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ABSTRACT

Treatment of food waste is becoming a big issue due to their significant quantities. Composting could be an
effective alternative for food waste management which could be used as soil conditioner or fertilizer with little
concerns about heavy metals and pathogens. The purpose of this research was to evaluate the effect of food
waste on Chinese cabbage growth and soil properties. 9 different treatments (two livestock manures, two food
wastes, two livestock manures + chemical fertilizer, two food wastes + chemical fertilizer, and control) were
applied to Chinese cabbage. All treatments were carried out in 3 replicates. We measured leaf length, leaf
width, fresh weight, dry weight, and leaf greenness of Chinese cabbage. Treatment of one of food waste
composts significantly increased leaf length and leaf width of Chinese cabbage by 28.6, 26.6, 67.7, and
59.9%, respectively, in comparison to those of control, while no significant differences for leaf greenness
were shown. Application of food waste compost resulted in significant increase of EC, available P,Os, CEC,
organic matter, and exchangeable cations. However, further researches are needed to reduce NaCl content of
food waste.
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Chinese cabbage growth with different treatments of compost.

Treatments Leaf length Leaf width Fresh weight Dry weight Chlorophyll
cm g 0.D. (SPAD)
Control 15.00+0.10°"  7.87+0.32° 19.61 +2.77¢ 2.74+0.51% 2850+ 0.46°
Lc1t 18.20 + 1.59¢ 923+0.40° 3596+ 1.10° 458+0.45°  29.93+2.00%
LC2 19.43 +0.58¢ 9.53 +(.84¢ 28.27 +3.55% 3.09+0.61  28.75+0.86°
FLC 19.70 + 1.35¢ 9.97+0.67"  34.48+627° 446+0.65 29.43+1.97°
FWC 19.29 + 0.86" 9.96+ 046"  32.88+4.92° 438+0.54° 2927+ 1.849
LCI-NPK 2723+ 131*  15.03£0.57° 106.95+425"  11.51+£0.77° 4440+ 1.65
LC2-NPK  22.83+254°  1217+1.79°  62.01+1526"° 692+1.82° 33.50+3.55°
FLC-NPK ~ 25.70+£0.95®  14.60+0.95®  98.03+1.53*  10.93+0.35" 42.97+237®
FWC-NPK  24.00+1.37*  13.194+0.92™  94.65+3.50°  10.67+0.38" 39.61+0.76"

"The different letters are significantly (P < 0.05) different according to Duncan’s multiple test.
TLCl, Livestock compost; LC2, Livestock compost; FLC, Food waste and Livestock compost; FWC,
Food waste compost.
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Introduction
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o7& et Al dolgt e A= A=Al v w7 e Wf‘c*}ie‘r(%*—l 22, EH| 2}, slrget, A7)t
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al., 1995). 2&u}-2A1E2487] B[] Al-8-2 GE (NaCl) o] EA7F =11 glom, Tt EoF 5 Nao| ghaFo] E9F
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Materials and Methods

& =7
A FA T AAEE é’x_ ;1‘10”0]'93«31' S5 B =1 - ofolA HskE 54 01'7] oto] FAIESS EAI5H
o}, ZAEFS] 79 pH= 6.58 2 A Eofo] H]of| 27 =2 42 & el oW, ECof71E227F0.2 dSm™,
18.3 gkg' o & Qul vrE ko] Z5h= 422 H Yk EAQ] 749 sand: 82.5%, silt: 12.3%, clay: 5.2%E loamy
sand E9F0 2 SRIE|QIT} (Table 1). FAIZFE-2 73 | & A] Aol 4] 22 Ajul| =)= B 3= (Chinese cabbage,
Brassica rapa var. glabra)S 41735191, M, E¢o] 3~4ufQl WE-g 7} A2] 7o UhA] A Al5}o] AR8-51Tt,
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Table 1. Physico-chemical properties of the soil used.

pH EC o.M Av.P,0Os Exch. cation (cmol:kg™) Soil texture
Sand Silt Clay
(1:5 H,0) dSm™ gkg! mg kg Ca K Mg Na %
825 123 52
6.58 0.2 18.3 284.12 2.85 0.26 0.67 0.14 Loamy sand

Mo

I'—AIAIE (EH) ¥ olstst BM 7ISEEN] 2T (715 T3] AR 60%<1 LCL, 7HE 320] Al
15, 920, =1 10%31 LC2), 221E0] 30% e 7I5EEH] (FLC), 22 EEH] (FWC)E AF8at3l.or, 24
EEM] 2] 749 FUE FHA] AHhsE AV 2R Algtor £ Aol ARSIt FAIA R 452] EMIE FE2
% B2 EAAAM 2 AR F7]E (RDA, 2016)°] F510] G, BT, B4, AHESH1E, a5

8% (As, Cd, Hg, Pb, Cr, Cu, Ni, Zn)= 5751310, A4, QUi Ze] Mg S4sI3h

I ok

ZEAIR 1/2000 a Afo]=0] SIIHEES ARGFIOH, 7t A2 FR|9] HiE A 710 LCI,
LC2, FLC, FWC £2.2 20,000 kg ha™' = #| 2|3 SA £} HH]E 2 s] &gtsl 9o, NPK #]2]7-9] 73-¢- vl 5
UAS A AR B ZF A7 N-P,05-Ko0 4572 2 200-120-200 kg ha'-& #]2]5tck.

UEME TAL HiFO] SR FEXEH Y FAE Oﬂ% (RDA, 2012)°]] Za}o] 4] 5 3029] &3 9l

[e)
G| ZolS ZASAT, HE 43 7O AF U AFAS ZAskh AL GAEZA7] (SPAD-502,

51 921 2 Eok} 2% 2-515.0] Eofo] sfelAEA] Wale slelslgl on, olslslA]
BH e 5U71eY EY Y EH] B (Agricultural Technology Institute, 2015)0]l £514 pHRF EC+= 1:5%H-2 At
Goto] EQRENS FE5to] S45IT) 77| &2 Walkley-Black methodE AFE-5H] 610 nmoj|A S EEE S5
stolom, FaQlike S 8wl S ARESI] 660 nmollA] v Z7dot3inh. Tt X|ehdeol22] ¢ AAS

(PinAAcle 900T, USA) 2 ICP (ICP series-6000, USA) S o]-85}0] EAla}3ct.

EAHY BE AeiT 3B Agslgon, e

, HRE7o] Bzt WIS 151o] SAS 9.4 TR TS
ARg5to] EAHEA (ANOVA)& AA5HL 0 H, Duncan 8= 5ol 5214 P < 0.05 <ol A SAA A= 38
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Results and Discussion

Ja}
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B2 o] B 97425.3%, 9= 19.2% 2712 Bk 6] & (N. P. K)2 #2] A] LC1-NPK > FLC-NPK >
FWC-NPK > LC2-NPK > Control %>©2 LC1-NPK #2727} 7} =& AJ-8A S LRt £35] LC1-NPK #
2 Gl 745 A=A thH] F 81.5% ST Fotoltt. 2HEAS "Rl G GRS (SPAD-502
Korea)E -5oll &}I513] 0™, F-A4 242 739 %‘&E—E 28.50 0.D.9] 7} =& 215 311, LC1-NPK 9] 7

44.40 0.D.2 7P =2 3= Uelth. 25 78+ A5 2 A538S DA oH, AS52] 79 LC1-NPK >
FLC-NPK > FWC-NPK > LC2-NPK$=9] ZA3}= H 1, Zﬂ O] k& UEIT (Table 2). o237t
Ab= A2e EH] 9 sleH| g 2 QI A1Z9] W4-FUARIN, P, K7 3350 9%, 95, 987 37,

pint H
St BRER Sl f7180] Ege BawE F)AA 2Be A5% U 43S B0 Aos Az

olN wﬂ

(Kim and Kim, 2007).

Table 2. Chinese cabbage growth with different treatments of compost.

Treatments Leaf length Leaf width Fresh weight Dry weight Chlorophyll
cm g 0.D. (SPAD)
Control 15.00+0.10¢" 7.87+0.32° 19.61 £2.77¢ 2.74+051% 28.50 + 0.46°
Lcit 18.20 + 1.59¢ 9.23 + 0.40% 35.96 + 1.10° 4,58 +(0.45° 29.93 +2.00%
LC2 19.43 +0.58° 9.53 + 0.84¢ 28.27 + 3.55% 3.09+0.61% 28.75 +0.86°
FLC 19.70 £ 1.35¢ 9.97 £ 0.67° 34.48 £ 6.27° 4.46 £ 0.65° 29.43 + 1.97¢
FWC 19.29 + 0.86° 9.96 + 0.46° 32.88 + 4.92° 438 £ 0.54° 29.27 + 1.84¢
LC1-NPK 27.23+1.31° 15.03 + 0.57° 106.95 + 4.25° 11.51 +0.77° 44.40 £ 1.65°
LC2-NPK 22.83 +2.54° 12.17 + 1.79¢ 62.01 + 15.26° 6.92+1.82" 33.50 + 3.55°
FLC-NPK 25.70 + 0.95% 14.60 + 0.95® 98.03 + 1.53° 10.93 + 0.35° 42,97 +2.37®
FWC-NPK 24.00 + 1.37% 13.19 + 0.92% 94.65 + 3.50° 10.67 + 0.38° 39.61 + 0.76°

"The different letters are significantly (P < 0.05) different according to Duncan’s multiple test.
TLCI, Livestock compost; LC2, Livestock compost; FLC, Food waste and Livestock compost; FWC, Food waste compost.

SAAR (EH) 3Fetd EAM 2427 follea< 880l tholils EH] 4% 5 71584] ofote] Aukghe &
QN 2= ATk (Table 3). §71E o] A9 FHTAR 30% oV gk Holom, 11 5 SAEEMH] (FWC)7t

48.22%9] =2 5215 H ATt NaCl 9
578714 2.0% 1T 4i]°13}(Table 4). 2= B S 7P AP E e AR 2~3% o] B
Aol Fde M, L olste] A-olle Aaaoll Gd= DIAA Seths HalF Utk (Phae et al., 2002). Lee et
al. (2015)°] A2l 2JshH 247 A2 EH] 3252 HE (NaCl) 2 0.82~4.67% H= 47% 2] 52125

FFo] 742 FLC 1.74%, FWC 1.81%2] GEg#S el o, ol =H|&

ot 2h=

HE AT T 2.0% oVde 20k A 02 e E[R|| T-P (59)9] - LC1°] 2.24%2 #A 2 7Fg w2
g B o, x| §u]o] ¢ w8t 58 Bk T-N (3284)2] 9 FWC7F2.73%E 71 22 5415

==

HAOH FLC ERF2.52%2 THE EH]of H]sl 322 gha BTl ¢ e sAe ] dA= o] el o

AR QIR 2= THET (Lee et al., 2012).

d
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Table 3. Concentration of hazardous heavy metals in various composts.

Composts AS Cd Hg Pb Cr Cu Ni Zn
mg kg

Lcit ND' ND ND ND 8.56 96.09 10.23 42537

LC2 ND ND ND ND 29.71 94.92 12.53 272.52

FLC ND 1.52 ND 1.68 9.43 64.80 3.21 112.48

FWC ND ND ND ND 50.67 68.53 8.94 130.90

Criteria <45 <5 <2 <130 <200 <360 <45 <900

"ND: Not Detected.
TLC1, Livestock compost; LC2, Livestock compost; FLC, Food waste and Livestock compost; FWC, Food waste compost.

Table 4. Chemical properties of composts used.

Materials oM Water T-N T-P T-K C/N NaCl His'
%

Lc1t 42.76 42.38 1.82 2.24 1.79 23.49 1.33 2.72

LC2 43.51 40.46 1.40 1.18 1.0 31.07 0.79 5.18

FLC 42.80 31.30 2.52 1.43 0.79 29.93 1.74 5.60

FWC 48.22 33.80 2.73 1.14 1.23 17.66 1.81 5.06

Criteria - <55 - - - <45 <1.8 <25

THIS: HCI Insoluble Substance.
TLCI, Livestock compost; LC2, Livestock compost; FLC, Food waste and Livestock compost; FWC, Food waste compost.

EQFo| o|gtety W3t EH]|Y] AJgof miE 7] EFe] o]3tet B4 WISTE 2jI5h] Sl EFRtet A S
Foto] 2 48 9 pH, EC, OM, Av.P,0s, ol (Ca™', Mg™", K', Na") 2] o] g}t EAJRISLE SR1st3iTt. pH O

78 LC29] A 277} Bt 6.842 7P =2 3h2 BT, V2] A2 17ke] E 2o li= ER1E|X] ¢St LC22] ¢
S Bo] glefo] =2 EH|E Q5] pH7F Z71E A2 Kol Kim et al. (1999)2] A}l -GARE A © & AlgHct,
EC+= 784 A Bl Hlof] A 0 & 455131, 7152 E[H] 28] Bl 2A=24817] 8] FLC, FWCS] EC 9t
Fo| =2 T E Hlom, o] A1E Hol JAIZEH]| A2] A| EH7} BRolal Sl w2 HERldo & Qo 2
B 2 EC 3k H}1 2 0 & ket FA] EFO EC glo] Wot2A1E FH] Al8-0 = QI dF mdfl= gle= A e
424 7] 9lote] Mgt P o] A= QI EC O] S7H= 10%]
=Y 4 ok AT A7) It} (Chan et al., 2016). 55 EC g30] =&
of o|e} g2 A ATt vl W L Q7 §lS 210 & wekerh T3t
755 2571 flste] 54 (KHSOs, KHSO,, KoSO,)y= A2t
o] 4FEKCIZ Xb‘ro}‘ﬂﬁh StAek f7159] 79 izl Blel & S7Fohe Za SRIsHI N, o= EJH|AlE-
A] B[H]9] gHG-E G471 80] Z71=2 HoJZch (Suh and Yeon, 1998). CEC2] A% 71=REH] A& A| EY % -G7|et
29} CEC 37F=42 ool ol éi@}}od?%iﬁrﬂ 21.2™ (Chang et al., 1999), thz~] H]of EH] & s}otH]|=
AA] H2FF7Fole 2he SR = ST faQlhte] ¢ FA 2l vlol| S7tok= ZdakE BT, 3fsh|= A
2J7-0] 787 EB] Aot Blssgh o] Gh2 H T (Table 5). 91 A Hof slotH] zof kgl Ql4to] AlEo] &
T e A L] FHIE EAfS] AlEe] A 0 & Fpslto] Aol AfolE KRl A0 & Alm .
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Table 5. Chemical properties of soil after harvesting.

Treatments pH EC oM Av.P,0s Exch. cation (cmol kg™)
(1:5 H,0) dSm’ g kg mg kg’ Ca K Mg Na

Control 6.30¢" 0.27° 18.28¢ 217.26° 3.02¢ 0.24" 0.64% 0.12¢
LCc1t 6.15° 0.34° 19.88%¢ 269.85° 3.20° 0.25° 0.65% 0.11%
LC2 6.84° 0.33° 19.84%¢ 258.77° 3.27%® 0.27% 0.75° 0.11%
FLC 6.43° 0.28° 21.14% 264.62% 3.29% 0.25° 0.74° 0.13%
FWC 6.38" 0.34° 22.08% 258.40° 3.31% 0.26 0.73° 0.14%¢
LC1-NPK 6.42° 0.33% 23.02¢ 271.73* 3.25% 0.28" 0.67° 0.13
LC2-NPK 6.31° 0.28% 20.78° 265.38% 3.32° 0.29° 0.64% 0.10®
FLC-NPK 6.02° 0.42° 20.75¢ 267.60° 3.32%® 0.27% 0.61° 0.12%®
FWC-NPK 6.22¢ 0.44" 23.17 264.72% 3.31%® 0.27% 0.66% 0.13%®

"The different letters are significantly (P < 0.05) different according to Duncan’s multiple test.
TLCI, Livestock compost; LC2, Livestock compost; FLC, Food waste and Livestock compost; FWC, Food waste compost.

Conclusions

SAIEE R} 7S EH] Aol mhE i F0] A B B sfohd 54J 0] HIStE Bl AR 2 TS 4
YL, 2F2A-8-0] 74-¢ T gl el vlsl 242 EH] (FWC) A2] A A 2] o] S Bt 28.6%, T=26.6%
S7HE Bl o, QAL O] A9 [FofRt 2ol7t gli= A 0 = Uit A EEH] Al thE 250 7HSEEH|
Al vl et At vljs= A5 ko] Afol= A7) k2 210 2 UpEyit] 2FetH|= (N. P. K) €8 A] LC1-NPK >
FLC-NPK > FWC-NPK > LC2-NPK > Control =0 & Z7}2 1 GME 9] -2 LC1-NPK > FLC-NPK >
FWC-NPK > LC2-NPK > Control =02 @A ko] 2fo]& B o FWC2] 749 F-4 =]+ tiH] 11.11 O.D.,
FLCE 14.47 0.D. 7151t 24182] ¢ =8 JRgRko 2 BA7} 511 Qs FAolA gk FAA| 72 SfshE

A& 5ol FlE381E e AR g ZS SRS, #4291 2.0%2E FARE g Yok ekl 2=
sl 2 FFE PIXA] Fkem, Follsas 8 BT 7R nl9ke] ghS UER It S41=5]H] A2 A pH,
EC, 7718, Fa 4t Aeddol2 BF tizto] vlsl f-oloHA| S7ohe e LRt 5% EC o]
EE FAEGE AREsto] AHIF B 2] ol fgh A9t zeolite, HFH 22 EC 2104 &AM 52 A4 0=
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