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Application Effects of Biochar Derived from Pruned Stems of Pear Tree
on Growth of Crops and Soil Physico-chemical Properties
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ABSTRACT: This study was conducted to develop the manufacturing method of biochar using pruned stems of pear
tree and its application effect on the crop growth and soil physico-chemical properties. In this study, biochar derived
from pruned stems of pear tree at heating temperature of 300 C, 500 C and 700 C in heating times of 2, 3 and
4 hours, were tested in the changes of their chemical properties during biochar processing. The pH, Exch. K, Exch.
Mg and cation exchange capacity (CEC) increased as the pyrolysis temperature increased during the production of biochar,
and the change of these properties rapidly occurred at 500 C. However, as the pyrolysis temperature increased, ash
content increased and total carbon (T-C), yield decreased. And the change of the properties in response to the heating
time was not shown. It was thought that it would be desirable to set the production conditions of biochar at 500 C
for 2 hours in consideration of the change of chemical properties and the ash content and yield. And also, were conducted
the experiments to establish manufacturing method of farm-made biochar using drum biochar manufacturing machine
and investigate the application effects of biochar on the cultivation of chinese cabbage and tomato. Application of biochar
derived from pruned stems of pear tree could enhance pH, organic matter (OM), total carbon (T-C) of soil. On the other
hand, soil electrical conductivity (EC), NO3-N were lowered compared to the control which has no application. The
bulk density, porosity and aggregate formation of soil were improved by biochar application. The fresh matter yields
of chinese cabbage and tomato were significantly increased in proportion to the application rate of biochar. This study
demonstrated the effect of the biochar derived from agricultural byproduct to be as a low cost potential soil ameliorant

by physico-chemical properties in eco-friendly greenhouse cultivation.
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C, 500 C, 700 C), 7FEAIZH2, 3, 4 AIZHEE A7 2 A Blo] QA5 A %3t AHEASLE ARSI vlo] 2.4}
AF2E7} =22 pH, 25, vFulE, Yol $-83HCEC)S 718kl o213k A& EMsh= 500 CollA 23]
ottt AT A 2257t S7HETE 3]sl SUke Al AEA(T-C) T &2 Haste] Alaglos
283t =3 ZFE AT wE AEWSE A UERUA] ol ZFEAIRR T AR50 uje} vio] @219
QRSP 2 A2 Yehgth weba vlo]al QRS 9 38, 585 a8l v A=A nlo| ot Az
500 C, 2AIZEe 2 AA = Zlo] A Ao 2 AZtE QT F7F A7HA| 28 vlo] ate] AlzxdS8Hel]
8l 293 A2GXE ARt v 1A vlo] R AE O E A x-S oA 7|25 ARESt] Al
nlo] e xtel =8 Aol s AT & Ao, o]& AEete] HjFe EvfES AjustHA Hlo] 2219
Al BB HE 2ARE A3 T8 tiH] B9 pH, 77]=(0M), IAEAT-C) o] F7Fskal EC, NO3-N7}F 743151
ok =g Hlo] @4} A8A] EQF] §AUETL WolA 1 FFE 9 YTHES oA E AFE Hol ESF EEAdo]
MAEE E37F Yebgth vlo] akE A8 A} nlo] 3k A8 07 S A v 9 FiFo] F71stHom,
EntEE nlo] oaF A80 7 AEHe] Al 9 o] eIt ERY AR E AMESt] YA vl
25 F7F A A7 A S AFEE A A4 A3 A AAAA] EQF o] 3lEtA Aol Bt Qlod
N87A w7t EGHd &85r & 302 Adn.
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Fig. 1. The procedure of biochar using drum biochar
manufacturing machine.
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s o) B, G 5 2ABKIGL A% R Wske] 4E kg
FEFzRes FENETAY sdAE ATRANE
X71EPe) F3he] BT
3. 23 & a3

24 B L MSH &4

EYES EE 15 omE AF F T8 2 mm A 3.1 A REHY HO|R3 HEEN
£ FHNA E4EH. B B AEA 242 F v AR E o] 83l Az 2 7fIAEE
A B 2 AEA 2480 FAT uoloxs Azt druisie zaAle dvs
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Holl 2J5}e] pH meter (Star A211, Orion, USA)9} EC
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A= Kjeldahl 7, 7152 Tywin'H, &<
A+ LancasterH 0.2 BA5IHTH XA ol
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Enle} AEAE HSO-HCIOE 5247385k
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BHATE 7182 550 T A7 ZolA 3)3AA
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SAS 9.2 (Statistical Analysis System

Table 13} 2t} vlo] 3} A 2A| AZL=7} 300 C
o] 700 T2 FolAFE pH, 233 ZEK), 7t
TUlE(Mg), Fol-2n g8 HCEC)S 5718kl o
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A ZF43FH THTable 2). 13y 7FE Az o) o A
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Table 1. The Change of Chemical Properties of Biochar by Manufacturing Method

Treatments Ex-Cation
- pH CEC TN T-C Ash
Temp. Time K Ca Mg Na
(hr) a5 e cmols/kg -+ e Ofp wereeenn
2 6.7 15.7 4.5 5.7 0.3 36.5 1.3 51.0 8.2
300 C 3 5.9 22.8 5.6 7.4 0.3 50.9 1.4 50.9 8.4
4 6.2 18.0 4.8 6.1 0.2 40.5 14 50.8 8.3
2 7.9 37.1 11.2 8.6 0.5 574 14 47.3 14.8
500 C 3 8.2 39.2 12.2 9.7 0.5 61.6 14 48.4 12.9
4 9.5 35.5 9.6 72 0.4 52.7 14 48.1 114
2 10.6 42.1 7.0 10.1 0.5 59.7 1.3 46.3 16.6
700 C 3 10.9 51.4 7.4 9.9 0.6 69.3 1.2 46.3 16.6
4 10.9 48.6 6.7 10.2 0.6 66.1 1.3 47.6 143
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Table 2. Production Yield of Biochar by Pyrolysis Temperature and Heating Time

: Temp. 300 C 500 C 700 C
Biochar :
Time(hr) 2 3 4 2 3 4 2 3 4
%
PSPt 48.7aF  45.4a 45.3a 28.2b 28.1b 27.5b 23.0c 21.0c 22.3c
TPSP, pruned stems of pear.
FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
Table 3. Chemical Properties of Produced Biochar Using Drum Biochar Manufacturing Machine
Ex.Cation :
pH EC CEC T-N T-C Ash Yield
K Ca Mg Na
(1:5) dSm 00 e cmolc/kg ................ O woveeee
9.2 13.6 16.0 72 4.7 0.3 28.1 1.2 46.8 15.8 28.2
Table 4. Chemical Properties of Soil by Biochar Application in Cabbage Cultivation
ivati Ex.cation
CuIFlvatlon Treatments pH EC oM Av.P;0s  NOsN T-C
Period K Ca Mg CEC
kg/10a (1:5) dS/m gkg mg/kg - % e cmolgkg -+
Spring No treatment  6.3a 6.3a 12.4a 919a 372a 0.8c 038  10.5a 2.8a 9.4a
PSP1100 6.3a 6.4a 12.9a 939a 313ab 0.8c 0.42a  10.9a 2.9a 9.5a
PSP 200 6.4a 5.3ab 13.3a 950a 188ab 1.1b 0.46a 9.9a 2.5a 9.2a
PSP 300 6.5a 3.7b 13.2a 956a 140b 1.2a 0.43a 9.4a 2.4a 9.4a
Autumn  No treatment 6.7b 1.8a 12.5b 902a 60a 0.8b 0.35a 7.8a 1.9a 9.4a
PSP 100 7.1ab 1.9a 13.0ab 925a 36ab 0.9ab 0.46a 8.1la 1.9a 9.5a
PSP 200 7.2ab 1.6a 13.5a 901a 36ab l.1a 0.41a 7.8a 1.9a 9.5a
PSP 300 7.4a 0.9a 13.3ab 918a 17b l.1a 0.46a 74a 1.7a 9.7a
TPSP, pruned stems of pear.
FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
F71E2-d 3 26(4), 2018



16

e, o

Ofol

=g

AFel Aub= Table 4, Table 59 2t vl AufA
HRo]| 2} A8 0 & FAT | & FA18 the] Egke]
T-C §go] F71sa, 7FeA7lole B4 pH,
718, T-C §ol S7kete ekt =% vt
o]t Aol oJafA Eke] NO-N % EC7} 57
Ao = vlopx] npo] @k Al-go] AEAMA] A7
7ol &37F A& YERN AT Table 4). 1 U0
Hpo) @3} Algol odk FRo|GHE FUbo oS
2-E-9 g e o=z
g . BEULES Aujete] E
o|at AlgOoE FAE

H] E<ke] pH, %71“ T-C ggFo] S7kshal EC
7} wobA wiFAuie} fARE AES UERITH
Hlo] @ 2} Algol )3k Eokslshy WMElE EY %
el we} ztol7} Qs Ao R AYZEoe] Bz
o gh= AlEF 7S AR fEiAE EY EC

FEoL Eoke] R7]8 A ANON) T
Hlo] 93 A §3FE TR Ao] F5 53
oF & 7o A7 v 248 247 A3
20169 7HA) 5 Eoe] Belg e 2R ATk
Table 67} o] Wi% AA ol o3 A gl o)
A Eope] §AHUEI} ol on, oed BAFE
EhE Aol fARIA Lehsith, SRk A
Sl AL uo] 03} A4 EoFe] AU}

opA|aL 5 Yol FAHCR o4 9l

=
=]

rtﬂ&

QL=
o 1

=
Al kA AR A ] Hlo] @3} Ao
o Eelgol AHBE & & ATh
3.4, Hi 2| Blo|232} A0 9I3t XS

© gl A
NS U 2

L2E 2d A3t &, TRAY
2 AES Aulska 20161 8719 w9} EvfE

W) 2] wlo]

Table 5. Chemical Properties of Soil by Biochar Application in Tomato Cultivation

CuIFivation Treatments pH EC oM AvP:05  NOsN T-C Excation
Period K Ca Mg CEC
kg/10a (1:5) dS/m gkg oo mg/kg e % e cmolgkg oo
Spring No treatment 7.2b 1.7a 11.7a 418a 19a 0.6b 048a 53a 1.6a 8.6a
PSP 1100 7.4ab 1.2ab 13.4a 467a 22a 0.8ab 0.6la 52a 1.6a 8.7a
PSP 200 7.7a 0.8b 12.2a 439a Ta 09a  0.66a 5.5a 1.7a 8.8a
PSP 300 7.7a 0.8b 12.4a 450a 11a 09a 0.67a 63a 24a 8.6a
Autumn No treatment 6.9b 0.7a 12.3b 466a 18a 0.6b 035  6.0a 1.8a 8.0a
PSP 100 7.2a 0.7a 13.9a 473a 14a 0.8ab 046a 63a 2.0a 8.4a
PSP 200 7.2a 1.0a 13.7ab 530a 19a 0.8ab 045 64a 2.0a 8.0a
PSP 300 7.3a 0.6a 13.4ab 496a Ta 09a 043a 6.4a 2.1a 8.1la
TPSP, pruned stems of pear.
FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
Table 6. Physical Properties of Soil After Biochar Application
Cultivation of chinese cabbage Cultivation of tomato
Treatments - - - -
Bulk density Porosity Aggregate Bulk density Porosity Aggregate
kg/10a gem e Ofp woveees gem e Ofp woveeens
No treatment 1.36a¥ 49.1a 44a 1.24a 53.4b 5.9¢c
PSP 1100 1.30b 50.4a 5.2a 1.19b 55.0a 8.3ab
PSP 200 1.27b 51.4a 5.2a 1.21ab 54.4ab 9.0a
PSP 300 1.30b 51.3a 4.9a 1.22ab 54.0ab 6.7bc

TPSP, pruned stems of pear.

FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
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o] B5 8l s AR 2= Table 7, Table 8, o] F g2 & A7l AR Aol ey
Table 99} 2T Hio]l o2} Al g2 HjS=2] J4 5l HEO] 2} 200 kg/10a A& Al F-A1-8 tiH] 5.3% S7F
FE T AFo] FAEol His) FAIH o= Fasiid S 7He ATl 1.7% S7FsaTE ERE 100
3(Table 7) 2 F2710= 418 the] Hiol2 kg/10a Bl 22} Alg Aol 7HE A7 SAHR]

2} 300 kg/10a Al8A 13% S7Fskdal, 712270 2ol & YebH A8 thiH] 14.9%7FA] S71sHA
= 20.2% S7}F8HATHTable 9). TEFF vl A A] vio] THTable 9). Hlo] 22h= A-&3tH Al&aAT} o] &
AE 2 Agshal EvtE RS AR A vt ZFital Baso] glo)'” nlo)extel 18717He
o|at Ao & FAE tiH] FEe] ATt St SUTH o AL ANE&FoEE s ASH T
SR HE G A7) fIITHTable 8). &5 SOl B2 Zloz AztE) T3 ulo] 3}

Table 7. Effect of Biochar Application on Leaf Length and Width of Chinese Cabbage

Spring Autumn
Treatments ; ;
leaf length leaf width leaf length leaf width
kg/10a cm cm
No treatment 36.8aF 30.9a 52.5b 37.2a
PSP 1100 38.2a 31.6a 55.4a 39.1a
PSP 200 38.4a 32.3a 56.2a 38.6a
PSP 300 38.9a 32.1a 56.2a 39.2a

TPSP, pruned stems of pear.
FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).

Table 8. The Fruit Weight, Number of Fruit and Sugar Content of Tomato by Biochar Application

Spring Autumn
Treatments —— - —— -
Average fruit weight No. of normal fruits Sugar content  Average fruit weight No. of normal fruits Sugar content

kg/10a g ea/plant Brix g ea/plant Brix
No treatment 226.8aF 14.7b 6.4a 334.3a 14.9b 4.5a
PSP 1100 215.5a 15.7a 6.7a 332.7a 17.2a 44a
PSP 200 224.4a 15.7a 6.6a 339.4a 15.9ab 43a
PSP 300 207.1a 15.7a 6.5a 330.2a 15.2b 4.5a

TPSP, pruned stems of pear.
FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).

Table 9. The Fresh Matter Yield of Chinese Cabbage and Fruit Weight of Tomato by Biochar Application

Cultivation of chinese cabbage Cultivation of tomato
Treatments - .

Spring Autumn Spring Autumn

kg/10a kg/10a kg/10a

No treatment 10,590bF 11,315b 7,444a 10,672b
PSP 1100 10,055b 12,972a 7,451a 12,264a
PSP 200 11,224ab 12,698ab 7,836a 11,495ab
PSP 300 11,968a 13,595a 7,622a 10,937b

TPSP, pruned stems of pear.
FNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
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