Korean J. Soil Sci. Fert. Vol.56, No.4, pp.407-418, 2023

Korean Journal of Soil Science and Fertilizer

https://doi.org/10.7745/KJSSF.2023.56.4.407

Article PISSN : 0367-6315  eISSN : 2288-2162

Assessment of Lettuce Yield and Soil Organic Carbon Fraction
Distribution under Different Types of Organic Matter in South
Korea

Yu Na Lee', Dong-Won Lee', Young Jae Jeong', Jin Ju Yun?, Jae-Hong Shim?, Sang-Ho Jeon?, Yun-Hae Lee?, Soon-lk Kwon?,
and Seong-Heon Kim**

' Assistant Researcher, Soil and Fertilizer Management Division, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea
postdoctoral Associates, Soil and Fertilizer Management Division, National Institute of Agricultural Sciences, RDA, Wanju 55365,

Korea

3Researcher, Soil and Fertilizer Management Division, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea
4Senior Researcher, Soil and Fertilizer Management Division, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea

*Corresponding author: ksh4054(@korea.kr

Received: October 17, 2023
Revised: November 22, 2023
Accepted: November 27,2023

Edited by

Seong-Soo Kang,
Rural Development
Administration, Korea

ORCID

YuNa Lee
https://orcid.org/0009-0002-7308-8173

Young Jae Jeong
https://orcid.org/0000-0002-9249-9413

Seong-Heon Kim
https://orcid.org/0000-0001-6047-9103

ABSTRACT

In this study, we evaluated the effect of applying different types of organic matter on yield, soil chemical pro-
perties, and soil carbon fraction in lettuce cultivation. The experiment consisted of six different fertilizations;
no fertilizer (NF), inorganic fertilizer (IF), mixed expeller cake (MEC), mixed organic fertilizer (MOF), NPK+
Cow manure compost (NPKCC), NPK+Pig manure compost (NPKPC). The yield of lettuce under NPKCC
(2,962 kg 10a™") was higher than NF (1,157 kg 10a™), IF (1,990 kg 10a™"), MEC (2,173 kg 10a™), MOF (2,398
kg 10a™"), and NPKPC (2,810 kg 10a™). In the soil chemical analysis, the pH showed no significant difference
between treatment, whereas both EC and available phosphate demonstrated statistically significant increases
in response to the application of inorganic fertilizer and cow manure compost. The concentration of fulvic
acid (FA) was high in the following order: NPKCC (776 mg kg') > MOF (684 mg kg') > NPKPC (652 mg
kg!)>MEC (623 mgkg™) > IF (577 mgkg") = NF (555 mg kg™"). The concentration of humic acid (HA) was
high in the following order: NPKCC (1,868 mg kg™') > NPKPC (1,403 mg kg) > MOF (1,346 mg kg) >
MEC (1,304 mg kg™) > IF (1,273 mg kg") > NF (1,206 mg kg™). In conclusion, application of cow manure
compost with inorganic fertilizer can increase lettuce yield and stable carbon (fulvic acid, humic acid) con-
centration. Therefore, it is recommendable for suitable soil management strategy to improve soil carbon and
increase crop yield in upland soil. Furthermore, in order to provide a comprehensive evaluation of the enduring
effects of organic matter application on crop yields, soil chemical properties, and soil organic carbon stocks, it
is strongly recommended that further studies be undertaken.
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ER71%k4 (soil organic carbon, SOC)= EYR71E2] 72 w0l 4=, 25, EYTBE2] 2480 = <lst
of ol o] & Ag Feloll wet Egel SA == 717to] GetA|A| Eek (Lee et al., 2013b; Cho et al., 2018). E
Fh7leae AL 471 -8aleo] AfolE o]-8slal Qlow, Atk F7oflA] R Q‘HHL A= 294t (fulvie acid,
FA), Aol A Gall=l= BH A HAIAF (humic acid, HA), A1 G7]o| 4] S8l A] o= 4= 7% (humin, Hm) 2.2
“Jo]=]oi 7Tt (Seo et al., 2015; Lee et al., 2020). ZHWF, Fojar 2 Foivp 7o ovgﬁ FH (non-labile FEN) Q! &
A wollide AX sl do] Hobd Bkl tHRsle 717te] AojA EF Ul A a7t ot B HA A2
Zjoh= B2 7HA-E 4= 9Jt} (Cho et al., 2018). 0|23 ESRG7|EtA L E] 0]8 W EbA £:5lo]| 9lo] ZQohH,
AR 7)1 S RA| 2 EkRfrekA A%l tigt S84 0] AX|a Itk (Hong et al., 2015; Byeon et al., 2023).

EF7IRA A gi7] Soll 285 oitsietaE %oHFM ofele FH| O] Fr e R Hststo] A7 A1
She Zle TobH Egea A Holl= HBIE o 81t i dte], 7%, TH 24, Hio| @ aF T4, mEARE A
5ol €A QJt (Lal, 2004; Six et al., 2006; Ahn et al., 2020; Lee et al., 2021a).

2 A7 THHE 7= Fol the Eeta A JHE H7ishr| fistod, A5AMl 7 et 771 o
718 (B, SRR, SHEE], EREN) S £Yst] o] 48 W ERlehde HAlsirt

Materials and Methods

ZE T ¥ o‘:oﬂ TH7HHE 71289 Yol T 2= s 9 BEO] ololy, EF eta A8 JEiE
27| Qe A& et o) Aol YA =2 A £t -fal A Woll A A (B, Lactuca sativa L)
I E 2 A E-S STt A5 AHHE 915l 15,0000 3719] A Eof| E9F3 kgS FX1H F 8-S sl on, Al
A EQF 312 Table 137 Erh. A7t T4 (no fertilizer, NF), NPK # 2] (inorganic fertilizer, IF), NPK+
S5 2]+ (NPK+Cow manure compost, NPKCC), NPK+=5 #|2]=- (NPK+Pig manure compost, NPKPC), <
7HF A 2]+t (mixed expeller cake, MEC), S8-7-7]4H] & #]2]7 (mixed organic fertilizer, MOF) 2 4475}t
MM 5EXTH 22 H| R AR AT (52 /A, RDA, 2022) 2] A5 AH|Eo]| whe} e 2 Al ZEAREEF 7]
Z0 2 B714H| 25 N-P,05-K,0 = 20.0-5.9-12.8 kg 102 A5l o™ EJHl= G B93-S 7jEor QR U =
HEH=212F2,000 kg 10, 440 kg 10a-2 2 2]st3ieh. {7188 & (274, 237148 =)=

sjo] 1] 7oz gk &
i -

rlr

oy
=

d

o,

2120 kg 10a™' ol A8k 7| AH| = AR Eq. 17} o] AF

et 7474324 7Tkg 10a”, 259.7 kg 1022 H2]stsich. 471 (S-EEH]|, ZREN] S3ka4h 53167
AH2) S A 4] 35 Hofl A2lei o A4, Qi il = 247F @4 g, AsplelE ARSIt 71H]
(N-P,05-K,0 = 10-5.9-6.4 kg 10a )= 35 A1 A2[sl3l 0 m 2715 (N-P,05-K,0 = 5.0-0.0-3.2 kg 102"y 7
Al 33 5 109 7HE0 2 23] AZ|SILE S A7 B s (494 % .5Y n})o]oq On EORAE O AH A A
(STE, Decagon)—% AR|sto] IAFGTE 25%0] o] T TSR A 2]FHo] vliA]= Y ofuliA| = 3HHESs o 7
Yst3iTt. Aol ARES EH|et 77 8H] 2 0] SFel £/ Table 29} AT

FAANRALTF (%) Ea- D



410 = Korean Journal of Soil Science and Fertilizer Vol. 56, No. 4, 2023

Table 1. Chemical properties of soil.

pH EC OM Avail. P,Os Exch. cation (cmol. kg™)

(1:5) (@dSm')  (gkeg’)  (mgkg") K Ca Mg Na
Soil 7.1 0.7 13.2 267 0.44 8.7 1.6 0.14
Optimal I‘angeJr 6.5-7.0 <2 20 -30 250-400 040-0.60 6.0-7.0 2.0-2.5 -

TOptimal range for lettuce cultivation in a normal field (RDA, 2022).

Table 2. Chemical properties of different type organic matter.

Type TC (%) TN (%) P,0s (%) K20 (%) Ca0 (%) MgO (%) CN
MEC 39 4.00 2.00 1.00 6.01 0.59 10
MOF 33 5.00 1.00 1.00 11.71 1.15 7
cC 30 2.85 234 3.66 6.23 2.06 11
PC 41 272 3.73 0.80 474 1.42 15

TMEC, mixed expeller cake; MOF, mixed organic fertilize; CC, cow manure compost; PC, pig manure compost.
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s
2|

I
A

EQF Bt M EQR] 7H8A] 5718 A (dissolved organic carbon, DOC )= water extraction (WEC) 2!
hot water extraction (HWEC)®H-2 ©]-8531T} (Ghani et al., 2003; Lee et al., 2020). WEC= E%F 3 gofl 5730
mL2 ¥ Tha 3027t "R # 3,600 rpmell A 2023t A2 2sto] A e et A
0.45 um membrane filterS ©]-851 Aet & TOC E417] (TOC-V 5050A, Shimadzu, Japan)Z 453t
HWECE o7t & J-2 5] 7430 mLE W1l 1027+ Ayt  80°C J25ZoflA] 16417 A &
3,600 rpmOlA] 2057t LAl 51Tt A NS 0.45 pm membrane filterS ©]-8-510] oJush 5 2uff S]A5}]
TOC £47] (TOC-V 5050A, Shimadzu, Japan)= -5}t
FEE B4 Skl At ¢ 7]-gol-S o] g5t Frujatat EHIAE0 2 HBBISTAT} (Christl et al., 2000; Michael and
Hayes, 2006). £ 3 gl 30 mL 1 M NaOH -89-& 7}F5}o] 125 rpmoflA] 24417 52F 218t 23,600 rppmf| 4] 30
B AR slo] ARl M2 E2loFTt (Solution A). A2 0.45 pm membrane filter2 {1}51] 20
Hj| 5l4gt & EA4519] o ouff AFRJ oo ZEHIAt (fulvie acid, FA)Z 524 (humic acid, HA). 2.2 7561911 ¥7]
of aliwlA] @l 2 e R ol e ERstIH:. ot 8ol 30 mL 6 M HCl= 3715t 3,600
rpmOf|A] 2027+ LA Ea]sto] AP ol 2128 Helslo] 208 2 545 5 el 3RS HA5199Tt (Solution B).

o
4991 fafslo] GOl EE H BT 0I5 HHEE WJ e BRslom 4, Oﬂmswo}ﬂ

LS B S

92k (humic acid, HA ) = Solution A — Solution B (Eq. 4)
&9 (humin, Hm) = & €4 (total carbon, TC)— Solution A (Eq. 5)

EARM FAEA-SSPSS statistics 272 AF8-014 ANOVA £4-2 A A6}, 2™ DMRT (Duncan’s multiple
range test)= A 2] 7+ Batolof] g AR f-ol5=E 5%0ll4] AATeHT.

Results and Discussion

RIS B0 ME 4F ] EM THIHEISYU AN TE AT S EA D 5553 ZARE
A= Table 33+ 2t B, B, ¥4 9 SPAD=NF, IF A2 7FEt {759 Tl 22|l S7tsh= 7
= H3.01 NPKCC AHEHolA 71 =2 A 545 Bk A5 it NPKCC (2,962 kg 10a™) >
NPKPC (2,810 kg 10a) > MOF (2,398 kg 10a™") > MEC (2,173 kg 10a™) = IF (1, 90kg10a >NF (1,157 kg 10a™)
To7 UrE}”rE} (Fig. 1). Ao 115 2l Al 771592 ARgske o o] S7ittal siglom 7714
H| 25 T80 2 ARESl= AR B9 22 f7=ds S8t A2fsigls o Bitde] S7Rt= Aot f
AFotSITt (Park et al., 2009; Lee et al., 2021c). ©|2]et A= EJH|9} -2 71593 FUS Al F71ehdS 55
Zhgo] S48 4= Qle R FHT 3EE o1 37] wiRo|2tal T (Lim et al., 2011; Kim et al., 2018a, 2019,
2020b, 2021).
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Table 3. Fresh weight, Leaf length, width, number and SPAD value of lettuce under the different type of organic matter.

Treatment ' Fresh weight (g) Leaf length (cm) Leaf width (cm) Leaf number (ea) SPAD

NF 33.5+7.7d" 163+0.0¢ 93+1.0d 18+2¢ 199+ 1.0b
IF 59.7+6.0c 182+0.6b 109+£0.5¢ 21+2b 233+2.0ab
MEC 652+3.0c 192+0.6a 11.1+£0.5bc 24+ 1ab 23.4+0.7 ab
MOF 71.9+3.6 bc 18.7+ 0.6 ab 11.0+0.7 be 25+2a 26.8+33a
NPKCC 889+150a 18.7+ 0.4 ab 11.7+0.5 ab 27+1a 272+49a
NPKPC 84.3+82ab 193+0.7a 122+09a 25+2a 28.1+1.8a

TNF, no fertilizer; IF, inorganic fertilizer; MEC, mixed expeller cake; MOF, mixed organic fertilize; CC, cow manure com-
post; PC, pig manure compost.
TNumbers with the same letter within a column are not significantly different (Duncan’s test, p < 0.05).

4000
d
3000 T ab
— b
[1] C T
2 c
g 2000 A
k=]
2
> d
T
1000 -
0 T T T
NF IF MOF  NPKCC NPKPC

Treatment

Fig. 1. Yield of Lettuce according to the different type of organic matter. "NF, no fertilizer; IF, inorganic fertilizer; MEC,
mixed expeller cake; MOF, mixed organic fertilizer; CC, cow manure compost; PC, pig manure compost. *Numbers with
the same letter within a column are not significantly different (Duncan'’s test, p < 0.05)).

2o U AAol 8888 B9 ATl Table 49} 2k A4S NPKCC (54.2 kg 10a™") > NPKPC (52.1
kg 10a™") > MOF (42.5 kg 10a™") > MEC (34.3 kg 10a™") > IF (34.2 kg 10a™") Z&=0]lt}. A4 IF A|g] 1R}
71 A2 olfe A4 FYol IF Ae| ot ol fnt ofyet frlEe] riAdEe] ofsf wsli=]e] 2t

=0 5 ¢ e AarES715H7 ] Whizol2tal Tt (Byeon et al., 2023). H40]-8-9-82 NPKCC 2]

Foie)

& AR RS9 FUS AT HE AP 2 o= Artoe] wot Srde] wilthe A3
QF AX|S}AT (Lee et al., 1993; Lim et al., 2020).
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Table 4. The amount of uptake and use efficiency in N of lettuce under the different type of organic matter.

Treatment ' N uptake (kg ha™) N use efficiency (%)
IF 342+24b7 333+34c
MEC 343+48b 33.6+6.8¢
MOF 42.5+23ab 453 +4.0 bc
NPKCC 541+5.6a 61.8+80a
NPKPC 52.1+8.6a 59.0+12.3ab

TIF, inorganic fertilizer; MEC, mixed expeller cake; MOF, mixed organic fertilize; CC, cow manure compost; PC, pig manure
compost.
TNumbers with the same letter within a column are not significantly different (Duncan’s test, p < 0.05).

RIS SR0I M2 EY S WE 4% 585 ER0 M 4712 ARGl T2 Eope] sfaty
o] disl AL (Table 5). pHi= TE 222014 ]0]51A] 57151, Kim et al. (19992 ARRLEH], 2

H] 55 A8k ol pH7F ot =oRttal sttt oli= T 17l EH1E ARGRE 749 ElH] A% A] A2
AR B So] Bl ot o] pHYH AT A o &2 SV 210 2 Tt (Kim et al., 2000; Lee et al., 2021b).

C+= NPKCC Az7ollA] 7 =A vepged], olaitt dit= f718d st 22 719 A8 Al NOs-N,
NH,-NoF &2 o29] 55 571= EY EC7F 571t A A+ At -FASHIT (Kang et al., 1997; Kim et
al.,2020b, 2022). =3FOM Y Avail. P,Os2 NPKCC A 2ol A =3k 0 ™ EJH| 9] 57| =t 7 4H] 5 9] Ql4to]

Zdtsto] Qlite] a1Ao] oAf|x]o] Egf] A o] F7Ietrh= Atet FARSIITE (Yang et al., 2006; Lee et al.,

2020, 2021¢). YA Aipsol| 2d F712HS FASIHE ol webd Folo] F7IRirtal B IA]TH (Cho
etal., 2011; Ahn et al., 2017; Lee et al., 2021b) & AL AT A= Al AHETH w3k K, Mg*', Ca*' 7} Z4sk=
ZE ERIT = QUSlek. e Fol22 K, Ca*', Mg™ 59 g 2HE0] o8& 4= QA o= 5= 2 & (Lim et
al., 2020) & A Aol A FFEH Folo] 2Hz 5ol Fote] AREE o1 F7] wiiZoletar kT

es)

Table 5. Differences in soil chemical properties under the different type of organic matter.

Treatment pH EC_] ()M_1 Avail. Pio5 Exch. cation (cmol, kg")
(1:5) (dSm™) (gkg’)  (mgkg?) K Ca Mg Na

NF 73a’ 0.6¢ 11.5¢ 275b 0.27b 7.0a 1.3a 0.15b
IF 73 a 0.6 be 11.7¢ 276 b 0.27b 73a 13a 0.14 ¢
MEC 73a 0.7 be 11.8¢ 279b 0.26 b 7.6a 14a 0.19b
MOF 72a 0.8b 119¢ 278 b 0.25b 75a 1.3a 0.15b
NPKCC 7.4 a 09a 13.7a 366 a 0.44 a 7.7a 1.4a 033 a
NPKPC 73 a 0.7 be 129b 285b 0.26 b 74a 1.4a 0.16 b
Optimal range® 6.5-7.0 <2 20-30 250-400 0.40-0.60 6.0-7.0 2.0-2.5 -

TNF, no fertilizer; IF, inorganic fertilizer; MEC, mixed expeller cake; MOF, mixed organic fertilize; CC, cow manure com-
post; PC, pig manure compost.

FNumbers with the same letter within a column are not significantly different (Duncan’s test, p < 0.05).

YOptimal range for lettuce cultivation in a normal field (RDA, 2022).
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ki

DEMRES EEERE

=
o

Atk 7]

NPKCC #2704 1,868 mg kg & 714 910 8 NPKPC (1,403

5

T} (Fig. 2¢). HA (humic acid) &% &

|

P
s
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mg kg') > MOF (1,346 mg kg™) > MEC (1,304 mg kg™) > IF (1,273 mg kg ) > NF (1,206 mg kg") «=0]Ith (Fig.
2d). FASFHA= 71873 ©HAK o o7 A =7] e EGEA0] o™ HAZF FAR T Foll& 7 S 2jrial
A2 A Qe (Seo et al., 2015). NPKCC Aol 4] $Hg%H Feo] §4Q1 HA o] &2 o= S &H|of 2 1d
VAEE QA T 22 20 0 2 Hofik]7] o2} FHiQl ol =49 eio] 7] wholefal Ttk

Conclusions

B A QIR (7129 S50l deh RS, EJelelye 2K S R alslo] Eopeha: A
£ WISk, NPKeH 1] ok vl R/ 1B Sdeh Helold 212 4% 1 Akteo) 271k sielshgir
EG Mo Ae f7led Fool et 2 Hals glAIR 715 EJH[E 2-85to] A2gt Aeftoll A EHlitE
Fals e b Feo] kit Z7kshe Agoldlnt 47129 BET 2N 4U1R ek 245t
P TP P EYete TG Y 5 9lon), o) Faf) B eyl mutael wolek Alee 4+ 3)
o}, shAE 2 ARl WrI7e] AR P70 AR Bl 5712 ARgel T A B E o X Geke
37t 2ot Qlokal T
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