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Abstract

BACKGROUND: Biochar-based fertilizers delay the
nutrient release and feature a slow release effect for
agricultural and environmental advantages. This experiment
was conducted to evaluate agro-environmental effects of
different application ratios of modified biochar pellets
supplemented.

METHODS AND RESULTS: The treatments consisted of
the control, 40% N, 60% N and 60% N (0.07M MgO) of
modified supplemented biochar pellets (MSBP), which were
based on recommended ratio of nitrogen for rice cultivation.
For the paddy water, the NH,-N and NOs-N concentrations in
whole treatments rapidly increased at 84 days and 40 days
after transplanting, respectively. The PO,-P concentrations in
the MSBP were generally lower than those of the control. For
the paddy soil, NH4-N concentrations in the MSBP were
higher than those of the control at 5 days after transplanting,
while NOs-N concentrations were not significantly different
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in the treatments through rice cultivation. P,Os concentrations
in the control were higher than those of the MSBP until 40
days after transplanting while K,O concentrations were not
significantly different among the treatment. The highest
carbon sequestration was 970 kg ha! in the 60% N (0.07M
MgO), and the potential carbon storage in the 60% N (0.07M
MgO) was higher at 222 kg ha™' than the control during rice
cultivation. It shown that the rice yield in the control was not
significantly different from the 40% N and 60% N (0.07M
MgO) application plots.

CONCLUSION: Application of MSBP for rice cultivation was
effective for carbon sequestration and agro-environmental
effects even though nitrogen application ratio was reduced at
40% based on recommended application ratio of fertilizer.
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Dry

Fig. 1. Diagram of processing the supplemented biochar manure pellets with different types of fertilizer.

Table 1. Chemical properties of biochar and pig manure compost used”

Materials Used pH EC TC TOC TIC N
(dSm™) g kg

Biochar 9.67 (1:10) 14 566 533 33.5 2.0

Pig manure compost  8.77 (1:5) 34 289 259 30.2 29.1

3 EC; Electric conductivity, TG, Total carbon, TOC; Total organic carbon, TIC; Total inorganic carbon, and TN; Total nitrogen.
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Table 2. Total nitrogen contents of supplemented biochar pellets and pig manure compost

Biochar pellets TN? (g kg™)
Supplemented biochar pellet 69.4
Supplemented biochar pellet catalyzed 0.07M MgO 68.7
Pig manure compost 30.2
3 TN; Total nitrogen
Table 3. Physicochemical properties of soil used in this study
o , pH EC? TNY TCY P,0s KO
Characteristics ~ Soil texture ) 5 5
uS cm -—g kg” - -—mg kg
Soil Clay loam 6.0 0.56 7.7 9.2 64.3 70.3

A EC: Electrical conductivity, YTN: Total nitrogen, 9TC: Total carbon
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Fig. 2. Effects of different application rates of modified
supplemented biochar pellets on NHy-N and NOs;-N
concentrations in paddy water during rice cultivation.
The values were average of three replications, and error
bars displayed standard deviation (p<0.05).
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Fig. 3. Effects of different application rates of modified
supplemented biochar pellets on PO,P and K concentrations
in paddy water during rice cultivation. The values were
average of three replications, and error bars displayed
standard deviation (p<0.05).
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Fig. 5. Effects of different application rates of modified
supplemented biochar pellets on P,Os and KO concentrations
in paddy soil during rice cultivation. The values were average
of three replications, and error bars displayed standard
deviation (p<0.05).
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Table 4. Total carbon contents to different application rates of modified supplemented biochar pellets in paddy soil
during rice cultivation

Treatments” 1** day of transplanting Days after harvesting
Control 6.56+1.01 11.8740.18
40% N 4.53+0.05 10.10£0.15
60% N (0.07M MgO) 3.89+0.06 10.53+0.25
60% N 3.77+0.01 9.50£0.11

AControl; Recommended application amounts of fertilizers and pig manure compost, 40% N, 60% N and 60% N (0.07M
MgO) of modified supplemented pellets (MSBP) which were based on 40% N, 60% N and 60% N of recommended rate
of nitrogen and 60% N (0.07M MgO) reacted with major nutrient solution and 0.07M MgO for rice cultivation. The
values were average of three replications with standard deviations.

Table 5. Evaluation of potential carbon sequestration to different application rates of modified supplemented biochar
pellets during rice cultivation”

Treatments Carbon sequestration (kg ha™) Potential carbon sequestration (kg ha™)
Control 748 -
40% N 819 71
60% N (0.07M MgO) 970 222
60% N 876 128
F-value 555.06 -
Pr>F <0.01 -

“Mean values followed by different letters, which indicate significant differences (p < 0.05) among treatments with One
way ANOVA by the mean comparison for all pairs using Tukey-Kramer HSD analysis for carbon sequestration.

Table 6. Rice growth components to different application rates of modified supplemented biochar pellets during rice
cultivation

Treatments Plan(tcr};;}ight Number of Tiller G{E;nh};i.(f)ld Stglj;vh};%f)ld Harvest index

Control 105+11.9 13+4.5 650+78.0 968+178.5 0.67
40% N 83+1.7 14+2.8 593+27.7 985+112.8 0.62

60% N (0.07M MgO) 8412.8 11+2.1 644+14.4 888+127.2 0.73
60% N 8614.2 14+1.3 535+37.6 768+ 61.0 0.70
F-vallue 3.69 2.45 36.8 630.3 -

Pr>F <0.053 <0.13 <0.01 <0.05
= A7) Aol Wet HoleA W AT BE  opel = WA 9 BN 97 9L 2 5 9 @

7b A vrepdel whe, v Sl dad g da A A MEEA Agsitial S
o] ALA 0w FFH L vk FE Ik Te|a A B

p

gz gzl Hlsl 60% N (0.07M MgO) A2+ Note

7} 222 kg 10a™ 0% 7P A vhebsith ¥ A2 e ]

Z7-9] 650 kg 10a™ ol Blal] A F3 AlH]=kel no] 9.2} The authors declare no conflict of interest.
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