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Abstract. The current condition of agricultural land in Indonesia, both wetlands and highlands,
have low organic matter. The role of biochar to increase crop productivity is influenced by the
amount of biochar added. Sorghum is a plant that can be used from stems, leaves, and fruit as
animal feed. The purpose of this study was to evaluate the productivity and nutritional content
of sorghum given biochar with different doses. This research is a one-factor experiment with the
simple randomized block design. The treatments tested were biochar doses with 6 dose levels,
namely: PO (without biochar), P1 (3 ton ha-1), P2 (6 ton ha-1), P3 (9 ton ha-1), P4 (12 ton ha-1)
and P5 (15 ton ha-1). Plant variables observed were the number of leaves and plant height, fresh
forage production, dry matter production, and seed production per hectare, as well as the
nutritional quality of sorghum such as crude protein, crude fiber, ash content, and dry matter
content. The results showed that there was no significant effect on the variable number of leaves
and plant height, crude protein, crude fiber, ash content, and forage, but significantly affected
the variables of fresh forage production, dry matter production and grain yield per hectare. From
this study, it can be concluded that the application of biochar dosage 9 ton ha-1 provides the best
results for the production of fresh forage, dry material production and seed production per
hectare.

1. Introduction

One of the decisive factors in livestock raising is the availability of feed throughout the year, but the
feed is available especially in the dry season not in accordance with the needs of livestock, both the
amount and quality. Given the importance of forage for livestock, one of the forages of livestock that is
feasible to be cultivated and developed is the sorghum plant.

The availability of feed, especially forage feed, is still an obstacle faced by farmers especially in
the dry season. Utilization of less fertile land for feed crops is very important because there is no special
land for cattle feed. The vast land of thousands of hectares in Indonesia is a very potential land if
managed well. Feed crops are an important factor in the growth and increased the productivity of
ruminant livestock since most ruminants feed originates from animal feed crops (grasses and legumes).

Sorghum plant has long been known in Indonesia and with the mention of different for each
region. During this development sorghum less attention so rarely found in farmers' land. Even in the
statistical data at the regional and central levels, commodities sorghum has not been found because the
existence of this plant is already scarce in the field, the utilization of sorghum seeds in the community
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is still limited to traditional processed food. However, with the food diversification program from the
Ministry of Agriculture, the development of sorghum is expected to get better attention, because this
commodity has big potential to be used as various food products, processed and feed and industrial raw
materials [1].

Some studies say the protein content of sorghum seeds is very high compared to other food
sources such as rice, cassava, and corn. Sorghum has a high protein content, has mineral ad vantages
such as Ca, Fe, P, and Vitamin B content. According to [2] the nutritional content of sorghum leaves is
not much different or equivalent to elephant grass. This is certainly very well used to cope with the
dearth of forages that the seasonal changes can afford. Similarly, the use of sorghum seed in feed ration
is a supplement (substitution) for corn, because nutritional value is not different from corn, but because
of high enough content (0.40-3.60%), the sorghum seeds are only used in a limited amount because it
can affect the function of amino acids and proteins.

The current condition of agricultural land in Indonesia both wetland and dryland have low organic
matter (<2%). The neglect of the retumm of organic matter has caused the physical and chemical
conditions of the soil have decreased which layman called soil symptoms to become "sick" or land
fatigue [3]. One effort that can be done to increase the productivity of the soil is to add organic materials
into the soil. The usual organic ingredients added are usually manure. Utilization of livestock waste,
especially cattle dung as organic fertilizer can be done. The use of manure can increase soil microbiology
and improve soil structure. livestock manure also contains many nitrogen, phosphate, and potassium.
However, due to the continuous degradation of natural resources such as decreased soil organic matter,
due to decreased soil water, decreased soil pH, low earthworm population in the soil [4]. The use of
inorganic fertilizer (chemical) that continuously and causing excessive soil becomes hard and
production decline. Inorganic fertilizer is one of the nutrients that easily decompose so that the land will
lack K elements that can reduce soil fertility [5].

Biochar is a stable form of charcoal made by burning / heating natural organic matter (plants,
wood, sawdust, manure) with a high temperature + 700 °C, with a low oxygen combustion process called
pyrolysis. The role of biochar to increase crop productivity is influenced by the amount added. The
amount of 4 to 8 ton ha-1 is reported to increase productivity significantly between 20 - 220%. Sources
of natural soil enhancement materials that have been in use in recent years are biochar derived from
residues or agricultural wastes such as timber, coconut shell, rice husks, and industrial wastes can also
be used such as wood saws and wood waste and others. The biochar's effectiveness in improving soil
quality depends largely on the physical and chemical properties of biochar determined by the types of
raw materials (softwood, hardwood, rice husk, and others) and carbonization methods (type of
combustion, temperature, and biochar), powders and activated carbon), wherever the use of soil raw
materials from decomposing agricultural waste is one of the alternatives that can be used to accelerate
the increase in the quality of soil physical properties [6]. Biochar acts as a bio-fertilizer provider of
nitrogen fertilizers so as to increase the biomass of maize and nitrogen uptake in leaves [7]. From these
circumstance s then required a research to find out the exact dosage of biochar on sorghum planting.

2. Materials and Methods

2.1. Experimental design

This field trial was conducted using Random Block Design (RBD) with 6 treatments and three (3)
replications. The applied treatment is 0 ton ha-1 (P0), 3 ton ha-1 (P1), 6 ton ha-1 (P2), 9 ton ha-1 (P3),
12 ton ha-1 (P4), and 15 ton ha-1 (P5).

2.2. Location and Time of Study

This experiment was conducted at the experimental station of the Faculty of Agriculture, the University
of Warmadewa located in Tanjung Bungkak, Sumerta Village, Denpasar City. The experiment was
conducted in July until October 2016.

2.3. Harvest
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Harvesting is done when the plants are 15 weeks after planting at which time the seeds are ready for
harvest

2.4. Variable observed

a. Sorghum growth includes plant height and number of leaves

b. Fresh feed production and dry feed production (tons ha-1)

c. Seed production (tons ha-1)

d. Quality of Nutrition Sorghum plants include crude protein, crude fiber, ash content, and dry matter

2.5. Data analysis
Data obtained from the results of the study were analyzed by the analysis of variance, if there were
significantly different results (P<0.05) between treatments then the Duncan multiple-range test [8].

3. Results and Discussion

The summary of the results of research on the use of various doses of biochar on the production and
quality of sorghum plant nutrition as presented in Table 1.

Table 1. The results of various biochar dosage studies on the production and quality of sorghum plant

nutrition,

p Treatment

arameter PO Pl P2 P3 P4 P5
Growth:
Plant height 22944 a 24782a 24736a 25997a 250.65a 227.77a
Leaf Amount 10.01 a 10.08 a 10.23 a 10.89 a 10.20a 10.16a
Quality of Nutrition:
Crude Protein Content (%) 7.87a 7.87a 8.00 a 8.13a 7.87 a 7.96 a
Rough fiber content (%) 3066a 3091a 3058a 30.6la 31.17a 3085a
Ash Content (%) 11.22a 11.07a 11.69a 11.85a 11.75a 11.87a
Dry matter content (%) 2042a 2055a 1996a 21.12a 20.36a 2099a
Production:

Fresh Production Forage (tonha') 9.11 a 987 a 1275b  1356b  1336b 12.77b

Dried Green Production (ton ha') 1.86a 2.05a 2.54ab 2.87hb 2.72b 2.68 ab

Seed Production (ton ha'!) 2.58a 2.82a 297b 331b 3.09b 3.07b
Different letters towards the rows show significantly different (P<0.05)

3.1. Growth

From Table 1, it appears that for the growth of sorghum both for the number of leaves and for the height
of the plant does not give a difference significant between each biochar treatment. The average number
of leaves 10.26 strands with plant height 243.50 cm. Plant height is the most easily visible plant size.
Different doses of biochar did not have a significant effect on the height of the 15 weeks after planting
a crop of sorghum. The highest average plant height in treatment P3 (9 ton ha-1) that is equal to 259.97
cm. and the number of leaves showed P3 treatment (9 ton ha-1) also gives the number of leaves as much
as 10.89 strands.

3.2. Quality of Nutrition

3.2.1. Rough Protein Content

The statistical test showed that there was no significant difference in the effect of administration of
various doses of biochar on the production and quality of sorghum plant nutrition. The highest raw
protein content was obtained at P3 treatment (9 ton ha-1) that was 8.15 %. The content of crude protein
forage will be greatly influenced by the nutrients available in the soil. According to [9], the crude protein
content of sorghum is equal to the nutritional quality of sorghum plant is by 7.7%, while it [ 10] stated
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the level of crude protein in the sorghum of 7.8%. Differences in protein content obtained are influenced
by several factors such as different climatic conditions. The result of crop type analysis depends on the
interaction between a genetic factor and environmental factor such as soil type, topography, climate
pattern management and application of technology. The protein content of ruminant ingredients is not
too problematic because, in the ruminant use of protein food more complex, there is microbial digestion
and synthesis that runs in the rumen reticule so that the protein entering the small intestine is a mixture
of protein food and protein microorganism [11].

3.2.2. The content of Rough Sorgum Fibers

The statistical test showed that the crude fiber content of the sorghum plant did not give a significantly
different result. The lowest coarse fiber obtained at treatment P2 (6 ton ha-1) is 30.58 % while the
highest in treatment P4 (12 ton ha-1) that is equal to 31.17%. There are several factors that influence the
composition of forage include: 1) the effect of soil, ie the required physical fertility of the soil (the soil
is expected to always loose and nest), chemical fertility (available nutrient elements needed planting)
and fertility biological (where there are microorganisms in the soil; 2) the effect of the plant include the
type of planting, age of the plant and plant parts for the different sections will provide different
composition; and 3) The effects of climate include temperature, rainfall, and humidity all of which affect
the quality of green.

3.2.3. Ash Content

The ash content of a forage reflects its mineral content. In this study, the average content of sorghum
ash is 11.56 %. The highest ash content was obtained at the PS5 treatment which was 11.87 % and the
lowest in treatment P1 was 11.07%.

The ash content of a food ingredient is a rough idea of the mineral content of the feed. The mineral
content of food depends on the mineral content in the soil where the forage grows, the genetic properties
of forage, the soil pH and also the fertilization. Maximum nutrient availability for plants generally occurs
at pH 5.5 to 6.5. At lower pH of the range, the solubility of some macronutrients tends to decrease, but
some micronutrients tend to rise.

3.2.4. Dry Ingredients

The results showed that the dry matter content of sorghum plants was not significantly different. The
highest dry ingredient of sorghum was obtained at P3 treatment 21.13%, while the lowest was P4
treatment 20.36% but statistically was not significantly different. The maturity level of plants is an
important factor affecting the production and value of forage utilities. During the vegetative period, crop
production will outweigh the need. The excess assimilation results will be stored in the vegetative
section as a reserve compound. The reserve compounds are mostly composed of carbohydrates but also
contain enough lipids and proteins. As the age of the plant increases, total carbohydrates in the grass
will be higher [12]. Furthermore, [13] stated that with the increasing age of the plant especially when
entering the generative phase, the ratio of stems and leaves increases the value of the food decreases.
Plants will decrease the content of P, K, fats, minerals, and carbohydrates easily dissolve with increasing
plant life, while the content of crude fiber and lignin increases.

3.3. Crop Production

3.3.1. Fresh Production Forage
The statistical test showed a significantly different effect on the use of various doses of biochar on the
production of fresh crops of sorghum plants at the age harvest of 15 weeks after planting. The highest
vield was obtained in treatment P3 (9 tons ha-1) which is equal to 13.56 tons ha-1, but lowest yield was
obtained in treatment PO (0 ton ha-1) that is equal to 9.11 ton ha-1 and statistically showed significantly
different results.

The utilization of waste biochar 10 tons ha-1 gave a significant effect on plant height and total
wet weight [ 14], further research [15, 16] showed that the best plant growth response was obtained at
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biochar treatment 10 tons ha- 1 and compost fertilizer 20 tons ha-1. In this study 20% ha-1 treatment
also given biochar treatment also given manure as 9 tons ha-1 was obtained on biochar.

3.3.2. Production of Dried Green Forage

The production of dry matter forage in this study gives a significant effect. The treatment of P3 (9 ton
ha-1) gave the highest yield of 2.87 ton ha-1 significantly higher than the treatment of PO, P1, and P2.
Benefits of adding biochar into the soil between others: to increase plant growth, reduce emissions of
methane, reducing emissions of NO (approximate 50%), reducing the need for fertilizers (approximate
10%), reducing the leaching of nutrients, storing carbon role in long-term stable, increase soil pH,
increase soil aggregate, increase soil water level, increase soil ability to provide Ca, Mg, P and K,
increase soil microbial respiration, increase soil microbial biomass, increase arbuscular mycorrhizal
fungi, increase CEC of soil, increase crop yield and the quality of plant products [17].

3.3.3. Seed Production

The highest seed yield obtained at treatment P3 (9 ton ha-1) that is equal to 3.31 ton ha-1, significantly
different than the treatment of PO, P1, and P2. Sorghum has the potential to produce dry beans of 4.0 -
5.0 tons ha-1. This is presumably because biochar is concentrated in the soil causing water retention and
increasing nutrients so the soil becomes fertile. Nutrient retention effects on the addition of nutrients to
the plants. In addition, it is suspected that the biochar effect causes increased porosity of the soil, water
holding capacity, C-inorganic, and microbial activity in the soil. Soil analysis results showed that P3
treatment of C-organic content became moderate and phosphor content was available to be very high.
The soil condition with moderate C-organic and phosphor is very high allegedly can increase the content
of soil organic material and available nutrients used by plants for the growth process.

4. Conclusions
The treatment of biochar doses of 9 tons ha-1 resulted in the highest plant height and number of leaves,
but not statistically significantly different. The maximum plant height obtained in the biochar treatment
of 9 tons ha-1 was 259.97 cm and the most number of leaves was also in the biochar treatment of 9 tons
ha-1 which was 10.89 strands.

The quality of feed produced did not show a significant effect by giving various doses of biochar.
The highest content of crude sorghum green protein was obtained in biochar treatment 9 tons ha-1 which
was 8.13%, the highest crude fiber content in biochar 3 tons ha-1 was 30.91%, the highest ash content
was 11.87% in biochar 15 tons ha-1 and dry matter 21.12% highest in biochar 9 tons ha-1. The provision
of biochar 9 tons ha-1 provides the best for fresh forage production. namely 13.56 tons ha-1, the

production of dry matter feed is 2.87 tons ha-1 and the production of sorghum seed seed 3.31 tons ha-
1.

References

[1] Departemen Pertanian. 2004. Program Pengembangan Tanaman Sorgum. Makalah Sosialisasi
Pengembangan Agribisnis Sorgum dan Haermada. Jakarta 10-11 Oktober 2004.

[2] Anonim. 2013. Budidaya Sorgum sebagai sumber pangan, pakan ternak, bahan baku industri untuk
masa depan Indonesia. www.budidayasorgum.com

[3] Siswono, W.H. 2006. Swasembada pangan dan pertanian berkelanjutan tantangan abad dua satu:
Pendekatan ilmu tanah, tanaman dan pemanfaatan iptek nuklir. Dalam A. Hanafiah WS,
Mugiono, dan E.L. Sisworo. Badan Tenaga Nuklir Nasional, Jakarta. 207 hlm.

[4] Kartini, N.L. 2012, Pertanian organic terpadu Biogas untuk mendukung ketahanan pangan dan
Kemandirian Energi. Makalah Yang disampaikan pada Seminar Nasional Ketahanan Pangan dan
Kemandirian Energi di Denpasar, 30 Oktober 2012.

[5] Dinata, A. 2012. Hubungan Pupuk Kandang dan NPK Terhadap Bakteri Azotobacter dan
Azospirillum dalam Tanah Serta Peran Gulma Untuk Membantu Kesuburan Tanah.

[6] Anggreini R., Suhirman, dan Yahdi. 2015. Studi keamanan Perbandingan Biochar dan Tanah dengan
Indikator Cacing serta pengaruhnya terhadap perkecambahan dan Pertumbuhan Kacang Hijau




6th International Conference on Sustainable Agriculture, Food and Energy I0P Publishing
IOP Conf. Series: Earth and Environmental Science 347 (2019) 012057  doi:10.1088/1755-1315/347/1/012057

(phaseolus radiates) 2015, BIOTA: Jurnal Tadris [PA Biologi FITK [AIN Mataram Volume VII,
Nomor 2, Juli-Desember 2015.

[7] Sudjana, B. 2014. Pengaruh Biochar dan NPK Majemuk Terhadap Biomas Dan Serapan Nitrogen di
Daun Tanaman Jagung (Zea mays) Pada Tanah Typic Dystrudepts. Jurnal Ilmu Pertanian dan
Perikanan, 3(1), 63-66.

[8] Gomez, K.A. dan A.A. Gomez. 2010. Prosedur Statistik Untuk Penelitian Pertanian. Edisi Kedua.
UI Press. Jakarta.

[9] Hartadi, H., Reksohadiprodjo dan A.D. Tillman. 1998. Tabel Komposisi Pakan untuk Indonesia.
Gadjah Mada University Press, Yogyakarta.

[10] Sirappa, M.P. 2003. Prospek pengembangan sorgum di Indonesia sebagai komoditas alternatif
untuk pangan, pakan, dan industri. Jurnal Litbang Pertanian, 22(4), 133-140.

[11] Tillman, A. D., Hartadi, H., Reksohadiprodjo, S., Prawirokusumo, S., & Lebdosoekojo, S. 1991.
[lmu Makanan Ternak Dasar. Fakultas Peternakan Universitas Gadjah Mada.

[12] Budiman, B., Soetrisno, R. D., Budhi, S. P. S., & Indrianto, A. 2011. Total Non-structural
Carbohydrate (Tnc) of Three Cultivars of Napier Grass (Pennisetum Purpureum) at Vegetative
and Reproductive Phase. Journal of The Indonesian Tropical Animal Agriculture, 36(2), 126-130.

[13] Huston, J.E. and W_.E. Pinchak. 2008. Range Animal Nutrition. In: Grazing management a; An
Ecological Perspective. Available at http://cnrit.tamu.edu/riem/textbook/Chapter2.htm.

[14] Situmeang, Y.P. dan Sudewa, K.A. 2013. Respon Pertumbuhan Vegetatif Tanaman jagung pada
Aplikasi Biochar Limbah Bambu. Prosiding Seminar Nasional. Fakultas Pertanian Universitas
Warmadewa. Denpasar.

[15] Situmeang, Y. P., Adnyana, I. M., Subadiyasa, [. N. N., & Merit, L. N. 2015. Effect of Dose Biochar
Bamboo, Compost, and Phonska on Growth of Maize (Zea mays L.) in Dryland. International
Journal on Advanced Science, Engineering and Information Technology, 5 (6), 433-439.

[16] Situmeang, Y. P. 2017. Utilization of Biochar, Compost, and Phonska in Improving Com Results
on Dry Land. International Research Journal of Engineering IT and Scientific Research, 3 (3): 38-
48.

[17] Gani, A. 2009. Potensi Arang Hayati Biochar Sebagai Komponen Teknologi Perbaikan
Produktivitas Lahan Pertanian. Iptek Tanaman Pangan Vol. 4 No.1: 3348




The application of biochar in improving the nutrition quality and
production of sorghum plant

ORIGINALITY REPORT

12.. . 12 =

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Yohanes Parlindungan Situmeang, lda Bagus 70/
Komang Mahardika, Anak Agung Sagung Putri °
Risa Andriani. "Agronomic effectiveness of
biochar and fertilizer type in increasing the
results of sweet corn”, IOP Conference Series:
Earth and Environmental Science, 2019

Publication

| GL AAAPutra, Y P Situmeang, M S 20/
Yuliartini, | G B Udayana. "Application of biochar °
and compost to changes in physical and
chemical properties of soil and corn yield on dry
land", Journal of Physics: Conference Series,

2019

Publication

Ni Luh Suriani, Ni Made Susun Parwanayoni, Ni 1 o
Wayan Sudatri, Ni Made Suartini. " Using bio- °
starter to increase growth and production of
hortensia flower ( sp) ", IOP Conference Series:

Earth and Environmental Science, 2019

Publication




HD D R Amaral, Y P Situmeang, M Suarta.
"The effects of compost and biochar on the
growth and yield of red chili plants", Journal of
Physics: Conference Series, 2019

Publication

1o

"Advances in Integrated Soil Fertility
Management in sub-Saharan Africa: Challenges
and Opportunities”, Springer Science and
Business Media LLC, 2007

Publication

1o

"Proceeding of the 1st International Conference
on Tropical Agriculture", Springer Science and
Business Media LLC, 2017

Publication

1o

Exclude quotes On Exclude matches <1%

Exclude bibliography On



The application of biochar in improving the nutrition quality and
production of sorghum plant

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




	The application of biochar in improving the nutrition quality and production of sorghum plant
	by Yohanes Parlindungan Situmeang

	The application of biochar in improving the nutrition quality and production of sorghum plant
	ORIGINALITY REPORT
	PRIMARY SOURCES

	The application of biochar in improving the nutrition quality and production of sorghum plant
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




