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Abstract 

Addition of biochar or organic fertilizers to the soil is very beneficial for enhancing the soil's quality and 

promoting plant development. The objective of this study was to identify the effects of applying biochar and 

sugarcane bagasse fertilizer alone or in combination on the improvement in soil properties and the productivity 

of hybrid maize in two consecutive crops. Field experiments were carried out in completely randomized block 

design with four treatments and five replications on Autumn 2020 and Summer 2021 crops. Treatments  were 

control without application of rice husk biochar or sugarcane bagasse, application of 10 ton/ha of biochar, 

application of 10 tons/ha of sugarcane bagasse and combined 5 tons/ha of biochar and 5 tons/ha of sugarcane 

bagasse. The results in two consecutive crops showed that application of biochar, sugarcane bagasse fertilizer 

alone or in combination  improved pH, increased available N, P  and percentage of carbon in soils as well as 

increased the microbial density. Rice husk biochar alone or in combination with sugarcane bagasse fe rtilizer  

improved yield of hybrid maize. The findings of the research indicated that biochar application with 5 -ton ha-1 

combined with 5-ton ha-1 of sugarcane bagasse fertilizer increased plant biomass and seed yield of hybrid 

maize.   

Keywords: Catalase activity; organic fertilizers; microbial density 

Introduction 

Maize (Zea mays L.), also called corn, is an important 

cereal for human consumption, animal feed, and industrial 

raw material. In the world, approximately 50% of raw 

materials for animal feed is maize (Ranum et al., 2014). In 

Mekong Delta (Vietnam), maize is one of the attractive 

crops to grow in rotation with rice due to its relatively high 

economic return. Maize has brought a stable income for 

maize growers in several countries in the world (Hellin et 

al., 2017; Ahmadu and Edeoghon, 2018; Wongnaa et al., 

2019). Most farmers in Mekong Delta have been using 

inorganic fertilizers excessively, and not much attention 

has been paid to organic fertilizers for maize. Therefore, 

the yield of maize trends to decrease by years.  The 

excessive use of inorganic fertilizers has been found to 

have a negative impact on soil health and quality, such as 

soil degradation, acidification, nutritional imblance, and 

environmental pollution (Liu et al., 2010; De Meyer et al. 

2011). For example, the excessive use of nitrogen fertilizer 

has been linked to a decrease in soil organic matter in 

cereal crops that are high yielding and nutrient demanding 

(Oladele, 2019). High nitrate accumulation in soil has 

caused several problems, including low N use efficiency 

and environmental contamination in intensive agricultural 

systems (Cui et al., 2008). Combining inorganic fertilizer 

with organic fertilizer or biochar has been improving soil 

fertility, organic content, and soil degradation (Jannoura 

et al., 2014; Petter et al., 2016). Biochar is a carbon-rich 

material, produced by controlled burning of organic 

material, and it has been used to increase soil fertility and 

crop productivity (Agegnehu et al. 2016; Kätterer et al., 

2019). Long-term benefits of biochar application to soil 

include improved soil exchange sites and nutrient 

retention capacity, gradual release of nutrients and hence 

their improved availability to plants, improved water 

availability to crops, and improved microbial functions 

(Frimpong et al., 2021). Previous studies on the effects of 

biochar inputs to soils have been shown to increase pH, 
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nutrient availability, cation-exchange capacity (Liang et 

al., 2006, Dempster et al., 2012), water-holding capacity, 

soil structure, soil microbial diversity, and mycorrhizal 

activity (Hall and Bell, 2015), as well as to decrease 

nutrient leaching, nitrous oxide emissions, and soil tensile 

strength (Cernansky, 2015). Plant-based biochar is 

frequently nitrogen and phosphorus deficient. As a result, 

it must be used in conjunction with compost, manure, or 

inorganic fertilizer (Frimpong et al., 2021). Sugarcane 

bagasse is an agricultural by-product derived from the 

milling process and can be used as organic fertilizer with 

high N, P, and Ca content (Yaduvanshi and Yadav, 1990; 

Dotaniya et al., 2016). The use of bagasse has shown 

positive effects in terms of crop growth and yield 

(Muhieldeen  et al., 2014; Chacha et al., 2019) as well as 

environmental quality. Sugarcane bagasse application to 

soils can improve the physicochemical qualities of the soil. 

When applied to degraded soils, it can boost organic 

matter content, water-holding capacity, and the 

concentrations of nutrients that are needed for plant 

growth (Dotaniya et al., 2016; Xu et al., 2021). The 

amount of compost or biochar for one hectare, applied 

alone or in combination, varies from 5 to 10 tons (Filiberto 

et al., 2013; Rahmad et al., 2019; Frimpong et al., 2021). 

In Mekong Delta, little is known about the effects of 

biochar or sugarcane bagasse, applied alone or in 

combination, on soil chemicals, microbial content, and the 

productivity of hybrid maize. The objective of this study 

is to identify the effects of applying biochar and sugarcane 

bagasse alone or in combination on the improvement in 

soil properties and the productivity of hybrid maize in two 

consecutive crops. 

Table 1: Chemical components of biochar and sugarcane bagasse fertilizer 

Component Biochar Sugarcane bagasse fertilizer  

pH(H2O) (1:2.5) 9.92 ± 0.04 8.33 ±0.08 

Carbon (% C) 36.7 ±0.44 30.0 ±0.72 

(% N) 0.86 ±0.42 2.50 ±0.18 

(% P2O5) 1.36 ±0.41 3.00 ±0.63 

(% K2O) 1.50 ±0.66 1.68 ± 0.50 

(% CaO) 0.18 ±0.09 7.61 ±0.01 

Table 2: Original soil properties 

No Properties Value 

1 pHH2O (1:2.5) 4.97 ± 0.23 

2 Carbon (% C) 1.15 ± 0.19 

3 CEC (C mol kg-1) 12.01 ± 1.67 

4  (% N) 0.15 ± 0.02 

5  (% P205) 0.37 ± 0.05 

6 Echangeable K (meq 100g-1)  0.73 ± 0.15 

7 (%) 

Clay 

Loam 

Silt 

 

33.71 ± 0.14 

54.62 ± 0.94 

11.67 ± 0.09 

8 Bulk density (g cm-3) 1.18 ± 0.23 

9 Bacteria (log10CFU g-1)  5.80 ± 0.21 

10 Fungi (log10CFU g-1) 3.83 ± 0.35 
n=14. 

Table 3. List of treatments 

Treatments Biochar (ton ha-1) Sugarcane bagasse (ton ha-1) 

Control 0 0 

B10-SBF0 10 0 

B0-SBF10 0 10 

B5-SBF5 5 5 
Notes:  All plots were fertilized with the same amount of inorganic fertilizer (180 N, 90 P205, and   80 K20 kg ha-1).   
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Materials and Methods 

Materials  

Fertilizer: Urea (46% N), phosphorus (16% P2O5), and 

potassium chloride (60% K2O) were used. Biochar from 

burned rice husk was produced by a top-lit updraft (TLUD) 

gasifier at 400–6000C. Sugar bagasse was collected from the 

sugar factory in Vi Thanh, Hau Giang, and decomposed for 

the experiment. The main components of biochar and 

sugarcane bagasse fertilizer are listed in Table 1. 

Maize variety: F1 hybrid LVN 10 was used. This 

variety has a high productivity, is vigorous, and adapts well 

to drought. The average yield per crop is 6–8 tons ha-1, with 

a maximum yield of 10–12 tons ha-1. 

Experimental setup: The experiments were conducted in 

two consecutive crops from Autumn 2020 to Summer 2021 in 

the experimental site at Can Tho University (10001'45''N, 

105045'9''E). The soil is fluvisol , categorized as silty with a high 

clay and loam content (soil taxonomy of the United States 

Department of Agriculture  [USDA]) and a low bulk density of 

1.20 g cm-3. The density of soil bacteria was higher than the 

density of fungi in Table 2.  

Methods 

Field design: The experiment was carried using a 

randomized complete block design (RCBD) with 4 treatments 

and 5 replications. The area for each plant was 60 x 30 cm, with 

1 seed per sowing hole. Each plot was 5 x 12 m. The plots were 

separated by a trench (30 cm wide and 20 cm depth) for 

drainage. All treatments are listed in Table 3.  

Fertilizer and timing: Sugar bagasse fertilizer and rice 

husk biochar and phosphorus fertilizer were added before 

planting. Nitrogen and potassium were added at different stages. 

Fertilizer schedule: 10 days after sowing (DAS), 3–4-leaf 

stage: 1/3 N and 1/2 K2O. 20 DAS, 9–10-leaf stage: 1/3 N. 45 

DAS, before flowering, 5–7 days: 1/3 N and 1/2 K2O. 

Data collection 

Soil samples before the experiment were collected at a 

depth of 0–20 cm. Five samples were collected in the field and 

mixed well as a representative sample.  

Soil samples at harvesting were collected for each 

treatment. Before the analysis, the soil was air dried and screened 

with a net of 2 x 0.5 mm. pH, EC, organic carbon, available N 

(NH4
+ and NO3

-), phosphorus, total microbial count (bacteria 

and fungi), and the activity of catalase enzyme were measured.  

Yield (ton ha-1), consisting of all seeds, was weighed, and 

the measured weight was converted to the weight at 13% seed 

humidity. 

Number of leaves per plant was counted as all leaves on 30 

plants per replication at the R6 stage. 

Above-ground biomass of plants was harvested and dried at 

700C for 72 hours. Dry biomass was converted to dry biomass 

per hectare. 

Soil analysis  

Soil chemical properties: The soil extraction method 

1:2.5 (soil:water) was used. The pH and EC of the extracted 

liquid were measured by meters. Soil organic content was 

measured by the Walkley–Black method. The carbon content 

of biochar was identified by the dry combustion method at 

830oC in 24 hours (Chintala et al., 2013). Soil cation 

exchange was measured by EDTA 0.01 M and atomic 

absorption. Exchangeable potassium cations were extracted 

by non-buffer BaCl2 0.1 M. Total N was determined by the 

Kjeldahl method, after the samples were treated with 

K2SO4:CuSO4:Se (100:10:1). For the total phosporus content, 

the samples were treated with a high concentration of H2SO4 

and HClO4 before being analyzed by spectrocopy.  

Soil physical properties: Soil bulk density was 

measured by the methods of Blake and Hartge (1986). The 

soil coring ring was 98.125 cm3. The soil particles were 

separated by the Robinson method (Klute, 1986). 

Soil biological properties: Microbial density was 

recorded by counting colonies on growing medium. The 

media selected Tryptone Soya Agar  for total bacteria count 

and potato dextrose agar (PDA) for total fungi count using 

dilution plate technique (Martin, 1950). Catalase enzyme in 

soils were determined by using titration methods.  

Statistical analysis  

The data presented in this paper are the mean values of 

five replications. All data were analyzed using one-way 

analysis of variance (ANOVA) using SPSS software package 

version 13.0 and comparison for significant differences for 

treatment effects using LSDʼs test at p≤0.05. 

Results  

Effects of sugarcane bagasse and rice husk 
biochar on soil chemical properties in two 
consecutive hybrid maize crop cycles 

The results in Figure 1 show that when biochar and 

sugarcane bagasse fertilizer were added to the soils, the soil 
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pH increased significantly and was different from that in the 

control treatment without application of biochar or sugarcane 

bagasse fertilizer. The treatment with 10 tons of sugarcane 

bagasse fertilizer improved the pH more than the treatment 

with rice husk biochar or the treatment with a combination of 

5 tons of biochar and 5 tons of sugarcane bagasse fertilizer. 

Figure 1 also shows that the pH increased to a higher value in 

Summer 2021 than in Autumn 2020.  

In both crop seasons, the soil organic carbon followed 

the same trend (Figure 2). The percentage of carbon in the 

control treatment was significantly lower than the percentage 

in the treatment supplemented with biochar or sugarcane 

bagasse fertilizer, alone or in combination. The highest 

 
Figure 1: Effects of sugarcane bagasse and rice husk biochar on soil pH 

 
Figure 2:  Effects of sugarcane bagasse and rice husk biochar on soil organic carbon and available nitrogen and 

phosphorus contents in two consecutive seasons 
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content of available nitrogen was seen in the sugarcane 

bagasse fertilizer treatment, and the lowest in the inorganic 

fertilizer treatment (B0-SBF10 > B5-SBF5 > B10-SBF0 > 

Control). Biochar alone or sugarcane bagasse fertilizer alone 

increased the phosphorus content in soil. The highest content 

of available phosphorus was obtained by a combination of 5 

tons of biochar and 5 tons of sugarcane bagasse fertilizer (B5-

SBF5), and the lowest content was obtained in the control 

treatment. There was no difference between combining 5 tons 

of biochar with 5 tons of sugarcane bagasse fertilizer and 5 

tons of biochar with 10 tons of sugarcane bagasse fertilizer in 

both seasons. In Autumn 2020, the treatment of 10 tons of 

 
Figure 3:  Effects of sugarcane bagasse fertilizer and rice husk biochar on soil microbial counts in maize in two 

consecutive seasons 

 
Figure 4: Effects of sugarcane bagasse fertilizer and rice husk biochar on soil catalase activity 

 

c
ab b

a d
a c b

c
ab b

a c

ab b

a

c

ab
b

a
c

ab b

a

0

2

4

6

8

10

12

14

16

18

Control B10-SBF0 B0-SBF10 B5-SBF5 Control B10-SBF0 B0-SBF10 B5-SBF5

Autumn 2020 Summer 2021

(x
 l

o
g

1
0

 C
F

U
/g

 d
ry

 s
o

il
)

Mycorrhizae Bacteria Total count

d

b c

a

d

b

c

a

0

10

20

30

40

50

60

Control B10-SBF0 B0-SBF10 B5-SBF5

(m
g
 O

2
/1

0
0
g

 d
ry

 s
o

il
)

Autumn season 2020 Summer season 2021



Tat, Le and Tran        

 
 

 

 

147 

Soil Environ. 41(2): 142-151, 2022 

biochar and 10 tons of sugarcane bagasse fertilizer yielded 

similar results regarding available phosphorus. However, in 

Summer 2021, there was a difference between these two 

treatments. Figure 2 shows that biochar with or without 

organic fertilizer increased the soil pH, organic carbon, 

available nitrogen, and phosphorus content. 

Effects of sugarcane bagasse fertilizer and rice 
husk biochar on soil microbial counts in two 
consecutive seasons 

The results in Figure 3 show that soil supplemented with 

biochar and sugarcane bagasse fertilizer, alone or in 

combination, had an increased microbial density. The total 

number of bacteria in the second-season crop was higher than 

that in the first-season crop. In the second season, the 

microbial count was higher. The highest microbial count was 

seen in the combination of biochar and sugarcane fertilizer 

(B5-SBF5), and the lowest count was observed without 

biochar or sugarcane bagasse fertilizer.  

Effects of sugarcane bagasse fertilizer and rice 
husk biochar on catalase activity in two 
consecutive seasons  

The results in Figure 4 show that the application of 

biochar and sugarcane bagasse fertilizer improved the 

activity of catalase in soil. Catalase activity was higher in 

2021 than in 2020. The highest activity of catalase in the soil 

when the soil was applied with 5 tons/ha of biochar and 5 

tons/ha of sugarcane bagasse fertilizer. The activity of 

catalase in biochar treatment alone was higher in sugarcane 

bagasse fertilizer treatment.     

Effects of sugarcane bagasse fertilizer and rice 
husk biochar on maize yield in two consecutive 
seasons 

Adding sugarcane bagasse fertilizer or biochar increased 

the seed yield of hybrid maize in both seasons (Figure 5). Ten 

tons of sugarcane bagasse fertilizer (B0-SBF10) gave the 

highest yield. There was no difference between adding 10 

tons of biochar and combining 5 tons biochar with 5 tons of 

sugarcane bagasse fertilizer. Compared with the control 

group, the combination of sugarcane bagasse fertilizer and 

biochar increased the yield. In this study, application of 

biochar or organic fertilizer (alone or in combination) 

increased the microbial activity and nutrient mineralization 

in soil and the overall plant productivity. 

Discussion 

The results in two consecutive hybrids maize LVN 10 

showed that application of biochar, sugarcane bagasse 

fertilizer alone or in combination to improve the soil pH 

significantly. This result is similar to the result of a study by 

 
Figure 5: Effects of sugarcane bagasse fertilizer and rice husk biochar on maize yield 
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Frimpong et al. (2021), in which biochar or biochar in 

combination with organic fertilizers was applied. Like the 

findings of Kätterer et al. (2019), our findings also gave 

similar results when biochar was applied at  different 

locations. Sugarcane bagasse fertilzer and biochar had a high 

pH (Table 1); therefore, it is reasonable that the soil treated 

with rice husk biochar and sugarcane bagasse fertilizer also 

had a high pH. Biochar also contained a high amount of 

carbonate Agusalim et al. (2010); Nigussie et al. (2012). The 

large surface area of biochar and organic fertilizer increased 

the soil CEC and weakened the Al and Fe links to the soil. 

Biochar increased the soil pH by 0.79–2.21 units (Ouyang et 

al. (2014). The soil pH is important for nutrient availability 

and nutrient absorption by plants (Silber et al. 2010) and for 

the PO4
3− and NH4

+ release from soil particles (Zheng et al. 

2013).  

Biochar and sugarcane bagasse fertilizer are carbon-rich 

materials (Table 1). The same results were seen by Trupiano 

et al. (2017) when testing the effects of biochar on soil. The 

presence of sugar bagasse fertilizer and biochar might help 

reduce nitrogen leaching and the volatilization or 

minilarization of NH3 due to a higher pH. The same effects of 

biochar and organic fertilizer on reducing nitrogen loss in soil 

were seen in other studies (Abujabhah et al., 2015; Scotti et 

al., 2015). Biochar alone or sugarcane bagasse fertilizer alone 

increased the phosphorus content in soil (Figure 2). The 

Figure 2 shows that the content of available N and P and the 

percentage of carbon in soil increased in the biochar 

treatment. These results were similar to those of a study by 

Kätterer et al. (2019), in which biochar was applied to soil. 

These effects can be explained by the higher pH caused by 

the application of biochar and sugarcane bagasse fertilizer 

(Hopkins and Ellsworth, 2005). The increased pH of acidic 

soil can improve phosphorus availability and absorption 

(Nigussie et al., 2012; Agegnehua et al., 2015). According to 

Sasmita et al. (2017), biochar application and available 

phosphorus in soil had a positive linear relationship.  

Microbial activities take up to 80% to 90% of ecological 

cycles in soil (Pepe-Ranney et al. 2016). Biochar and organic 

fertilizer improve the soil structure, aeration, and nutrient 

availability, which is beneficial for microorganisms. Biochar 

has been used to improve the growth of bacteria and fungi 

(Watts et al., 2010, Zimmerman et al., 2011; Jannoura et al., 

2014 ; Abujabhah et al., 2015). Microbial density is 

important for cycling nutrients in soil and for maintaining a 

healthy environment for plant growth (Rodrigues et al. 2013). 

Catalase is a group of intracellular enzymes involved in 

the oxidation–reduction process of soil. Catalase activity is 

used as an indicator for the oxidation–reduction of soil. Soil 

enzymes catalyze key biochemical processes in organic 

matter decomposition and nutrient cycles and are regarded as 

indicators of soil quality (Du et al., 2014). Soil organic 

content is proportional to the activity of catalase in soil and 

the nitrogen mineralization in aerated soil (Uzun and Uyanöz, 

2011). Catalase indicates microbial activity in soil (Öhlinger, 

1996). Soil catalase activity is linked to soil organic carbon, 

microbial biomass, oxygen diffusion, and the activity of other 

enzymes, such as dehydrogenase, amidase, glucosidase, and 

esterase (Frankenberger et al., 1983; Glinski et al., 1986; 

Margesin et al., 2000).   

Adding sugarcane bagasse fertilizer or biochar increased 

the seed yield of hybrid maize in in two consecutive seasons. 

There was no difference between adding 10 tons of biochar 

and combining 5 tons biochar with 5 tons of sugarcane 

bagasse fertilizer. These results were similar to those of a 

study by Major et al. (2010). The high plant biomass and 

yield could be the result of enhanced soil microbial activity, 

mineralization, and nutrient availability (N and P). Compared 

with the control group, the combination of sugarcane bagasse 

fertilizer and biochar increased the yield. A higher C and N 

content in soil also supports plant growth. The interaction 

between biochar and sugarcane bagasse fertilizer may be 

beneficial (Adekiya et al., 2019). In this study, application of 

biochar or organic fertilizer (alone or in combination) 

increased the microbial activity and nutrient mineralization 

in soil and the overall plant productivity. 

Conclusions 

Adding biochar or organic fertilizer to soil is 

recommened for improving physical and chemical properties, 

nitrogen and phosphorus availability, and organic carbon 

content in soil for growing maize. Microbial growth and 

catalase activity were significantly enhanced in biochar and 

sugarcane bagasse fertilizer treatments. The yield of maize 

was higher with biochar and organic fertilizer treatments. No 

yield difference was observed between biochar with or 

without organic fertilizer. 

References 

Abujabhah, I.S., S.A. Bound, R. Doyle and J.P. Bowman. 

2015. Effects of biochar and compost amendments on soil 

physico-chemical properties and the total community 

within a temperature agricultural soil. Applied Soil Ecology 

98: 243-253. 

Adekiya, A.O., T.M. Agbede and S.O. Ojeniyi. 2016. The 

effect of three years of tillage and poultry manure 

application on soil and plant nutrient composition, growth 

and yield of cocoyam. Experimental Agriculture. 52(3): 

466-76. 



Tat, Le and Tran        

 
 

 

 

149 

Soil Environ. 41(2): 142-151, 2022 

Agegnehu, G., A.M. Bass, P.N. Nelson and M.I. Bird. 2016. 

Benefits of biochar, compost and biochar-compost for soil 

quality, maize yield and greenhouse gas emissions in a 

tropical agricultural soil. Science of the Total Environment 

543: 295-306. 

Agusalim, M., H.U. Wani and M.S. Syechfani. 2010. Rice 

husks biochar for rice-based cropping system in acid soils: 

The characteristics of rice husk and its influence on the 

properties of acid sulphate soils and rice growth in west 

Kalimantan. Indonesia Journal of Agricultural Science  

2(1): 39-47. 

Ahmadu, J. and C.O. Edeoghon. 2018. Effect of maize 

production on poverty alleviation of farmers in edo state, 

Nigeria. Agrosearch 18(1): 53-65. 

Blake G.R. and K.H. Hartge. Bulk density. 1986. P. 363-382. 

In: Methods of Soil Analysis, Part 1- Physical and 

Mineralogical Methods, 2nd Edition, Agronomy 

Monograph 9. A. Klute (ed.). American Society of 

Agronomy-Soil Science Society of America, Madison. 

Cernansky, R. 2015. State-of-the-art soil. Nature 517, 258-

260. 

Chacha M.S., B. Andrew and M.R. Vegi. 2019. Soil 

amendments with sugarcane bagasse and its effect on soil 

humic acid contents and Chinese cabbage growth 

components. Agricultural Research & Technology Open 

Access Journal 21(3): 556166. 

Chintala R., M. Javier, T.E. Schumacher, D.M. Douglas and 

J.L. Julson. 2013. Effect of biochar on chemical properties 

of acidic soil. Archives of Agronomy and Soil Science 

60:393-404. 

Cui Z., F. Zhang, Y. Miao, Q. Sun, F. Li, X. Chen, J. Li, Y. 

Ye, Z. Yang, Q. Zhang and C. Liu. 2008. Soil nitrate-N 

levels required for high yield maize production in the North 

China plain. Nutrient Cycling in Agroecosystems 82:187-

196.  

Dalila T., C. Cocozza, S. Baronti, C. Amendola, F.B. Vaccari, 

G. Lustrato, S.D. Lonardo, F. Fantasma, R. Tognetti and 

G.S. Scippa. 2017. The effects of biochar and its 

combination with compost on lettuce (Lactuca sativa L.) 

growth, soil properties, and soil microbial activity and 

abundance. International Journal of Agronomy 2017(2): 

3158207.https://doi.org/10.1155/2017/3158207. 

De Meyer A., J. Poesen, M. Isabirye, J. Deckers and D. 

Rates. 2011. Soil erosion rate in tropical villages: Acase 

study from Lake Victoria Basin, Uganda. Catena 84(3): 

89-98. 

Dempster, D.N., D.L. Jones and D.V. Murphy. 2012. Clay and 

biochar amendments decreased inorganic but not dissolved 

organic nitrogen leaching in soil. Australian Journal of Soil 

Research 50: 216–221. 

Dotaniya, M.L., S.C. Datta, D.R. Biswas, C.K. Dotaniya, B.L. 

Meena, S. Rajendiran, K.L. Regar and L. Manju. 2016. Use 

of sugarcane industrial by-products for improving 

sugarcane productivity and soil health. International 

Journal of Recycling of Organic Waste in Agriculture 

5(2):1-10. 

Du Z., Y. Wang, J. Huang, N. Lu, X. Liu, Y. Lou and Q. 

Zhang. 2014. Consecutive biochar application alters soil 

enzyme activities in the winter wheat-growing season. Soil 

Science 179: 75-83. 

FAOSTAT. 2016. Statistical database. www.aginternetwork.org.  

Accessed, 20 May, 2017. 

Filiberto D.M. and J.L. Gaunt. 2013. Practicality of biochar 

additions to enhance soil and crop productivity. 

Agriculture 3: 715-725.  

Frankenberger, W.T.Jr. and W.A. Dick. 1983. Relationship 

between enzyme activities and microbial growth and 

activity indices in soil. Soil Science Society of America 

Journal  47: 945-951. 

Frimpong, K.A., C.A. Phares, I. Boateng, E. Abban-Baidoo 

and L. Apuri. 2021. One-time application of biochar 

influenced crop yield across three cropping cycles on 

tropical sandy loam soil in Ghana. Heliyon 7. E06267. 

Glinski, J., Z. Stepniewska and M. Brezezinska. 1986. 

Characterization of the dehydrogenase and catalase activity 

of the soils of two natural sites with respect to the soil 

oxygenation status. Polish journal of Soil Science 19: 47-

52. 

Hall, D.J.M. and R.W. Bell. 2015. Biochar and compost 

increase crop yields but the effect is short term on 

sandplain soils of Western Australia. Pedosphere 25(5): 

720-728. 

Hellin J., R. Cox and S. Lopez-Ridaura. 2017. Maize diversity, 

market access, and poverty reduction in the western 

highlands of Guatemala. Mountain Research and 

Development 37(2): 188-197.  

Hopkins, B. and J.W. Ellsworth. 2005. Phosphorus availability 

with alkaline/calcareous soil. p. 88-93. In: 6th Western 

Nutrient Management Conference, Salt Lake City, Utah. 3 

- 4 March. Potash and Phosphate Institute, Norcross, 

Georgia, USA.  

Jannoura, R., R.G. Joegensen and C. Bruns. 2014. Organic 

fertilizer effects on growth, crop yield, and soil microbial 

biomass indices in sole and intercropped peas and oats 

under organic farming conditions. European Journal of 

Agronomy 52: 259-270. 

Kätterer, T., D. Roobroeck., O. Andrén, G. Kimutai, E. 

Karltun, H. Kirchmann, G. Nyberg, B. Vanlauwe and K.R. 

De Nowina. 2019. Biochar addition persistently increased 

soil fertility and yields in maize-soybean rotations over 10 



Effects of biochar and sugarcane bagasse on soil and yield of hybrid maize 

 
 

 

 

150 

Soil Environ. 41(2): 142-151, 2022 

years in sub-humid regions of Kenya. Field Crops 

Research 235: 18-26.  

Klute, A. 1986. Methods of Soil Analysis. Part I. 2nd Ed. ASA. 

Monograph. No. 9, ASA and SSSA, Madison, WI. 

Liang, B., J. Lehmann, D. Solomon, J. Kinyangi, J. Grossman, 

B. O’Neil, J.O. Skemstad, J. Thies, F.J. Luiz˜ao, J. Petersen 

and E.G. Neves. 2006. Black carbon increases cation 

exchange capacity in soils. Soil Science Society of America 

Journal 70: 1719-1730. 

Liu, E., Y. Changrong, M. Xurong, H. Wenqing, H.B. So, D. 

Linping, L. Qin, L. Shuang andR. Tinglu. 2010. Long term 

effect of chemical fertilizer, straw, and manure on soil 

chemical and biological properties in north-west China. 

Geoderma 150: 173-180. 

Major, J., M. Rondon, D. Molina, S. Riha and J. Lehmann. 

2010. Maize yield and nutrition during 4 years after biochar 

application to a Colombian savanna oxisol. Plant and Soil 

333: 117-128. 

Margesin, R., A. Zimmerbauer and F. Schinner. 2000. 

Monitoring of bioremediation by soil biological activities. 

Chemosphere 40: 339-346. 

Martin, J.P. 1950. Use of acid rose bengal and streptomycin in 

plate method for estimating soil fungi. Soil Science 69(3): 

215-232. 

Muhieldeen, O.A., E.A. Ahmed, A.M. Shalih. 2014. Effect of 

sugar cane bagasse, cattle manure and sand addition on 

some physical and chemical properties of the clay soils and 

sunflower production in central of Sudan. International 

Journal of Scientific & Technology Research 3: 47-52. 

Nigussie, A., E. Kissi, M. Misaganaw and G. Ambaw. 2012. 

Effects of biochar application on soil properties and 

nutrient uptake of lettuces (Lactuca sativa) grown in 

polluted soils.  American-Eurasian Journal of Agriculture 

and Environmental Science 12(3): 369-376. 

Öhlinger, R. Dehydrogenase activity with the substrate TTC. 

1996. p. 241-243. In: Methods in Soil Biology. F. Schinner, 

R. Ohlinger, E. Kandler and R. Margesin (eds.). Springer, 

Berlin. Germany. 

Oladele, S.O. 2019. Effect of biochar amendment on soil 

enzymatic activities, carboxylate secretions and upland 

rice performance in a sandy clay loam Alfisol of Southwest 

Nigeria. Scientific African 4: e00107. 

https://doi.org/10.1016/j.sciaf.2019.e00107. 

Ouyang, L., Q. Tang., L. Yu and R. Zhang. 2014. Effects of 

amendment of different biochars on soil enzyme activities 

related to carbon mineralization. Soil Research 52: 706-

716. 

Pepe-Ranney, C., A.N. Campbell, C.N. Koechli, S. Berthrong 

and D.H. Buckley. 2016. Unearthing the ecology of soil 

microorganisms using a high-resolution DNA-SIP 

approach to explore cellulose and xylose metabolism in 

soil. Frontiers in Microbiology 7:703.  

Petter, F.A., T.S. Ferreira., A.P. Sinhorin, L.B. Lima, L.A. 

Morais and L.P. Pacheco. 2016. Sorption and desorption of 

diuron in Oxisol under biochar application. Bragantia 75: 

487-496. 

Rahmad, L. Asrul, T. Kuswinanti and Y. Musa. 2019. The 

effect of sugarcane bagasse and filter mud compost 

fertilizer and manure application on the growth and 

production of sugarcane. International Journal of 

Scientific Research in Science and Technology. 6 (6): 338-

345. 

Ranum, P., J.P. Pena-Rosas and M.N. Garcia-Casal. 2014. 

Global maize production, utilization, and consumption. 

Annals of the New York Academy of Sciences 1312: 105-

112. 

Rodrigues, J.L.M., V.H. Pellizari, R. Mueller, K. Baek, E.C. 

Jesus, F.S. Paula, B. Mirza Jr. G.S. Hamaoui, S.M. Tsai, B. 

Feigl, J.M. Tiedje, J.M. Bohannan and K. Nüsslein. 2013. 

Conversion of the Amazon rainforest to agriculture results 

in biotic homogenization of soil bacterial communities. 

Proceedings of National Academy of Science 110: 988-

993. 

Sasmita, K.D., A. Iswandi, A. Syaiful, Y. Sudirman and D. 

Gunawan. 2017. Application of biochar and organic 

fertilizer on acid soil as growing medium for Cacao 

(Theobroma cacao L.) seedlings. International Journal of 

Sciences Basic and Applied Research 36(5): 261-273. 

Scotti, R., G. Bonanomi, R. Scelza, A. Zoina and M.A. Rao. 

2015. Organic amendments as sustainable tool to recovery 

fertility in intensive agricultural systems. Journal of Soil 

Science and Plant Nutrition 15(2): 333-352. 

Silber, A., I. Levkovitch and E.R. Graber. 2010. pH-dependent 

mineral release and surface properties of corn straw 

biochar: Agronomic implications. Environmental Science 

and Technology 44:9318-9323. 

Uzun, N. and R. Uyanöz. 2011. Determination of urease 

catalase activities and CO2 respiration in different soils 

obtained from  Semi-Arid Region Konya, Turkey. Trends 

Soil Science Plant Nutrition Journal 2(1): 1-6. 

Vanlauwe, B., A. Bationo, J. Chianu, K.E. Giller, R. Merckx, 

U. Mokwunye, O. Ohiokpehai, P. Pypers , R. Tabo, K.D. 

Shepherd, E.M.A. Smaling, P.L. Woomer and N. 

Sanginga. 2010. Integrated soil fertility management: 

Operational definition and consequences for 

implementation and dissemination. Outlook on Agriculture 

39(1): 17-24. 

Watts, D.B., T.H. Allen, Y. Feng and S.A. Prior. 2010. Soil 

microbial community dynamics as influenced by 



Tat, Le and Tran        

 
 

 

 

151 

Soil Environ. 41(2): 142-151, 2022 

composted dairy manure, soil properties, and landscape 

position. Soil Science 175: 474-486. 

Wongnaa, C.A., D. Awunyo-Vitor, A. Mensah and F. Adams. 

2019. Profit efficiency among maize farmers and 

implications for poverty alleviation and food security in 

Ghana. Scientific African 6: e00206. 

https://doi.org/10.1016/j.sciaf.2019.e00206.  

Xu, N., J.H. Bhadha, A. Rabbany, S. Swanson, J.M. McCray, 

Y.C. Li, S.L. Strauss and R. Mylavarapu. 2021.Crop 

nutrition and yield response of bagasse application on 

sugarcane grown on a mineral soil. Agronomy 11: 1526.  

Yaduvanshi, N.P.S. and D.V. Yadav. 1990. Effect of 

sulphitation press mud and nitrogen fertilizers on biomass, 

nitrogen economy and plant composition in sugarcane and 

soil chemical properties. Journal of Agricultural Sciences 

114: 259-263. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zheng, H., Z. Wang, X. Deng, J. Zhao, Y. Luo, J. Novak, S. 

Herbert and B. Xing. 2013. Characteristics and nutrient 

values of biochars produced from giant reed at different 

temperatures. Bioresource Technology 130: 463-471. 

Zimmerman, A., B. Gao and M.Y. Ahn. 2011. Positive and 

negative carbon mineralization priming effects among a 

variety of biochar amended soils. Soil Biology and 

Biochemistry 43:1169-1179. 

 


