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Abstract

Biochar is emerging as a promising substance for achieving carbon neutrality and climate
change mitigation. It can absorb several nutrients via ion bonding on its surface functional
groups, resulting in slow dissociation of the bonds. Biochar, like organic fertilizers, contributes
to sustainable nutrient management. The purpose of this study was to investigate the effects
of nutrient-coated biochar amendments on leafy vegetables production and soil fertility. The
nutrient-coated biochar was produced by soaking rice husk biochar in a nutrient solution
containing nitrogen (N), phosphorus, and potassium for 24 hours. Nutrient-coated biochar
and organic fertilizers were applied to soil at a rate of 120 kg-N-ha™. The growth components
of the leafy vegetables showed that nutrient-coated biochar led to the highest fresh weight
(FW) of both lettuce and kale (i.e., 146.67 and 93.54 g-plant™ FW, respectively). As a result,
nutrient-coated biochar amendments led to superior yield compared to the control treatment
and organic fertilization. The elemental composition of leafy vegetables revealed that soil
amended with nutrient-coated biochar resulted in higher nutrient contents, which was
attributed to the high nutrient contents supplied by the rice husk biochar. Soil amendment
with nutrient-coated biochar positively enhanced the soil fertility compared to amendment
with organic fertilizer. Therefore, nutrient-coated biochar is a promising substance for
enhancing agronomic performance of leafy vegetables and improving soil fertility.

Keywords: eco-friendly agriculture, kale, lettuce, nutrient-coated biochar, organic
fertilizer
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TH(Sun et al., 2020; Kang et al.,, 2022). ©]ol] wke} 2| 2-2juztol A= 2HEo] =
S U=|A|717] S5l F= G52 A|ofoH= H| E(controlled release fertilizer, CRF)l| T
.CRF= 2 523 0 2 g3 =7} 2 si5tE 3t & S8k AT ol W4 314
|2 FESk= 2714 ¥A] 0 2 A2 Sk (Azeem et al., 2014). 53], THSH= A 02 A2 CRF=
o] Z50| uje} FEo] 85 EAJo] Yt tH Azeem et al., 2014). CRF= -7 X314 o|gh= 2 o]
I =2 AEH-g&o 2 Avt sehH| S H o} B u A =2 744 0 & phjjE| 3 Qlok
S W37 §18t 714 o] A&detal a3bA Q1 CRFE] 7Hdo] Q1% 11 Qlct.
3} 235t 9let ©4FH(carbon neutrality)°ll Tsl| 4l o] S0l whet EF U] ©hAE BE
4= Q= ko] @ Z(biochar) S -85t A7t EsiA| Z18Y= 11 Qlr}. Hho] @ &=
oA s EARE T} -2 Hlo| R | A (biomass) S B35t L2 4 U=
etal, 2021b). EFoll FYH Hio]| @ 2b= =2 FHA I} v|Al3=-2 Bfotal
AlZ]14L, pH, ol %]+ S (cation exchange capacity, CEC), 2422 57}
202 B3} THKang et al, 2021a). 1 20| A= Hlo] 9 2}o] FX £
oA BuE]glom, EQF W RS H|wA F7|1ZF 18 =0
al, 2019; Kang et al., 2021a). |23t H[o| @ X}= EQF 7HFA| =A] 5-&
Hpo| @ Xb= FE 852 AAI5] oh= HI B2 AMSE 7Hs/do] 9l o
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Materials and Methods

Preparation of soil and biochar

e AL (F)FLE(Cham Grow Inc., Korea)oll A AFE AJAtaHY F A &= EQFS FLulisto] f-2]24lo
A 2327 ZAZ X =, 2 mm ©]5tE H| 755k ARSI Aol ARGEE ESFe] Bk EA S BARH A
Table 19 HEFU I}, Hio] @3b= S et & A g 2stosl Uf = 7oA st Y75 /-2
ZA1Z1 &, 600°Coll A 3027t 315+2(1100°C Box Furnace, Thermo Fisher Scientific Inc., USA)OA & E3l53Th.
woll %, F7 Hpo| 22hS 415t 24(CONH,),), 87421 HI(P,05), At ZE(K,0)ye 52 AL 2= 2
A7 2] Wt gholl Wt 22} 55,15, 30% (wv') 2 ERket -8 of] 24417 57t F-25] YAIAA ZF5H3A
o 292 ok Al 2= 80°CE A3t dry oven (OF-12, Jeio Tech Co., Ltd., Korea)oll A 48417+ 5-F ZAZA|A ful
Aol o] &5ttt Aol ARERE 718 | 2= et} n] 72 vigtete] A2t 2|25 Y7 uho] 2 2o}
Gz 2 Hio] e}, {7 dH] 79| 8feh4 £/dS A% Ak Table 201 LRI AT

o

Table 1. Chemical properties of soil used in this experiment.

. . Exchangeable cations
T-C TN OoM Avail. N Avalil. P = - = -
Sample  pH(1:5,H,0) Ca K Mg Na
(o) (mg'kg) (cmol;kg')
Soil 5724005 0.15+£0.01 0.02+0.00 026+0.02 44.87+3.56 42.89+1.62 842+0.09 021+£0.00 3.82+0.06 024+0.00

T-C, total carbon; T-N, total nitrogen; OM, organic matter; Avail. N, available nitrogen; Avail. P, available phosphate.
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Table 2. Chemical properties of amendments used in this experiment.

T-C TN TH T-P,0 K0

Amendments pH(1:10,H,0) EC(dS'm™) o = : H: C ratio
0

Organic fertilizer 743£002  7643+340 3950+£020 407+£023  551+0.11  210£005 099+002 166

Rice husk biochar 1099+£005  659+0.13 5490020 060001  487+001 021£000 007000  1.06

Nutrient-absorbing biochar ~ 10.99+0.05  7.12+0.07 4537+£035 480+0.11  1.88+0.04 1.75+0.02 1.07+0.03 0.49
EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; T-H, total hydrogen; T-P,Os, total phosphate.

Growth test for leafy vegetables

22 A Frhe g2 240 A 20221 109 1495 E] 129 297HA] & 4997 1-5,000 2" 7]9] @} ZE
o]l “¢ZF(Lactuca sativa L.)2}+ #| Y (Brassica oleracea var. sabelica)= AuiSIRICE 22 HE T E = 7} 3050 2 2P
] o] |5t o, sfsh] 2 qt 2] 2] gk th 2 (control) S E 0] 7714 H| 25 2] 2]$H 2] 2] 7L (organic fertilizer,
OF)2} & T vlo] 2212 2}2]at 2] 2] FL(nutrients-coated biochar, NB)& 23511t} 8FahH] 8(N-P,0,-K,0)=

BENEH] 28 F A7) Fol| Fsho] Ad5et Aol 212} 200-59-128 kg'ha', 128-30-54 kg-ha' & X 2] 5}
o, 71u|5 xgsto] F 33]o]l ZA] BAISHHATHRDA, 2022). %8 78 vio] 23} 3l 571 M| B+ powder &
B2 AHEStgl 0w, B8] Al-gake] AAN) 71802 2H7F 120 kg N-ha' & A 78] 228} 9ict

Characterization of soil and biochar

EGO pH EYH SFFE 1:5(wv') H[ER S35 & 3027 1gsto] 44582 benchtop meter with pH and
EC (electrical conductivity) (ORION™ Versa Star Pro™, Thermo Fisher Scientific Inc., USA)S ©|-8-5}o] Z43513ch &
49] total carbon (T-C) T2} total nitrogen (T-N) -2 105°CE AT dry ovenol| A ~2-& A SH &, elemental
analyzer (TruSpec Micro, Leco Corporation, USA)E #4161 O T, T-C &2 A5t Aatol] SHAtA|IRR] 1.7245 &
5}0] -3-7]&(organic matter, OM) = A4S THNAAS, 2010).

E % U available nitrogen (Avail. Ny 2 M KC12 H &%t EY 3 ZH-2 Indophenol blue T} Brucinet < ©]-&5}
o] Z}2F NH," g} NO, §H-2- UV/Vis-spectrophotometer (GENESYS 50 UV-Visible spectrometer, Thermo Fisher
Scientific Inc., USA)Z #4135+ A3}E g5lo] AJAsHATE Available phosphate (Avail. P)+= Lancastert= ©]-8-5}o]
UVvis-spectrophotometer = 241513}, Exchangeable cations (Ex. cations, Ca™", K, Mg™", Na )2 pHS 7.02.2 W%
S M 5X2 NH,0A.Z EFS HE3HZ, inductively coupled plasma-optical emission spectrometer (ICP-OES, ICAP
7000 series ICP spectrometer, Thermo Fisher Scientific Inc., USA)= EA513ict

Hlo] @ xke} 57| -8 89| pHR} ECE=1: 10 (w-v') H| &2 &35t o] AF=E.Z penchtop meter with pH and EC
2 =245t} vio| x}et 57| 48| 52] T-C2} T-N, total hydrogen (T-H)+= Elemental analyzer2 #A]5}%] 0.,
total phosphate (T-P)2} 7] Z4(Ca0, K,0, MgO, Na,0)2 ICP-OESE 0]-&5to] BAI51 T}

Growth survey

ENL £ & YA S (fresh weight), T~E3FH(water content), & (leaf length), ¥ Z(leaf width), @4
(leaf counts), =4~ T (chlorophyll content), ¥4 T (elemental contents; C, N, P, K)2 ZAFSFATH A 52 A]
et el S RS O A RE o R S5kl o, A 52 A9 371 A gk S5k A5

9] 4%, 1 em o) d9] ¥ B5F =453 o, HEA FF2 chlorophyll meter (SPAD-502 plus, Konica Minolta Inc.,
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Statistical analysis

2 AollM AAGE ES L S B4, A0 dARA dits i 235t kg BF Yo & ALkt
of e ATE &2t Alo]e] A F-2]2k= SPSS (version 26, IBM, USA) Y Bl 2| 42 (one way analysis
of variance, ANOVA)= &3l 95% Al 2|40l A SA 42 435131 2™, AR 249 2 & Duncan®] multiple range

testE I

Results and Discussion

Soil properties

Al & QO] &Feh4 E4JS B4 S A= Table 33+ 2t} A3 Aul EFe] Al & pHE AlY 1 EQ] pH
5.720] H|af ®RE X 2] oA F7FsHl o, 15 e T F HEo] @ 3FE %] 2|3 NB *]| 2|10l A pH 6,282 7H =
Al Z7Fot k. 2Fata] 27t %] 2|3t control #2712} 35| g0t /-7 AH]| &5 23] 2|3F OF A 2]712] Al &
EpHE 22t pH 6.059F pH 6.120] 1. 0, T X 2] 17ke] FA1A -2 xh= UERA] kT o] 2§t A= Hlo]
Qato] gz Eil(alkali effect)= Q13 B pH7 53 A 0= of AR|H, of 2] 3P Ao A= HEo] 2%}2] pH
7} oo upet EF pHE =4 F7FsH}al B 1151 THWang et al., 2014; Wisnubroto et al., 2017; Hailegnaw et al.,
2019; Kang et al., 2021b).

&5 Al & ESY T-C 2 TN 32 NB A 2] ollA 71 =7] S716H1 oW, Al X ERT-C &, 0.15%;
TN 3, 0.02%)0l] BIsf ZF2} 233102} 7.008] 2715 0.35%2} 0.14%2 UERTh A1d 3 £ OM 3HFS NB
2] oA Al A EFO) 026%E 02354 =2 0.61%= UEMIATH A1E & Q) T-C 3o =2 452
|714H]| 52} vho] @ x}o] 2ol H B4 o 2 slshH| g Wt EQF U 7|7 A Foh] WlEe] Ao g waEw &
5| Hio] @ 2b= Egfo]| X 2fsto] BAE E Ulol| ¥ -4 0 2 A4 o= e e] B4 & 86X v JlTh(Bhatt
etal, 2023). E W TN g=f ¥ish= 8FsH]| 55 2] 2] 5t control 2] 2]71(200 kg-N-ha™)ol| B]3l OF -2 NB 2]+

Table 3. Chemical properties of soil treated with different amendments.

Exchangeable cations
TC TN oM Avail N Avail. P o - = —
Crops Treatments pH(1:5,H,0) Ca K Mg Na

(%) (mgkg") (cmolkg')
Lettuce Control 6.05+007b 0.17+000c 006+000b 029+000c  37.02+122c 5509+090c  738+008b 022+002b 296+0.19a 0.14+0.00a
OF 612+003b 022+001b 0.11+003a 038+002b  67.83+232b  7756+591b  7.75+0.14a 024+00lab 3.15+0.18a 0.18+004a
NB 628+003a 035+00la 014+002a 061+002a 8004+3.13a 14646+6.83a 785+0.13a 025+00la 3.19+003a 0.16+003a
p-value ok okl ok otk ol otk Aok * _ _
Kale Control 603+001b 0.16+£000b 005+001b 028+001b  3458+239%c  5419+532b  732+0.10a 022+002a 293+£007b 0.15+0.02b
OF 6.14+002a 0.18+000b 0.12+000a 031+000b  7031+137b  5598+029  739+005a 025+004a 3.18+00la 020+0.02a
NB 615+003a 031+003a 0.14+00la 054+006a  8898+2.12a 107.53+£358a 741+003a 026+003a 320+002a 0.16+0.01b

p—wlue sk sk sksksk sk sk skekk - - sksksk *
Control, untreated unit; OF, organic fertilizer treatment; NB, nutrient-coated biochar treatment; T-C, total carbon; T-N, total nitrogen; OM, organic matter; Avail. N, available
nitrogen; Avail. P, available phosphate.

a - c: 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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o|N

7} B2 control *] 2] TF OF2F NB & 2] 7tol| 4] ZHzE 14182} 1.8801 =k} whetba], 2 Aol A §-7]dH| =
oF & 5] Hio] eate] £Ql2 EQF U T-C TS HIESH TN S5t OM 3 Z71ell 7| ofhH, 2+ A 2-2] 37}
§%2 F714H| 5o] vl g2 T H Hio] @27} o] 248 A 0 = FRIE|QIT}, o]«= |§-7|H]| Fof| H|3l i =
g Hpol 242 2 T-C B TN 2ol 71918k 210 2 =] o (Table 2), THF £ U] T-N 23] 739, OF A 2]
S NB # 2|7k BAIAY FoJats YehA] 24Tt

ESF W Avail. N2+ Avail. P 3] 79, NB & 2] Lol 4] ZHZ} 80.04 mg-kg ' T} 146.46 mg-kg' O = 7H =3k0
™, control %} 2] oA ZFZ}F 37.02 mg-kg' 2} 55.09 mg'kg' & 7 WQkth OF 2 2]719] Avail. NI} Avail. P 32
NB ] 2] o]l H]3l ZFz} 118812} 1.89H) W2 67.83 mg-kg' 2} 77.56 mg'kg' & LFEFITE EFF U] Avail. N 3
TN T fARE A3S Blom, o= i I8 Hlo| XH(NB)9] -2 TN ol A 7191 Z o 2 et
Glaser2} Lehr (2019)= E pH7} pH 7.5 ©]5}%1 2ol A ESF pH7} S713tol| et Q19] 71-8-/do] 7ttt B
D3k & Ao A= pH 10.99 A Hio] 225 21 2|3k NBollA] B pH7F 7S =A] 44551l om, o]of| w}af
Qo] 7HeA = 27}%}04 71 =2 Avail. P 32 UePd 2 0 & el Th(Table 2). Laird -5:(2010)< HFO] @XM
225t Eol| A Y 82 712 AA|slo] Hlo] @ xk9] EoF U N, Pr} 2+ YE H QL 2712 Sholsiglom,
EG YoM &2 %é:l 2] 37} Qlokal B uskAT) S Bhatt 512023)2 Hlo] @3S E ol X 2]51lS o,
HFO]  3}7FN, P Ko 22 YUE= A424 0 2 W& A e ichal B st o]of wha, 2 Ao
Ae] & Egfol| A LFER 352 Avail. N 2 Avail. P2] &2 S710l| 2 2|48 R WET Hlo| o o] k2 JE B
5ol F7HQ S X Ao & kL.

& Al & EQke] mBHg Ca” W K &2 NB A 2] 7tol| A ZH2E 7.85 emol, kg T} 0.25 emol, kg 2 7Y =
oF, control 22|72} Bl w5}l S woll= EA1H 22 frolshA S7kskl e, OF A=l Feks SA4 Rolaks u
EFUA] QAQtTh. B, w2 Mg™ 2 Na™ S B-E A 2] rollA] BAIA felxi7t &el=#] ekgkont, ZHE NB A
2] 7L(exchangeable Mg’", 3.19 cmol,-kg )2} OF ] 2]7L(exchangeable Na’, 0.18 cmol, kg )l 7Fd =] LERATH B
ol Hio] XHE A 2| 5h= 7%, Hio] @ THO| S(-)Hstoll ot Zaf|o] E(chelate) 280 = ol §ET0]
ZHAastn| ol = EQF U] Yol 14 autE §HISH (Laird et al., 2010). & A= A3YA1} GAFSHA| Hio] 2}
S 2| 2]3t NB A 2] Lol A] a gty ol Al o] 7P A A| Lrepth.

AL 2l & EF2] pHE Al EL(pH 5.72)°1 HIs ZE X 2] ol A Z715H 2™, NB & 2]l A] pH 6.15
2 7V =7 Z7¥sk3iTt shA|EE, OF A 2] 712t NB % 2]+ Ate] o] FAIA §-olxte 2HRl=| 2] 24421, control #
2]5tet OF 2] 7+9] EF pHe= 212t pH 6,032} pH 6.14% WEFHT. o] = 45 Aul] EFT fARE 3= Ut
of Hjo] @ xto] oFzke] g atof| ofgt 21 0 & wEHE T,

EF U T-C 2 F= I8 HIo|ANB)E FUSIIES W, 031%2 7P =4 371st3lon, 47124 =
(OF)E A 2I31902 wiofli= 0.18%2 17280 W2 A3+E B I} E3H NB 2] 2] 7ol A+ control 12] 71(0.16%)°1| H]
3 EAIA 0 & g0} 275 HFH OF 2] 2] 7= control %] 2] 72} A4 §-2)x}7} UrehbA] 294tk OF &2+
9} NB & 2]7L2] T-N T2 control 2] 2]71(0.05%)°0] BI5H ZH2} 2.40812} 2.80H] =2 0.12%2} 0.14%S UEFZ1C.
™, OF2} NB A 2] 17| BAIA §-o)xb= Rl 2] gttt EY T-C S 7|22 Al4tst OM T2 NB 2]
TollA] 0.54%2 71 =0k, 33 Aul EGat fARE A2 UER o™, o] = Hio] @ 2h2] =2 T-C EHfol] 71%]
St 710 2 e Th(Table 2). A & EFO| TN S T3 A3 AE & BT} FARH 42 2 control %] 2] 7Lo]|
]3| N £ o] 1.94Hl] =2 OF2} NB 2]l Al /-5-Z-0] 2| YERT A D= Auligt Eol FUE N tiH]
EG TN T 571 &8-2 control 2|70 OF2F NB *{ 2| Lol A} 22t 172819} 2,068 &3k o H, 4 &2 vt
o] a} 22|42 N &= §-80] 7P =Tt

(320 kg'N-ha')2] & N EJ o] 1,608 &2 Zoi] 7]1et 2.0 2 Fhekelc), E ool £ N oje] EF TN 3
14

rlo
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AL Au] & ELO] Avail. N T NB #]2] 710l 4] 88.98 mgkg' O & 7F4 =90 W, control %] 2] FLollA] 34.58
mgkg' O & 7P W2 ATE UERARITE B3 Avail. P T NB *] 2|10l 4] 107.53 mg'kg' @& 71 =3tS
o, control %] 2] 7-0)1 4] 54.19 mg-ke' @2 714 ¥9bc} OF 212 7L2] Avail. N 2 Avail. P &2 747} 70.31 me-ke '}
55.98 mgkg'0| .21, o]= NB {2 7te} Bl w2 o, ZH2F 1.278H2k 1.888) SA| UEhgth AlY A & B
] Avail. N 3! Avail. P 32 45 Al & Bt fARE 43S Uetdiglon, 42 389 Hlo] e ato] w2 i
T 9 P H 5T pH SR A% 0] 7HgAo) F7H 2 0 2 WehETHTable 2).

Mgl & Eofo] wah Ca¥, K, L2 1 Mg e NB 2] TollA] Zk2} 741,026, 3.20 emol, kg ' O 2 7Ha =
7 e Wi, S8 Na B OF 2] 7ol 0.20 emol, kg .2 71 94, S8k, NB 212} 7-) g ca
%K, Mg S OF 2]217(7.39,025, 3.18 cmol ke )2 57414 )27} Hels] 4] gigkoLt, OF A2l o] et
/8 Na' %72 control 2 2}7(0.15 cmol,-kg)2F NB 12]7:(0.16 emol, kgl M]3} 5212 0 2 3=g}r} 7|2 Al =
o] g Yol £A2 g3 Aul Bt fARE S Uehi o, OF 2] Tl A e d Na' o] /<]
517 =9k} o]} QAVEH AuE B sk Mgl Lol 87| AH| 80] &2 Na &Hkol] 7013 Z o & B 15t
CH(Plaza et al., 2016; Sasmita et al., 2017; Wang et al., 2022).

Plant growth

Table 4= /352t A D2 A& 548 24 A2HE UEUglH: 4529 A2 OF %12]74142.66 g-plant’
FW, fresh weight)2} NB %] 2]7%(146.67 g-plant’ FW)°llA] control %]2]-2] 116.27 g-plant’ FWol| H|3} =& AHE
LR U}, /d59] 2 ahd 2 22 B2 22} 90.82% (control 2] 2]71), 92.02% (OF 21 2]7L), 92.05% (NB 2]
TE X4 Zpol= EA A o, FAIA 02 {23t xfo] & Kol x| U 4d52] A FE-2 control 2 2]
“H(leaf length, 18.29 cm; leaf width, 11.70 cm), OF ] 2]7-(leaf length, 19.60 cm; leaf width, 12.62 cm), NB 2] 2|7 (leaf
length, 22.01 cm; leaf width, 13.03 cm)2] oA 2 =] UEFSTE X 2]t Zo]7} 1 em o)/ dR] o] 3= ZARH
A1}, A3 A=-Z 2 Aatet FAFSHAl NB A 2] Lol A 38.0070 2 71 =3E9. ™, control & 2] -2} OF %2
T= 742} 31,0079} 3567712 UFEF QUL AR, control X 2] LS A 2]5F 2 2] Lol A BAIA |-o)xb= Stoly]
A okokeh AF3o] A= 4 FHEFS OF 2]2]51(27.54 SPAD value)oll A 71 =9ko L), B.E x]2] Lol A 5417 89|
A UERA] 21Tt

ALl . EA F A2 NB 2] 2]7493.54 g-plant” FW)OllA] 78 &=k, control 2] 2]74(60.62 g-plant’ FW)

Table 4. Growth characteristics of leafy vegetables in different treatments.

T
Crop Treatments ~ Freshweight(z) ~ Moisture (%) Length Width Counts (ea-plat’) Cmo“gg‘;fg"mem
(cm)

Lettuce Control 116271098  9082:03la  1829£052  1170£126b 3100+ 1.00b 2651437
OF 14266+463  9202+107a  1960+£16lb  1262+£10lab 3567252 2754434
NB 14667+ 113 9205+082  2201+13% 130340842 3800+200a 2577+ 184

p'Value sk - sk * * -

Kale Control  6062+2.64b  8755+135a  2278+18%  1131+131b 1267153 58984703
OF 8704+ 1443 875043520 25484197a  13094070a 1400+ 1.00a 57734712
NB 03541788 85850352  2460+105a  1263£044a 1500+ 1.00a 54404558

p-value * . *x o . .

Control, untreated unit; OF, organic fertilizer treatment; NB, nutrient-coated biochar treatment.
a - ¢: 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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of| A 71 W2 ZhS LFEFNRITE 36 A o] E3HFS control 2] 2] Lol A] 87.55%2 71 &=F1L, OF 2]+
o} NB | 2] tol| A= ZH2} 87.50%2} 85.85% %2 LFEFSE O U, X 2]+t 2+ S48 J-2jxkg Ho|A] ¢ttt & 1ol
A F7188| 5t i ZH Hiol @ak= AU A4 H AE, A S7holl 7]ofshs Aoz SRIE I 53], OF
2] Fol| A= G d=0] 242} 2548 cm@} 13.09 emZ 7HE =H9. M, control #] 2] 7-(leaf length, 22.78 cm; leaf
width, 11.31 cm)2t NB 2] 2] F-(leaf length, 24.60 cm; leaf width, 12.63 cm)y= 1R 32 AvtS Uelf]Ict AL o]
A= NB 2270l A 15.007H2 7 =9ko.™, control 2] 2] 72} OF 212 22t 12.67702} 14.0070 2 LFERS:
o} ShA|RE, A, 9, :RIJ. Z=o]| tislf OF % 2|72} NB *] 2|77t SA|4 0 2 {03t xfo]= =RI=] 2] ket
t}h AL o] H=4 SHFS %3 23, control, OF, NB 2] 2] FLol| A Z}2} 58.98, 57.73, 12|31 54.40 SPAD valueZ=
control 2] 2|0l A 71 = A A |}l oL, A 2] 11t EAIA {2l x 7 HERA] 5k

Liu 5(2022)9] 7Aool A= 77141 & X 2| ot 25 T g Hko] 2 x12] %2 f\l AEo) A5 S 8 g
o] 258 o]} &Qkth TS & ] Hio| &S Al85to] ZHiE Aulgh AP Ao M= A4 S 13U}l AA
g 12k 3 Aol = {71 2B B 5 A 23 M te] A H AE, BAIFe] =3kou 13 2 2, 102

S35 2 - 52 R E = 9 E 3 HEo| R4S A 2] gh A 2ol A =2 S A BE YERUTHRivelli and Libutti,

2022). & Aol M= g5t AL 2 49D 7F Aulst o™, A8l Ate] sab 42 Aytel vl wstl S ulf, fARE 7
TS UERIGITE mEbA & Aol A= o2 8 Hio| a7t EYF Ulell A 2wt @ EGe] =2)/d& 7
Asho] Aot AU o] YA o] Z71st Zl o 2 kst Sk Phares 5(2022)2 ZHE-2] N, P, 18|31 KO] &
& BE2 AE £EF G ATEAE Uehdck Basil o, 2 Ao M e AHE W i oHE A
1w NB & 2] ol A N, P, 12| 1L K] &FeFo] 71 ot A5 A 7} 9-4=3F 21 © &2 THeHE THTable 5).

I lIloll

[¢)

Element contents of leafy vegetables

SR e Ald e Y4 A4S BAS At £335H FF0] ¢ FRF2 OF 2] 7ollA] 39.50% 2 7HY =%
™, NB #] 2]l A] 38.60% = 71 2] UrEbtTh(Table 5). SFAIRE, o] & d52] & ¢ T2 = eHibsielS off, OF
28] 72t NB *] 2] 7= 212} 4.49 g7} 4.50 g O = UEFG O™, control A 2] 7+=4.18 g 2 H|w A W ATgHS- |
Aot &5 ¢ T2 FAA Fx 7RI A] EAA|RE AR F C TR TS W, OF 9 NB 2]+
& control %] 2]7tel] HIH 1.244H =] YERGTE A5 U N &2 NB A 2|10l A] 2.19% = 71 =2 3t
o, OF 2] 2]75(1.95%)2} control 2] 2]71(1.18%)°ll HI5H ZH2} 112602} 1.86H] =2 4=Z0| ]tk AF3=2] p °1'Ek-'~]' K&

Ht
51

Table 5. Constituent elements content of leafy vegetables.

© N P K
Crops Treatments
(o)
Lettuce Control 39.13+0.75a 1.18+£0.00c 0.83+0.00c 2.79+0.03b
OF 39.50+0.95a 1.95+0.17b 1.15+0.00b 2.81+0.04b
NB 38.60+0.53a 2.19+0.01a 244+0.03a 391+0.07a
p—Value - sk skekok sk
Kale Control 40.07 +0.45a 1.30+0.01b 1.07+0.01c 241 +0.04b
OF 40.20+0.26a 1.63+0.20a 1.44+0.01b 2.65+0.082a
NB 40.13+0.06a 1.75+0.08a 1.73+0.01a 2.72+001a
p—value * Ak sfestesk sfesfesk

Control, untreated unit; OF, organic fertilizer treatment; NB, nutrient-coated biochar treatment.

a - c: 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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= UE FH HFO| QAHNB)YS FUTINS w, 22t 2.44%2} 3.91%2 71 = A] UEFG 2™, control 2] 2] 7Lof| A]
12} 0.83%2}2.88% % 71 ZokTh HHH, OF %] 2] 7] P &2 control ] 2]71o]] HI5H 1.39H) =2 1.15%2, P 3

S G282 FRI= ot NB 22|t H]5] 2.128] -2 S LFERAQITE OF 2] 719] K T2 2.81%=
B x| 2] 712} v]arsto] 1,398 Wk, control A 2] 7L} SAIA 3-2] 2h= LFERAR] QR

AL 2] € T2 control 22|, OF & 2], NB 2] 2] 7ol A 212} 40.07, 40.20, 40.13%2 A4 -2 3= &Rl
2] 9kgkout & C gaFo & 3haksll S wiofl= 3.02 g (control 2 2]7L), 437 g (OF 2}2]t), Z12] 11 531 g (NB %]
o2 NB Aol A 7HY w2 g eI AL W N 52 NB A 2ol A 1.75%2 7P w3ko,
OF A 2]74(1.63%)2t NB 2] 2| 7L Ato] o] FAIA -2 xf= &1= 2] ekokrt. p &Hafe] -9, NB A 2ol 4] 1.73%
2 7P =90, control 2] 2|71} OF *{2] 7= NB ] 2] 7tof| H]al ZH2} 1.62812}t 1.208] W2 1.07%2} 1.44%2 Lt
ERTh AL W K -2 control A 2] 7Ll A] 2.41%2 A %] 0] OF A 2]712k NB #]2]712] 2.65%2} 2.72%°1] H] 3l
W2 25 Bl

25 QAF U c e AES Aok 124 A 84, 27, 7149 o] 87Hs e g4 FH, 18 7]

E} QFA9] srof apet gt m, 22 W € 0] 5205 0% S-S UERATHHossain et al,, 2015). 2 1
TollA] et AL W ¢ 5 B4 At 424 BAA f2AHE e A] koot ¢ 3 2 A vt
225 Y & C FFS ALteIelE woll= 8AE S X3S S A 871 =7 ZAFA NB Mol =2 F C
S YeR ST =5 NB A 2] ol A Ajuieh Aot Al 2 =2 N 52 U=, o= /71480
Hol =2 TN g UEhdl 2 28 Hio| @4} Al§-0 = Qlo] EF W Avail. N &5 571631, ool what /4
FoINo]-g 80| 5715t 7 o 2 ThHTHTable 2). 2H22] Q1 S0t EYF pHE| AT S B a1k A +Lo]|
A= Hio| 2} A&l o5t EQF pH 4452 EU W P2 7H8AS SV 4= 9lom, Aaby o2 ZFgo| p 54
TS 23X 4 tha B 151 THGlaser and Lehr, 2019). B TF2 A8 Q1 JLo)| A = Ho] @ 212 x] 2] 3t E o]
A 2HE9] P &4 &&0| 75 o] A=A Ui P EFo] |25kl 7= ekl Bt vy 1T Zhang et al., 2022).
olof| we}, B Aol M= P F&] Hio] 23} A]-8-2 B pH L Avail. P &S 7450 A2t AL o] pE4&
= SN A0 & wrkstlth(Table 3). K 2 N &5} gAFSHA 2 8 Hio] @412] =2 K FFo 2 ]l
aff EQF U] wehd K 8ol 371sko] NB % 2] Lol Al A=t Ald el K &7} &-ol3 e Z o 2 wehEth Phares
5(2022)2 EJoll 2|3t Hio] @ xh= 2HE 2] K ©] & B&5 SXIAI7IH, o]= A 2J gt Hio] @2}e] K gHfo] F7t
eE O 582 ¢ FURR A Huskeint T o2 Aol A= o]2f st ZutE FE A F Hio] x}o] ok
74893} 2HEo] R 27 A5 702 TS THWen et al., 2017). whehA], & Lol A G2 T Hio] .3}
o] EqF A g)7} Ajuiet 22 2] i o] & FE&S SUAA, ZEA U el F4& vl Esto] ZE9] 45 5
A ZE e 2 0 &2 sk

o N o

Z

Conclusion

2 AT= A= A F FES =2 Iacke ¢aAde] £ 7 FE 2H Hiol kel £ HH| B AlE
o] /et AL ] 5 9 Eol n|x|= FTF= vlw-F7st7] s = Uk o]ofl wht, 42 (control), 77
ZH]E(0F), 18]l Y2 Z° HIO| LXHNB)E Al-&3F A 2] Lol A 5ol AU S 4927t A A ulistelt).
FH "o @2} Al-8-2 7714 H|F 2 2|o] 8|5 EY pHE H|E3H T-C, OM, Avail. N, 12|21 Avail. P & 72
Sl S7HAZ T 2R EY TN = e 29 Hio| S A 2fsigie W, /M #7| S7Isk e, 7712H]
= Aot FAA Fofahs UEA] 3th G T8 Hio] @4k 1ol e EF U] Avail. P S7h= A=
9] pol& &&= F7HIA A5t AL Ul P& =71 SAIZ 2 H, control %] 2]} OF 2]} H] W 5k3l2
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gl $A2 02 folsbll Z7Fskaick et A N BT K T P AL A
NFok AR A5 AL 23 P2 T o] 3} A1 G2 AV w2 AAF U G, D, 942 Uehiglon,
(o]

20| G ASE RE S AENA 71Qu1E ot BAF ol e ook

j}_ll
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fu)
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OTO‘_‘
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