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ABSTRACT 

     The presence of water hyacinth poses multiple environmental problems. It 
reduces the amount of dissolved oxygen and nutrients for other aquatic plants and 
animals. And due to its rapid reproduction, it can easily block the water ways where it 
propagated. Thus, repurposing these invasive aquatic plants as soil stabilizer would be 
beneficial to the environment. Ultisols are soils formed due to intense weathering and 
leaching process and are most found in humid countries such as the Philippines. This 
study aims to evaluate the effects of water hyacinth biochar (WHBC) on the index 
properties of ultisols from Zamboanga del Norte, Philippines. Dried samples of water 
hyacinth were bio-charred using a furnace. Varying percentages of WHBC were added 
to improve the index properties of the soil specimen. Based on the results of tests, the 
specific gravity of the specimens decreased as the amount of WHBC added in the soil 
increased. A 26.26% peak reduction in the specific gravity of the soil was recorded. On 
the other hand, there was a direct relationship between the amount of WHBC and the 
Atterberg limits. This can be attributed to the increase in the percentage of fines in the 
form of WHBC in the soil specimen. As for the proctor compaction test, an increasing 
trend in the optimum moisture content and a decreasing trend in the maximum dry unit 
weight of the treated soil were documented. This is due to the reduction in the amount 
of pure soil and an increase in the amount of fine particles in the specimen. With the 
results of index property tests, it can be concluded that the addition of WHBC changed 
the index properties of soil which can be applied as an additive in clay liners. 

1. INTRODUCTION

     Invasive species are nonnative organisms that invade other areas and cause 
environmental imbalance and problems. According to Dersseh et al. (2019) water 
hyacinth (Eichhornia crassipes) (WH) is a flowering invasive aquatic plant has the 
ability to double its quantity within only 5-15 days and they reproduce both sexually and 
asexually. This plant affects the hydrology of the bodies of water that it invades, and it 
increases the evapotranspiration of the water. The mats that are formed by the water 
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hyacinth block the water’s surface and it hinders recreation and tourism, irrigation, and 
other activities in that body of water. The negative effects brought by this invasive 
species resulted in various studies to utilize water hyacinth as a possible alternative 
stabilizing material. A study by Sathya et al. (2014) assessed the influence of water 
hyacinth extract from Thanjavur District, India as a bio-admixture in cement and 
concrete. It was found that there is a progressive increase of compressive strength 
whenever there is an increase in the replacement of water hyacinth extract. 
Furthermore, in a study of Okwadha & Makomele (2018) they utilized water hyacinth 
extract as a bio-admixture in self-compacting concrete (SCC). Different ratios of water 
hyacinth were used, 0%, 10%, 15%, 20%, and 25% as a replacement in admixture.  
Slump tests and compressive tests of various concrete cubes made by partially 
replacing water hyacinth were used to evaluate the workability of the concrete after 7, 
14, 28 days. After all the laboratory tests, it was found that the water hyacinth extract 
increased the workability of concrete with an increase in percentage replacement of 
concentration of the solution. Water hyacinth is known to be biodegradable. It should 
be treated so that it can be utilized as an alternative stabilizing material. A possible 
treatment is to convert the material into a biochar. According to a study by Reddy et al. 
(2015), the biochar particles fill the pores of the soil which influences the inter-locking 
mechanism which then improves a soil’s cohesion. Due to this, it was found that an 
increase in amended biochar, and increase in particle size both increased shear 
strength parameters. With this, it is the objective of the study to evaluate the effect of 
varying proportions of water hyacinth biochar on the index properties of a soil. Index 
properties such as specific gravity, Atterberg limits, grain size distribution curve, 
optimum moisture content and maximum dry unit weight were investigated. The 
proportions used in this study are 0%, 5%, 10%, 15%, and 20%.  
 
2. WATER HYACINTH BIOCHAR 
 
     2.1 Water Hyacinth 
     The water hyacinth samples that were used in the study were sourced in Metro 
Manila as shown in Figure 1. The water hyacinth samples were initially sun dried and 
this was followed by cutting it into smaller pieces for it to fit inside the improvised 
furnace. The whole plant was utilized in the biochar process since it was found to have 
high silica content. 
 

2.2 Water Hyacinth Biochar (WHBC)  
     The improvised furnace was used in this study as shown in Figure 2. It is a type of 
furnace that provides high-temperature heating in a controlled environment, and it 
protects the material inside from external contaminants that might affect the experiment.  

The biochar process is shown in Figure 3. The water hyacinth was first sun dried 
to remove the moisture present in the plants. The samples were then cut into smaller 
pieces for it to fit inside the improvised furnace. After preparing the water hyacinth, it 
was then placed in the improvised furnace at approximately 300 to 350 Celsius for 30 - 
40 minutes.  
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Figure 1 Water Hyacinth 

 

 
Figure 2 Muffle Furnace 

 

 
Figure 3 Flow of Biochar Process 

 
2.3 Scanning electron microscopy with energy dispersive X-ray spectroscopy 

(SEM/EDX) Analysis 
To investigate the elements present and particle shape of WHBC SEM/EDX 

analysis was performed. As shown in Table 1 is the summary of elements of WHBC. 
Based on the results, Carbon and Oxygen were present and abundant in WHBC. This 
can be attributed to the biochar process performed. According to Budai et al. (2014) 
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high values of Oxygen and Carbon can be directly related to the pyrolysis temperature. 
This further confirms that the biochar process was effective in creating WHBC.   
 
Table 1. Summary of elements of WHBC 

Element Symbol Element Name Atomic Conc. Atomic Weight 
C Carbon 72.35 57.60 
O Oxygen 22.20 23.55 
Cl Chlorine 1.46 3.44 
K Potassium 1.40 3.62 

Nb Niobium 1.17 7.18 
Ca Calcium 0.61 1.62 

 
The SEM of WHBC is shown in Figure 4. It can be seen that its texture can be 

described as flaky and smooth, with differing particle sizes of biochar present 
throughout. There is a noticeable lack of pores present within the sample making it 
ideal for filling voids within soils. It should be noted that the edges of the biochar 
particles are sharp and well defined, allowing for easy identification between particles. 

 

 
Figure 4 SEM of the WHBC 

 
3. ULTISOL 

The soil sample utilized in this study was Ultisols, as seen in Figure 5. Ultisols 
were chosen as the soil sample since its area covered in the Philippines are found to 
be 41.5% (Moog, 2006). The samples were specifically obtained from the mountain 
side of Zamboanga del Norte. 
 

3.1 Visual Inspection 
The soil’s visual inspection was carried out in accordance with ASTM D2488-17. 

When moist, the soil exhibits a reddish coloration, which then turns orange once dried. 
The odor of fresh samples can be considered organic, however this smell is rather 
indistinguishable. For the consistency of the fines portion of the sample, it can be 
considered soft due to the indent on the soil being about 1 inch in depth when pierced 
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using a thumb. As for the coarse-grained portion of the sample, its cementation can be 
considered moderate, as these particles can be crumbled with a considerable amount 
of pressure. The structure is homogeneous throughout the sample, as there are no 
visible layers present. Upon inspection, the sample seems to consist of about 99% 
fines to sands, with only a 1% of gravels present. Lastly, for the hardness of the sample, 
a large portion of the sand particles fracture when struck by a hammer. 
 

 
Figure 5 Utlisols  

 
3.2 Scanning electron microscopy with energy dispersive X-ray spectroscopy 

(SEM/EDX) Analysis   
The summary of elements of Ultisols is tabulated in Table 2. It also contains 

Carbon and Oxygen but there is a presence of Silica, Platinum, and Iron. The SEM 
results of Ultisols are shown in Figure 6. It can be observed that it has a rough texture 
with the presence of multiple micropores per particle.    

Table 2 Summary of elements of Ultisols 

Element Symbol Element Name Atomic Conc. Atomic Weight 
C Carbon 49.06 43.42 
O Oxygen 37.68 25.04 
Al Aluminum 4.78 7.13 
Si Silicon 3.98 6.18 
Fe Iron 2.17 6.71 
Nb Niobium 1.83 9.40 
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Figure 6 SEM of the Ultisol 

 
4. INDEX PROPERTY RESULTS 
 

The effect of WHBC amendment on the specific gravity, Atterberg limits, Grain 
Size Distribution, optimum moisture content (OMC) and maximum dry unit weight of 
Ultisols was investigated. Proportions of WHBC to Ultisols considered were 0%, 5%, 
10%, 15%, and 20%. 

 
 4.1 Specific Gravity 
The specific gravity results are tabulated as shown in Table 3. At 0% WHBC the 

average specific gravity was found to be 2.78 and is a typical value for inorganic clays 
(Bowles, 1992). As the biochar is introduced there is a clear decrease in specific gravity 
for the selected sample. This reduction can be explained by the effects of the decrease 
in amount of soil, lowering the sample’s mass. Additionally, this may also be due to the 
density of the biochar being less than water itself seen by the floating biochar particles. 
It was observed that the specific gravity value shifts from being an inorganic clay to 
around the values of a sand, and eventually settling as an organic soil type. Given that 
the biochar itself can be considered as organic material, this trend is expected.  

 
Table 1 Percentage of Biochar Amended and Specific Gravity of Ultisol Samples 

Biochar Amended (%) Specific Gravity Average 

0 2.61 2.96 2.76 2.78 

5 2.47 2.54 2.51 

10 2.35 2.38 2.37 

15 1.99 2.28 2.13 

20 2.07 2.03 2.05 
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A relationship between the proportions of WHBC to the specific gravity can be 
seen in Figure 7. It is noticeable that as WHBC is increased the specific gravity is 
decreasing. A linear trend can be observed, and Equation 1 can be obtained. It can be 
determined that for every percentage of biochar amended, there is a 0.03 decrease in 
the soil’s specific gravity. It should be noted that the R-squared value of this equation is 
0.97, which means that there is a high likelihood that the percentage of amended 
biochar influences the specific gravity of the soil sample. The significance of WHBC 
was investigated through ANOVA testing. A P-value of 0.005 was obtained. Since this 
value is less than a 5% significance level, it can be concluded that there is a significant 
change between the values for each amendment group. As such, the null hypothesis, 
which is the idea that the percentage of biochar amended has no effect on the specific 
gravity of the soil, shall be rejected. Instead, it should be stated that the amount of 
biochar amended has a significant effect on the specific gravity’s decreasing trend. 

 

 
Figure 7 Effects of Percent of Biochar Amended on the Sample's Average Specific 

Gravity 

𝑦𝑦 = 0.0365𝑥𝑥 + 2.7313 (1) 
 

 4.2 Atterberg Limits 
 
The liquid limit (LL), plastic limit (PL), plasticity index (PI) and linear shrinkage 

(LS) results are tabulated in Table 4. Based on the results, an increase in WHBC 
resulted to an increase in the value of the Atterberg limits. A relationship between the 
proportions of WHBC to the Atterberg Limits can be seen in Figures 8 to 10. It is 
noticeable that there is a linear trend as WHBC increased.  The R-squared values of 
the graphs of Biochar percentage against Liquid Limit, Plastic Limit, and Plasticity index 
the values obtained were 0.9525, 0.9946, and 0.9493. This indicates that there is a 
strong correlation between the variables. These imply that the increase in the biochar 
percentage affects the liquid limit, plastic limit, and shrinkage limit. The liquid limit 
exhibited a linear graph with an R-squared value of 0.9525 against the biochar 
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percentages, indicating that there is a high likelihood that the percentage of amended 
biochar influences the Plastic Limit of the soil sample.  

 
Table 2 Atterberg Limits Test Summary 

Amended Biochar (%) 

 0 5 10 15 20 

LL 
46 56 66 69 77 70 113 104 124 127 

51 68 73 109 125 

PL 
34 44 50 52 61 61 70 67 81 80 

0 5 10 15 20 

PI 
12 12 16 17 22 24 43 37 43 47 

12 17 23 40 45 

LS 
4 4 5 4 5 7 8 9 9 9 

4 5 7 9 9 
 

 
Figure 8 Liquid Limit vs Biochar Percentages 
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Figure 9 Plastic Limit vs Biochar Percentages 

 

 
Figure 10 Plasticity Index vs Biochar Percentages 

ANOVA analysis was performed to investigate the significance of the biochar 
amendment, wherein it was found that the test has a P-value of 0.0001. Since this 
value is less than a 5% significance level, it can be concluded that there is a significant 
change between the values for each amendment group. As such, the null hypothesis, 
which is the idea that the percentage of biochar amended has no effect on the liquid 
limit of the soil, shall be rejected. Instead, it should be stated that the amount of biochar 
amended has a significant effect on the liquid limit’s decreasing trend. According to a 
study by Lu et al. (2019), WHBC soil can be classified as soil with a high liquid limit, as 
the criteria for considering a soil as having a high liquid limit is that the liquid limit 
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should be greater than 50% or have a plasticity index of 26. In our study, the liquid limit 
value for 5% biochar content is 67.5%. According to a study by Kumar et al. (2023), 
cohesion decreases as water content approaches the liquid limit and increases towards 
the shrinkage limit, indicating that the increase in liquid limit may also contribute to a 
decrease in shear strength related to cohesion. For the plastic limit, it also exhibited a 
linear trend, with the highest R-squared value of 0.9946 against the biochar 
percentages as seen on Figure 5.5. and with a P-value of 0.0004, therefore it can be 
concluded that there is a significant change between the values for each amendment 
group. As such, the null hypothesis, which is the idea that the percentage of biochar 
amended has no effect on the Liquid Limit of the soil, shall be rejected. Instead, it 
should be stated that the amount of biochar amended has a significant effect on the 
plastic limit’s decreasing trend. Similar to the liquid limit graph the values increased, the 
percentage increase was observed to be 33.77% from 0% to 5%, 19.61% from 5% to 
10%, 12.30% from 10% to 15%, and finally, an increase of 17.52% from 15% to 20% 
was observed. It is also expected that the shear strength of the WHBC mixed soil would 
decrease, as indicated by a study by Sharma and Bora (2003). In their study, they 
defined the plastic limit and its relation to the shear strength of soils, demonstrating that 
as the plastic limit increases, the shear strength decreases. For the plastic limit also 
exhibited a linear graph, and a high R-squared value of 0.9493 against the biochar 
percentages as seen on Figure 5.6. and with a P-value of 0.0001, therefore it can be 
concluded that there is a significant change between the values for each amendment 
group. As such, the null hypothesis, which is the idea that the percentage of biochar 
amended has no effect on the Plastic Limit of the soil, shall also be rejected. Instead, it 
should be stated that the amount of biochar amended has a significant effect on the 
plasticity index’s decreasing trend. Lastly, the plasticity index also exhibited a linear 
trend with a high r-squared value of 0.9493 as seen on Figure 10 and with a P-value of 
0.0001, therefore it can be concluded that there is a significant change between the 
values for each amendment group. As such, the null hypothesis, which is the idea that 
the percentage of biochar amended has no effect on the plasticity index of the soil, 
shall be rejected. Instead, it should be stated that the amount of biochar amended has 
a significant effect on the plasticity index’s decreasing trend. Similar to the liquid limit 
graph the values increased, the percentage increase was observed to be 37.5% from 0% 
to 5%, 39.39% from 5% to 10%, 73.91% from 10% to 15%, and finally, an increase of 
12.5% from 15% to 20% was observed. 

It was observed that for the plastic limit, the percentage increase was observed to 
be 37.5% from 0% to 5%, 39.40% from 5% to 10%, 73.91% from 10% to 15%, and 
finally, an increase of 12.5% from 15% to 20% was observed. 
 

4.3 Sieve & Hydrometer 
 
As for the sieve and hydrometer tests, the effects of the amended biochar on the 

Grain Size Distribution Curve (GSDC) of the Ultisol samples were assessed. Table 5 
highlights the percentage of particles per common size categories. The pure soil 
contains an average of 14.54% fine-grained particles. However, it can be seen that the 
amount of biochar amended seems to give a fluctuating increase in the amount of fine-
grained particles within the sample. It resembles a fines-grained soil by visual 
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inspection, and this can be explained by the biochar itself that can be considered fines, 
adding to the total amount of fines of the Ultisol sample. Figure 10 shows the first trial 
GSDC of the pure soil sample. It should be noted that the trend of the GSDC shows 
that the Ultisol at a baseline is poorly graded. When ANOVA analysis was performed, 
the P-values obtained for gravel, sand, and fines were 0.37, 0.14, and 0.14 respectively. 
This implies that there is no significant change in values with respect to the amount of 
biochar within all groups.  

 
Table 5 Percentage of Particle Size by Biochar Amended for Ultisol Samples 

 % Passing 
Soil 0% WHBC 5% WHBC 10% 

WHBC 
15% 

WHBC 
20% 

WHBC 
Trial 1 2 3 1 2 1 2 1 2 1 2 
Gravel 0.1 0.3 0.6 0.1 0.3 0.2 0.1 0.0 0.0 0.0 0.0 
Sand 82.7 84.8 88.0 82.5 83.6 86.3 86.5 78.5 82.7 82.7 78.9 
Fines 17.3 15.0 11.4 17.4 16.1 13.5 13.4 21.5 17.3 17.3 21.0 
 
 

 
Figure 11 Grain Size Distribution Curve for 0% Amended Biochar 

 
This is further seen through Figure 12 since the trend of increasing and 

decreasing between particle sizes seem to fluctuate. The reason behind this may be 
that while the amount of biochar amended does increase the amount of fines present, 
the removal of soil particles decreases about the same percentage of fines. It should be 
noted that the amount of gravels is less than 1% of the total trials, as such, their true 
nature for this study would prove difficult to completely quantify since their presence 
seems to be an irregularity within the soil sample. In addition, the soil was classified 
using the Unified Soil Classification System (USCS). Specifically, it lies underneath the 
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category of SC (clayey sands, sand-clay mixtures). This is because throughout all 
amendment groups, there is at least 10% of fines present for each of the samples. 
Additionally, this classification agrees with the Atterberg Limits obtained. Balaban et al. 
(2019) found that increasing the fines-content of a soil sample improves the cohesion of 
said soil sample, therefore increasing its shear strength. The study highlighted that this 
increased improvement is more pronounced for lower normal stress values. However, 
Islam et al. (2016) claims that for their soil type, this increase in shear strength can only 
be observed up to 5% fines, decreasing when further fines are introduced to the sample. 
As such, an excessive amount of fines may prove detrimental towards increasing the 
strength of soil. 

 
 

 
Figure 12 Bar Chart of Percentage of Particles by Group for each Biochar Amendment 

 
4.4 Standard Proctor 

 
For the standard proctor test, the soil’s optimum moisture content and maximum 

dry unit weight were obtained. The results of these tests are tabulated in Table 6. The 
results of the pure soil sample can be seen to have an average optimum moisture 
content (OMC) value of 36.64% and an average maximum dry unit weight (γdmax) of 
12.66 kN/m3. These values, as found by Kumar et al. (2018), lie within the ranges of 
clay. This is because in their study, it was found that the fines content of a soil sample 
is directly related to the OMC of said sample. While the determined OMC is larger than 
the typical values, it can be inferred that it is related to the high percentage of fines with 
little to no gravel. However, these values also seem to be highly affected by the amount 
of biochar added to the soil sample. As the amount of biochar is increased, the OMC of 
the sample also increases, however, its γdmax decreases in turn. The increase in the 
moisture content in relation to the amount of biochar may be a direct result of the 
biochar’s properties, such as its hydrophobicity. Due to the WHBC’s inherent property 
to repel water particles, the amount of moisture needed for the soil is greater than 
without it. As such, more water is required for the soil to reach its maximum compaction. 
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By performing ANOVA, the P-value for the amount of amended biochar on the soil’s 
OMC and γdmax is 0.002 and 0.0002 respectively. Since both these values are less 
than 5%, it can be inferred that the amount of biochar has an effect on the soil’s OMC 
and γdmax. This increase in OMC implies the need for additional amount of water so as 
to achieve the maximum compaction of the soil. Due to the increase in WHBC, the 
OMC increased which resulted to a decrease in γdmax. Langfelder and Nivargikar 
(1967) explained in their study that while increasing the dry density of a soil sample 
may not always increase its shear resistance, decreasing it does have an adverse 
effect on the sample’s strength. In addition to this, their study also indicates that for soil 
types of constant dry density, an increase in moisture content also decreases the shear 
strength of the soil. Typically, in the usage of shear resistant soils, a minimum dry unit 
weight of 11 kN/m3 is used as an indicator whether a soil may be used for such 
purpose. This may imply that while the 0% WHBC sample may be used for these 
projects, amending biochar makes it less suitable for them. 
 
Table 6 Percentage of Biochar Amended in relation to the soil's Optimum Moisture 
Content and Maximum Dry Unit Weight 

Biochar 
Amended 

(%) 

Optimum Moisture 
Content (%) 

Average 
OMC (%) 

Maximum Dry Unit 
Weight (kN/m3) 

Average 
γdmax 

(kN/m3) 

0 36.02 36.96 36.95 36.64 12.78 12.56 12.63 12.66 

5 42.34 40.85 41.60 6.10 6.30 6.20 

10 49.91 45.43 47.67 5.18 6.08 5.63 

15 51.50 57.31 54.41 7.09 2.45 4.77 

20 52.65 60.86 56.76 2.92 2.09 2.51 
 

 
Overall, the amendment of WHBC to Ultisol had an effect on the index properties. Due 
to the hydrophobic nature of the biochar, it repels water which has a potential as a 
stabilizer or additive in clay liners. 
 
5.0 CONCLUSION 
 
The goal of this study was to determine the impact of WHBC on the index properties of 
soil. Using the data obtained from the various index property tests conducted, several 
conclusions were drawn. For the specific gravity test, it was found that biochar actually 
decreased the specific gravity of the given Ultisol sample. This proves detrimental 
towards the objective of strengthening the soil since several studies have highlighted 
the direct relationship between specific gravity and soil strength. In the Atterberg Limits 
test, it was established that the biochar increased both the liquid limit and plastic limit of 
the sample. Other literatures have associated an increase in liquid limit with a decrease 
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in cohesion. As such, this test also proves that the addition of biochar may decrease 
towards the strength of the soil. The sieve and hydrometer tests observed that the 
amendment of biochar had no significant effect on the sample. It should be noted that 
an increase in fines can actually prove beneficial as they are typically associated with 
an increase in cohesion. However, other studies have highlighted that an excess 
amount of fines may actually negatively affect the strength of the soil sample. This 
implies that while the biochar had no effect on the particle size distribution of clays, they 
may prove beneficial for sands to an extent. Lastly, the standard proctor test 
determined that the amount of biochar not only increased the optimum moisture content 
of the soil, but also decreased its maximum dry unit weight. Other studies have found 
that both an increase in OMC and a decrease in maximum dry unit weight have a 
detrimental effect on the soil’s shear strength.  
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