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Microbe-assisted Modified Biochar from Rice Straw for Plant Growth Promotion

and Soil Amendment
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From the environmental problems caused by the disposal of agricultural residues through
burning and soil quality deterioration. Biochar has become increasingly popular in recent years
for its ability to store and release nutrients as well as enhance crop productivity. in practical
application, limitations and varied outcomes have been encountered in the field, prompting an
interest in further developing more efficient biochar models. The aim of this research was to
develop microbe-assisted modified biochar from rice straw for soil amendment and plant srowth
promotion. In this study, the effect of microbe-assisted modified biochar application on
enhancing soil properties and on the growth of Kor-Khor 105 was investigated. Five treatments
with the variation of modified biochar dosages (1, 2 and 3% (w/w)) in pot experiments were
carried out with triplicates. The obtained optimum ratio of modified biochar application was
used in three cement pot experiments. Plant growth promotion after treatments was evaluated,
and soil samples were collected before and after 3 months for the analysis of physical and
chemical properties. Moreover, the expression of genes involved in the induced systemic

response (ISR) was investigated. Results obtained from the rice plantation showed that the
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application of microbe-assisted modified biochar at a dosage of 1% (w/w) gave the highest growth

promotion. Soil properties such as organic matters, total nitrogen, available phosphorus,

extractable potassium and soil fertilities were also increased. The result of the expression of

genes involved in the induced systemic response (ISR) indicates the immune and health status

of the plants. It was found that modified biochar could moderately increase the ISR and exhibit

synergistic effects.
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Table 1 Experimental design for modified biochar applications on rice plantation

Treatment

Condition

Control
Treatment 1
Treatment 2
Treatment 3
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Soil without biochar
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Table 2 Effect of different rates of modified biochar application (1, 2 and 3% (w/w))

on soil properties at the end of the experiment

Sample™ pH" oM TN P K CEC
(%) (%) (mg/kg) (mg/ke) (cmol(+)/kg)
Initial soil 8.33 0.96 0.15 6.75 101.10 24.86
Control 7.02 1.05 0.19 259.81 80.70 23.04
Treatment 1 7.06 1.53 0.21 269.08 394.25 23.65
Treatment 2 7.51 1.53 0.24 272.27 474.25 20.02
Treatment 3 8.06 2.04 0.24 236.92 984.13 21.58
Treatment 4 8.32 2.16 0.23 284.51 1465.0 21.58

*1:1 soil/water solution is used for pH measurement.

** Soil without biochar (control), soil with 1% biochar (w/w) (treatment 1), soil with 1% (w/w) modified biochar (treatment 2),

soil with 2% (w/w) modified biochar (treatment 3) and soil with 3% (w/w) modified biochar (treatment 4)

[
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Wit au1nnIIn1svaaesi laaudann (luld
Woqaun3e) lnsdia 4.80£0.91 n¥u (Figure 3)
wardaiithmdnanuinnda Tnefian 16.55+1.31 n3y
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- =~ o < H o 1%
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AU WAL INUNANVRIF IULUNTL 851N08 198

'
o aada

HedAYNNEnFan p<0.01

H shoot height{cm.)

M roct lengthicm.)

Tr2 Tr3 Trd

Treatment

Figure 1 Effect of different modified biochar applications on rice growth: soil without biochar

(control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar (Tr 2),

soil with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified biochar (Tr 4);.

Different letters and * indicate significant difference at p<0.05, Duncan’s Multiple Range Test

and one-way ANOVA, respectively.
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Figure 2 Effect of different modified biochar applications on rice tillers, panicles, and seed: soil
without biochar (control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified
biochar (Tr 2), soil with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified
biochar (Tr 4); Different letters and * indicate significant difference at p<0.05, Duncan’s

Multiple Range Test and one-way ANOVA, respectively.

Dry weight (g)
w

initial soil control Tr1 Tr2 Tr3 Trd

Treatrment

H stem [ root

Figure 3 Effect of different modified biochar applications on rice dry weight: soil without biochar
(control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar (Tr 2), soil
with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified biochar (Tr 4); Differen
letters and * indicate significant difference at p<0.05 Duncan’s Multiple Range Test and

one-way ANOVA, respectively.

t
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14
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Chlorophyll (mg/g wet)

control Trl

Figure 4

Tr2 T3 Trd

Treatment

Effect of different modified biochar applications on chlorophyll contents: soil without

biochar (control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar

(Tr 2), soil with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified biochar

(Tr 4); Different letters and * indicate significant difference at p<0.05, 05 Duncan’s Multiple

Range Test and one-way ANOVA, respectively.
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d15U Treatment 2 ag9lsAnundunudn Aaug
lun1suanidsuuanleseuvesfulunisnaaes
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Table 3 Effect of soil amendments after the application of modified biochar at the end of experiment

Samples pH oM TN P K CEC

(%) (%) (mgrkg) (mgrkg)  (cmol (+)/kg)
Initial soil 7.95 0.78 0.14 7.33 57.05 25.46
control 7.64 1.11 0.16 108.03 116.90 25.26
Treatment 1% 7.06 1.96 0.18 262.13 434.25 20.42
Treatment 2** 7.40 1.81 0.19 261.55 481.75 20.82

*Treatment 1 is soil with 1% (w/w) biochar application

**Treatment 2 is soil with 1% (w/w) modified biochar application
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Figure 5 Effect of rice growth promotion after the application of modified biochar: soil without biochar
(control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar (Tr 2);
Different letters and * indicate significant difference at p<0.05, Duncan’s Multiple Range Test

and one-way ANOVA, respectively.

10
c *

. 5
o
sl
=
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=
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control Trl Tr2
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W tiller per plant | number of panicle

Figure 6 Comparison of tiller and panicles after the application of modified biochar; soil without
biochar (control), soil with 1% biochar (w/w) (Tr 1), Soil with 1% (w/w) modified
biochar (Tr 2). Different letters and * indicate significant difference at p<0.05, Duncan’s

Multiple Range Test and one-way ANOVA, respectively.
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Figure 7 Heatmap for level of gene expression of Systemic Acquired Resistance (SAR); fold change

calculated by 24 AACt = ACt (treated sample) — ACt (untreated sample); ACt = Ct (gene

of interest) — Ct (housekeeping gene) and yellow color showed high level of gene expression

and blue color indicated low level of gene expression.
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