmers were randomly selected 
for the assessment of knowledge, practices and perceptions towards land degradation. The map of the 
land use/cover of project districts based on the RandomForest classification in Google Earth Engine is 
shown in Figure 7. Cropland was the dominant land use, comprising of 53%, 49% and 48% in the Kersa, 
Omonada, and Tiro-Afeta districts, respectively. Other land use type found in the districts are 
agroforestry, forest, woodland, water body, build-up (settlements), and degraded areas.  Given the focus 
of this sub-task, the distribution of degraded/abandoned areas in the district is presented separately in 
Table 3 and Figure 7. Overall, 9.0% of the total area in the three project districts is abandoned/degraded 
with the largest area found in Tiro-Afeta district (13.5%) and the least area in Kersa district (5.4%).  A 
detailed report of abandoned land identification and mapping can be found in Annex 2.  

 

(a) 

(b) 
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Table 3. The proportion of Abandoned land in the three-project districts in Ethiopia  

District  Total Area of the district (ha) Degraded land (ha) Degraded land % 
Kersa 10280 558.3 5.4 
Omonada 16816 1472.5 8.8 
Tiro-Afeta 9077 1224.9 13.5 
Total 36174 3255.7 9.0 

 

 

Figure 7. Land cover land use map for project districts (a-c) and degraded farmland in Ethiopia 
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3.2. Burkina Faso 

3.2.1. Abandoned land reconnaissance survey results in Burkina Faso 

In the perception of farmers, about 95% of the cultivated land in the study zone was degraded (Fig. 8a). 
To address this challenge, farmers indicated that they employ a variety of soil fertility management 
practices, including mineral fertilization (100%), crop rotation (89%), livestock manure (78%) (Fig. 
8b).  Other practices such as phosphate rock amendments (1%) and crop association (5%) were 
implemented by very few producers. Fertility management constraints were lack of financial resources 
(access to mineral fertilizers), low levels of inputs and management (e.g., manure, soil and water 
conservation practices). 

(a) (b) 
 

  

 
Figure 8. Land degradation severity as perceived by farmers (a) and farmer soil fertility management 
practices in Burkina Faso (n=79).  

 

3.3. Tanzania 

3.3.1. Abandoned land reconnaissance survey results in Tanzania. 

Farmers in the FFRUs in Tanzania reported three major types of soils based on soil texture as loamy 
soils (68%) using different names in the local language (e.g. tifutifu, engulukeni, inguluwok, losuvuco, 
etc.) and clayey (mfinyanzi) soils (7%). Other soil types represented the remaining proportion (16%) 
(Fig. 9).  The majority of farmers (> 56%) in Tanzania felt that their farmlands are either moderately 
productive or productive (38%) and only a few (7%) indicated that their fields are degraded (Fig. 10a). 
As a result, less than 2% of farmers agreed that they practised fallowing in their  farmland in the last 3-
4 cropping seasons (Fig. 10b). The main causes of land degradation mentioned were unsustainable 
farming practices such as excessive ploughing and deforestation (Fig. 11a). Farmers are carrying out 
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several land restoration practices, including good agronomic practices, afforestation, sustainable 
intensification practices, cover crop and other forms of soil amendments (Fig. 11b). 

 
Figure 9. Major soil types based on soil texture and colour identified by farmers in Tanzania 

 

(a) 

(b) 
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Figure 10. Farmer perception on levels of land degradation (a), percentage of farmers who practised  
fallow in the last 3-4 cropping seasons (b) in Tanzania. 

 
Figure 11. Farmer perception on the main reasons for land degradation (a), and land restoration 
options (b) in Tanzania.  

 

3.3.2. Land degradation status 

Figure 12 shows the maps of land use and land cover change (LULCC) in Emairete and Musa sites. 
Soil erosion prevalence in these sites is depicted in Fig 13. The maps were generated based on the field 
data collected as part of the project in each of the sites using remote sensing satellite data and machine 
learning models to predict changes in croplands, grasslands, tree cover, forest cover, and soil erosion 
prevalence. The accuracy of these maps is between 85% and 89%. Overall, the LULCC analysis shows 
an increase in area under cropland in both sites (Fig. 12). In Emairete there appears to be an increase in 
erosion over the five-year period shown while there appears to be a decrease in erosion in Mussa (Fig. 
13). This land degradation trend reflects a comparatively low adoption of soil water conservation 
(SWC) measures found in Emairete during the field survey as described below. 
 
 

(a) 

(b) 
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Figure 12. Land use and land cover change analysis for Emairete in Monduli District and Mussa in 
Arusha District, Tanzania.  

 

 







 
 

862848   
 

D2.6 - Report on the status of land degradation, restoration options and priority SI technologies 
23 

 

moons), Zero grazing, and other forms of soil amendments (Figs. 6 and 11). The participatory 
assessment of trade-off and socio-economic impacts of selected SI land restoration technologies (Annex 
4) was conducted to understand their potential for integration into cropping systems in FFRUs as part 
of Sub-task 2.2.2.  

 

3.3.3.1. Contour farming  

Contour farming is the most common land restoration practice identified by farmers (25%) during the 
abandoned land survey (Annex 4). It was also noted during the trade-off analysis fieldwork in Arusha 
and Monduli Districts, especially in highland areas where it is used for soil erosion to sustain the 
production of crops and fodders (Fig. 15). The technology was introduced in the study villages by the 
project called Soils Conservation and Agroforestry Project Arusha (SCAPA), which started in the late 
1990s. Farmers indicated that this technology has larger positive than negative impacts in all five SI 
domains because of the multiple benefits they have experienced in using this technology for several 
years. Gender difference in the perception of the benefits contour/bench terrace technology was noted, 
with men giving an overall score of 3.84 out of 5 and female giving only a positive score of 0.76 for all 
the domains (Fig. 16). Making contours/bench terraces is a labour-intensive job and this could be the 
reason the technology was not popular for female farmers. Both male and female emphasize the need 
for training on good agricultural practices (GAP) in terraces to ensure sustainable increase in crops 
production.   

 

Figure 15. Contour farming in Monduli District, Tanzania (Photo Credit Anthony Kimaro) 
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Figure 16.  Perception of Female (a) and Male (b) farmers on the impacts of contour farming on SI 
Domains in Arusha district Tanzania (n = 218).  

 

3.3.3.2. Conservation Agriculture   

Conservation Agriculture (CA) is a farming system that can prevent losses of arable land while 
regenerating degraded lands. It promotes maintenance of a permanent soil cover, minimum soil 
disturbance, and diversification of plant species. It enhances biodiversity and natural biological 
processes above and below the ground surface, which contribute to increased water and nutrient use 
efficiency and to improved and sustained crop production. Both female and male farmers have higher 
positive scores on the effects of conservation agriculture (CA) on various SI domains (Fig. 17). The 
positive score for men across the five domains (4.13) averaged slightly higher than the corresponding 
values (3.89) for female farmers, reflecting gender differences in the perception of the benefits of 
technologies. Larger difference was in the income domain where females gave a lower score, possibly 
because this is a part linked to labour inputs. Females provide most of the farm labour and could provide 
a more precise estimate of the impacts in this domain compared to their male counterpart. These results 
are in line with the review by Wekesah et al (2019) who also found that CA increased women's incomes, 
labour involvement (workload), and household food security. Other factors influencing gender-based 
perception of the benefits of CA technology include differences in access to resources (land, inputs, 
assets), labour saving equipment (machinery), extension services, credit facilities, and perception on 
soil properties and productivity (Wekesah et al 2019; Harman Parks et al 2022).  The positive score 
indicates that CA improved both land conditions to support crop production and livelihood strategies in 
the study areas and thus it has a high potential for wider adoption as a sustainable land management 
practice. 
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Figure 17. Perception of Female (a) and Male (b) farmers on the effects of Conservation Agriculture 
on SI domains in Likamba Village, Arusha district Tanzania.  
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4. Section B: Assessment of soil fertility traits in selected FFRUs   
 

4.1. Introduction and Objectives 

Depletion of soil nutrients and soil organic matter are among the major forms of land degradation in 
agriculture. Soil fertility is highly variable in space and time in agricultural areas and the major 
constraint for substantial crop production under small-holder farming systems in Sub-Saharan Africa 
(Bogunovic et al., 2017). As soil properties vary spatially and temporally, understanding their spatial 
distribution, particularly for degraded croplands is very relevant in agricultural planning for optimizing 
local land management, and application of nutrients and fertilizers, thereby improving sustainable 
intensification of production systems. Therefore, the objective of this section is to identify soil types, 
their physical and chemical properties, and their suitability for implementation at the FFRUs.   

4.2. Methodology 

Project partners in Burkina Faso, Ethiopia and Tanzania adopted similar methodologies for the 
collection of soil samples and analysis in the laboratory based on facilities available in each country. 
Soil fertility assessment work in Burkina Faso was conducted concurrently with soil profit pit 
descriptions (Fig. 18a). Soil pits were dug to 120 cm depth. The description of the pits followed FAO 
(1994) guidelines and soil classification according to soil CPCS (1967) and WRB (2006). For each pit, 
we recorded GPS coordinates and described the environmental conditions around the pit such as 
vegetation, current land use status, topographic position, slope, moisture conditions, erosion treats, 
parental material, etc. After the description and classification of soils, samples were collected according 
to the soil diagnostic horizons and taken to the laboratory for analysis of organic matter (OM), total 
nitrogen (N), assimilable phosphorus (Pass), total phosphorus (Pt); 5) available potassium (Kav), 
cations exchange capacity (CEC), Sum of exchangeable bases (S= Ca2+; Mg2+; K+; Na+), Soil pH in 
water (pHw) and potassium chloride (pHKCl). 

In Tanzania, soil profile pits were also dug in selected areas in FFRUs for the classification of soil types 
(Fig. 18b). The description of the pits followed FAO (1994) guidelines and soil classification according 
to soil CPCS (1967) and WRB (2006). Soil samples were also collected by horizons for analysis at the 
NM-AIST laboratory. Laboratory results of soil nutrients complemented field assessment in classifying 
soil types in FFRUs. Samples for soil fertility assessment were collected from the 160 plots laid out in 
each sentinel site for assessing land degradation using the LDSF approach in the FFRUs (Annex 4). 
The samples were collected using an auger from four sub-plots at 0-20 and 20-50cm, composited by 
depth and sub-sampled to get a composite sample per plot (Fig. 1b). About 1kg composite sample was 
collected from each depth, giving a total of 320 samples from 160 plots in each of the two sentinel sites. 
The soil samples were air-dried, ground, and sieved through a 2-mm sieve in the NM-AIST laboratory. 
The samples were then packaged in paper bags (300g per sample) for shipping to the ICRAF laboratory 
in Nairobi for analysis of soil physio-chemical properties (Soil OC, pHw, Electrical conductivity, Total 
N, Extractable P, exchangeable bases, Exchangeable acidity etc.), using the MIR spectroscopic method.   





https://www.google.com/search?rlz=1C5CHFA_enBF1006BF1006&q=Gley+gley+soil&spell=1&sa=X&ved=2ahUKEwj2nMq98Zv5AhVkRPEDHddqAdcQkeECKAB6BAgCEDU
https://www.google.com/search?rlz=1C5CHFA_enBF1006BF1006&q=Gley+gley+soil&spell=1&sa=X&ved=2ahUKEwj2nMq98Zv5AhVkRPEDHddqAdcQkeECKAB6BAgCEDU
https://www.google.com/search?rlz=1C5CHFA_enBF1006BF1006&q=Gley+gley+soil&spell=1&sa=X&ved=2ahUKEwj2nMq98Zv5AhVkRPEDHddqAdcQkeECKAB6BAgCEDU
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Table 5. Technological packages applied in the FFRUs in the different sites 

Sites Technologic packages  
Béréba P1: Minimum tillage practice and recycling of crop residues into compost 

for improving crop productivity and soil mineral balances in a cotton-
cereal system 

 P4: Biochar and co-compost amendment of soils in cotton farms systems 
Dohoun P3: Efficient use of mineral fertilizers in order to improve sustainable soil 

productivity in Sorghum and Maize Productivity in Cotton Farming 
system 

P4: Biochar and co-compost amendment of soils in cotton farms systems 
Ouakuy P1: Minimum tillage practice and recycling of crop residues into compost 

for improving crop productivity and soil mineral balances in a cotton-
cereal system 

P4: Biochar and co-compost amendment of soils in cotton farms systems 
Sara P1: Minimum tillage practice and recycling of crop residues into compost 

for improving crop productivity and soil mineral balances in a cotton-
cereal system 

P2: Using compost and intercropping practices for improving sorghum 
and cowpea productivity and soil properties 

Bondokuy P4: Biochar and co-compost amendment of soils in cotton farms systems 
P2: Using compost and intercropping practices for improving sorghum 

and cowpea productivity and soil properties 
Kari-Kamandéna P1: Minimum tillage practice and recycling of crop residues into compost 

for improving crop productivity and soil mineral balances in a cotton-
cereal system 

P3: Efficient use of mineral fertilizers in order to improve sustainable soil 
productivity in Sorghum and Maize Productivity in Cotton Farming 
system 

 
 
 

4.3.2. Ethiopia   

The variability of soil fertility status between sites was assessed using the coefficient of variation (CV) 
as detailed in (Warrick, 1998). Accordingly, CEC, TN, K and AvP had the highest variability at Kersa 
and Tiro-Afeta. The variability was moderate for SOC, exchangeable cations such as Ca, and Mg. 
Although soils in the study area are strongly acidic, pH showed the least variability (CV <5%) across 
the study areas. The suitability of soils for crop production was determined using the soil fertility status 
classification developed by EthioSIS (2014) summarized in Table 6. The plant available P (AvP) was 
generally low (15-30 mg kg-1), organic matter was optimum (3.0-7.0%), TN was low to optimum (0.1-
0.3%). The soils CEC was low (9-11 cmol(+) kg-1), while the exchangeable Mg was low (0.3-1.0 
cmol(+) kg-1);  Ca (<0.2 cmol(+) kg-1) and K (<0.2 cmol(+) kg-1) were very low. The exchangeable 
Na was below the detection limit and thus omitted from the analyses.  



 
 

862848   
 

D2.6 - Report on the status of land degradation, restoration options and priority SI technologies 
30 

 

Table 6. Soil chemical properties of degraded crop lands in Southwest Ethiopia   

Variable District Mean StDev CoefVar Minimum Maximum Status  
CEC 
(meq/100g) Kersa 9.87 3.79 

 
38.34 3.06 12.78 Low 

  OmoNada 10.48 2.37 22.58 3.52 15.22 Low 
  Tiro-Afeta 11.88 2.88 24.24 5.14 15.34 Low 
             Low 
TN (%) Kersa 0.21 0.08 36.26   0.16 0.39 Medium 
  OmoNada 0.17 0.04 22.18   0.12 0.25 Medium 
  Tiro-Afeta 0.16 0.03 22.46   0.10 0.24 Medium 
              
K (cmol+/kg) Kersa 0.10 0.06 56.88   0.02 0.21 Very low 
  OmoNada 0.13 0.04 32.12  0.04 0.21 Very low 
  Tiro-Afeta 0.08 0.02 29.33 0.04 0.11 Very low 
              
Ca (cmol+/kg) Kersa 1.24 0.34 27.68 0.47 1.64 Very low 
  OmoNada 1.35 0.38 28.57 0.32 2.17 Very low 
  Tiro-Afeta 1.16 0.28 24.29 0.68 1.71 Very low 
              
Mg (cmol+/kg Kersa 0.38 0.10 26.10 0.17 0.48 Low 
  OmoNada 0.45 0.08 18.65 0.20 0.63 Low 
  Tiro-Afeta 0.43 0.09 19.78 0.32 0.62 Low 
              
pH (H2O) Kersa 5.30 0.17 3.15 5.04 5.54 Strongly acidic 
  OmoNada 5.49 0.19 3.43 5.10 5.94 Strongly acidic 
  Tiro-Afeta 5.35 0.22 4.03 4.98 5.76 Strongly acidic 
              
%OC  Kersa 2.39 0.56 23.38 1.76 3.28 Optimum 
  OmoNada 2.59 0.54 20.90 1.44 3.90 Optimum 
  Tiro-Afeta 2.55 0.60 23.55 1.56 3.71 Optimum  
              
Avp (ppm) Kersa 26.35 10.90 41.37 16.77 48.20 Low 
  OmoNada 19.13  5.84 30.54 11.83 36.76 Low 
 Tiro-Afeta 20.40  9.85 48.29 12.23 51.88 Low 
        

 
The low pH value of the soils could be due to the leaching of basic cations such as Ca Mg, and K from 
the surface soil as the area receives high rainfall. The low levels of AvP in most soils of Ethiopia decline 
by the impacts of P fixation associated with low pH, soil erosion and other losses through cropping 
practices. The low levels of CEC of the study soils might be due to moderate organic matter content 
and the high soil acidity whereby, under acidic conditions, Al and H ions may occupy the exchange 
sites on the clay surfaces. This soil fertility assessment result clearly indicated that the degraded 
croplands are seriously affected by soil acidity and very low to moderate levels of the essential plant 
nutrients which are not satisfactory for the growth of most crops. Any agronomic or soil management 
options that can improve soil pH could increase CEC of soil and subsequently the overall soil fertility 
status.   
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4.3.3. Tanzania  

4.3.3.1. Soil fertility status in Emairete and Musa sites     

Soil chemical properties and nutrient contents in soils are essential in determining the nutrient 
availability to plants. The topsoil pH in Monduli (6.2) and Arusha (7.1) is slightly acidic and neutral 
(Table 7), which is within the optimum range for crop production according to Landon et al (2014). 
This is because pH values in this range are not expected to limit solubility and hence the availability of 
soil nutrients to plants and to cause plant root injury (Amur et al 2017). Soil OC in the Emairet soils in 
Monduli was close to the optimum level (>0.2%) for crop production while it was very low in Musa 
site in Arusha. Organic carbon contents in these soils are affected by low vegetation and tree cover due 
to extensive grazing as noted by low levels in the surveyed plots (Fig. 12). Nitrogen and extractable 
phosphorus levels in the soils in both sites are very low to support optimum crop production.  The 
deficient levels (<15 mg P/kg) in these soils are due to the presence of exchangeable Aluminium and 
Iron which fix phosphorus into recalcitrant fractions in the soil. Soil exchangeable Ca and K were low 
while the levels of exchangeable magnesium were high in both sites. Soil pH and SOM are the major 
determinants of micronutrient availability in crops. Except for Boron, the levels of micronutrients (Fe 
and Cu) were sufficient in the soils. While most of the elements measured were in the optimum range, 
the soils in both sites have low levels of critical elements for sustainable crop production, especially 
nitrogen, Phosphorus, Potassium and Calcium, and low levels of organic carbon. Thus, overall soil 
fertility for the sites is very low and farmers will require to implement soil nutrient amendment practices 
to sustain crop production in addition to mitigating high land soil erosion and low vegetation cover 
noted in the field (Fig. 14). 
 
4.3.3.2. Land recovery experiment on salt-fluoride affected soils in Tanzania.    
 
Rationale and objective of the trial  
 
Research on the identification of potential soil amendments for salt-fluoride is led by NM-AIST in 
Tanzania. The intent of this trial was to check if the seaweed which are abundant in the coastal 
environment can be utilized in fluoride contaminated zones as an organic fertilizer while locking-off 
the bioavailable fluoride in the soil. Therefore, the objective of the study was to investigate the 
remediation efficiency of soils contaminated by fluoride using a Fermentation Product of Seaweed 
(Eucheuma cottonii).  
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Table 7.  Soil physio-chemical properties in Arusha (Musa) and Monduli (Emairete) Districts, Tanzania 

Parameter Site   Status 
  Arusha Monduli   Arusha Monduli 
Soil pH (1:2) 7.09 6.58  Optimum Optimum 
Electrical conductivity (uS/cm) 102.47 113.96  Optimum Optimum 
Organic carbon (%) 1.24 1.88  Low Optimum 
Total N (%) 0.11 0.13  Low Low 
Extractable Phosphorus (mg/kg) 10.26 14.45  low Low 
Exchangeable calcium (mg/kg) 3575 3115  Low Low 
Potassium concentration (mg/kg) 244.94 173.88  Low Low 
Exchangeable magnesium (mg/kg) 591.48 536.23  High High 
Exchangeable manganese (mg/kg) 142.24 114.88  Optimum Optimum 
Iron concentration (mg/kg) 109.64 136.29  Optimum Optimum 
Copper concentration (mg/kg) 2.54 2.28  Optimum Optimum 
Sulphur (mg/kg) 13.23 15.12  Optimum Optimum 
Boron concentration (mg/kg) 0.57 0.58  Low Low 
Exchangeable aluminium (mg/kg) 940.13 940.46  Optimum Optimum 
Exchangeable Acidity (meq/100g) 0.330 0.336  Optimum Optimum 
Exchangeable sodium (mg/kg) 64.73 49.69  Optimum Optimum 
Phosphorus Sorption Index (PSI) 131.55 131.60  Optimum Optimum 
Cation Exchange Capacity (meq/100g)  29.28 27.58  Optimum Optimum 
Clay (%) 57.85 49.02  N/A N/A 
Silt (%) 23.70 28.87  N/A N/A 
Sand (%) 18.45 22.11  N/A N/A 
Textural Class Clay Clay   N/A N/A 

 
 
Description of the technology 
 
Bio-adsorption is one of the most important techniques for the removal of environmental contaminants. 
It has advantages of abundance, cost-effectiveness, eco-friendly, and efficiency. Seaweed is amongst 
the biomasses fitted for their use as bio-adsorbents. The seaweed improves important soil properties 
such as soil organic matter (SOM), pH, microbial diversity, and nutrient composition and is therefore 
used as a natural fertilizer worldwide. Seaweed also contains polysaccharides, proteins, and sulphate 
which act as the binding sites for ions present in the soil solution. The polysaccharides undergo other 
chemical transformations which additionally alter their chemical interaction with the soil elements. 
Because of these properties, seaweed has been successfully investigated and used for remediation of 
soils contaminated with heavy metals, however, not yet been investigated for anionic species 
particularly, fluoride in the soil. This study, therefore, examines the efficiency of fermented seaweed 
(Eucheuma cottonii) in reducing the amount of bioavailable fluoride in the soil while monitoring its 
impact on the soil's physical, chemical, and microbial properties. 
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Figure 20. The impact of fermented seaweed amendment (FSW) on the pH pf the soil.  

 

The impact of FSW amendment on the behaviour of fluoride fractions in the soil  
 
The four fractions of fluoride were monitored throughout the experiment and the results are presented 
in Figure 21. The amendments decreased the amount of water soluble-fluoride (Ws-F) from 81. 7 ± 3.1 
mg/kg to 42.7 ± 2.4, 33.7 ± 1.2, 19.6 ± 0.9, and 12 ± 1.3 mg/kg following 0, 1.25, 3 and 5 %, dosages, 
respectively. The 5 % amendment could reduce the amount of Ws-F below the recommended level of 
16.4 mg/kg (Rizzu et al., 2020). Unlike Ws-F, the amount of exchangeable-fluoride (Ex-F) and fluoride-
bound to iron and manganese (Fe/Mn-F) increased following the FSW amendment. The Ex-F increased 
from 5.5 ± 0.1 mg/kg to 14.8 ± 0.7, 19.1 ± 2, 20.3 ± 0.8 and 21 ± 1.6 mg/kg subsequent to 0, 1.25, 3 
and 5 %, amendments. The Fe/Mn-F increased from 8.7 ± 0.1 mg/kg to 16.3 ± 3.5, 24.4 ± 2, 24.8 ± 2.1, 
and 25.7 ± 1 succeeding 0, 1.25, 3, and 5 % amendment which is the lesser bioavailable form compared 
to the abovementioned two. There was no observed impact of the amendments on the amount of 
fluoride-bound to organic matter (Or-F).  
 
There was a significant difference (p< 0.05) in the amount of Ws-F observed between 0, 1.25, and 3 % 
to that of 5 % amendment within the first 24 h of the incubation.  The amendment dosage was inversely 
proportional to the amount of Ws-F in the soil such that, as the dosage increased, the amount of Ws-F 
in the soil decreased. Within 30-day incubation, the amount of Ws-F was significantly different (p< 
0.05) between the treatments and the control (0 %). The significant difference between 1.25 and 3 % to 
the 5 % amendment was also noticed but the two (1.25 and 3 %) were not significantly different (p> 
0.05) up until the 60th day. From the 60th day to the 120th day, there was a significant difference in the 
amount of Ws-F among all treatments.  
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Figure 21. The Impact of Fermented Seaweed (FSW) Amendment on Fluoride Fractions of the Soil (a) 
Water Soluble-Fluoride (Ws-F), (b) Exchangeable-fluoride (Ex-F), (c) Fluoride-Bound to 
Iron/Manganese (Fe/Mn-F) 

Further information regarding this study were published in an open source and can be found through 
this link: https://www.hindawi.com/journals/aess/2022/6967031/ 

 
  

https://www.hindawi.com/journals/aess/2022/6967031/
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ANNEXES 

Annex I:  Abandoned land reconnaissance survey module  

Annex II: Land Recovery Report for Ethiopia   

Annex III: Land Recovery Report for Burkina Faso   

Annex IV: Land Recovery Report for Tanzania 
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