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Welcome Address by The Head of LPPM in Andalas
University

Assalamu'alaikum wr. whb,

Good morning to all of you.

Dear respected keynote speakers

Members of the organizing committee

Dear participants and observers

Distinguished guests, respected colleagues, ladies, and gentlemen

We are very happy to welcome all participants of the International Conference
on Bio-Based Economy for Application and Utilization (ICBEAU-2020). This
conference has a very strategic position in responding the global development.
Need on an agricultural product is not dominated currently in food aspect, but
is becoming more broadly to the new aspect beyond the food. Fossil based
energy currently contributed to many pollution issues in the whole of the
world, beside its existence which is more scarce in the future. Drug
development, based on synthetic chemicals and materials is believed and
regarded plays a significant role in the occurring of new health problem and
disease. For that reason, a shifting in medical treatment back to nature is
becoming a trend nowadays. Thus, this ICBEAU-2020, should have a very
significant impact on the above-mentioned issues.

Respected Ladies and Gentlemen

As the Head of LPPM in Andalas University, | personally very support to this
event. We thanks to all parties supporting and contributing to implementing
this International Conference.

Especially | would like to thank for all keynote speakers who responded
positively our request to share their insight, experience, and expertise in this
conference.



e Prof. Dr. Inez H. Slamet Loedin from International Rice Research Institute,
Philippines
¢ dr. Rauza Sukma Rita, Ph.D from Andalas University, Indonesia

e Assoc. Prof. Dr. Pasupuleti Visweswara Rao from Universiti Malaysia Sabah,
Malaysia

e Asst. Prof. Saowakon Wattanachant, Ph.D from Prince of Songkla University,
Thailand

¢ Dr. Rosewine Joy from Presidency University, India
And who kindly join this seminar and share their experience and expertise in this
conference.

Finally, I would like to congratulate the organizing committee for their
tremendous efforts in organizing the conference.

Success for all of us,

Head of the LPPM in
Andalas University,
Dr.-Ing. Ir. Uyung Gatot Syafrawi Dinata, M.T.




Welcoming Speech of The Committee’s Chairman

Good Morning, ladies and gentlemen,

On behalf of the committee, first of all let me welcome you and express our great
thanks for participating in this 2" International Conference of Bio-Based
Economy for Application and Utilization 2020 (ICBEAU-2020).

Nowadays, we are still facing the CoVID-19 pandemic issue, which is
significantly impact our activities and thus also our lifestyle as well. Many
economic sectors are now facing difficult situation and force them to shift their
work into an adaptive condition, otherwise they will suffer or fail to survive.
However, this difficult situation on the other sides provide many opportunities
particularly in the application and utilization of bio-based drugs and materials. In
this context, this seminar event of the 2" ICBEAU 2020 should meet its
relevancies and urgencies.

Dear honored participants,

In this opportunity let me sound my great thanks to all parties involving and
contributing to the implementation of this seminar. Special thanks to our
respected keynote speakers; Prof. Dr. Inez H. Slamet Loedin. from International
Rice Research Institute, Philippines; dr, Rauza Sukma Rita, Ph.D from Andalas
University; Assoc. Prof Dr Pasupuleti Visweswara Rao from Universiti Malaysia
Sabah, Malaysia; Asst Prof Saowakon Wattanachant Ph D, from Prince of
Songkla University Thailand and Dr. Rosewine Joy, Presidency University India
-for their collaboration and their kindness to share their experience and their
expertise in this forum. Many, many thanks also addressed to the Rector of
Andalas University and head of Institution of Research and Community Service
of Andalas University, Dr. Uyung Gatot also all parties and valuable participants
that could not be mentioned in this opportunity.



Finally, we hope this seminar could bring a significant impact and contribution to
the future application and utilization of Bio-Based economy.

Regards,

Chairman of the Committee

Prof. Dr.sc.agr. Ir. Jamsari, MP.
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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 l.] seedlings

T B Prasetyo', Z Naspendra®, A Maulana?®, M Solfianti?, S D Krisna?, Herviyanti

! Department of Soil Science, Faculty of Agriculture, Universitas Andalas, Kampus Unand
Limau Manis, Padang 25163, Indonesia

2 Student of Soil Science Department, Faculty of Agriculture, Universitas Andalas, Kampus
Unand Limau Manis, Padang 25163, Indonesia

Email: zuldadannaspendra@agr.unand.ac.id

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

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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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 were 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.
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Table 1. Chemical properties of Ultisol with several experimental treatments

Available P OrganicC TotalN CEC Base Cation [cmol/kg] Exch Al

Treatments  pH H0O [%] [cmolkg] Ca Mg [cmolkg]
Control 417 f 0.36¢c 10.11d 066c 141b 1.78 ¢ 3.19
100% of Sub-
bituminous coal 5.47 a 0.48a 20.98a 1.03b 261la nd
[SBC]
75% SBC + 25% B 4.84c 046ab 17.10b 1.10ab 2.87a nd
50% SBC + 50% B 4.74d 045ab 19.15a 1.17a 2.78a nd
25% SBC + 75% B 4.66 ¢ 041bc 11.78cd 1.02b 2.69a nd
100% of Bamboo 53b 040bc 129¢ 1lab 27a nd
Biochar [B]

Ccv 0.82% 7.22% 6.94% 7.17% 10.50% 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
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of Al and Fe metals with P through formation of complex or chelate reactions. 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 increase of organic carbon
tends 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 significantly 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-NH,". 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 from 100% biochar treatment
with 6.94 cmol/kg [Figure 3]. This indicates that the biochar and sub-bituminous can be combined as
an 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 O P C Tot N CEC K Ca Mg Al C:N
pH H:0 1 0476 0640 0639 0608 0.636 0.648 0.513 -0.725 0.626
Avail P 1 0421 0682 0592 09617 0936~ 0.832" 0.920” 0.470
OrgC 1 09197 0812° 0493 0587 0.162 -0.595 0.993"
Tot N 1 0.9477 0.706 0730  0.392 -.0733 0.912"
CEC 1 0619 0576 0.347 -0.586 0.775
K 1 0.9727 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 an 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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