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Abstract

This experiment was conducted to study the effect of organic fertilizer on the growth of
Peucedanum japonicum Thunberg and the change of soil chemical characteristics. The
organic matter contents of coffee sludge and dried food waste powder were 44.26 and
51.18%, respectively. These values exceed the organic matter content of organic fertilizers
recommended by the Rural Development Administration (RDA) of South Korea by more than
30%. Accordingly, they indicate the possibility of their use as organic fertilizers. The results
from the analysis of soil properties after cultivation showed that the organic matter content
of coffee sludge amended soils was two-fold higher than that of dried food waste powder
amended soils. However, the content of available phosphorus was two times lower in the
coffee sludge amendments. It is expected that the dried food waste powder was actively
used to decompose organic substances, and that phosphoric acid was added by the soil
microorganisms used to decompose organic substances. In terms of Peucedanum japonicum
Thunberg growth, leaf discoloration was observed for all treatments except with the standard
rate of dried food waste powder. The standard rate of dried food waste powder also produced
relatively better results than other treatments with regard to other growth characteristics
such as root length (34.08 cm), root diameter (0.78 cm), and fresh root weight (4.77 g plant™).
Therefore, the standard rate of dried food waste powder produced better results than other
treatments and can be used as an organic fertilizer in the growth of Peucedanum japonicum
Thunberg.

Key words: coffee sludge, dried food waste powder, organic fertilizer, Peucedanum
japonicum Thunberg
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Effect of application of coffee sludge and dried food waste powder on the growth Peucedanum japonicum Thunberg

&} b & AMR9] Z7He B o] AAE 9718 ok 4o X8 A5hE ZefdthKim, 1995; Kim, 2002).
o ThEdt Ao Eok 9413 22 9 sfstdel ofsh £ %xw o] op7| %] 11 Y eh(Kim, 2002). ]2 & 2]
o

S sidst7] Slel 5 &40 BA L sAE Agake] 2144 {2 9 oFd sAHE A AAE Eskat
287 ol thet A77F 5] o] 2oiA| L IthKim et al., 2006). X%

sdoll thgt whil o] S7tet g
Q3 3fel vl g tiA|Z 2 Q14
oo Hi =, dA F

10 ZIth(Lee et al., 1997;
| wZoll, ¥ 57}l A

3 %

7 714 SRS S BEL §7] SAE YAFL F7HA717] A8l F

531 9IthJeong, 2005). 8714 TAAS AEY NI UEES MO 2 AT

w7} 5o} 43t ok & WYAZI T, Bl A] WESE oA ABkS 0 BAIE
A Q

Al
Eo, 2018). StA|F A& w|7] 20 3¢ A 2] D23t F23t f71ee TRt 3l

m°°

N

+= A& ZfHlof] o] & &-8-5}31 Qlth(Jeong et al., 2006; Nelson and Janke 2007; Lee et al., 2008). 7714 =AY
= #7124 H 59 R E2A E&517] QoA f715S A= Al ol Fds) & FaoloF st &
A= 87| &9 01’7‘43‘] 237} = 2 5}ch(Nelson and Janke, 2007; Castro et al., 2009). 77|24 H| 52| A &2 &
Folged = MNFE 4= At dHA Ao, o]= EFol Y= ¥ 330, & dE S ¥
oleha} 575_11} Zre EE|Ao A= 37t Q1A= 1 QI th(Ham et al., 1994).

|71/ HAH F st AR H7|E2 AlEe] B, 55 2 28 T 43 S HH A= 227 0]

ChH(Park, 2003). %-2|uehes 37 24 sid 7714 Hatd el AEg-S Y8 SAEF Hl71E HH|g} A]Ad
S A gH 2 dx|sto] EGUNFAIRE 7713 |5 Ao 2 E-8351a1 Qlth(Jo, 2000; Hong et al., 2006; Lee et
al, 2017a). SAEF H7]| 2 EHl& EY 718 & S F& 33 532 FUAIA AEA] HF 5
7} atE Hole ZloZ 43 A lthlo, 2000; Lee et al., 2017b). L2t A&7 w7 20| £A] Hufstd
A 24-9F oFF| Z BRI A] 7] A (Park, 2003; Lee et al., 2019a), B 8|3} ¥4 oA A&7 W 7|2 2pAof gh7-¥
thFo] B ut 2B 0 2 Q13| nAYE S0 ot Y TS njx]= EA- o] Ath(Kim and Kim, 2000; Lee et al.,
2017c; Lee et al., 2019b). X SAI SR H|7| & AxR B2to] A v A2 o 2 ) oF ) SalAd 2471 9l
1, EY Aol njx]= JFE 7= Y5t 2po|7t §l7] wiol A 2% ol5t, & 15% oI5t & 7% XA
A=2] 30% o| 2] MPollA f7]4 B 5 Y82 A]2] Ego] 75Tl BH{ FITHRDA, 2019).

w5 23 Au] Ak Z7E Qs HAlRko] Zrbeta Qi A LRt YFo|A A S 228w
Hehe BAabZoltt Anl £ A= WA F 0.1%5 AEEE I Y] YL usol] LAY, 34
2 28)7]9k @7 vl 25 o] #7442 2 AA17] T Qlth(Ha, 2015). ©]2]3t o] 42 3 2 FLS | 48}517] 95
MZ xe] B 9 2 184 o] & 7Hs/dol st A7t Eids] MY QLo (Kim et al, 2012), 1
% HEY o2 Au] LA E AR, AR, H| & H7HEE E8she 7o tist A7t o] Foi A3 tk(Kim,
2013).

oFE e il AW S A 251 Al BHOZ ol GHUAT, A2 A7 7k B, WAL OJorE
o2 ggo| ZohE 1 Uth(Kim, 2013). L F A¥E(Peucedanum japonicum Thunberg)2] ¥2]= F2H 2 S
ol 25, 712, 713, F5, WA o2 5o AnhE LERdckT e gk Aol Ao og

2 A4 9 ok T A28 ARESh= Q7 G5 5kaL glof, AfuTH A 2t AfjuliEFo] &3l ATH(Cho, 2005;
Kim, 2013). 5tA| 9 3 Bt M of 4> F2 = A qoj|Ajqt FJoFA o 2 2u)j7} o] £ R 1L Q1 O M(Jung et
al,, 2014), == 315} H| 2 5 AJH|oh= ¥ A2 A= 2 Qlot. eFEAEo] tieh 5oF X7 54, T35
& 5 A A7 U A YA S7F BA Eoks 52 b o] AekE g XIgHARl A
A|ata Qe @A 2717}, G, Ak 8], F2e tho R §7] A 7] <o) ALE AR, oF A7)
kg z2r2-0] 97] Al 7]& A1 A|ZsH= TAl o] thKim et al., 2016).
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Materials and Methods

S

A AERE DAY oFE0 2 B8 Thsatn, 27] A4S Aelo] met o2 Ale) 7hx) Wb w9l
= AYE-S AFESEI T FotEE B (Aramseed, Seoul, Korea)ol| A A5 S2}F Ftol &, SholE A E(SSTM,
Horticulture nursery media, Goesan, Korea)S AH-&-oto] SEtidhul 5AA g 2taith el 722 A ollA 2 1t

2 Ay AMgH EFS EZ 12 (Chamgrow, Hongseong, Korea)OllA] A E ZA|A] AHE-E = EGFE FLofs}
= 22 AR&skAT

7718 MRk 3 2 2|7 23

2 Ao AHEE A &2 A= FEiEhL QI AnE 10304 MET 3]'031 105°C dry oven (WiseVen,
Fuzzy control system, Wisd SciLab, Wonju, Korea)ol| A 24A17F &Hd 7% & W5 Histo] ARE5FRIT 24
5 o7& A 22 g Ao A4S F)3Hd 13 (Hwaseong Green, Daejeon, Korea)ol| A 4~75}oq
A AR S 2 mm A= 27| AFLsch
5]’6—]( 15 A2 sEX83 9 4= AlH| AR 7]E(RDA, 2010)°1 21715+ N-P,0s-K,0 & 10a 3 10
: 7 kg HI-&E A 2|5kt AlHE(1000 kg/10 a)9] HIE BFE A|-8F2 ZF A 3ol AHEH column®] T
% Alitsto] 2ttt B A8 7122 7|59 W, Bl o 2 A2 -5 A4 st Adth

Al

AHRE2 %EEJ% 2 AMg-aE7] wiol Bele] §-7|d vlE S50t AlH] 35 B7] 951 columnE
S A A5 T} Column®] T7]= @90 X H 32 cm& A| 25+ 2. M, column HFEOA] 20

2 AL 5 192 ZF 22 TS 10 cm &0] 2 Ao} sHkE A5k

&2 =Y SA e AEE B/ AL 7|0l Foto] AR 2% (em), I (em), BE(cm), F+

2 AH|Z(g plant™), A= L& (em), 7 (em), A Z (g plant”) 2 A2ZE(g

8.2 TRt

(ea plant™), 23 A Z(g plant™)
plant')& ZAFsto] 2]+
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= A AT A EE T FAHESIAL EG E A EA &
At (2000)’°f] =35} . EF9] pHEF 7| = (EC, electronic conductivity)= 1 : 5 H,0
HE 0|85t T EL 10 g ol 74 50 mL= 7+ok] 3023t ZI85FIL Whatman No. 2 o 2HX](Whatman,
Maidstone, UK)Z o] }$F & pH 2} EC meter (Orion VERSA STAR Advanced Electrochemistry Meter, Thermo
Orion, Waltham, USA)E ©]-8-5to] S7513lt} §71& 2 Walkley-Black ®H ol &3] IN K,Cr,0,2 7+
5t WH3-A|Z1 & UV/Vis Spectrophotometer (UV-1240, Shimadzu, Kyoto, Japan)Z ITHg 610 nmol| A B] A 7
Folct Fa At S=F2 Bray No. | 9.2 2Z3510] Ammonium paramolybdate 2 B A 71 & 1} 720
nmOl| 4] UV/Vis Spectrophotometer (UV-1240, Shimadzu, Kyoto, Japan)S- ©]-8-5}0] H| A A &F5}3 T},

S5 B EYL Y FHEA(ME, 2009)° &5t a5 A & 2A4H Q! &2l (aqua regia)= A
Aokt B4 52 H] A (As, arsenic), 7F=8(Cd, cadmium), 7-2](Cu, copper), UZ (N, nickel), '&(Pb, lead
), OFA(Zn, zinc) 5 67l 24 YA S tFo 2 AP on, A 7]7]= ICP-OES (Inductively Coupled
Plasma-Optical Emission Spectrometer, ICAP 7000series, Thermo Fisher, Waltham, USA)S 0] 85t =35}

.
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A% AT (n = 5)= Microsoft Office Excel 2016 (Microsoft, Washington D.C., USA)S ©]-&5}o] 4=} g5t
H(n = 5)°] BEZHx}(standard deviation, SD)S 75}t EAZE 122 IBM SPSS® version 24 L2134
(IBM, NY, USA)S AF&5to] A BAFE A (one-way ANOVA)Z} HHEZ2 chHeF BARR A (repeated
measures ANOVA)S AAEFA 11, §-2]4F(p)2 0.05 0] 512 A A 5}o] AFZE A (post-hoc analysis)S Duncan
AR= AHESHA T

Results and Discussion

Hu| £2iX| o SAER WV I1E AZEY M2|of| e E o=t}

ARE 78 T HeE EYS 10 om TR = B2t o]5}5HA A2 A i Table 29F 2
o EFY] f71E 24 23 79 S8R9 SAEF HVE AR 99 V] FF2 44 44.269
51.18%2A H| B34 A0lM skl A= f71& & 30% ol/ds 2Hsto] {714 H|R22A &-80| 715
stotal & 4= QUTh(Fig. 1; Table 1). 712 &2 An] &21A] X271 SA =57 d7] z
T} oF 2H =2 kS BTk Kang et al. (2019)= 71 £2{A 2 EYo] A4 HIPT 4 2 &
Hot B a7go] o2 djm f7]&0] gehe AEi7E ot B R f7]& &6l £=7F =2thal Hilst
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Table 1. Physico-chemical properties of soil and raw materials used in the experiment.

Water Exchangeable cations Heavy Metal contents
p EC OM Av.P,0O; T T prs prs -
Treatment content 5 K Na~ Ca~ Mg As Cd Cu Ni Pb Zn
oy (1:5) (dSm7) (%) (mgkg) S =
(%) (cmol, kg™) (mg kg™)
Soil 940 621 0.14 292 1345 054 0.01 538 026 077 0.03 097 0.04 0.66 0.42
Coffee Sludge 9.08 529 6.66 4426 887.12 267 029 135 0.85 066 0.01 1.08 0.13 1.05 0.66

Dried food waste powder 4.60 541 7.44 51.18 75492 0.09 0.12 157 0.02 0.66 0.01 1.08 0.13 1.05 0.66
EC, electrical conductivity; OM, organic matter; Av. P,Os, available phosphorus.

Table 2. Changes in soil properties after Peucedanum japonicum Thunberg cultivation.

Soil depth Treatment Water content pH EC : OM Av. Pz(_)I5
(cm) (%) CRE)) (dSm”) (%) (mg kg')
0-10 Control 12.93a 6.91c 0.28de 7.05¢ 19.32f

NPK 13.49a 7.21ab 0.71b 5.86¢ 33.71d
CSs 11.48a 6.67d 0.21e 9.28b 24.32¢
CH 13.53a 6.64d 0.21e 6.63¢ 16.10f
CD 10.49a 6.50d 0.25¢ 14.77a 42.42¢
FS 15.36a 7.22ab 0.59¢ 5.37cd 76.70b
FH 17.01a 7.11b 0.39d 4.98de 42.80c
FD 16.31a 7.39a 1.02a 7.01c 116.48a
10-20 Control 15.78ab 6.90b 0.14cd 3.44b 16.48¢
NPK 15.07ab 6.93b 0.18bc 3.46bc 23.67d
Cs 18.22a 6.79b 0.13cd 6.95b 16.14¢
CH 15.37b 6.91b 0.11d 5.56bc 14.20e
CD 16.69ab 6.81b 0.13cd 10.92a 15.53¢
FS 19.14a 7.45a 0.22b 3.38d 41.86a
FH 19.55a 7.39a 0.14cd 4.19¢ 29.83¢
FD 19.43a 7.40a 0.34a 6.83b 35.23b
20 - 30 Control 20.14bc 6.70a 0.11b 2.10a 10.80e
NPK 20.58bc 6.66a 0.13b 2.04a 18.18b
Cs 20.84bc 6.53a 0.12b 2.19a 14.20cd
CH 20.35bc 6.55a 0.11b 1.68a 12.12de
CD 20.97¢ 6.68a 0.12b 1.73a 14.20cd
FS 25.64ab 6.66a 0.17a 1.53a 15.80bc
FH 26.87a 6.68a 0.13b 2.29a 15.80bc
FD 25.57ab 6.60a 0.20a 1.73a 25.43a

EC, electrical conductivity; OM, organic matter; Av. P,0O,, available phosphorus; CS, coffee sludge standard treatment; CH,
coffee sludge half treatment; CD, coffee sludge double treatment; FS, dried food waste powder standard treatment; FH, dried
food waste powder half treatment; FD, dried food waste powder double treatment.

a - f Values denoted by similar small letters are not significantly different at p < 0.05, using Duncan’s multiple-range test (n = 5).

EFO] FaQlih 24 Fat NPK A2 7oA 0 - 10 em 2—10194 FEIA FFE 33.71 mgkg' 02 FA]2

it FEFA 1932 mg kg "Bt oF 1.54) = EFCH(Fig. 2). Han et al. (2015)2] A7 A3}
ol A gt v 2ot f-714 H| Fof| o3 EqF Ui /12 @ %‘CO] S7}¥sk9lEd], o] Lee et al. (2019¢) ©] B35 A
A H 2 AlH|o] ofs)] 58 B2 FY & AEA7E E85HA] Zotal BEY E%oﬂ YA Az ol
gt o, A0 SRS SAER HrIE 22T 22 RaAt 2 2417} 887.12, 75492 mg kg ' =

(Table 1) 1] &2]A] Y&l oF 1322 mgkg' E& TS UEHRAIR Bl A o= SAEF H7|1E

F[O o
O['
oft
ftjo
L
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AZ R 22} 77} 71 H2)7) M2l ok of ou] &2 B Btk SAER H7 B4 572 B
7} @A ol 2ojH 1, §718 Rafo] Bolal G nAESe] Yor FaLke OPE‘*Ol Zm 2

[e]
o olEth B AT A3 £/ Yol £245 fEAN Fo] Yol ), Gue

oflA Rt 7] =3t B =oll A EFS A Fste] AR At {7129 o] w24 whe] &
S| RS
Organic matter (%)
0 2 4 6 8 10 12 14 16
&
”
10 <
_— 3 /
g s
[*]
~ ”
= -
N
.
L
=
-'g 20 F
@
30 -

=@ CONLIO| s NPK e e (CS e em(CH e esCD ssges FS coB+ FH ¢+« FD

Fig. 1. Changes of organic matter contents with soil depth. CS, coffee sludge standard treatment;
CH, coffee sludge half treatment; CD, coffee sludge double treatment; FS, dried food waste powder

standard treatment; FH, dried food waste powder half treatment; FD, dried food waste powder
double treatment.

Available phosphorus (mg kg™)
60 70 80 90 100 110 120

Soil depth (cm)

30 +

e CONtro| emsmmNPK e/ ee(CS e=eeCH «=tesCD sodee FS eeBbe FH «e @+ FD

Fig. 2. Changes of available phosphorus contents with soil depth. CS, coffee sludge standard
treatment; CH, coffee sludge half treatment; CD, coffee sludge double treatment; FS, dried food

waste powder standard treatment; FH, dried food waste powder half treatment; FD, dried food
waste powder double treatment.
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A3, SAEF H7E AR EY X2 5 0- 10 cm Zo]9] EFo] AHu] &2 A
2 BRste AEFS EATHFig. 3). ol SAEF H7|E AAA] 28] 80%
ShR-okar 91% 719l o2 o/ FHth(Kwon et al., 2009). & X 2]7-2] 20 - 30 cm
Zlojof| A 4= 0 5 UERUH, o2 A2 ol Hlsl =2 7 TS Bt o] A
column HFEo]| Hij 4> 17 & ‘2291214, 5719 B B0 2 vljgrof] A7 AT Ao = ALRH

EF pH 24 A2 0- 10 cm 2 0101]*1 TZJEHLQ} S}SHH| 2(NPK) 212 7+9] pHE= 22t 6.91, 7212 Ut
EFATHFig. 4). 3] £21A] 22 F2] 2 0 - 10 cm ZoJoA pHE 6.50 - 6.67 HYS Holn] F2|21H
t} pH7} QoA v S A 22 w7 74§_Hm 2| te] pHoll A& 7.11 - 7.39 1o 2 %i%ﬂl?it} =
Al ettt An) £2A) A7t 113 AR Al 23§ X 2] tol| A pH7t B2 A
- AFSFA TH(Chungbuk Agricultural Technology Institute, 2009). 241 &% H7] & XY 28 ++= Ham et
al. (1994)2] {714 H| 89| A|-&o] W45 pH7t T4 HLE 7| 2RIct H g Autel fAGH S B
At} o= 7714 vl 5o TRY ES 240 w2t 2o]7t Hol= Z o & AR HT: 3HH, NPK A2+ E
Fe] Zlo]|7} Zoj A 45 pH7} RotbA] = BHAH, A 1] &2 7)<t %’—%‘ =57 17 422D A2+ 10-20 em
Z1o]o]| A 0 - 10 cm Zlo] EFE T pH7F H0lA] &= 43S H o], 20 - 30 cm Z o]0 A= 6.53 - 6.68 H 2
o}& T}, o]+ Marschner (1995)2] 917+ A3} 87|12 H| 22 @F ] ]% AL B 27} RAEZ AHo g BA
wlo] 2ol 7t w2 A Uepu fA §EH ok Balo] 7|Qlsh A0 & wekE ) AFE S ol A Zjuld 7
€ 7d2= ot7| "ol B2 &5 E7] 3l column AEOA 0 - 10 em Zol= X2 -5 EF} 4lof 4o}
25} o| & Qs Axn] Eejx|et FAEF w78 AR A2 10 - 20 cm Z 0] 7hA] "= o] pH H3}t
7} UERG A9 NPK A 2] 7= 825 A] gho} ¥3}7} o] £0i 2| 2] 9F-2 21 o = e,

ok o
ol M
o o
ok ol X
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E
[\)
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nE

T 0.

Water content (%)

[y
=
T
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e CONrO| e NPK = e (S el CH e amCD soshes FS soMs FH eo @ FD

Fig. 3. Changes of the water contents with soil depth. CS, coffee sludge standard treatment; CH,
coffee sludge half treatment; CD, coffee sludge double treatment; FS, dried food waste powder
standard treatment; FH, dried food waste powder half treatment; FD, dried food waste powder
double treatment.
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pH(1:5)
6.00 6.40 6.80 7.20 7.60 8.00
0 T T T T Y
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£
e
=
~
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=
= 20 F
=
wn
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== CoNtro| e=S==NPK e/ e=(CS e=en(CH e=tamCD sodee FS oo FH ee@e FD

Fig. 4. Changes of pH with soil depth. CS, coffee sludge standard treatment; CH, coffee sludge half
treatment; CD, coffee sludge double treatment; FS, dried food waste powder standard treatment;
FH, dried food waste powder half treatment; FD, dried food waste powder double treatment.

=9 BC 84 23 0- 10 em Qo101 F412172% 713 2121 217] BCE 2424 028 ds 2 02

-0.25dS m"' HYZE AL ZHS UERThHFig. 5). SHAIRE S AR W7 & AZEE 2230l A 10 - 20 cm
Zlo] E9FO] EC %t°] 0.39-1.02dS m' & =& AFS HY D% % SAE5 W7 E A2 ulizF A g
TollA 1.02 dS m' &2 71 =2 kS UERITH Park (2003)2 241 &R 7| B3 979 dEEe A=

=5 HWSI |, SA R w7Eo] Z7 ol Hls) ui¢ st J—ﬁ}o“t} MARZAZ]5H(WHO) 2| A5l
thet A3 AT 6 g?l- Lol AR, f-2lyte] g AF T2 20 g/l Lolth. A =7 H7IE2 EC ghol =
2 Ol-f= WHOS| &5 AF AFTFTHET oF 3,581 52 HFF= Eol7| e A= wokdn),

1| £2{7| L SUEF HIE AZEL H2/0| M2 ALE 48 Hla

=
Table 3014 UFERH Z13} o] 2GR 5 AE-2 T2 7ef NPK A 2] Lol A 22} 2.85, 4.23 emZA] NPK
A7t B ek oF 158 A st e, §-24 Zpo|7 ek Au] S2{A] A2l o
Z0 384 -452cmz UEIGA, SAER W75 X 2|7 5 7|FZH(FS, dried food waste powder standard
treatment)°l| 4]+ 6.30 cm, BFEF(FH, dried food waste powder half treatment)°l| A+ 4.52 cm2 F-2] 2] LT} oF
- 38l Z2A] 275t §H viEHFD, dried food waste powder double treatment)Oll A= 2.42 cm & T4 2] L Ect
°F 0.5 cm &7l ASHAT. AE-2 v & AlH|[Fol| ofs)| 5ol DefAH dregt H| B AJH]= FES A
7“3}1 o 4ol SFAER H7IE xR £ X279 NPK A 2] oAl BE A/ JE BE-2 |24 Ato]
o, ZFAEF H7E AT 5 FSE A2 S FH, FD 22| Ftol|A] 9l o] A vhd o] UEHH T Lee et
al. (2009)% oA FA Hh o] A2 B A F w27t 7P 2 9 nIThaL BAsigith SAER
H7)E A% 2% 959 EC 2 744 dS m' & 7|1 &2 A] dEHT o 28] Xpo] & HRT} o] & EFoll 4]
2jgo 24 FSE Al <gt %*—]%% H7|E 22D Aol & g Eot EC gto] oF 28l A = *}o]
7 7] wioll o i} BHg dH ol @2 nIxlE AR ol E o

U
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Fig. 5. Changes of electrical conductivity with soil depth. CS, coffee sludge standard treatment;
CH, coffee sludge half treatment; CD, coffee sludge double treatment; FS, dried food waste powder
standard treatment; FH, dried food waste powder half treatment; FD, dried food waste powder
double treatment.

Table 3. Effect of organic and chemical fertilizer on the growth of Peucedanum japonicum Thunberg,

Shoot Root

Treatment Stem Leaf L.eaf Leaf Pt Do Chlorophy IT Root .Root Trsdhicat Dy ica

length length width number 1 B content length  diameter R 0

(cm) (cm) (cm) (ea plant™) (gplant’) (g plant) (mg g") (cm) (cm) (gplant’) (gplant)
Control 3.60d 2.35bc  2.85c 4.00b 0.40c 0.27b 33.35b 8.30c 0.40bc  0.71b 0.66bc
NPK 4.57cd 2.57bc  4.23b 4.00b 1.12b 0.80b 44.17ab 12.60c 1.04a  2.15ab 1.70abc
CS 6.18abc  2.96b 4.52b 4.00b 1.18b 1.00b 39.28ab 22.38b  0.50bc 4.47a 3.55a
CH 6.36abc  2.80b 3.84b 3.80b 0.94bc 0.74b 37.06ab 3528a  0.54bc  3.71ab  2.98abc
CD 6.72a 2.76b 3.98b 4.20b 0.79bc 0.52b 38.10ab 32.76a  0.46bc 1.16ab  0.67bc
FS 6.94a 4.30a 6.30a 5.80a 241a 2.86a 45.80a 34.08a  0.78ab  4.77a 3.03abc
FH 6.52ab 3.26b 4.52b 5.20a 1.42b 1.28b 39.88ab 30.20ab  0.58bc  4.71a 3.21ab
FD 4.80bcd  1.84c 2.42¢ 3.80b 0.45¢ 0.31b 37.64ab 10.84c  0.30c 0.32b 0.23¢c

CS, coffee sludge standard treatment; CH, coffee sludge half treatment; CD, coffee sludge double treatment; FS, dried food waste
powder standard treatment; FH, dried food waste powder half treatment; FD, dried food waste powder double treatment.

a - d: Values denoted by similar small letters are not significantly different at p < 0.05, using Duncan’s multiple-range test (n = 5).

Aot 24, 24, %5 25 FA 23 FD= 94 xlo]& Ho|z] XA TH FSolA= 724 o)
£ YERATH ELXJ—S— 2] 2] 7= 8.30 cm, NPK & 2]+ 12.60 em@2 ™, #1] £ A] 22|t = vk %)

2 FH(CH)0IA 35.28 em= 71 B2] AS50] Ekom, Fxfg|tol H|sl oF 3ul, NPK *]2]to]| vl 2F 2uj
A skt SAEF 718 HRED A2 F 242 FS71 34.08 emE 71 HReje] g0l E9ko
o, Fx] 2] 5to]] vl oF 36}, NPK *] 2] tol] vls) oF 3ul} AA] A7stlct. 2742 A &2]A] BE 2]
A1 0.46 - 0.54 cmO| AL, SAEF H 7| E 2]l A= FS7F0.78 em= 7P =9t 0w, FD= F4 2|t E ot
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0.10 cm %2 0.30 emE YEHTH 252 1] 7|55 %] 2]75(CS, coffee sludge standard treatment)7} 4.47
g plant’, FS7} 4.77 g plant’ 2 7+ X g FLol|A] 714 =A] UEb o™ B4 2714 0.71 g plant”, NPK %] 2] 7=
2.15 g plant'& UERA 210 2 W5t FSe| EF o] BHE X2} vlustlE w 7Y =2 3te E]loh
SHH, Kang et al. (2019)= 55 A ¢42 7{1] S2{A]|& EYol AT ¢ 24 B35t dojut 22 A5
of 283 YFS kL HilstH 7u] S2A 5 7712 HgE &&517] AdiM e s S AXAY
sispu| Rol B8 efol LB A8 FHBGAT) webA Relg oS AER AL A HFS S4S Tofs
= Wl FSE A g dh= Zlo] 7 A&l R/ 2o 2 wohe),

Conclusions
2 A= A &8¢} SAEF H7|E ARED Mo 2 AH-E A& EA v|uE Soto] 57|12
B2 B8 7S BRI AT seiAe SABE W72 A2 4B 72 FFe 2

7+ 44,269} 51.18%2A] H|EZAFA0|A A5t Y= = J
o] &8 752 oISttt AlRME jH] & E9F o]stshA BA Axt AHul &R Ao A &
o] FAEF H7| & AR EY MRt EUA|TH f-al4to] eF ouf 2

= Azl BEEHUA §7]89] E8i7F st o] 2oL, £71= Z5il li*OﬁPh EF =S

Aake] FFfol S7IRt Aoz ol dHnh AME A5 vl wstE , AdRolM e SAEF H7IE 2

T 7IETE AT BE Aol A A Hhgo] 'SHRlAL, 535] FAER HVle A2EY VST A
' 02 B AYgo] thE A2 2o} vl

2] ol A 2| FHEE 24 34.08 cm, 73 0.78 cm, A= 4.77 g plant B A)g 3
< ol 7Y 4okith kA, §71 8 &S Lot S ol Ay &R SAER 7l AR EE S 7
714 | S 2A] &8 7155, AR AH) Al SAER H7E AREES 7T A2 - o2 AT

o Hlal) o] 943 A2 o EIT
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