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The study was initiated to compare seasonal nutrient variations and rice (Oryza
sativa L.) productivity in each of leading rice farm with conventionally managed
and recommended fertilized of the large-scale environment-friendly agricultural
districts in Jangheung, Suncheon, and Okcheon provinces in 2017. Suncheon rice
experimental farm plots included a recommended fertilization plot that had been
additionally sown hairy vetch in the fall of previous year, while Okcheon rice farm
included a recommended fertilization plot applying half amount of the compost in
the conventional plot. A Jangheung rice farm only practiced crop-livestock farming
system. Soil pH and EC in all experimental plots were suitable levels for rice
growth to cultivate. Seasonal soil pH from March to September was the highest
for Suncheon rice farm, and seasonal soil EC was the highest for Jangheung rice
farm. Seasonal soil T-N increased in all the plots from March to June in particular
for Suncheon rice farm, and Jangheung rice farm had the lowest seasonal soil P.
Seasonal soil K decreased in all the plots, with the lowest levels observed for
Okcheon farm. Seasonal soil NH;™ mostly increased by up to 90 mg/kg in Jangheung
rice farm from March to June. Seasonal plant T-N, P and K concentrations were
the highest for Jangheung rice farm. Seasonal plant T-N and P concentrations
decreased from June to September, but K leveles were fluctuated between 2.0%
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and 2.5%. Seasonal SPAD value was the lowest in Suncheon conventional plot.
Jangheung rice farm plot produced 6,303 kg of rice per ha, which was appro-
ximately two times higher than those of Okcheon recommended plot. The seasonal
T-N, P and K balance was the highest in Okcheon conventional plot, with the
lowest values observed for Suncheon conventional plot. As a result, Suncheon
recommended plot showed relatively low levels of seasonal macro-nutrient balance
and the highest rice production, which could be the most environmentally friendly
farm practiced conducted in this study.

Key words : balance, SPAD, organic, uptake, yield
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FHNRPFAIAE BARAY s AL o F7] S8kl A | FHAAHA
7 548 nHste] &7tE vheE 199595 st A edE F8 F0 U
o & A3l lTh(Heo, 2014). BFTRE ] T A YL VIEERE A2 &
T 3HYUCE Bt FEEtal £& & AE0] AAE ThSolAl Algstel AtEnlE d3
A71E AERE TdE 7O R sha )tk ol A& Thsd wdE Ads] %
F7HIECEA A | :EEE A #Feta EEaRE SASAYE S
AR7F AAE B A &5 S At A 2o VL SlTh(Heo, 2013).

& wEivetilA TP Fad AFAE T SR AFAFEC] 201600 1047%E

F24.6%), HE#24.6%), STFF(B.T%), B(1.8%) 53 BwsYS o AFEo] /M =ot
(MAFRA and aT, 2017). 3FATF ®(Oryza sativa L)) 20173 AuA 2L 7543 ha® 3K
o} 3.1% Ao dogn ZaME xEd ZoF oastal ATHKOSTAT, 2017).
712 X187 R zen|g 7HE 5o o] 7hA] Ao R Qe 20110l f71E
o2 A Ao HHEHOZ 61% 714 o152 HYN, 2FUAY 252 242 24.2%9} 21.3%
4 397 R E A THPark et al,, 2012). AT T W AulE 3.3 m*F 2575 A2
st WHAel fF71 A= 50~605E A2 F7F 22 Holrh, =g a7t wE A=A 9
A #YE S g glonzg Jxu B Jal2 gakd el AAgo] e HololA

1E ol o] 8 58 FUF T T AAS EYHE Vs Mol 87F A Y th(Park
et al., 2012).
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Table 1. Brief information of each experimental plot in rice fields in large- scale environ-
ment-friendly agricultural districts (LEAD) in 2017

Area Transplantin Average Accumulated | Total amount

LEAD (ha) Variety dre)lte & temp precipitation | of sunshine
() (mm) (h)
Jangheung 6.0 Dongjin June 7 22.3 788 891
Suncheon 43 Haepum June 7 21.5 650 856
Okcheon 1.3 Milky queen May 27 22.0 810 987

Table 2. Mineral nutrients concentrations and amount of inputs in organic materials at
experimental plot of rice fields in large-scale environment-friendly agricultural
districts (LEAD) in 2017

EC T-N P K
LEAD Fertili H
eriiver P @sm | (ke %) )
Jangheung Manure compost 8.7° 0.1° 16.1° 1.7 43?
Organic fertilizer 5.0° 0.1° 39.3° 2.9° 2.1°
Suncheon
Hairy vetch - - 25.0° 0.7¢ 4.7
Manure compost 7.7° 0.1° 14.3° 2.4° 4.1°
Okcheon
Guano 3.0° 0.7° 168.6" 0.4° 0.9¢
Amount of application T-N P K T-N+P+K
LEAD Plot Fertilizer
(kg/ha)
14,141 in February b1) b b
Jangheung | COV | Manure compost - 300 in May 275 292 723 1,290
COV | Organic fertilizer 3,030 in May 118° 87° 63° 268
Suncheon Organic fertilizer 3,030 in May 118° 87¢ 63¢
REC 833
Hairy vetch | Sowing in previous year 25¢ 70¢ 470°
Manure compost 20,202 in March 287° 471° 814*
cov 1,681
Guano 606 in May 101° 24 6"
Okcheon
Manure compost 10,101 in March 143° 235° 407*
REC 839
Guano 303 in May 50° 14 34

Different lower-case letters adjacent to each datum indicate significant differences as determined by Duncan’s
multiple range test at p <0.05.
COV; conventional plot, REC; recommended plot.
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1 A 3Ll AT Aepd= A5 &, 1 =
HES 0~20 cm ZololA AHSAT. o] F 6~9¥ T
=5 A AHsAT
2 Az AHEAm=3) 743 A8t AE 2 mm °]5te] EYAR F
dIA7le AdTFAE 4715 ESFEAHRDA, 2012)°] 2Ast] E9F 85}
sttt B pHeF ECE= 115 02 A Zetado] EYAIR 5 g3t 57 25 ml
B3 R8s & 247 pH meter (FE20 FiveEasy, Mettler Toledo, Ohio, USA)<}
EC meter (HI-2315 Bench-Top Conductivity Meter, Hanna Instruments, Rhode Island, USA)=
SA3H T A HA(T-N)= Kjeldahl™H &2 C/N¥4]7](vario Max CN Element Analyzer, ele-

)
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mentar Analysensysteme GmbH, Hesse, Germany)E ©|-83}% 1L, F&<U4HP,05)2 Lancaster
WO 2 ICPE o] &3t 433t
T, 183 AEFE ZARIAT 242 B &7
A3 FEFe Byt 27171 olo A& FiEe Adst
S & I NFE FAsAT 454 FFES UEHHE SPAD T2 AFHEA Ho T
oA P=4 =4 7](SPAD-502Plus Chlorophyll Meter, Konica Minolta Co., Tokyo, Japan)=
24340 olF AEAS 4Y7F 70C e XV NA AXI T AEZFS =3 H
B ste] TN, P9} Ko -2 B3 th T-NS Kjeldahl & o]-&3le] C/N A5 £247]
(KjeltecTM 8400 analyser, FOSS, Hilleroed, Denmark) 2, P+ ammonium vanadate®, K& F%
AtZetzul HEE 3 S 2 ICP-AES(Simultaneous ICP Spectrometer, SPECTRO Analytical
Instruments GmbH Co., Baden-Wiirttemberg, Germany)E ©]-83l X33t 2 &47F &
¢ T-N, Po} KO 7% A=559 TS F3te] 743tk B ha & 695 9¢
VA o] A7 A WS FAE vsFo A A4 Fe vls S ALt
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Y dAA M3 W TP A3}
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Fig. 1. Seasonal soil pH (panel A) and EC (panel B) between rice fields conventionally
managed and recommended fertilized of large-scale environment-friendly agricul-
tural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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FHste] B A3 FAFE vt AA T pHE 6.1% B =4 2ARE ] ol tigk F7}
20l HET} o]Fojxof & o7 FAHAthJung et al., 2017).
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g FA71EXQ EC 05 dS/m 2ot =A YERGA F27F B8 thFig. 1B). EY
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Fig. 2. Seasonal soil T-N (panel A), P (panel B) and K (panel C) concentrations between
rice fields conventionally managed and recommended fertilized of large-scale envi-
ronment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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Aol A3 2391 80~120 mg/kg (RDA, 2017)2.2 AZE AT EoF X84 K 3
EE AgFolA 6~7€l A FASATHFig. 20). ol W FFEo] AZ|EE Ha}
F7Vet AL, EQF FollA T ol A &= EAolHA olsAdo] wlg- ki
AEE TR 825 Ao] A - A Ao 2 A= tH(Park and Kim, 2016). 3t
Auk FY =ES HAH XFA K FFE 782~117.3 mgkg (RDA, 2017)0.2 ZALE Ald
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Fig. 3. Seasonal soil NHs* concentrations between rice fields conventionally managed and
recommended fertilized of large-scale environment-friendly agricultural districts in
2017,

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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ABTAR 687 F7F3HEk} o) F a3t ATk Fie.
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T AR EES FTsAAY e A o3 89 SO2 NH, §&e] 543 AR o]
ARE AoZ FAHFUKLee et al., 2012). ©]= FE Yol A NH, 7 113.2 mg/kgZHAl

2 o] 2718 Hel H3 BIHULY, B ) FIAE BAG Hulo 2718 5o
A EAE Asz sHEd.

2. A7 W A3 FU14E vl

doido s fr1du 5] FYFH T-N o] A2 &3 A3 79 3191 4o 99 F
%71e 1164 emZ 78 Aom, &3 F359 7} s}
A vl 5o BYFFH 7132 o] Bl HAdsE Aol = iﬂlﬂﬂfﬂ A7) 0]
132.5 em= 7P AojA, A Ee 24 5 Al 71Q1%k Ao A= AHCha et
al., 2014; Jung et al., 2017) FHAEo] vgdA HsAS Alg %é/\lﬁ*—?ﬂ/ﬂb & o]
A5 FF3 H FETFY 232 1079 emZ FY TR FA YERGA 715011 Hy
H A4} H]%ﬂ?&ﬂ(Song et al., 2010; Cha et al,, 2011). ELF+= S ¥
2 E=A AFEFNEH B v vE By o] Ba T-N §Fo] 714 %JH Zlo] A7
TS 71HE Ao AT TH(Park et al., 2001; Fig. 4B). <=3 F3 o

2 g BFor FL57F A FU1ete] dF SR vlo YL 2
F7Heo] A Fks o E FAHEY ofof thet MU HEVF Ba
2ATtHSong et al., 2010; Fig. 4B).
Ahn 5(2017)2 7}&5 EHHlE EYS Ag o)A vlE FEYFo] S/1E8r=
A g7} Folthal Rtk Aoz TN &) =3ka o9 wa o ¢
E&o] 2w & Ao} FF BT 8 o] T HETFO] A
T H7F AR 25 Aol 7]QIgk Ao 2 FAEUTKFig. 4C; Table 2). %
o} SHErtRTh vlwd fr|drge] FYFHL T-N o] 714 AAqd & F

= 27| 71 AAl ARE ERO R Ity £ dEFo| AAaHAS
FAFAR FIHA] AET}L o] Fojxof & ZoE ATHAUT

1718 W] TN, P9} K & A5 A FolA A57] 2 O AT Bt &4
25 A tHFig. 5A-C). 6€olA 9€71A ] T-N# P &S ZHasts A4S BAa, K
2 2.0~2.5% FEAA DA FAHAS. A=A Yol TN, P&t K& H7F A%
A2 AstE ol AxiEgo] SEs YFHOZ wE A o)Fste] dld F 1
A=d-E FAste ol &FHE AR ¢ A JthEpstein and Bloom, 2005). £ A3 oA
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Fig. 4. Seasonal plant height (panel A), dry weight (panel B) and number of tillers (panel
C) between rice fields conventionally managed and recommended fertilized of
large-scale environment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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SPAD Aol it HE4 ) AL A= TIT Aol Bad F5 1t
o= ME ol 7 ojA ol& o2 &8st dole tha A7 YK (Kim et
al., 2002), SPADE= 29| JUYHEHZE Hriste DHAER @ol FEEI ItkRyoo,
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Fig. 5. Seasonal T-N (panel A), P (panel B) and K (panel C) concentrations between rice
fields conventionally managed and recommended fertilized of large-scale environ-
ment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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Fo] BEEHAKFig. 6). ol= «©d Yo U vl59 T-N gFo] e} Alg9} vl
SFAARE, T-N+P+K 9] #1268 kg/ha)ol 7HE A U™ =
=] ATHTables 2 and 3). AWE AFANA SHH 9¥ 557
FEE7 o)A AuE BT} 364, SH %71 WL 2652 FALEQUTH

A Fo] S<7] o] 36.60.2 ATE AT} v PA T =

=2 & B9 TJung et al, 2017). ol &3 719 A5 Zdd s &3 AGE=
7ol dolyo] A FotHA 3|M A Fol ot HH o2 JFA FF A5 Hoizxl
Ao ®E FAHHA
80
—4—JH COV
SC COV
a ——5C REC
a == C COV
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a
ab (cl
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Fig. 6. Seasonal SPAD value between rice fields conventionally managed and recom-
mended fertilized of large-scale environment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p<0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV;
conventional plot, REC; recommended plot.
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Fig. 7. Seasonal plant T-N (panel A), P (panel B) and K (panel C) contents between rice
fields conventionally managed and recommended fertilized of large-scale environ-
ment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.

3. I A7 B FRFA

SH FHTE A3 BE AP T FHL 4,576~6,303 kg/haZ(Fig. 8) 20121d A2
7] Al QS WS 1243 F7FY] fo)18 AAbEF 4,080 kg/haklTh E& 423 0]l th(Park
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et al,, 2012). T3+ 20179 H=9] ¥ AYAEFS 5,270 kg/haZ £ Al oA AY4bdE &3 v
% O] ATHKOSTAT, 2017). A TF3F 2] vlaolA 4 gz 7714
FE =3kd A5 oA =30 6,303 kg/haZ 7 =4 BEEATH <+
FTFET S A E FES FAFAA FFo] ¢ 21% STUEIRSY F

A AdE Zpole= AEE A ATHSong et al., 2010). M E S FH o] S
o 40% AE ZastAed ol BTl FUE vsFde] ARks Qs A2 FolH

At

N

10,000
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Yield (ke/hal
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Fig. 8. Yield of rice fields conventionally managed and recommended fertilized of large-
scale environment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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Fig. 9. Seasonal balance of T-N (panel A), P (panel B) and K (panel C) between rice
fields conventionally managed and recommended fertilized of large-scale environ-
ment-friendly agricultural districts in 2017.

Different lower-case letters adjacent to each datum indicate significant differences as determined by
Duncan’s multiple range test at p <0.05. JH; Jangheung, SC; Suncheon, OC; Okcheon, COV; conven-
tional plot, REC; recommended plot.
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