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ABSTRACT

This study was conducted to select an optimal approach to corn waste biochar (BC) application, and to
evaluate the effects of combined application of BC and inorganic fertilizer (IF) on corn growth and soil
chemical properties in a pot experiment. Corn growth differed with BC application timing and BC application
levels. Based on the characteristics of corn growth in pot-based experiments, the selected optimal application
conditions of BC were application of 500 kg 10a™" at 20 days before sowing. Also, the chemical properties of
the tested soil with BC after corn harvesting were significantly improved than those in the other treatments. In
particular, soil pH and CEC regardless of application conditions were markedly increased by 0.04~0.19 units
and 0.08~2.58 coml, kg™ in BC treatments than without BC treatments. Additionally, combined application of
BC and IF had greater effects on corn growth than single application of BC. Therefore, the results suggest
using properly BC application conditions and a combination of BC and IF for effective corn cultivation in an
upland field.

Keywords: Corn waste biochar, Corn growth, Soil chemical properties, BC application timing, BC application
levels
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Characteristics of surface and elemental compositions of corn waste biochar used in this study.
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Introduction

Qelueh B ARAA, 8 AE 2o e 4.0 Qg B £, BT o5 8 B LS,
T ARl 9o, 11 A 2R 0] ARof| B AR Gk 71%] 1 Qlet (Cho et al., 2012; Kim et al., 2010). ©]&
o} 22| -2lkS Z7A1717] 919 71 ul o) Aol BoAl T glon), HihHe 2 g etak ORCD
=7t S HAT 771 v 85 7P Wo] AR Sk =7 FRE 5 AL QT (Kim et al., 2012). 7714 BG4
20| 407] 0188 4 H= o] YA, A|H 02 AT A9 EF TS SN 4 U7, 51 oA 2 A2
A5o] ZHaE= o] 9lo] ofof| tigh a7t E a9t AXoltt (Guo et al., 2010; Miao et al., 2011).

Biocharis ®71271014] 4, B, &), ] 3 e} 2r2 cheygh AR S0 %EE’BHE 254 Ay Bt
AKSH 14| =4 o]t} (Abujabhah et al., 2016; Butan et al., 2015; Kang et al., 2016a). TE, HT 9 QlFH|o]A 4
HollA biochar A8 E<F, A&, 12|11 ti7187g <] tisl -+ 5} S7} =i Biocharl] EFA &2 8
571, BPE v B AYEA] ] 84 52 R TRl B EAS WS = A o & AR A It (Carvalho et
al., 2016; Jien and Wang, 2013; Rutigliano et al., 2014). =3F, blochar@r B714 v 5.9] 23} A|-8-8 ZRE-0] AUALA]
2 2744121 2 9JehiL Chan et al. (2007)°] B1H i} §Jck S5, 242 Jstato] chh biochar A8 k= oftio] 2
Y EQfo] ofio] Baot ko] H]5)| o] fl&ol2tal H11E|o] (Kang et al., 2016b), EQF H| S L7} L2 EQFo]
A] biochar 2] g-g-o] wolx] 11 Itk SEA]TE biocharE -2 pHEFECE 7HAI1L 917] w2l 243t 7|5 glo] B
Qe 7 20 271880 AR 895 & 4 Utk (Kang et al., 2016a). ©|H ©]-5-2 biocharE &-83+ 2F=
Aol A= 57 2HEoll gt biochar o] 27 2710l B agH Aok

AIA 3 A= 5‘}‘/}0 S AT eestal w9 WA AiEe] ot d 2] A=Al Lo ™ (Lim et
al., 2014), Tha> 2Het EqFoll A e & 2je}7] uffiZof| QeldFe 9 AlatEE AulE o] it (Roh etal., 2015).
SPARE 21 o1 F RN OJof S8 HISE 0 FE S| P80l Helslo] 7ol B5ekm ol FA2
ofo] tiiet Aul =] 7F AEAl 27 ATt (Na et al., 2016).

olo] & AelME S5 Ul AEE AASt, 7ol @4l thestal S0 S S35 Slol

biochar®] 7 £917]22 A7s}e] 5710l w3 9 g-8shar sl

il

rlr

mx

= =

Materials and Methods

Al 2z 2 AN AR biochar= A w3 A] Aol PIA[7H et FE-g7goll A A

=
-{Oh
r{o
il
3
M

HAFES AFSSHAT Biochar AlZ7d2] W ALY Fig, 1014 Ha=HEeFLTY. Biochar AXg A= ﬂ%"ﬂ/ﬂ A
d591 s 7}011/‘1 2 A F AR 715 S EE (LIFH) & AR E ARSI o, EEO] 27 W o=
2| O] o AR B} ZTHH B0 9 A HAVE O] GHS| A F7 7ot 4= Q1 s Y

=&ENCH, 4 3%01]% ke AAlsto] shsdgolM W= A717HHIEE 4= A ARSHATE Biochar A% A

ARG 87 1= ZEIQIEI2 AP O] A (U 3HH) S ARESEIEE Biochar A% A U Mol A7 EAE 96t
o7 gH

=

ZIAFH o, GES] AR 1Al AT}, AlZH biochar] %*é% Table 14 Hi= e} o] pHE=10.260]%137, EC
7+0.27, 1.84, 4.71, 0.89 2 0.42% ©]3Jch.
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Table 1. Characteristics of corn waste biochar used in this study.

Bulk density pH EC T-N T-P K Ca Mg
(gem?) (1:10) (dSm™) (%)
0.12 10.26 8.46 0.27 1.84 4.71 0.89 0.42

Preparation Pyrolysis Stabilization Completion

Fig. 1. Biochar manufacture process.

B B2 A ] At o] ofdtoll A AiFst o, 84 W 3552 27 1.24 g om” 2 45.3%°19)
ok E2 1% 32 mm AE AR F ASSIS 111 512 EAJ2 Table 2°ﬂ A K= vkt Zt. E9F pH=7.059]
37, ECE=0.35dS m™o|21 0™, OM @ T-N 3t2Re 717} 14.58 2 0.39 g kg o] AT} T3t Avail. P,0s 2HFS 84.3
mg kg 0 & ZAFE|G).OH, A K, Ca, Mg©] ’c‘z. 2 CECE742}0.22, 5.82,0.56 2 6.35 cmol, kg ' 2.2 ZALE]
At

Table 2. Properties of experimental soil used in this study.

Bulk Avail

. . . -1

density Porosity pH EC OM T-N PO Exch. cations (cmol. kg™)

(gem?) (%) (1:5)  (dSm™) (gkg™h (mgkg™) K Ca Mg CEC
1.24 453 7.05 0.35 14.58 0.39 84.3 0.22 5.82 0.56 6.35

BN G55 FA R Ll (Zea mays L.y& AHE5191.00, Al @ Wagner pot (1 5000a )& 018510 <=7
shatollA] £ Sick.

MdiH S O EOF HIS I JRAS $13 biochar2] 83742 T/ biochar2] A-§-A17 |9} Al g2
02 Utro] 22| AL 2L BT

Biochar2] 2|4 A-§-A|7]E ZAFo}E7] 915l biochar &) A8A7 =24 THE- 2097, 1093 E G2 U+
2 Aol AR A2 7718 HmE AR b2 AET, 18l 771 Bl &} biocharS ERI9H A2
2 dct 7714 )& F *]2]94= Cn (control) BC 20DBS (Biochar 1,000 kg 10a™, application at 20 days
before sowing), BC_10DBS (Biochar 1,000 kg 10a™, application at 10 days before sowing) % BC_ASD (Biochar
1,000 kg 10a™", application at sowing date) 4|22 UFict 7714 HzE A83H #|2]7+=1F (inorganic fertilizer),
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BC+IF_20DBS (IF + biochar 1,000 kg 10a™, application at 20 days before sowing), BC+IF_10DBS (IF + biochar
1,000 kg 10a™", application at 10 days before sowing) % BC+IF_ASD (IF + biochar 1,000 kg 10a™', application at
sowing date) 272 Wl oH, 7718 |5 o] A2 553 A= BA AR 7120l Eshaltt. =
20164 59 19Yof| 150111, 89 27 Yol L4=5 F&ot3lrt.

Biochar®] & A-853-2 biochar] Al-855-2500, 1,000, 1,500, 2,000 kg 102 0 & ZFZF LRe9leh A g x4
-2 Cn (Control), BC_500 (Biochar 500 kg 10a"), BC_1000 (Biochar 1,000 kg 10a™), BC 1500 (Biochar 1,500 kg
10a™") @ BC_2000 (Biochar 2,000 kg 10a) H&7-2 W+3, aP#]=]79] IF A2, 12]3 biochar?} £714
H|2S 23} A]-8<]F BCHF_500 (IF + biochar 500 kg 10a™), BC+IF_1000 (IF + biochar 1,000 kg 10a™), BC+
IF_1500 (IF + biochar 1,500 kg 10a™") % BC+IF_2000 (IF + biochar 2,000 kg 10a™") #]2]7-& W+2Itt. Biochar A
BA7 1= 2A AAIZ & A7 23300 BH biocharS: Bl SUsIALL, S5 A= e dietu ] F842
20X S o] gste] APE|Qom, L451=2016'A 8L 31 Lo mpEoto] 128 9Uof| &5=4-5 S8t

Lol K B2 S50 APSRLF A5 0] 24, 2, ear R AT A7 ZARIG oM, EF B &

S A % pH, EC 9 CEC 59| 8151 S48 2415190
32 A0 AL biochar % E] 28114 E4L w2 T EoF U ARA BAMe] £ot

<47 biochar o] TFFE-2 A =5 52REHH (H,S04 + HCIO0,) 2.2 213 2]51] T-N-2 Kjeldahl 0 2 24
5111, T-P+= Vanadate (UV2550PC, Perkinelmer) 0.2 2451t} A|22] K, Ca, Mg H A 2] & o|HS [CP
(ICPE-9000, Shimadzu) S A}-g&-510] E4351ct.

EQfo] AL 1 =52 FoHS ARES13 9™, pH W EC+= pH meter 2 EC meter (S230 Mettler Toledo)
E ARSI EGO T-N #2412 Kjeldahl ¥, G2 QW42 Lancaster & AFESIGITE 71 242 BIATE ©
2 oF3al, A8 ol IN-NH40Ac 800 2 &3t F ICPE AR8-51o] #AI6H3AT.

Biochar A]-8-Z710] k2 252~0] A8 Avl= SPSS 21 M-S ARSI 5% -F-24=520]14] Duncan’s multiple

range testS 5=Yot ATt

Results and Discussion

S MHHE 9IS biochare| =X AIA[7| MBS biochar®] A&A|7 o] TE S 2240 4
ole} YA F-& AR ATH=Fig. 2, 30lA] B v ek &4 A4 9] AS-2 ZHA © 2 242 biochar 2] A]
BAPI7HHESE S0 2L, 7714 vlmeke] 2RbA 27t 7714 Hlm R el Hlel & S-S Btk
24 biochar AlEA|7]0] T2 £424=0] Zo|= R4 H|5.9] Al-8of AF34Gle] 20DBS > 10DBS > ASD A2+
w08 =0Th S5 AEA O] B9lE BAIF-2 U1 v FA 2ot 771 vl B AL A 2] o] -S4 1t
Z 209 Hofl 291§ BC_20DBS ¥ BCHF _20DBS Az|7ollA] 7P =& AJAl15-S VFER I T, <4<
biochar Al-8-& 11 Gl 291t Aol v el vl i oz 23t S-S B

BiocharZ A-&35F Aol 4] Mia et al. (2014)= biochar®] -2 ECE QI8 2HE-0] AB-80] 9k n] Xtk H gt
H} 910, biochar A-§Fof| T2 |5 A4S 4385} Kang et al. (2016a)2 H| 5 0]4] Fo]l biocharS E %t £¢)



456 - Korean Journal of Soil Science and Fertilizer Vol. 50, No. 5, 2017

150 OAbove-ground part  DBelow-ground part  mEar
120 bed d cd

I abed ab o % abed

8 o abc

E 9 | ‘} J[ E3 %

= ab™* ab b ab

Eﬂ ab ab b

S 60 | a

= b

5 ab ab ab ab ab

] - a
i I I [
u L L i i i i i

Cn BC_200BS BC_10DBS  BC_ASD IF BC+IF_20DBS BC+IF_10DBS BC+IF_ASD

Treatment

Fig. 2. Length characteristics of corn plants in pots under different BC application times. (¥, **, ***Different letters above
the bars indicate significant differences among the different treatments within the same experiment, at p< 0.05).
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Fig. 3. Fresh weight characteristics of corn plants in pots under different BC application times. (¥, **, ***Different letters
above the bars indicate significant differences among the different treatments within the same experiment, at p < 0.05).

St biochar A&l T2 HiF=9] 5o Folido] gigicta gt vt Qlrt. FURARES o8] Az
biochar= G835} o] whet thA zjol= QA]qt 7|2 E.EE 2 pHR} ECE 71|32 STt (Ahmad et al., 2012;

Sukartono et al., 2011; Liu et al., 2011). EYWH] EC 5= 2=2] JLAolE E8|L 07| 74 v|gE 7|7t
AR AEARA] oA Z e = Jlo]q o]z Qlsf —‘E% CE 7F biochar7} EJoll EdE o o7t2lo2 &
ool HIshE 3101, EGHsh= & ot § 7] AlSo] kS n|Rl A o= wekEnh wiebA] AE e
213} biochar Al-8-2 222 g Fi= o4 A Ee] S-26] EYE|o] HYsl|te] Ba g 7 o = mhte). ohH
Hunt et al. (2010)-> biochar”} 7}A] 11 Q)= pH, Y2 59 =

574 2ol 2h=o] sl FH Q&2
et B g up Qlek. o= 2 Ao -RAIRE A0 & biochar?t 5714 W& 0] £ 42|77} biochar = -
] 2.0] Tkl Za| o] H]a] 24 212 0] Ago] AHAH AL Belsk 2= glgit. olAfo] At nlRo] 2 uj
Z=biochar®] & A 8A7|= 2= mkE 20U o)t
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md >

o
o
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244 TS U3t biocharo] HE ABLE MB S5 biochard] AG4-E0] T2 55 41240 A
2 ZAKG BVR: Fig. 4, 59 20] 855 biochar9] A1 §57-2 P4 25:5:0] Al%o] 2t 4:5He
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Fig. 4. Length characteristics of corn plants in pots under different BC application levels. (¥, **, ***Different letters above
the bars indicate significant differences among the different treatments within the same experiment, at p< 0.05).
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Fig. 5. Fresh weight characteristics of corn plants in pots under different BC application levels. (¥, **, ***Different letters
above the bars indicate significant differences among the different treatments within the same experiment, at p < 0.05).

ZAREA Q1 AJS-2 biochar2} 57714 H| =] Eot 2|77 ol A gjto] Hlsf o P43t B85 KAk 7714 H]
7 FA oA 44 A1E A 2] Do 242 biochar2] A]-8<520] 1,500 kg 10a” o1 w control #]2]71<] H]
ol s, 7714 BlE A gTtell A= £ biochar ] /‘1*‘3~r—r°1 2,000 kg 10a™ & wf IF #{=]-] H5] 74
St Ao & ARGt S450] A=A o] F-9lE AYAlF-2 AGH 0 2 &4+ biochar 2] Al-8<E0] 500 kg >
1,000 kg > 1,500 kg > 2,000 kg 10a™ <=0 2 AA|F0| Z4asl= A0S Bt

2120] gofl GrtAoletal B 1% biochar] 2Rt A8 B AEAEC] 2ol 5~50 ton ha! el
a1 HE QIot (Major 2010). SEARE Gl 25, AlZHH, 12|17 YAl whet Al 24 biochar o] £/d0] EEiA]
7] whiol 2F=2] A 53-8 91_Y biochar A8 HESHA = A] Qhodeh T3, AHEo] sl EYG &
Aol tt27] ufl 2o thE -] T2 §lo] biochar AFATHS 2= 25 0] =2 S-S 7ok | of A7t = AL
2 AtzErh 2 Ao *} biochar= 554 FAFES o8] A X3 biochar2 84U} of 2 FAHE
biocharo]] H]&f| /o] & q% 7F2)a1 Qlet. o] 2 Q18] biochar EQ&F0] B2 A2+ ZEO| T 2 8
F-0] Fejgzto] A= 01301 2] 2] Qdot F4=0] Bgo] x5 H A0 & whekech. T3k Al A gnict 2ol =
UFAITE, biochar €] -2 A8 biochar7} 7FAAL Ql= =2 ECE QIRE ¢ AE|A wjZof AlE0] Aol &
25|l Mia et al. (2014)7} H 17gHE} QIT}, 2= Afja}jo] biocharS 20 2 40 ton ha™ A]-&3 Zhang et al. (2012)-2
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biochar T2 2] ]| H|5] 2F 7~14%2] &< G1= B Y1, A-8550]20 ton ha'Y o] 817} o] &Qith B
$hH} 9tk ESE Uzoma et al. (2011)-2 biochar Al-§ # 2] FollA] €40 £=35:2 15 tha' >20 tha' > 10tha” >0
tha'! <=0 2 =Tyl B sttt 2 A7t 21758490 Hlw= ST Asai et al. (2009)= 2194 A ljollA]
biochar A-8550] 4 ton ha”' & W7} 8 2! 16 ton ha™' o] H]5|| =2 ¥ S22k K 151 A]9E, control & 2|72} 2 2}
o] gittal B 15t T. BFHO| Kim et al. (2016)+> biochar Al-8<0] 7FY =2 A 2|+tollA &44=2] ZA=F°l 7}
7 E=UTHL B gk al Qlot whEbA] biochar2] 478 A8t 2He B EF S/d0] whet 2efA|H, o 5ol wiet
A 7714 & T 17180 A8l ST Bt 2 2HE 0] S 71t o ol& A o= mekEnh o
o] At nj2o] B uf, E Ao A= 24 Auljof] 233t biochar 2] Al-8<4F2 500 kg 102 0.5 X453

244 283 E%*EI statx| wal i—;—rblochar A2 A0gI0] 844 Al 5 EF] pH, EC 2
@)
Biochar 11710 T &5 A E555] 54 Ml Tabe 37126k, A814L0.2 51 12 Aol 4

o] ILE biochar A 2] 7oA E%F] pH, EC, OM, T-N, Avail. P,Os, CEC 5= Cn @ IF 2| 2]7Lo] H|s] EoFo] 5}
12 o] 7= 3L, biochar A8-A]7]0f mhE Z 210 |= §ISITE Biochar A8l mhE E<F2] ofet] £/

Table 3. Changes in Soil chemical properties under different BC application times after corn harvesting.

Treatment pH EC oM T-N ?)vgﬂ. Exch. cations (cmol. kg™)
2Ys
(1:5) (dSm™) (gkg™) (mgkg™) K Ca Mg CEC
Cn 7.08+£0.01 0.32+£0.02 13.2+0.11 0.36+0.02 82.1+1.03 0.24+0.02 6.19+0.10 0.53£0.01 6.38+0.05

BC 20DBS 7.18+£0.02 0.40+0.03 14.2+0.02 0.40+0.01 95.3+0.70 0.67+0.01 5.99+0.05 0.56+0.01 6.95+0.07
BC _10DBS 7.18+£0.03 0.43+£0.02 14.2+0.08 0.42+0.01 96.0+1.68 0.67+0.03 6.11+0.08 0.62+0.01 6.93+0.08
BC_ASD 7.16£0.01 0.42+0.01 14.2+0.05 0.41+0.01 96.2+3.81 0.69+0.02 6.07+0.10 0.57+0.01 6.95+0.14
IF 7.05+0.06 0.38+0.01 13.0+£0.05 0.36+0.04 88.1+2.31 0.29+0.00 5.82+0.03 0.56+0.00 6.45+0.05
BC+IF_20DBS 7.19+0.06 0.43+0.02 14.2+0.08 0.42+0.03 103£2.55 0.68+0.02 6.14+0.05 0.61+0.03 6.94+0.09
BC+HIF_10DBS 7.16+0.03 0.42+0.05 14.2+0.02 0.41+0.02 107+2.26 0.62+0.01 6.16+0.06 0.64+0.01 6.94+0.05
BC+HIF_ASD  7.16+£0.02 0.43+£0.01 14.2+0.08 0.41+0.06 107+1.70 0.62+0.01 6.16+0.08 0.53+0.02 6.90+0.08

Table 4. Changes in Soil chemical properties under different BC application levels after corn harvesting.

Avail.

Treatment pH EC oM T-N PO Exch. cations (cmol. kg™)

Cn (1:5) (dS m™) (gkg™") (mgkg™) K Ca Mg CEC
BC 500 7.09+0.03 0.33+£0.02 13.3£0.30 0.35+0.04 83.0+1.82 0.16+0.00 5.59+0.10 0.29+0.02 7.62+0.70
BC 1000 7.13£0.05 0.35+£0.00 14.4+0.28 0.37+0.04 90.2+3.40 0.21+0.01 6.51=0.08 0.23+0.01 7.70+0.46
BC 1500 7.16£0.05 0.38+0.03 14.5£0.44 0.37£0.03 93.9+2.38 0.49+0.03 7.31+0.03 0.39+£0.04 9.20+0.31
BC 2000 7.17£0.10 0.40+£0.01 14.7£0.13 0.40£0.05 98.4+1.39 0.63+£0.02 9.01£0.23 0.35£0.02 9.85+0.21
IF 7.24+0.02 0.46+0.02 15.0+0.25 0.39+0.04 102+4.25 1.66+£0.01 8.64+0.10 0.53+0.02 10.2+0.37

BCHIF_500 7.06+£0.04 0.34+0.03 13.4+0.18 0.35+0.02 95.2+0.69 0.26+0.00 5.71+0.08 0.24+0.02 7.49+0.60
BCHIF_1000  7.12+0.10 0.35+0.00 14.2+0.12 0.38+0.03 97.6+5.23 0.33+0.01 5.94+0.17 0.33+0.01 7.72+0.18
BC+HIF_1500  7.15+0.04 0.40+0.04 14.7+£0.11 0.41£0.04 98.4+2.45 0.41£0.03 6.07+0.10 0.30+0.03 7.51+0.45
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Z AR ATH=Table 4014 Hi=1nte} 2tk E9FpH, EC W CEC 5-& 255 biochar A& 2|7} Cn 2 IF 2|2
oF F 2pol & Holm ESFe] 315H4 E/o] /HAE|$L O H, biochar Al-8<<rell whet 31514 Ad2o] S7fol= 23k
© = BC 2000 A&7t BCHIF 2000 Ag]FolA 7MY =2 58 Bt

EJollA biochar®] 3782191 Gt of2] AAREe] oA B E@lsfelEck S /e o qlrar
2214 QJtt (Demir and Giilesr, 2015; Farrel et al., 2013; Kloss et al., 2014; Nigussie et al., 2012; Zwieten et al.,
2010). Biochar= EJoll £=o] Z32Q1 sl gtz Qs EGU] E214dS 7IAAT 4= IAITF (Burrell et al.,

2016), 7}%F2] biochar”F FA&H W7} LS biochar 2 Q15] 2F=2] Bie] Ezlo] E2]a 4= Qlth Tk =2 eh4gl

=44 o

ftlo

AX — =
2 % QU (Asai et al., 2009). b 2420 5, B, T12]al biochar &) /g8 d1efao] 2ot Al-82700 5

2 AB2 ARt 2B 0] AT EO SIS FHAIA 4 Qleka ekt

Conclusions

2 A= S50 AR ESRISEE 75E7] 9150 biochar] XA Al8HH-S A7ste] Sp= AuR] ol A
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