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Abstract: Biochar is necessary in various aspects such as responding to climate change using carbon

sequestration and improving plant growth through soil improvement. In agriculture, biochar research

is being conducted to increase crop growth, but research targeting trees is rare. Therefore, this study

monitored and analyzed changes in soil environment and tree growth according to biochar treatment

(16 kg/m?2, 4 kg/m?, 0 kg/m?) of Zelkova serrata growing in green areas in residential areas. From July

2023 to March 2025, soil moisture, soil temperature, and electrical conductivity data for each treatment

area were acquired, soil physicochemical analysis was performed, and the diameter at breast height,

root diameter, and tree height of Zelkova serrata were measured. The monitoring results showed that

soil moisture and electrical conductivity were statistically significant in the soil environment, and the

16 kg treatment area had significantly higher water retention capacity and electrical conductivity than

other treatment areas. In soil physicochemjcal analysis, cation exchange capacity, organic matter, total

nitrogen, and total carbon showed statistical significance. In tree growth, statistical significance was
shown in the diameter at breast height, and the 4 kg treatment showed the highest growth rate
(24.55%), while the 16 kg treatment showed the lowest growth rate (19.46%). As a result of confirming
the correlation, it was confirmed that the higher the soil moisture and electrical conductivity, the more

unfavorable it was for the growth of the diameter at breast height. This study revealed that excessive

biochar application (16 kg/m?) can actually inhibit tree growth and identified the optimal application

dose (4 kg/m?) for soil carbon storage capacity and Zelkova serrata growth. This will serve as valuable

baseline data for developing effective biochar application strategies for creating and managing green

spaces in residential areas.

Keywords: Diameter at breast height, Soil moisture, Electrical conductivity, Carbon
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type-Al type-A2 type-A3
™

33M

type-A1l type-A2 type-A3

type-A1” type-A2”° type-A3”

type-A1’ type-A2"’ type-A3™’

Figure 1. Biochar experiment site. A is the experiment site located in the carbon garden next to the National Arboretum’s

BN

Four Seasons Greenhouse. B is the layout according to the type of carbon garden. C is the three test plots
according to the amount of biochar used, and each test plot is divided into three parts, making a total of nine

test plots. D is the Zelkova serrata planting site
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Figure 2. Results of monitoring soil environment changes according to biochar usage. A represents soil moisture, B represents
soil temperature, and C represents electrical conductivity. Soil moisture and electrical conductivity showed statistical
significance (p<0.001), but soil temperature did not show statistical significance
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Table 1. Results of ANOVA analysis to determine statistical significance of biochar’s effect on soil moisture, soil temperature,
and electrical conductivity

Variable Df Sum Sq. Mean Sq. F ratio p-value Critical value
Soil moisture 2 1081.887 540.943 48.578 0.000000004*** 3.403
Soil temperature 2 0.504 0.252 0.003 0.997 3316
Electrical conductivity 2 0.048 0.024 17.886 0.000007697*** 3316

£9<0.05, **p<0.01, ***p<0.001

Table 2. Changes in soil physicochemical properties according to biochar treatment amount

Biochar |Av-P205| CEC EC | ExCa | ExK | Ex-Mg | ExNa | OM | pH | Soil | TC | T-N
throughput | (mg/kg) | (cmolc/kg)* | (dS/m) | (cmolc/kg) | (cmolc/kg) | (emole/kg) | (cmole/kg) | (gkg)* | (1:5) | texture | (%0)* | (%0)*
l6kg | 2271 998 | 027 | 644 0.24 1.01 012 | 3126 | 657 S;;‘ily 1.81 | 0.04
4kg 13.81 9.04 0.19 | 466 025 0.73 0.13 | 10.11 | 583 Slzg‘iy 059 | 0.01
0Okg 1651 7.9 019 | 478 0.24 0.83 0.11 458 | 587 Slggﬂf 027 | 0.01
#p<0.05, ¥*p<0.01, ***p<0.001
0.13m$/cm(0.10-0.16mS/cm) Q1 E| H] 3} 4kg?} Okg A o] Z&5t0] A AL AAA A 7] o g Holrt
2] t= Z+ZF 0.04mS/cm(0.01-0.10mS/cm), 0.05mS/cm (Davys et al. 2023). BF -G-8 14H A7 |- &, 218
(0.01-0.16mS/cm) &= LFEFLL OF 2.6H 207} WiTh. o] & UEF AgHd nf1vls, A 25 A8 4w B
&9l 16kg A 277} T2 A 2] o]| vl & A7 A FAEE AT 7 SAH R Foulgt Aol & K
EEE 713 AL 891519I T Figure 2C). E% 34 ¥ o] x| QI tH(Table 2). EY AIAE E-&3t S04 =
Sl et 5AH RS BRI Yt YPRAE AVAELEI EAH O Ro5HH AT E o] 3}e}
KoK B 423 I HEEE Aol 7Hp<0.001)7t A BHoIAE BAHOR f2J517] ok A0 2 L
deou B¢ ewolAs Aol ueriA gkt itk B ALl 9 olsjekg 4 At e

(Table 1).
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Table 3. Results of measurement of changes in Zelkova serrata growth according to biochar usage. Total growth according
to each biochar usage was obtained using the latest data from March 2025 and the first data from July 2023

Biochar e Dlamete.r at Growth rate Diameter Growth rate Height Growth rate
throushout month breast height %) atroot collar %) () %)
SR (ryyymm)y | (em)* ° (cm) ’ °
2023 /07 3.47(0.19) - 5.21(0.33) - 329(47.17) -
2024 /01 3.71(0.28) 6.92 5.68(0.58) 11.04 329(24.37) 5.04
16k 2024 /07 4.08(0.25) 10.22 6.35(0.55) 11.85 313(14.65) 4.12
& 2024 /10 4.12(0.26) 1.46 6.69(0.64) 6.03 322(13.12) 2.90
2025/03 4.15(0.26) 0.32 6.79(0.71) 1.37 346(18.79) 0.71
Total growth 0.68 19.46 1.58 30.90 17 5.08
2023/07 3.58(0.21) - 5.53(0.38) - 326(58.76) -
2024 /01 3.78(0.31) 5.57 5.63(0.78) 5.47 335(21.81) 4.88
ik 2024 /07 438(0.47) 16.41 6.75(0.69) 15.85 314(19.10) 7.01
& 2024/10 4.43(0.44) 0.79 6.88(0.72) 1.85 323(21.86) 0.54
2025/03 4.49(0.43) 1.30 6.91(0.80) 0.42 341(30.68) 291
Total growth 0.91 24.55 1.38 24.85 15 7.35
2023/07 3.59(0.18) - 5.67(0.28) - 325(43.77) -
2024 /01 3.87(0.23) 7.61 5.96(0.51) 5.81 333(21.05) 3.61
0k 2024 /07 4.31(0.19) 11.55 6.84(0.31) 14.58 315(15.09) 4.07
& 2024/ 10 436(0.27) 121 7.13(0.31) 429 328(20.02) 244
2025/03 4.39(0.26) 0.63 7.32(0.45) 2.81 341(18.54) 1.14
Total growth 0.80 22.18 1.65 29.20 16 522
*p<0.05, **p<0.01, ***p<0.001
QA EFAE JHATNEAMIAY HEL S PHOR JTAEL 5 wslehe WA A A
At B HEFE, AIB AN OSA AR AR
< B eaH) )25 ‘*b}oﬂ Agst= WA A
- LEIL}E M DL|EE Zo
4% 582 AT ek weba Hpole el pe g 2 SRILT 88 SUHE S5
Zre) A E4o| H7 e Qe gt Eofo| 717 of R 5.2} 20234 79 BYE Y3} 2025 39 ZYEFHA =
(&S FolRASEHF AT v, A% AEH SEUYRS FaAA, 2984, FALE WL
B LS, AR DET 2 AT A7) 2R AT 25 AR (Total growth) S TIGH A} vlo] 9.3} e
g0z Qo) EF AR EAR O SelulsiA ol T Hol7h Lhehdrh(Table 3). B2 Ao A=

3FolA] L} 4= A tH(Zhang et al. 2025). = HA 2 v}
o] @ }o] EAJ 3} AlH| o] EFO] YA F &5 S
FE 5AHOR Foulgt EF AL HIE 4o
71710l Z-EHA] %2 7/ 0l AT (Saroop et al.
2017; Kabir et al. 2023). H}0] @ 2}2] EOF A AF50
e 98 B, QB 25, 3= 5 TRt 2919
o2t %ﬂ‘rxlﬂ% Z20] w2t o 2A T 4= 7] o
o] th(Singh et al. 2022). S5+AS 1 o] A¥}=Hf
O] AT EF AT vl A= FF = Tt
A7} ok Hlo] @ 2}o] .55+ EA4J 7} EoFO]

4kg A 2] F>0kg A 2] 7L>16kg A 2] 402 L}E}H- o
™ 4kg A 2| Lo A 24.55% 2 7MY 2 B ES

I 16kg AT Lo AL 19.46% 2 71 Fe BAES
H itk vho] @ A5 AHE-GHA] 942 Okg A 2]+o]| H]5f
Hho] Q A5 AHE-3F 16kg A 2] Lol A AdE0] T WA
UEFSTH Y2 Aol A= 16kg A 2] 4->0kg A 2] -
>4kg A 2T 420 2 UEpt o™ 16kg A 2] 71 30.90%
27 22 AAES H YT 4kg A 2] T A 24.85%
2 7M Udo ARES H 9t} Hlo] 9 AFE AFR5}HA]
-2 Okg A 2] -o] H] 3] 4kg A 2o A AJFEo] H
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Table 4. Results of ANOVA analysis to determine statistical significance of growth for each characteristic based on total growth

amount
Variable Df Sum Sq. Mean Sq. F ratio p-value Critical value
Diameter at breast height 0.408 0.204 3.885 0.028* 3.220
Diameter at root collar 0.576 0.288 1.055 0.357 3.220
Height 160.533 80.267 0.036 0.964 3.220

£p<0.05, **p<0.01, ***p<0.001

Table 5. Absorption coefficient used to calculate annual carbon dioxide absorption by Zelkova serrata

. . Basic wood Biomass Urban tree Root-shoot | Carbon

Allometric equation a b . . . . .
density expansion factor | conversion factor ratio fraction

Y=0.0006DBH"1.73624 | 0.0006 | 1.73624 564 1.45 0.8 0.26 0.5

DBH: cm, Basic wood density: kg/m?

Table 6. Correlation coefficients and statistical significance between diameter at breast height growth and soil moisture,

electrical conductivity

Variable Correlation coefficient p-value
Diameter at breast height growth vs. Soil moisture -0.460 0.016*
Diameter at breast height growth vs. Electrical conductivity -0.403 0.037*

%p<0.05, **p<0.01, **%p<0.001

WA Yebg T 3l kg A 2] TE>0kg A 2> 16kg
2| &0 & UEbt 0o 4kg A 2] L7} 7.35%E 7}
=2 WAES BT 16kg A 2|77} 5.08% = 7HY
%o axt=2 9 Btk & ARG vlElo g EAF

o

7192 S 3 AL 2o 5213
oA m&aqu%ﬂwﬂwoqawﬂ
A3t 5T 901 2 ekl kot

(Table 4).

wto] 9.4 elo] WE LE R F17

312 Bl 0.2 Azt o AlBkek A B4

A 2ol TP LA

AR 71 0] T Al<=(Korea forest research institute 2012)

of LElR 395 FTA o] 27 AHYE D

217 MY 6.0-50.8cm)= FIL 2 51
Table 59} 2t} gutal o 2

412 3157 89l (6cm ©)3)

A8 F147 W97} 6 Ao v

om gHASE

WEO A A3t AT A

o} 2 Qdpo]H =

Afo|7} gLt AT W] el A
% ATE Al SokAth 34 A7} 4kg( 2-6kgCOZ/—“E:)>
o] % 7(2.3kgCO,/2)> 16kg(1.9kgCO,/ ) 42 O 2 4kg
2] 2] (2.6kgCO,/E) 0| A AZF o] Abatet A F4=ego]

2 X" H%Hoﬂl:

= T10

U] o]-_,_

7V A Rt 16kg A 2] 7(1.9kgCO,/E)ol| A 7}
2 u-;ﬂ Uehdth £4 4 90142 skols}r] 95t A
AR A} 2] 2] 7F o] 7 LR THp<0.05).
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EoF 2Tl A7| AL £} gk
5}7] 915}l Pearson A LA TS /‘}%6
AS B4 A 1A% 387 PR
, A7 AL E 7H0] Afab A4 242 r=-0.460,

r=-0403°.2 YER} 9] ATIA 7 Yo §
A 02 213 A (p<0.05) 2.5 LHEFTH(Table 6). ©]
£ 59 B 483 WHER R0l 48 §17
A Blstgct. 2 A7
A<= Okg A 2| E Tt 4kg A 2] Lol A 2 ol &
Qroo|r BE16}t o o RS H Qo whabA
FF 712 BUH YA Al ESHE A S Bl 24
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Table 7. Optimal biochar treatment amount reported in previous studies
Species Optimal biochar throughput Biochar experimental scope | Study area References
Allium fistulosum 0.2 kg/m? 0.1.0.2,0.3, 0.5 kg/m? Greenhouse Jang et al. (2023)
Brassica rapa var. glabra 1% 1,3,5% Greenhouse Ohetal. (2017)
Brassica rapa var. glabra 0.3 kg/m? 0.1,0.2, 0.3 kg/m? Greenhouse Jang et al. (2018)
Brassica rapa var. glabra 10% 10, 30, 50, 70% Greenhouse | Hong et al. (2020)
Brassica rapa var. glabra 0.2 kg/m? 0.1.0.2,0.3, 0.5 kg/m? Greenhouse | Jang et al. (2023)
. TP 0.25 kg/m? (Root collar diameter), 5
Casuarina equisetifolia 075 ke/m? (Height) 0,0.25, 0.5, 0.75 kg/m Farmland | Mwadalu et al. (2021)
Capsicum annuum 35% 10, 30, 50, 70% Greenhouse | Hong et al. (2020)
Lactuca sativa 35% 10, 30, 50, 70% Greenhouse | Hong et al. (2020)
Lycopersicon esculentum 0.2 kg/m? 0.1,0.2, 0.3 kg/m? Greenhouse Jang et al. (2018)
Lycopersicon esculentum 0.05% 0.01, 0.03, 0.05, 0.07%, Greenhouse Park et al. (2019)
. . 0.5 kg/m? (Height), ) ..
Pinus sylvestris 1 ke/m? (Diameter at breast height) 0.5, 1 kg/m Forest Palviainen (2020)
Quercus variabilis 4 kg/m? 0, 0.4, 4 kg/m? Forest Jung et al. (2023)
Zea mays 0.5 kg/m? 0.5, 1.0, 1.5, 2 kg/m? Greenhouse | Kangetal. (2017)
4. 2|H HIO| X} XM2|Z1} M= Hat Q0104 Ciet & TS w0 TS T A=Y A
MeATL AE T(Baidoo et al. 2016; Palviainen 2020; Mwadalu et al.
o Q] Q] A A% o]AlO
B Ao AL Hlo] 9.3} A 2] 2FS 16kg, dkg, Okgo. 202D &3 SAF o} ik e A E 0l
2 A5} A8at AT} akgoll A 714 o] L A EF a2 25 BE AotE EH S5 U0l
o2 Uehton EoF 283 A7 AL T 7 A8 uq THE APt LTS A fld vho] 24k A7
g2 ooy golol Aoz eyt gop sy Tl HElAE FF AFE E redior 2 A=

A7 Ao A 16kg 227} 7HE = A Yebgt=d]
(Figure 2) 5|2 16kg A 2]7-(31.2+£ 1.7%VWC, 0.13
0.02mS/cm)2} Okg A 2] 7-(16.3+3.4%VWC, 0.05+0.05
mS/cm)9] Atolo] Q& kg A 2] F-(20.7 +£3.9%VWC,
0.04+0.03mS/cm)O)| A 7} AJ8-0] £}t (Table 3).
o5 &3l Hio| oAt THF AP A 2 = EY
23 /AR 059 A8 Asts Beg 4 3
Ohe A= gRlstlon 2 $39 EF 80 4
LA5E EHE 4 rts AFATLE 9k St
FHES YO EG g0l OE 27 BT
< SHIgt A3 A-(Park 2006)°)] THEH & FAI=F
2 EF & 60% 20l A H & YR AL 70%
o A= 25]2 aoh= A2 & YETth B3 Gil
etal. (2020)0] A = EY 45 gl w2 Aby| B3
Y A5 A9 A3 EG Y550 = QIRE AAtA 15|
7k ol 7Rs4o] 9lom T 27 E 258
%o Aot Lottty B usigick vlol oAt £

Helh
o] @2} X 2] 7} o " FFE v X|=A| Eﬂ LotE7]
Q5 AYATLE AED HJTHTable 7). =2 A}
O 2 ShHjo| @A} A7 whR| ok ZAES ‘:H Aog
ol AL=0] tjEEHo|ojA F - A9l v = o] H A4t
Hho] @ A} H A A 2] o] gt Asfet o] HIkE
Yo 7]= 8ol o5l wpetet 4= UGttt Hho] @ A} 1}
F A 2ol T S A yehd di 1Al 29 g
Kang et al. (2017) H}0] 2.2} 0.5-2.0kg/m*& A}-8-5}0]
222 Aot d] 0.5kg/mS H A AeFo T
B 5}9dch vlo] @ A} A gl o] ZIILHE 4550
yEgo] Haotgl om Hio] QAR ARG THE EF AE
S “@,—% O kR 30 2 QI3 C/NE
£ o] 8-5Fo] FAs U AAS A
15}9&@ Hong et al. (2020)2 A& 0f t&t vto] 23}
H]-8(wiw) S 10-70% Ato] & B3t5to] Hlo] @ 212 A
251951 A= 35%, W3 10%, 13 35%7F 24 v}

=0
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o] @&} X E]FroletaL H sttt o] o] A AR 73
9 CING 3742 QIE N GEE 240 pH 2712 2
3 25]7 5ol Fol == 27T e Ohetal.
(2017) = B =5 T/ 0.2 B tigh Hio] @ &} vl&
(Wiw)= 1-5% Ato| &= Z]toto] AsHgl2 wl 1% #]2]
7} 71 A3 Aol ek B etk 3% o4}
A2 3= wl Hho] @4} A7 of] whE pH S717F 5o
IS & A2 E WA o] ok EWLE, 4}
Z, 3t 5 TRt 2HEof| Al & o] @A kA 2] Al
A 50] AdtE= Z3E0] UeFTh(Park et al. 2019;
Hong et al. 2020; Jang et al. 2023). 0]} HI}| & H}o] Q.
3 Aefero] B g2 A%o] F7laleiche A7 A3t
I AU Jung etal. (2023)2 AHH 2] A= 1] 32| & O
A} 0 2 0-4kg/m?2] H}0] Q AHE AF8-51 =1 4kg/m?
2 AF819E W 71 Weo] B5kow 29147
O Mop7} 2 Uehyithal Halskgich ¥at aQlo s
84 W% 74, 338 271, pH 27} A 84 ol e
S717} %ol FE FAS Folekn wekelsi.
Mwadalu et al. (2021)2 Casuarina equisetifolias T4}
O 2 0-0.75kg/m22] H}0] QX5 AF8-51 =1 0.75kg/
m*Z ARESFYS W a7} o 2o H]8] 20.2% B =
k2™ 0.25kg/m*Z AHE-SFIS W LU R Aol =T
of wlsh Zh 30.2% =Tkl Haskict. sk 8910
R EYY A U 74 EG 48 F 57
P T Aol 2l AAF5 Tt Palviainen (2020)
2 Pinus sylvestrisE TIAF 2.2 0.5-1kg/m29] H}o] @ 2}
£ AHgsto] ATE W FY5Hl=t] 0.5kg/m?9] HEo] &
A2 ARESFS W) a7}t ofl W] sf 12% 5715t
AT Tkgin] who) 2712 AH819S = 27 4%
o] hz70] 3] 25% Z71e1 ATk ik 2w}
Atk ¥k a0lo 2 B R S 7= 57T
7} FFE FAE A 02 TSIt Jang et al. (2018)
2 0.1-0.3kg/m?©] H}O] @ 2} ARG A9 of A Hlj 5=2] A
S0] 03kgim ) W 71 SO0 712 2710k 8
WUE 74, 338 S/ ABS AU 201D B
Srs}gich Aol w2k who] 9.3 A2 Tt
e 254 ERAT FFo] £l aQlow
pPHS7L A4 AT 74, | AEHA S HUL

3HHA 8RI0E EFFH Z7 84 U 74, T

3857 9712 27 52 B
v. 28

2 Aol AL o] 4 A ao] W2 Y
A9] B $A 3 S8 80 WSHE Yot ] A3
LEURE o g AR ulo] 93} Hejeke
ot sto] LU EAsoch B BHN A £
SR, EF LR, AV AR MSlE Beld AT '
F 48T A7 AR BA 0% Golalel T Bo
L BAH0R $oI5x ghglth £ olshehy

2 BYT AT ol LATEF, 371%, WYL, BT
A7 EAHOR foSAT RN, A HEE,
AT HES, AT vk 1dlE, ABA 2F, A8
24, EFAEE SAH 0 G5k Yot 25
% WSS Bele] 91§47, 294, S0
o) RS ST AT 1A AN FAHA §
Kol Bl gict. 1573 BFT EF S8, 2]
AT 0] JRBAE BAT 200 JueA
dehgon BE SAH0 2 fofslelr. ol £
B 413 97 HE R/ ol A4S B4 4%
o Zejstohs A2 alshich

vhol 9 3} Ajejalo] W2 A4S WSS 24 Al

o
T 59 Hopl A 422 oz 243 o] o)
520|913 AR AT Hoo| 4 £ E(@ZHT)L o]
o2 233 Aol Ak 71E AT 48 55
of ket 219 uto] Q.34 2ol ZHol 7} A0} 4
%0 JFL )AL oo 84 Ux 742, FIE
3719718 37h 50 3949 9% 201 59
TpHB7h A HEE 4, G AES Fo| £4

49l g3 Zrka stk

ejepo] Zjol7h 429 8o] YL Frhe AL o
QAsteik. o] A E4 ol A 71 ol AAse
O 45 F Sl SRS oR 4B
Aol A o] @3} 2] & thA) shel £ B 4
20] 415 W5HE I3 29 97t Slck. B ]
UHe oL RS 450] 4] HUE 32 B o vt
ol 92} 47 Aelekg ekt Ao] Wasich ol
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