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ABSTRACT 

Sago waste is a viable and utilisable resource for conversion into value-
added products. Sago fronds and bark have great potential for use as 
biochar feedstocks due to their availability and high starchy-lignocellulosic 
compounds content. However, few studies have been conducted regarding 
sago waste conversion into biochar. Hence, this study evaluates the viability 
of converting sago waste into biochar and as a soil amendment for mineral 
soil planted with sweet corn (Zea mays) plants. The study was located at 
the Farm Unit, UiTM Samarahan, Sarawak. Five treatment combinations 
of sago bark (SB) biochar and sago frond (SF) biochar were used in a 
randomised complete block design (RCBD) with eighty plants per treatment. 
The procedure was replicated three times. Parameters were measured at 
harvest 85 days after treatment (DAT), including total dry biomass, cob 
weight, cob number and cob grade. All the recorded data were statistically 
analysed by the analysis of variance (ANOVA) using SAS 9.4 (2013). 

The highest values for total dry biomass and cob yield were obtained using 
SB biochar 100%. The results of this study reveal the potential of SB biochar 
as an alternative soil amendment to increase sweetcorn biomass and yield.
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INTRODUCTION

In Malaysia, more than 90.0% of all sago-planting areas are in the state 
of Sarawak, one of the world’s largest sago exporters. It exports around 

Metroxylon sagu 

generated, sago trunk bark, creates a major problem within the sago industry 

rising sago starch demand, the industry is now facing waste management 
problems which have resulted in environmental pollution and health hazards. 
Currently, sago waste can be used as an absorbent, sugar source, in the 
production of biofuel, as nanomaterial and in ceramics [5]. However, little 
research has been done on the conversion of these under-utilised sago waste 
products and sago fronds into biochar as an alternative soil amendment.

 Biochar is a light and highly porous carbonaceous material derived 

as a carbonaceous resulting product obtained from the biomass of certain 
plants or animals pyrolysed at high temperatures under anoxic or hypoxic 
conditions. According to [6] there are numerous ways in which biochar 
can improve the soil quality, including optimising water-holding capacity 
and cation exchange capacity, acting as a source of carbon sequestration in 
soil, improving soil fertility through enhancing the availability of essential 

reducing the susceptibility of soil to erosion and bioavailability of heavy 
metals. 

soil physico-chemical properties and fertility status [7]. Mineral soils are 
typically characterised by strong acidity, low clay activity and poor fertility, 
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which are commonly due to high iron and aluminium oxide content. The 

on the soil and it has a commercial value when converted to biochar. Sago 
fronds and bark have high potential for use as biochar feedstocks due to 
their availability and high starchy-lignocellulosic compounds content. 
Hence, this study aims to evaluate the viability of converting sago waste 
into biochar and as a soil amendment. Bearing that in mind, this study was 
conducted to investigate the potential of sago waste biochar on mineral soil 

of sweet corn as an indicator.

MATERIALS AND METHOD

Study Site and Plant Materials

Sarawak Branch, Samarahan Campus, Sarawak under nursery conditions 

Seedling Preparation

was performed before transplanting to analyse the soil physico-chemical 

were sown at the site. At seven days old, the seedlings were transplanted 
into the various beds, according to the experimental design. Seedlings of a 
similar size and a uniform height were selected. Each seedling was placed 
in a planting hole during the transplanting process. The soil type in the plot 
was highly weathered, mineral soil. 
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Experimental Design and Treatment

thrice, and giving a total of 1200 experimental units. The treatments were 
as shown below:

Biochar Feedstock and Carbonisation Preparation

The sources of biochar came from SB and SF biomass purchased from 
Sago Mill in Mukah, Sarawak. The raw biomass was washed and oven-dried 
at 150o

and ground into particles of about 2 mm in size using a heavy-duty grinder 

Sarawak Branch, Samarahan Campus, Sarawak. Biochar production was 
performed according to [9]. Samples were placed into ceramic crucibles 

oC for two hours in a large chamber 

and kept at room temperature.

Biochar Application

Biochar was applied to sweet corn seedlings according to the 

was carried out before biochar application to reduce soil heat and prevent 
biochar losses due to wind.
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Statistical Analysis

their mean averages were used to derive the relationship between biomass 

Maintenance

The sweet corn plants were fertilised with a monthly application 

treatments and watered daily throughout the study period.

RESULTS AND DISCUSSION

Physico-Chemical Properties of the Soil

The physico-chemical properties of the mineral soil used in this 

of 1:22 was still tolerable for sweet corn seedlings. The soil type used was 

pre-treatment soil sampling shows that the physico-chemical properties of 
the mineral soil indicate a lack of the organic matter and macronutrients 
required for plant growth. 
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stems, leaves and roots. The results of the dry biomass and cob weight for 
each treatment are shown in Table 1. For dry biomass, treatments T2, T3, 

biomass weight compared to the control.

that T5 resulted in unfavourable outcomes compared to the other treatments.  

Treatment

T1 51.56c 154.36c

T2 73.99a 218.63b

T3 75.27a 255.74a

T4 74.73a 208.81b

T5 62.16b 162.52c

n

Treatment T3 gave the highest mean values for both dry biomass and 
cob weight. This could probably be attributed to the fact that SB biochar had 
substantial inherent nutrients and acted as a soil amendment to the sweet corn 
plants. This result is in agreement with the study conducted by [10] which 

This suggested that SB biochar had increased the soil pH, thus making the 

[10] reported that the nutrient content in sago bark biochar accumulated and 
increased after the carbonisation process, as shown in Table 2. 
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Table 2: Elemental Compositions of Sago Bark Raw and Sago Bark Biochar
Element

Sago bark raw Sago bark biochar
Before After

C 49.73 ± 5.31 51.36 ± 3.58
N 4.43 ± 3.65 10.65 ± 2.07

O 41.96 ± 6.19 33.24 ± 0.63
Mg 0.23 ± 0.23 0.16 ± 0.15
P 0.11 ± 0.24 0.07 ± 0.07
S 0.24 ± 0.11 0.07 ± 0.09
K 2.27 ± 1.21 4.01 ± 3.22

Ca 1.03 ± 0.23 0.44 ± 0.19

Source: [10]

In addition, biochar can be used to prevent erosion and maintain soil 
moisture while reducing pollution to the environment [11]. Furthermore, 
SB biochar is rich in minerals compared to raw sago bark. 

inorganic amendments. Interestingly, although the T5 treatment had a 
greater mixture of amendments, the resulting dry biomass weight and cob 
weight were not as satisfactory. The resulting increment for dry biomass 

weight compared to the control. The data implies that a greater number of 
amendments does not necessarily mean greater yield and could be a waste 

maintaining soil they have the ability to reduce the amount of CO2 from 
the air [13] which is produced by slow-burning at a controlled temperature 

of the addition of organic materials depends on the level of application of 
amendment, the types of soil, and the soil compaction. Sago waste is one 
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properties [15] of soil organic carbon and avoiding the excessive use of 
fertiliser in the future [16]. 

Figure 1 shows the percentage of sweet corn cob according to the 

Figure 1: Cob Grade

from the other treatments and resulted in the highest mean value for the 

reduces nutrient leaching in growing media.  Several studies have shown 
that biochar could enhance the activities of soil enzymes involved in C, N 
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A study by [16] found that the application of biochar from Indian 
(Dalbergia sissoo) can enhance wheat growth which shows 

a better grain yield. This advantage of biochar implies that without a 
combination of biochar from sago waste, the sweet corn yield can be 

to production systems such as improving the quality of soil organic content, 
water quality and crop growth and yield [23]. Moreover, a study conducted 

crop yield in soil that has a low phosphorus content. Therefore, this study 
implies that the addition of SB biochar and SF biochar on highly weathered 
mineral soil would not only further enhance their nutrient content and soil 

and yield.

CONCLUSION

Overall, there were positive correlations between the plant’s dry biomass 

of plants. The results of this study showed the addition of sago waste 

application on mineral soil. Sago bark biochar may be better suited as an 
alternative organic fertiliser and it can act as a potential soil amendment 
for mineral soil. 

accomplish this research.

REFERENCES

EOLSS- 
Encyclopedia of Life Support Systems



52

utilization of sago palm-derived products. J. Carbohydrate Polymers, 
72

Sago Palm. Singapore: Springer, pp. 

production from agricultural wastes via low-temperature microwave 
carbonization. 2015 IEEE International RF and Microwave Conference 
(RFM)

[5] N. Amin, N. Sabli, S. Izhar and H. Yoshida, 2019. Sago wastes and 
its applications. Pertanika Journal of Science & Technology, 27

physicochemical and nutritional characteristics of waste mushroom 
substrate biochar under various pyrolysis temperatures and times. 
Sustainability, 11

research needs. Eur. J. Soil Sci., 65
ejss.12127

physicochemical properties of empty fruit bunch and rice husk 
biochar. Waste Management & Research, 32

of the carbon-sequestering abilities of pineapple leaf residue chars 
Bioresource 



53

Technology, 102
biortech.2011.08.131

Hushairy and M. Suraiya, 2020. Nutritional characteristics of biochar 
from pineapple leaf residue and sago waste. Pertanika, J. Sci. & 
Technol., 28

by oil palm empty fruit bunches applied under mature palms. Journal 
of Oil Palm Research, 12

productivity under sandy soil condition. Soil Use and Management, 
27

Warta Penelitian 
dan Pengembangan Pertanian, 31

chemical properties. Agronomy, 3

pertanian sebagai pupuk organik lokal di lahan kering dataran rendah 
iklim basah. Jurnal Iptek Tanaman Pangan, 6

growth, yield and nutrient recovery under reduced fertiliser doses 
in calcareous soil. Pakistan Journal of Agricultural Sciences, 54

Biochar for Environmental 
Management: Science and Technology. 



54

on N2O emissions from soil resulting from rewetting air-dried soil in 
short-term laboratory experiments. Soil Science and Plant Nutrition, 
53

growth. Kastamonu University Journal of Forestry Faculty, 14

phosphorus fractionation and wheat yield. Biology and Fertility of 
Soils, 50

use of biochar in growing media. Vadose Zone Journal, 14

properties and microbial responses to biochar and compost amendments 
lant, Soil and 

Environment, 63

22-25.

straw biochar on soil quality and the early growth and biomass yield of 
two rice varieties. Agricultural Sciences, 6
as.2015.68077 


