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Abstract: The non-biodegradable resins are used and increased every year with about
1,103 tonnes of non-biodegradable resins for the production of controlled release fertil-
izers since 2020. Hence, the objective of this study was to investigate the effect on
paddy rice growth and greenhouse gas emissions by application of the controlled release
fertilizer coated with a biodegradable polymer. This experiment was conducted in a
paddy rice field, a farm affiliated with Seoul National University. The experimental design
was the randomized complete block design method (RCBD) with 3 treatments to three
https://doi.org/10.5338/KJEA.2025.44.16 replications. The treatment consisted of 1) non-fertilizer, 2) biodegradable coating fertilizer
(31-6-8) with 30 kg/10a of application rates, and 3) the conventional farming practice
(21-17-17) with 40 kg/10a of application rates. For the growth responses, there were
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AFEEF(2019%)2 262 kg/haZ LR 191 kg/ha, UHL 109 kg/ha®} Z-2 FQ AT H|Wsl] =& FFo|H 20179 7|&
OECD 39¥= & Ha 4] 191(212 kg/ha), A5 (46 kg/ha)7t 2919 Ytz HE == HgE @l AH|sh= 371 &
shLpol 3]

H 29 3t tFda F AAN)= AE A 7HE 85t ARl daoH, 84F 46%9] w2 FANEH W2
Hl g0z Qs 7P etz o2 ARgH e d4ad Hlmolth4,5]. SHAITE 84 573 A]of AlH|stE dubA o2 30~70%7F Y
OHNH;) #4k, AAHEIEANO;) 883 17 H oM AN,0) FY 52 53l tiFzo] &= A Eohal FA=HM
Aol 2, S5 29, FIY0 59 BB LFRET of Hlg o]§ &g fiof e $EF gAE 25| e8],

% vlmt 429 ARUAG) B vz ol A4 SEE0] 4Bo| Yol WA 1) o}8F 4 Yo Uz Uz
o1 TR AL BE RIS IS TS LD EUAL AT  Sof PUL U, U VI S
e} o] Eout aFeha Boj2 A A5 & H ZA| Y| Z (Slow release fertilizer, SRF)2} TE-EA 9] A1} £x0) uph
o19]A 9] H|7 FHO {=0| /}53t &= Xﬂ‘ﬂ‘ﬂi(ControHed release fertilizer, CRF)7} T}H9,10]. T4 SRFO= AAH O =
438513 9l Methylene urea (MU), Latex coated urea (LCU) W Isobutylidene diurea (IBDU) 5-0] o™ H3] FefZ A
=0 =4 gon, 85 VIt EY a7 9 250 wE EEIT9]. §EA|°1F HIE(CRF)= Sulphur/Sulphur- P01Ymer,
Polymer, Neem, Degradable polymer, Latex, Clay and Gypsum &2 ThQFeh I & A7} AREE|ojgiTH11,12]. 5] &8 I8
e AUSS 7 4440 28 IRoR HR 858 ASH Ao & Sl= Zo] Aol A|vt thEE H]—v—oﬂ’“ol
7t4o] &2 7/10] Sdolti13]. EH ZHO| o]EF+E= AWFARI Polypropylene (PP), Polystylene (PS), Polyvinyl Chloride
(PVC), Polyethylenep (PE) 53 22 W& A5 47 71%k0] ey Sehas s BoleA 93 S9E 27 B409S
F35k= B Polycarprolactone (PCL), Polybutylene succinate (PBS), Polybutylene adipate terephthalate (PBAT)2} Z2 A-3-5}
5} 7|6t R SEtAE =212} polylatic acid (PLA), thermoplastic starch (TPS), polyhydroxyalkanoates (PHAs)2} -2 H}o]
Quj A 7|9k BENE ESAE FA= AL HHEloNAl), 380 A% 5o A=Al o8 £5iE 4 UL °olF Sl
ojiEtA: T2 & AE 714 Biomass), F7] AF T A2 SotEd TR B SHH A%, AV HiE A,
A EEEAE Ao oHIAlE o' WHETH14-16].

=5 184 B2 AR £AZ ol 8ste] AxH §2AIY HrE U

= i B3P v= o] sFA=REH fEEHe
HE S AR 5 T 28V 50l Z]ofshal v ey 59 EHede EY o o) V1€ dESE AR Az
da/d vl=el vlustlS o ?li%‘zi )l 540] ATH17,18]. =2 M'H(CH,), oM AMN;0) HiEe] F4d 59 TYA=

I N0 HiEF2 EY N,O HiETF2] 7~11%F AHA| O}J— HEk B 10.5% S AAISth= Ba7t AeH19], 99
FF A L2 HE35}R]4(Global Warmmg Potential, GWP)= 0]AFS}er 4 (CO,)o H|3l Z+Zt 284l 265H]0f 0]& AL E X|F2ut
Stof| WA= ol BA Arh20,21]. HEk2 gk A wtol o DAt =3 &2 g A Y & A {7]1E0]
BolsE 3 Fol WYRCH23), OPABAAL F2 FAL OIA WS, F2 W EooH EHDE EoAE 1
ol iAo w Aok 2y tf7] Sl 1008 o) EAT 5 7] wWiZel N,O HiE® A52 7R3 &4ks s H+
=9 5}t}H[24,25].
OehA 2 AT RS A g S 5 e AR eAZ Z9E Fagvas W Aol AlH]ste] o]d
mE ulo 4% 9T U SAbA WAFE PRSI Ssdr

1712 AMgsto] BESAY T8 BEE ARSIk 85
NS FE7] oto g BAE IFHA F7]E Air pumpE HHS7|
otz oz Eojdo] Fgy| QloA v|RE TZo| HouA FH3IAthFig 1). 184 st T3 R4 78 b=
(31-6-8, N-P,05-K,0)9] R %2 Fig. 20] YEH ALt

https://doi.org/10.5338/KJEA.2025.44.16
Agric. Environ. Sci. 2025, 44, 152-161

153 https://www.korseaj.org



Article
Agitator
el
In-put for
polymer .
Polymer L, —— Air outlet
solution l
— Cyclone
Reactor for
agition
Fluidized Bed
Coater
m [ Air pump * Air inlet
Fig. 1. Design of fluid bed coating system.
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Fig. 2. Shape of biodegradable polymer coated fertilizer.
EE Ml
B71% FhA 24 At sJFFHe et REsd W At AlEGA ¥ o]dS shloH, FElRE BE
S35 2 Tol TEOE U 4 A0 E EEU S FeHlOryea sativa L. e, jungdam & FAHEE
oLt Alg A Bl st sfotd 544 Table 19] AAGHSAC
o 7¢ Aol =l &2 dio] & & AHAS AARE F 4047t |HI BHE FTF 5284 A4A2] 30 cm x 15 cmE
440 71A o]gsIA. 42 AlgAts HEO|ES HASt] ¥lg A& &2 WASReH, & #ele 33 2l
1S A QA 717tolle AAl EE stk AEle 1) FAET, 2) BRF(HERT), 3) BRSNS 74 28 dagvE F 3719
Az Fetgon, elve] P WAL 21 e Wty WO R SYsioich AR SAR TYY FEg dEsv]
=29 AlH|FFL 9.3-1.8-2.4 kg/10a(N-P,05-K,0)0]H, 0|4 U(5/24)°] 30 kg/10aE AF 7|H|2 SZ AH|5}H T P9 H|=7
AHEEFL 12.5-6.8-8.4 kg/10a(N-P,05-K,0) 2 LRHESIH]E(21-17-17)F 40 kg /10a 7|R 08 WAE 0 EoF S3l4gstgloH,
Table 1. Chemical properties of soil used
pH (1:5) EC (1:1) O.M. Av. P,0Os T-N Inorganic N Exchangeable cations
ds/m % mg/kg --%-- mg/kg cmol/kg
NH,* NO;~ K Ca Mg Na
6.32 0.30 242 168.91 0.129 112.05 280.20 0.26 4.44 0.67 0.12
https://doi.org/10.5338/KJEA.2025.44.16
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FH|ZA o] 23 T(6/7) EAH|Z QA(46%)E 5 kg/10aS HF AJH[SFP O o]4}AE(7/24)2 B3] F(18-0-16) 10 kg/10a

e A 28 FRFHE CHLE N,O T vA = JF2 F85H7] Hsh ot2d 2419 A 247 WS
2ol AAI5kATHEFg. 3). 7IAAF= 5HF S 2A7EAY] Bt &l siFshe 2 10~114] Atelo]l 1A 57F of=d HH
Wil 371 &gk flsl 4% WS 7hssto] 7k AR #AT 2 KRS 0% 50 ml AJFAIE o] &3 HF =]l oH,
Ay AF HES 1257] Yo A W =71 A ZAFE AT Intergovernmental Panel on Climate Change (IPCC)2] 2]
Aol et AF 2= FHE 1.5°Ce BH B} FAE 875h= SR15 HAUAE ESHRITH26]. o2t W oA A9
Aol HAE 2A7IA 2 HH O] QF 2L of o3t JFS FAadtsfof st o 2o o3t FFS 45ty fls)
B 2ATEA 23] AHE o] &okith(Fig. 3). 2AVEA XY A= TR 2 AHE FFE] itk T Y AR I
ol =7t AAHo] Jlor BAolE SA7ES 3 FAHE AWM 2m Eol2 ST Al AF Alde FHE
= ®2Ho] 97 AIRF 1A% = ARE QFHEeH, HHE AR 2ATMA 5EE E45H7] 9l Gas Chromatography
(Agilent 7890B, Santa Clara, CA, USA)E ©0]83}o] CH; ¥ N,0 v=E EA5t9oH, BAs CH,LF N,09] LA A2
ofZfjel &2 A2 o] &5kt

F=p x V/A x Ac/At x 273/T (1)
F : CH; or N,O flux (mg/mZ/h)

P : gas density (mg/L)

V  : volume of chamber (m?)

A : surface area of chamber (m?

Ac/At : rate of increase of gas concentration (uL/L/h)

T : absolute temperature (273 + mean temperature in chamber)

SEREEN

H A8 A W3S 2AKSH] YJote] B o] 3(DAT, Day After Transplanting) 31Y, 63, 90 & 33]o] 24 =4,
ML (SPAD-502, Japan), A4S A0, oY & 14090 B LIS motolr| Qo 184 5273839
STl a7 24 BAsZe tet 2ARe

|
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Fig. 3. Diagram of gas collection chamber for evaluation of greenhouse gas emissions in rice paddy.

https://doi.org/10.5338/KJEA.2025.44.16
Agric. Environ. Sci. 2025, 44, 152-161

155 https://www.korseaj.org



|o

ol
X,
517
X
lo
=
g
=3
1S
)
S~
Rl
fo
ol
Q
o
-
H
f
o,
o,
)
r
>
Z
@)
<
>
I
2,
ol
R
=3
N
N
2
)
-
N

BF UL 4 $F 5% 7]

HN

g 5
2). *“—E—aﬁ"é #X] ﬂﬂ"é‘ﬂ]i A= Y Aot Hlulste] Mo Mkl A= Afo ]% e Aow UrFJr”"% *“HOH"J
A gagH| g 2T o]t F 31 £h7I0] 2, QM= H ELSRY BF A AT 22 31.8 cm, 414, 135712 FALE
ol T tiH] 47} 7.4%, 1.2%, 2.3%= PR £A] SaPHE Aot vluctAS ¥ SAZCE {o3 Apol=
. OlY ¥ 630 2%, T 9 B A& A A 242 791 em, 364, 173702 T thH] 42 2.1%, 2.5%, 1.8%
O 2 Uepgth LUk Ql Aol A BFA R (ASAIH])E D4 0§ EE80] 20~30% = LA don da
Ao G F= 7Y ZQ35F ofRo|tH27]. HEFHA £X] v R AT ESF JFBF 7710 X &Ho=z
| &&= ¥ dH| A2 o7t Qle Aoz IHEHY. S57] o]F<l o] F 0ol FEAY A dadrls
JoTe 243 Bast B9 Oy Aot fglon wiq S WY o] 3% W RO UEteh of ey
S HEAUE AN Bz Ro] JUPIRIA AL 8EZ BUEIF A GG olFo] sk
A Hole Aoz WeEich o] AB4 TS 2Eo| A W0l AL vIAH A SPAD grol Fotlo] met
T+ 521 T Rubisco £4-9] 3, Gross photosynthetic rate, Maximum quantum yield of PSII (Fv/Fm) X% &7}5k=
Huzk 9lom[28], A=A T B 59 Alololl= AT Axbgdo] EARIt. Ml Blo] & v A] &G A
dagH|E A2t 71E B i8] A Ao|7 glon YAF 13] Alnjsto] A2 A o= Auid o Qlrkal dekbE
A o]AAES Bol AlH|she AR Y 5 tgsAl Aol o]Foj|aL Qlom[29,30], W AH|9} Bl WS FEEFTET
T B gRoto] FH Al TE 8S AT 5 US AR HAth
AR sAz Z9E g dadvg Ao e W sFFY 34EA oA, I, F9 oA, ol4E "
SHE AT, 2F 772 A YERTh(Table 3). 3 X249t BEo1d A dagvlg #2|FoA ¥ o] 24wt
FG oPXts FAE U] SAZCE ROt Apo|7} QISith AR Al dagHls A2l I, FT oAk, AESS
747} 85.4 cm, 16,971, 27.4 g & T3 thH] X}o]7} IOyt 5450] 85.6%F W thH] EAF O §9J3t Xjo]E Hrh
B e SYFRA AT o184, oA Y S48, A 9o ALY SHFL Fol7] WAL oS
247 BE B SAHES sHe Ao] ZR5iTh 2 ATl g2l B FA4 125 kgS AMSAT BRAH 4
FRAVE AT 304 93 kg2 AT H7 AL 344%S AU, & W A8Fo] ZULNE AR

flo 32 ;L
>1 =

i+
L

Q1 Hr 20 32 Ay

2 o
e
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Table 2. Effects of rice growth characteristics to biodegradable coating fertilizer during rice cultivation

Plant height (cm) SPAD value Tiller numbers
DAT 31 DAT 63 DAT 90 DAT 31 DAT 63 DAT 90 DAT 31 DAT 63 DAT 90
Non-fertilizer 27.441.60c? 67.8+251b 91.4+235b 31.8+2.33b  32+2.07b  29.6+2.04c 7.4+0.62b 12.5+069b 12.8+0.74b

Conventional

Treatments

29.6+2.06b 77.5+2.57a 102.8+3.49a 40.9+2.11a 35.5+1.75a 33.3+1.83a 13.2+1.01a 17.0£1.04a 19.1+091a

treatment
Biodegradable 5y g.5 04y 70142832 1028+3.06a 41442652 364+1952 32.1+150b 13550952 17.3%1.17a 19.1+0.66a
coating fertilizer
v 6.27 4.70 343 576 7.86 6.28 9.44 951 6.15

3 Numbers with the same letter within a column are not significantly differed(Duncan’s test, £SD),
B ns, ¥ ** **% non significant or significant at p=0.05, 0.01, and 0.001, respectively.
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Table 3. Effects of the yield components of biodegradable coating fertilizer during rice cultivation

Panicle length  Culmlength  No. of panicle No.of spikelets Ripened grain 1000 grain Unhulled rice

R RS (cm) (cm) per hill per panicle ratio (%) weight (g) yield (kg/10a) e
Non-fertilizer 19143822  667+042b  119+1.10b  98.1+10.62a  834+091c  257+070b  523.7+7062b 64
Conventional 19.7+41.48a  854+4094a  17.24129a  101.9+1198a 85.0+029b  27.3+122a  839.2+4397a 100
treatment
Biodegradable 196+154a  854+096a  169+0.66a  101.7+679a 85640292  27.4+1.12a 8423+41.74a 101
coating fertilizer

v 476 324 6.63 9.95 0.66 557 7.62
Significance ns® e b nf b * e

Numbers with the same letter within a column are not significantly differed (Duncan’s test, +SD),
ns, ¥ ** *** non significant or significant at p=0.05, 0.01, and 0.001, respectively.

A 4R éﬂli Aot WP FF 2ozt fIlon, AT AT A4 o]g B&Ao] B2 IoA o]
Eyies E’i Hold dRdv= ﬂ 2|70 2T £ 10aF 8423 kg= T 839.2 kg thH] 2 i}om QT AAFA 0l Sk A
845 FAohe 20 R Kot QHAl A7t 7t Ao wotdnh v FA o] 7 e Al AaTh FESto]
AYSo] B A 1L fafo] astyleh 55 Aul7|xt waia BEo) 4R dRdHE X%E'HL— A4 Foh Ao I HolS
I B E AL iglow 4Eun|e} Fon] EI AItH31]. o]F 3 < IUiolA &S] A S EF AV E2
Ho| AuHA] 247 dAvE AR £0] A AHIE 58 & 4 T Aol 7o 5 S Ao wetET32,33].

WEsHd I B A0 wHE H|EHCH,) BIET Ha}

AR A daduls A2atel B3 A2 CH4 HiET WSk Fig 49 £t wg 28 74 7|17 5 &S
FA FaAgu|g Ao A e 4L o 1256.8 mg/m?/days, &4 135.5 mg/m’/days, HF 548.9 mg/m’/days®] CH, Hj&eO]
Hrslict T A2 Fo A= F o 2039.3 mg/m®/days, |4 155.7 mg/m*/days, Bt 917.9 mg/m*/days] CH, ¥j&aFo] 2Ay5}
ot T A2TY B old F 7Y, 359, 70¥°] 43| HiE®Hel SI6HH-

H s} et siE 7F 9% WA e 20 & B B QIoH34]. Hf 74 CH, AR W3 A2 FollA] 142.25
kg/lOaE 71 wo| ¥hgstgon, BEA $A GaAHFE Z2]FoA 91.25 kg/10a2 BPTQ} v W3] 35.9%2] &3}t A}

HAok @3 AZtet Awsid A gdadulm A2l 719 4 digk BT Aol= ol F 74FE Ao W] AlEst
04 ojd T 149, o] F 60Ul Ao|7t HE FFTH HY Aot BESH Y A dadHlm AT AH] IF CH, T4
Aol wdE 24 HIE f71E Bl Aol7t yA yEhd Zo® wdEh
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Fig. 4. Effects of CH, emissions to application of biodegradable coating fertilizer during rice cultivation.
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Mol TS HIZ Al THE OFMBIEA (N,0) M st
AR A Sad HE A2t B A9 N0 HiET Hdk= Fig 59 2tk N,O #4 7|3t 5 FEsid 4]
Au)g AgFoAel 4 Foff 3.17 mg/m*/days 24 0.51 mg/m*/days Bt 1.18 mg/m*/days2] N,O Bj&sFo] 2RI}t

i

1t

#Y A2 o= ) 3.93 mg/m’/days A 0.72 mg/m*/days Bt 1.87 mg/m*/daysQ] N,O7} 2rAYstct w3 22|19
B ol T 7Y, 14Y, 0ol F4 5] HiEHo] SUFeI oW ol WAF, BLH|, oAAF AR & AEo] 47 DA A
448 o ol R oF) 98 ul, 3710l A Al 9 AR Aulshs 5 ol s A4 Eode] WA H e Aak

AFSIo} S1AF Y S AX opSFEAS Hol WA 89102 WHEch H R4 NO SRS B A FoA 32697
G102 71 o] WAt Aom, R 51 SRR e TolA 150.80 g/10aE TP el 7ok v]wate] 53.9%9] Yt
S5 R o1 F 15URE 73 NO LI Rt LbEon, o1 F 00 T AR Bea) 2 Bague
He) 7 Afolo] N0 WA Ffol7h Halo] Lehgton] o] ulg Agolsick. YN0, EolA N0k Ak &3
Y3 AN B Fof REEL 208 FeA glov VYR BEO BAE Eevt YoluhEE N0 WPl UoiA
E% 0% U SEUTS T JFS = 208 Lol grHss) AU RE Ak 852 FATORA F/15 L 243}
B LA oA olishls WS FolFoRA AW HER BET 4 YL HolErh

6 400

—&— Non-fertilizer
—— Biodegradab le coating fertilizer
3 ¥ Conventrational Treatment

300

200

N,O emissions (mg m?days™)
Cumulative N,O emissions (g 10a”")

ﬂi
12{}

Days after transplant Days after transplant

1410 ] 20 40 &0 B0 100 120 140

&0

Fig. 5. Effects of N,O emissions to application of biodegradable coating fertilizer during rice cultivation.

MEolM T H|E A|20]| [HE S4TFA 2dEFH|w

% QATEA WHTHCO-equiv) S T A2 ToNA 3.96 1022 AR TE vlw X2 7o} v wsle] 36.4% A7 252
t/10a7} A= Uk, T Uolrba] B Al wE v Algof T 2A7FA F WAYFS TP RN FY HlE AT
A Z¥7F 2.294 0.7 t/10a7F WA Gl= A0 & AP E QITH(Table 4). ol T4 AFEHE £R4Q] 84 HlEE = EY] ARESH
T HE A Eo] ﬁ/\s};q B513 u|Eo] o] 8stAL oAl A IS S "7}*174 27 HiETFE E=ATH36,37]. W
LH/GHEE v &F 7|70l AR 41 Ah JEO fAN LS BUAA EF QR FHoE FAE 0] YEh=

Table 4. Estimation of greenhouse gas emissions (CO»-equiv.) to application of biodegradable coating fertilizer during rice cultivation

Treatments Cumulative CH4 emissions Cumulative N,O emissions CO,-equiv.
(kg/10a) (9/10a) (t/10a)
Non-fertilizer 62.60 83.89 173
Biodegradable coating fertilizer 91.25 150.80 252
Conventional treatment 142.25 326.97 3.96
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4 g e

r-]m rlo

4¢g =
P SEgEas —3— 10af4 842.3 kgZ 36344 839.2 kg qiﬂ] x}o]7} gtk

) & CH, T2 T3 A oA 142.25 kg/10a2 7H @o] BrAstelon, ARG 2] Sadu|= A2FLoA
91.25 kg/10a2 HP18} vl wolo] 35.9%2] &5t a7t YeRgth Hd 3 N,O TATFS HPLoA] 326.97 g/10a2 71
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