"d Korean Journal Of Agricultural Science

L)

Check for
updates

& OPEN ACCESS

Citation: Kang YG, Lee JY, Kim JH, Yun YU, Oh
TK. Effects of organic amendments on lettuce
(Lactuca sativa L.) growth and soil chemical
properties in acidic and non-acidic soils.
Korean Journal of Agricultural Science 50:713-
721. https.//doi.org/10.7744/kjoas.500410

Received: June 20, 2023
Revised: September 24, 2023
Accepted: October 20, 2023

Copyright: © 2023 Korean Journal of
Agricultural Science

This is an Open Access artide

BY NG distributed under the tems of
the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

FOOD&CHEMISTRY

Effects of organic amendments on lettuce
(Lactuca sativa L.) growth and soil chemical
properties in acidic and non-acidic soils

Yun-Gu Kang', Jun-Yeong Lee', Jun-Ho Kim', Taek-Keun Oh"’, Yeo-Uk Yun™*'

'Department of Bio-Environmental Chemistry, College of Agriculture and Life Science, Chungnam
National University, Daejeon 34134, Korea

*Division of Environmentally Friendly Agriculture, Chungnam Agricultural Research and Extension
Services, Yesan 32418, Korea

"Corresponding authors: ok5382@cnu.ac.kr, aoggi6l@korea.kr

Abstract

Soil acidification challenges global food security by adversely influences soil fertility and
agricultural productivity. Carbonized agricultural residues present a sustainable and eco-
friendly way to recycle agricultural waste and mitigate soil acidification. We evaluated the
effects of organic amendments on lettuce growth and soil chemical properties in two soils
with different pH levels. Carbonized rice husk was produced at 600°C for 30 min and rice husk
was treated at 1% (w-w™). Carbonized rice husk increased soil pH, electrical conductivity, total
carbon content, and nitrogen content compared with untreated and rice husk treatments.
Furthermore, this study found that lettuce growth positively correlated with soil pH, with
increasing soil pH up to pH 6.34 resulting in improved lettuce growth parameters. Statistical
correlation analysis also supported the relationship between soil pH and lettuce growth
parameters. The study findings showed that the use of carbonized rice husk increased the
constituent elements of lettuce, such as carbon, nitrogen, and phosphate content. The
potassium content of lettuce followed a similar trend; however, was higher in acidic soil
than that in non-acidic soil. Therefore, improving the pH of acidic soil is essential to enhance
agricultural productivity. It is considered advantageous to use agricultural residues following
pyrolysis to improve soil pH and agricultural productivity.
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Introduction

E o] 2Hd 3k (soil acidification)= E 2] H| K=ot s A Mol FAHH FFS nx= 2
IO 2 A3 QbR ZHojA] A Z o2 sjAsl o= F2 THAo|ThHMeena et al., 2019). &
A g tol| A= oF 459] ha] EFol| A AHJSl7H MY gl om, o] = XA F EX] HE
9] 30% <=ol2tal H IS TH(Meena et al., 2019). =3, 5 AFwol| A HA| 574 A] HA 9|
oF 50%°1] 3= 8.929] hao] EFollA] AMdsk7} ZdY=]|ar Qlrkar B a1 HE 9l h(Shetty
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and Prakash, 2020). 1= U] 5742 EF] 1Hdet A =5 AR Aol M= 584 EF F 2F30%= AFA 4]
A(E2 44, S 5= sl AT Ak o] 5 At do] Zathtal B sk th(Meena et al.,
2019). EFQ] pHE}F AE2] it 0]-& B89 TS SAS A f Aol M= B pH7t HAsgtell wet A&
o] AAMN)e} 214KP,0,) 0] ] &80 ZHASH} T B 15} THCai et al., 2018). ©]2|3F EQFe] AP 3= thofst o
Qlojl ofsf F-=5H, thEA] o = Ay AolzEof o3k AHds), R71dH| 59 e -8 EY U A7 E AT RS 52
2 Q5 Wgsh= A o2 &efA Ath(Goulding, 2016). ©]21dt EQF AHJSt 7HA-S ¢Jsl B2 YA TLol|A] TheF
A RAEEIEH E, BAAC|E BAHE, BAMAAL Hio] @} F)2 B85kl th(Kim et al., 2018; Shin et al.,
2019; Kang et al., 2021; Kim et al., 2021; Chun et al., 2022).

o A B FARIE-S A oF 11645 E0 2 I3 A] glor, sAER =
3l 28 {Rb(EHIEh o] 45| AT o] th(Kang et al, 2021). ©] 23 Aol M HATA ==
e s E 2 A 2 XA o 2 -GS 4l o, Tha o] ot s Aol A Al &
2 ] = 21 TH(Shetty and Prakash, 2020; Chun et al., 2022; Kang et al., 2022). &Y F-=ol|A F2 Hi=
ANEd 9EE 9 2oliste] A2 s dEEES] pHe tiF-2 A% ¢2e)d2 Uehud, s a7z

A=9] F5 4 EAof utet EEtRlthKang et al., 2022). 244> the] pH SIS ZAFGH A1) 1o A
=

XN

rir o
ol

o0

;i

o o]\
N

L

>
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Thal B 8k thKang etal., 2021). 5 Th2 A8 A Lol A= 2HE 2ul A] s AXHEEHE 2] = 252 A dS

PPAIZ 4 IEFL H5}g oo, wh Al Rlol) £ B Rl 19 (ww')S el 5HA lEe] 8- oF 10% B
ArElttal B 1519 CHChun et al., 2022).

wehA, 2 AT 02 pHE 2T B Z7I0IA A% Al Al S AR RISHR T 22 §7IAA Helot
A2o) 48 B4 9 Eeko) ho E4ol n x|t QJike Bt

Materials and Methods

Soil and organic amendments

Mg B2 St sAdEasteier W Al v 24(35°14'12.8" N, 139°7'0.5" E)ellA] 2)|5to] Al 2]of| A
< 2 mm O|5t= AH[AE5F oM, A3 ESFL] 7% 0.1 M hydrochloric acid (HC)E E%F
pHE 243 & ARESI T B pHoll wheh AMd ek Eqft AMdete] ] oF2 BEdo g HEsilom, A3
A B 3Fek4] EAJS EA9 e A= Table 101 HER AT
FAE 20219 S 5 AFG IS U] = 24(36°22'05.0" N, 127°21'15.2"
Aot 00°Cofl A 3027t 5]3}2(1100°C Box Furnace, Thermo Fisher Scientific Inc., USA)
Rt Aol AREEE {717 A= E4liste] A-dol o] &5l o, ¥A A=t T &
71 9] 3}5H4] E42 &A1 A= Table 201 UER LT

Hr
R
g=l

T
=
2
flo
o
e
)

1o

> ol
D

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

Exchangeable cations

T- T- M Avail. Avail. P
Soil a: ;)Iil 0) @ ; gf]) ¢ N © vail. N vat Ca™* K Mg* Na”
e (%) (mgkg") (emol.kg™)
Acidic 491 +0.05 025+0.03 0.15£0.02 0.02+0.00 0.26+0.03 43.16+1.12 45.61+2.02 842+0.09 0.21+£0.00 3.82+0.06 0.24+0.00

Non-acidic ~ 542+0.05 0.35+0.02 0.15£0.01 0.02+0.01 0.26+0.02 44.87+3.56 42.89+1.62 840+0.05 0.20+0.01 3.79+0.01 025+0.02
EC, electrical conductivity; 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 organic amendments used in this experiment.
pH EC SA T-C TN T-H T-P,0,

Amend ts H: C rati
enamen (1:5H0)  @Sm) (m*g") %) e

Carbonized rice husk 11.00£0.01 6.59+0.13 5.30+0.00 54.90 +0.20 0.60+0.01 487+0.01 0.21 £0.00 1.06

Rice husk 6.10 £0.00 1149+ 1.62 2.55+0.01 41.30+0.01 0.40+0.02 1.48 +£0.09 0.14+0.03 043

EC, electrical conductivity; SA, surface area; T-C, total carbon; T-N, total nitrogen; T-H, total hydrogen; T-P,Os, total phosphorus.

Growth experiments

A2 A% B7te FEuiete A e e H4 f2]2d0lA 20221 109 149 5E 129 2971A] F 49
Ut & (Lactuca sativa L)E ©]-&5t] +3Y5HA2H, 15000 a” 2719] potE o83t B 5AZ A=
o] &= 4 EF B0l n]xl= 9T H7o7| Slol Y& A2 E Zeet EY pHE & H] & THE %] 2]7(control,

inorganic fertilizers treatment), 772 H| 5.2} 47 3+ 2] 2] 74(RH, rice husk and inorganic fertilizers treatment), 571
Ad| 5.9} kst 47 &3} 2] 2]k (carbonized rice husk and inorganic fertilizers treatment, CR)2] & 6712] 22| E 3
HHESIQIT) L BT ©EF A= 7 AT LEO| BEY T OH] 1% (wew ) Z2lsilon, 71 du| s
(N-P,OsK,0)E SEZZ7GolA] AAIRE &F2] AlH|AR7]Eol £k 200-59-128 kg-ha' S #|2J5FITHRDA,
2022). T3k 77| AH]| 5= A5 Aol & WAIsH ] fls A5 717 5 333 A T 19, 169, 12|l 31¢Y)ell

A FLe F= A

(o)

N

Sl
ol

Analysis of soil and organic amendments

EFO] pHE} electrical conductivity (ECy= EST 7SS 1:5 (wv') H &2 S5 5 3087 1 E510] A=
S Benchtop Meter with pH and EC (ORION™ Versa Star Pro""', Thermo Fisher Scientific Inc., USA)Z Z743}1th EF
9] total carbon (T-C)@} total nitrogen (T-N) TH-2 2-Bof|A] £8-2 | A3t EFE elemental analyzer (TruSpec Micro,
Leco Corporation, USA)Z A5}t 5k 2 ATLof| A= EG T-C B4 ZA3HE 0|85+ OM (organic matter) 3
ZF2 ALttt EF W available nitrogen (Avail. N) 32 2 M KCI= EZ &3 UV/Vis-spectrophotometer
(GENESYS 50 UV-Visible spectrometer, Thermo Fisher Scientific Inc., USA)Z 245t NH," 2t NO, &8s 3
o A4k} T}. Available phosphate (Avail. P) &2 UV/Vis-spectrophotometer2} Lancaster' = 0]-&5}0] #4153t
Exchangeable cations (Ca™’, K', Mg”', Na')2 1 M NH,0A .2 EYS &3 & ICP-OES (inductively coupled plasma-
optical emission spectrometer, ICAP 7000 series ICP spectrometer, Thermo Fisher Scientific Inc., USA)2 #4313},

LA LET} &3 AL pHR}F ECE 1: 10 (w+v') H[EE 2313 -8-99] AFZ5-E- benchtop meter with pH and
ECZ =%sFtt 7-7170%FA| 9] surface area (SA)+= surface area analyzer (ASAP 2420, Micromeritics Instrument
Corporation, USA)E ©]-8-5}01 ZAI51 o, AAN,) 7kA0] F2F 3412 o]-&5to] Z2ke] | ZmH A2 A4k
o}k R7171A19] T-C2} TN, total hydrogen (T-H) -2 elemental analyzer= 221 5}31. 2 M, total phosphate (T-P,0s)
2 ICP-OESE °l85to] 24 at3ith.

Investigation of lettuce growth

¥ pit A8 5ol 0|3 JFL B7Hs) Slol Dol 2
22 Suste] 4% ZAS HASITE B AFS HBH 248 HAasks] Aol 48 AT S0

2789k ola), 9% A B9 49 34
271202 ZH5190M, B4t 1 om o)4] G B Tgsto] ATk Aol BS 2AE IR AR
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+= 85°C2 A3} dry oven (OF-12, Jeio Tech Co., Ltd., Korea)S 0] 25} 48A|7H59 X & 71X X3t & RAIE
o] g5to] A-E9] 23S Aot AE4A T 44 AF= AlLtel7] Holl 575K 2™, MINOLTA
chlorophyll meter (SPAD-502, Konica Minolta Inc., Japan)2 ©]-8-5}0 /9] 370A1E S5t S ZAFS £l A
F+ dry oven©l| A 1Z &, 22510 elemental analyzer2t ICP-OESZ 43 ¥14(C, N, P,0,, K,0)E 245}t

Statistical analysis

2 Ao A AAISE A= B 38K £2805F 43 Microsoft®] Excel 2016 (Microsoft Corporation, USA)= ©]
-8-5to] Y} EFEH X (standard deviation, SD)E AlAtsto] UERH I X 2] Alo]e] FAIA 52 2= SPSS
(version 26, IBM, USA)E ©]-8-5}0] A8 %]-2AHEA] (one way analysis of variance, ANOVA)Z} ©712] th5 747
(Duncan’s multiple range testy= T35FA T E£5H B pHR} A5 A FE7H] A HA|= Pearson method S ©]

2-5}0] Python (version 3.10.4, Python Software Foundation, USA) S 2 B <=7t Abo] o] /4HHA| £ EQ15i Tt

Results and Discussion

Changes in the chemical characteristics of soil

22 Al & Eoko] 315k EAJS BAGH Aub= Table 30 LFEFQITE ZHE Ajul & EQQ] pHE BF 27}
She A2 UEIl 2™, CROIA 2+ pH 6.172} pH 6.34% 7HE =7 S715HAT. ©]+= RH (pH 6.10)°1 H| 3}
CR (pH 11.0)7}H A S & pH7} =0t EY pHE =7 A7 A o2 AR =, o]9t JASE Ab= B2 A8y
& of| A B 15 B} QITh(Lee et al., 2019; Chun et al., 2022; Kang et al., 2022). £ electrical conductivity (EC)= 2H&
4=8tefo]] S n|x|= 291 = shto|H, RHE #2)5tS wl 22} 0.50 dS'm” (acidic soil)2} 0.40 dS'm” (non-
acidic soi) 2 7Hg =4 7151t o] ALl A= Bl 7 17H=Al 28] Al f-7170A W 873 Fo]
2(Ca", K 5)2 WEE Qe EQF EC7t 718l B sgl om, fErk2 Aol A= a7t 8olsh /7]
NegFA 22l EG nE2] 8442 T7HIA f71708A19] BallE SRAIZIT L B 1151 Th(Song et al., 2018;
Singh et al., 2022). ©]of] w2} 2 Atoll A= RHEF CR *{2] Al EY EC= 3716 H, %2 H : CratioE 7HA =
RH (0.43)°14] & =4 S7Fstict. =3, §7170A12] ECE H]wskgl2 wiol| = RH (11.49 dS'm™)°] CR (6.59
dS'm")ol| B]3l 2 ECE 7}A1 2L 9lo] EQFEC F71ol| 7]0f3i& A o2 AJzhect

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

. . Exchangeable cations
pH EC TC TN OM Avail. N Avail. P = = = =
Treaments 1.5 Ho) (@) Ca K Mg Na
o (%) (mgkg") (emol,kg’)

Acidic Control ~ 501+£004c 023+0.02c 0.16+0.00c 0.04+0.01b 028+0.00c 34.57+205c 50.77+£050a 741+009 0.15+00la 2.59+0.10c 0.19+0.00a
RH 529+003b 0.50+00la 024+001b 004+001b 041+0.01b 4652+353b 4801+0.78a 7.84+0.19a 0.15+00la 282+003b 0.15+0.00a
CR 6.17+£004a 044+0.01b 042+00la 0.10+£003a 0.73+003a 67.88+1.68a 47.75+086a 816+008a 020+000a 3.12+006a 0.16+0.02a
Non-acidic Control ~ 550+0.03¢ 025+0.00b 0.16+0.00c 0.05+001b 027+000c 34.80+1.88c 46.76+150a 727+0.16bc 0.18+0.02a 259+040b 0.17+0.02a
RH 5.714£004b 040+00la 021+001b 005+001b 036+0.02b 5007+29% 4662+471a 751+0.14b 0.14+00la 2.67+027b 0.15+0.03a
CR 634+004a 039+002a 040+0.01a 0.10+£0.01a 069+0.03a 7087+0.74a 4344+0.03b 787+0.09 0.19+004a 3.06+£0.07a 0.13+0.00a

p-value stk sk ok * ok ok stk ok B sk sk

RH, rice husk; CR, carbonized rice husk; EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; OM, organic matter; Avail. N, available nitrogen; Avail. P, available phosphorus.
* % and *** are used to indicate statistically significant differences at the p <0.05, p <0.01, and p <0.001, respectively.
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).
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EGF U T gFe] A9 CR 2] Al ZF2} 0.42% (acidic soil)2} 0.40% (non-acidic soil)Z control2} RHOY| H] 3l &7
3715k 2H, o]+= CR (54.90%)2] =& T-C &eoll 7191st A o 2 skt =5 Ego] oM FFS T-C EF &
A s 7122 A7)0 EG W T-C 3 AR &S UERSIth B W TN 9] 749 Edoll
RH ] 2] A] controlat R-AFSH QL CROI| H] 3l A= 28]} o]/ Z7FsFRATt. RH A 2ol w2 EF W T-C2H TN &
S7he B2 APATol|A BuElom, SAZbeskE X 2] Al EY T-C T2 24 16%0114 2t 670%7HA]
Z7Fek= o2 BA1E Y tH(Lee et al., 2019; Chun et al., 2022; Kang et al., 2022).

EF U Avail. N g2 2= Al 2 controlof| A= 42 Zh4a3HHHA CR 212] A oF 60%7 13 Z715H31Tt 3141

ik, Avail. P 32| 7% controloll A 7H8 =7 Z7F5H2l 2 M, RH2F CR A 2] A] controlol] H] 3l A% ZhAdhH= 7
< YEFTE Dong 520202 573 A Eoll 248k |7 |71FAIE E86to] X 2|oh= 49 EG W Avail. N FHF
< 37Fok= WHH Avail. P 352 Zr4stth . B ustglot, st Aol = o|2|sh d/de] 22 Egol A
2t 37170 A7 R E] RANH,)E 2] M35] sstAA Bl 2= vhd #el] p,o, 34
£ ZFHAA EY W Avail. P SFS ZAAIZIThal 21513 CHDong et al., 2020).
EY U 22 ca”, K, Mg ¢ ZE Al & B5F Aashs S UERALCH, controloll A 7H WA
FAstolrt. HhH, 2] 2Hd Na' &5 CROIA 7P BA AR Qe bl A= ESF W X183 ol 3
go] Z7] o2 7372 EYollA |7170EA A 2|7t E Wl X8 Fol2 el n|Al= 9= B7kekeltt
(Hailegnaw et al., 2019). o]m, E<F U] 2|2 ol ghafo] -2 EolA= F7170FA 22 Al x|eHd ol
ghego] 37V oh= B 2|8 ol 3ol =2 EYollX= 71705 A A elgo] 371l ujet st 4%
< YePSITE T2 A8 AFoll M= EF U X183 ol T2 EF pHe o] A oaA S vepicta 2
115F3A Th(Ito and Katagiri, 2021). & Aol A% CR *{2] A| EF pH7} pH 6.0 0|/ 0= E} X 2] +o]| Hlsl| =7 Z7}F
5tlon, ofof mat x| 2Hg gFol29] FFE 7 A ZAFE ALY

oy

Changes in the growth characteristics of lettuce

EpHE Fa| AR 2ol A AuleE 2hE2] a2 AR A= Table 401 UER T 4|52 RHONA
7V E9kom, AMdat 2ol RH 212] 4] 87.14 g0 & 714 &7 Z4 |1tk AMdst E%9] control#} CRE 22}
4545 g3} 79.07 g © = RHOY| H]3H 2F 48, 10% W2 2| et LRE EqFol|A] o] 2HE YA -2 ZH2} 63.39 g (control),
84.72 g (RH), 83.85 g (CR)2.Z RHOIA 7P &9k} CR}F EA1Z 2.2 §-oJ5t fo] = el #] et 235t
Fo] 49 AAS fAFRE B UERUIleH, AF2] A7 AE T RHOIA 7 =7 S7 =1 shAT,
RH2} CR Ate] 9] BAIA [-olxh= Q1| 2] YT 4d52] A4= CR A2 A 71 =7 3716l o, AHdst
E} AuF EQFol| A ZH2} 23,67 eaplant’ 2 26.33 ea-plant’ O 2 ZALE| I} AE A SHFS controlol| A 7 2|
SAEl o, A2t FAA f-olxhs UERA] ettt o] o] A oA = A Y e HIEE 8517
A&l AFE W5t o, A E2 2 21 (lignin) FFL 2 I8l H& 27t LAt B 2o &
5ol oJof] 7H&3k= M, EF U] Aate] AANO,)Q] S SHAA A& S-S wethal BAeE ThKumar et
al, 2013). SHA|RE H AN ES A= FEHE A 2olelS wie] A& HS= 718t A= n|u|gt 5o, 27}
Ao g W A7t st b CR 2o & 2hE A5 S211 i E A4t oid FESH| J3E 1 ok
(Kumar et al., 2013; Lee et al., 2019; Dong et al., 2020; Chun et al., 2022; Kang et al., 2022).
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Table 4. Growth characteristics of Lettuce based on different organic amendments.
Leaf

Treatments Fresh weight Moisture e Width Counts Chlorophyll content
© %) = ) (SPAD)
Acidic Control 4545+1146b  9226+0.17a  1699+1.59b  949+0.76ab 22.33+32la 2323+ 1.82a
RH 87.14+796a  9238+0.93a  19.87+0.76a 1092+0.73a  23.67+1.53a 26.57+4.56a
CR 79.07+14.6la 9232+0.73a  1943+1.83a 10.64+092a  23.67+0.58a 23.84+441a
Non-acidic ~ Control 6339+891b  9230+0.02a 17.74+0.72b  9.94+044b  24.67+35la 22.78+4.28a
RH 84.72+3470a 92.59+128a  2026+092a 11.39+157a 24.00+3.61a 25.89+2.16a
CR 83.85+16.03a 92.18+0.80a 19.52+1.13a 11.10+0.8%  2633+32la 25.60+0.73a
p—Value kek sk kek * sk kek

RH, rice husk; CR, carbonized rice husk.
* %% and *** are used to indicate statistically significant differences at the p < 0.05, p <0.01, and p <0.001, respectively.
a, b: 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).

Table 5= £ pHot 450) S-S ZARE FELL0] ATUAS EA3 Datoln, £ pH A% ST
(0] HERAE Gehde 2102 ZAISISich ol S APHEE B0l £% pH M-S Eofe] Sy e
wok oot 429 R E SN 4 482 Lrehn], 58] 45:9] 9B (Pearson’s r=0400)0] £ pHol 713

.

2 3k uke 71 0 2 ST QIrt wah A8 X| W7F ] mol| A = AYA|ZETt G4 (Pearson’s r = 0.835), G-I &
(Pearson’s r = 0.737)°] A= L3 B S 2= 2 0 = e shAT, 2 Aol M= |7 170819 AHds E
F 7N &k ERlS loh Hlw A 52 Helol|A o] Foi 7] uliol] & Ate] Aif= E pH7} pH 6.50 o|5HY
f 28 7t & 02 Azt

Table 5. Pearson correlation matrix between soil pH and growth parameters.

Treatments Fresh weight ~ Leaflength Leaf width Leaf counts Chlorophyll content ~ Soil pH
Fresh weight 1.000%**

Leaf length 0.541%* 1.000%**

Leaf width 0.835%* 0.737* 1.000%***

Leaf counts 0.663* 0.032%* 0415%* 1.000%***

Chlorophyll content ~ 0.607** 0.569* 0.638** 0.334*** 1.000%***

Soil pH 0.329%#* 0.348** 0.400%#* 0.250* 0.234%* 1.000%***

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

28 U} 8 e £ pHoll wt 125191 0.0, Fig. 101 LFERAITE 22 U ghay(C) FHhe AMd 3 £l
A= RH (37.97%) 18] Al 717 G2 HhA vk E ool A= 39.00%2 7Y A 2= ek sHA e EF pHE 2]
2t Atol] BAIA Folxks UERA] 2Qkth 3k, 22 XU X|2te EY pHZ T o2 =2 ARt E
ol A] ZHE ] EbA o]—E’J:O] o Ao @ ZAETE Aol jtof L ZHE U EbAL ZHEo] 7| B LR E 9 %5}
A, 2HE HAL 152 = elelA] B0 7| B 42 2HE 92 UER= A E & B 1519t Ma et al,
2018). & Aol A= Wa} E ol vlol ARF EFol|A] A& U] B4 o] =4 4=, ol EF pH 7N
o] Z& 52 TN £ e YERATHL el 2-E W AAWN)2t 14KP,0;) Tk eha St
FAFSHAl A3 Efol Hlsl Rt Eol A =4 A= oH, CRE A st uf 7 =4 S7 kit vt

ZHE(K0) T2 CR A 2] A] 5.72%%} 5.18% 2 7P =7 S715t o4 ES pH7 T Fa5 shgol 3715t
t}. Penn} Camberato (2019)= E42] pH7} pH 4.0 0| 5lol| A= H(Fe)oll 23l £l A 1Y =™, EG pH7}
pH 6.5 ] 2-=2] Q14 o]-& &&o] 7MY =7 S7Fs L B alsich & Aol A = CR *{2] A] E pH7} pH

o)

HJ
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Fig. 1. Constituent elements content of lettuce. Each value with different letters within a column is
significantly different from each other as determined by Duncan’s multiple range test (p < 0.05). (A) Carbon
(C) content of lettuce; (B) Nitrogen (N) content of lettuce; (C) Phosphorus (P,0s) content of lettuce; (D)
Potassium (K,0) content of lettuce. Control, inorganic fertilizers treatment; RH, rice husk and inorganic
fertilizers treatment; CR, carbonized rice husk and inorganic fertilizers treatment.
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