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Effects of Natural Wetland in Reducing Nutrient Loadings from Rice
Culture - Free-Range Ducks (RCFD) Paddy fields in Korea
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The amount of nutrients from the effluents of rice culture - free-range ducks (RCFD) paddy fields and the
effects of natural wetlands located at downstream of RCFD on water quality and aquatic plants was
evaluated. This was carried out in a 61.9 ha paddy fields in Ulsan, Gyeongnam, where downstream is a 5.9
ha natural wetland, 61% of which was covered with well-developed aquatic plants. The amounts of T-N
and T-P in the effluent from paddy field with RCFD were 13.7 and 2.5 kg ha’, respectively, which is 1.2~2.5
times higher than those observed in conventional rice culture practice. The amount of runoff from the
RCFD area, calculated using the revised TANK model, was 543 mm ha" with 808 kg of T-N and 130 kg of
T-P during rice cultivation period. The dominant aquatic plants in the wetland includes Phragmites
communis, Zizania latifolia, Persicaria thunbergii. etc. The nutrient contents of the aquatic plants which
amounted to 761 kg of T-N and 103 kg of T-P were almost equivalent to 94% and 79% of the T-N and T-P
in RCFD and CRC effluent. Therefore, the use and maintenance of wetlands in RCFDs area could be a
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good solution to management the non-point pollution from duck feces in RCFD paddy fields.
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Introduction

The growing of rice with free-ranging ducks in paddy
fields known as rice culture - free-range ducks (RCFD)
paddy fields is one of well-known organic rice culture
methods that is carried out in about 5,013 ha in 2006 in
South Korea (Kim, 2007; RDA, 2004). In this farming
system, free-ranging ducks eat weeds and insects in the
paddy fields consequently causing the control and
removal of weeds and insects even without using
herbicides and insecticide (Asano et al., 1999). The weed
control efficiency using free-ranging ducks in paddy
fields was 65~92% and pest population was managed by
ducks predation (Lee et al. 1993). Kang et al. (1995)
reported that the rice yield of RCFD paddy fields, with
fertilization requirement reduced by 70% of the standard
fertilization, was increased by 3% because of the feces of
free-ranging ducks contributory to the increase of rice
root activity.

Recently, some studies have been reported that high
nutrient amounts of effluent because of feces of ducks
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flow out of the area during free-ranging period and
concerns on the evaluation and the reduction of pollutant
loads in effluent are increasing for the conservation of
water quality in agro-ecosystem. The National Academy
of Agricultural Science(NAAS) reported that the amount
of ducks feces in 10a for 60 days of free-ranging activities
is 195.9 kg containing N, P and K amounting to 63, 94
and 32%, respectively of the amounts of standard
fertilization (Yoon and Hwang, 1998). It is feared that
these high amount of nutrients in ducks feces, when
carried by surface drainage to river systems, can be a
potential source of non-point pollution.

The use of constructed or natural wetland as water
purification systems are popular in rural areas, because
they can be easily managed and entailed relatively low
cost to construct as compared to other systems. The
purification effects of wetland works by the degradation
of the nutrients by microbial activity in detention pond
and the absorption by vegetation (Sakadevan and Bavor.
1999; Bavor et al. 2001; Ko et a., 2003). Considering the
benefits that can be derived from these wetlands, this
study was carried out to evaluate the effects of a wetland
in mitigating nutrition loadings from RCFD effluent to
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river for agro-ecosystem conservation. Specifically, this
experiment was conducted to evaluate the amount of
nutrients in the effluent from RCFD and the effects of a
natural wetland, situated downstream of the RCFD, in
restoring the quality of the effluent-laden water.

Materials and Methods

The experimental site was located in Ulsan,
Gyeongnam, South Korea. The investigated 61.9 ha rice
paddy is 34.2% of the total area(181 ha) of the
experimental watershed (Fig. 1, Table 1). The RCFD was
conducted in 74% of the paddy fields in the studied area.
The soil type of these paddy field is loam with Jisan soil
series and is shown in Table 1.

To evaluate the amount of nutrient loadings in the
effluent from RCFD and the effects of the natural
wetland located downstream, the nutrients contents of
effluents from RCFD, conventional rice culture field

\
¥

—\

e —
4#

Effluent from | —— =4
RCFD

Effluent
(% from CRC

Fig. 1. The watershed map and key explaation in studied area
CRC : Conventional rice cultural practice. RCFD : Rice
culture using free-ranging ducks.
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(CRQ), influent, outlet of RCFD area, and water from the
wetland were investigated. Water samples were collected
once a week from 22th May to 14th September in 2007
and analyzed for water quality parameters such as EC, T-
C, T-N, T-P, NHs-N, PO4, Ca, and K. Chemical analysis
of T-N, T-P, NH4-N and PO+ were conducted using
spectrophotometer (LABOMED US/UVD-3000/3200)
by standard method (APHA, 1989), while Ca and K were
analyzed using ICP (Perkin Elmer Optima 3300 DV) by
water pollution standard method (Ministry of
Environment, 2001).

The ducks population of RCFD field was maintained at
300 per ha and chemical fertilizers were applied at the
level of 50% of CRC fertilization, which is N-P-0s-K20O
= 90-45-57 kg per ha. The ducks were loosed into paddy
fields at 1 week after transplanting(7th, Jun.) and were
gathered before heading period(1, Aug.)

The soil physical chemical characteristics of the
investigated sites are presented in Table 2. All of physical
parameters like soil series, texture, drainage class and
depth of paddy fields between CRC and RCFD were
same, but some chemical parameters like Av. P-Os and
potassium contents were different.

The amounts of effluent from the CRC and RCFD
fields were calculated using the revised TANK model
(Choi et al., 2001; Jeon et al., 2003). This model is
developed for water quality determination, and while the
structure is simple and needs few parameters, it appeared
that it is highly applicable in evaluating paddy field
drainage as shown by the 92~95% of model fit efficiency
(Jeon et al., 2003, Yoon et al., 2003).

The amount of nutrients loadings from CRC and RCFD
fields effluent were calculated from the investigated

Table 1. Land use pattern and soil characteristics of experimental area.

Land Cultural Soil . .
Area Drainage classes Soil depth
use method texture
% ha % % %
t Lo 97 Moderately well 27
Paddy field CRC 61.9 am ocetaley we >100cm 08
RCFD Sandy loam 3 Imperfectly 73
Upland i 184 Loam 59 Moderately well 28 >100cm 67
Sandy loam 41 well 72 20-50cm 22
Loam 45 Moderately well 55
Forest - 88.2 50-100c 100
ores Sandy loam 55 well 45 m
Else’ 125

" CRC : Conventional rice cultural practice. RCFD : Rice culture using free-ranging ducks

* Else : natural wetland 5.9 ha, built-up 6.6 ha
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Table 2. Soil physical and water chemical characteristics of investigated sites.

Cultural Soil Soil Drainage Soil Ex. cation
. . EC OM. Av.P:0s
practice series texture class depth K Ca
dSm’ gkg’ mg kg’ cmol” kg
CRC' Jisan Loam Imperfectly >100cm 0.40 21.1 81 0.47 4.04
RCFD Jisan Loam Imperfectly >100cm 0.45 233 39 0.22 6.91
" CRC : Conventional rice cultural practice. RCFD : Rice culture using free-ranging ducks
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Fig. 2. Conceptual revisied TANK model(Jeon et al., 2003) at paddy fields applied to experimental areas.

weekly nutrients contents and effluents amounts from
CRC and RCFD predicted by the revised TANK model.
The model was used only in the case of nutrients loading
from CRC effluent but not to evaluate the nutrient
contents. The calculation method encounters a problem
because the change of loading amounts by time series is
impossible to predict when using single unit loading
factor (Yang et al., 2001). The method, however, can be
used to evaluate the total amount of nutrition loading
because runoff amount and mass load showed liner
relationship regardless of water quality constituents and
rainfall amount (Yoon et al., 2002).
The conceptual considerations used in the application
of the revised TANK model are described in Fig. 2.
DR = (Pd-D)
Pd = Pdj-1+ IR1j+PRj-(DRj+Etj+INFj)
DR : Surface drainage amount (mm)
Pd : Ponding depth (mm)
D : Height of a sluice (mm)
IR : Trrigation amount (mm)
PR : Rainfall amount (mm)
Et : Evapotranspiration amount (mm)
INF : Infiltration amount (mm)

The height of sluice, irrigation amount and infiltration
amount were measured directly in the fields and rainfall
amounts used were obtained from Ulsan meteorological
station. Evapotranspiration was calculated using the

Blaney-Griddle formula (Kim et al., 1984).

The biomass amount and nutrients contents of aquatic
plants in the natural wetland connected with the drainage
of RCFD area were investigated. The hydrophyte
vegetation in the wetland were surveyed using square
method (4 mz) and chemical content of vegetation were
analyze to determine amounts of total nitrogen(T-N) and
total phosphate(T-P) absorption by the aquatic plants. T-
N of barley straw was determined by distillation method
after oven-drying at 70 for 72hr and digested in micro-
Kjeldahl block heater using H.SOs. A subsample of
oven-dried material was digested using a ternary
solution(HNO3:H2SO4:HClO4, 10:1:4) for determination
of T-P

ﬂ Phragmiifes communis
UL Zizanis fatifolia
Resded frapa Japonica )

Wetland AN
Fig. 3. Investigated sites of dominant aquatic plants in natural
wetland.
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Results and Discussion

Chemical characteristics of effluent from CRC and
RCFD during the cultivation period Fig. 4 showed
the change of influent and effluent water quality of CRC
and RCFD field during cultivation. The water quality of
the effluent from the RCFD field was higher than the
influent and CRC field effluent in most of the chemical
components until August when free-ranging ducks are
present in the paddy fields. Among the chemical
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Fig. 4. Change of chemical component in influent and effluent
of CRC and RCFD during the cultivation period.

" CRC : Conventional rice cultural practice. RCFD : Rice culture
using free-ranging ducks

parameters, T-P contents in RCFD field effluent were
showed fluctuating increase and it was regarded because
that fresh feces of the free ranging ducks in RCFD paddy
water .

The average chemical contents of the influents,
effluents from CRC and RCFD fields and outlet and
natural wetland during rice cultivation period is presented
in Table 3.

The average value of the major nutrient components, T-
N and T-P in RCFD effluent were 19 and 273%, higher
than CRC effluent respectively, but the difference in
values had no statistical significance because of severe
fluctuation pattern of T-N and T-P contents in the RCFD
field effluent during the rice cultivation period.

Ko (2003) reported the effects of intertillage and
muddying of free-ranging ducks on pH, DO, SS, NOs-N,
NH4-N and P20s of stagnant water. It was observed that
intertillage and muddying of stagnant water increased
pH, suspended solids (SS), NOs-N, and NH4-N; and
decreased DO and POs4 as compared to the control
treatment (no-ducks but with the same amount of ducks
feces were incorporated to stagnant water). These results
indicate that intertillage and muddying by ducks resulted
in the variation in stagnant water although the same
amount of nutritions are incorporated. Moreover, the
content of SS in the stagnant water subjected to
intertillage and muddying by ducks was increased 8 folds
as compared to the control and that high SS content was
the result from the high clay amounts induced by free-
ranging ducks. Previous researches reported that clay in
arable fields were combined with particulate
phosphorous, which include 75~90% of the type of
phosphorous easily transportable to water body and
became one of the factors causes eutrophication in river
systems (Lee, 1971; Lemunyon et al., 1993; Ilg et al.,
2005; Kim, 2005; Kim 2005). Therefore, effluents from
RCFD with high SS is a potential source of non-point
pollution in case of accidental overflow from paddy
fields. According to Duda and Johnson (1985), the
contribution of non-point source pollution from land use
has been estimated at 64% of total suspended sediment
and 76% of total phosphorus.

The T-N contents of the water obtained from the
drainage outlet were similar to that of CRC and RCFD
effluents. It was considered that the self-cleaning action
of the drainage system was little because the length of the
drainage channel of the experimental area was not long
and made of concrete. The T-N content in wetland was
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Table 3. Average chemical contents of influent, effluents of CRC and RCFD, and drainage outlet and natural wetland during rice

cultivation.
Division EC T-C T-N T-P NH4+-N POs Ca K
dSm’ mg L’ mg L’ mg L' mg L’ mgL’ mgL’ mgL’

Influent 0.14'+0.011 12.6+0.50 1.5+0.28 0.15+0.057 0.16+0.031 0.05+0.007 15.2+1.16 2.6+0.29
Effluent from CRC'  0.15+0.018 15.5+1.22 2.1+0.41 0.19+0.533 0.65+0.247 0.04+0.005 16.1x1.73 3.4+0.68
Effluent from RCFD  (.24+0.012 30.8+2.38 2.5+0.38 0.52+0.683 0.39+0.053 0.07+0.010 29.3£1.89 4.0+0.41
Drainage outlet 0.20+0.014 22.9+2.28 2.3+0.34 0.40+0.599 0.37+0.063 0.06:0.006 23.2+1.65 4.5+0.28
Natural wetland 0.14+0.011 16.5+1.21 1.4+0.28 0.26+0.575 0.25+0.045 0.05+0.008 14.8+1.04 4.6+0.35

" AveragexStandard error, n=16

' CRC : Conventional rice cultural practice. RCFD : Rice culture using free-ranging ducks

56~61% of the T-N contents in RCFD effluent and
drainage outlet. The T-P contents in wetland 50~65% of
T-P contents in RCFD eftluent and drainage outlet.

Nutrients loading amounts from RCFD and CRC
area The runoff from RCFD and CRC areas were
calculated during rice cultivation by the revised TANK
model during the rice cultivation period and shown in
Table 4. Most of the amount of runoff occurred in July
and September. The computed total amount of effluent
from both RCFD and CRC fields was 543 mm per ha.

The amount of nutrient loadings from RCFD and CRC

paddy fields during the rice cultivation period is
presented in Table 5. The T-N amount from RCFD and
CRC effluent were 13.7 and 11.3 kg/ha, while T-P
amount were 2.5 and 1.0 kg ha-1, respectively.

The amount of nutrient loadings from RCFD showed
low level of T-N, while T-P showed similar levels
compared to earlier results of 48~52 N kg ha” and
1.1~1.6 P kg ha™ in runoff water from CRC (Choi et al.,
2001) and 8~39 N kg ha™ and 1.9~4.2 P kg ha (Chin et
al 2002). The variations of T-N loading amounts from
CRC is supposed that it can be attributed to the difference
in rainfall amount during the investigated year.

Table 4. Monthly effluent amount calculated by revised TANK model during rice cultivation from RCFD' and CRC area.

Month Rainfall Irrigation Percolation Evapotranspiration Effluent
on
amount amount amount amount amount
mm mm mm mm mm
May 14 120 17 50 0
Jun. 101 90 51 150 0
July 543 0 53 155 463
Aug. 91 120 53 155 0
Sep. 150 60 32 90 80
Total 899 390 206 600 543

* Height of bank of rice field: 200 mm, Height of sluice: 115 mm, Average ponding depth of RCFD and CRC paddy fields: 86 mm, Mid-season drainage,

20th July, Drainage, 10th Sep.

"RCFD : Rice culture using free-ranging ducks, CRC : Conventional rice cultural practice.

Table 5. Amount of nutrient loadings from paddy fields of RCFD and CRC during rice cultivation period.

Amount of Contents of effluent Nutrient loading amount
Cultural ffluent Area (g L']) o Towl (kg)
errluen P otz

method (ha) (kgha') g

(mm) T-N T-P TN T-P TN T-P
CRC' st 16.3 2.1 02 113 1.0 184 16
RCFD 45.6 2.5 0.5 13.7 2.5 624 114
Total 61.9 - - - - 808 130

" CRC : Conventional rice cultural practice. RCFD : Rice culture using free-ranging ducks

t Calculation by revised TANK model (Jeon et al. 2003)
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According to Choi et al. (2001), T-N loading amounts
from CRC ranged from 8 to 39 N kg ha' depending on
the amount of rainfall, while T-P amounts were nearly
constant regardless of rainfall.

The T-N and T-P amounts of effluent from RCFD were
1.2~2.5 folds of the amount obtained in the CRC fields.
The total amount of T-N and T-P recorded from the entire
paddy fields area were 808 kg and 130 kg, respectively.

Distribution and amount of nutrient absorbed by
aquatic plants in the natural wetland The natural
wetland located downstream of the RCFD area was 5.9
ha, 61% of which was coved with well developed aquatic
plants. The aquatic plants distribution around natural
wetland can be grouped and characterized into three area
(Fig. 3, Table 6). Site 1, which is in front or upstream
portion of the wetland, was covered with Phragmites
communis and Persicaria thunbergii. The dominant
aquatic plants in Site 2, with shallow water depth were
Zizania latifolia and Persicaria thunbergii. The Site 3
area was vegetated by Trapa Japonica and covered 34%
of the wetland area.

The amount of nutrient absorbed by the aquatic plants
in the natural wetland were 761 and 103 kg m”, T-N and
T-P, respectively. These amounts were equivalent to 94
and 79% of T-N and T-P, respectively of the levels in the
runoff from RFCD and CRC area. As shown in Table 3
earlier, the amounts of T-N and T-P in wetland water
were decreased by similar amount when compared to the
influent, and this can be attributed to the effects of

nutrition fixation or absorption by aquatic plants in
wetland.

Among the investigated aquatic sites, the T-N and T-P
amounts absorbed by aquatic plants at Site 2 were the
highest at 46% T-N and 50% T-P, followed by Site 3 at
37% T-N and 34% T-P, and at Site 1 at 17% T-N and
16% T-P.

Conclusion

The amount of nutrients from the effluent of RCFD and
the effects of a natural wetland located downstream of the
RCFD in reducing nutrient loading amount from RCFD
runoff were evaluated. The amount of nutrients in the
effluents from RCFD were 13.7 and 2.5 kg ha' of T-N
and T-P, respectively which are 1.2~2.5 folds the amount
recorded in CRC area. These results imply that RCFD is
hard to say LISA(low input sustainable agriculture)
technology even though it is regarded as one of most
popular environmental friendly cultural method because
the products that can be derived from RCFD are safe for
human consumption due to non-usage of pesticides and
herbicides.

When the water quality of influent, effluent, and
wetland located at downstream of the RCFD area were
compared, results revealed that the T-N and T-P contents
of wetland water (T-N 1.4 mg L, T-P 0.26 mg L") were
at lower levels than in the influent (T-N 1.5 mg L', TP
0.15 mg L"), while higher levels were recorded in the
effluent (T-N 2.5 mg L', T-P0.52 mg L.

Table 6. Aquatic plants in downstream natural wetland and their biomass, T-N, T-P contents.

Nutrients contents Nutrients contents Total nutrients amount

St Area Aquatic No. of plants ~ Biomass per plant per unit area in area
1 L 2 - g
(ha) plant (unitm?)  (gm’) (gkg) (gm”) (kg)
T-N T-P T-N T-P T-N T-P
Phragmites
. 116 2,082 124 3.0 25.8 2.7 110.0 11.7
communits
St.1 Persicaria 76 201 24.7 10.5 50 0.9 212 39
04 thunbergii
Others 16 27 162 59 04 0.1 1.9 0.3
Sub total 208 2311 532 194 312 37 133.0 16.0
Zizania latifolia 104 1273 163 53 207 29 2538 3538
S2 Persicaria
' 12 thunbergii 72 409 19.2 6.2 7.7 1.3 94.0 164
Sub total 176 1,682 39.2 115 30.3 42 347.8 522
. 20 Trapa Japonica 146 492 28.3 8.1 139 1.7 280.4 35.1
t. O
Sub total 492 28.3 8.1 139 1.7 280.4 35.1

Total 3.6 - - - - - - 761.2 103.3
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The T-N and T-P decrease in the wetland water can be
attributed by the effects of nutrition fixation of aquatic
plants around the wetland. The total amounts of absorbed
nutrients by the biomass of the aquatic plants were 761
kg of T-N and 103 kg of T-P, equivalent to 94% and 79%
of the T-N and T-P in RCFD and CRC effluent.
Therefore, the use and maintenance of wetlands in
RCFDs area could be a good solution to management the
non-point pollution from duck feces in RCFD paddy
fields.
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