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ABSTRACT: This batch experiment evaluated the impacts of major plant nutrient releases by applying the modified Hyperbola
model on the leachates and N,O emissions from incorporated rice hull biochar with organic fertilizer materials. The treatments
consisted of the control as incorporated with organic fertilizer materials, the incorporated rice hull biochar with organic
fertilizer materials, and the incorporated plasma-activated rice hull biochar with organic fertilizer materials under redox
conditions. The results indicated that the maximum release amount of NHs-N was 3486.3 mg L' in the control, and
their reduction rates of NH4-N, NOs-N, PO4-P, and K were 8.0%, 17.5% 44.3.0% and 8.7%, respectively, relative to
the control. In the control, the highest soluble amount of PO,-P was 681.0 mg L. The estimations for accumulated
NH4-N, NOs-N, POs-P, and K-releases in all the treatments were significantly (p<0.01) fitted with a modified Hyperbola
model. For greenhouse gas emissions, the lowest cumulative N,O was 3404 mg kg' in the soil incorporated with
plasma-activated rice hull biochar, and the reduction rates were 27.8% and 86.4% in the rice hull biochar and plasma-activated
rice hull biochar treatments, respectively, compared to the control. Therefore, it concluded that the incorporated rice hull

biochar can be especially useful for controlling PO,-P release and N,O emissions for bio-fertilizer applications.
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Table 1. Chemical Characteristics of Rice Hull Biochar Fellet, Plasma-treated Rice Hull Biochar, Poultry Manure Compost,

and Oil Cake Used in the Experiment

PH EC c | N K
(1:20) (ds m") (%) (9 kg)

Rice hull biochar 10.68 0.88 56.27 0.82 2.21
Plasma-treated rice hull biochar 10.66 0.92 63.8 0.17 7.96
Poultry Manure Compost 7.35 4.08 26.01 2.35 10.02
Oil cake 6.83 1.77 33.05 4.24 6.79
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Fig. 1. Scheme of the reactor for greenhouse gas emissions. I. A=Y 717k NSP= v AlEH 7I1ZK(Q)
Table 2. Physicochemical Properties of Soil Used in the Experiment
, oH EC T | TN Avail P K | ca | Mg
Soil types 4 : : A
(1:5) (dS m™) g kg mg kg cmol” kg’
Sandy loam 66 0.12 377 | 037 287 027 | 244 | 137

J. of KORRA, 31(3), 2023



A HO|2212t

7 lSAA 2| TE F

6]
0Q
AT
ofo
MU
o
ne
X
ofo
e
Z
(@)
=
U
o
rx
ox

47

3. 7E-'|jl_|- al Nz

=2
3.1. %2 NHs-N2t NOs-N
ulo] @3} F/E F2 NH-N9 NOyN &% 2

= Fig. 20 JERAZITE NH-N9| 73 82 55
o] 73§ ulo] e x}ol| A 3673.5mg L' =2 71 Wol &
ZH%on, Zekznts A3 9 Hol
3296.35mg L'2 713 A §&5E 2& Btk
o= Zgtxnl HyH 947 nlo]exrt A eskA|

Qake

o4& wolest BTk NHANE 6 Bol F25a 9
S A2 HeITSIh NONS| A 88 e

A5 8F APS IYT F 50 AE 7 7i10ﬂ
2313 21, NH-NoH= ZdolstAl thz+,
AElet A npo] A}, A ejshA] %L{’—
o8 v 858 Ut 34
23k A npol eal= T2 NH,-N2 NOs-Nejl
o1 mloleAE ¥A B2 = Hlsl F3&

T O ]
ZYZ} 8.0%, 17.5%ATh 34, Guk i Eofo A=

-

3 X0 mlm 5N mlm

3000

2500 1

-

o

E

=z 2000

'

z

= 1500 +

]

L]

31000 A

£

=

3 Rice hull biochar

< 004 < Plasma-treated rice hull biochar

¥ Control
D T T T T
0 30 60 90 120 150

Precipitation periods (days)

l

Ak} m A ESo] FA4kst Ao Bosle fr|ES
NHs-N, NO;-N#} 2 F7] 3ietE= wghA|IZItkal
AR, B AT das G5 244 £
AEE g AAEA T EF 209 o2 At
o FEth T EQF o] da 8ol ofa) 4
sle|= 21Y A9 ES vAE 40 wEk NHe-N
7} A4kl P o = Qlste] NOs-N ¥ghsE] o] A7}
gt Zo 2 oitdnh

io] o3} FFW w4

NH;-N¢} NO»-N &% A%
£ Hyperbolic model(5~2] 1)l -85} Table 33} &
o] YERASITE NHy-Nell thet 8= -2 Hyperbolic
modelol| 23R .M (P<0.001), #= 3t 4 3k
Atolol] A AlFRY)E =2 Foxirt A=A
ok ks, 8 #4e EUE 73 NH-NO &=
EEE] At E=gstet Ak AR
A} A vpolexte} Fetznl Ak A uio)
o2t 747y 77.03¥ 3 6541902 FHHJG. Ay}
Z o 2 nlo] @ Ate]| FekznE A gl we, vio)

Kl

25

- 54
20 -
£
)
_— L]
o o
S ¥ T
4 Y.
o ""
2 10
L]
g
3 ,v"
g 5 ".ﬂ' ® Rice hull biochar
< v 4 Plasma-treated rice hull biochar
530 ¥ Control
0 T T T T T
0 10 20 30 40 50 60

Precipitation periods (days)

Fig. 2. Releasing curves of accumulated NH4-N and NOs-N in precipitation water from the treatments with a modified
hyperbola model. The values are the means of triplicate samples. Error bars indicate the standard deviation.

Table 3. Estimation Model for NHs-N Release from Different Types of the Blended Rice Hull Biochar

Model Parameters Analysis of Variance -
Treatments * Adj-R

Amax p-Values t1/2(Amax) p-Values F p-Values
Rice hull biochar 3486.8 <0.001 77.03 <0.001 3616.1 <0.001 0.982
Plasma-treated rice hull biochar 3296.4 <0.001 65.41 <0.001 2531.9 <0.001 0.974
Control 3673.5 <0.001 71.26 <0.001 3071.1 <0.001 0.979

* Means values indicate significant differences (p < 0.001) among treatments (ANOVA).

F71=2 3, 313), 2023



S, 2IAMol, 8371, g3,

o) EWAS FAs TP 532 AGAZ
= puE

OJALS.

shjoltt. A njo]
AE-L 03% T3 UTH?. vlol oAt THYE +
Z PO,P & ZA¥= Fig. 30 YERALE =72}
Eetznt 4A vpoleate] A9+ 20895FEH POs-P
o] & 3] IVt W, 94 ulo] ke
ASE el S7tshe Ao® yehdel wet
PO,Poll g+ A ulo] @ako] w2 F32F 545 o
I Ytk AT Adel YXEAT. POPE tiE
To Hlste] 94 blo] et AHolA §F F&=7t
443%=2 Zo] EAT Seh=nt AA ZHAS F
7F &7t QQojA] vtol @ ake] g Tz HIE
w7 F25 F7IAIIA HA FEEo] At

fo
Wi
2
Lo
(e
il
[JO
oo
)
o
>
2
1o

AFATIE Folst AFS BTk

PR Mol QTS PUYLTS

2 2dske B8 /L Yk 9T AoPsh

el A o] Fae A8l AU A5 vl

Ao e 71719 Pt Fiol b

o) Eoelil v ZagThs A7 BT} 9)
[e]

gl zolA Fagstlr]el e
A77F ok Aoz AoEh
Hlo] 3} F7H 2| PO,-P 8= A3 Hyperbolic
model(5=2] 1)l 283} Table 49} ZHo] YERL
ot PO-Poll Tt 8% 42 Hyperbolic model ]|
A3 oM (P<0.001), = w3 F4 3k Aol
& AHR)E 1= Froat 1A E AT 4
ol WEd 2753 PO,P &7k 1015.83mg
L'Z 77 8% 557 7P =3ken, dutk 94
nlo] e 2} FefRukE Ak 47 nulo] S.xjol| A

1000

"1 800

[=]

£

o vVyVvyVvVvyVvyyy v

‘s 600 -

(@)

o

°

Q

© 400 -

=

€

S

g 200 - Rice hull biochar

< O Plasma-treated rice hull biochar

v Control
0 1 T T T
0 30 60 90 120

Precipitation periods (days)

Fig. 3. Releasing curves of accumulated PO,-P precipitation water from the treatments with a modified hyperbola model.

Table 4. Estimation Model for PO4-P Release from Different Types of the Blended Rice Hull Biochar

Model Parameters Analysis of Variance -
Treatments * Adj-R

Amax p-Values t1/2(Amax) p-Values F p-Values
Rice hull Biochar 529.23 <0.001 29.84 <0.001 2955.72 <0.001 0.980
Plasma-treated rice hull biochar 739.63 <0.001 20.15 <0.001 861.99 <0.001 0.935
Control 1015.83 <0.001 3227 <0.001 748.47 <0.001 0.926

* Means values indicate significant differences (p < 0.001) among treatments (ANOVA).
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Fig. 4. Releasing curves

of accumulated K in precipitation water from the treatments with a modified hyperbola model.

Table 5. Estimation Model for K Release from Different Types of the Blended Biochar Pellet (Rice Hull Biochar)

Model Parameters Analysis of Variance -
Treatments * Adj-R

Amax p-Values t1/2(Amax) p-Values F p-Values
Rice hull Biochar 170.21 <0.001 40.57 <0.001 3525.51 <0.001 0.985
Plasma-treated rice hull biochar 211.97 <0.001 48.11 <0.001 6867.79 <0.001 0.992
Control 188.46 <0.001 40.35 <0.001 5877.21 <0.001 0.991

* Means values indicate significant differences (p < 0.001) among treatments (ANOVA).
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Table 6. Comparisons of Total Water-soluble Accumulated Major Nutrients from the Treatments

Total water-soluble major nutrients
Treatments* : : : :
NH4N (mg L) NOs-N (mg L7) PO4+P (mg L™) K (mg L)
Rice hull biochar 1995.8 ¢ 179 b 3792 b 110.0 b
Plasma-treated rice 19994 b 20.8 a 561.3 ¢ 1229 a
Control 2168.6 a 21.7 a 681.0a 120.5 a
F 30.51 53.36 751.69 1.58

P-values <0.036 <0.017 <0.002 <0.393

*Mean values followed by different letters indicate significant differences (P<0.001) among treatments with NHs-N, NOs-N, PO,-P, and K
(ANOVA and subsequent Duncan Multiple Range Test).
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Fig. 5. Effect of accumulated N>O emissions in the soil incorporated with plasma-treated rice hull biochar and activated
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