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Assessment of Nitrogen Impaction on Watershed by Rice Cultivation
Kee-An Roh’, Min-Kyeong Kim, Byeong-Mo Lee, Nam-Jong Lee, Myung-Chul Seo, and Mun-Hwan Koh (National
Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea)

ABSTRACT: It is important to understand and evaluate the environmental impacts of rice cultivation for
developing environmentally-friendly agriculture because rice is main crop in Korea and rice cultivation have
both functions of water pollution and purification with environmental and cultivation conditions. This paper
presents the evaluation of nitrogen impact by rice cultivation on water system. A simple protocol was
proposed to assess the potential amount of nitrogen outflow from paddy field and most of parameters affect
on the nitrogen outflow from paddy field such as the amount of fertilizer application, water balance, the
quality and quantity of imrigation water, soil properties, nitrogen tumover in the soil and cultivation method
were considered. To develop the protocol, coefficients for parameters affected nitrogen tumover and outflow
were gotten and summarized by comparison and analysis of all possible references related, and by additional
experiments at field and laboratory. And potential amount of nitrogen input and output by water in paddy
field were estimated with the protocol at the conditions of the nifrogen contents of irmigation water, amount
of fertilizer application, and imigation methods. Where imrigation water was clean, below 1.0 mg L' of
nitrogen concentration, rice culuvatlon polluted nearby watershed. At the conditions of 2.0 mg L' of
nitrogen concentration, 110 kg ha' of nitrogen fertilizer application and flooding inigation, rice cultivation
had water pollution functmn, but it had water purification function with intermittent imigation. At the
conditions of 3.0 mg L' of nitrogen concentration and 110 kg ha' of nitrogen fertilizer application, 1nce
cultivation had water purification function, but that had water polluuon function with 120 kg ha™ of
mtrogen application. Where irrigation water was polluted over 6.0 mg L' of nitrogen, it was evaluated
that nce cultivation had water purifying effect, even though the amount of nitrogen application was 120

kgha.

Key Words: Environmental impact, Rice paddy, Nitrogen, Irrigation, Water pollution, Nutrients input, Nutrients
output
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Table 1. Estimation of infiltration rate by different soil texture at paddy during rice cultivation

. Infiltration
Soil texture Soil series rate
(family) (m day‘l)
Geumji, Geumcheon, Nagcheon, Namgye, Baegsu, Sadu, Sindab, Yeompo, Jangcheon,
Haggog
Sandy Gacheon, Gapo, Gamcheon, Gangseo, Gocheon, Gwangpo, Gupo, Geumjin, Dongam, 10
Coarse loam  Dongho, Magog, Maryeong, Maegog, Munpo, Bognae, Sachon, Sangye, Seoggye, Seogcheon,
Subug, Abgog, Yecheon, Yonggog, Weolgog, Eungog, Janggye, Jeomgog, Cheonbu,
Chuncheon, Taean, Hagpo, Hamchang, Hwasu, Hoegog
Coarse silty Gwanghwal, Nampyeong, Mangyeong, Mulgeum, Opyeong, Icheon 5
Gangdong, Gugog, Geumgog, Dapyeong, Daeweon, Deoggog, Manseong, Baeggu, Bigog,
Samam, Seongju, Sinheung, Agog, Angye, Yanggog Yeongsan, Ocheon, Oggye, Ogcheon,
Yongji, Yulgog, Yulpo, Inje, Imgog, jangyu, Jisan, Jindo, Cheonpyeong, Chilgog, Cheolweon
Fine 1 Tongcheon, Pangog, Pyeonghae, Hagsan, Hampyeong, Haenggog, Hyocheon, Heungpyeong
ine loam
Fine siltyy Gagog, Gangjin, Gyeongsan, Goryeong, Gyuam, Geumseo, Gimhae, Daldong, Deogha, 3

Mungyeong, Miweon, Banggog, Bogcheon, Bonggog, Bongrim Sugye, Simcheon, Yegog, -
Ogdong, Yonggang, Weolpyeong, Yuga, Yugog, Jeonbug, Jonggog, Juggog, Jinmog,
Cheonggye, Cheongweon, Chunpo Pyeongtaeg, Podu, Poseung, Hagseong, Haecheog,
Hyangho

Gongdeog, Geugrag, Gimje, Deogpyeong, Dongsong, Banggi, Bongnam, Buyong, Sinpyeong,
Clayey Yeosu, Yeoncheon, Yongsu, Yongho, Yugye, Iho, Cheolweon, Chogye, Teuggog, Paju, Pori, 2
Haean, Honam, Hwadong

Table 2. Estimation of the amount of irrigation water by rainfall at paddy during rice cultivation

Irrigation Infiltration Infiltration Evapo-trans Vrrigation . Yrrigation
Lo Rainfall .
water rate water piration demand (mm) by rainfall
(mm) (mm day”’)  (mm 100 day™) (mm) (mm ) (mm)
Site 1 209 11 110 600 710 ' 1,018 501
Site 2 363 1.7 170 600 770 1,018 407
Avg. 286 14 140 740 454

: Irrigation demand = Infiltration water + Evapo-transpiration
: Irrigation by rainfall = Irrigation demand - Irrigation water.

Table 3. Estimation of the amount of irrigation water by different soil texture at paddy during rice cultivation

Come fpam Cosesity Y cayey  CEE
Distribution area (ha) 419,352 91,238 646,298 111,361
Infiltration rate (mm) 10 5 3 2 54
Evapotranspiration (mm) 600 600 600 600 600
Irrigation demand (mm) 1,600 1,100 900 800 1,140
Irrigation by rainfall (mm) 450 450 450 450 450

Irrigation water (mm) 1,150 650 450 ~ 350 690
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Table 4. Irrigation demand for rice cultivation by different transplanting methods

Transplanting Water seeding Direct seeding on dry paddy
Irrigation demand (mm) 1,068 1,398 2,086
Index 1.00 1.31 1.95

Table 5. Estimation of nitrogen supply with organic matter in soil at rice paddy during rice cultivation

OM (g kg) 15 20

25 30 35 40

N supply (kg ha™) 237 31.6

39.5 47.5 55.4 63.3
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Table 6. Estimation of nitrogen absorbed by rice plant with the amount of polished rice production kg ha™)
Polished rice (A)  Rough rice Straw - Amounts of nitrogen
Grain (B) Straw (C) Total
A/0.75 Harvest Index 045 Nitrogen content (1%) Nitrogen content (0.5%)  B+C
4,500 6,000 7,333 60.0 36.7 96.7
5,000 6,667 8,148 66.7 40.7 1074
5,500 7,333 8,963 733 44.8 118.1
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Table 7. Amount of nitrogen infiltration by different soil texture

Soil texture Sandy Coarse loam Coarse silty Fine loamy Fine silty Clayey
Infiltration rate (mm day™) 10 5 3 2
AWF’  Index 2.00 1.00 0.60 040
NCW” Index 0.60 1.00 1.53 210
AW Index 12 1.0 0.9 08

: Amount of Water Infiltrated
: Nitrogen Concentration in Infiltration Water
: Amount of Nitrogen Infiltrated.
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Fig. 1. Excel program for estimation of nitrogen outflow from rice paddy.

Table 8. Estimation of the nitrogen dynamics of rice paddy at mean conditions” of rice cultivation in Korea (kg ha™)

Water

Fertilizer N Fixation N Mineralization Straw — - Total

Input Irrigation  Rainfall Sub-total
110.0 30.0 34.8 6.1 19.2 7.1 26.3 207.2

mmoni Plant i

A oma Nitrification Organization Potential N Total

Output volatilization Grain Straw Sub-total outflow
164 29.5 34.2 66.1 34.3 1004 26.7 207.2

% Amount of Irrigation water : Irrigation (690 mm) + Effective rainfall (450 mm), Flooding.
Concentration of nitrogen in irrigation water : 2.78 mg L, Content of OM in soil : 22 g kg’
Rice harvest (polished) : 5,000 kg ha™. Rice Straw : Not applied. Machine transplanting.

Table 9. Estimation of the potential nitrogen outflow by water from paddy field with nitrogen concentration in irrigation
water, fertilizer application and irrigation method at mean conditions” of rice cultivation in Korea

Potential amount of N outflow by water

N concentrations Amount of

in irrigation N inflow 110 (kg ha’) 120 (kg ha')
water (mg L) by water Flooding Ir}te.rmi’Ftent Flooding Ir.lte.rmiFtent
irrigation irrigation

1.0 14.1 19.3 14.6 254 20.5
2.0 20.9 23.5 18.7 29.5 24.5
2.78 26.3 26.7 - - -

3.0 27.8 27.6 22.7 33.7 28.6
4.0 347 31.8 26.8 379 325
5.0 41.6 36.0 30.7 42.0 36.5
6.0 48.5 40.1 34.7 46.2 40.6

% Amount of Irrigation water : Irri%ation (690 mm) + Effective rainfall (450 mm),
Content of OM in soil : 22 g kg", Rice harvest (polished) : 5,000 kg ha™
Rice straw : Not applied, Machine transplanting, Flooding.
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