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Abstract: Salt-affected soils are caused by excess accumulation of salts. As soil salinity increases, salt effects can result in 
the degradation of soils. Previous studies have determined that biochar has the potential to reduce salt stress in soils. In this 
study, the electroconductive properties of biochar to adsorb salts were investigated in different saline-concentrated solutions. 
Pelletized, fragmented and powdered biochar were placed in solutions with concentrations of 0, 50, 500, 1000, and 2000 parts 
per million sodium chloride, respectively. Control treatments consisted of deionized water mixed with salt and no biochar addition. 
A week after setting the experiment, the electroconductivity measurements were significantly higher relative to the first day. 
Significant differences were observed among treatments for pelletized, fragmented, and powdered biochar treatments. Increases 
in electroconductivity values are attributed to ambient temperature changes and differences in particle size. However, pelletized 
biochar declined in electroconductive values, which is attributed to ions being retained inside the pores of bigger particles. Our study 
concludes that biochar can adsorb salts at lower sodium chloride concentrations; therefore, it may help mitigate soil salt stress.
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Introduction
The accumulation of salts may cause soil degradation due 

to agricultural, industrial, or urban activities1. Soil salinization 
is a widespread limitation where over 397 million hectares of 
the world's soils are unproductive saline patches of land2. One 
of the most severe problems related to salinization is the pro-
gressive degradation of soil fertility1. The excessive concentra-
tion of soluble salts in soils inhibits beneficial microbiological 
activity, causes accumulation of toxic ions, limits plant growth, 
and accelerates organic matter loss due to wind erosion or 
leaching1,3.  Because soil fertility is essential for nutrient cy-
cling, structure, stability, and cation exchange processes, most 
management strategies aim to improve this property1. There 
is currently much research regarding the amelioration of sa-
line soils4. For this reason, biochar has been widely proposed 
to improve soil quality and crop productivity4. Biochar can en-
hance soil organic matter quality by dealing with soil salinity 
problems because of its salt sorption capacity5.

Biochar is obtained from a process known as pyrolysis, 
which is the thermo-chemical decomposition of organic bio-
mass at temperatures generally ranging from 300 to 700 °C in 
the absence of oxygen6,7. Pyrolysis processes stabilize the exis-
ting carbon in organic matter to be more resistant to chemical 
and biological decomposition8. When biochar is incorporated 
into soils, it degrades very slowly so that carbon is not emit-
ted into the atmosphere, in contrast to non-pyrolyzed organic 
matter decomposition9. Moreover, biochar has the potential to 
decrease Na+ uptake by adsorbing salts10. These characteris-
tics give biochar the capacity to improve the physical-chemi-
cal properties of soils, increase soil productivity, contribute to 
carbon sequestration, and alleviate salt stress in vegetation8.

To enhance the understanding of the salt adsorption pro-
perties of biochar, it is necessary to measure its ion electro-
conductivity (EC). The analysis of biochar's electroconductive 
properties allows measuring the concentration of salts pre-
sent in a solution based on a conductivity meter, and this can 
be used to determine whether biochar might help mitigate salt 
stress in plants and soils11,4. In addition, the effects of salinity 
amelioration on soils may vary depending on the biochar's phy-

sical characteristics12. Biochars in this study range from pelle-
ted, powdered, and fragmented particle types and at a range 
of sizes. It is essential to consider the use of different biochar 
morphologies because of their varied porosity. Porosity deter-
mines the conductivity and ability of biochar to retain ions on 
its surface13. It is predicted that biochar can reduce the electro-
conductivity of saline treatments because of its salt sorption 
capacity. Since biochar's salt adsorption potential has no tests, 
this study conducted electroconductivity measurements to 
understand biochar's salt adsorption capacity and identify the 
physical-chemical properties of biochar's particle morphology. 
Biochar salt adsorption analysis can be used to enhance the 
limited studies on biochar's amendment of salt stress on soi-
ls and vegetation. The objective of this study is to understand 
which variables affect biochar's salt adsorption capacity. This 
research paper focuses on the following specific objectives:

1.         Measure the salt adsorption capacity of biochar 
through electroconductivity.

 
2.         Evaluate the salt adsorption function of different 

biochar morphologies under different salinity conditions.

Methods
Biochar and salt stock solutions: Different types of bio-

char were analyzed based on particle morphology, including 
pelletized, fragmented, and powdered biochar. We used bio-
char pellets in the range of 2.8-2.00mm. These pellets were 
processed from highly compacted wood and manufactured by 
BioForest. We also used biochar fragments processed from su-
gar maple (Acer saccharum Marshall) and conifer wood. The 
size of the biochar fragments ranged from 0.5mm to 4mm. 
These sugar maple biochar fragments were manufactured at 
Haliburton Forest and Wildlife Reserve Ltd, whereas the co-
nifer fragments and biochar powder were processed at Titan 
Carbon Smart Technologies. The titan fragments and titan 
powdered biochar were dried at 100°C for 24 hours.
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In this study, five different salinity stock solutions were 
prepared with 99% pure reagent-grade sodium chloride (NaCl) 
and deionized water (DI) on a weight-in-volume basis. The choi-
ce of deionized water as solvent was motivated by its neutral 
electron conductance potential (5.5μS/m at 23°C). Deionized 
water is characterized by a lack of minerals and contaminants 
usually present in tap water, which could otherwise affect the 
experiment. The addition of sodium chloride was motivated 
by the specific salt concentration concerning seawater, which 
known measure acted as our reference (35ppt or 35g/L)14. 
Thus, 0.5g of sodium chloride was weighted in a mechanical 
balance and dissolved in a 250mL bulb flask to obtain a stock 
solution with 500ppm Na+ solution per every 15mL of deio-
nized water. We assumed that a more concentrated solution 
would require double the number of salts, so we prepared a 
series of stock solutions with 1000ppm and 2000ppm and a 
negligible salt concentration stock solution with 50ppm Na+. 
The saline solutions consisted of low (50mmol NaCl), me-
dium (500mmol NaCl), high (1000mmol NaCl), and saturated 
(2000mmol NaCl) sodium chloride concentrations in a fixed 
amount of 15 milliliters of deionized water. All the stock solu-
tions were prepared 24 hours to let the sodium chloride dissol-
ve and come to equilibrium before mixing them with biochar.

Experimental procedure: Preliminary tests were conduc-
ted on biochar and salt solutions at room temperature (23 – 
25°C) to learn when equilibrium could be reached. The pre-
paration of the preliminary samples took at least five days, so 
it was decided to conduct preliminary samples by adding so-
lutions to biochar at 1:20 biochar: solution ratio. This ratio re-
flects the usual mix of 1g of solid biochar per every 20mL of li-
quid. Because of flask size, we adjusted the ratio to 15mL; thus, 
the fixed amount of biochar added was 0.75g (w:v). Biochar was 
weighted on a mechanical balance, and 0.75 grams were im-
mersed in 25mL glass containers. Then, a plastic pipette was 
used to transfer 15 mL of each stock solution into lidded glass 
containers with moderate stirring. All of the treatments were 

performed in triplicate as was the control group. For the con-
trol samples, we mixed sodium chloride with deionized water 
without the addition of biochar. All the prepared samples were 
shaken at a speed of 80 rpm on a WWR DS-500E Orbital Sha-
ker for an hour at room temperature. Initial electron conducti-
vity measurements were taken after one hour of shaking the 
samples. Electrical conductivity was measured at room tem-
perature (23°C) using a bench-top conductivity meter (Orion 
Star A112, Thermo Electron Co., Mass., U.S.A.) coupled to a 
conductivity cell (Orion 013005MD). The conductivity cell was 
calibrated to two standard solutions at 1413um and 12.0mS. 
After every measurement, the conductivity cell was washed 
with deionized water to remove any adhering sample and was 
blotted before using it in the subsequent measurement. Once 
the results of the initial measurements were recorded, all the 
samples were placed in the shaker for seven days, and electro-
conductivity values were taken at room temperature (25°C ± 
0.5°C). At the end of the experiment, we dried all biochar sam-
ples in small aluminum sample holders so they could be used 
to measure salt content later on. After drying, the samples 
were transferred back to the identical washed vials, where the 
measurements were taken initially and stored with lids.

A detailed experimental design chart is depicted in Ta-
ble 1. Statistical data and graphs were analyzed with R studio 
version 1.1.463 (R Core Team 2018). Data for each dependent 
variable were first analyzed for normal distribution by the 
Shapiro-Wilks normality test and equality of variances among 
biochar and salinity treatments by the Levene test. Data mee-
ting these assumptions were further tested on the influence 
of biochar type and salinity level on the variability of electro-
conductivity by a two-way analysis of variance test or ANOVA. 
Statistics reported for each test are F-values, P-values, and 
standard errors. Microsoft Excel was used to show tables co-
rresponding to the means and standard errors (Table 2). A line 
graph of electroconductivity grouped by salinity treatment is 
presented in Figure 1.

Figure 1. The graph shows the EC values obtained for the control group (deionized water with NaCl without biochar). The x-axis 
represents salinity levels in grams, whereas the y axis represents the EC of deionized water.



2152

Results
Contrary to our initial hypotheses, biochar particles did 

not consistently result in decreased salinity. Electroconducti-
vity values showed a considerable increase in response to bio-
char added to saline treatments except for the low concentra-
tion solutions, while powder biochar did not show any decrease 
in EC values at any saline level. A two-way analysis of variance 
was conducted on the influence of biochar type and salinity 
level on the variability of electroconductivity values. For day 
one, the ANOVA test yields an F-value of 4.528 and a P-value 
of 2.2*10-16, indicating that the ANOVA is statistically signi-
ficant according to the standard significance level of p<0.05. 
This result demonstrates that EC does differ from one sali-

Table 1. Detailed ex-
perimental procedu-
re and design.

Table 2. Average (mean ± standard error N=3) for EC salinity treatments by biochar type (1:20 w/v ratio).

nity treatment to another. For day seven, where biochar and 
salinity are the independent variables, and EC values are the 
dependent variable, a significant relationship is found, suppor-
ted by a p-value of 0.00191 (no log transformation).  In other 
words, biochar type and salt concentration are the factors that 
influence EC values. Results of the variability in the EC measu-
rements between saline solutions of the biochar samples are 
listed in Table 2. The results are discussed as the interaction of 
biochar on the different saline concentration treatments over 
time, and a comparison is made between the four different bio-
char types.
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Discussion
Electrical conductivity is a way to determine the concen-

tration of ions present in an aqueous solution16. In an ionic so-
lution, the specific conductivity measurement depends on the 
concentration and, therefore, on the number of ions (cations 
and anions)15. The more ions that are present, the higher the 
electroconductivity of the aqueous solutions16. These con-
ductive ions include dissolved salts (NaCl) and organic and 
inorganic matter that composes biochar16. The duration of bio-
char's exposure to saline solutions had a pronounced effect on 
electroconductivity. As shown in Table 2, day-seven EC values 
were higher than day-one saline treatments and across the 
four types of biochar.

Salinity was not measured directly but is instead derived 
from electrical conductivity measurements15. For biochar pe-
llets, the relationship between EC and salt is statistically sig-
nificant (p< 0.0026). As shown in Figure 1a-b, low (50 ppm), 
medium (500ppm), and high (1000ppm) saline concentrations 
of Na+ presented a slight decrease in electroconductivity, with 
values ranging from 1% to 5% variation over a week. In contrast 
to other biochar types, pellets have a low surface area to volu-
me ratio. For this reason, we believe that biochar pellets might 
be able to retain and hold more ions on their surface. However, 
the saturated saline concentration (2000ppm) presented an 
increment of 8% on the EC measurements. We attribute the 
observed EC variation to the fact that once biochar reaches 
equilibrium, it adsorbs salts, but these salts could also be re-
leased in the presence of saturated saline solutions because 
the particle might no longer be able to hold more ions.

EC values increased at the 500, 1000, and 2000 salinity 
levels (Table 2). The relationship between salinity level and EC 

measurements is supported by a significant p-value of 0.0025 
for sugar maple fragments and a significant p-value of 0.0026 
for biochar conifer fragments (Figure 1c-d). The electrocon-
ductivity measurements show that the values increased signi-
ficantly across all five salinity treatments (p<0.0029). In con-
trast to pellets, values for powdered and fragmented biochar 
increased at each salinity level. Biochar powder particles have 
a higher surface area to volume ratio; such characteristics mi-
ght allow the biochar to adsorb and de-adsorb Na+ salts at a 
different rate16,17. Therefore, salt ions are prevented from hol-
ding onto the powder's particle surface and are subsequent-
ly leached into the salinity solution, and since these ions are 
leached into the solution, electroconductivity values tend to 
increase.

Biochar particle size, shape, and internal structure likely 
play essential roles in controlling sodium-ion storage because 
they might alter pore characteristics. For instance, biochar has 
pores inside of its particles. These pores are called intrapo-
res and might provide additional space for ion storage beyond 
the pore space between particles or interpores16. As a result, 
electroconductivity values tend to decrease. A larger particle 
size, which is the case of pelletized and fragmented biochar, 
may increase sodium adsorption capacity, whereas a smaller 
particle size might not. Bigger biochar particles can store more 
ions inside their internal structure (Figure 3a).

In contrast, smaller biochar particles, such as powdered 
and fragmented biochar, might have limited ion storage capaci-
ty to hold ions on their internal structures (Figure 3b-c-d). The-
refore, finely powdered biochar particles will not adsorb many 
ions, unlike bigger biochar particles like pellets. This addition of 
biochar grains with different shapes and sizes will eventually 
change the adsorption of minerals in the salinity solutions.

Figure 2. The figure illustrates the electroconductivity values for the four types of biochar tested: pellets, fragments (sugar 
maple and conifer) and powder. Graph a) shows biochar pellets, b) biochar powder, c) sugar maple fragments and d) conifer 
biochar fragments. For all four graphs, the x axis shows the salinity level concentration in grams whereas the y axis shows the 
electroconductivity values for the respective biochar in saline treatments.
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According to the Food and Agriculture Organization19, the 
higher EC variability of the salinity treatments may be attri-
buted to increments in temperature. As shown in Table 2, the 
temperature of the saline solutions increased from 23°C ± 
0.3°C in day one to 25°C ± 0.5°C on day seven. Unlike metallic 
conductivity, electrical conductivity increases at approximate-
ly 1.9% per Celsius degree increase in temperature19.  When 
sodium electrolytes dissolve in water, they produce positive ca-
tion and harmful anion particles; this means that the electron 
conductance of the solutions increases with added ions10. An 
increase in EC may also be attributed to including substantial 
amounts of biochar ions and minerals into salinity solutions19. 
The presence of phenolic, carboxylic, pyrones, and ketone 
groups in biochar samples due to pyritization may in part exp-
lain the higher variability with the EC values between day one 
and seven10. An additional finding supporting this assumption 
is the increased electroconductivity presented by the control 
group, consisting of pure deionized water and different saline 
concentrations without biochar addition (Figure 2). Electrocon-
ductivity increased by approximately 0.5 to 12% from day one 
to day seven. It is important to note that temperature for day 
one was recorded to be 23°C ± 0.5°C whereas temperature 
for day seven was 25°C ± 0.5°C instead. Therefore, we believe 
that temperature played a significant role in rising EC values 
as higher temperatures might evaporate water, leaving saline 
ions behind.  

Even though most of the biochar treatments showed in-
creased EC values, low salt concentration treatments (50ppm) 
tend to progress toward a decrease in electroconductivity. All 
biochar types, except for powder, showed a decrease of 0.2-1.0 
mS/cm in EC values at the 50ppm salinity concentration level. 
This finding suggests that biochar can adsorb salts in solutions 
with a small number of dissolved ions in contrast to solutions 
with a saturated number of ions20,21.

Conclusions
This study concludes that biochar can adsorb salts at lower 

sodium chloride concentrations; therefore, it may help mitiga-
te salt stress in soils. Under a chemical-biological approach, 
the findings of this research will help select the best Canadian 

wood biochar options for different soil saline conditions in the 
environment. The presented information can serve as a guide 
to develop conservation strategies that aim to mitigate the ad-
verse impacts of salt on vegetation and soils. However, further 
research still needs to be conducted to analyse a more precise 
interaction between biochar type and sodium sorption capacity. 
These analyses should implement different techniques to mea-
sure salinity values to get the exact sodium sorption levels.
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