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Malaysia is one of the world top producers of natural 
rubber (Department of Statistics Malaysia, 2016). Oil palm 
and rubber dominate the agricultural land utilization in 
Malaysia; rice is in the third place. Rice cultivation covers an 
area of nearly 209,300 ha (Karim et al., 2004). Approximately 
4 million tons of rice straw had been produced by 2015 
and 0.48 million tons of rice husk is produced annually in 
Malaysia (Shafie et al., 2014).

Rubber tree twigs and rice residues generated from 
rubber pruning and rice production are commonly left 
to decompose on the ground or burned in the field with 
consequent negative impact on the environment (Rondon 
et al., 2007). These agricultural residues represent the low-
cost renewable resources, which should be reused and 
valorised. An alternative to agricultural residue management 
is thermal conversion of rice residues and rubber tree twigs 
to biochar, while simultaneously generating the energy 
during heating (Dhaundiyal and Hanon, 2018). Biochar 
can be utilized as an efficient long-term C sink in terrestrial 
systems for mitigation of climate changes. Moreover, it is a 
suitable soil amendment as it increases water and nutrient 
retention (Vaughn et al., 2013). Nevertheless, the brittle 
and low density biochar hinder the process of storage, 
transportation, and even soil application. Husk and Major 
(2008) reported that 25% of biochar applied was lost during 
the field application. Approximately 20–53% of biochar 
incorporated into soil was also lost by surface runoff during 

heavy precipitation events (Major et al., 2010). High amount 
of ash is also produced during the biochar production 
process (Dróżdż et al., 2016). Densification of biochar is one 
of the potential ways to decrease the high costs associated 
with transport and application rates during soil application, 
as it is challenging to handle the light density of biochar.

The addition of lignocellulosic biomass-derived biochar 
into the soil complements mineral fertilizers, increasing 
crop yield. Several researchers have suggested that 
supplementing of biochar with NPK fertilizer and bentonite 
clay boosted rice yields by 15–30% compared to chemical 
fertilizers applied at a rate of 500 kg·ha-1 (Joseph et al., 2013; 
Qian et al., 2014). This could minimize the chemical inputs 
and the polluting effect of overutilization. BFs will have lesser 
amounts of voids and higher density, facilitating its handling. 
Although the nutrient-rich biochar tablets are suggested to 
be better than conventional fertilizer in terms of supplying 
the plant nutrition demand throughout the specific plant’s 
lifespan, there is lack of information on characterization of 
mixtures of rubber twigs and rice tablets embedded with 
NPK fertilizer. In presented study, biochar derived from 
thermal decomposition of rice straw, rice husk and rubber 
tree twigs was blended with commercial fertilizer and 
subsequently densified into tablets. The physio-chemical 
properties of biochar tablets with and without embedded 
fertilizer were investigated for the assessment of being an 
environmentally friendly slow-release fertilizer.
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Sample collection and preparation
Rubber tree twigs and rice residues were collected from 
a rubber plantation and a paddy field in Perlis (located at 
6.4449° N, 100.2048° E). The samples were sun-dried for 
3 days. Rubber tree twigs were chopped into 2 cm sections 
using a SIMA Model RC61605 wood chipper (with a capacity 
of 2,000–4,000 kg·hr-1, China). The rice straws were cut into 
pieces 15 cm long and kept in a gunny sack, whereas the rice 
husks were ground and sieved into size of 1 mm and kept 
in a sealed container. The rubber tree twigs, rice straws and 
rice husks were charred separately prior to the production of 
the biochar tablets.

Biochar production and preparation
Biochar was produced using a stainless-steel kiln fabricated 
locally at the Department of Mechanical Engineering 
Technology, Universiti Malaysia Perlis, Perlis, Malaysia. 
The temperature was measured using Lutron Model 
TM969  handheld infrared thermometer (measurement 
up  to 1,000  °C, adjustable emissivity value from 0.1 to 
1.00) every 30 minutes during the combustion. During the 
charring, a maximum temperature of 500 °C was attained 
after 1 hour of ignition. The average temperature of the 
kiln throughout the charring process was approx. 340 °C. 
The charring process was completed in 3 hours, after 
which the charred product was collected and weighed to 
determine the percentage yield of the charring process. 
The result indicates that the percentage yield was approx. 
34%. The charred materials were ground and sieved to 
pass a 1 mm sieve prior to their blending with and without 
fertilizer.

Biochar tablet (BT) production
The biochar tablets (BTs) consisted of 50% charred rice 
husk, 30% charred rice straw and 20% charred rubber twigs. 
Subsequently, biochar was blended with 20 wt.% of starch 
and 30 wt.% of water as a binder using a mixer. Thereafter, 
the mixture was heated at 100 °C for 5 minutes using a water 
bath. Afterwards, the biochar mixture was densified using 
a single press tablet with punch weight of 0.4 t. Tablets with 
dimensions of 6 mm in height and 10 mm in diameter were 
generated. BTs were oven dried at 60 °C for 1 hour. After 
oven-drying, the biochar tablets were cooled and kept in 
air-tight container.

Biochar tablets with embedded fertilizer (BFs) 
production 

Biochar derived from rice straw, rice husk and rubber tree 
twigs was blended with 20 wt.% of starch and 30 wt.% of 
water as binder using a mixer. The mixture was then heated 
at 100 °C for 5 minutes using water bath. Subsequently, 
5  :  3  :  3 NPK fertilizer was mixed into the biochar. The 
sources of NPK fertilizer were ammonium sulphate, triple 
superphosphate, and muriate of potash, respectively. The 
mixture ratio of fertilizer to biochar was 1  : 2. The mixture 
was densified using a single press tablet. The biochar tablets 
embedded with fertilizer (BFs) were then dried at 60 °C for 

1 hour in the oven. After oven-drying, BFs were left to cool 
down and stored in an air-tight container.

Physical properties test

Unit density and tablet durability
The unit density of the BTs and BFs was measured by 
weighing the individual tablets and calculating their volume 
based on their length and diameter as per the following 
equation (Eq. 1):

  (1)

where: 
ρ – density of individual tablet (g·cm-3)
m – weight of individual tablet (g)
V – volume of individual tablet (cm3)

Tablet durability was measured by weight loss upon 
vibration. Initial weight of both the BTs and BFs was 
recorded. Afterwards, tablet durability was tested using 
a vibrating screen size 4  mm sieve. After 10 minutes, they 
were weighed again and the final weights were recorded. 
The tablet durability was calculated using the following 
equation (Eq. 2):

  (2)

where: 
Pd – tablet durability (%)
mi – initial weight of samples (g)
mf – final weight of the samples (g)

Chemical properties test 

pH and electrical conductivity 
By mixing the sample with deionized water at a 1 : 10 ratio for 
24 hours, the pH and electrical conductivity (EC) of BTs and 
BFs were determined using Sartorius Model PB10 pH meter 
(measuring pH range: 0–14; accuracy: ±0.01) and Model 
EC3000 conductivity meter (measuring range: 0–200  mS; 
accuracy: ±2%) respectively.

Total macronutrient 
Dry ashing was adopted for the content determination of 
phosphorus (P), potassium (K), calcium (Ca) and magnesium 
(Mg). Approx. 1 g of sample was weighed into crucible and 
then initially ashed at 300 °C for 1 hour in a DAIHAN model 
FHP03 muffle furnace (WiseTherm, Korea, resolution: 1  °C, 
1 min). Later, the temperature was increased to 500 °C and 
maintained until the samples became grayish in colour. 
Afterwards, the samples were left to cool down. Few drops 
of distilled water were added to the samples, followed by 
2 ml concentrated hydrochloric acid (HCl). Samples were 
evaporated to dryness on a hot plate. A 10 ml of 20% nitric 
acid (HNO3) was added to the samples and placed in a water 
bath for 1 hour. Subsequently, samples were filtered through 
Whatman no. 2 filter paper into volumetric flask of 100 ml 
and diluted to this volume. 

Material and methods
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Total carbon and nitrogen analysis 
Total carbon (TC) and total nitrogen (TN) of the BTs and BFs 
were determined using a LECO model TruMac CNS analyzer 
(LECO Corporation, USA).

Fourier transform infrared spectra (FTIR) analysis 
The BTs and BFs were analysed using the Perkin-Elmer 
FTIR Spectrometer Spectrum 2000 (measuring range: 
7,800–400  cm-1, resolution: starting with 0.5 cm-1) with 
a  Perkin-Elmer Universal Attenuated Total Reflectance 
(ATR) sampling accessory to obtain their FTIR spectra. Data 
collection and processing were performed by Spectrum 
version 6.2.0.0055 software (Leng et al., 2011).

Statistical analysis
Pair-samples T-test was used to detect significant 
differences in the chemical and physical properties between 
BTs and BFs. Statistical Analysis System (SAS) software 
version 9.2 was used for the statistical analysis.

Unit density, tablet durability 
and moisture content

Density is a fundamental physical property which controls 
the movement and interaction of biochar in the soil. 
Low density (0.25–0.3 g·cm-3) has been reported for soft 
wood biochar (Brewer et al., 2014). This density makes it 
challenging for biochar to be handled and transported. 
Furthermore, significant amount of biochar with such 
density is lost during soil application (Husk and Major, 
2008). Unit density of BFs (0.90 g·cm-3) was significantly 
higher than that of BTs (0.70 g·cm-3). This difference could 
be attributed to the pores being filled with the NPK fertilizer 
(BFs), resulting in the density increase of BFs. The densities 
of BTs and BFs were higher than that of softwood biochar 
reported by Brewer et al. (2014). This indicates that tableting 
enables binding and compressing of the biochar particles to 
increase the densities of BTs and BFs.

Handling, transporting and storing of biochar are 
influenced by its durability (Weber and Quicker, 2018; 
Macák et al., 2015). The tablet durability of BTs and BFs fall in 
the range of high durability reported by Adapa et al. (2003). 

Higher durability of BTs and BFs indicates that they do not 
easily crack and the mass loss during their transportation 
can be reduced.

pH, EC, total content of phosphorus, potassium, 
calcium, and magnesium

Biochar has a significant impact on the physicochemical 
processes in soils that may influence the microbial 
communities and this aspect strongly depends on the soil 
pH (Sheng et al., 2016). The alkalinity of biochar increases 
the soil pH with a simultaneous increase in growth of soil 
microorganism, as well as bioavailability of soil organic 
carbon (Sheng and Zhu, 2018). The BT showed a high pH 
(9.34) and this finding was similar with the pH of biochar 
obtained by Leng et al. (2011), who also studied biochar 
production by combustion at low temperature and long 
residence time. On the contrary, fertilizer addition to biochar 
tablets significantly decreased the pH value to 5.92 (Table 1). 
When the charred rice residues and rubber tree twigs were 
mixed with ammonium sulphate, the dissociation of protons 
from oxygenated functional groups of biochar surfaces and 
ammonium sulphate released free hydrogen ions (Xue et al., 
2017; Singh et al., 2017). Sulphuric acid was generated after 
the binding reactions of free hydrogen ions and sulphate 
ions, thereby reducing the pH of the BFs.

Electrical conductivity (EC) is a predominant factor for 
controlling seed germination and plant growth (Andreasen 
et al., 2014). The EC of biochar greatly depends on the 
combustion conditions and the biomass type used to 
produce it (Mandal et al., 2018). The EC value of BTs was 
3.78 ms·cm-1 and it was in the range of biochar EC value 
reported by Limvikran et al. (2018). A significantly higher 
value of EC of BFs (41.16 ms·cm-1) can be attributed to the 
deposit of mineral salts thanks to addition of NPK fertilizer. 
Blending of fertilizer with the BFs led to significantly 
higher concentration of total phosphorus, potassium, and 
calcium (Table 1). It is essential for the BFs to contain ample 
amounts of essential plant nutrients, which could substitute 
or supplement conventional fertilizers. Total content of 
magnesium in BTs (0.20%) was significantly higher than in 
BFs (0.17%). It appears that embedding with fertilizer led to 
lower magnesium content in the BFs. Increase in potassium 
and calcium content in the BFs might have caused 
competition with the magnesium in terms of binding with 

Table 1 pH, electrical conductivity (EC), total content of phosphorus, potassium, calcium, and magnesium of tablets 
produced from charred rice residues-rubber tree twigs mixture embedded with (BFs) and without fertilizer (BTs)

Element Types of biochar tablets

without fertilizer (BTs) with fertilizer (BFs)

pH 9.34*a ±0.01 5.92b ±0.02

EC (ms·cm-1) 3.78b ±0.04 41.16a ±0.76

Phosphorus (%) 0.07b ±0.01 0.36a ±0.01

Potassium (%) 1.23b ±0.09 2.45a ±0.06

Calcium (%) 0.73b ±0.06 1.09a ±0.04

Magnesium (%) 0.2a ±0.01 0.17b ±0.01

* – means (n = 3) within a row with the same letter indicate no significant difference between the treatment means at α = 0.05

Results and discussion
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are observed in both BFs and BTs. 
The presence of aromatic C ring and 
primary alcohol C–O stretching are 
typical chemical groups of biochar 
(Armynah et al., 2018). The chars consist 
of aromatic C compounds that are 
degraded slowly by microorganisms. 
The formation of C–O stretching 
indicates that the biomass was partially 
decomposed during the combustion. 
These findings are consistent with 
Leng et al. (2013), who also discovered 
that the presence of primary alcohol 
C–O stretching in the char was due to 
the partial oxidation of cellulose in the 
charring process. This indicates that 
ability of BFs and BTs to release the 
nutrients slowly is attributed to the 
presence of easily degradable aliphatic 
and oxidized compounds, as well as 
the aromatic compounds.

Broad absorption at 3,420.56 cm-1 
indicates the presence of alcohol and 
phenolic groups in the charred rice 
residues and rubber tree twigs mixture 
pellet. Fig. 1 shows the appearance of 
NH stretch (3,137.25 cm-1) in the BFs, 
suggesting the sorption of ammonium 
substances to the char. In contrast to 
BTs, strong stretch occurs at 650 cm-1, 
suggesting the presence of sulphonic 
acids in the BFs. This is attributed 
to higher amount of ammonium 
sulphate added to the charred rice 
residues and rubber tree twigs mixture 
pellet. Phosphorus compounds 
(1,400.75  cm-1) were also observed 
in the BFs due to the addition of rock 
phosphate fertilizer.

Conclusion
Tableting process increases the 
densities and durability of BTs and 
BFs. In terms of quality, higher 
amount of nutrients in BFs makes 
it a potential nutrient supplier for 
plants. The blending of ammonium 
sulphate fertilizer with the biochar 
tablets significantly increased the 
concentration of total N, which 
is essential element required for 
successful plant growth, development, 
and reproduction. Therefore, 
application of BFs can increase 
the amount of inorganic nitrogen 
absorbed by plants. BFs are not only 
made up of aromatic compounds but 
they also include easily degradable 
aliphatic and oxidized C compounds. 
Therefore, it has the potential to slowly 
release the nutrients and to serve as 
a replacement of the inorganic fertilizer. 
Further investigation is also needed to 
determine the decomposition rate and 
nutrient release of biochar with and 
without embedded fertilizer.
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the negative biochar surface charge. 
The magnesium most probably 
precipitated with the phosphate and 
ammonium, formed magnesium 
ammonium phosphate, which was 
easier to decompose thermally during 
the tableting processing (Chen et al., 
2015). 

Total content of carbon and 
nitrogen

Total content of C in BTs (48.49%) was 
lower than the C content in biochar 
reported in literature (Yi et al., 2016; 
Gonzaga et al., 2017). This could be 
caused by higher amount of ash in 
the rice husk, resulting in a lower total 
C concentration in the BTs. This is 
consistent with the observation made 
by Claosten et al. (2014), who also 
discovered that the lower C content 
of rice husk (38.10%) was because 
rice husk is composed of much higher 
amount of ash in contrast to other 
agricultural residues. In comparison 
to C content of BTs, the reduced C 
content in BFs (32.35%) is related to 
the added mineral salt embedded in 
the tablet with fertilizer. This agrees 
with Dunnigan et al. (2018), who 
also observed that high mineral salt 
content reduced the C content in rice 
husk-derived biochar.

Total N content (0.75%) in BTs 
was comparable to the reported N 
content of rice husk biochar produced 
at low temperature (Yi et al., 2015; 
O’Connor et al., 2018). The blending 
of ammonium sulphate fertilizer 
with the BFs significantly increased 
the concentration of total N content 
(4.96%). Nitrogen is an important 
element required for successful 
plant growth, development, and 
reproduction. Application of BFs 
can result in increase in the plants’ 
absorption of inorganic nitrogen 
compared to the BTs.

FTIR Analysis 
Fig. 1 shows the bands present in 

the spectra of tablets made of charred 
rice residues-rubber tree twigs mixture 
embedded with (BFs) and without 
fertilizer (BTs). As expected, significant 
changes occurred in the charred rice 
residues-rubber tree twigs tablets after 
their embedding with NPK fertilizer. 
The absorption band between 
1,400.75–1,614.25  cm-1 for aromatic C 
ring and C–O stretching (1,080.16 cm-1) 

Fig. 1 FTIR spectra of tablets made of charred rice residues-rubber tree twigs 
mixture embedded with (BFs) and without fertilizer (BTs)
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