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Abstract

Article Info Intensive rice cultivation for a long time resulted in increasing soil degradation and
Received : 08.09.2022 less yield. This study aimed to evaluate effects of the combining reducing nitrogen
Accepted : 24.02.2023 fertilizer (N) with biochar amendment on soil chemical properties, rice growth
Available online : 06.03.2023 parameters, and grain yield in the rice cultivation system in the Mekong Delta region,
I Vietnam (VMD). Field experiment was designed in the split-plot design with two
factors, including N fertilizer (main plot) and biochar (sub-plot). Two N fertilizer rates
Author(s) were: (Nso)—50 kg N ha-! and (N100)—100 kg N ha-1, which is the farmer's practice.

=-, Biochar was amended with three rates: no applied biochar (Bo), 5 t ha-1 (Bs),and 10 t

V:V.Long — ha-! (B1o). The results indicated that reducing N fertilizer by 50% combined 5-10 t
T.V.Dung e

biochar ha-1 resulted in maintaining soil pH, soil electrical conductivity, soil organic
carbon, cation exchange capacity, and rice biomass. Applying biochar at a rate of 5-10
* Corresponding author t ha-1 significantly increased the available N, available P, and rice height compared to
the treatment with no applied biochar (Bo). Rice yield in the treatments applied with
5-10 t ha-! was significantly higher than the treatment without the use of biochar by
11.6-14.7%. The findings of this study confirmed that reducing 50% N fertilizer
combined with 5 t ha-1 or 10 t ha-! of biochar could improve soil available N, available
P, rice growth, and grain yield in intensive rice cultivation systems in the VMD region.
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Introduction

In the intensive rice production system in the Vietnamese Mekong Delta (VMD) region, farmers often use a
large amount of N fertilizer to gain a high yield (Dung et al,, 2021). However, this application could increase
fertilizer costs and high-risk environmental pollution. In addition, rice plant often takes up only 40-50% of N
fertilizer applied, and the remaining N fertilizer will be lost through NH3; and N0 volatilization, or runoff to
the water environment (Wulf et al.,, 2002; Choudhury and Khanif, 2004; Weil and Brady, 2017).

Soil degradation, which is the loss of soil functions capacity to reduce soil fertility and soil biodiversity, is the
most serious problem in the world (Brusseau et al., 2019). It causes industrial, commercial pollution, and
especially in agricultural production because of the rapidly increasing demand for food and fiber (Kopittke et
al, 2019). Over the years, soil degradation leads to reduce rice growth and loss of grain yield. The
intensification of rice production is already resulting in acidification, salinization, loss of organic matter,
decline of nutrients availability, and increase greenhouse gas emission (Scharlemann et al., 2014; Shcherbak
et al., 2014; Kopittke et al., 2017; Dung et al., 2022).

Biochar has been known as a biomaterial that can improve soil characteristics such as water content, soil pH,
cation exchange capacity (CEC), and soil organic carbon (SOC) (Jaafar et al,, 2015; Bass et al., 2016; Bera et al,,
2016). Its effect is dependent on some factors such as soil types (Anthrosols, Ferrasols, or Acrisols) and the
amount used (5, 10, 15, or 20 tons of biochar ha-1) (Agegnehu et al.,, 2017). The application of biochar results
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in reducing soil compaction, increasing field capacity (Chan et al,, 2008; Abel et al., 2013), soil pH, organic
matter, nutrients availability, and cations exchangeable (Glaser et al., 2002; Laird et al,, 2010; Thies et al,,
2015), and microorganisms biomass (Chan et al., 2008; Shah et al., 2021). Besides, the increase of plant growth
and yield as affected by biochar amendment was reported in some previous studies. A number of studies
reported that the application resulted in increased maize yield by 98-150% (Uzoma et al., 2011), wheat
(Solaiman et al,, 2010), peanut (Agegnehu et al,, 2015), and rice (Asai et al., 2009; Bakar et al., 2015; Ali et al.,
2021). The crop yield increased in the treatment applied biochar due to increasing soil pH, available soil
nutrients, and nutrient uptake capacity (Agegnehu et al., 2017). However, the information about reducing N
fertilizer combined with biochar in the paddy rice system in the VMD region was limited.

We hypothesized that the application of biochar could enhance some soil chemical properties and macro-
nutrients such as N, P, and K without rice yield loss under reducing N fertilizer conditions. Therefore, this
study aimed to determine the effects of N fertilization combined biochar amendment on (i) some soil chemical
characteristics such as pH, EC, SOC, and CEC; (ii) availability of macronutrients including N, P, and K; and (iii)
growth, rice biomass, and grain yield of paddy rice.

Material and Methods
Soil and biochar properties

The field experiment was conducted at the intensive rice (3 crops per year) area in Giuc Tuong commune,
Chau Thanh district, Kien Giang province, which is located in the Vietnamese Mekong Delta (VMD) region
(9°57'43.0" N, 105°11'18.1" E). The soil in the experimental area was classified as Dystric Gleysols (IUSS
Working Group WRB, 2015). At the depth of 0-20 cm, the soil is acidic (pH 4.90), and soil EC is 0.50 mS cm-1.
Soil organic carbon (6.47 %C) ranged in high level for paddy rice (Metson, 1961). Soil texture was silty clay,
with the clay contents around 54.45%. Biochar used in this study was a commercial product of Mai Anh Co.,
Dong Thap province, Vietnam, which was made from rice husk, have a total porosity of 92.3%, according to
Phuong et al. (2020a). The characteristics of experimental soil and biochar are presented in Table 1.

Table 1. Experimental soil (0-20 cm) and biochar properties in this study

Characteristics Soil Biochar
Sand (%) 1.84 -
Silt (%) 43.71 -
Clay (%) 54.45 -
pH 490 7.70
EC (mS cm-1) 0.50 4.10
Organic carbon (%C) 6.47 471
Total N (%) 0.27 0.47
Available N (mg kg-1) 39.90 nd
Total P (% P20s) 0.18 nd
Available P (mg kg-1) 3.89 800.00
CEC (cmolw kg-1) 17.10 6.50
Exchangeable K (cmol+) kg-1) 0.38 12.90

EC: electrical conductivity; CEC: cation exchange capacity; nd: not detected
Experimental design, treatments, and management

The field experiment was conducted in a split-plot design with 3 replicates, while N fertilizer rate was the
main factor and biochar amendment was the sub-factor. Two N fertilizer rates were 50 kg N ha-t (Nso) and
100 kg N ha-1 (N1go) as the farmer's practices. Three biochar amendments included no applied biochar (By),
applied biochar with a rate of 5 t ha-1 (Bs), and 10 t ha-1 (B1o).

Dai Thom 8 rice variety, which was the local variety has a growth duration of 90-95 days, was used for this
experiment. Each treatment plot was covered in an area of 25 m2 (5 m x 5 m), separated by 0.3 m height of
soil bund. A plastic was installed between plots to minimize hydrological connectivity between each plot. The
rate of P and K fertilizers was 60 P,05-30K;0 (kg ha-1cr-1) in all plots. Phosphorus fertilizer was applied all
before sowing, and urea fertilizer was topdressed at 10, 20, and 45 days after sowing (DAS) while potassium
fertilizer at 20 and 40 DAS.

Soil sampling and analyses

At the prior to experiment and harvest stage, soil samples were collected to determine the soil characteristics.
Its were taken at the depth of 0-20 cm in the field. The pipette method was used to analyze the contents of
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clay, silt, and sand (Kroetsch and Wang, 2008). Soil pH and EC were determined in 1:2.5 (w:v) filtered
soil:water suspensions, measured using pH meter and EC meter, respectively. Soil organic carbon (%C) was
determined by the Walkley and Black method (Walkley and Black, 1934). Available soil P was determined as
Olsen-P by extracting the soil with 0.5M NaHCO3 (Olsen and Sommers, 1982). Soil total P concentration was
measured by molybdate colorimetric method (Murphy and Riley, 1962). Total N was analyzed by Kjeldahl
digestion, and available soil N was analyzed by extracting soils with KCl 2M at 1:10 ratio, measured by the
Spectrophotometer in 650 nm. Cation exchange capacity and exchangeable K were determined by the NH40Ac
extraction method.

Rice growth parameters and grain yield collection

Rice height was collected at active tillering (20 DAS), panicle initiation (45 DAS), heading (60 DAS), and
flowering (75 DAS) stages. Biomass was calculated from samples in an area of 0.25 m2 (0.5 x 0.5 m) at the
harvest stage. Grain yield was collected in an area of 5 m2 of each plot. Grains were separated, treated, air-
dried, and then weighed. Grain moisture was also determined at weighing or by grain moisture tester. The
final grain yield at 14% of the moisture was then calculated based on the weight and the determined moisture
Statistical analysis

The effect of N fertilizer (N) and biochar rates (B) and their interaction on soil properties and rice parameters
were determined by analysis of variance using R (V4.0.5) statistical software. Only treatments with significant
differences were submitted to the Tukey comparison test (LSD < 0.05).

Results

Soil chemical properties

Table 2 showed the effects of combining N fertilizer with biochar amendment on soil characteristics. The
results showed that reducing N fertilizer by 50% did not significantly affect soil pH, EC, SOC, and CEC
compared to the treatments applied 100 kg N ha-t. Similarly, there were no significant difference in pH, EC,
SOC, and CEC in the treatments applied 5-10 t biochar ha-! (Bs and B1o) compared to the treatments without
received biochar amendment (Bo). This study confirmed that reducing N fertilizer by 50% combined with 5-
10 t biochar ha-t amended did not significantly affect soil chemical properties.

Table 2. Effects of nitrogen fertilizer and biochar on soil properties

Treatments pH EC, mS cm-! SOC (%C) CEC (cmolxkg-1)
Nso 4.51+0.08 0.55+0.09 8.05+0.79 15.2+0.544
N100 4.50+0.06 2 0.51+0.107 8.41+0.79 15.3+0.614
Bo 4.50+0.07 2 0.55+0.11- 7.84+0.992 15.4+0.77a
Bs 4.49+0.042 0.54+0.082 8.19+0.64 2 15.2+0.544
B1o 4.53+0.092 0.50+0.092 8.66+0.5572 15.1+0.382
F test (N) ns ns ns ns

F test (B) ns ns ns ns

F test (NxB) ns ns ns ns
LSD 0.08 0.16 1.31 1.08
CV(%) 0.95 16.4 8.47 3.78

The value after + showed the standard deviation of the mean of three replications; means in a column for each factor followed by the
same letter are not significantly different; ns mean P > 0.05; N and B treatments are explained in the text.

Marco nutrients availability

The results indicated that the soil N, P, and K availability in the treatment that applied 50 kg N ha-! were not
significantly different compared to the treatment received 100 kg N ha-1 (Table 3). However, available N in
the B1o treatment was varied in 15.5 mg kg-1, significantly higher than the B and Bs treatments (11.4 and 12.4
mg kg-1, respectively). Besides, applying biochar at a rate from 5 to 10 t ha-! significantly increased available
P compared to the treatment with no applied biochar (P < 0.05). This study also indicated that applying 5-10
t biochar ha-! did not significantly change soil exchangeable K compared to treatment without biochar
amended (Table 3). The finding of this study demonstrated that reducing N fertilizer by 50% combined with
5-10 t biochar ha-! could significantly increase available N and available P while exchangeable K is maintained.
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Treatments Available N (mg kg-1) Available P (mg P kg-1) Exchangeable K (cmolxkg-1)
Niso 11.6%2.71a 13.0+2.30= 0.16+0.04 2
N100 14.6+2.222 13.6+3.53= 0.14+0.032
Bo 11.4+£1.870 10.1+1.61" 0.13+0.01~
Bs 12.4+1.20" 14.1+1.202 0.14+0.01-
B1o 15.5+2.12a 15.8+2.022 0.18+0.052
F test (N) ns ns ns

F test (B) * etk ns

F test (NxB) * ok ns
LSD 3.56 2.63 0.07
CV(%) 14.4 10.5 24.8

The value after + showed the standard deviation of the mean of three replications; means in a column for each factor followed by the
same letter are not significantly different; means in a column for each factor followed by the different letters are not significantly
different; ns means P >0.05; * means P <0.05; ** means P <0.01; *** means P <0.001; N and B treatments are explained in the text.

Rice growth

The results showed no significantly different in rice height between the two N fertilization treatments at the
various growth stages (Table 4). However, rice height in the treatments applied 5-10 t biochar ha-! (Bs and
B1o) were significantly greater than the treatment no received biochar in 40 DAS, 60 DAS, and 75 DAS (P <
0.05). In general, this study indicated that reducing 50 kg N ha-! combined with 5-10 t biochar ha-! could
significantly increase plant height compared to the treatments with no received biochar (Bo) or 100 kg N ha-1.
Table 4. Effects of nitrogen fertilizer and biochar on rice height at the various growing stages

Treatments Active tillering Panicle initiation Heading Flowering
(25 DAS) (40 DAS) (60 DAS) (75 DAS)

Nso 42.6%£2.562 66.4£5.962 85.9£5.072 108+4.652

N100 42.0£2.602 68.8+4.782 87.6+£3.162 107+5.842

Bo 41.8+3.21 64.3£7.73P 84.0£5.75b 102+3.49b

Bs 42.8+2.932 70.4+3.632 88.2£3.11 112+1.762

B1o 42.3£1.492 68.1+1.732b 88.0£1.91 110+3.312

F test (N) ns ns ns ns

F test (B) ns * * kX

F test (NxB) ns * * *

LSD 6.01 7.84 5.55 4.24

CV(%) 7.55 6.16 3.40 2.10

The value after + showed the standard deviation of the mean of three replications; means in a column for each factor followed by the
same letter are not significantly different; means in a column for each factor followed by the different letters are not significantly
different; ns means P >0.05; * means P <0.05; *** means P <0.001; N and B treatments are explained in the text.

Rice straw biomass and yield

The effects of N and biochar amendment on biomass and grain yield are shown in Table 5. The rice biomass
ranged from 17.0 to 17.9 t ha-! in the treatments applied 50-100 kg N ha-! and varied between 14.5 and 19.5
t ha-1in the biochar amended treatments. In the harvest stage, rice biomass in the treatments applied with 50

and 100 kg N ha-t did not differ significantly, neither among the treatments applied with 0, 5, and 10 t biochar
ha-t.

Table 5. Effects of nitrogen fertilizer and biochar on rice height at the various growing stages

Treatments Rice biomass (t ha-1) Grain yield (t ha-1)
Nso 17.0£3.03 5.96+0.634
N100 17.9+4.75 6.03+0.412
Bo 14.5+2.40 5.52+0.530b
Bs 19.5+4.51 6.32+0.362
B1o 18.3+3.04 6.15+0.272
F test (N) ns ns

F test (B) ns ok

F test (NxB) ns *

LSD 7.42 0.65
CV(%) 22.6 5.79

The value after + showed the standard deviation of the mean of three replications; means in a column for each factor followed by the
same letter are not significantly different; means in a column for each factor followed by the different letters are not significantly
different; ns means P >0.05; * means P <0.05; ** means P <0.01; * means P <0.001; N and B treatments are explained in the text.
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Similarly, the results showed that rice yield in the treatment reduced N fertilizer by 50% varied around 5.96 t
ha-1, and was not a significant difference compared with treatment received 100 kg N ha-! as the farmer's
practice (6.03 t ha-1). However, rice yield in the treatments applied 5-10 t biochar ha-! ranged from 6.15-6.32
t ha-1, significantly higher than the treatment no received biochar (5.52 t ha-1). The results indicated that the
biochar application at a rate of 5-10 t ha-! could significantly increase grain yield compared to no applied
biochar by 11.4-14.5%. The findings of this study demonstrated that the combination of 50 kg N ha-! with 5-
10 t biochar ha-! could reduce the N fertilizer amount and increase rice yield compared to traditional rice
cultivation.

Discussion

In this study, experimental soil has the C:N varied around 24.0 (organic carbon and N contents were 6.27 %C
and 0.27 %N, respectively). In this C:N level, available soil N may be released into soil solution throughout the
processes of decomposition rice straw residues or mineralization (Weil and Brady, 2017; Kopittke et al., 2020;
Dung et al., 2022). It explained why the organic carbon and available N contents in the treatment that applied
50 kg N ha-1did not differ significantly compared to the treatment that applied 100 kg N ha-1. This results were
in agreement with Dung et al. (2021) studied the effects of reduced N fertilizer on two rice varieties in the
VMD region. Dung et al. (2021) reported that applying 50 kg N ha-1 could maintain the number of tillers, rice
height, and grain yield of OM5451 and OM6976 compared to the traditional cultivation applied 100 kg N ha-1.
pH is the most important factor in the soil has directly affected the availability of soil nutrients (Weil and
Brady, 2017). The change in soil pH is most dependent on the pH of biochar and soil pH. Previous studies
reported that applying biochar in the low soil pH such as Ferrasols or Acrisols could significantly increase soil
pH (Glaser et al., 2002; Lehmann et al.,, 2003; Chan et al., 2007; Li et al,, 2015; Thies et al., 2015), but did not
differ significantly in the near-neutral soil (Lashari et al., 2013). Besides, the application of biochar at a rate of
5-10 t ha-! resulted in no differ significantly different in soil EC, SOC, exchangeable K, and CEC compared to
the treatment with no received biochar may be due to the low biochar application rates (Lashari et al., 2013).
Agegnehu et al. (2017) reported that the rate of biochar application higher than 39 t ha-! resulted in
significantly increased soil pH in the neutral soil. Similarly, some previous studies have also shown that
applying the biochar at a rate of 50 t ha-! could improve the soil pH, EC, exchangeable K, SOC, and CEC (Van
Zwieten et al., 2010; Rajkovich et al., 2012; Schulz and Glaser, 2012; Abel et al., 2013; Biederman and Harpole,
2013; Abiven et al,, 2015; Sanchez-Garcia et al., 2016). The other reasonable explanation for did not change in
these soil characteristics is closely correlated to the short time of biochar application. According to Griffin et
al. (2017), applying biochar was not significantly affect exchangeable soil K in the first two years. However,
the amount of K in treatments applied biochar was significantly higher than the treatment with no applied
biochar after three years (Griffin et al., 2017).

Our study indicated that the application of biochar from 5 to 10 t ha-! resulted in significantly higher available
N and available P contents than the treatment without biochar. This study is in line with some previous studies
which have reported that N available content significantly increased in the treatment applied biochar at a rate
of 15 t ha-! or higher (Vaccari et al., 2015; Bera et al., 2016; Cao et al.,, 2018; Ullah et al., 2018; Ali et al., 2021).
Applying biochar in the soil could be enhanced the mineralization process of the soil because of the high C
content in biochar (Weil and Brady, 2017). According to Phuong et al. (2020b), the availability of P was
significantly higher in the treatments applied biochar at a rate of 5-10 t ha-1 due to the mineralization of soil
organic P to inorganic P, increasing P availability. The findings of this study agree Ullah et al. (2018) and Ali et
al. (2021), who reported that biochar amendment enhances soil available P compared to the soil without
biochar. Nitrogen and phosphorus, which are the macronutrient of plant, helps enhance plant growth in all
soil types (Weil and Brady, 2017). According to Ali et al. (2021), the increase in rice yield was highly positively
correlated with the soil chemical properties such as N and P available contents. This study showed that applied
biochar in a rate of 5-10 t ha-1 resulted in significantly higher N and P available contents, and it explained why
the significantly higher rice height and grain yield compared to the treatment without biochar. Similarly, the
positive effect of biochar on rice yield was reported by previous studies (Dong et al,, 2015; Ali et al,, 2021).
The findings of this study indicated that reducing N fertilizer by 50% combined biochar at a rate of 5-10 t ha-
1 could improve soil quality and increase rice yield compared to the no applied biochar.

Conclusion

This study indicated that reducing N fertilizer by 50% did not significantly affect soil properties, rice growth,
and yield. Applying biochar in a rate of 5-10 t ha-! resulted in significantly higher N and P availability, rice
height, and grain yield than without biochar admended. The combining of 50 kg N ha-t with biochar in a rate
of 5-10 t ha-! may be recommended in the same paddy rice soil conditions. Further research is required to
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evaluate the effects of biochar as soil amendment combined N fertilizer on soil quality, C sequenstration,
greenhouse gases emissions on the rice cultivation system in the VMD region.
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