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Abstract

Nitrogen (N) is the most important element during the process of plant growth, and the quality
of crops varies depending on the amount of nitrogen present. Most of the nitrogen is used for
plant growth, but approximately 10 - 20% of Nitrogen is carried away by the wind in the form
of NH;. This volatilized NH; reacts with various oxides in the atmosphere to generate secondary
particulate matter. To address this, the present study attempts to reduce NH; occurring in the
soil using biochar at a specific pH. Biochar was used as a treatment with 1% (w-w™) of the soil,
and urea was applied at different levels of 160, 320, and 640 kg:N-ha™. NH, generated in the soil
was collected using a dynamic column and analyzed using the indophenol blue method. NH;

'.) showed the maximum emission within 4 - 7 days after the fertilizer treatment, decreasing sharply
R afterward. NH; emission levels were reduced with the biochar treatment in all cases. Among them,
updates the best reduction efficiency was found to be approximately 25% for the 320 kg-ha™ + pH 6.7
biochar treatment. Consequently, in order to reduce the amount of NH; generated in the soil, it is
& OPEN ACCESS most effective to use pH 6.7 biochar and a standard amount (320 kg:N-ha™) of urea.
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Evaluation of NH; emissions in accordance with the pH of biochar

1966; Kundler, 1970). £35] 201611 7]& U] =AH-E NH, £ H]E32 A NH, £ vi&29] oF 78.7%0] slidsh=
237,017 =0] HIZE|ITHNIER, 2019). EFollA] BHASH NH = T 7| S0l £Afsh= AAASHE(NO,)o U ZitshE
(SO} §FS-5F0] ZAFFH 5 (NH,NO,) T AR E(NH,S0,) 5-2] 23} 0] H|H 2| S A4 Sk (Anderson et al., 2003).
ESMNH = o3& fistal, EGat 2HE Alojof|A] o] EwS U o7, AFARYElA] Y AJE TSl 2
FF2- 1] 2 thGundersen and Rasmussen, 1990; Bobbink et al., 1992; Asman, 1994).

NHE YR ROl 72 715 2E 7] 9 v 8 ARgo] s ejZ=]v], =95 el 4 NH, 7+ oHe} ZEshA
HFZEICkLim et al, 2012). T2 Q18] S YRR E B2 METE NHE HZS B 02 FAAR OIS
o83 EF2| pHE 7 OJSIR WAL, £/ 8BS chilslo] §71UR| B2 A 5 TRIRHHE AN 2

7HSHTHWang et al., 2016). SEA|RF T F-29] WP 0] FA1/do] WaL, e 2 de FE3E 4= 7)ol dAA
A]-g-0] - o2 A7 olth(Guo et al, 2019). ~Lof] w} 4-g-0] golshH, |2 0.2 577 EolA TAste
NH,E A2 4= s 22 1eto] Pk Al7golct.

H}o] @ xKbiochar)= HFo| 1 A(biomass)2} £(charcoal)2] THdo] & Thfgt HARE-S AbA7) A|SHE 2 A0 &
B35t ek ghafo] =2 115 E2 o] th(Sohi, 2010; Oh et al,, 2017; Lee et al., 2019; Hong et al., 2020). HF0] 2 x}= E%F

7 I

ofl ej=l9le o Yol pH 2, 8 4 53 571 v 371 A3 5 ke Sl o8l 5 e ¥
$A1Z 4= ATHWoo, 2013; Lee et al., 2018). BFo] 22} 2] 2] of] k2 59 YA Z7F Eahe A E gt 202 2 uloh
EGollA A5 o= A ASH JATHCrane-Droesch et al., 2013). Bfo] 2 2k= tfet 2282 F2she nlAlS:

=2 7L Qlo] §22 B NH,E 2o Oefet R A=A U FFES AL AAANT = o R E8o] 7hs
SHCh(Park et al., 2020). ©] 2ol &= EFQ] {7 |EAE S|4, 2ATIAE XY ohes 5 o= QI AlA|H o= =
E21hy Q)= 13-4 A7) o] th(Lehmann et al., 2008; Han et al., 2011). Hfo] @ 2} A| 22 9|5f) A S AFESI oM, LA
£ oA 2HA R Eo] EA¥sh= 5 FAkEolm, mid oF 11471 6,800 =0 WYL QITHNAAS, 2012).

ufebr 2 Ags v theF o 2 Bhgshs S B %1sH 0 2 A e-83 4 Qs Wit F SHRl Hlo| @ AHE
2-gsto] F71AH|EE AH|S Eel pH7} T2 HEo] @2HE %] 2| 3l& uff vlo] @ xto]l oJ5k NH, A7t &&2 7}
stazt skt

Materials and Methods

SN M=

Ao AHEE E2 THTISH 5 A 88 ket et B4 Al Aol A A Fsto] R Aol 257 3 &
mm ©|5F= A 755t AR8-5HATE Hho] @2k= pHoll wet AHd(pH 5.7), 5/ (pH 6.7), 222 d(pH 11.0) HFo] 22k
2 2ol ol 245 Deloto] A xS Hio] @ x5 F-E2 4|0 A (Pumnature, Suncheon, Korea)@} 5714 (Yoogi
Industry, Gochang, Korea)ol| 4] FLuli5}to] o] 8514t} Aol ALS-H By} Hio] @ 2fe] 3}5H2] £/ Table 13} 20]]
8520 el

Table 1. Chemical properties of soil before this experiment.

pH EC Av. PO, T-C TN Mg Ca™* Na’ K
Treatment 5 5] 1
(1:5,D.H,0) (dS'm") (mgkg") (%) (cmol, kg™)
Initial soil 6.89+£0.08 0.29+0.05 6239+1.57 049+003 0.15+0.09 1.66+0.04 442+0.15 0.09+001 024+0.05

D.H,0, distilled water; EC, electrical conductivity; Av. P,Os, available phosphate; T-C, total carbon; T-N, total nitrogen; T-H, total hydrogen.
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Evaluation of NH; emissions in accordance with the pH of biochar

Table 2. Pyrolysis conditions and chemical properties of rice hull biochar.

Treatment Temp. Time pH EC TC TN TH TO TR0 CaO KO MgO Na,O
reatmen .

(0) (min) (1:10DH0) (@dSm’) %)
Biochar 350 15 570000 340+004 4133+006 038+004 403+0.13 3791+055 0.14+003 0.14+003 034+001 004+000 0.02+000

450 15 670+000  133+£011 4410000 036004 539+0.58 2727+0.17 0.06+001 0.15+0.03 048+0.09 0.05+0.01 0.01+0.00
600 30 11.00+£000 1.83+0.12 5493+025 058+0.03 187+025 847+1.13 021+£0.00 033+001 081+004 0.12+000 0.05+0.02

Temp., temperature; D.H,0, distilled water; EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; T-P,Os, total phosphate.

x4

A 2] = F-4] 2] 7(control), THETHN), HFC] X 2] 74BC + N)&2 A5t H| & A 5o AJH|X{H 7]
Foll E5t0] 24x(Urea, N), 8/ 21H|(P,0;), BEFEE(K,0)S AlHISIATE NH, Hi S0l 2129 2 F++ 24=
HFH(160 kg'ha), 7127320 kg-ha), BIEH(640 kg-ha) O = F-E-5t0] %] 2]5Hl o, -8/dQlu| et Ast-E-2 E A
2] tof| 5 U3 S 2 2)5l Tk Hlo] @ 2= pH (pH 5.7, 6.7, 11.0)0]l w2} E Q] ZaF thiH] 1% (ww!) 2.2 2] 2]5}%d
o, A3 7|3t F EYC] SEsF2 Y S R4S 718t 20%2 3-AI5HIT

NH, B Eg Hot

NH; B3 7= dynamic column ©]-&35}It}. Column oFF & o]-&5}0] 251 om, W2 37]= 90
em (@) X 50 (H) cmO©|th. NH, 272 i 27 9A]0] 0.05 N H,S0,2-2 Z 35}t 2 S NH; A| &+ Indophenol
blue B|AH-S 0]-85}0] 640 nmOl| A EF-F=A|(GENESYS 50 UV-Vis spectrophotometer, Thermo Scientific Inc.,
Waltham, Massachusetts, USA)S- ©]-8-5}0] B| A5}t

NH, &S Alaket AlLhAl 2 thga 2o}

J=Q/A, X ((C X V)/(Q X t) X R) X 10 (1)

J,NH,-N flux (g-ha” min");

Q A B 717F F< -3’ min’);

A, chamber W headspace®] T4 (m’);

C, chamber W] NH,-N2] 5= (ug'm?);

v Eole] 820

T, 2302 AlXHmin);

R.NH, 9] AA| A} 5 No| ZFA|5h= H] &

EQk Ol HIO| K} EA

EF9] 5F5H4 EAJ-L pH, 27| ZE(EC, electrical conductivity), & EHA(T-C, total carbon), & 2 A(T-N, total
nitrogen), - Q14HAwv. P,O;, available phosphate), 2| 2Hd %Fo]=(Ex. cations, exchangeable cations, Ca™", K', Mg™", Na")
< B4Rl EQFe] pHE} ECE EY SF7FE 1:5 (wv)E Esto] 3027 " & 1A17F 59 g &
28-S pH - EC meter (ORION™ Versa Star Pro™, Thermo Scientific Inc., Waltham, Massachusetts, USA)E- ©]-&5} =

J5FATE T-C}F T-N+= Element Analyzer (TruSpec Micro, Leco, Michigan, USA)& ©]-8-5}o] A5t} Av. P,Os=
Lancaster'#] 2 ©]-85}04 720 nmol| A -84 =A|(GENESYS 50 UV-Visible spectrometer, Thermo Scientific Inc., Waltham,
Massachusetts, USA)Z- ©]-&5}0] 2AI5FI T Ex. cations (Ca™", K, Mg™, Na )= pH 7.02.2 W% 1 M NH,0A.Z %
=519 ICP-OES (Inductively Coupled Plasma-Optical Emission Spectrometer, PerkinElmer Avio 500, Thermo Scientific Inc.,
Waltham, Massachusetts, USA)E- ©]-8-5}0] 259 ch

"
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Evaluation of NH; emissions in accordance with the pH of biochar

HFo] @ 2}0] pHeF EC= Hio| @2kt /45 1:10 (wv') 2 E76te] 3021t 1E S 1A 59k ))& &8k
S pH * EC meter (ORION™ Versa Star Pro™", Thermo Scientific Inc., Waltham, Massachusetts, USA)S-
Tt ToC, TN, & 4°4X(TH, total hydrogen), & AF4~(T-O, total oxygen)+= Element Analyzer (TruSpec Micro, Leco, Michigan,
USA)2 o]-85}0] 245191t} T-P,0,2} Cations (CaO, K,0, MgO, Na,0)*= Nitric acid2} Perchloric — Nitric acid 8240
2 AHR3]51o] ICP-OES (Inductively Coupled Plasma-Optical Emission Spectrometer, ICAP 7000series ICP spectrometer,
Thermo Scientific Inc., Waltham, Massachusetts, USA)= A 5}% ).

It
o ©
(o)
ot
Rl
9
|\
o2
ot
ok
At

£ 2

(=2 | ey |

SA| 2442 SPSS (IBM SPSS Statistics version 26, IBM SPSS, N, USA) Y- Hj 2| 24HE A (ANOVA, ONE way analysis
of variance) & &l 95% AlZ|FFol| A §-2l/d HAZ 43513 2™, Duncan®] Tha: #9] 737 (Duncan's multiple range
testy= 50l ZF %27t Afo] 9] FelxbE Eelstit

Results and Discussion

NH, tf=2F -}

160 kg'N-ha' & 2] 2]5F 2] 2]7-e] U & W3t So]9t F vlES Uehd el Fig. 10)] Urehd viet 2
o}, F2] 2] 5 Al Qg & *{2]7Loll 4] DAT (day after treatment) 4 - 50| A 2|t S-S H} O m, TRLo]|A]
F 846 kg'ha' 2 7 W2 HIET-Z H T DAT 5 0] A4 o & uijETo] 2H45H31 O™, DAT 2501 412+
(Control) 2} -AFSE 43RS Hich th2 7191 N 160 kg-ha' 2] 7] NH, & v &3 oF 5824 kg-ha'0] o1, T %
ol wfo]. 24} 2] A pHell wket 22} oF 5238, 49.71, 51.11 kg-ha' 0| itk pH 6.7 BFo] 2212 2] 2]3t 2]2]FLof|A]
NH, H &3] 2/t 15% 246131 oH, th& %] 2] Lol A &= °F 10 - 12% 45k ATt

320 kg'N-ha' & %] 2|5 A 2] 7Le] vi&T B3} S0] W v ST Fig. 29t 2t} R 2|75 A QJeh BE X 2]+t
4] DAT 50| 4 ZohuliE-2 e om, izl °F 2020 kg'ha' 2 71 Bo] HiE= Qlt DAT 5 0] ¢ 2
x| 2] 7ol Al Bl &0l ZHA5E) O, DAT 26 0| 4] 2] 7tet fAksH il & 43S Uitk N 320 kgha' %2712
Z vl &2 9F 136.87 kg-ha'0] 91.0.H, HEo] @2 ] 2] Al ZH2} 110.29, 102,31, 102.49 kg-ha'©] Th. pH 6.7 biochar + N
320 kg-ha 2} pH 11.0 biochar + N 320 kg-ha' 9] B E&F- 2F 25% 7rA5H O, pH 5.7 HFo] @2} 2] 2] A| NH, HIE%F
o] oF 19% 453t

640 kg N-ha' & 2] 3t 2] 2] 7-0] U vl &7 H3} Fo] 9l F viETF2 Fig. 39H 2Tt Fx] 2|75 AlQjeh =& A
2] 7= DAT 79 9 X cui&arS B9l o, tiZTLo)|A] 38.12 kg'ha' 2 7Y -2 v &S HIT} DAT 7 0] HY
Z%Fo] At 7rA5ISIT). DAT 290 -4 2] 712t FARSH &8RS B ITh N 640 kgha' %] 2]7-9] & v &7k 231.53
kg-ha'o] o™, HEo] @ 2} X&) A] Z+7}206.10, 205.99, 206.72 kg-ha'©] AT}, HFo] @ 2= X 2] 5t H.E 2] 2] TLof|A] ok
11%2] B & A7 G52 29Itk Edol 24 A-gof u}2 NH, Bl &2 Sun 5(2017)2] H1et GAFSHA A1g 4t
of| ulj-- w2 &= 2 XIS =] T}, vio] @2} X 2] of] w2 NH, Bl &% T & Thst AE 5ol ERl=lor, o)+
FHO| 2H87], pH, CEC, HFo] @2t2] X & Zlo] 5 thefsh QIxte] oS = 210 &2 H s}, 11 FollA & vt
o] x| A% Al & &8l 2, Hio] 22} Bl E4Fe] pHY 7 Aok el S 2=tk Al 3 15kt Mandal et al,, 2016;
2018; Kim et al., 2021). B3+ Q4= EQF Ujoll A NH, FEl = 7F2allE &, NH, 2 vl &5 #] ¢4 AAsd S 7
2 N,O P = %= {4 = 4> A th(Han and Hong, 2019).
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(A) wo

-] -] 8

NH; volatilization (kg ha'')

u

b

N 160 kg ha'! B) 10000
¢ ( ).. == Contro|
_tr? 8,000 w=g== N 160 kg ha'!
s . pH 5.7 biochar + N 160 kg ha!
8242 % = 6000 ‘ ) ‘
i sziss womb PRIL & —s— pH 6.7 biochar + N 160 kg ha’
E 4,000 st PH 11.0 biochar + N 160 kg ha!
7 A
]
- 2,000
=
<
e g
= 0 ouo———T . S-O-G-C-0-0- =S8
— = 1234 567 8 91011 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Control Ni6Okghe!  pHSTbiochar+ pH&Tbiochar-  pH1lObiockar +
N160kgha! N16Okghs!  +N160kghs' Day after treatment (DAT)

1. NH; emission by N 160 kg-ha™ and biochar's pH. (A) Total NH; emissions during the experiments,
B) daily NH; emission trend. a - ¢! Each value with different letters within a column are significantly

dlf'ferent from each other as determined by Duncan's multiple range test (p < 0.05).

(a) =

e E B

NH; volatilization (kg ha'!)

&

b

(B)

N 320 kg ha!
uTsra
19200
T 10231b 102.49b
Loy %
Control Nilﬂkghn- pH 5.7 biochar + pH 6.7 biochar = pH 11.0 biochar
N320kgha! N320kg ha! + N 320kg ha!

30,000

24,000

18.000

12,000

NH; emission (g ha' day™")
o
8
g

== Control
== N 320 kg ba'

pH 5.7 biochar +N 320 kg har!

PH 6.7 biochar + N 320 kg ha'

pH 1.0 biochar + N 320 kg ha!

$ 6 7 8 9 1011 1213 14151617 1819 2021 2 23

Day after treatment (DAT)

2402526 27 28 29 30

2. NH; emission by N 320 kg-ha™ and biochar's pH. (A) Total NH; emissions during the experiments,
B) daily NH; emission trend. a - ¢! Each value W|th different letters within a column are significantly

d|fferent from each other as determined by Duncan's multiple range test (p < 0.05).

(A) 20 N 640 kg ha! (B)
~ 0 318 2
. 1 206.10 b
2 1
g™
g
; 120
s
s
Z &
57 ¢
% === ! 1
Control N 640kg ha! PH 5.7 biochar + pH 6.7 biochar + PH 11.0biochar
N 640kgha! N640kgha! +N640kg hat

50,000

40,000

30,000

20,000

10,000

NH; emission (g ha'' day")

Control

N 640 kg ha!

pH 5.7 biochar + N 640 kg ha'

PH 6.7 biochar + N 640 kg ha'!

PH 11.0 biochar + N 640 kg ha!

12315678 9 1011 1213 181516 1718 19 20 21 22 23 24 25 26 27 28 20 30
Day after treatment (DAT)

§ 3. NH; emission by N 640 kg-ha* and biochar's pH. (A) Total NH, emissions during the experiments,
B) daily NH, emission trend. a - ¢ Each value with different letters within a column are significantly
d|fferent from each other as determined by Duncan's multiple range test (p < 0.05).

Korean Journal of Agricultural Science 48(4) December 2021

791



Evaluation of NH; emissions in accordance with the pH of biochar

E9to| 3131a S4B}

AY & EqFo] 3154 /-2 Table 300 LFEFH AT A8 & EFC] pH= pH 6.7 biochar + N 160 kg-ha *] 2] 7of]
A pH 6342 71 W2 H, pH 11.0 biochar + N 640 kg'ha” 2] 2] Lol A pH 69022 714 =4t} A A EpH
6.89)0l] vl Ad & BE X 2]|tol| A H]5kA Y ZHAstRIt o] I8 AFS- O & Qlsl| EQfo] At Ao
e =], 7)1 2H]) 5 ARgof| thE EQFe] AHdShe B A 9ol = thefet Lol A #1119l thLawson et al.,
2013; Umetal,, 2019). EQF W 2HE 5t EC= 2HE2] Aol ot -2 1, At 22| & HoHA] ZotH A 2] 4] 73l
2 Qe 2E9] F5-5 ZelidtTh(Lee et al., 2001). =5 HEo| @2} 2 2] A] EQFO] BCTFE ASAI71 &= 208 Bk
o] 91THRaison, 1979). & Aol AHE-E EQFe] ECE AlE & HE 22| ollA] AE A E0.34 dS'm™)ol H]5H 0.54
-0.85 dS'm' 2 Z7}5IQiTt. o]= Hio]| @2bE HRalieh= 2ol FH/dEH o] SAF o 2H FE W thfst AE
o] H25]= gt oJs)| EC7t Z7HE S 202 TR THCantrell et al., 2012). BH4 $Ho] ¢ Ag H 9]
0.49%0°l| H] 3l Fx] 2] et 2ol A= 7451 O ™, Hio] @ &} X 2] Lol A= FS7Fstitt. £3] pH 11.0 HEo] 2%
E AFE o oF 140%2 7P =2 T4 A 53t eIt EG W AA T2 A & 74skl o, 4
2717t GOl Xk LUl R] 29kt x]8H] ol (Mg, Ca®', Na', K') & Mg = A3 2 Eofof| vlsl| A4 & 7h4s}
Fom, ca,Na', K'= A T 271519

Hio|xte] stety £ Yot

o] @ 2k0] pH7} NH, HiEol| P X FFS B71et7] ol Al 2715 Gelsto] vio] 23ke] pHE 25kt
(Table 2). HFo] 2 x}0] pHi= F w3l 2% W AJ7to] F7Fg ol wha} Z7151 2, 350°CollA] 15+ B9t F2al Al
pH 5702 & AHd& YRS, 600°CollA] 30427t E =23l Al pH 11.022 37| LFEFH Ut vho] @ 2] T-C2}
TN pHet-FAKSHAl € &2al] 2710] 57l ufet S7Foh= B3 UEF o™, THeF T-O+= pHet 24 o 2
Zrashe 4TS UetIeh vlo] 22k H: C B[ €3 0 : C &2 ZtZh Hlo] @ 2jo] L2 QP A xS
UEPHTHOR and Chang, 2020). = 3-0l] A& Ho] @ %}2] H : C H]&-2 1.16, 146,041 = pH 11.0 HFo] 2XF=H: C
H]£-0] 0.7 o]sto] &2 Efol X2 A] 24 FIAd S RFAIE A& 7|t =™, pH 5.7 HFo] @ 2}e} pH 6.7 HE0] 2 2}
£ g A 0 2 AA517| of e 7l o2 ThhE thKang et al,, 2021). BFO] 2%k9] O:C H] &2 H}o| .2}2] pH7} &
7Fatell w2t 0.69, 046, 0.122 44 2511 01, o] = & 23l Aol A LAY E WEG-0 = o] e 2po] XA
o] Az} 7+43HS LFEPHTHO and Chang, 2020). HFo] 2:2k] T-P,0,= pH 11.0 H}o] @x}ol|A] 7F4 =9k0 1 pH 6.7
Hho| 27} 71 W2 ghgE YR QLT Bho] @21e] £7] 2/44(Ca0, K,0, MgO, Na,0)= pH7} 57}t wje} o
HE Ik s Bl

|0

[¢]

Conclusion

2 A= pH7t oHE Hlo] @ 2} %] 2] 7} 573 Z|of| A WHAYE= NH,ofl T3] FS F7letaz} etqict. 7] 24H]
5 et Eol| Hlo] 22k pH 5.7, 6.7, 11.0) 8+ 28] A| 574 Aol WA¥sH= NH, HiE-S A24A1ZE = A
t}. £3] pH 6.7 BFO] 2212 2] 2J5190S W oF 15, 25, 11%=2 7 =2 wiE A7 a2 Jehl.om, pH 5.7 8}
o]} A2 A| ©F 10, 19, 11%2 B4 W2 A7 582 YERARJICH S 9 A H| S 7|55 (320 kg-ha' )= AlH]
5t i vho] @ x}o] NH, A7} &-&0] Zof 2F 25%= 71 ol sttt whatbA 2%} nj A 2] 2] 24t S2Q1 NH, 2
Hi & A7 QA= pH 6.7 HF0| @2E B A W 23 X 2|$h H, 245 7158 (320 kg-ha')x] 2]5k= Z1°] NH,
Hj &5k 2| 7ol 7V axbAd A o = Als Hch
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(500 > d) 1593 98uer opdnnuu sueoUN(] AQ PAUILLINSP SE JOYI0 OB WO JUAIIPIP APUBOYIUTIS QT8 UWIN[0D B UNPIM SISHO] JUSIIIP [PIM SNneA yoey 3 -
‘ua3oniu [210) N-[. ‘uoqred [e10} ‘-1, ‘yeydsoyd oqereae “Od AV {ANARONPUOD (LRI D orem pa[usIp ‘O H'A

0qeZO0FFEO  OqRO00FII0  OqE800FO0ST  FPPYOOFOFT  BLOOFO00 BROOFTET  ©YGLTFESY6 QBOIOFIL0O  B6ZOFO06'9 B3N 0p9 N+Ieyooiq o1 Hd
oqeEO0F6C0  PIERIOOFITO  OBETOFLEY  9PIYO0F6ET  BHOOFI00 dB600FTCT  ORIEHF0608 2STOFEY0  JP6O0FSS9 BB 0TE N +Ieyooiq 0’1 Hd
eZ00F8CO  POGBOOOFOI0  9CIOFSSH S¢00F 6T BLOOFG00 BITOFOKT 99eb8%FHOSL 99E0'0FLSO JOPITI0F099  BU-BY 09T N+Ieyooiq 0’11 Hd
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