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Abstract

Applying biochar (BC) to broad acre crops is an effective way to sequester carbon while improving soil fertility
and reducing nutrient leaching. Adopting a similar approach in a hydroponic environment, BC may enhance
nutrient availability and reduce natural fluctuations in the nutrient solution. This study monitored the effect of BC
addition to peatmoss growth media with ratios of 0%, 5%, 25% and 50% on pH, electrical conductivity (EC) and
macronutrient retention, over 15 days using hydroponic nutrient solution controls. Deionised water was used to
measure nutrient releases in the closed loop hydroponic system, showing that biochar increased pH level in both
retention and release stages. As expected, the pH increased by a maximum of 1.5 units with the highest biochar to
growth media ratio due to the natural liming nature of the BC. The EC was also affected, as BC increased in the
media EC reduced. With regards to retention of nutrients, BC recovered nitrate, phosphate, calcium and sulphate
but did not affect magnesium. Potassium levels increased in solution with increasing BC ratio. In terms of
outcomes relevant to global agriculture, the results show that the same level of production can nominally be
obtained with around half the nutrient requirements.
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1. Introduction

The World’s population is expected to reach 9.7 billion by 2050. It is estimated that there will be more than 50%
loss of arable land per capita by 2050 in comparison to 1960 (Bruinsma, 2011). New systems should be introduced
to meet the rapidly growing demands of food while minimizing the consumption of natural resources and cost
(Gashgari et al., 2018). Hydroponics is a proven method to increase crop quality and quantity (Davidson & Szmidt,
1992). In Hydroponic method, growth media other than soils such as rock-wool, sand, peatmoss, perlite,
vermiculite and others is normally used. There are many types of hydroponics, however, the recycling of used
nutrients solution (closed system) was used as it is the most eco-friendly system (Bar-Yosef, 2008) as it increases
nutrient and water use efficiency while at the same time reducing the cost of production (Rouphael et al., 2004;
Grewal et al., 2011). It was also shown that recycling nutrients save water and fertiliser, while reducing water
pollution (Savvas, 2002; Carmassi et al., 2005). When comparing between hydroponic and traditional cultivation,
the former is considered better due to its potential to cover future food demands in a sustainable way (Gashgari et
al., 2018). In a study done by Barbosa et al. (2015), comparing conventional agriculture to hydroponics using
lettuce as a test plant, hydroponics offered around 11 times higher yield than traditional approaches. In another
study that compared tomato cultivation in hydroponics and soil-based agriculture, the closed cycle hydroponic
system approach was found to be better in terms of yield and water use efficacy (Valenzano et al., 2008).

Biochar made from coconut shell biochar (CSBC) is the targeted material in this study. The availability of
information on biochar used in hydroponic growth media is far less than that for use in soil cultivation systems.
Biochar is a carbon rich product that can be obtained from wood, leaves or manure, heated at high temperature
(usually 450-1000 °C) in a closed environment with a little or no air (Lehmann, 2007). Biochar types, chemical
and physical properties can vary depending on pyrolysis conditions and feedstocks (Keiluweit et al., 2010). Graber
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et al. (2010) reported that biochar improved pepper (Capsicum annuum L.) and tomato (Lycopersicum esculentum
Mill.) growth and productivity. It was also reported by Glaser et al. (2002) that biochar significantly improved
nutrient availability to plants and plant productivity. Beck et al. (2011) showed that the amendment of green roof
media with 7% biochar decreased phosphate and nitrate leaching in runoff and increased water retention. Adding
biochar to hydroponics improved microbial population and reduced nutrients runoff such as nitrate and phosphate
(Altland & Locke, 2012).

In terms of growth media, coconut peat, sometimes called peatmoss or coir, is a widely used material for plant
growth in pots, containers and plastic tube for traditional or hydroponic cultivation approaches. This media can be
used by itself or mixed with other materials such perlite, vermiculite and occasionally soil (Hochmuth et al., 1998).
Coco-peat is a very common soilless media as it is cheap and eco-friendly. However, this media cannot hold
nutrients as well as biochar, so lab tests were developed to examine this hypothesis in this study. There are a few
problems with using coco-peat, this research focused on two of these issues and they are pH and nutrient holding
capacity compared with biochar (United States Environmental Protection Agency Office of Solid Waste, 1994).
Coco-peat is acidic with a pH range of 4-5, which is not suitable for most of the nutrients absorbed by plants. Most
growers tend to add dolomite or other materials to the growth media to bring pH level from 4-5 to circa 5.5-6.
Coco-peat was used in this trial to leverage the effect of biochar on pH, EC, and plants major nutrient elements
(N-NO;, P-PO4, K, Ca, Mg and S-SO,) in a closed hydroponic system in a lab environment. The aim of this
research is to test the use of CSBC with peatmoss for controlling nutrients mobility. CSBC is well known by its
capacity of rising pH level and nutrient retention, it can be mixed with coco-peat as growth media to bring pH level
up and increase nutrient holding capacity of peatmoss and CSBC mixture. We also propose alternating nutrients
provision cycles with tap water cycles to increase the efficiency of nutrients utilization. It is important to mention
that there are very limited or no study conducted on the effect of biochar on sulphate and this could be the first
study to investigate biochar effect on sulphate. It is also the first study that monitors biochar effect on pH, EC, and
the whole plants' macronutrients because there is interaction between these nutrients as well as interactions
between the nutrients and pH.

2. Materials and Methods
2.1 Experiment Setup

Figure 1 shows a simplified schematic of the experimental setup along with the composition of columns. The
experimental set up consists of the following components:

- Four triple head peristaltic pumps (Thermo Scientific™ DB3000A) used to feed 12 units supplying deionised
water and nutrient solution alternately to the columns.

- The water or the nutrient solution was supplied from holding tanks (Icon Water Carrier 15L) to each column.

- 24 containers (12 containers filled with deionised water and the other 12 containers filled with nutrient solution)
with each column linked to two containers, one with deionised water and another one with nutrient solution.

- 12 columns, three of them filled with peatmoss only (0% the control treatment) and the other nine columns filled
with 5, 25 and 50% v/v biochar/peatmoss.

2.2 Experimental Procedure

The columns were first fed with deionised water on the first day for around 38 min £+ 1 min. Then, the columns
were fed in an intermittent fashion where the pumps were turned on for 12 minutes and off for 10 minutes for three
cycles. This makes the total feeding time 36 minutes. The 10 minutes off period was found to be enough for the
solution to be completely drained and hence it was applied between the feeding time. Samples from the deionised
water containers were taken and frozen for later analyses. On the second day, the columns were fed with stock
solution applying the same settings for deionized water. The process continued with alternating the feed between
deionised water and stock solution for 15 days as detailed in Table 1. The time settings chosen in this study are in
accordance with what farmers use in commercial hydroponic farms. The standard setup is a closed-loop system
that offers the most economic and eco-friendly option compared to other hydroponic growing systems (Bar-Yosef
2008; Grewal et al. 2011).
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Figure 1. (A) Simplified schematic of the experimental setup, and (B) illustration of column components

2.3 Substrate Types

The substrates used in this work comprised of coco-peat (peatmoss) obtained from a local farm (K Farm,
Toowoomba, Australia) provided by Aussie Environmental-Australia. CSBC was provided by Clarence Water
Filter, Australia. BC was washed for 4 times to bring the hydroponic solution pH level down to 5.5-6.5 and to
ensure minimal release of caustic mineralised ash into the solution. BC and peatmoss were sterilised at 120 °C for
30 min using an autoclave (HICLAVE, HV-50L) to minimise biological activity, then oven-dried at 70 °C for 24 h.
Finally, the prepared substrate was stored in a dry environment in closed containers until they were used.

2.4 Column Preparation

The columns were prepared from polyvinyl chloride (PVC) pipe with dimensions of 250 mm in height and 40 mm
in diameter. PVC and polyethylene fittings size 9, 13, and 15 mm were used to connect the columns to the pumps
and to the stock solution input and output lines. A layer of cotton was placed at the bottom of each column, then a
plastic mesh (fibreglass fly screen) with 60 um pore size was laid on the top of the cotton layer. A layer of
gravel-sized 2-4 mm was then added on the top of the mesh. The three layers were used to prevent substrates of
being washed by the solution. The peatmoss was mixed with BC (total mixture depth was 200 mm of the column
height) in 4 percentages of 0:100, 5:95, 25:75, and 50:50 v/v BC/peatmoss, respectively. The mixture was then
packed into the columns. The columns were gently tapped a few times to let the media settle. A filter paper
(Whatman 45 pm) was placed on top of the media to ensure a good distribution of the solution in the column
packing materials Figure 1 (B). The columns were closed from both ends with plastic caps that have opening for
connecting the inlet and outlet lines simulating a closed hydroponic system, as shown in Figure 1 (A). The columns
were then placed in their respective holders and connected to the stock solution containers via the input and output
tubes.
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Table 1. Irrigation experiment timing over 15 days

Biochar ratio Replicates Day 1 Day2 Day3 Day4 DayS5 Day6 Day7 Day8 Day9 Dayl0 Dayll Dayl2 Dayl3 Dayl4 Dayl5

RI DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW
0%CSBC  R2 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW

R3 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW
- R DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW
5%CSBC  R2 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW

R3 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW

R DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW
25%CSBC  R2 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW

R3 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW
S R DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW
50% CSBC ~ R2 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW

R3 DW NS DW NS DW NS DW NS DW NS DW NS DW NS  DW

Note. DW = Deionised water; NS = Nutrient solution.

2.5 Substrates and Stock Solution Characterisation

The characteristics of the substrate and stock solution such as pH, EC and the concentration of NO3, POy, K, Ca,
Mg and SO,4 were examined using pH and EC (PC 2700 from EUTECH INSTRUMENTS) meters along with Ion
Chromatography System ICS-2000 and Atomic Absorption Spectrophotometer AAS-7000 (SHIMADZU,
Australia) following the standard methods described in (Rice et al., 2017). The results for peatmoss and stock
solutions are presented in Tables 2 and 3. It is worth mentioning that all of the applied measurements were
conducted in triplicate to ensure the accuracy of the results.

Deionised water was used as an extraction solution for the peatmoss constituents. Peatmoss was mixed with
deionised water in a ratio of 1:20 (w/w, peatmoss to deionised water) and loaded into 100 ml plastic vials. The
mixture was shaken at 100 rpm/min for 24 h. The resultant mixture was then filtered through filter paper
(Whatman 45 pm). The filtrate was then used for performing the analyses. Biochar pH and EC were also measured
following the procedure reported in (Wang et al., 2015a) where 1:20 ratio for BC to deionised water was used.

2.6 Nutrient Assay

Samples of the column leachate with retention and release experiments were collected each day and frozen for later
analyses. The concentration of solution elements was measured applying the methods described in the above
section.

Table 2. Peatmoss characteristics and composition

Characteristics Average values
pH 43
EC (mS/cm) 2.3
TN (mg/L) 53
Phosphate (mg/L) 0.2
Potassium (mg/L) 0.3
Calcium (mg/L) 1.7
Magnesium (mg/L) 1.0
Sulphate (mg/L) 0.1
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Table 3. Nutrients solution characteristics and composition

Characteristics

Average values

pH

EC (mS/cm)
Nitrate (mg/L)
Phosphate (mg/L)
Potassium (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sulphate (mg/L)

6.2
23
301.0
32.9
136.6
140.1
18.0
157.0

3. Results and Discussion
3.1 Biochar Impact on Leachate pH

Figure 2 shows the effect of biochar on the pH of leachate from the column with nutrient solution and deionised
water for retention and release events. The values are presented by the mean of three measurements and standard
errors. Figure 2(a) illustrates the effect of biochar on pH for retention events (days 2-14), while Figure 2(b)
presents the effect on pH for the release events (days 1-15). The same presentation applies to the other figures
presented in this work.

It can be seen that pH increased in all treatment scenarios, except for nutrient solution without biochar. This could
be attributed to the acidic nature of peatmoss (pH of 4.34). The pattern of pH increase during treatment events was
different for the two tested solutions. The level of pH had a sharp increase with nutrient solution for the first day
especially with high BC percentages. Then the increase almost plateaued. In comparison, the increase of pH level
with deionised water exhibited a logarithmic growth curve for all BC percentages. The maximum pH increase of
1.2 units was achieved with deionised water using 50% biochar.

Given the acidic nature of peatmoss, BC addition can help to bring the pH to a more neutral level. Increasing pH
level by adding biochar to the growth media could be due to a number of factors. The main one being that biochar
may contain nonpyrolyzed inorganic elements, so the exchange of these elements reduces the media’s hydrogen
concentration (Novak et al., 2009). The increase of pH to up to 6.0 can increase the yield of leafy crops in
hydroponics, which is the case for low percentages of CSBC (Wortman, 2015). However, increasing the pH
beyond this level can increase the chlorophyll content, but negatively affects yield. The effect of pH on plants was
also investigated by Koehorst et al. (2010) where low (4.5) and high (8.5) pH significantly reduced plant
productivity, while a pH of 6.5 was found to be the optimum level for producing the best chlorophyll content and
fresh leaf weight. Biochar has also been reported to increase pH level to suit the majority of plant groups in soilless
cultivation (Raviv et al., 2019).
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Figure 2. pH variation of (a) nutrients solution and (b) deionized water
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3.2 Biochar Impact on EC Level

Figure 3 illustrates the effect of BC on EC during retention and release events. It can be noticed that the retention
events led to reducing EC in the columns effluent and vice versa with release events. The variation in EC reflects
the change in nutrients concentration in the passing solution through the columns. In general, the increase of the
effluent EC with the release events was higher than the decrease with retention events. The maximum decrease of
EC was approximately 837 uS achieved with 50% BC, whereas the maximum increase in EC of 977 uS was
achieved with 0% BC. This is due to the strong stripping effect of deionised water and the sorption capacity of BC
(Raviv et al., 2019).

Factors such as EC, the type of nutrient, composition of nutrient solution are the key to improve yield quality.
Savvas (2002) stated that EC is considered to be one of the most important properties of the nutrient solutions used
in soilless cultivation. If the EC of a nutrient solution is too low, the supply of some nutrients to the crop may be
inadequate. Similarly, when the EC is too high, the plants are exposed to salinity effects. However, the yield
response of the plants to the EC of the nutrient solution may vary widely among different species. Therefore, for
each cultivated plant species, the terms “too low” and “too high” need to be quantitatively defined based on
experimental results (Putra & Yuliando, 2015). EC was significantly affected by the biochar amount and with the
experiment time for both retention and release events. In any case, EC levels were well below the threshold (< 300
mS m™) recommended for soilless substrate fertilising solutions (Raviv et al., 2019).
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Figure 3. EC variation of (a) nutrients solution and (b) deionized water

3.3 Nutrient Behaviour

The results presented in this section are concerning the effect of biochar on individual constituents of the nutrient
solution during retention and release events.

3.3.1 Biochar Impact on Nitrate Concentration

The retention of nitrate onto column packing materials and its subsequent release is illustrated in Figures 4. The
retained nitrate concentration had a linear correlation with the frequency of the events. It is apparent that the
presence of biochar increased the retention of nitrate in the column. Nitrate retention increased with increasing
biochar percentage. The release of nitrate was the highest for 0% biochar. The amount of nitrate release decreased
with increasing percentage of biochar. This is related to the holding capacity of biochar for nitrate. It can be noticed
that the released amount of nitrate with 0 % biochar does not follow a linear trend and it plateaued after the sixth
day. The recovered amount of nitrate from peatmoss decreases after a certain number of release events. The
addition of biochar reduced nitrate in the leachate which is in line with the findings reported in (Ding et al., 2010;
Altland & Locke, 2012; Yao et al., 2012; Gai et al., 2014). Beck et al. (2011) also showed that adding biochar to
green roof trays increased nitrate retention. The retention of nitrate onto biochar could be attributed to the
electrochemical interaction and binding with the functional groups (Bakly et al., 2019). Steam activation of
biochar almost doubled the positive effects of biochars for nutrient retention, and this highlights the need for
further investigation for effective application of biochar in hydroponic systems (Borchard et al., 2012).
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Figure 4. Nitrate concentration during (a) nutrients retention and (b) release

3.3.2 Biochar Impact on Phosphate Concentration

Phosphate was retained and released as shown in Figures 5(a) and (b) respectively. It can be noticed that the
amount of phosphate absorbed and released by biochar is much less than that of nitrate. This is ascribed to the high
concentration and the co-existence effect of nitrate Zhong et al. (2019) and Palanivell et al. (2020). A recent study
conducted by Palanivell et al. (2020) showed that biochar has a greater absorption capacity of nitrogen compared
to phosphorous and potassium especially for acidic media. Given the acidic nature of peatmoss, this explains the
observed difference in nitrate behaviour as opposed to phosphate and potassium (will be addressed in the
following section). Similar to nitrate, the adsorption and release exhibited liner correlations with the frequency of
the events.

In general, higher percentage of biochar in the media resulted in more retention of phosphate and less releasing.
The control treatment retained around 7 mg L™ whereas 50% CSBC retained around 22 mg L. The 5 and 25%
treatments retained around 13 mg L' and 18 mg L™, respectively. As phosphate was retained by BC, it was
released slowly over the experiment time. The highest release of phosphate was from the control treatment while
the lowest was from 50% CSBC. It was around 27 mg L™ for 0% CSBC and around 17 mg L™ for 50% CSBC. The
5% and 25% CSBC treated media released around 22 mg L™ and 23 mg L™, respectively. The results of this study
are aligned with the findings reported in literature, as biochar was found to be capable of absorbing and slowly
releasing phosphate in the leachate (Nelson et al., 2011). However, the capacity of biochar in controlling the
mobility of phosphate depends on the feedstock and pyrolysis conditions of the char (Yao et al., 2012). CSBC used
was acid washed biochar and this might have improved the retention ability of BC.
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Figure 5. Phosphate concentration during (a) nutrients retention and (b) release

3.3.3 Biochar Impact on Potassium Concentration

The effect of biochar addition on potassium availability in the media is demonstrated in Figure 6. Unlike nitrate
and phosphate, potassium retention and release followed exponential decay and logarithmic growth patterns.
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Comparing to the concentration of potassium in the in the leachate to its concentration in the stock solution which
was 136 mg L™, the reduction of potassium in the leachate at the end of the test was approximately 19, 21, and
25-26 mg L™ with 50, 25 and 5% CSBC respectively. It can be noticed that the small percentage of biochar of 5%
had slightly similar effect on the retention as that of peatmoss. Interestingly, the medium amount of biochar of 25%
stopped absorbing potassium after the fourth event and started releasing small amount of potassium after that.
Some potassium release from media with 50 % was also noticed at the end of the retention events. This indicates
that for effective retention of potassium in the media, a low percentage of biochar of as low as 5 % or less needs to
be applied.

With regards to the release experiments, media with and without biochar had similar results for events at the
beginning and the end. The highest release of potassium was from 50% BC treated columns whereas the lowest
was from the control treatment. The 50% CSBC released around 100 mg L™, the other treatments released 95-97
mg L. For the events in the middle, the release was higher with the higher concentration of biochar. It can also be
noticed that the amount of potassium released is higher than the absorbed potassium indicating the leaching of
potassium form biochar structure. Similar results were reported by (Zhong et al., 2019; Palanivell et al., 2020).
This can be an attractive trait for both hydroponic and soil-based agriculture as biochar can reduce the amount of
potassium added to plants. Wu et al. (2019) found that the addition of biochar increased the availability of
dissolved and bioavailable potassium in the soil.

135 120
130 1 100 ]
o 2 g ]
o0 125 + = 80
E E
£ 120 1 £ 60 1
2 E
2 2 8
B ] = 2
g 115 g 0%
= A *5%
110 + 25%
®50%
105 T
1 2 3 4 5 6 7 3 4 5 6 7 8
Events Events

(a) ®)

Figure 6. Potassium concentration during (a) nutrients retention and (b) release

3.3.4 Biochar Impact on Calcium Concentration

The effect of biochar on calcium interaction with the media is depicted in Figure 7. Calcium concentration in the
effluent of the column followed a liner correlation with retention events in the case of 0% CSBC and exponential
decay in the case of CSBC incorporation into the media. Interestingly, 5% of CSBC had the highest retention of
calcium followed by 25% CSBC and then 50% CSBC. This might could be attributed to calcium release from
biochar structure when the applied CSBC percentage is high. When deionised water was passed through the
column for recovering adsorbed calcium, the resultant concentrations exhibited linear correlations with the
frequency of release events. A considerable amount of calcium remained in the column even after eight washes
with deionised water. None of calcium was released in the first two events for all treatments. In comparison to the
other measured nutrients so far, 0% CSBC had the closest release amount of the absorbed element as opposed to
other treatments. This suggests that peatmoss is effective for storing calcium. From the above, it can be said the
combination of peatmoss and CSBC can effectively be used in hydroponics in order to reduce the use of fertiliser.
There are limited researches on BC effects on calcium concentration in a solution, however, many authors have
shown that biochar can enhance calcium availability in soils (Jien & Wang, 2013). Our results showed that CSBC
can adsorb calcium then slowly release it in the deionised water.
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Figure 7. Calcium concentration during (a) nutrients retention and (b) release

3.3.5 Biochar Impact on Magnesium Concentration

The retention and release patterns of magnesium are demonstrated in Figure 8. It is clear that biochar did not affect
magnesium concentration in the nutrient solution. The difference between the control treatment (0% CSBC) and
the other treatments was around 1 mg L. There was virtually no difference between magnesium concentrations in
the effluent of the column for all of the treatments with biochar. However, surprisingly there was a release of
magnesium when deionised water was used. The release exhibited a logarithmic growth trend. The released
magnesium was higher as biochar ratio increased in the media. The highest release was around 15 mg L™ with 50%
CSBC, and it was around 13-14 mg L™ with the other treatments. This suggests that deionised water stripped off
magnesium from the structure of peatmoss and biochar. These results are in line with the findings of Angst & Sohi.
(2013). It was also shown by Kuhlbusch and Crutzen (1995) that burning biomass lead to producing ash which has
magnesium. This could be the reasons why the mixture did not adsorb magnesium, rather released it. Mukherjee
and Lal (2014) observed that Mg concentration decreased with increasing rate of biochar amendment.
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Figure 8. Magnesium concentration during (a) nutrients retention and (b) release

3.3.6 Biochar Impact on Sulphate Concentration

Figure 9 illustrates the effect of biochar ratio on sulphate sorption and desorption during 7 events. In general,
CSBC improved the retention of sulphate and this improvement is directly related to the percentage of used CSBC.
Compared to the initial concentration of sulphate (140 mg L"), the retention was around 60 mg L™ in the control
treatment while it was around 100 mg L™ with 50% CSBC. The 5% and 25% CSBC treatments retained around 77
mg L' and 84 mg L™, respectively.

In term of sulphate release during 8 events, 0% CSBC released more sulphate than other treatments. The release of
sulphate was around 60 mg L™, 37 mg L', 30 mg L and 11 mg L' from 0%, 5%, 25% and 50% treatments,
respectively. The retention of sulphate could be due to the surface functional groups such as carboxylic group
(Wang et al., 2015b), which is available in BC as it is the case of this study. The retention of sulphate could also be
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attributed to the high surface area (1050 m* g™' for CSBC used in this study, taken from the specification sheet) and
porous structure of such char (Verheijen et al., 2010; Lehmann & Joseph, 2015).
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Figure 9. Sulphate concentration during (a) nutrients retention and (b) release

3.4 Nutrient Trends With Biochar Addition

Macronutrient adsorption and desorption in biochar exhibited different trends with time. The trends were either
exponential (y = m-e) or power (y = m-x) for adsorption whereas linear (y = mx + ¢) and logarithmic (y = m-In(x)
+ ¢) for desorption. Adsorption of phosphate and Sulphate fitted with an exponential trend as well as potassium at
0 and 5% CSBC and calcium at 0% CSBC level. In comparison, nitrate, potassium at 25 and 50% CSBC as well as
calcium at 5, 25 and 50% CSBC levels fitted well with the power trend. Magnesium was the only element which
fitted with a linear trend. At the desorption phase, all nutrients fitted showed linear trends except potassium at all
CSBC levels and magnesium at 25 and 50% CSBC levels were fitted with logarithmic trends.

4. Conclusions

The effects of CSBC addition to hydroponic growth media on pH, EC and nutrient levels were investigated using
column experiments. As expected, pH increased as the CSBC amount increased in the media. In terms of EC,
biochar affected EC levels in line with the effective charge capacity accommodated by the integrated carbon. As
expected, without inherant storage capabilities the control treatment released elements more than all other
treatments, while the highest recovery of the elements was from the growth media with 50% CSBC. Nitrate,
phosphate, calcium, potassium and sulphate were all effectively retained by CSBC while magnesium levels were
not significantly impacted. We recommend using CSBC levels at an average rate of 25% of the growth media or
slightly lower in hydroponic systems, while 50% for use as suitable treatment for optimal water filtration. Bearing
in mind that more than 50% of CSBC in treatments is beyond the desirable limit for crop cultivation (Depending
on the type and pyrolysis temperature of the BC). This study helped in establishing an understanding of the effect
of biochar addition on a simulated closed loop hydroponics system. By testing the recommended biochar
percentage on growth and yield quality it is possible to establish a simple approach that allowed a near identical
yield with approximately half of the applied nutrients. Of course, further trials in field or greenhouse studies are
recommended for future work on a broader range of plants.
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