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Abstract

The application of biochar to soil for sustainable agriculture has been considered to have a
positive impact on soil fertility and crop productivity. In this study, biochar derived from rice
husk and chicken manure was applied to the soil at rates of 1% and 3% by weight, respec-
tively, for lettuce cultivation experiments. The results indicated that both rice husk biochar
and chicken manure biochar were effective in improving soil fertility through soil pH correc-
tion and increased nutrient content. The nitrogen content and pH of the biochar increased the
available nitrogen and phosphate in the soil, creating a soil environment conducive to the
growth enhancement of lettuce. In particular, after the application of 3% chicken manure
biochar, the soil exhibited the highest levels of available nitrogen and phosphate at 87.42
mg-kg* and 69.07 mg-kg?, respectively. Plant fresh weight increased with rising biochar
amount, with the 3% chicken manure biochar treatment (228.25 g- plant™ fresh weight [FW])
exhibiting superior fresh weight compared to 3% rice husk biochar treatment (120.88 g-
plant™ FW). The nutrient content in lettuce, except for K,0, was higher in the chicken manure
biochar treatment compared to the same dosage of rice husk biochar. Therefore, for enhan-
cing lettuce productivity and soil fertility, chicken manure biochar appears to be more effec-
tive thanrice husk biochar, and increasing the application rate up to 3% showed improvement
effects without adverse impacts. However, excessive application of chicken manure biochar
may lead to an increase in soil pH and electrical conductivity (EC) beyond the optimal range,
requiring further assessment of application rates.

Keywords: application rate, chicken manure biochar, crop productivity, rice husk biochar,
soil fertility
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Introduction

sFetH| 29 B2 204)7] FRF o] &2 4] Xt o] Rojzgkom, 5 Aikake] gFtoll 7]ofsi$Th(Chirinda
etal., 2010; Wijeysingha et al., 2023). 2FaHH] §.2] AF&0 2 QI3 A5 FFoF Z7H= QI3 7|o} A= 3lsligto.
L, A1EH 8 2 280 QI3 2 A= A|&7Hset wdell 910l H Al QtRahman and Zhang, 2018;
Biswas and Kim, 2023). }&HH| £.9] AJH|o]| mh2 BY Q] JFOo 2= 2A7IA HiE, EGHISE 43 Y 8&=
olgt £4 @ 5o] Qlom i} AlH| 2 QIS 2HE vf ThASE FHSH 4= It Guo et al., 2010; Dai et al., 2020;
Park et al., 2023). W2}A], o]2{3t SFeHH| 5] B2 Q1 1 A &E7HsSH RS S5 ] HleiA B
WNFANE sFetu] 2o} 3] Eol -85k= Zlo] P asitt. ofo ujz}, It e]4 o & slahu| got {7 2H| 5, &
H|, H}o] @2} -5 X EY7NFAQ] &3 482 5 A= A L EG 7 axtol thgt A7t gdsiA| 4=
%] 11 UK Chirinda et al., 2010; Kang et al., 2022).

H}o] @ xK(biochar)= A|SHE 4Ak4 270X {714 AHd 2 Galisto] A2 2 H|EHA R oha/de] E4E& A
'd 31 =2 o|tH(Oheet al., 2017; Kang et al., 2023a). 771/ HA& 57| ol| E-gsh= 142l =21 vio)
Qb= EGH| S EE sk 2HE0) A& A7 R EYVNGAIR 71oiE] 2L Jth(Lee et al., 2019;
Kangetal., 2023c¢). B4 o] 2 113 24 Hio| e 4te] EF U 482 &4 5 53t ti7] & Cco &

3} Qo) &= N,0, CHy 2t 22 2417k (greenhouse gases, GHGs) S A4 4= o, EGol|A FE =S Z:,"_/n\_/\]
A YFE o S 7Adst L EG nAEe] @42 A ohe A 02 Al A lth(Semidaetal., 2019). HFo] 22}
E Aok YEEE w4kE At 52 24, 7 2R A 7IE R71/d t71E ol RIS AR E AL /1o
o, ¥ 5o w2} o]zlshdof| 2to] & LERHTH(Kang et al., 2021). A= -2l Hio| @xb= AHHA 0 2 = 7H53t
i o] Yol H| g Hih= EY/NGAI R s = HH, 7152 2l o] @ k=12 2 Fgol H|w A ot &
FHFA L v 5 2 ARRE 4= It Uchimiya et al. 2010). o] 22} 915 EAJ, Xe|&f A2l EF 27 52 2
50| R 71841} A o] 2ol & L= Z1 o 2 e A Q1 Om(Dai et al., 2020), X2 =Ujoj|A] H}o] 22}9]
H & 3474 A4 AA7H S E ol W2hRDA, 2024), et Y8 2 2|28 Hio] @2 2482 S EF I &
, 4= A, LRl Al A A 25 A7 of] wet 744 Q1 A7 H gt Aol

wEhA, 2 As Aol A viEE = Al 5= fa Hio] RuiAR] FA} AlE-S &-8-5t0] A|2gt Hio] 24
£ Eol A 25t o, EQ] shaMdut A-=2] abdoll | x]= FFS vl st zt 3=l o, et 85
AlH]gH Y Efol| A o] @ xto] 7ieF EatE ERlekala} 3Feh] 5.9} Hfo] @ 2HE- 3| X253l

> ruz

_\}_l‘

Materials and Methods
Experimental region and official materials

22 Al Ao Sdthshal s AP st er 24 72l 241(36°22' 11N, 127°21'15"E)ol| A AA|skeich A
ol AHE-E E2 (5)FLE(Cham Grow Inc., Korea)oll Al & A4kl AbESHe EFS Falicto] oFe-200A]
%{i%l AZAZ &, A7 E(mesh < 2 mm)S 5] 227 EFS AT EG] A A sletz] EAJS BA

TH= Table 10]] YERA BRe} 2o},

r°l'
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Table 1. Chemical properties of soil used in this experiment.

pH EC TC TN Avail. N Avail. P Exchangeable cations (cmol.-kg™")
(1:5140) @Sm) %) (me'ke) @ K Mg Na
Initial soil 5.72+0.05 0.75+0.02 0.15+0.01 0.02+0.00 44.87+3.56 42.89+1.62 8.42+0.09 0.21 £0.00 3.82+0.06 0.24 +0.00

Sample

EC, electrical conductivity; TC, total carbon; TN, total nitrogen; Avail. N, available nitrogen; Avail. P, available phosphate.

Eofoll 2|5k A vio] 2xk= STt B4 = Aol A AHulgh Bl A EAYSH A S ShLof A HEA|
71 %, 400°C 2% 27104 30427t 3] 2H=(1,100°C Box Furnace, Thermo Scientific Inc., USA)OlA] & 25T
ANE Hio] @2f= FE A £210] FAPelA Fuligh A2 et 5Y 20AM Az &, A Zalieiitt. A
ol AR5 97 2 A Blol 2 29| 0|5} H S48 413 2T Table 201 LEUI| 0], Blol2 AHe Eafatol
|71 E(mesh < 0.5 mm)= 53l A2 powder FEHZ A EFS] /dZF(depth: 0 - 10 cm)°l] E&5FATh

Table 2. Physico-chemical properties of amendments used in this experiment.

st o g g g % ™ w
C) (i) (%) (1:10,H:0)  (dS'm™) %)

Chicken manure biochar 400.00 30.00 40.60+1.43 11.55+£0.02 3.88+0.03 29.97+0.15 2.12+0.10 0.70+0.00

Rice husk biochar 400.00 30.00 3479+ 0.10 10.13+0.03 3.63+0.03 50.27+0.25 1.41+0.05 2.09+0.01

EC, electrical conductivity; TC, total carbon; TN, total nitrogen; TH, total hydrogen.

Lettuce growth test under biochar treatments

25 A8 7H= 20221 109 14004 129 2U7HA] £ 49U 7 A3 (Lactuca sativa L) & 534515 oM, 9F1
U X E(1-5,000a")5 0]-8510] 2HE- ZHulsIQITh X E = X 2| 2 35kE A A5t o, 22 s B -E| s
Tt 2] 2]st ti2 7 (control) S X3t EY S5 7|5 G HEo| A4S 1% ] 2]t ] 2] F(rice husk biochar 1%,
RB1), ¥ H}o| 225 3% 2] 2|3 %] 2] FH(rice husk biochar 3%, RB3), Al HF] 2312 1% 2] 2] 3t ] 2] 7-(chicken
manure biochar 1%, CB1), ZL&] 1l A& H}o] 2 2F=- 3% 2] 2|3t 2] 2] 7(chicken manure biochar 3%, CB3) & G235}
Ak F7]AHEN - P,0s - K,0)= 5E11574 9] 25 AJH| A 7] ol 510 200 - 59 - 128 kg-ha'' & %] 2|5}
Rom, FAdS zgtoto] ZF 33]0)] A EAISHITHRDA, 2022).

Properties analysis of biochar and soil

Gt Al o] x}e] 342 3]3} it & BAIE S7goto] AltslAt. Hio] @312 pHel 7|4 & T (elec-
trical conductivity, EC)= H}o] @ 219} 22451 : 10 (w-v) HI & 2 235 5 3027+ 1 eksto] A= Benchtop
Meter with pH and EC (ORION™ Versa Star Pro™, Thermo Scientific Inc., USA)E- 0]-8-5}0] %5}t vlo] 2} Uy
total carbon (TC), total nitrogen (TN), L2] 1! total hydrogen (TH) &2 dry ovenOl|A] 53 A A3 =, elemental
analyzer (TruSpec Micro, LECO Corp., USA)Z #4159t}

AY M1t & BEO] pHY ECE EYT SRFE 1:5 (wv) HIER EF9E & 3083 1gsto] 43
Benchtop Meter with pH and EC2 S5t EF] TC W TN &=F-2 105°C2 A H dry oven©l| A 24 A7 A%
Sto] -5 2HA5] A AHSE S, elemental analyzer = £-A151 T EYF W available nitrogen (avail. N)-=2 M KCIZ

=

e
EGFS HEANT 7, ZEHS ZF2) Brucine ¥ 2 Indophenol bluetH = ©]-8-510] UV/Vis-spectrophotometer (GENE-

=
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SYS 50 UV-Visible Spectrometer, Thermo Scientific Inc., USA)Z =4 H NO; SF 2 TSRS AT B
9] available phosphate (avail. P)= Lancastert] 2.2 23} 9™, UV/Vis-spectrophotometerS ©]-&-5}3iTh.
Exchangeable cations®] Ca*", K*, Mg, 1231 Na'= pH 7.0°.2 W73 | M ammonium acetate (NH;OA) 2 EYF
2 %&3 2, inductively coupled plasma-optical emission spectrometer (ICP-OES, ICAP 7000 Series ICP Spectro-
meter, Thermo Scientific Inc., USA)2 A5}t

Plant growth characteristic and element analysis

S50 S B B4 S Aol AT, RS I A, A4, 181 dEA SRS ARSI O,
/43 W TC, TN, total phosphate (TP), 12|11 K,0 TS ZAFSIATE 2 A5, A430] Z/FRE tid o= YA
2 A oM, A4S 2} O] T dry ovensr ©]-8-5H0] 1XSH FAIE SAoto] SRS AlLtellc 3 E
AE2 A G 39 3719 A& Ao, Aee 1 om o1/ S oz AL Q&4 T2
MINOLTA Chlorophyll meter (SPAD-502, Konica Minolta, Japan)Z- 0]-8-5}o] 7HA] o 38H2 245190t A8 %
Abo|E AF 7AZH & A &= elemental analyzerS ©]-8-5104 TC2F TN $HF-S £49519% 2™, TPLFK,0 T &

=
AZ 2l5l 2Hg AAk(perchloric acid) 3 A 4H(nitric acid) 2= At 265t 25

Statistical analysis

2 AolM £ BEQ), S B4 D AE W) 4T BA Aibe BRI AR AT g gto = ALt
St UER QI A5 SPSS (IBM SPSS Statistics version 26, USA)2] Q8] %] 2424 (one way analysis of
variance, ANOVA)& &3ll 5714 §-2|2-& &Rlst o, T4 249 A 4E2 95% 2 3= At AR 24
O 2= Duncan®] multiple range testS A AT

Results and Discussion
Soil chemical characteristics

AY & EFQ] stshd E4JS BAISH A= Table 30 YERSITH EGe] pHE Al H EC] pH 5.7201 BI5H
control (pH 5.63)= A&l gt =& | 2|7Le] B pH7}H5513l.oH, E35] Al Hpo] 22} 3% (CB3)*| 2|t A] pH
7282 7V =7 S71oA Tt & Hio] @aF %] 2] 412] H] woj| A= & 2| &Fo| W25 pH7 L =A| A455F1 2 H, A
2] o]l BAglo] Y7 Hio] @2} A 2j el Hlsl A& Hio] @3} A 2] to| A =2 F7H2 UERN AT, Hailegnaw
5(2019)2 Eol Hio] @ x}o] X 2jo] F71et& EQF pH7t O =] A53thal Balst3l O ™, pH7t =2 Hio]
22 QIS EQFO| pH /52 o 2] A Lof| A LR B QITH Wang et al., 2014; Wisnubroto et al., 2017; Kang
etal., 2021; Lee et al., 2023). & &17L0]] ARR-H &7 Hlo] @ X} W A2 H}o] 2 x}] pH+= ZF2} pH 10.13, pH 11.552
UZre] S eSO H, T4 0 2 pH7} O =2 AR Hlo| @27 EFe] pH 450l Bl & FF-S njxl Aoz
ThEIth(Table 2). A3 & EF2] ECE= control 2] 2]750.25 dS-m™) S #1| 25+ &7 HEo] 22} 1% (RB1), 47 Hio]
QF3% (RB3), Al HFo] 22} 1% (CB1), 12| 1L CB3 *] 2] 7ol ] Z+2}0.41, 075, 0.68, 0.89 dS'm™ & Al g A EF
9] EC (0.34 dS'm™)l| v|&}| Z7}et= AutE Bl o, CB3 X&) FtollA] 714 &7 Z71519ith EYof vlo| 215
A 2)gt A AtollM= EFC] EC 3717t Hiol @xke] & W X{2|gfol] 7|lsk= 20 & B IsHIthDa Silva
Mendes et al., 2021; Kang et al., 2021, 2023b). A% & E 0] EC HaM= 47 W A2 Hfo] @ 2} 2] 2] 7L B = Hlo] @
2ko] je|gke] 5ol uhet S7kshe A e eI =3 5 2 2|7k thu] Al vlo] @&} 2] ol A w2
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A7 5 B, o= 97 Bho] 2 X1(3.63 dS-m™)ol| I8l =2 ECZES UEhd A2 Hio] 22K3.88 dS'm™)
7t EO] EC A5E0l 92 v]X Ao 2 HE T Table 2).

Table 3. Chemical properties of soil after experiment.

Treat- pH EC TC TN Avail. N Avail. P Exchangeable cations (cmol.-kg™)
ments (1:5,H0) (dS'm™) (%) (mgkg") Ca2 K Mg?* Na+

Control ~ 5.63+0.09¢ 0.25+0.00d 0.17+0.0le 0.06+0.00b  33.41 +1.55¢ 47.88+0.26¢c 7.41+0.04d 0.16+0.02d 3.43 +0.12ab 0.18 + 0.04ab
CB1 6.93+£0.04b 0.68+0.02b 0.42+0.02d 0.08+0.00a  54.24+1.91c 60.65+ 1.40b 9.36£0.65b 0.39+0.04b 3.34+0.03ab 0.20+0.01ab
CB3 7.28£0.04a 0.89+0.02a 1.03+0.0lb 0.08+0.0la 87.42+1.83a 69.07+3.70a  10.67+0.27a 0.62+0.07a 3.19+0.26b 0.23 £0.04a
RBI1 6.25+0.05d 0.41+0.02c 0.69+0.0lc 0.08+0.00a 45.42+3.48d 50.13+3.70c 8.44+020c 0.26+0.0lc 3.48+0.09a 0.16+0.01b
RB3 6.53£0.07c 0.75+£0.02b 1.56+0.05a 0.09+0.00a  67.59+1.94b 60.18 + 5.28b 9.26+£0.34b 0.44+0.05b 3.43+0.06ab 0.19 £ 0.03ab

p-value Hkk R Hkk Hokok *kk *kk ) wkk

EC, electrical conductivity; TC, total carbon; TN, total nitrogen; Avail. N, available nitrogen; Avail. P, available phosphate; CB1, chicken manure biochar 1%; CB3,
chicken manure biochar 3%; RB1, rice husk biochar 1%; RB3, rice husk biochar 3%.

a - e: Each value with different letters within a column are significantly different from each other as determined by Duncan’s multiple range test (p <0.05).

*, %% and *** are used to indicate statistically significant differences at the p < 0.05, p <0.01, and p < 0.001, respectively.

EYO| TC T2 2E X2 ol A Al H EG2] 0.15%01 B]5l| Z715h= e Blon, AR vlo] 24} 22
H(CBI1, CB3)°l| H|5}| &7 BFo] 2} %] 2]71(RB1, RB3)°l|A] &Y 2|5 tiv] 3= A2HE YEF QI Biederman
7} Harpole (2012)-2 BA7} Z-535H HEo] @ 2H5 Eqfol] 2851912 w, el /d 5742 711 vio] @17 E o &
A5 Aefols 837} oka Busieloh 2 Adol e EYel Hlo =2 SATTFS UEll= Hio]| 417}
powder FEHE EQfol| E3E]o] AF T EQF U] TC 3 S7HAIZATE T, Eol 2 2j3t 47 vho] &ke] TC
3eFo] 50.27%= Al HEo] 22K29.97%)°ll H]sl o} EFS] TC 3H 50l B % I nxl Ao & st
(Table 2). EFC] TN 2 AlE & 0.02%01 H]sl| H-E X 2|70l A 7151 o™, Al & Hfo] @} X 2|4t =5
control %] 2]71(0.06%)X.CF =3k 2L, control &5 A| Q]S X 2|77t F-olxf= LefA] gigktt 2 Aol A
HE A2 o| A Al & EG TN &5 S7H A4 H| 50| Fat ZhFol 71915HH, control X 2] Lol H] 3l H}o]
QA5 A 2] gt A 2] Lol A Hio] @ xto]] Effch= A A o] E U TN T S710l 3 vzl 202 wekd
CHTable 2).

ANE & EL avail. N F2 Al 719] 44.87 mg kg 'ol] H] 3 control 2] 2]7433.41 mg-kg S A 2|$H ZE ]
g Lol A F7F5E 2™, CB3 2] 2]71(87.42 mg kg !), RB3 Z2]74(67.59 mg-kg™), CB1 2] 2] 7(54.24 mg-kg ), RB1
2]2]71(45.42 mg-kg!) 02 =2 42| 2 LERHIE Phillips 54(2022)2 Hio] @ 217} 91 2o A glo] B Ujoll
A A R71FE Bl AlEo] o8 7Hs st A4 FEIQINH, 2 NOs & S7HAIZIThaL B 1 akQict, gk oh2 A8y
Aol M= AAZo] £ Bk Hio] 2 xof| A NH," 2 NO5s ] F7+H5 LFEFHRATHNguyen et al., 2017b; Gao et
al., 2019). 2 Aol A] BFo] @2} X 2] 7L2] avail. N -2 Z 4 F7|sto) ofsf Z7tetl o, 5.9 i ghefo]
2 Al HEO| 2212.12%) A 2] Lol A A HEo] 22K(1.41%)0]l HIsH 5 %] 2] tiH] &2 avail. N 32 UE}
W 2 0 2 WHEATHTable 2). EF W avail. P= E-E A 2] Lol 4] Al 4 42.89 mg kg ol H|3H S7F5H31 2, CB3
2| 2] 7ol 69.07 mg-kg' 2 7H -2 AHS LRI Avail. P g2 Blo| 2 3}0] x]2jgfo] ol aR =7}
51 o, Al Hfo] @2} %] 2] Lol A A vfo] @ xlo] H]3l =2 AT UERHSITE Hannet -5:(2021)- Hio] 24}
£ Eol AlHI5IE t, avail. PY] 57t 57161 o, ThE A Aol A = E pH7L 7.5 o]5tRl 2ol A=
EQF] p7t 371l whet E U] Q19 7H8/do] Z7Fsh= Zlo] H15{%l HE QITKChing et al., 2019; Glaser and
Lehr, 2019). & A510] A3 & EQRS W.E X)Ll pH 7.5 °]5}e] A0 2 et on pH7} H| 2] &2 7|
2 Hlo] @ %} EqFol| A avail. P o] T -2 S B TH Table 3). Laird 5(2010)-2 EF E35-0l Hjo] 22}k9] A

=
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27kN, P 529 & =& Aol aafz ofH, Hio] 2 2}0] A]-87Fo] F7gte] wet t% sttt 2 AtollA]
UEhd Bho] @2 A8 E O] 52 avail. N H avail. P FE Hio] @ 2k0] P2 H{-50| 42 ISt R IE 2
20 JgFS m)zl A0 2 WHEITH Table 3).

E % W exchangeable Ca®', K2 A& 1 E42] Z+2}F8.42, 0.21 ecmol.-kg ol BI3H Al& F control 2|2 75 A 2]
S BE X2 olA] ket om, CB3 A 2|TtollA] 22t 10.67, 0.62 cmolkg ' 2 7HE -2 AIHE YERHIC
Exchangeable Mg™', Na'2 A1 %4 E2] 3.82, 0.24 cmol. kg 'oll HI 8} L 2| 2] Lol X Zadhe e Uehdigl
t}. Hio] @2} & 2jo]| wh2 B Uf wehg ol e Ristol| gk 2] Aol A= Hho] @4} A-8 Efol|A] Cca™,
K' &Hae] 27}, EAJof w2 Mg? g Wig} 2] 1 Na 2] ZH4AS YERl.oH, o] = Hlo] 2x}o] pH W EC2} %
o] FHBAS B ATH Adhikari et al., 2024). & AFLol|A] AR L G Hio] @25 85131 & wf, A ALt -FAL
Sh ol 2 ek RAShE SIS 4= Il oW, pH7t B =2 A2 o] @ 2ol A W Ca™, K &ol =2 37152

UERH AT Table 2).

Plant growth characteristicss

T FF0] B8-S AR k= Table 400 YERUISIT: Ad5-2] BAIF2 AR 22, control 2 2]Lo|A]
61.55 g-plant’ FW (fresh weight) 2 7P 23k, A& Hlo] @ x}7} 2] & CB1 (146.04 g-plant”’ FW) 2 CB3
(228.25 g-plant”' FW)ollA] &7 Blo] @ 217} 2] 2] RB1 (116.87 g-plant FW) 2 RB3 (120.88 g-plant” FW)°i] B3}
=2 AT e RITE X 2|3k vho] @ 2}e] jto] F71e 45 2451 o, RB17}F RB39] A 217t 3AIA &
O)xb= W= A] Foktt Eqfol| Hio] @ ko] A 8-5 B35t 2Eo] 8 £3] Gk ofg] A3 AtollA] BHei Xl vt
lom, vio] @ 2}o] EAJ Wl xj2jgo] ule} 2fo] S LeERdHTl(Schulz et al., 2013; Dai et al., 2020; Kumar et al., 2021).
TS, Torres -5(2020)- Hio] @ x}o] %] 2|&Fo] Wold =5 2h5 ibdo] HgA o &2 F7tetgl o, AlE 2 vt
o] xlo]| vl Fi 2 A2 H Hio] @2} %] 2| 7Le] AdTFol A Ut 2 A7) A5 AT 3t bl A
AL} FAFSHA| Hio] @212 22|To] 7|Q15te] F716k31 oM, Al Hio] @} A 2] Lol A YA Hio] 2a} A2+t
of| v]al 5L X 2]=H(1%, 3%) ThH] 22} 1.26, 1.908 52 AT+ B3t} 48t d50] 22312 CB3 *2]Fol|
A 94.15% 2 7H 2 $AE UL U, RB3 22| 75(94.13%) 2t 72 25 LFERIR] Q34T 42 gFd-2- HEo]
Qo] 2 2]Fo] 3%Q1 X 2jtof|A] =% 4 0 2 =] U=t o] B4 o] w2 o] x| F7t= Qlsl A&
o] £B F47t w2 202 TWHETHChen et al., 2018). /5229] A7 U H=2 FASH TS H 9l om, CB3 2]

Table 4. Growth characteristics of lettuce in different treatments.

Fresh Moisture Leaf Chlorophyll

Treatments weight contents Length Width Counts content
(@ (%) (cm) (ea-plant™) (SPAD)

Control 61.55+32.77d 9231+0.51ab  14.49+2.77d 9.80 + 1.96d 22.67+3.51¢c 23.62 +3.07bc
CBl1 146.04 + 3.20b 92.05+0.16b 18.58+1.25¢  12.79+0.64bc  32.33+2.52ab  28.98 +3.28a
CB3 228.25+4.07a 94.15+0.58a 23.11+1.78a  14.81+1.32a 33.67+3.21a 30.66 £ 4.92a
RB1 116.87 +3.67¢c 9228+ 1.88ab  20.81+1.04b  13.40+0.61b 32.33+2.89ab  24.38 £3.55b
RB3 120.88 £ 1.04bc  94.13+0.75a 1827+ 0.88¢c  12.07 +0.66¢c 27.00+2.00bc  20.37 + 1.88c
p-value sokok * _ _ Hok _

CB1, chicken manure biochar 1%; CB3, chicken manure biochar 3%; RBI1, rice husk biochar 1%; RB3, rice husk biochar 3%.

a - e: Each value with different letters within a column are significantly different from each other as determined by Duncan’s
multiple range test (p < 0.05).

*, ** and *** are used to indicate statistically significant differences at the p <0.05, p <0.01, and p <0.001, respectively.
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TollA Z¥2F 23.11, 14.81 emZ 7Fg =2 $X& YERUITE 89t AF39] 4= B3k CB3 A g]tollA 33.67
ea-plant’ 2 7H 245 AHE UERARJA M, control ]3] 71(22.67 ea-plant)ol| H|SH 1.498] =ttt Qo] A=A
2 =45t A7} CB1, CB30llA] 2F2+28.98, 30.66 SPADE RB1 (24.38 SPAD), RB3 (20.37 SPAD)°| H] &} =7 L1}
=g
URFH 0 2 /JF=pH 6.5- 7.0 9] 2 EC 2.0 dS'm™ ©|5}ke] EF Z7iol|A] Aol A3tshH, Ql4to] AYA|S}
10] B3l & ol 22 QAAFE Z-8SIHRDA, 2018). B=3H, Carter 5(2013)2 3}5HH] & T 280 vl 5l &
7| Blo] @25 B A 2ol S w, 2 E A 0 2 Auigh 2] AAF0] 259 - 658%7HA] F7 oL oH, o]
o]l @xte] A gof w2 ESF AU E w7 Y 315 (pH 1 H GE 35 HStol| o3t 7o 2 B st
Aol A &7 W AR vlo] @ X}= 2] 2|5+ EGE control 2] 2] L] H]S] AFZ2] 24 pH H Q& Z7}5td o,
EZ W avail. PQ] & FIAIA 485t 2] AT A S o7 fHSE =7 SR Ao = wdEnt
(Tables 3 and 4).

=) L

e

Plant element contents

3 W FE SHEHTC, TN, TP, K,0)S 245F 27H= Table 50| YEFHRATE A5 W TC E7F2 *]2|H Hio| 2
2} &Hgo] =2 CB3, RB3 *{ 2] Lol 4| 242} 39.53, 39.50%= =] UEFATE HEo] @ 2}HE- 3% AJH|SH X 2] 717 S|
A Fo) 3t WA o, A5 Ul 45 e kg o 2 2hibsils o, CB3 A 2]+ 5.28 g © = RB3 #{ 2]
7-2] 2.80 gof| H|5l 1.89H =2 ATHE Ech 25t 2HE U] &4 TR EY UL, 220 wt xfo| & UrE
U, Aj8-0] @435 Z-E-A 42 BhA ZA] o] Z7F5HCKSanchez-Sastre et al., 2018). &2 ALo|A &S FFE =
A gha 3o = ghitet Aul AFo] 245 37 ke A UERU

Table 5. Elements contents of lettuce.

TC TN TP K;O

Treatments
(%)

Control 37.83+£0.55b 2.75+0.07c 1.04 + 0.00e 3.27 +£0.04e
CBl1 38.43+£0.15b 3.35+0.21b 1.89+0.01c 4.15+£0.06d
CB3 39.53+£0.35a 4.09+0.12a 4.34 £ 0.06a 5.64+0.12b
RB1 38.20+£0.20b 2.64 +£0.08¢c 1.23 +£0.08d 5.45+0.05¢
RB3 39.50 £ 0.20a 3.66 £ 0.38b 2.80 £ 0.04b 5.81+0.04a
p-value kK k kK k sksksk sksksk

TC, total carbon; TN, total nitrogen; TP, total phosphate; CB1, chicken manure biochar 1%; CB3, chicken manure biochar 3%;
RBI, rice husk biochar 1%; RB3, rice husk biochar 3%.

a - e: Each value with different letters within a column are significantly different from each other as determined by Duncan’s
multiple range test (p < 0.05).

* %% and *** are used to indicate statistically significant differences at the p < 0.05, p <0.01, and p < 0.001, respectively.

A% U TN Y25 59 A2l ohul A2 vlol 2.3t 32l 1olA] 974 vol 3} xje) 1o ulsh (& AukE 1l
o, Eqfoll -84 Hio] 2} X2 F7tol| wat CB3 A2 tollA 4.09%=E 7 =2 TN &S Uefich
RB1 2| 2]7-9] TN 32 2.64% = control A 2]719] 2.75%0| B3] 22 &kS Bl o), & 22|11t 5A1A 12
2= UERLA] QT Nguyen 5(2017a)2 HEo| 2217t 485 E 9] avail. No| Z71gho]| ubz}, 2Ha2] A4 o8
FS(nitrogen use efficiency, NUE)©] AF55}0] Qlof|A] &= TN FekS Uehyjglom, TN gHe] 27182 Hio] @
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xke] A2t o] HUAIE BT 2 AFolA B W avail. N @2 Hio] 3te] A 2jgo] Z71d45 =
o A3E Holom Ak U TN gtk Qﬁ%uhmﬂNg%ﬂﬂﬂ&ﬂ_i THHEICK Table 3). $281at Ab3o]
TP $HF2 CB3 218 74(4.34%), RB3 2] 2]742.80%), CB1 *1 2]7(1.89%), RB1 2] 2] 7-(1.23%), 12| control %] 2]
TH0.21%) A1 2 =7 et em, 71 %‘—;—r e UEhd CB3 M7= I thE 2 & =2 RB3 22| 7tof| H]3]
A= 1.55H) & AAHE B EG U Q12 AMI EYellA Blo] @2} 82 53l pH7H6.0 - 7.0 RI9I 2 F713to]
u}2} 2Hgo] o] 8 7155k 7l 0 & 2] QT Tesfaye et al., 2021). 2 A7L0] A3 TP ko] x}fo]=Hlo] @2} A&
O 2 QIS EF pH 4502 Ql3l 71t avail. P2] &gl 71915 1 0 2 e th(Table 2). 432 K,0 T2
Hpo] @&} A 2ol F7tol| whet =2 AiE UEFH Lo, Hio] @ &ke] A 2]ZFo] &2 RB3 *2]+4(5.81%)2} CB3
(5.64%) 2] 2] 7-2] K0 SR control 212]71(3.27%)°l BISH 242} 1.78, 1.728) =2 Z3E Bt} Hio]| @ 41-=
831 EQfol| ] ZHE 19| K,0 & Z7H= ofe] HajTto)|A] Bhe] 7l v} 9lom, Hlo] @ x}o] x{a]F 1l ulo] @2t
YA ol whah Z-E2] K,0 &4 &0l 20| & YERHTH(Farrar et al., 2022; Phares et al., 2022). & Aol 4] = F=Y
T &F A K0 T Hio] @4k] X 27| e} F715k3 o, A Hio] 227} A& Hio] @ &} B &2
AIE UEf]o] /459] K,0 S710ll 71 Hie| 2217} 6% & 2H4Ql 210 = wekech

AlE TR B 7 F7hs Al Y9 U F5482 371 4= oM (Laird et al., 2010), of2] APA
Lol A= Blo] @xfe] A-8-0] A-Z2| N, P, 12| L K S8= 22 2 1.56, 5.63, 12| 3L 2. 228 7HA] S7HA17|+=
AIE UER T (Sigua et al., 2016; Kocsis et al., 2020). & 1ol A HEo] @ 2F5 %] 2|3t EQFe] (N, P, 12|l
K) 3 2717} Abo] oFR B4k Alol ke n]3] 210 2 WehETH Tables 3 and 5).

Conclusion
B 4124 9 584 f2e) Y} AR S ol g o) Azt vl 2 37k A% e] 48} Eope] atalA] 54
ofl 0] 2]+= TS | L F7Fstar; 345kt EQFo] vlo] @ 2fe] H-8-2 pH, EC, C 2 FE(N, P,K) TFS 37}

AlZ o, A1 Hio] @xfel &7 Hio] 3} R X2| o] W} 455ttt §5], 5 22T 7|& Al vie] 24t
= A12/491 947 Hlo] @ atof| HI3Y| pH, EC, avail. N, avail. P, Ca*", 18] 3L K* SFo] =7 Lebdth EFo] sk
sl wlol 9.3} 29| st el 7|<lsto], At Eo 2 TN Hgol &1 Bl pHE A A4 A1 AR o2
2} 2 2] Lol A 7H8A] 2 S avail. N, avail. P)0| Z715H 71 0 2 St} 2815 AF320] AY-8-2 control 22|+
] |5} B Hpo] @2} %] 2| Lol A F7F6kl o™, £5] AlZHEo] @2} 3% A 2] ol A YA 5-2 &3 A, A,
4, 2910 24 o] 1 945l Lhebth A U] 9 Stk K02 Alelah 2ol Alkstol o4t
o el 7ol 717 ke AEo] AAIEE AR Blol 23 el 5ol 2 ol 23} el pol vla) et
tow, Hio] @2} X 2| & QI EQF ] 7H8/d R S710ll 7118t 2] G ol8 B8 508 YAFo] &4
SHA| Uehd 2 0 2 shaEITh. 7 Hio] @3} X 2]+= AlE Hio] @4} X 2]of] H]s) EF Ul TC T, 2H& W K,0 3
0 571 S A LERIRIED 7 4 234 HELE conwol el 784 £V 22)

SXoll= &HAQ] 210 & wheke]ut AlE Hho] @ 2}o] X 2|7} 2HE0] *”*“é o B2 Rt Ao & Atz Hrt,
H i Anle =2 9 a) HALE Hlo] Q x}ol AlE H}O]iz}ﬂél%% HAkEel 9*74 H}o] @ x}of] H]sf AH-E2]
&1t B G2 7N SHoIA B2 ARl EYINTAIZ AR 4= 152 AlAFel3ith Al Hio] @ &}ke] A

o2 7K R B 2] A 3 FHE 013 A BRI AEYOE g
% ECe] 37k £ U ¢ A, K9] 718 SRolAE £7b8e) A7} Bast 7o = wekEh
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