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Input and Output Budgets for Nitrogen of Paddy Field in South Korea
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The main objective of this research was to estimate the total mass of nitrogen discharged from various sources
in paddy field area of South Korea in 2010 and 2013. Input and output budgets for nitrogen were estimated by
mass balance approach. The mass balance approach reduces the effect of flow variations, and the large scale
approach minimizes local effects, resulting in easier and faster establishment of strategy for nonpoint pollution
problems. Nitrogen inputs were chemical fertilizer, compost, atmospheric deposition, biological fixation, and
agricultural water, while crop uptake, denitrification, volatilization, and infiltration were nitrogen outputs. The
estimated total nitrogen inputs for paddy field in South Korea were 266,211 ton yr !, 260,729 ton yr !, while
those of total nitrogen outputs were 168,463 ton yr'l, 164,994 ton yr "in 2010 and 2013, respectively. Annual
amounts of potential nitrogen outflow from paddy field were 97,748 ton yr ',95,735 ton yr 'in 2010 and 2013.
Also, annual rate of potential nitrogen outflow were 36.7%, 36.7%in 2010 and 2013, respectively.

Key words: Paddy field, Nitrogen budget, Input, Output, Mass balance approach

Annual amount of potential nitrogen outflow from paddy field were 97,748 ton yr'l, 95,735 ton yr'1 in 2010 and 2013.

Ttems 2010 (ton yr') 2013 (ton yr')
Chemical fertilizer 88,573 86,749
Compost 103,335 101,207
nput Microbial Fixation 31,985 31,326
Atmospheric deposition 8,857 8,675
Irrigation 33,461 32,772
Total input (A) 266,211 260,729
Plant uptake 109,092 106,846
Denitrification 39,120 38,314
Output Volatilization 13,729 13,446
Infiltration 6,522 6,388
Total output (B) 168,463 164,994
Potential N outflow (A-B) 97,748 95,735
Potential N outflow rate (%) 36.7 36.7
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Introduction
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Fig. 1. Nitrogen balances for paddy field in Korea.

Anaerobic

Table 1. Agricultural area statistics of South Korea in 2010
and 2013.

Ttem 2010(A) 2013(B) B-A
Paddy (ha) 984,140 963,876 20,264
Upland (ha) 731,161 747,560 16,399
Total (ha) 1,715,301 1,711,436 3,865

Table 2. Agricultural water statistics of South Korea in 2011.
(Unit : million ton)

Item Total water Paddy Upland

Total water 33,300
Agricultural water 15,984 13,267 2,717
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Table 3. Application rates for nitrogen input and output of paddy field area.

Item

Application rates Reference

Microbial Fixation

325 kg ha' yr' (30.0~35.0)

Nam et al. (2012)
Roh et al. (2005)

Atmospheric deposition

Nam et al. (2012)

11.0 kg ha' yr'
g Shin et al. (2014)

Input
N input amount of agricultural water

34.0 kg ha' yr' (24.2~43.8)

Nam et al. (2012)
Roh et al. (2005)

N average content of agricultural water

Nam et al. (2011)

2.9 mg kg' (2.8-3.0
mg ke ( ) RDA-NAAS (2013)

Plant uptake

110.85 kg ha' yr' (100.4~121.3)

Kim et al. (2005)
Roh et al. (2005)

Denitrification

39.75 kg ha yr' (29.5~50.0)

Nam et al. (2012)
Roh et al. (2005)

Output .
P Volatilization

Roh et al. (2005)

15.5% (15.0~16.0) Shin o al, @014)

Infiltration

Nam et al. (2012)

2.45% (1.6~3.3 %) Roh ot al, (2009)

Soil organization

34.2 kg ha'! yr' Roh et al. (2005)
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=2 83%% 132.69E, B2 17%2 27 29 E 02 Elytt
(Statistics Korea, 2014),
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o A8t Aapx] QIAF gt Q8-S yebd Aot
Ah f9l9] A o2 AEsHH AxnHHF 325
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39.75 (29.5~50.0) kg ha ' yr ', =0 AxA FsH|R A
S5F ojv] 3=k 15,5 (15.0~16.0)%, =59 WA A
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Table 4. Nitrogen input budget of paddy seil in 2010 and 2013.

Items 2010 (ton yr'l) 2013 (ton yr'l) Calculation basis

Paddy area (ha)

Chemical fertili 88,573 86,749 . -
crmical Teftiiizet N inputs (90 kg ha yr')

Paddy area (ha)
Compost 103,335 101,207 Compost inputs (15 ton ha yr')
N content (0.7%)

Paddy area (ha)

Biological fixation 31,985 31,326 L. 1
N application rates (32.5 kg ha yr)
Padd h:
Atmospheric deposition 8,857 8,675 acey ‘arez? (ha) B
N application rates (11 kg ha yr)
Padd, h:
Irrigation 33,461 32,772 addy area (ha) ]
N application rates (34.0 kg ha yr)
Total 266,211 260,729

Table 5. Nitrogen output budget of paddy soil in 2010 and 2013.

Items 2010 (ton yr'l) 2013 (ton yr'l) Calculation basis
Paddy area (ha)
Plant uptak 109,092 106,846 i
ant uptake N plant uptake rates (110.85 kg ha yr l)
Padd h:
Denitrification 39,120 38314 addy area (ha) ;
N denitrification rates (39.75 kg ha yr)
hemical fertilizer N !
Volatilization 13,729 13,446 Chemical fertilizer N (ton yr')
N volatilization rates (15.5%)
Total N inputs (ton yr'
Infiltration 6,522 6,388 otal N inputs (ton yr°)
N Infiltration rates (2.45%)
. . Paddy area (ha)
Soil t 33,658 32,965 . .
off organization (33,658) ( ) N organization rates (34.2 kg ha yr D)
Total 168,463 164,994
yr' (Nam et al., 2012; Shin et al,, 2014)E #-43}o 2010 2ko g JLEsloe] A3 Ayl= Table 59F 2t v A&
At 20130 242} 8,857, 8,675 ton yr & UbEhETE B of@ B4 §E%L Seluet 3 = WA (ha)v W9W
Aol A HL3t Q1A+ b st Yan et al. (2011)0] o A A F2=8F9] 110,85 kg ha | (Kim et al,, 2005; Roh et
6] Folie (450 haolA] W1 Aol B al, 2009 A2 A 2ok, 20006 L 201390f 2121
AsDATFL 1942 9 kg ha yr |, 7] J&FS 39485 109,092, 106,846 ton yr ‘= UFERg}Th o]9} #235te] Roh
kg ha yr |2 HI13lo] = 2Jol2 B} Lalue} = A et al. (2009)2 & S=3}=F 5 000 kg ha ', =AE 0.75, &
RHS Ao Az PRl ot A4 §UW 340 BAS 0.45, WA N 0.5% HE N L0%E 7120 s
kg ha yr ' (Nam et al., 2012; Roh et al,, 2005) 0.3 3FA} W] A ATSEL 107 kg ha & 2AE| o] a2 AR
gt A3}, & A §-95Fo] 201083} 2013 o) ZH2) 33,461, of 7} 23t @ololgtal s}t TSl Li et al, (2010)2
T2 ton v 2 Uil HE BHOE 58S B FH) o] Aelol) o] Afaol 91-16 ke
Bt AAFERl 29 mg L (Nam et al,, 2011; RDA-NAAS, ha 'o2 Hysle] B ol7to] 24 oIz} kit SAlskact
20199 Mio] FAGS AGF 13,266 WUE (A ol d BATE AiL = WY GuAY wAyl
15,9849HLE O] 83%)S 7|F£ O &2 AMASHH Tjof o3t & 39.75 kg ha yr ' (Nam et al., 2012; Roh et al., 2005)&
2 898Re 20103} 20134 M 38,474 ton yr & AHY SRR A3}, 20109 9 2013 of] ZH2F 39,120, 38,314 ton
ol yr & UepdT), o9} gslo] Bashkin et al, (2002)0] ¥
3 AR s BT 3295 AR TAE =9
HAREY MH e = AEAN fEEE SAEL 201093} 201330 Zkzf 37,791, 33,928 ton yr |
A g ool o) Frule o B W S efeb o) 0@ Uehgrh oyl Fom WEse s Aude da
7] GE AT 45T B SU8 940 g8 A SR A8 90 ke ha ! VJE0R Slo] Bohilz
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N & 4% (ton yr )T} ol Aad vFo 3ikE<l
15.5% (Roh et al., 2005; Shin et al,, 2014)& &-83}o] 7|
Aket Ayl 20108 W 2013W0f ZFZF 13,729 13,446 ton
yr 2 Yelhdtl o2 3FHOZ Roh et al. (2005)0] A|A]
T oA ] o] WA 4 $AeF 16.4 kg ha 2 2}
sto] ShAkshH Z127F 16,140, 15,808 ton yr & UERGTE 2
A} vlaLsto] Kyaw et al, (2005)> Y2 =oj|A] AJ&E3t
2 AAsAgFo] 43 kg ha |, GmU o} 3Jalefo] 11~14 kg
0]3137_, Yan et al, (2005)2 &=+ *=oj|A 24 GETF

20 5 5%, EoFO] EPAlEke 150 kg ha & WL
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2.45% (Nam et al,, 2012; Roh et al,, 2009)
Akt Ax) 201083 201390l ZHzF 6,522 2 6,388 ton
yr ' 2 Uehgtl g2 sHH O 2 Kyaw et al., (2005)0] B
T Q¥ ol X ERF HE 74¢) 6.0 kg ha & 283
M 5,905~ 5,783 ton yr & AAFE|QITh = Eok Yol A &
713ke]o] 2R 4= ol A4 oF2 = HA| Wel Tk
WA EoF 97318 2= Q)= 9F 34 2 kg ha ' (Roh et al_,
2005)& AgstH 2010 U 2013 0] ZFzF 33,658, 32,965
ton yr & YERGTH ©]9} B#slo] Roh et al, (2005) H
=ollA §lE & A0 f7IskF 20~ 34% RISIE o
ol F "o oF 20%7t F7 AR Bl ZFHct
a1 3%tk T3 Roh et al, (2009)-2 A A] Aag=3]
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Conclusion
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