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Effects of Biochar Application on Soil Environment
and Melon Growth in Greenhouse

Kim, Eun-Hye - Yun, Geon-Sig - Chung, Guem-Jea - Lee, Kuy-Hoi *
Jeon, Yu-Min - Youn, Cheol-Ku - Kim, Ju-Hyoung - Lee, Sang-Min

Biochar is a solid substance with a high carbon content, as it is made out of
biomass pyrolyzed under the condition of limited oxygen. This product has attracted
attention as an environment-friendly soil amendment because it contributes to
carbon neutrally and has improvement effects on the soil environment. This study
conducted an experiment to evaluate soil physiochemical properties and microbial
community changes in a melon greenhouse according to the applied amount of
biochar to investigate the growth characteristics and yields of melons accordingly.
In soil physical properties, an increase in the applied amount of biochar resulted in
a decrease in bulk density and an increase in porosity of the soil, improving air
permeability. In soil chemical properties, an increase in the applied amount of
biochar led to a increasing of pH, organic matter and available phosphate content.
In the growth characteristics of melons, there was a growing tendency of plant
height, leaf length and leaf width according to the increasing application of biochar
until 10,000 kg/ha. Moreover, melon yields also increased as the amount of
biochar, 13~16% higher in 10,000 kg/ha biochar application than no treatment.
Compared differences among microbial communities in the soil according to the
application of biochar and found that plant beneficial bacteria dominated in biochar
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treatments. This study demonstrated the potential of biochar as an effective soil
amendment in melon greenhouse by showing improvements in soil physicochemical
properties and microbial communities.

Key words : biochar, melon cultivation, soil amendment, soil physiochemical, soil
microbial flora

I.M B
AR nFA FrlEAES Aiskr] feide AT EY 0] TasH A&
7} AR Ede A7) Al AA BEddes mf ST doltt A& A

= —?—' = .
F4e A% ARANEY 7HEE Hule) Hopns FEods AR SO
AN FAG FAA sk )

(Jeong et al., 2015) A7k v Eo -/]5]' AT+ %%Q’ A AI# 2.

%
-\N
ko
H” bo
rO
o
ftl
e
A
2
s
L qn T b

o
fo
>

N

[>

)

Ay

o

30

2

ol

o
2

Lo

of

oSt

o

H

ﬁ
Ir

N

e tu

~ N

23

~

NN

S&

=

s

R

ol

ER

5

=]

of

(2016)2 %
%é_‘ﬂig 7&%2‘5}4% A7 A HeEriith
€

U
4
)
=
oz
1>
2
k<)
ich
r
A
Jo
N
off
e
o
0
rL
o&‘:‘
é
u)
=
Ol
ol
Nt
S
[@)
2
o0
Ne)
W
X

Nl
i
bl
i
olN
L
>
a4
Hm
o2
(e
i)
it
2
ot
X

Kwak T(2003)°ﬂ oJstH 58] AlAAHA
s 9 7SR ARl FES
e F3E ol Ao o= Rl T F

2 5] fEol dFe AFEW FHo] 71&3tE 1

2
Hu
ﬂoﬂ
X,
i
2
g -
qu
N
Ao
o

2
e o
L2 o
(RO
2oy
W
( ol
2 %
0 I
oo
o i o

Mz
ot
o

)

£ 4

=~ =2
g2 (o
Qo
B ox
—_ Ol'

o -

NI

o ol
e

o)

¢
¥
o
o
oj
o
fru
i
oX,
o

M
9
2
o,
LU
‘O,
ol U
N,
2
=
o Mt
f
ot
f
o2
r 0
Y,
N X re
R 2
ok X rlo
T
2 o mr
‘g
L H‘l o
e -
N £
N
N f
N
s o
N e
Lot
Lo
oX,
X
2

=
__>?1_':‘
mg){_:
+
s 1
rr
m
o2
=
N
i
of
ol
we
Ry
H-I[O _1}0 |
b
oy
P
%0
Ir
)
)=I=l1
o
i)
fo
ol
u

ot
oy O
>

M
z}2] %%—O] FEHkY Q) TH(Paustian et

; iy
©
P,l',
<
ro
—E’
L

al,, 2016). ¥lo] 23tE wlo]l Qu 2~E 2bAV) glE ZoA dEsste THE w4 ol
E2 1 Eo|tt vlo|m 29 Bas RS AXUA A E FEHE EA5t Eg
EYstd g5 wgdrH o AR, AEAT)e AR 4#A 0o (Berglund & Berglund,
2011), 247k AZEAE 7| 5= AThFowles, 2007). £3 B2 &3, 3154, A
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£33 EA4E MAAAA EG NEe a3 AE Aol SXEHE Z0E HilE
(Olmo et al., 2014; Sohi et al., 2010). =3+ Hlo] @2} A2 I3 EFL] o|g}std el ¥
E¢ 24 A E Y tiAe el SFE HIAH A=Y S F AT
= AHJoseph et al., 2014). SHAIRF EQko] {3, vlo] x| 54 9 A wo|
Hlo] 2 217} A& skl vlA = Gl 2 WsA ol Ath(effery et al., 2011; Liu et al,,
2013).

nlo] 2} Aejo] w7 S &= ZHE 9 vlo]| oAk Al wel A E & AAE
UERHSATE Yi 5(2019)2 359 HA F7F 93 npo]ake] AA A-&7FL 2,000 ke/ha
gt BRI Park 5(2021)9] AE@dAE HEAF, 715 AR, = o g vhE 27
Hho] @ A5 S Afu Aol 10,000 kgha® FAS o S0 gAato] 7~14%9] S35t
Tk Olmo 5(2016)2 Hlo] L AHE had 40,000 kg7hAl M Elatel = o] FiFo] fojH o
7V etha &k 28y Bkl 120,000 kg/ha ©14 HoisiAl A& 7§ npo] 3o
oo

B

g F 287} UTH(Sorensen & Lamb, 2016).
U A EZE A E A2 HA A T 24%E AASEL lom 24 g A
3l

= =

=

T AT FE AR A ALE D T O F WE(Cucumis melo L) 3 1d
d

ol
Ay

dot o o

Az2E2 2021d 71F vt AYAE A 1,518 ha, A 41,264 =202 2017 ©]
Aaro] LZEE] ZF74k= FA o] THKOSIS, 2023). £3] WES A4k Al v 59 BANEFSE
H=3HA AHSshe AHE F ShUE 48R o](Deus et al, 2015) EE AujA] Az EF
o B4 o3t W G BEAIF S YT F AT} oo B AFdAME EY HSE QA
g A5 A S-S A% I3 EPNFAZH vlo] 2xf AlS-FFol w2 AlAAN] W2
o] A& Y HAEA, FF FFA vA = a2t EY AE 3] g vA = 9%
< THH R AEstuA gt

L 28 A5 gl voled A&

HE Ad 222y, H7158)S o83 §E& Edo|xEd dFsta] L4 4~51)
7HA S HEGT vel Ak AQFA Tt AR SRS o8t A2(SF 350T)°]
A RBA A AR HA) vpo] @AHE ARESHIATHE I AaA). Aol ARSE vRe] LAk
B4 64.9%, T4 1.9%, AHA 21.9%, A 0.6%2] YAFFOFE o] FH I pHE °F 7 &

£ 245U FREA71EY ST 0 wde e A AW S Saston )
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ol x| Al gl WE EF o|ststy wstel WE AL FE &3
of Fx18], 715 %(2,000 kg/ha), 2.591(5,000 kg/ha), SHH(10,000 kg/ha) 5 & 4422 B
ol T ¥ AEF 30 em 23k AESHAT HEo] @ k= 20221 F-E] 2023\ d74A] 2
A-&3EA AL 2023\ 22 Ao A ulo] @&} 7]E AL 1081(20,000 kg/ha) A 2 TE
ZFsk ek A A ] SH-2(7FE 6 m, A2 33 m)oll 80 cm E2] 47 9] oS wHEIL, 2022
39 229, 20231 39 20¥0l F3F 7HF 40 cmE A3 T A F AQuEtAor 2022~20233
A dxzAe] Auf7|7R] 3~6¥ HH2E= 242 152, 15.7CE Hduiv] 2T A% =9kon,

L 3533, 4122 mm=Z H

oo

[V | e W

2 A5 tiH] 12.2~71.1 mm F7FFATHKMA, 2023). A5 ©
AE AHBFE S SRS FIeHoH I 142 F2 T AR = 7178 A3l
we} 394 5Y AR 25 L Bt AU RE Wit 39 (AR FE5 L
A AP o™ £33 159 A 2.5 LY #FetAn 78 59 A #FE A AT AP
bRl x] 3WHE O = HjX|sle] EoF o3, WE NS P AEFHFY EY VA=
3] st & AR T

8

3 80¥ EY EYAH S AL EY AlFE o#9] =o] TUAH 15 ¢
2 = o|go] FE AloloA] Coret o2 A H3FHTE 105CANA 2447 BEF 1
= AAT * ARESFY FAE S5t 14, A4, 7139 vES ALtsidlon, EY
Q.
[}

b
A EA B (NIAST, 20000 F3te] §XUE, 58, THTEEEF & 43T

ps)

=3, [e] =

FE A F 80974 EY S AT EY AEE EEE 10 cm ZojW O
A P A=A F= ARolA 300g =2 AFASIAT AFHT BEY AEE 7Y

% pH meter (Thermo ORION STAR A21, Indonesia)Z Z7d3} 1., EC Conductivity meter
(YSI-32, Ohio, USA)= S &te] 5uff 3+ gro= Yelliith #71&E &% Tywin®, &
QI4FL- Lancaster 2.2 H]AA|(Varian Cary 100, Australia)S ©]-83t] 43t} X84
Fol29] FFE IN FAFA B3l BIAMASHEE o] 835t ICP (Agilent 5800 ICP-OES,
UsSA)E Z43k3 T
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4. BE A5 o FHEEA 24

T2 574 deste] A4, W ¥4, SPAD (SPAD-502Plus, Konica
minolta, Japan) #koll tHalAl A2 F 30€ 7ol 7] AFZEALE SR, 7094 F7] A5
ZAME AT #Ae A9 A T 100¥87 FE & FF, A, A4F, 35 T, 9E,
FETEF 55 FARIYE oY dEE AFS FHSte] 42 dEA(Master Refractometer,

Atago, Japan)Z =7 3FS )

1

A F 9040 AMHT} BEF ARE @uiAEA ofF st AT 1A
(NGS: Next Generation Sequencing)< 3l Hlo]l 2} X2 EQF wEHAw B4
AT EY AlEE DNeasyPowerSoil Kit (Qiagen, Hilden, Germany)Z DNAE &3}l
DNA SZ& 913t 168 rRNA frz2te] V3-v4 & BHAO R Sk 341F/ 805R ZE}o]
HE AL83}a] PCRE 313 THFadeev et al., 2021). PCR 72 Initial denaturation 95°C 33,
Denaturation 95C 303, Annealing 55C 303, Extension: 72°C 303(25 Cycle), Final extension
72C 5% 222 Fd3A 12 PCR 4F=S A ¥ NexteraXT Indexed Primergs AH-§-
sto] HE golBg e 752 fl8] PCRE 8L 12 PCR 213 $L% o=
10 Cycle =Z3I9t). SZ 9 AZL HEZ O Z Illumina MiSeq® System?] Sequencing By
Synthesis (SBS) 7]&< ©]-&3l AlAA3sATE Loixl A7IAEe o83k ASV (Amplicon
Sequence Variants) analysisE &3t ThFst EF vl ES] 3 Hlu £4& F33tATh

[ex]
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g g FEEA, B olFstdol tig sAA = 2022, 20233 4 AAE 4%
o] SPSS 227 22 A& AF8-3F] 5% ool A Duncan's multiple range testE
T

=
my
H

.E
kI
flist

L B¢ =49 Wst

d

dlol ot A 8w B B4 B4 ATHE Table 17 20 Bde] $HUEE vlo] 2



80 A - &34 - AFA ol 3 - A - - AFY - o]

ko) Al gepel FHA5E GOl A

2 o
Eofol FATY ulo] 0A4E EYUF AT SAVEE Wopx 3

>
=9 o] 8 &S FFANTL B ub It Wang & Liu, 2018). & A3 Ao = B
o] HFo] 22} 10,000 kg/ha A E]7FA] Al&-&o] Eoldol| Frlsle 4T
Bk 20239 AET A 20229 SR AA At frARRE A EFo] e o, bho
2t 20,000 kg/ha A 2lol| A thz=T- thH] 7]7¢¢] kel AA S| SrletaA = =3
o) o7 AT AUE Hlo] ko] Al§-2 Q388 EY =9 FUIE w54
S7HAZT AL Ba1E vR(Yi et al, 2019), BFo] 22} 20,000 kg/ha A 2] ol whe} WEAW A E
&) FETFS FOIEA st FE SO B3 AE S e F= Ao Addh

o
5
A
i
o

Table 1. Physical properties of soils by different amount of biochar addition in 2022 and 2023

Cultivation|  Treatment BUI}( Porosity Three phases of soil (%) Volumetric
ke/ha) density (%) ) — ] water contents
year ( (g/em’) Solid Liquid Air (%)
No treatmant 1.42a* 46.5¢ 53.5a 22.5™ 24.0b 15.9™
2,000 1.39a 47.7b 52.3b 22.0 25.8ab 15.9
2022
5,000 1.36ab 48.6ab 51.4bc 22.3 26.3a 16.4
10,000 1.34b 49.3a 50.7¢ 21.8 27.5a 16.2
No treatmant 1.42a 46.4d 53.6a 22.1b 24.3b 15.5b
2,000 1.39ab 47.2cd 52.8ab 23.4a 23.8b 16.8a
2023 5,000 1.38a 48.3bc 51.7bc 23.0a 25.2b 16.8a
10,000 1.35ab 49.0b 51.0c 23.2a 25.8b 17.1a
20,000 1.30b 51.0a 49.0d 16.8¢c 34.2a 12.9¢

Note: “Means Separation within colums by Duncan’s multiple range test at p=0.05, ns=not significant.
2. B¢ setAl el W3t

Hlol o2k Al 8P B 3HshY 4 A= Table 29 2tk E9F9| pHE 202232
o2 Apoli= HolA| eigront 20231 de] F4 2] pH 6.2 T¥] Hlo] &2 A 2] Al pH 6.5~7.0
S8 FoHoR FTIeIA. HoleAke] pH w2 whNM EYNZFAR AHEstr] 9
st 83 EA F SIUZE 4 EYS pHE S7HA71= &0l ATHBuss et al., 2016).
o] ECE vlo]l 24k g o2 A& A4 EC 71ER] 2.0 ds/m ©|3t2 FA|H 0.2 volx
o.M, Huang 5(2022)°] &l5td who] @ 2o Aol ok ECS| Zae #ed] dff ~EH
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25 SN AEA A FRAE Aol Ut des dElTh /U1EY 3
QIAHP,05) 8] &2 vio] @4k A FollA FolF o= Frkstdtt. o= nt

ol a7} skl e 7= Qo oste] EoF /‘]E W FFol Sk Ao

o X8 ¢Fol Zs, viavls, ZFY &
2K (Zhang et al., 2016) ¥ <
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Table 2. Chemical properties of soil by different amount of biochar addition in 2022 and 2023

Cultivation | Treatment EC oM P50, Ex. cations (cmol - kg)
year | Gehe | P @smh) | @ke) |meke) | o | Mg | K
No treatmant 6.4ns 2.58* 23.7b 418™ 7.7a 2.0™ 0.7"
2,000 6.4 1.6b 24.2b 435 7.4b 2.0 0.7
2022
5,000 6.4 1.7b 24.7ab 442 7.3b 1.7 0.6
10,000 6.5 1.6b 26.1a 442 7.2b 1.8 0.6
No treatmant 6.2¢ 2.3a 21.4c 459b 7.3™ 1.7™ 0.7™
2,000 6.4b 1.6b 24.7b 463ab 7.8 1.8 0.7
2023 5,000 6.4b 1.5b 25.2b 467ab 7.4 1.7 0.8
10,000 6.6b 1.3b 26.8ab 482a 7.2 1.6 0.7
20,000 7.0a 1.4b 27.9a 482a 7.1 1.7 0.7

Note: “Means Separation within colums by Duncan’s multiple range test at p=0.05, ns=not significant.

3. W 2 xg 2 E]:.E./lél

LR

Hiol @ ap Aejol wE WEe] YA AolE dofstaal upol et AlSPE eS| 27
B F7IAS5EE AR WEe] 7] AS54d A3 10,000 kgha A 2Tl M
AT Bl 20220 = v, G, AFClA fFod S7HE Elem 2023ddl= wH,
%, 9%, SPAD FANA fo ]l S7HE UEhiY vl oAk Algo] SUMETEE A5
o] £X15 = 2ol BEFH UK Table 3). W&o 7148 A4 2022135} 202313 2] A3}
41 Hto] @2} 10,000 kg/ha A2 7oA G4, GE, SPAD FAIANA fro 2] S7HE Holw A
§o] FEIATHTable 4). W, Hlo] @2} Al o] S7tEwE WE AFo] AHHo2 F
7kt 18171 918te] 20231 F7HE Y3 20,000 kg/ha A 2] ol A= WE] Z7]9
F71 o) thx7 3 wissh AL ”OW% A}E HHH(Table 3, 4). TH34 725 AW
Hrol e ake] HEd £ BEF] T o7 R U= 4= TVMIA BEY FRERY

S A Ba @ bl o W(Laghari et al,, 2015) 2 Ao B4 HAF Aol A



82 A - &34 - AFA ol 3 - A - - AFY - o]

Table 3. Early growth characteristics of melons by different amount of biochar addition in 2022

and 2023
Cultivation Treatment Stem Plant Leaf Leaf Number of
car (ke/ha) diameter height length width leaves SPAD
Y (mm) (cm) (cm) (cm) (ea/plant)
No treatmant 7.9" 78b* 13.5b 14.6b 18" 54.8"™
2,000 7.9 79b 13.7b 14.6b 18 55.2
2022
5,000 8.0 80ab 13.6b 14.4b 18 55.3
10,000 8.2 82a 15.1a 15.3a 20 55.1
No treatmant 7.8™ T4¢ 14.0b 14.3b 18b 50.1™
2,000 7.9 77bc 14.3b 14.7b 18b 50.3
2023 5,000 8.2 81ab 14.8ab 15.0b 18b 50.0
10,000 8.6 85a 15.6a 15.8a 20a 50.8
20,000 7.8 T4c 14.0b 14.5b 18b 49.9

Note: “Means Separation within colums by Duncan’s multiple range test at p = 0.05. ns=not significant.

Table 4. Late growth characteristics of melons by different amount of biochar addition in 2022

and 2023
Cultivation Treatment Stem Plant Leaf Leaf Number of
car (ke/ha) diameter height length width leaves SPAD
Y (mm) (cm) (cm) (cm) (ea/plant)
No treatmant 10.9™ 133™ 22.8b" 23.0™ 21™ 547"
2,000 10.9 134 22.9b 23.1 21 55.0
2022
5,000 11.0 134 23.1ab 23.2 21 55.9
10,000 11.5 135 23.9a 232 21 55.9
No treatmant 10.7™ 144" 22.2bc 22.8b 22" 56.7b
2,000 10.9 145 23.1ab 23.2a 22 57.8b
2023 5,000 11.0 144 23.3ab 23.8a 22 57.4b
10,000 11.8 145 24.2a 24.7a 23 59.2a
20,000 10.8 142 21.0c 22.7b 22 55.5b

Note: “Means

Separation within colums by Duncan’s multiple range test at p=0.05, ns=not significant.
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Jang 5(2018)¢] ATl = Hpol At A& oz wjFo] Aol AP ] HHFEo R
T 13~20% Z7F8HA AL, Park 5(2021)2 ulol o3l Hel2 S5 8o] oF 7-14%
St Rustgth B Aoy s FEe) AFSFo] ule] o3} 7‘4?4_% S7gte] &
ZH A H(Table 5). vkol et A 278 o] Hd 54 A3E B 10,000 kgha A 270
A FA T ] 20223 202310l g, A, IEF, F5FAL {FoHd SHE &
93 I A3 vlo] 23} 10,000 kgha 2] TolM AE] FESF E*Ol 7P wer iz

T-oF vlwate] 20224 ll= 13%, 2023 elE 16% 57Tt ¥HA, 20,000 kg/ha 2] 2] ol A]
o] AFFFL xTHY wton, g Ay 3 FoH< i}om AT ©lE Lee 5
(2019)9} Jang 5(2018)] Ao ulo] el |7t EvntES] gxof HX= TAF %
oJ27F A Aol okt

Table 5. Fruit characteristics and yield of melons by different amount of biochar addition in
2022 and 2023

Cultivation | Treatment FI"}.I it Fruit F.rult F ruit Total sugar Yield
car (ke/ha) weight length width thickness contents (ke/10a)
Y (ke) (cm) (cm) (cm) (°Bx)
No treatmant 1.7b* 13.9™ 14.0b 3.7 14.0™ 2,587¢c
2,000 1.8b 14.0 14.0b 3.8 14.4 2,717b
2022
5,000 1.8b 14.3 14.1b 3.7 14.3 2,776b
10,000 1.9a 14.6 14.6a 3.9 14.0 2,936a
No treatmant 1.7¢ 14.0b 14.1b 3.7b 13.8™ 2,622¢
2,000 1.9b 14.5b 14.3b 3.9b 13.5 2,777b
2023 5,000 2.0b 14.7b 14.5b 4.0b 13.3 2,870b
10,000 2.1a 15.8a 15.6a 44a 13.4 3,050a
20,000 1.7¢ 13.5b 13.4b 3.6b 13.3 2,580c

Note: “Means Separation within colums by Duncan’s multiple range test at p=0.05, ns=not significant.
4. F(phylum) FFlAe B vAE +3 vl

=78} vhol o2k AT B PAE LS E(phylum) FFAA Bl g A I(Fig. 2)
EE A ZoA Bacillota, Pseudomonadota, Acidobacteriota, Actinobacteriotal] =2 =2 A=
FRTI) H=9ta o]y A o)A AFoA BRuH B4R $H AT Fo Bzl UX
A THWu et al.,, 2017; Kim et al., 2018).

Pyrosequencing 235 HIE O & F FHE, Athd NS 5& B4s nlo] 24} A g

¥ G nAE 230 oy AolE Hlsan. G AE #Ro tedel Ams
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ASVs (16s TRNA amplicon sequence variants) count= X7} =&4% & THEE7}
< vt} Fig. 1(a) ASVs count 235 HH Hlo] &3} X g Fol| A EF v ES] Tk
o] ZHAadhE AFE BT o] ¥re] 3 B YElH = Chao 1, Shannon, Gini-Simpson
T2 A FA T iE] vlo] exp ATl AAFH o E thefAo] v AHAE YEY
ATHdata not shown). ©]23F A= vloleat A & E vAE w39 & tddol &
7HthE o] AT A= o2 Aol AthGomez et al,, 2014). Z12L} Fig. 1(b)2] EF
nA =S & AL FAET el vle] 3k Aol 1~-2% F7Fst=t], ol Hlol
2k Aol os) 54 mAE o Aol ¢33t tFgol destEdt L 5
T AT

(a) (b)

2,000
33,000

32,500
1,500

32,000

1,000 31,500

ASVs count

31,000
500

30,500

Taxonomy abundance count

> > > > X \ud \ag
O ™ O O o ) W 8 )
o (% ¥ oF ¥ o ) ) W oY
o A ¥ o oY o of S
Biochar application amount Biochar application amount

Fig. 1. (a) Number of sequences, a 16s rRNA amplicon sequence variants (ASVs), and diversity
estimates of bacteria in soil samples applied amount of biochar, (b) Total number of
microbial abundance in soil samples applied amount of biochar.

o] 2k A EdoAel B¢ mAE H E(phylum) & BlE ¥SLE AdwEH
Acidobacteriota®} Cyanobacteriota, Thermodesulfobacteriota”} F-*] 2] thH] vlo] @2} X ]+
oA ZAasteE AEFS HHY 21 Acticnobacteriota, Bacillota, Pseudomanadota -2 718153
ThFig. 2). FIAEo] EfoA AMAE o EF pHe PR Odd 2 &3 #x0 9
< "A= 7 Fa% 891 F S E B FEJATHWu et al, 2017; Gomez et al., 2014). TF
9] Acidobacteriat= T2 pH7} @& 4Hd EFolA A5k S4H3 WA E(acidophilic
bacteria) Z(Li et al., 2014), pH #¥ 420 Fo| 4AAAE UEl=dl(Zhang et al,
2017; Wang et al,, 2019) & Aol A ofibd EFR] F-x g0l I8 nio] x5 A2t e
2 EY pH7} S7F8FAL Acidobacteriota®] A g2 #Ash= Aol AT 8]ar vlol
2=} Al 93] Hl&-o] 7343k Cyanobacteriota®} Thermodesulfobacteriotas= Th=2] & 714
nA =S E3stal 7] wiol vo]eat Algow EQF Fr|Ado] MAEY 5713 27

o2 A iy nAdE o] HlEo] EojE Zlor dddEn.
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100% —
? - Verrucomicrobiota

Il Thermomicrobiota
I Thermodesulfobacteriota
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Fig. 2. Taxonomy abundance ratio of dominant bacteria in soil samples applied amount of
biochar based on phylum level.

Hlol @2 A 8] &2 F7}g Actinobacteriotar £ pHeF F 9] FAHAAVF A B
H v} QO™ (Zhang et al, 2017) £ AFo|A Hlo]eat MR EF pH7} F71stH oM,
Actinobacteriota®] ML= 2.8%~7.5% 7FA F7lste Adel €A Yt o] nYE FFHS
T AAE Q76 37|40 BR Hlo] QAHE A& O EA o]E0] TS Aaste g
Ao® vHAaL, EYolA frlES Eilstd A5 AS5S 5 MINEE FEITI
8% 98-S T Ao 2 A5 HY. Bacillota®t Pseudomonadota & H}o| 2.2} ] 2] Lol
H|&o] STkt =H o] &3 IA v 3714 wAdES X238t 7] WE o2 A
o}. 53] Pseudomonadota - HFO] @2} A 2] ol A 2.3%~5.2% 7HA] F7Fstd=tl o] &
AAhaA, AER 2 13|, AAks) M 238t 259 A%, o 2 A FH
o] gk A4 &=3H(Nitrogen recycling)oll 583 IS It ¢#A JThZhang et al., 2022).

A E TR 7Y B4 EYY olgsta SA e 93-S WETHWang et al, 2019).
B AFoA = ulo] 2312] AlgoF 13t Eofol &, 38t EA NAHLE Pseudomonas,
Bacillus, Rhizobium, Azospirillum 52 223353 v ES] A Eo] A3 HA+S HA
F o H(Vazquez et al., 2000; Hao et al., 2021; Wolna-Maruwka et al., 2021), H}o] 2 2}7} &}
T2 W ES 2 NS Tt ZAHEY o Fuiet ASo $54Q nAE FE 24
9] 7hsAd S YERIATH(Gul et al., 2015; Hernandez-Soriano et al., 2016) ©]2] g H}o] 2.2}9]

=
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