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Application Effect of the Controlled Release Fertilizer Applied on Seedling Tray at

Seeding Time in Rice

Tae-Jin Won"', Byoung-Rourl Choi?, Kwang—Rae Cho?, Gab-June Lim?, Jeong—Hyun Chi?, and Sun-Hee Woo®

ABSTRACT The optimal application rate of a controlled release fertilizer (CRF) on the growth, yield, and seeding time of rice
grown on seedling trays was investigated. The experimental field was located at 37°22'10"N latitude and 127°03'85"E longitude
in Hwaseong, Gyeonggi-do, Republic of Korea. The soil in the paddy field was a clay loam. The CRF used in the experiment
contained 300 g kg™ of nitrogen, 60 g kg of phosphate, and 60 g kg™' of potassium, respectively. The CRF was applied at the rate
of 0, 200, 300, 400, 500, and 600 grams on rice seedling tray compared with the field application based on soil testing (control),
respectively. The CRF can be applied as single application(which can replace basal fertilizer application and two top dressing
application) directly to the seedling tray, and showed the minimum release at the seedling period. Considering the plant growth,
nitrogen use efficency and yield of rice, the optimal application rate of developed CRF was 500 g per seedling tray and the yield
of rice at this application rate was 4.92~5.04 Mg ha™'. The regression formula between the rice yield and application rates of CRF
was as follows ; "Y=0.0002*+0.0963+411.6(R* : 0.9922) in 2010 and Y=8E-67*+0.2723+344.04(R*:0.9864) in 2011, Y : Rice
yield (Mg ha™), % : Application rate (grams) of controlled release fertilizer;. The optimum application rates of CRF per rice
seedling tray by regression formula was 498 grams in 2010 and 513 grams in 2011.
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Fig. 1. Process of fertilizing, seedling and transplanting of rice.

Table 1. Chemical properties of paddy soil used in the experiment.

Years pH OM_1 Av.on_f Ex.Cations (cmol kg™) Av.Sio_% CEC :
(1:5) (g kg”) (mg kg™) K Ca Mg Na (mg kg”)  (cmol kg)
2010 6.2 16 65 0.29 5.4 1.3 0.30 108 123
2011 6.6 24 47 0.39 8.1 1.9 0.56 242 11.1
average' 5.8 21 86 0.31 4.5 1.3 0.29 108 7.7

T: Average chemical properties of paddy soil in Gyeonggi-do (NIAST, 2011)



206 OHEIX|(KOREAN J. CROP SCL.), 64(3), 2019

AH]TEO] AlH|EES N-P,05-K,02 201032 96-35-37 kg ha',
201192 114-53-30 kg ha'o]gom AAN)= @42 7
a] 50%, E-olu] 30%, Z=H] 20% 2 EA|5FT, 1AKP,0s)

gitglo 2 AgF 7|82 Fom, ;ﬂ—a(KQO): o 3}z
ﬂi 71H] 70%, 58] 30% U-+=o] AISHITh

EoFTl b AlE| HAO EoF W AR KA H(NIAST,
200090 LS. BHLAS A 274 ol meke
S750] 2 mmAE TN AS ALt
B9 p % 22 =0 917 pH meter (ATI orion 370)
Ao o, OM-E Tyurin®, Av.P,0Os2> Lancaster
o E0Fo] oFo] £ 2 [N-NH;0AC (pH 7.0)
8550102 Hslel L AN UIFEAGRC,
Integra XMP)2 A& 0™, NH&-N= SE 10 g& 2M
KCl 8408 HZ3lo] Kjeldah'y 082 BA31git} A2
A T4, POs, KO S AR 5 g5 SAE9
(H2SO4:HCIOy:ZH4=1:9:4, v/v/v)5}o] &4 += Kjeldahl
H, P,0s2 Vanadate {02 BEASI11, K,0= §=28Za}
Zu} 43333 A (GBC, Integra XMP)E A eF3l9ith = &

o] RIS TELASTHA-IRME, 2010), B2] A

L Aﬂi*?* FAAIE AT 2APIH(RDA, 2003)°]]

D

M 717 B FAMY W 2% wsl

B SH/ B FO] AAFH 2 WIS A 2
3} Table 294 Z). SHEAUIRE Hedt B F94 F
F MBPNRE T4 e tfxTo] s Epon, =
F RG] FNASE B F $44 G F/s9n
5o FFAUE HelSEoA TFEF 25UAAE g

o 300AelE $84 Il ST, 2ge BE

T 1547 = 2P A Qo) o 25U HE Tt
ZAH| R Ay 3ot 5891 oES 304 af2AM]
7 Ae o)A Aol Zgth o|Ate] Anlg E uf v 2
07|17y 32T 25 AR 7R = i%ko Bl @7} 42590
HR3)7E WA gk 71zke] AgE o] g 30
Aol A 247} AEH S AagFo] S7isto] g
ol $HER HYSRIINEFTF 257 E 250t
olof & Aoz TTHE T

34 Table 33} 2tk 102 G584 F4FL o542
Ao F7484E Wolx = shelo]glow, 2010de)

ShEAuIE 300 gol 4 A1 877t mE AH 7104 A
91 s ol A slel sk 2011 ele

AR 500 g o4 M gTAA H =T 9}%46& 47} glol
53 2o yehygth ol 20119 W YL27)(6Y

1d~6911)of 7]-&0] 2010 9] H]3| Yo} ulEAtu]| 59

Aagzol driel m Aol JFS F o2 Y7E9

th P05 KO E4F e S84 5530

2 sppgulRe Aol F715E wobt Aels)

ovj(dlolg A=), tiz

AR A|8-TF
4_ Table 42} Pu} EE

ARV 500 g /\]_g_q_ﬂ- tﬂ&h,]— qz ETQIH EH_,_—_,LQJ— T
ofRt Apol7h §iglet. = P.Os} Kzoﬁu“%*i ]
A2 500 g Al&E7F izt i et Eo) i) ot
A #5237 AEAF) T La%ﬂ u) ey Auiok

S SRR A SHASAY 500 go = et

Table 2. The change of total nitrogen contents and plant height during seedlings growth.

T-N Plant height
Treatments 15DAS” 20 25 30 15DAS 20 25 30
---------------------- -3¢ S — cm
0 g/tray (control) 27.1 b’ 228 b 20.2 ¢ 183 ¢ 16.2 a 16.1 ab 18.0 a 18.1 b
300 g/tray 376 a 357 a 30.1 b 29.0 b 11.7 ¢ 13.7 b 179 a 19.9 ab
400 g/tray 38.5 a 36.1 a 347 a 35.6 ab 13.2 be 17.0 a 189 a 19.6 ab
500 g/tray 41.6 a 40.7 a 365 a 42.1 a 152 b 17.0 a 189 a 203 a
600 g/tray 42,6 a 39.8 a 37.1 a 42.8 a 153 b 17.2 a 184 a 209 a

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)

"DAS : Days after seeding
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Table 3. Total nitrogen uptake contents of rice plant under application rates of CRF (Unit : kg 10a™).

Treatments 2010 year 2011 year

(N level kg ha™) 15DAT? 30DAT 45DAT 60DAT 15DAT 30DAT 45DAT 60DAT
CRF 0 g (0) 0.07 ¢ 0.54 ¢ 1.36 ¢ 287 d 0.12 ¢ 0.63 ¢ 148 d 257 d
CRF 200 g (18) 0.12 be 0.70 be 1.70 ¢ 3.66 cd - - - -
CRF 300 g (27) 0.14 ab 0.87 ab 1.96 be 432 be 0.20 be 0.82 be 2.02 ¢ 3.49 ¢
CRF 400 g (36) 0.17 ab 1.06 a 2.37 ab 5.01 ab 0.21 be 1.12 ab 2.54 b 4.40 b
CRF 500 g (45) 0.20 a 1.10 a 2.66 a 548 a 0.29 ab 135 a 335 a 552 a
CRF 600 g (54) - - - - 0.30 ab 1.36 a 343 a 572 a
Control (90) 0.17 ab’ 1.06 a 2.38 ab 491 ab 0.35 a 1.54 a 325 a 529 a

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)
"DAT : Days after transplanting

Table 4. Nutrient contents of rice straw at harvesting stage under application rates of CRF.

2010 year 2011 year
(N+P+1l;rei;[\lze;nliig ha) TN P,0s K>0 TN P,0s K0
--------- 'S 1 — RN 2- 3 (1 p—

CRF 0 g (0) 23 d 1.1d 126 ¢ 23 ¢ 0.8 b 99 ¢
CRF 200 g (25.2) 2.6 od 1.2 od 14.0 d - - -
CRF 300 g (37.8) 2.7 be 1.3 bed 153 ¢ 29 b 1.1b 11.9 be
CRF 400 g (50.4) 3.0 ab 1.5 ab 16.6 b 3.1 b 1.1b 12.6 b
CRF 500 g (63.0) 33 a 1.6 a 17.2 ab 39 a 1.6 a 15.1 a
CRF 600 g (75.6) - - - 4.1 a 18 a 16.0 a
Control (150.0) 33 a’ 1.5 ab 18.0 a 3.9 a’ 16 a 150 a

! Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)
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Table 5. Nitrogen use efficiency under different application rates of CRF.

2010 year 2011 year
(N Es:rrll(:lt}sl ) 30DAT’ GODAT harvesting stage 30DAT GODAT harvesting stage
(150DAT) (150DAT)

CRF 200 g (18) 9 a 44 a 37 ab - - -

CRF 300 g (27) 12 a 53 a 39 ab 7 a 34 b 54 a
CRF 400 g (36) 15 a 60 a 53 a 14 a 51 ab 57 a
CRF 500 g (45) 12 a 58 a 56 a 16 a 66 a 76 a
CRF 600 g (54) - - - 13 a 58 a 72 a
Control (90) 7 ab 27 ab 24 b 10 a 31 b 31 b

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)
"DAT : Days after transplanting

Table 6. Change of NH,"-N contents in paddy soil under application rates of CRF (Unit : mg kg™).

Treatments 2010 year 2011 year

(N level kg ha™) 15DAT’ 30DAT 45DAT 60DAT 15DAT 30DAT 45DAT 60DAT
CRF 0 g (0) 6.7 a 52 a 4.1 a 09 b 93 ¢ 78 a 6.4 b 34 a
CRF 200 g (18) 93 a 58 a 45 a 12 b - - - -
CRF 300 g (27) 96 a 6.0 a 47 a 1.7 ab 10.4 be 8.1 a 75 b 35 a
CRF 400 g (36) 105 a 6.1 a 51 a 1.8 ab 10.6 be 8.4 a 76 b 39 a
CRF 500 g (45) 109 a 72 a 55 a 23 a 11.7 be 9.8 a 77 b 4.0 a
CRF 600 g (54) - - - - 14.0 ab 117 a 8.1b 42 a
Control (90) 23.0 a’ 10.6 a 6.5 a 23 a 17.0 a 12.6 a 113 a 46 a

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)
"DAT : Days after transplanting
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Fig. 2. Changes of NH;'-N concentration in paddy water during rice cultivation under different application rates of CRF.
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Table 7. Plant height and number of tillers per hill under application rates of CRF.
YVear Treatments : plant height (cm) no. of tillers per hill
(N+P+K level kg ha™) 30DAT” 60DAT 30DAT 60DAT
CRF 0 g/tray (0) 336 b 615 d 95 a 139 d
CRF 200 g/tray (25.2) 34.7 ab 65.6 ¢ 112 a 162 ¢
5010 CRF 300 g/tray (37.8) 36.2 a 658 ¢ 12.5 a 16.9 bc
CRF 400 g/tray (50.4) 364 a 673 b 133 a 17.6 ab
CRF 500 g/tray (63.0) 36.7 a 69.2 a 13.6 a 18.8 a
Control (150.0) 36.4 a’ 67.7 b 129 a 17.5 abc
CRF 0 g/tray (0) 305 ¢ 66.0 ¢ 92 d 10.6 ¢
CRF 300 g/tray (37.8) 31.1 ¢ 68.1 be 9.8 cd 113 ¢
5011 CRF 400 g/tray (50.4) 32.6 be 709 b 13.1 be 152 b
CRF 500 g/tray (63.0) 334 b 758 a 142 b 174 a
CRF 600 g/tray (75.6) 36.2 a 78.0 a 157 b 175 a
Control (150.0) 37.1 a 75.7 a 17.7 a 172 a

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)
"DAT : Days after transplanting

Table 8. Dry weight of rice plant under different application rates of CRF.

Treatments 2010 year 2011 year

(N level kg ha™) 15DAT’ 30DAT 60DAT 15DAT 30DAT 60DAT
CRF 0 g (0) 56 b 32 ¢ 315 ¢ 6.1b 31 a 250 ¢
CRF 200 g (18) 7.8 ab 40 be 361 ¢ - -
CRF 300 g (27) 8.6 ab 45 ab 415 b 103 a 40 a 320 b
CRF 400 g (36) 105 a 53 a 469 ab 10.7 a 50 a 368 b
CRF 500 g (45) 109 a 55 a 485 a 113 a 55 a 438 a
CRF 600 g (54) - - - 114 a 56 a 441 a
Control  (90) 104 a’ 52 a 453 ab 11.5 a’ 57 a 438 a

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)
"DAT : Days after transplanting
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Table 9. Yield and yield components of rice under different application rates of CRF.

Year Treatments _1 no. of papicles no. of gr~ains ripened grain I,OQO grain  milled rice_]yield
(N+P+K level kg ha™) per hill per panicle rate (%) weight (g) (kg 10a™)
CRF 0 g (0) 10.0 b’ 66.7 a 93.6 a 214 a 412 e
CRF 200 g (25.2) 15.0 a 733 a 93.0 a 21.0 a 438 d
2010 CRF 300 g (37.8) 153 a 748 a 92.6 a 20.8 a 454 ¢
CRF 400 g (50.4) 15.7 a 76.0 a 923 a 21.0 a 485 b
CRF 500 g (63.0) 15.7 a 76.9 a 922 a 20.8 a 504 a
Control (150.0) 15.7 a 76.6 a 92.8 a 20.9 a 509 a’
CRF 0 g (0) 9.7 ¢ 70.9 ¢ 953 a 215 a 344 ¢
CRF 300 g (37.8) 10.8 b 74.1 b 94.6 a 213 a 430 b
2011 CRF 400 g (50.4) 124 b 758 a 94.8 a 21.6 a 444 b
CRF 500 g (63.0) 153 a 76.0 a 945 a 214 a 492 a
CRF 600 g (75.6) 154 a 76.5 a 94.8 a 209 a 507 a
Control (150.0) 15.4 a’ 76.4 a 94.1 a 212 a 505 a

' Different lower case letters in the same column indicate significant differences (Duncan’s Multiple Range Test, P<0.05)

Table 10. Quality of rice under different application rates of CRF.

Treatment 2010 year 2011 year
reatments
(N+P+K level kg ha™) crude protein  perfect grain toyo-taste crude protein  perfect grain toyo-taste

(%) (%) value (%) (%) value

CRF 0 g (0) 6.1 95.3 76.8 6.1 94.7 78.1

CRF 200 g (25.2) 6.1 95.5 74.5 - - -

CRF 300 g (37.8) 6.1 94.4 75.2 6.2 93.1 75.3

CRF 400 g (50.4) 6.4 94.8 73.0 6.3 93.9 76.3

CRF 500 g (63.0) 6.4 934 69.3 6.4 96.4 74.9

CRF 600 g (75.6) - - - 6.6 95.5 73.3

Control (150.0) 6.4 91.8 74.6 6.4 93.3 75.0

60200 4= Tha: BB e Holglon], Helho AeE
§AFeE 73] 9k Table 7).

o AlEA] A8% WEHE A7 241G AIHs Table
gellAlet o] wpEAbul o) A8 F7hE ABFo| Wob
A 2 Rl fARE Agoldh teb mE
A A THEA R A §aro] Wobd4E S7lste] ofof
F RE 27IER gaTe] A o5e A
2O A B4 ARG 500 g o4l gle.

Ao WA ST asS B e gl et 2010
ol 255471 49d BASTE Addstut ot

27F WERUA] gokout 2011 ol shsAbH R o] Al EF
o S7kgtel| whet

= XN =
s El

HHETZ Aol7h A=A

Spout Fgptot 29Tt ek AFOR et
et 5 SES AR 500 g ol4ol ek olo] ut
o wul s Qo] pAgle]l IEA R Algao] ot
A4S Z7bstel Aok B S HQl HEA v
LGS AR 500 gol 4ol ghek(Table 9). & wu]
WA G, A& XS 2AR 23 2u
e s A el ws) WAL 2,

M tha WrE 2011 AR 300 g ALGAIE A
shat F7bstgom, Au A Qe A4S Holx ¢

QFti(Table 10).

o
2

o

o =
ool
fr o



B LISy 22eHE AR 21

H il DIEMHIE MY AISE

B ZHRA] T 2 O] SRR
A}, 7o) SRR G Al e)S SHHEMX)E
A kg 10a7)E FEHRY)E 3ol 221 974 ?Lf&
AT} 201082 Y = 0.0002)% + 0.09637% + 411.6 (R%:0.9922),
201192 Y=8E-6%*+0.2723+344.04 (R*:0.9864)0]| % .1
0|5 E3dto] Tz A4=2K201049 509 kg 10a”, 20114
505 kg 10a")oll @oh= wHEAH| RO ARG AlLFE
3t Al 20107} 2011 2z} 498 g, 513 go & et
27 Hog B A AL 505.5 ¢ = 500 g7 At
=3t Hiel o] o] FEEFTE S B T SvE
ojuf 2t FF 5o WS AR Aol A= AH
A GFoz 2ALE o] A HR o] §A] AHARFS &
HAAG 500 go] A Ao = wekE Qi AR 500 g
> 102 30447} o] YEEE 15 kg TE/JH]| =271 10T
AlGE AL apFH R O] A, QAL ZEl= A 27 30%, 6%,
6%0| B2 10atg AEgFo g A 45 kg, 14F0.9 kg, Z
2] 0.9 kg7t Al &Hr) thx29] AAAHEH(C10E 9.6 ke,
11 11.4 kg/102)9} Bl asto] whg/H] = 500 g//dAF A2
o] AL 4.5 kg/10a0 & A A H]EEO] 53%~60%
= AifehHA W s 9 & pifo] 28} disdt AYE
Helth 28ar A AR - 9.4 hr/ha (7]
H] 1.4 hr, 24 4, =48] 4)o]1L u}EAME]|F 0] A2 0.4 hr/ha
(FFE=sAh oz apg/du| 7] sl AlH=52 96%=
A8 4= glon, ZxAH]9] AL 0.8 hr/ha® & 50%9]
AR =TS AR A|8A] AT 4 ATHMAFRA,
2017). E3F TE2AH| 2 =5 A7 0.4 hrhals HA| 9129
AR oF 20%°] SfFTtEE AlH|leEHAGS o B A
o & giotEch sk oA ek ¢hEA] H] =9l Meister
+ H shoot oFFff = ¥ BFT o Al§E 4= =T WY
wo] o|YAl Hlm7} B BlE|RLEof Foj o] upel wol A

AB 0] 8FEL 80%E t$ o} = AAALFHO] 50%

A A8 Ab

L

m{w

=
S 44T 4 AAFHE S Fart glo] =5 A
AMIE A3 T 4= Qokar gk Akel (AR ch(Kaneta &

Murai, 1994a, 1994b).

9] oA AR EES Sist &
= B B gFEAAE Sadues st &
A =3 Z3viol disj 20104
HE 2011872 AlFeE ik o) 2ok

1. IFAHEE A3 2048 §H & HO N, P,0s, K,0
T FAE | HlE SHIEFl 2ol SEHUAL
u Hlioﬁi WRAIEA) QRokeh.

2. STIE ABA FEL FEYL ISR AS
5ol Wol 2 F151 shetol Ao 2011Hole 4
A 500 g TFAHRAIGTNA di2et bls et 5

zoz Uegon POs, KO F53E $44 $4%
3 fAR S Bk

3.0 8]0 RAFe] FH4 P dxsh By
H|Z 400~600 g A

4. ¥ £37] glAb R A]&:,L_J ALT
T(11E 31%)0] |3l 54~72%= TFAH R A&
27152 =9k}

5. 20119 g2AH|E A 8Le] 27 2010 ¢f H3}

&L
o7 ol Al AFIUT OlFF 60 o] F] %L

rOI

BSR4 gAY ASFS SYus
X2, & $FS FEARYE 3tof 248 A48 78
Aol Y27 W el Dok HEAURY A

=
o Al 8RS et A3k 20107 20119 242 498 g, 513
go g Ueh} 270d oz B HAHALTFL 500 go
2 AEEQlch
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