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Abstract  Article Info 

Peat soils are a vital resource in terms of their carbon sequestration capacity. However, their use 

in agriculture and the application of pesticides threatens their structural stability, resulting in 

increased carbon emissions to the atmosphere. To remedy this, the effect of Costus afer extract 

on soil properties was evaluated. The experiment was conducted in Songon under rice 

cultivation. The extract was applied at different stages of rice development. The soil solution and 

the aqueous extract were analyzed under the microscope to determine the observed changes. The 

observations show a development of microorganisms in the aqueous extract of Costus afer. 

There was also an abundant proliferation of soil organisms. The presence of fungal filaments and 

cocci in the soil solution was noted. This presence of bacteria (cocci) justifies the 

biogeochemical activity of the soil studied in its natural condition. These filaments, observed 

under the microscope, cause specific welds by anastomosis, agglomerate the soil particles, and 

thus play an important role in soil structuring. However, the results obtained need to be 

strengthened by quantifying the carbon stored in the soil to assess its effectiveness in the 

ecological function of the soil. 
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Introduction 

 
Maintaining the ecological balance of peat soils is a 

topical issue, given their capacity to sequester carbon. 

Because of their organic matter content, these soils are 

among the most sought after in agriculture (Legros, 

2007). However, excessive use of chemical fertilisers 

and/or other plant protection products threatens the 

structural stability of these soils, leading to increased 

CO2 emissions (Botineli et al., 2017).  

 

The structural stability of soils is linked to their carbon 

content (Golchin et al., 1994), which can be disturbed by 

cultivation and/or the use of chemical fertilisers. In 

addition, carbon fixation is more likely in soils with a 

more stable structure.  

 

Regenerative agriculture (Rhodes, 2017) is therefore a 

necessary alternative for sustainable agriculture on peat 

soils and to increase carbon sequestration. To this end, 

we used an aqueous extract of Costus afer (Koné, 2023).  

 

The effect of an aqueous extract of Costus afer 

fermented for several months was tested on peat soils 

under rice cultivation. This work aimed to assess the 

effect of this extract in different treatments on the 
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biological and physical parameters of peat soils. 

Ultimately, the study will make it possible to propose a 

low-cost alternative practice for sustainable agriculture, 

while maintaining the ecological function of 

hydromorphic peat soils. 

 

Materials and Methods 
 

Study site 
 

The study area is located in the commune of Songon. 

This commune is delimited to the east by the commune 

of Yopougon, to the north by the commune of Anyama, 

to the west by the commune of Dabou, and to the south 

by the lagoon of Ebrié. It covers an area of about 584 

km2. The study area is located in a third-order lowland 

with geographical coordinates of 5°19'32''N and 

4°10'17''W.  

 

Annual rainfall in the area varies from 1,500 to 2,500 

mm, with 90 to 180 days of precipitation, with a 

minimum of 32 mm in February and August and a 

maximum of 457 mm in June.  

 

The monthly temperature range is 7°C in the dry season 

and 5°C in the rainy season (Combres et al., 1971; 

Tapsoba, 1995; Kouamé, 2007). The geological 

formations in the area are mainly Cretaceous sandstones 

of the terminal continental period.  

 

This parent rock has undergone extensive alteration to 

produce ferralitic soils (CPCS, 1967), classified by FAO 

(1998) as acrisols and marginally as basal petrosols on 

plateaus between 40 and 60 m in altitude. In swampy 

areas the soils are hystosols. 

 
Plant Material 

 
The plants used in this work are 

 
Costus afer: This is a large herbaceous perennial 

medicinal plant, unbranched, with a creeping rhizome. 

The organs used for the preparation of aqueous extracts 

of Costus are the stems and leaves. The plants used in 

this study are more than one (01) year old (Kone et al., 

2023). 

 
Rice VA6: This is a variety obtained from a segregating 

population in the 12th generation of an African Rice 

hybrid (AR 051H). It has a 90-day cycle and a yield of 4 

a-1 in the field. It is a lowland variety. 

Soil core sampling 
 

In the lowlands, two soil cores, each 60 cm deep, were 

taken using a PVC tube. One core was taken in the 

cultivated area (B) and the other in the uncultivated area 

under long fallow (A). The aim was to characterise the 

lowland soil. 

 

Sampling Costus after biomass 
 

Fresh Costus material, not yet mature (flowering), was 

sampled with secateurs. The sample consisted of leaves 

and stems. Whole stems were cut at the base and placed 

in a plastic bag before being placed in the shade. They 

were then washed in tap water to remove dust and other 

potentially contaminating elements. The biomass was 

used directly to prepare the aqueous extract. A total of 2 

kg of biomass was ground and fermented for 4 months to 

obtain the extract after grinding. 
 

Aqueous extraction 
 

This technique involved grinding the harvested Costus 

afer in a mortar. After grinding, the extract was diluted 

with 1 litre of tap water and the aqueous solution was 

stirred manually by mixing the solid residues in the 

water. Using a clean cloth, the solution was filtered by 

wringing out the residue in the cloth used as a filter. This 

procedure was repeated until a clear filtrate was 

obtained, i.e. fourteen (14) times for as many filtrates as 

constituted the aqueous extracts of Costus afer. A 

composite sample of the solutions was conditioned with 

500 ml of each of the 14 filtrates. The extracts obtained 

were then collected in canisters before being stored away 

from the sun in ambient conditions (28 - 30˚C) to be used 
after 4 months of fermentation. 

 

Cultivation 
 

The VA6 rice variety chosen was dried for 24 hours to 

lift dormancy before being soaked in water for another 

24 hours. The seed was then wrung out and dried under 

cover for 24 hours to pre-germinate. The pre-germinated 

seeds were lightly buried in the soil under protective 

mulch. The nursery lasted 11 days and transplanting took 

place on the 12th day with a spacing of 20 cm × 20 cm 

between plants. 

 

Treatments application  
 

An area of 357.5 m² was cleared and divided into 18 

microplots of 15 m² each, divided into three (03) blocks 
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of 6 microplots (T0, T1, T2, T3, T4 and T5). In a 

randomised complete block design (Figure 1), different 

doses of fermented aqueous extract were applied. Each 

treatment was repeated 03 (three) times.  

 

A distance of one (01) metre was left between the 

replicates. Within the same repetition, the microplots 

were separated by 0.5 metres. The treatments applied are 

described in Table 1. 

 

Biological Analysis of Solutions and Soils 
 

Microscopic observation of aqueous extracts 
 

A drop of aqueous costus extract was pipetted and placed 

on a glass slide for microscopic observation after 

shaking. This observation was assisted by a computer to 

visualise and record the images concerned. Images were 

taken at 20x40 magnification for each of the 14 extracts.  

 

The images were annotated using Paint software and the 

microbial population was estimated by counting on the 

computer screen. 

 

Observation and Quantification of Microflora in 
Aqueous extracts 
 

The aqueous extracts in transparent bottles were exposed 

to daylight to observe the presence of organisms. The 

solution was then filtered on paper to dry the solutes 

before weighing. 

 

Microscopic observation of Soil solution 
 

For each treatment, a 100 g soil sample was taken from 

the soil samples taken at tillering, heading and harvest. 

This sample was crushed and mixed with 500 ml of 

water. The mixture was allowed to settle for 1 hour 

before a drop was taken three (3) times for microscopic 

observation. 
 

Soil Structure Observations 
 

A sub-sample was taken from each soil sample taken per 

treatment at different physiological stages of the rice. 

These samples were air dried for 72 hours and then 

subjected to a tactile test by crushing a clod between the 

fingers. The geometric shapes of the particles obtained 

indicated the structure of the soil. 
 

A further 100 g of soil (M) was placed on a 2mm sieve 

before being immersed in tap water for 72 hours. The 

water was then filtered and the solutes were weighed 

after drying (m). Structural stability (SS) was assessed by 

the proportion of soil collected in the water (Le 

Bissonnais, 1996). 

 

 
 

Structural Stability was illustrated by lower SS values 
 

This manipulation was also carried out by shaking the 

sieve 30 times in water before filtering and weighing. 

 
Although the methods described are not conventional, 

particularly for biological characterisation, they are 

innovative.  

 
The challenge is to demonstrate the biological nature of 

Costus afer extract in agriculture and, in particular, to 

improve the soil. Achieving yields similar to the control 

would be a significant achievement. 

 
Results and Discussion 

 
Morphological Comparison of the Soils 

 
In the uncultivated part under long fallow (A), at a depth 

of 0-20 cm, the soil is black and rich in decomposed 

organic matter. The debris is not visible to the naked eye, 

with active micro-organisms. From a depth of 20cm the 

organic debris becomes increasingly visible and the soil 

takes on a reddish colour.  

 
At a depth of 35cm, the organic debris is completely 

visible and has not decomposed. However, in the 

cultivated area (B) where the experiment took place, this 

last layer is not very present and is only visible at a depth 

of 50 cm. 

 
Figure 3 shows the presence of earthworms and insects 

in the soil (0-20 cm) before the experiment. When the 

plots were flooded, the insects disappeared.: 

 
Effect of Treatments on Soil Biology 

 
Observations of soil samples taken for each treatment 

throughout the development of the rice revealed the 

presence of elongated (fungi) and spherical (protozoa 

and spores) organisms or rod-shaped organisms such as 

bacteria. 
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Biological characterisation of Extracts 
 

Macroscopic characterisation 
 

Effect of the treatments on soil structure 
 

Table 2 shows the average index values for the different 

fractions separated from a lump of soil immersed in 

water, with or without agitation: there was no significant 

effect of treatment and no significant difference. 

However, there were higher values for T4 and lower 

values for T5. 

 
Table 3 shows the mean values of fragments obtained 

with or without agitation of the soil clod taken at 

different physiological stages: the highest values were 

recorded for T0 (12.27 - 15.7%) when agitation was 

used, while without agitation these values increased from 

tillering (2.92%) to harvest (11.80%). For heading, the 

treatment had a significant effect (Pr = 0.017) when no 

agitation was applied, with 12.75% for T3 compared to 

5.30% for T5. 

 

The solutions observed are populated by translucent, 

spherical microorganisms of the cocci type, isolated or in 

chains (streptococci), as shown in Figure 4(A). There are 

also opaque spherical forms resembling spores and 

irregularly shaped filaments indicating the presence of 

fungi. Figure 4(B) shows mobile forms with a head and 

tail that are opaque under the microscope, indicating the 

presence of protozoa, as well as elongated rod-shaped 

microorganisms such as bacilli. 

 
Microscopic characterisation 
 

Microscopic observations of the fermented Costus 

extracts revealed the presence of spherical and elongated 

organisms similar to those observed in the soil during the 

tillering phase. From sample 1 to sample 14, the 

microbial life gradually disappears. These samples 

contain both motile and non-motile organisms. 

 

Morphological and biological changes in soil 
 

The peaty hystosol soil (C > 40 g/kg) showed 

discolouration and low macroporosity after agricultural 

development: land preparation often requires drainage 

and pore reduction, which may explain this 

morphological consequence. The macrofauna that 

decomposes the raw organic matter (earthworms) has 

become rarer, and rightly so. On the other hand, we 

noted the presence of fungal filaments and cocci in the 

control soil solution (T0). This presence of bacteria 

(cocci) justifies the biogeochemical activity of the 

studied soil in its natural state, as described by Vitousek 

(1991). 

 

This biogeochemical activity has an impact on the 

carbon cycle, where nitrogen accumulation should 

increase with increasing doses of Costus afer, based on 

the presence of streptococci (T2 and T3), which are cocci 

chains (Wang et al., 2007).  

 

However, these microorganisms are rarely cited for their 

role in soil amendment. On the contrary, the observed 

abundance of protozoa would be beneficial for the 

humification and mineralisation of organic matter, as 

they feed on bacteria (Mougin et al., 1996): hence the 

reduction in the streptococcal population in the soil 

solution following increasing doses of C. afer. 

 

In addition to the presence of a cluster of fungi in the 

aqueous extracts (on average 1.8 mg/ml of fungi 

characterised the solutions with 4 mg/ml for the 

composite sample), microscopic filamentous forms were 

observed in the soil solution. In this way, like other 

organisms, they allow better aeration and the passage of 

water. The path of the roots will also contribute to the 

appearance of these cavities in the soil, which are 

habitats for micro-organisms. 

 

Improving soil structure 
 

The soil studied initially had a lumpy structure with good 

porosity due to the presence of earthworms. Although 

organic matter is known to improve soil structure, little is 

known about the effect of adding an aqueous plant 

extract. In this study, lumpy particles were observed 

mixed with other polyhedral particles, probably because 

microorganisms produce organic molecules that 

contribute to soil cohesion (Ritz and Myoung, 2004).  

 

In addition, the filaments observed under the microscope 

are thought to cause specific welds by anastomosis, 

agglomerating the soil particles and thus playing an 

important role in soil structuring.  

 

This role is reinforced by the presence of bacteria in the 

aqueous solution of Costus afer that feed on carbon and 

nitrogen (McInerney et al., 2009), which they return to 

the soil via their corpses, thus providing structural carbon 

(carbon saturation). This demonstrates the regeneration 

potential of peat soils through the simple practice of 

applying an aqueous extract of C. afer. 
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Table.1 For each treatment, the dose, amount and stage of application 
 

Treatment Dose (l.ha-1) Amount (cc) Stage of application 

T0 0 0  

T1 166.66 250 ploughing 

T2 333.32 500 ploughing 

T3 499.98 750 ploughing 

T4 166.6 250 ploughing 

166.6 250 planting 

166.6 250 tillage 

166.6 250 head 

T5 666.66 1000 ploughing 

 

Table.2 Mean values for coarse, fine and total detached elements by treatment for a soil clod submerged in water. 

 

Treatment coarse elements index fine elements index Total index 

 (%) (%) (%) 

T0 6,10a 4,43a 10,53a 

T1 6,54a 3,23a 9,77a 

T2 7,17a 3,55a 10,53a 

T3 6,80a 4,08a 10,89a 

T4 6,98a 4,02a 11,00a 

T5 4,99a 2,50a 7,50a 

MG (%) 6,43 3,64 10,07 

Pr>F 0.748 0,72 0,73 

CV(%) 71.84 107,06 75,48 

 

Table.3 Total index of particles removed from a clod of soil immersed in water according to treatments and for each 

physiological period with agitation (Ag) or not (Na). 

 

  Tillage  Head  Harvest 

Ag Na Ag Na Ag Na 

T0 12,27a 2,92a 15,76a 8,21ba 15,7a 11,80a 

T1 9,10a 6,06a 8,29a 5,55b 11,236a 16,90a 

T2 12,26a 18,95a 15,49a 3,64b 9,459a 4,54a 

T3 10,90a 3,90a 13,62a 12,75a 15,351a 8,78a 

T4 12,13a 5,63a 16,85a 8,04ba 10,883a 12,48a 

T5 9,72a 5,59a 9,03a 5,30b 7,094a 8,14a 

MG 4,70 7,24 13,17 7,25 11,04 10,45 

Pr>F 0,875 0,510 0,742 0,017 0,660 0,711 

CV(%) 46,417 147,84 65,35 36,74 53,23 91,90 
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Table.4 Mass and proportion of fungal colonies obtained per 100 ml of extract 

 

Extract Mushroom mass (mg) Proportion (mg/cc) 

1 200 2 

2 200 2 

3 200 2 

4 100 1 

5 100 1 

6 100 1 

7 200 2 

8 200 2 

9 100 1 

10 200 2 

11 100 1 

12 200 2 

13 200 2 

14 200 2 

Composite 400 4 

 
Figure.1 Experimental design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T0 : Control treatment  

T1 : 250ml when ploughing  

T2 : 500ml when ploughing 

T3 : 750ml when ploughing  

T4 : 250ml when ploughing; 250ml at planting; 250ml at the time of tillage; 250ml at head 

T5 : 1000ml when ploughing 
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 A)  
 B)  

Figure.2 Carrot (60 cm) in fallow (A) and cropped (B) soils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.3 Earthworm presence in soil before experiment 
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C D 

A B 

Figure.4 Common microorganism populations in Costus after aqueous extract 
 

                                                 A: Fungi                                                                         B:Protozoa 

 

 

 

 

 

 

 

 

 

 

 

Figure.5 Microscopic observation of extracts 1(A), extract 2(B), extract 3(C) and Costus composite (D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During the course of this study, the structural stability 

went from very unstable to stable, responding to the 

concern to preserve the ecosystem of peat soils. The 

presence of bacteria in the microbial population observed 

is a significant achievement in what is now known as the 

practice of costus in agricultural environments: bacteria 

are able to live in lethargy during drought and in 

anaerobic conditions during flooding. As a result, the 

Songon peat bog, which is used to grow vegetables that 

require little water, can maintain its ecological function 

with the addition of an aqueous extract of Costus afer. 

This shows that rice cultivation is not the only activity 

that can protect the valuable peatland environment. 

 

Conclusion 
 

Peat soils are a very important resource for sustainable 

agriculture. It is therefore important to use development 

methods that preserve the function of these soils. The 

aqueous extract of Costus afer is a sustainable alternative 
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to the use of chemical fertilisers, which preserves the 

structural stability of the soil. The proliferation of micro-

organisms observed in the soil solution confirms the use 

of Costus afer biofertiliser to maintain the ecological 

function of peat soils. The quality and quantity of 

microorganisms promoted by the fermentation of the 

Costus afer extract and its concentration of chemical 

elements were considered to be responsible for these 

benefits, including good soil structure as evidence of 

carbon storage. This work deserves to be disseminated to 

farmers as it is inexpensive and easy to use. 
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