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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 O.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+4.25"  11.51+£0.77° 4440+ 1.65
LC2-NPK  22.83+254°  1217+1.79°  62.01+1526"° 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+237®
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.
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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Materials and Methods

o} FAES O] -9 pH=6.58 % %Pﬂ i Bl Bl o =2 A1 5 RN O™, ECeH 7152 7—1}7—} 0.2dSm’,
F215 Bt EAJO] 79 sand: 82.5%, silt: 12.3%, clay: 5.2%% loamy

SAIA | ‘sAtl A =2 AfEl =)= vl (Chinese cabbage,
Brassica rapa var. glabra)s ﬂ@s}‘?\iﬁ_‘:ﬂ, H o] 3-4ufjo] BE2 7} 2]a]Lo| 2| AAlsle] ARE5}ct.



The Effect of Food Waste Compost and Livestock Manure on Chinese Cabbage (Brassica rapa var. glabra) Growth ¢ 549

Table 1. Physico-chemical properties of the soil used.

pH EC o.M Av.P,Os 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

-T'-AIAIE (EIH]) ¥ o|atst BM 7ISEEH] 2 (715w T8w0] AR 60%21 LC1, 71 F/dw20] Al
15, -2 20, =2 10%%1 LC2), 241E°] 30% -4 7152EH] (FLC), 4= EH] (FWC)E AFESt90 u%, oA
EEH]9] 7 AU E FHA) A3t AR RE Algatol 2 Aol ARSI FAA R 4F2] EHIE 5=
A H|2ZAAAM 2 A 243]7]5 (RDA, 2016)0] Zoto] G482, $EqFE Ban QAME-Q6)E, %ﬁH =

8% (As, Cd, Hg, Pb, Cr, Cu, Ni, Zn)= 7519 00, 24, QlAt Zhe] A =513t

I olol'

ZEANE 12000 a A]20] FTULES ARG on, 7} 227 EH|o] v HAAHFE 7]E 02 LCI,
LC2, FLC, FWC £=2220,000 kg ha 2 2]l SA =} =[H]E 23] 29519107, NPK #]2]7-2] 739 uii5
W75 7 A legol] 9] 2} A2l N-P,0s-K,0 480 & 200-120-200 ke ha™ & H2]slic.
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XMElTE EY 0latst B A Eu 25 Eke-o] o] shobAl B4 HIslE geIstel oH, olsteld
H4o 5A71&d EoF U EH] E45 (Agricultural Technology Institute, 2015)°]] <51 pHeF EC= 1:58-2 At
goto] EQRgNS FE5to] S5} 77| &2 Walkley-Black methodE AFE-5H] 610 nmollA S EEE S5
stalom, fRQNES E2|HH S ARSEe] 660 nmellA HIA ZA51GT ot 2ehdFol22] 79 AAS

(PinAAcle 900T, USA) & ICP (ICP series-6000, USA) S o]-85to] Esl9ict,

—

EAHE BE Aol 3= 2 Agstelon], BErle] Haglu EERAE 7510] SAS 0.4 L2 IHS
AFg5te] BARZA (ANOVAYS 5K M, Duncand4& 5ol 6 91452 P < 0.05 57014 5412 432 448
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Results and Discussion

HZMSQ  TA| ZHEol HH—,_4 RO Z A= 2)%E 228} 0] A Ul JEQ =H5)9 0, Table 31} 22 AlE
221 & 4= U3t 2 Aol A= FA A tE] FWCE] 739 T4 2]+ tiH] B4 Hat 28.6%, BE-226.6% 57t
St 73S SRISICH, F t—rﬂﬂ—? oiH] Bt A7 31.3%, BF 26.6%7F 576 7H5E]H] 2] 75
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44.40 0.D.2 7Vg =2 aba Ueilth. A5 402 S ST L 455 iﬂﬁ‘ﬁ&ﬂi Ag—gau 73-%-LC1-NPK >
FLC-NPK > FWC-NPK > LC2-NPK£=9] A= H 7&%%} T2 e
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L QAT =A7] (SPAD-502,

(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.

SAAE (ElH) 388 Ed A2 folsa< 8ol ol Eltﬂ 4% BT 7|54 olote] Angke g
At = O“Ziﬁ} (Table 3). 7718 T=F9] 49 THTAR] 30% o9 #-& HYlow, 1 F IAEEH] (FWC)7H
48.22%9°] =2 215 H Atk NaCl F=F2] 749 FLC 1.74%, FWC 1.81%2] 03-‘%%@—2— HERHSL O, o= H&
578714 2.0% 1|5t *’Fi]o]‘:}(Table 4). SAE M) 5 7P BAV R R 2~3% olde] 3 polltt 2
Al FES 5, 11 oofe] 7ol A5l P nIA|A] Gi=ths B a7t Tk (Phae et al., 2002). Lee et
al. (2015)2] S A7}l OJoPH FAIRE-ZAEEM] 32°5:0] 4 (NaCl) 212 0.82~4.67% HI= 47% 0] A=

Hlt%ﬂ—‘%d%hz.O% olAhS ZutsHe 70 LiEhith, HH]o] T-P (F2))0] A9 LC10] 224%0] A2 7H e
Zhe HEom, LA E]1]0] A9 HZat 2 BTk TN (324) 0] A9 FWC7/H2.73% 2 7H e 512

==

HAo t'1FLC EQF2.52%5 ThE E[H|of HIs]] 52 ke HolFlnt. 91 Avte sAleEv] @Al R 2 P

AR QI 2= THETE (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.

Eo| 0|5t5H H3} EH|O| Aol mhE 2] B o|stet 4 HIStE 2lklst] flol EYRet A HS
535} 215 8L B pH, EC, OM, Av.P,0s, 30| & (Ca*', Mg®", K, Na") 2] o|3}5}2] EAHSIE 3Hel5|iet. pHO)
78T LC2O A7 Bt 6.84 2 7 =& a2 KA, W A] 22| 77ke] E 2to = RIE %] ¢Ejkth LC22] 75
0] o] =2 EH|= Q5| pH7F 57HE A 02 Ko, Kim et al. (1999)9] AXe} AR 210 & A=t
ECE= 74 A Eool vls A4 & F5stal, 712 = 8] 2350l Bl 2241=242)7] =8| FLC, FWCO] EC &
Fol =2 FAE B3 o, o] AMg Hol ZAEEH] Z2] Al EM7} Bk Qs w2 AR oR Qo) 25
Tl 32 EC 312 Bl .0 2 waterh FA] ELO| EC glo] RobSAlE EH| 180 2 QI |t Hof= gl= 22

Aa £45 Eol7] flote] Mgt P 9] A= Qlgh
zeolite 2] = 15} 28] o} B FEE EY = UThe A+ 217} Itk (Chan et al., 2016). 55 EC g0 =&
SA EGoll SAEEHIE AS ATE of o]o} Zhe A AMet vl w e T @7} Q& 2 0 2 ekt Tt
Kim and Jang (2006)-> 222 EH]o]l @k AR 55 @571 915kl 459 (KHSOs, KHSO4, K>SO,)& 225}
o] AFE KCIE Hehlsirtal shleh. f71&9] 749 ozl vlol A F7Fok= Ae GRIsHAL, o] EHAE-
Al EH]9] g3 f71E2] £Vt HoJZIct (Suh and Yeon, 1998). CECO] 7% 71E5EEH] A4 A| EX F A7 e
£0FCEC 37 A froldol e ARBA7-2 7} 1.2 (Chang et al., 1999), thz-ol HIsl EJH] 51 ofetu]=
A2A] AA;F7 Vo= 2 RIS = QI A Qlite] 749 FAj gl tol Hlol S7ol= Z3ke ol stohH|= A
2] 737 E8] A2t Hlsgh 0] ghS H T (Table 5). 91 A¥te Hot ofetH] zof| ot ¢l4te] AlZ0] &
T 4 Sle A QUte] FHiE EAG] Aol AR R 0= Fpole] Aol AlolE Bl A 02 A=
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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

SAEE |2} ZFERE ] Aol w2 vl F0] A5 W EQFo] 315k BE/AJ O] WSS vl RSk A E S
YA, 2F2AY-8-0] 74-¢ T g o] v]sl] 2412 EH] (FWC) A7) A| 2|7 thy] B3 Bt 28.6%, B=26.6%
S7FE BloH, QML O] Be= ot Ao/t Ghis A 02 Yepith. A EEM] Al thE 250] 71S5EEH|
A8 Blwet At vljE A §ato] Zjoli= 2] 92 A0 & YEPT 36t E (N. P. K) 28 A] LC1-NPK >
FLC-NPK > FWC-NPK > LC2-NPK > Control £=22 Z7}8 B9 GME0] ¢ LCI-NPK > FLC-NPK >
FWC-NPK > LC2-NPK > Control &0 2 @M 7ko] 2lo]2 B o, FWC2] ¢ T4 2]+ thH] 11.11 O.D.,
FLC+= 14.47 0.D. Z71ol5itt. 24182 749 w2 dudso s BAV} A Qli= dAA0X|T - FAIN 59 ek
A& Bl HIETBTE 52 AR G A2 SRS, AX191 2.0%2 AR 3k Beloll: Etetal A=
Agolle & ke nAA] oo, folle e 8% BT 7154 nlvte] gk Ureisleh 32412 EH] 2] A pH,
EC, f71ES, faqlit, 2ghgofol 5 thz ol vlel f-2lotA| 57 tohe AahS LRt 5% EC &3]

352 FAESE AFgale] AulF L Egulo] that 479} zeolite, HFET 2 EC ALA B4 5 A4H 0=
o

[e%

0.
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