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Determination of Nitrogen Application Rates with Paddy Soil Types
for Production of High Rice Quality
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The primary concern on fertilizer recommendations on paddy soils in Korea is not high rice yield but high

rice quality, sustainable rice yield, and less environmental loads these days. Based on soil survey data, the
paddy soils in Korea were classified into five large management types ; normal, sandy, immatured, poorly
drained, saline soil. In order to establish the optimum level of nitrogen fertilizer to increase the rate of head
rice yield, field experiments were conducted at 24 farmhouses throughout the country with nitrogen
fertilizer treatment levels of 0, 50, 70, 90, 110, 140, 170 kg ha” from 2003 to 2004. As the result of the
experiment, the optimum rates of nitrogen fertilizer for improving rice quality were 90 kg ha™ in normal,
sandy, and poorly drained soils, 100 kg ha” in immatured soils, and 112 kg ha” in saline soils where the
content of NaCl in soil was below 0.1%. The optimum rates of nitrogen fertilizer were determined in view
of head rice percent, protein content, and palatability value of rice.

Key words : Rice quality, Nitrogen application rate, Paddy soil type, Head rice yield
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Table 1. Physico-chemical properties of soil used for the field experiment.

Soil Exchangeable Cation
Soil type pH OM T-N Av.P:0s SiO2

tex. K Ca Mg

L:5 gkg’ % mgkg' 0 e ST A - p— mg kg

Normal SiCL-CL 5.8 25 0.12 60 0.39 59 1.2 281
Sandy SL 5.7 26 0.11 73 0.18 35 0.4 112
Poorly drained SL 7.0 14 0.06 89 0.15 7.8 2.1 221
Immatured CL-C 55 22 0.12 47 043 54 1.8 240
Saline SiCL 54 13 0.09 16 0.66 4.6 42 119
Average SL-C 5.7 22 0.10 57 0.36 53 1.6 205




2 B AL Juliano®] LT M4 FWYOR 5 EFRIY SHS HUE LEF drAMFL
Ho ™ (Juliano et al, 1981), @A FFe & T F Table 3°14 HW ha@ HE= 138 kg, AbdE 148
A el @ Al 5958 ko] AlLtskad kg, Ji= 159 kg, 3= 170 kg, @dl= 190 kg2 A
o 4ulel B7Hs 40 (Toyo MA-00)E o §3te]  Table 29 5L HIE s daAv|Fuchs
At dxs ddsl = F Aws & F AT
Table 4v= W9 ESFFE HAoAulFEd md
Zdu 3 nFE v v &S 2AF Adolth v Mg Aa
AulEzo] Z/1] uhet gasty Aok @ 43
2003-20049 % HE= 12, AME= 5, A= 1, VsE AANE Waste] B oo A& Al¥%ZE 90-110 ke ha’
5. el e A 27 STRERAN 1 AKA o) mgte] QamE 50-70 ke ha'FENM v v
RS WAFITE TS AMATR AAT g0) 239 A BPAW, DA AL 140-170 kg
Table 2 %% Table 34 2. = ESHFE AE A g uiezede gam vgo] 988 10%
Fd wE 2 FFd 4dn FEF2 BT & AE Dae oz e AFRE BT
Aglel da AH|FFo] S7MESFF o= Aol =ES gEWE 2 o 9An v As= 90%.
U EYREER & S HA BREE3 AR = n&le 88%E E=O 3o TIHPon, HER= Al
Aot Eel M Ao AEl FES AEE. gn wwe gyzel Aol glo] g Mgl 85%
BEE AFE uLE £024 gaj=oA B2 3 2 295 ghdn Bee AaAuE AL
°l SR thae] mE gFol QEEl 1 JowE 18% FE9
ASR &HA AthH(Ahn et al, 1996).

Table 2. Yield of polished rice with paddy soil type and N application levels. (Unit: kg ha™)

Paddy soil type
N levels
Normal Sandy Poorly drained Immatured Saline Average

0 4,090 4,080 3,140 3,380 3,930 3,940
50 4,730 4,620 3,860 4,330 4,520 4,595
70 4,980 4,890 4,140 4,670 4,680 4,850
90 5,170 5,170 4410 4,890 4,890 5,068
110 5,290 5,310 4,710 5,180 5,070 5,231
140 5,380 5,310 4910 5410 5,210 5,328
170 5,320 5,360 5,030 5480 5,320 5,336
200 - - - - 5,400 -
240 - - - - 5,350 -
Aver. yield 4,994 4,963 4,323 4,763 4,930 4,907
Max. N levels 151 165 170 170 214 167

Table 3. Yield of head rice with soil type and N application levels. (Unit: kg ha)

Paddy soil type
N levels -
Normal Sandy Poorly drained Immatured Saline Average

0 3,590 3,550 2,490 3,090 3,620 3477
50 4,070 3,960 3,430 3,920 4,190 4,017
70 4,270 4,190 3,540 4,150 4,290 4,210
90 4,350 4,350 3,780 4,260 4410 4,322
110 4,430 4,490 4,120 4470 4,580 4,453
140 4,480 4,400 4,130 4,610 4,680 4,490
170 4,400 4,440 4,120 4,730 4,740 4,480
200 - - - - 4,750 -
240 - - - - 4,680 -
Aver. yield 4,227 4,197 3,659 4,176 4,438 4,207

Max. N levels 138 148 159 170 190 151
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Table 4. Percent of head rice with soil type and N application levels. (Unit : %)

N levels Paddy soil type

(kg ha™) Normal Sandy Poorly drained Immatured Saline Average

0 88 87 80 91 92 88

50 86 86 89 91 91 87

70 86 86 85 89 92 87

90 84 84 86 87 90 85

110 84 84 86 86 90 85

140 83 83 84 85 90 84

170 83 83 82 86 89 84

200 - - - - 89 -

240 - - - - 89 -
Average 85 85 85 88 90 86

A ae A&go] BoW sAuujgo] Fa 1} 50 kg ha! Al¥] Pl s ZEA BV} HE ©
HE A ool x Mty S8 T B et o WA ol 65% % ZAH O U HlgEdAE AA
o e E gojmd i v opye} v 3] W AR RS £838te] 110 kg ha' AlB|Folet AiFE
o] Folu ¥ s WA "oty th A= A Freko] 62-63%F W& FHFS H
(Toruyuki, 1990). FHF9 FEX5TH LS Ad 2001 A o]t}
ARE 20043704 aidel AA wid Ao R o Aot vdse] Jodis 7o 3AE 4
4 AT 5 BAE Ao FAAE AAT 2 Yo AdubA el AR 7o)l A aAlHFe] Z7}o)
ol o3t ghdm] M &2 20001 57.4%, 20019 mE o e =slz nyo] Bad A= A
714%, 2002\ 74.2%, 2003 82.1%, 2004 855%% oF oEA gom, wrel Aol ZAZFS A
SEvhet Ao Fdo] Axbe] Aol webx FAHH St 3 Ao AR AExY EAS wEo] whe R
° &2 MAE fee & F AN (Eom, 2005). Ll B0 AU AT EF Z47]
=ES 88 Ho ugd FLhAM S wE @ A o] Fup FH= Aote] AAFTLS o] Mul of
WAy s A A Table 59 2t =EY Yzt 9d Fge =o wk ghg ymA iy @
Fradel AAIgle]l @A e Ah AElFEd o tH(Lee and Oh, 1991: Ahn and Kim, 1996: Cha et
g} 2ozt dojA AL 110 kg ha ' 7|FaH A & o al, 1982: Choi, 1996).
A A 90 kg ha o8kl I FE 6.6-6.7%01A, Table 6> 2P| #Hd FHAS YeRA Zolth Toyo 4
A 140 kg ha' ©]AQl FHIFE 71-73% E A e EGGEe) wel Ak AH|FRo] ZIEFE
g0l F7hel wel v ko] BolAl= A OF7MH zpolE: glo} HAHOE Hol HA AH|F
E Eth EFREEE 2 9 FE2 A Ab 0 o] Z7MEEE Toyo AR A7 WelAE Aol
A Gl BHeE vse £08 AEddA b T} Table 79| ofm|ZA%eFe A AH|FFE =
ok whdol, ol AE 7Y AT Zpol7h glovy, ESRE e 4% 2ol 9lo]
q7IA FEEHE AL BHEEdAE HAFHF N RER AR dida =9y, Y= nse

Table 5. Content of protein in rice with soil type and N application levels. (Unit: %)

N levels Paddy soil type

(kgha) Normal Sandy Poorly drained Immatured Saline Average
0 6.5 6.6 74 6.2 6.9 6.6
50 6.5 6.6 73 62 6.9 6.6
70 6.7 6.6 73 62 6.9 6.7
90 6.7 6.8 74 62 7.0 6.7
110 6.9 7.0 72 6.3 7.1 6.9
140 7.1 7.1 7.6 6.6 72 7.1
170 7.3 74 7.8 6.6 74 73
200 - - - - 75 -
240 - - - - 7.6 -

Average 6.8 6.9 74 6.3 72 6.8
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S ANE F e A Folth o] st AHAGAH]
HEE AMdE I 80-100 kg ha™, "% 90
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o, olglg AluFEE v g 2l eHg A4k
2 B2 99F g it 5 °1S 13
AiorEes stFEAsATh A4 AlH] (A
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Table 6. Toyo palatability value with soil type and N application levels.

N levels Paddy soil type
(kgha™) Normal Sandy Poorly drained Immatured Saline Average
0 1.7 73.1 70.8 80.9 74.5 735
50 71.0 719 73.7 80.9 75.6 73.1
70 68.5 720 72.6 80.5 75.0 1.7
90 70.0 71.1 724 80.1 749 722
110 69.1 69.6 709 79.8 75.0 714
140 66.8 68.4 71.0 79.1 74.0 69.7
170 64.8 67.0 709 784 735 68.3
200 - - - - 723 -
240 - - - - 713 -
Average 68.8 70.4 71.8 80.0 74.0 714
Table 7. Content of amylose in rice with soil type and N application levels. (Unit: %)
N levels Paddy soil type
(kgha) Normal Sandy Poorly drained Immatured Saline Average
0 189 18.8 17.8 183 18.8 18.7
50 18.8 189 17.9 183 18.8 18.7
70 18.7 189 18.1 183 18.8 18.7
90 18.8 18.8 17.9 184 18.7 18.7
110 18.7 187 18.1 183 18.8 18.6
140 18.8 189 18.0 183 18.8 18.7
170 18.8 18.8 18.1 182 18.8 18.7
200 - - - - 18.7 -
240 - - - - 18.7 -
Average 18.8 18.8 18.0 183 18.8 18.7




Table 8. Optimal N application levels of head rice with paddy soil type.

Paddy soil type Range of opt. N levels Opt. N levels
kgha’l
Normal 80-100" 89
Sandy 80-100 89
Poorly drained 80-100 89
Immatured 90-110 100
Saline 100-130 112
"Levels of optimal N application were determined in view of head rice, protein content and palatability value.
gl A EFAM (110 kg ha ol vlate] HA g8ttt A7 FdASTIedd s Hell o
AZAM (90 kg ha )Y 9AH] 4225(4.333 kg EFAN S gAY ZFS A e 245t F
ha')3} & £ (5049 kg ha') & 2-3% AL Solx of Bggh v vk BEHoR el =EGA
L Ao A ut QoA AF3 ulsl 7o)l AAABFE A AFe] ESFAH X (Jung et al, 2003)E Ha
o Ape AV WEH Toyo HuAS 27k % @ ¥ FRA YT AF 2R LA F
WA Shere] i Uehd FAgg FsA o =5 Table 109 AJHRE BAAFA 23 Aml5
FASS & 5 Atk =S Aol gor @ AT FFRATAY
o Auuvish BARE FAste] el sl Fd Ml W WY ARAY AR Nk ha)
o] AstE Muk olg AFE7IX 7} YolAA HE = = 1274 - 152-OM + 028 - SiOz" o] 2003 gz
or# A4 9t} A2 (Jung et al, 2003) -Evet =ESF HFAQ
ge) YAEES EolT BARYL Zols] sl F/ETY 23 g ke FEFATY 118 mg ke’
Me dANEE B¢ HSe RS Ass] HAs) A&t A 125 kgol FHELRE o5 7]EY
of HEWE QP ML AFHE AE = A4 AT 1okl F2ZHA 371 A8 AF B
Hol3 BANNA Hat Aulwst Touy B F(FEL 08778 F9 Nlkg ha') = 1117 - 133
Table 9. N application rates for head and pollished rice yield with goal levels. (Unit: kg ha™)
. N application levels
Rice
60 70 80 90 100 110 120 130 140 150
Head 4,127 4,204 4,273 4333 4384 4425 4,458 4,481 4,496 4,501
e 93" (95) 97) (98) (99) (100) (101) (101) (102) (102)
Pollished 4,764 4,869 4,964 5,049 5,124 5,188 5,242 5,285 5,319 5,342
(92) 94) (96) 97) (99) (100) (101) (102) (103) (103)
% of head
rice 86.6 86.3 86.1 85.8 85.6 85.3 85.0 84.8 84.5 84.3
"Yield index in each corresponding
fieadirice yield Pollished rice yield
6,000 1 6,000
|
5,000 } 5,000
g b g y=-0.0514x"+17.211x + 3916.4
:, 4,000 £ -0.0452x" + 13.662x + 3469.1 i 4,000 ¢ = 00057
e r R’=0.9981 2
3,000 3,000
2,000 ; 2,000
0 50 100 150 200 i 0 50 100 150 200
N application level, kg ha™ N application level, kg ha™'
1

Fig.1. Yield of head and pollished rice with N application levels.
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OM + 0.25 - SiO2" Q1 Ha& A FH2]S A A3 T F= AE&F 49 had 90 kg FFol AEE F Ad+e
EFEAME 110 kg ha 'S 10022 BG4S o < A AEFH24 “N(kg ha-1) = 914 - 1.09 - OM +
vl vl&S IES AMg BAGAST Fi 0828 4 0.2-SI0:" & E&F3th vt =5 H+4 4%
A5 A4 o W FFEAM P JIHESF 7]

T ANeH, oY Fits A&t He= 7E,
dS FEAE F e oA FH(haT 90 ke) Y
=EE Hd frl=d FERPAT

oo mlo o e X

g8l Ak AP BAASE F8san.
Table 112 A2 o) BE £87] 454, 49

Table 10. Rice yield and correction coefficient by N fertilizer rates. (Unit: kg ha)

N rats Correction coefficient Head rice Rice
rate

(F) Yield Index Yield Index
110 1.00 4,340 100 5,000 100
90 0.82 4,230 97 4,840 97

Modified N recommendation based on the monitering data of soil chemical properties in 2003 : N(kg ha') =91.4- 1.09 - OM +0.2 - SiO2

Perfect kernel Damaged kernel Green kerneled rice Broken rice

Fig. 2. Characteristics of rice quality.

Table 11. Content of N in rice at harvesting stage with N application levels. (Unit : %)

. N levels T-N Rice
Region 1 -
(kgha™) Cereal Leaf Stem T-N Protein Mg/K
0 1.19 1.02 0.61 0.60 3.75 1.95
50 1.20 1.18 0.65 0.62 3.88 1.63
70 1.19 1.19 0.66 0.63 3.94 1.63
Suwon 90 121 1.28 0.69 0.64 4.00 1.63
110 1.30 134 0.77 0.73 4.56 1.63
140 1.38 144 0.78 0.70 4.38 1.43
170 134 1.68 0.94 0.70 4.38 1.27
0 1.11 0.77 0.54 0.55 3.44 2.05
50 1.17 0.78 0.59 0.56 3.50 1.88
70 1.17 0.80 0.58 0.62 3.88 1.79
Cheolwon 90 1.23 0.84 0.59 0.66 4.12 1.63
110 1.13 0.85 0.62 0.80 5.00 1.63
140 1.20 0.97 0.64 0.83 5.18 1.50
170 1.18 1.13 0.69 091 5.68 1.37
0 1.03 0.74 045 0.76 4.75 2.05
70 1.10 0.79 0.51 0.78 4.88 1.43
110 1.12 0.96 0.52 0.79 4.94 1.20
Namyang 150 115 111 0.62 0.94 5.88 1.20
180 1.14 1.10 0.72 0.92 5.75 1.20
200 1.13 1.06 0.72 0.90 5.62 0.98
240 1.12 1.10 0.70 0.85 5.31 091

* Study on establishment of optimal N rate with ecology type for rice (National Institute of Crop Science, 2004)
* Rice varieties : Hwa-seong byeo, Sang-mi byeo, O-dae byeo
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