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Potential of biochar bamboo and sub-bituminous coal as
amendment of acid mineral soils for improving the growth of
arabica coffee (Coffea arabica I.) seedlings

Abstract. Improvement the characteristics of acid mineral soil (Ultisols) is needed to support
plant productivity. However, the utilization of biochar combined with sub-bituminous in
improving ultisol is still limited. Therefore, this research was conducted by using treatments: 1)
Control 0% Sub-bituminous (SBC) + 0% Bamboo Biochar (B); 2) 100% SBC (20 ton.ha); 3)
75% SBC + 25% B; 4) 50% SBC + 50% B; 5) 25% SBC + 75% B; and 6) 100% B (20 ton.ha-
1). This study was designed using Completely Randomized Design (CRD) with 3 replications.
The results showed that the application of combined biochar and sub-bituminous had a
significant effect in improving ultisol’s fertility characteristics. There are two treatments that
provide the most significant results for improving soil properties, namely 100% sub-bituminous
treatment with a significant effect in increasing pH (1.3 pH units), Organic carbon (3.34%), Total
N (0.12%), CEC (10.87 cmol/kg and Ca?* (1.2%). However, 50% sub-bituminous + 50%
bamboo biochar treatment have a significant effect in increasing Available P (1.1 ppm), CEC
(9.04 cmol/kg K* (0.51 cmol/kg), Ca?* (1.37 cmol/kg), and Mg?* (1.27 cmol/kg). In addition,
application of 50% sub-bituminous + 50% bamboo biochar gave the best result for the plant
height, branches and leaves of the coffee plants.

Keywords: bamboo, biochar, coffee, sub-bituminous, ultisols.

1. Introduction
Acid mineral soils are widespread in some areas in Indonesia. One of the most extensive acid soil orders
is Ultisol, which occupies 45,794 ha or 25% of the total land area of Indonesia [1]. Ultisol belongs to
highly weathered soils. Ultisol has characteristic acidic pH and high Al saturation [1].

Ultisols are generally cultivated for various plantation commodities. One of commodities that
achieved excellence in local and international trading, is coffee. Coffees have been popular in recent
years and have grown in more than 80 countries in the world. However, the productivity of Indonesian
coffee is only 0.6 tons.ha™ [2], compared to the potential production reach 3 tons.ha™.

Some attempts to increase coffee productivity need to be established. One of the eco-friendly
technology that can be used is bamboo biochar as a source of ameliorant materials. Bamboo lands in
Indonesia occupy an estimated area of 2.1 million ha [3]. Numerous studies have revealed that biochar
can improve soil physical and chemical properties due to biochar has a high surface area, pore structure,
alkaline cations, and a medium-high CEC [4,5,6,7,8]. However, there is a limitation in researches
regarding the influence of bamboo biochar on ultisol characteristics and coffee plant growth.

Also, several previous types of research indicated that biochar can be combined with other materials
to improve soil properties [9,10,11]. One of the potential combination is sub-bituminous. The sub-
bituminous is a type of lower grade coal containing high humic compounds, high negative charge and
higher CEC than clay [12, 13]. However, research on examining the combination of biochar and sub-
bituminous in improving the ultisol properties and the growth of coffee plants are still limited. Therefore,
this research aimed to: a) study the potential and effect of the combination of bamboo biochar and sub-



bituminous coal on the chemical properties of Ultisols, and b) obtain the best combination formula on
the growth of arabica coffee in the seedling stage.

2. Method

This research was conducted from April to November 2020, located in Rumah Kawat, Faculty of
Agriculture, Universitas Andalas. The steps were first making bamboo biochar, then followed by
preparing the sub-bituminous, and ultisols as growing media. The bamboo biochar was pyrolyzed by
using the conventional reactor method made by metal cylinder. Sub-bituminous was obtained from
Nagari Ganggo Mudiak, Bonjol, Pasaman, at 1-2 m depth. However, ultisols as growing media were
obtained from Experimental Garden, Faculty of Agriculture, Universitas Andalas which was taken from
0-20 cm depth.

The experimental design used in this study was CRD (Completely Randomized Design) with 3
replications. The treatment was implemented in polybag with equivalent dose: 1) Control 0% Sub-
bituminous (SBC) + 0% Biochar Bamboo (B)., 2) 100% SBC (20 ton.ha?)., 3) 75% SBC + 25% B., 4)
50% SBC + 50% B., 5) 25% SBC + 75% B, and 6) 100% B (20 ton.ha). Water was added in order to
reach the field capacity. Subsequently, all treatments were incubated for 15 days. The next step was
taking a soil sample to be analyzed in the laboratory.

Arabika coffee seedlings used in this study was 4 months old that grew evenly. After that, the seeds
were moved to each treatment carefully where one polybag contained one plant. The types of fertilizers
used were Urea, SP-36, and Potassium Chloride (KCI), while the fertilizer dosage was based on the
recommendation from ICCRI [14]. The first fertilization was 20g Urea; 10g SP-36 and 10g KCI, and
the second fertilization was conducted 3 months after transplanting the seeds (30g Urea; 15g SP-36 and
15g KCI). Other nursing procedures were implemented based on the best recommendations from ICCRI
[14].

Soil analysis consisted of pH, Exch Al, CEC [15], base cations Ca, Mg, K, available P, Organic
carbon [16], and Total N. The plant height, number of leaves, and number of branches were measured
and counted every week for 28 weeks. All treatments were analyzed statistically using the F test. If F
calculated is more significant than F Table at 5% level, it will be followed by Duncan's New Multiple
Range Test (DNMRT) test at 5% level.

3. Result and Discussion

3.1 The Effect of Sub-bituminous and Biochar in Improving Soil Chemical characteristics.

Table 1 shows two formulations that significantly influence soil properties, namely 100% sub-
bituminous treatment and 50% sub-bituminous + 50% bamboo biochar treatment. Both treatments
significantly affect the five (5) soil properties, such as pH, Organic carbon, Total N, CEC, and Ca in
100% sub-bituminous treatment and available P, CEC, K, Ca, Mg in treatment 50 % sub-bituminous +
50% B. This indicates that 50% sub-bituminous + 50% bamboo biochar can substitute the use of 100%
sub-bituminous.

Table 1. Chemical properties of Ultisol with several experimental treatments

Treatments H H.0 Available P OrganicC TotalN CEC Base Cation (cmol/kg) Exch Al
pH 2 (ppm) (%) (%) (cmolkkg) K Ca Mg (cmol/kg)

Control 417 f 5.25d 0.40f 0.36¢c 10.11d 0.66¢C 141b 1.78 ¢ 3.19
100% of Sub-
bituminous coal 5.47 a 6.35¢ 3.74a 0.48a 20.98a 1.03b 2.61a 2.34 bc nd
(SBC)
75% SBC + 25% B 484 c 6.52 bc 3.30b 0.46ab 17.10b 1.10ab 2.87a 2.77 ab nd
50% SBC + 50% B 4.74d 7.00 a 1.63¢c 0.45ab 19.15a 1l.17a 2.78 a 3.05a nd
25% SBC + 75% B 466 e 6.58 b 151d 0.41bc 11.78cd 1.02b 2.69a 2.51ab nd

0,
100% of Bamboo 53b 6.4 be 120e 040bc 129c 1llab 27a  3l4a nd

Biochar (B)




Cv 0.82% 1.48% 2.30% 722% 694% 7.17% 1050% 14.16%

Notes: - S = Sub-bituminous coal; B = Bamboo Biochar; nd = undetected
- The numbers followed by the same letter according to the column is not significantly
different according to the DNMRT at level of 5%.

3.1.1. Soil Acidity, available P, and exchangeable Al. A dose of 100% sub-bituminous gave the best
results in increasing the pH of ultisols by 1.3 pH units, compared to the control. This increase is in line
with the research conducted by Cornellissen et al [17]. The increase of soil pH in sub-bituminous
treatment is related to the negative charge of the functional groups of sub-bituminous, while the increase
of soil pH on biochar treatment is dominantly caused by base cations released from biochar [18,5,6] as
shown in Table 2 (r = 0.636, 0.648, 0.513).

Based on Figure 1, all treatment formulations can reduce exch Al to the minimum level due to the
aluminum is chelated by negative charges of functional groups [19]. On biochar treatment, the decrease
in aluminum solubility was due to 1) the electrostatic bond between Al and the biochar surface, 2) the
exchange of Al with base cations or protons on the biochar surface (r = -0.954 **, -0.987 ** - 0.795,
Table 2), and 3) the porous biochar structure and functional groups in the aromatic structure have a
strong affinity for adsorbing heavy metals, including aluminum [20,21].
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Figure 1. Effect of biochar and sub-bituminous on pH (H.0), available P, and exch Al

All treatment increases available P between 1.1 - 1.75 ppm (Table 1). The highest available P content
is found in 50% sub-bituminous + 50% bamboo biochar treatment (Figure 1) with increasing by 1.75
ppm from 5.27 to 7 ppm. Sub-bituminous increases available P by preventing the interaction of Al and
Fe metals with P through formation of complex or chelate reaction. In biochar treatment, available P
can be increased through several mechanisms, such as: 1) Al is absorbed in the biochar structure [20,21],
2) biochar increases soil pH (r = 0.476, Table 2), and 3) biochar is a source of dissolved P [22, 23].

3.1.2 Organic carbon, Total N, and C/N. Figure 2 shows that the application of 100% sub-bituminous
treatment increases the soil C-Organic content from 0.4 to 3.74%. Also, the increasing of organic carbon
tend to be more dominant in sub-bituminous treatment rather than biochar treatment. It is caused by the
sub-bituminous contains > 30% C-Organic [24] as source of soil carbon [25].
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Figure 2. Effect of biochar and sub-bituminous on carbon organic and Total N.

Based on Figure 2, applying 100% biochar did not significantly increase the nitrogen on ultisols. The
result is in line with Xu et al [22]. Although it was not significant increasing Total N, it was better than
previous research conducted by Herviyanti et al [25] by 0.39. It is due to 1) the N content in sub-
bituminous [26] and 2) the carboxyl (-COOH) and phenol (-OH) functional groups in sub-bituminous
can complex N-NH4*. However, the C:N for each treatment and soil were categorized as low (<7.2).
The highest C:N ratio was measured in 100% sub-bituminous treatment by 7.23 and was correlated with
Organic carbon content (r = 0.993**, Table 2) and Total N (r = 0.912*, Table 2). It is due to the high
carbon content on sub-bituminous. It is in contrast to 100% bamboo biochar treatment with C:N value
is 3. This indicates that biochar is more stable in soil [27,28] rather than sub-bituminous.

3.1.3 CEC and Base Cations. Figure 3 shows the CEC of ultisols used as a growing medium in this
experiment was low (10.11 cmol/kg). The highest CEC value was found in the 100% sub-bituminous
treatment (20.98 cmol/kg) and in the treatment of 50% sub-bituminous + 50% bamboo biochar (19.15
cmol/kg). The good combination in increasing soil CEC indicates that functional groups in both
materials are reactive with soil cations. According to Verheijen et al [29], biochar can increase soil CEC
due to the reaction between the carboxyl functional groups on the surface of the biochar with water,
oxygen, and other compounds in the soil.

The highest increase in base cations (K*, Ca?*, Mg#") can be found in 50% sub-bituminous + 50%
biochar treatment with 7 cmol/kg, and it is not significantly different to 100% biochar treatment with
6.94 cmol/kg (Figure 3). This indicates that the biochar and sub-bituminous can be combined as
amendment to increase base cations.
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Figure 3. Effect of biochar and sub-bituminous on CEC and base cations

Table 2.Pearson correlation of chemical properties
pH Avail Org

Soil properties 00 P C TotN CEC K Ca Mg Al C:N
pH H:0 1 0.476 0.640 0.639 0.608 0.636 0.648 0513 -0.725 0.626
Avail P 1 0.421 0.682 0.592  0.961™ 0.936™ 0.832" :0.920™ 0.470
OrgC 1 0.919™ 0.812°  0.493 0.587 0.162 -0.595 0.993"
TotN 1 0.947™  0.706 0.730  0.392 -.0733 0.912"
CEC 1 0.619 0.576  0.347 -0.586 0.775
K 1 0.972" 0.911" -0.954™ 0.545
Ca 1 0.832" -0.987™ 0.647
Mg 1 -0.795 0.227
Al 1 -
C:N 1

**_ Correlation is significant at the 0.01 level (2-tailed)
*. Correlation is significant at the 0.05 level (2-tailed)

3.2 The effects of sub-bituminous and biochar on height, number of leaves, and branches of Coffee
Plants

Figure 4 shows that the growth of coffee height reaches a peak from the 1% to 8" weeks after planting,

and constantly increases until the 28" week, since in the 1% to 8" weeks, the plant experiences a rapid

growth phase on its shoots and branches. However, in the 8" week and other next weeks, the plants

entered a more dominant leaf-growing phase (Figure 5). In this condition, the nutrient uptake is no

longer only for its shoots and branches, but also to spread over plant leaves.
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Figure 4. Effect of sub-bituminous and biochar on coffee height in ultisols

In the last week of observation, height, branches, and number of leaves of not really significant (Figure
4, Figure 5, and Figure 6). However, the treatment of 50% sub-bituminous + 50% bamboo biochar shows
the best plant height. This effect was also consistent with the number of branches and leaves of coffee
plants. These indicate that the application of 50% sub-bituminous + 50% bamboo biochar can be
combined well in increasing soil fertility and plant growth. We can identify that there were five (5)
significant improvements in soil properties in the treatment, namely P, CEC, K, Ca, and Mg (Table 1)
which are important for the growth of coffee [30,31]. Plant height growth can also be useful because it
can prevent the growth of dense branches and leaves [32].
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Figure 5. Effect of sub-bituminous and biochar on the number of leaves of coffee plants
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Figure 6. Effect of sub-bituminous and biochar on the number of branches of coffee plants

4. Conclusion

From the results of this study it can be concluded that biochar bamboo can be combined well with sub-
bituminous in improving ultisol’s fertility. The formulation of 50% sub-bituminous + 50% bamboo
biochar is recommended as amendment in increasing soil fertility of ultisols (available P, CEC, K*, Ca?*
and Mg?") and increasing the plant height, the number of branches, and the leaves of the arabica coffee
in the seedling stage.
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