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Abstract: The increasing issue of food waste necessitates solutions that prioritize resource
recycling and environmental sustainability. This study evaluated the effects of combining
food waste-derived organic fertilizer with inorganic fertilizer on rice productivity, nutrient
utilization efficiency, and water pollution. The experiment included seven treatments:
a control group (Control), a nitrogen-only treatment (PK), a standard inorganic fertilizer
treatment (NPK), a full organic fertilizer treatment (OA), an organic fertilizer mixed treat-
ment (MFW), and combinations of NPK+OA and NPK+MFW. Results showed that the
organic fertilizer treatment zones (OA, NPK+OA) had significantly lower soil pH after
harvest compared to other treatments, while soil electrical conductivity (EC) was higher
(p<0.05). Additionally, organic fertilizer-containing zones exhibited 124% and 106% greater
water retention and nutrient uptake capacity, respectively, compared to the NPK treat-
ment. The water productivity index was highest in the NPK+MFW treatment, reaching
138%. Nitrogen concentrations in water were highest in the NPK treatment (11.3 mg
L™ on average) but decreased significantly to 6.1-9.6 mg L™ in the organic fertilizer
treatments. In conclusion, the combined use of inorganic fertilizers and food waste-de-
rived organic fertilizers in rice cultivation provides an optimal strategy for enhancing
productivity while ensuring environmental sustainability.
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FAE Holal 1] I3y A AAF ez 43| g2 g9 4= &
A A2 A7HoR SAER HrledlA sk deret 97 4, vEks e 55 B8 A, EY dV1ede
FEste] Aubal g0l gFE vIAHR]. AL Y FeoMe BFESY A AZE SHNM FAEF HWUES
EB|gste] FUE BlER BEAU, ARsfste] ' AlmE AestEe ko] A SISk A3l

Bl Al 3 A 2hE F stuE, A AlAIZ O 1608jRE FE o) AjulEal 3o, tiFZo] HedolA] sl L.
ojfet H=r 29| B Al T2 Asalyoll Tk AFAel oL ¥ 7t w2 SAERF W' £ HY 2 771 vES
28 7kl = B7HEAL S 13U SAER WVIES] g9 Rtteze v A Eae SR RS 5591 o™
FE =S 2WT 7 Ak FAEF HWlES VIR 9E5E AT B9 28 S=oF YT HEe] LA ot #E7t
oL, HIE 2 AT Fol 5 A= E8ot] 9%t FEARA T2l AT ofA] fHsHA 2h50fA|A] k2 Aol
T, 983t RS I53V] A8 SAER WVEe FUFE A S |9F BoliEnt ofyst BEY 29 wdh A=
<d] A5 Aok, g ol 52 ZAPH AT = o] FAEF HVIES HIRRE ARSShe Hiole ofF 71A] Alofe] wEtHs).

A= H71Ee] 2AHE HASh] A, ol dEoR ARSI ke TSR EY], /714 B=, 58] ZE(d): 224,

2%) €9 T 771 vlEe} Eete] Alvshs Wl g &8H JH67]. 53, 7' U2 EY pH 24,

T2 dF 74, & 58 S, TS5 7l A8 Aa g2 4 5 P 5 oIS S8 a3t ARl 1HY 1=
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2 RS 29 5 9% 07 JTS Hashi] dolol FUEAeY SHRL tpold ZE Ao Susign
(35°49'N, 127°2E). AL AAA] = EFS FAIEFCZ ARE5FEo™ 1/3000 a 2F 14 ZEO] £HULEE 12 g cm” 2 G50
AEe AWAT. TR EF] EHS pH (15 H,0) 58 EC 096 dS m”, $71% T 19 g kg, DA LANO,N)
17.6 mg kg™', Y ole] FA(NH-N) 13.6 mg kg™, -G8 QAF 39 mg kg'2 YEFGTHTable 1). A|® 21 §7|ZH| & (pH
64, TN 9%, P.0; 1%, 58 T 07208 AFBIAC0, A% A2 ALe3 7100} SARF H7E(SH)0| T3
F718H| e 44 ¥a % 54 Table 29 Zh

A= F 7709 AYFE 1742 F(control), 2. 84 FAZ|FHPK), 3.3F F7]EHE A ZF(NPK), 4771887 A2
T+(Organic amendment, OA), 5.-7-7] 48|28} SH &3} 2|7 (mixture of organic amendment with food waste, MFW), 6. NPK
+OA, 7. NPK+MFW =& A3t om, FA2FE ALt 6719 F= AFe 5L ¥ FEWN, P05, K:0)S FYsto]
Tt 7180 5ot 25 £ {718 AgS B BEAEFN-P,0:-K0 : 9.0-4.5-5.7 kg 10a”)} Eq. (1) A& o859
AR, EEAME T Bl st} FE53F FE(N, P, K)Z F718B| g8 HESI{TH(Table 3). A|@> GG ofui#] 3utEo2

S,

718 52 ALg (kg 100 1) = NIEE A8 hg 100 1) X eore coren Eq. (1)
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Table 1. Chemical properties of the soil before rice cultivation

Properties Soil Optimum range"

pH (1:5 H,0) 5.8 5.5-6.5
EC(dSm™) 0.96 -

Organic matter (g kg™ 19 20-30
NOs-N (mg kg™) 17.6 -
NH4-N (mg kg™ 13.6 -

Available P,0s (mg kg™ 39 80-120

K 0.25 0.20-0.30

Ex. Cations Ca 7.03 5.0-6.0

(cmolckg™) Mg 132 1.5-2.0
Na 0.21 -

Available SiO, (mg kg™ 508 >157

Y Optimum range for rice cultivation in a normal paddy (NAAS, 2017).

Table 2. Components and properties of experimental materials

pH Content (%)
Treatment Component - ON
1:5 TN P05 K0 Moisture content
Organic amendment Organic matter over 60% 6.4 9 1 2 0.72 48
il- 0, i 0,
MEW? Castor oil-cake 63%, Rice bran 6%, 6.2 4 16 14 9,08 91

Molasses 1%, Dried food waste 30%

Y MFW: mix of organic amendment with food waste

Table 3. Amount of NPK application by different treatment

Fertilizer input (kg 10a™)

Treatment” N P,0s K0

Inorganic Organic Sum Inorganic Organic Sum Inorganic Organic Sum
Control - - - - - - -

PK - - - 4.5 - 45 5.7 - 5.7
NPK 9 - 9 4.5 - 4.5 5.7 - 5.7
OA - 9 9 35 1.0 45 37 20 5.7
MFW - 9 9 0.9 36 45 2.5 3.2 5.7
NPK+OA 4 5 9 39 0.6 4.5 4.6 1.1 5.7
NPK+MFW 4 5 9 25 20 45 39 1.8 5.7

Y OA: organic amendment, MFW: mix of organic amendment with food waste

EE 1wy 22|

Al BF-2 A5 HE AREsEY o, 20209 62 5U0 45t 10 2690 &5t TH1469Y). F714 vHlmE= EA|

~£

ol Wk 7 o1 17 A AB, olF 139 F AR, Y F olABOE ol AT, 5712 MEWE
2 & e LASOE AF AMSHTh B Tell vl 3 2% A7b EF EWIA sem Fol2 44 BstEom,
AR\ Hel A B, BUH B) L 4F 2AL $EAFY SANYAT 2API2] 23tel AXsHc

M
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2 mm Az AL F B4 AR LSS pHY ECE BT 2H5E 15 N8R FHY H, 3087
U] E{(Thermo Fisher, USA)E 0|83 ZH3IF T} 771 E(OM)2 Tyurin®, & AAHAV.P,05)2 Lancaster< 5ol 245130
o, W3 Fol2(K, Ca, Mg, Na)> 1M NH,OAc (pH 7.0)2 A& H FZ2TE =20t £34 A (ICP-OES, Integra XL,
GBC, Australia) AF8310] ZBISITT. S0 TAHAY. SI0)E IN NeOAc (pH 40)2 AZT F vlAAS ol83}o] EAshaic

A EA= 80°CollA 48417 AxFE & E45te] #4 A2 ARESHAT AEAl AR 0.5g2 &3 H(H0:H.SO4HCIO, =
1:5:9)2 AMgsto] &4] Bajsiqict. Aal 25 EA7|(Auto Analyzer 3, BRAN+LUEBBE, Germany)E 0]-85to] EAl519]0om,
QA2 UV-Spectrometer (UH700, Hitachi, Japan)& AF&oto] &45F3th. o] 2(K, Ca, Mg, Na) $F2 F L Z2grEe=n}
33 A(ICP-OES)E o]-&5to] #4351
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A2 7+ Az 5 HokE FRIsk] Y] Eq. (2) A2 ol85to] A (Yield index, %)& AFESIR 2™, FUAHE S ]
ZE0] SR v|wolr] Yol A4 o8 J-E(Nutrient use efficiency, NUE)2 Eq. (3) A2 59l AAlolc) E3E FE 852
B7e7] 99 ¥ W 77HESt F 15 BE o BHSE AU AT Bass Fducinieiee] wU8s FURA
Aol wet BF HHE AR F, Fhatoul N) AFES B

Grain yield (g)
Grain yield in NPK

Yield index (%) = ) * 100 Eq. (2)

_ Nuptake (Treatment— Control )
NUE(%) = Applied N amount <100 Eq. (3)

WE Zahdlo]El SPSS (ver. 278 0 831o] ANOVA EA3L9AT, X2 7t B HlTE 242 5%0]4] Duncan AHOE

E9f0| o[3tsty S st

BE JeTold 10697 HE AT 5, £ pHE AF A EFY pH (58, 15 H0)% FAOR 44 Hol g
Ho|x] ggtor, 58} Fo|w EoFe) pHE o3| 1 Aol AU $EL FAFAKTable 4). T3], §719 MIES FYT
el ki Aol vs) 58 5 Bl pH7 BAMOR WA Lrekitth(pe0.05). ol §719 ¥R CN Blgo] 482,
23 SIEONAA ¥3) oF 47% 7] RO WRAHCK(Table 2). FE ON &) §719 ¥|2E 89 EFBHTL o &2
AA(IN) TS BASH glol FASE &g S Hek. o] FYNH, + 20, > NOy + 2H' + H0)014] FRLIOHNH,)
7h GAINO, ) 02 MBI A S ol &(H') WEo] 3719 EY pHE %E 5 ok Ed, 4714 vR] 2] oA
Ul B ofa) AR R4 $)o] WEHWA B 7o) us) e pHE B 7HsAol rH1o11],

E0F9] 7] A (electrical conductivity, Q= EF 1} % ool gt vhe WHT 3] JBUAS B} Yoz
{718 WlE ool K28, G (24), Mg (143t 22 ol 2ol o Zgslo] A, £ F A4 7715 3ol
AYHEE )6 Pt F7HAA ECH 4SS %S BAlts). E%F 971 BOMTH I QKA. P.0)9 B9, E%F
9 £ FFHOT A HUT o] FALOE [T Aol vehA goieh

g E4oR F o7 8RAERAE, B, 9 A AEF, 558 F A9 SHSIATH(Table 5). 2832 YA
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Table 4. Chemical properties of the soil after harvest

) pH EC oM Av. P,0s Ex. Cations (cmolc kg™)
Treatment a I 3
(1:5 H,0) (dSm™) (9kg™) (mg kg™) K Ca Mg Na

Control 60a 035c¢ 21 ns? 90 ns 0.08 ns 59ns 09ns 0.18a

PK 60a 0.51b 22 ns 95 ns 0.09 ns 6.0ns 1.0ns 0.20a

NPK 59a 048b 22ns 91 ns 0.09 ns 6.0ns 09ns 0.27a

OA 57b 0.62a 23 ns 98 ns 0.08ns 6.4 ns 1.0ns 0.14b

MFW 6.0a 047b 22ns 94 ns 0.09 ns 6.0 ns 1.0ns 0.17 ab

NPK+OA 57b 0.66 a 21 ns 98 ns 0.07 ns 6.1 ns 1.0ns 0.15b

NPK+MFW 59a 047b 22ns 95 ns 0.10ns 6.3ns 1.0ns 0.16 ab

Optimum range® 5.5-6.5 - 20-30 80-120 0.20-0.30 5.0-6.0 1.5-2.0 -

Y OA: organic amendment, MFW: mix of organic amendment with food waste; ? Not significantly; ¥ Optimum range for rice cultivation in a normal
paddy (NAAS, 2017).

Table 5. Growth characteristics of rice with different fertilizer treatments

Plant height Tiller number . . 1000-grain weight Ripening rate Yield Index
) [¢] 9 [¢] p g

Treatment (e planty Bexhill Grains per panicle = (%) (%)
Control 107 ns? 13¢ 103 ¢ 23 bc 55d 57
PK 109 ns 16 ¢ 123b 24 ab 69 bc 94
NPK 111ns 17 bc 130ab 25a 67 c 100
OA 113 ns 22a 147 a 22c 69 bc 126
MFW 110 ns 20 ab 132ab 23 bc 84a 123
NPK+OA 108 ns 21a 127b 22c 76 abc 95
NPK+MFW 111ns 21a 145a 22c¢ 77 ab 138

Y OA: organic amendment, MFW: mix of organic amendment with food waste; 2 Not significantly

3} 2 APHE Holx] gokon], Hel T 1ol FALOR foat oIS thehiA) okt
£ ASIFIL, BE HToIA] FHT(controlell M8 & BASE BTk 5], 3712 FUT A TOA, MFW, NPK+
OA, NPK+MEW) 27 28] 2(NPK) #2]26] 115} 24%, controle] ule} Hh 629 %2 BA4+E thehiich. 29 Q% A
B0} ula H8S YO, NPKeMFWSE OAXEI 7oA 212t 14533} 147802 7P 8 4 445 LIk Table

ol 23t £UY A7 ol N, b, K 2L %0 FRET opfet vl ALE A Fatel, i) B 27 G
TS BN Ae 2 IS S BRI, Eh 471840 544 T9E Wokcharget £ U7
233G FHIPIT EF W Ak L 4T s900), o2 dle) mope) Belgo] AHE FuE Btk 1314]. BAS
o 29 447t f712ES FFE AT B $EL BYSOIE ST, DY NPK A 7oA 25 go= g
=7 YEFGTH(Table 5). 85HH, §7182 Y% X2 7-(NPK+OA, NPK+MFW, OA, MFW)+= 22~23 g0 2 7P e Z+8 H Y
o}
_?r

e AL A2 PK)

mlm r&" Hm

EOo
—l"
oA
27T

I-J

rOlt

- SHAIRE HO] 558 R A £RE SAE 1, control HE|FOAE 127 go B TP W AR Hl Wby,

7182 43t A FH(NPK+OA, NPK+MFW, OA, MFW)& B4 17.0£1.7 g 2, NPK A Z]Fof H|5] 9F 2% o] &2 H
ojft AAFE 7. olF Sl IS FAt ATFolME 71 B flolx, nAdEd 5 R71E°] M3
A A EH o o] FFEHNeS DU & ATHILIS]. FHAeR, £FA|eE 0]-§5t9] NPK tiH] Hol i<
F71RE A, f71E82 FUT AT F§ NPK+OA A2 FE A Qotiles B5F NPK AT HH] &2 7S UETH(Table
). 53], NPK+MFWA 2|0l A =FA]| 71 138%= 71 &7 UEHt ol8 &3 ¥ A5 27|19 & 8= 7718 vgs
Bo 24711, 0)F A& R FFL ¥ 4714 WES TEhe o] W) YL Sgsl o 1 aRHY
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&2 Loty] ) A=) AVFHFHE, &) TS SHSHA(Fig. 1). T2 FAFl ddize
2 FEE control A 2719} PK Ao A= Hd9] ABikego] d=o] AAFHET oF 13% £/ Yehdth ol &2 A4
A dACIA ko FEe BRE SHATE FEol FEHA ¥ BF E719 doll FEel ° wol SHEHUA BE Y
Aikgol Adid ez S7Hd 4= lthle]. B3, FE §=5 SHolA = B7F @S F2 ANESte] £719 92 345k F3el
ol, A or viglol Aol St d=9] 5580 WA BAEATH(Table 5). o|9}F W2, SEt FEol 3=d
NPKe} #7182 U A2 F(NPK+OA, NPK+MFW, OA, MEW)olA= &= ABikero] A4 Baker div] oF 22% ol
=7 UEHTH(Fig. 2). 53], &3 A4t A7t 7 U NPK+MFW A 2|0l A & ¥]&2 56%°]H, FZo] adtso=
= A0 EEEHAEE HolED ol FE 570l 73 U o1Foldl 23z, B9 g e SHefshe | S8

oIS H

100 100

| I Straw |
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g. 1. Total biomass production of rice and nitrogen use efficiency (NUE) with different fertilizer treatments.
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2. Changes in total nitrogen (TN) concentration in surface water during rice cultivation.
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AT W AAFETHIIL
0 ol8 BRE AR o P AdTS 2T 9] —24 Aol2 BEIATh WA EUFH B2 control
Moot PK Ael ol Aart TaEA ool DAol8HRS ANT 4 giglom, NPK M2l 7o) Pk o] § TRS 13.4%0]

o, 7P &80 49 0A A2|79 A o] & &L 73.3%FCh(Fig. 1). EI, E—E 78S £ A= NPK AR
o Bt 48 ol £ FE o8 TELZ YEhith o3 At I Aot vRVIAR §718S Bl A9 A 7714
H|get 9o o] MAACR WEEo| FEo] A T we BRE ste FES A&HHoR F5T 5 A wielth
ojet e M WEL ALY €S Bole Ul 7lojsty, 2HH R {718 AFolA H w2 FE o8 EEL Hol
gheh6).
olg FHsl7| Yo ZE EHS W A0 FEFE AVIEE ST 23, 771 HlE Aol davt Y 27
19740] 472 mg L2 7P w2 A4 WEFE 715U Fg. 2). £, 2349 332 A7 BYE 13929t 5844 =
Z}7} 18 mg L3} 3 mg L9 Aavt AR HEFHII o, F& o8 TEo] T OA AT MFW A 2toAe
control A 2|70l B8] F 3.68] o ¥ Bt A AFo] LAHUTE. T2, NPK+OAZ NPK+MFW A 2|4 T {714
)& Aglae] vlsf A2 WEE a0 Bt = AR 32% HoH, 53] NPK+MFW A2 7= B+ 54 527t
F 67 mg L2 AYAF o] 7P S &S LEith NPK+OA A2]71e NPK+MFW A2 2718 FE-g FYFl
= 76k, NPK A2]o] sl Fal W A0 S HES R B o 2F {7187 ¥ HT(0A, MEW)O|
HSiAE 22 A4 4L Bk ole E£9E EYo] 9¢ 12E& /A o}i Fole 2 SH(CEC)S ST EA
FHEENHNHT 22 Fole Feio] daE Bl v o8 E/T 4 A=s Ao B 58S P dolthy]. ol&
B, FUE U1 FEL Ho 27] o] ARH R ol§H I, olF HAH o vPE 49 SHE B EeiE F71H

FEo] AREEEA F2 ol§ BEol STHUHL a9 FE0] AT Jor H]ld.

2 E

2 A= ¥ A Al SAER Ve /71 Rl 28 T IR, 71 HiE HiY] R o8 ey
o] mAlE FFE BA6IAT A7 A 77128 HE AZ|HO0A, NPK+OA)E control HH] =2 pHE} 7|17 == (EC)
of Fofulgt MekE Yetdler, & Na' gy ECe A AUHAE Bt B9 A2 712 FUT A= (0A,
MFW, NPK+OA, NPK+MFW)ol A 7] ¥z A2|FNPK)ET 52 FE o8& a8 J—} S How, s W Hat
A4 FFE F71ES FYT AT7E NPK A2of] H]s) of 30% RA Uehdth 282 0=, ¥ Aol SAER H7ES
283 718 Hlge dE o8 agd A FATIE S0l #E 292 HaA 1—’:— A& 7hset ez B7HE I
71 oAM=, 53], NPK+MFW A 2]7= NPK Ao H|8] 355% =2 Y& °]& F&F} 138%2 1 7F A5 7|55
3, #ES W e A FS 67 mg L2 WA UEbth webs] 2714 gt 23 §71E HlRE S AYste WA

ﬂJ

F>

Y A F A& TRsAde FAOl ARt A Al dEes Aljkd 4tk B AT SAER V= AHdst
oF e vd dde ARt 712 AmE AT & de ALor JHdn
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