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ABSTRACT 
 

Agricultural nonpoint source (NPS) pollution is a key contributor in the degradation of 
water quality in Korea. SRI is getting to gain its NPS pollution control effects and a 
comparison study between the data of SRI and conventional practices (CT, SD and 
HD ) from 3 different sites where independent projects were conducted for 3 years 
from 2010-2012. The 3-year average irrigation depth of the SRI was 336 mm, 
representing the reduction of 51.5%, 45.1% and 48.8% compared with the CT, SD, 
and HD, respectively, leading to an average of 48.5%. The EMCz from the SRI was 
1.84 mg/L (BOD), 5.65 mg/L (COD), 34.54 mg/L (SS), 2.55 mg/L (TN) and 0.26 m/L 
(TP), which turned out to be lowered about 47%, 46%, 50%, 20% and 38% for BOD, 
COD, SS, TN and TP, respectively, if compared with the average of other treatments. 
The SRI discharged NPS pollution load of 73.6 kg/ha (BOD), 226.4 kg/ha (COD), 
1,384.2 kg/ha (SS), 102.1 kg/ha (TN) and 10.4 kg/ha (TP). SD and HD discharged 
1.3~2.4 times and CT 1.0~1.65 times larger load than the SRI discharged. Both low 
concentration and drainage contributed to the low pollution loads of the SRI. It was 
concluded that the SRI significantly reduce both irrigation requirement and NPS 
pollution loads to conserve both water resources and water quality in rural basins. 
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1. INTRODUCTION 
 
Non-point source (NPS) pollution is closely associated with rainfall-runoff that has 
sporadic characteristics depending mostly on rainfall event. The size of NPS pollution 
in Korea is estimated to be about 70% of the total pollution load to public waters 
(MOE, 2014). And agricultural NPS pollution from farm fields is thought to be about 
30% of the total water pollution load. Because its collection and treatment are never 
easy or practically impossible in many cases resulting in serious impacts on water 
quality (Kwon et al., 2014), the control and management of agricultural NPS pollution 
in Korea have naturally become a key factor in the conservation of water resources 
and water quality conservation. Experimental results collected from various plot- and 
field-sized projects associated with agricultural best management practices (BMPs) 
and quantification of NPS pollution can play key roles in the processes of controlling 
and managing the water resources and pollution. 
 
Data collection from field-scale monitoring experiments is expensive and time-
consuming. Selection of representative fields also is difficult and many equipment and 
instruments such as precise irrigation device, measuring flume, water-level gauge 
and water sampler are required for reliable data collection. Natural factors such as 
unmanageable weather events also maysignificantly affect the quality of the collected 
data. Because of the reasons, indoor or outdoor plot-sized experiments that are small 
in size and may avoid or minimize negative natural factors are often preferred. 
However, the data from plot-sized experiments do not wellrepresent the data from 
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field-sizedones due to size effect and other uncontrollable natural factors. Therefore, 
it may be worth comparing the two data and finding ways of facilitating the data from 
plot-sized experiments to the decision making processes for the control and 
management of agricultural water resources and NPS pollution. 
 
Field- and plot-sized paddy field monitoring experiments for the quantification and 
BMPs development of agricultural NPS pollution have sporadically conducted since 
early 2000s in Korea. Choi et al. (2009) reported that the irregular characteristics of 
NPS pollution both in time and space were strongly related to rainfall event, 
agricultural management and physiographical condition of a region and thus, NPS 
pollution was site-specific and posed difficulties in understanding, quantification and 
treatment. Although the concentrations of NPS pollutants generated from fields were 
relatively low compared with urban sewer, the pollution load from large area was 
never small and has given negative impacts significantly to rural water quality. And 
thus, agricultural NPS pollution needed to be effectively managed to conserve the 
water resources in rural area (Yoon et al., 2002). By considering that paddy was the 
largest land use, took about 15% of the nation and was suspected to discharge 
significant pollution load, practical BMPs under different rainfall, crop and irrigation 
management conditions must be developed and applied and their effects quantified 
(Jeon et al., 2005; Jeon, 2012). Choi et al. (2013) reported that NPS pollution from 
paddy could be reduced if irrigation was reduced because the pollution was largely a 
function of rainfall runoff that was generally reduced if irrigation was reduced. Yoon et 
al., 2002; Yoon et al., 2002a; Yoon et al., 2002b, conducted many paddy monitoring 
projects related to NPS pollution since early 2000s and reported that the 
concentrations and loads of NPS pollution from field-sized paddy fields.  
 
System of rice intensification (SRI) that was developed in Madagascar in the 1980s 
became a popular practice world-wide for rice culture since it could significantly 
reduce irrigation water use while also significantly increase rice yield (Park et al., 
2011). About 40~67% of irrigation water was reduced with SRI when compared with 
conventional flood irrigation (Li et al., 2005; Park et al., 2011; Sato et al., 2007). SRI 
is now assessed to have many good effects in the increase of irrigation efficiency, 
adaptation to climate change, improvement of rice quality as well as environment 
friendly rice culture (Zhao et al., 2010). SRI is very similar to Wet-and-Dry culture in 
that it supplies minimum irrigation to rice paddy. Nutrients and organic matters in 
paddy water can contact and interact more with paddy soil, naturally adsorbed to the 
soil and thus, be retarded in their mobility with runoff. And thus, these methods can 
store more rainfall and discharge less runoff and NPS pollution (Zhao et al., 2010; 
Choi et al., 2015). Effect of SRI on water quality varied differently depending on the 
experimental conditions. Choi et al. (2015) reported that SRI in Korean trials reduced 
pollution concentrations and loads between 18.6~42.3% and 16.5~53.9%, 
respectively, depending on pollutants. It was shown that SRI had many advantages 
over conventional practices. However, research data on paddy NPS pollution of SRI 
in Korea is extremely limited while demand for SRI data is high for the development of 
water resources and quality conservation, drought adaptation technologies and 
policies. While the data collected from large irrigated paddy fields may well show the 
current status of NPS pollution discharged from paddy, it cannot represent the effects 
of SRI or Wet-and-Dry method. Therefore, the objective of this paper was to provide 
and to compare the two experimental data collected from SRI and conventional paddy 
cultures with respect to irrigation supply and NPS pollution discharge.Comparison of 
the two experimental data can be beneficial to understand the characteristics of 
irrigation and NPS pollution and help decision makers to make decisions effectively 
for the control and management of both rural water resources and NPS pollution from 
paddy. 
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2. METHODS 
 
The two experimental data used for the comparison of NPS pollution from SRI and 
conventional paddy cultures were collected from 3 experimental sites; a university 
farm in the northern region and two irrigated rice fields in the southern region of 
Korea. An SRI (plot-sized experiment) and two conventional rice field experiments 
(field-sized experiment) were performed on 5 m wide and 15 m long runoff plots, and 
13.69 ha and 8.09 ha irrigated rice fields, respectively. The SRI experiment had two 
treatments; SRI and conventional (control) treatment (CT). And the two field-sized 
experiments were treated both with conventional flooding irrigation and designated 
the acronym of HD (13.69 ha field) and SD (8.09 ha field). Irrigation of SRI, CT and 
HD was provided from respective reservoir nearby and that of SD was supplied from 
a pumping station. Irrigation and drainage canals of the sites were separated and 
single crop (rice) with one cropping a year was performed during the experiments. 
Runoff and water quality were monitored 20 to 23 times depending on the site during 
rainfall-runoff events for 3 years from 2010 to 2012 during the growing seasons from 
transplanting (May) to harvest (September).Water quality was analysed according to 
either MOE(2011).Runoff and water quality data during runoff events were mined 
from the monitored data and analyzed. It was because there was no runoff from the 
SRI and CT plots during non-rainy days while the other two fields HD and SD kept 
drained a certain amount of runoff and accompanying NPS pollution during non-rainy 
days.  
 
Event mean concentration (EMC) and pollution load areboth efficient indices in the 
comparison of pollution status from different rainfall events and BMPs (Jeong et al., 
2007). EMCx of every rainfall events was first calculated with Equation (1). The 
calculated EMCxs were grouped according to rainfall class and each rainfall class 
EMCy was computed with Equation (2). Equation (3) was used to compute the 
representative average EMCz of a treatment during the experimental period. Average 
unit pollution load (kg/ha) was computed by multiplying runoff and concentration of 
each measurement time step, added them all and divided the sum by the 
experimental area. 
 

EMC𝑥 =
Σ(Q𝑡 × Ct)

ΣQt
(1) 

 

𝐸𝑀𝐶𝑦 =
ΣEMCxy

N
(2) 

 
EMCz =  Σ(EMCy × 𝑓𝑦)(3) 

 
where, EMCx is the EMC of xth rainfall event, Qt and Ct are the runoff and the 
concentration at time t of the xth rainfall, respectively. EMCy is the EMC of rainfall 
class y, EMCxy is the EMC of of xth rainfall event and yth rainfall class and N is the 
number of EMC in the class y. EMCz is the representative average EMC of a 
treatment and fy is the ratio of rainfall class y to the average growing season rainfall. 
Comparison of irrigation supply, EMCz and pollution load per unit area among the 
treatments was made. Weather, soil and irrigation water quality data, and 
management practice data also were collected and used as reference data during the 
data analysis. Detailed experimental procedures could be obtained from Choi et al. 
(2013, 2015) and Yoon et al. (2002a,b). 
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3. RESULTS AND DISCUSSION 
 
Table 1 shows the average weather characteristics of the experimental sites during 
the growing season of 2010 to 2012. Since the sites were apart up to about 400 km, 
the variation of monthly rainfall and sunshine duration was somewhat large. The 
difference of monthly rainfall ranged between 9.7 mm and 44.6 mm. Particle size 
analysis of the soil is shown in Table 2. The soil texture of the SRI and CT, HD and 
SD was loam, silt loam and sandy loam, respectively. Table 3 shows the measured 
irrigation water quality. The water quality of the 3 sites was in the range of the 
national water quality standards in general. The concentration of SS, TN and TP 
tended to be a little higher in the southern paddy farming regions of HD and SD. 
 

Table 1.  Monthly rainfall, sunshine duration, air temperature and relative humidity at the 
experimental sites during the growing season of 2010 to 2012 

Site and weather index May June July August September 

SRI 

&CT 

Temperature (℃) 18.1  23.0  25.9  26.5  21.3  

Rainfall (mm) 223.6  181.5  138.1  132.7  174.8  

Sunshine duration (hr) 100.7  84.5  391.3  443.1  166.6  

Relative humidity (%) 61.3  65.3  77.6  78.5  75.4  

HD 

Temperature (℃) 19.2  23.5  26.4  27.2  22.5  

Rainfall (mm) 215.9  165.2  125.4  132.4  185.2  

Sunshine duration (hr) 94.8  91.2  353.7  397.9  141.7  

Relative humidity (%) 64.2  70.6  79.5  79.2  72.8  

SD 

Temperature (℃) 17.5  22.6  25.0  25.7  19.7  

Rainfall (mm) 207.4  209.8  106.7  123.0  146.6  

Sunshine duration (hr) 89.4  210.3  479.6  327.3  219.7  

Relative humidity (%) 62.1  67.4  80.7  81.2  78.5  

 
Table 2.  Result of particle size and soil texture analysis of the study sites and 

representative soil texture of Korean paddy field 

Site 
Particle fraction (%) 

Soil texture 
Sand Silt Clay 

Representative 
texture 

34.8 45.4 20.2 Loam 

SRI&CT 49.0 34.8 16.2 Loam 

HD 11.7 61.4 26.9 Silt Loam 

SD 56.6 42.3 1.1 Sandy Loam 
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Table 3.  Irrigation water quality standard and measured average irrigation water quality 
during the study between 2010 to 2012 

Irrigation standard Measured average irrigation water quality 

Water quality index Standard SRI&CT SD HD 

pH 6.0~8.5 7.5  8.1 8.0 

BOD5 (mg/L) ≤8  2.47  2.81 2.42 

COD (mg/L) ≤9 5.47  4.78 5.02 

SS (mg/L) ≤100  15.47  22.03 24.59 

DO (mg/l) ≥2 5.67  n.a. n.a. 

T-N (mg/L) n.a. 2.086  2.424 2.328 

T-P (mg/L) n.a. 0.078  0.130 0.144 

EC (dS/m) n.a. 0.119  0.166 0.188 

n.a.: not available 
 
Irrigation depth of the treatments clearly divided into two groups; SRI and others 
(Table 4). The average irrigation depth of the SRI during the 3 growing seasons was 
336 mm while the others were about twice more than that of the SRI. It meant that 
SRI could significantly reduce irrigation requirement for rice culture. In this particular 
study, the irrigation reduction by the SRI was estimated to 51.5% for CT, 45.1% for 
SD, and 48.8% for HD, leading to an average of 48.5%. It should be mentioned that 
the irrigation depths were measured either plot- or field-sized experiments and could 
not represent the irrigation depth of large irrigation blocks or districts where some 
water losses are unavoidable during conveyance, distribution and other necessary 
managements. It was also mentioned that the rainfall at the SRI site was somewhat 
higher than that at the HD and SD sites and thus less irrigation to the SRI plots might 
be necessary. However, even if these factors are considered, the irrigation reduction 
of 48.5% means that the adoption of SRI method can significantly reduce paddy 
irrigation requirement. For Korea where paddy field occupies about 60% of all arable 
land and uses about 56% of national water supply, it is believed that the irrigation 
reduction by SRI can have an immense influence in the planning of national water 
supply and conservation. Zhao et al. (2010) and Satyanarayana et al. (2007) also 
reported that SRI reduced irrigation requirement by 57.2% and 50.0%, respectively. 
SRI is known to save irrigation requirement about 30% to 50% and a comprehensive 
information about SRI can be found at SRI International Network and Resources 
Center at Cornell University (sri.ciifad.cornell.edu). 
 
Table 4.  Three-year average irrigation depth of each treatment and ratio of SRI to 

others 
 

Treatment Irrigation depth (mm) Ratio SRI:other 

SRI 336 - 

CT 693 0.485 

SD 612 0.549 

HD 656 0.512 
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EMCz of the treatment showed that the EMCz of the SRI plots was remarkably lower 
than that of other treatments (Table 5). The SRI irrigation often let the soil surface 
dried to the extent where small cracks developed and this dryness might make the 
dissolved and suspended nutrients and organic matters in ponding water of the SRI 
plots adsorbed or incorporated into the paddy soil. If the paddy was ponded again by 
resumed irrigation or rain water, the adsorbed and incorporated matters were not 
easily suspended nor dissolved into the water again. This might be the reason of the 
low EMCzof the drainage from the SRI plots. The EMCz from the SRI was 1.84 mg/L 
(BOD), 5.65 mg/L (COD), 34.54 mg/L (SS), 2.55 mg/L (TN) and 0.26 m/L (TP). On 
average-wise, the SRI water management could lower the EMCz by about 47% for 
BOD, 46% for COD, 50% for SS, 20% for TN and 38% for TP. TN showed relatively 
low reduction seemingly due to its high solubility into water, especially nitrate. Choi et 
al. (2001)reported that surface and ground water pollution by TN in Korea is most 
common phenomena because of the high solubility and excessive use if nitrogen 
fertilizers. However, it should be mentioned that although the water quality (EMCz) 
presented in this study may be lower than that from sloping upland fields in general, 
the concentration itself can still pose big threats to receiving water quality. The TN 
and TP EMCzs, especially the TP EMCzs, are much more than higher enough to 
cause eutrophication in public waters. The first and lowest class national water quality 
for TP in lakes and reservoirs in Korea is 0.01 mg/L and 0.15 mg/L, respectively. And 
proper treatments such as a wetland treatment may be needed before draining to 
public water bodies together with BMPs to cut down the generation of pollution at the 
sources. 
 
Table 5.  Three-year average event mean concentration (EMCz, mg/L) with respect 

to the treatment at the study sites 
 

Treatment BOD5 COD SS TN TP 

CT 2.53 8.17 66.51 3.19 0.42 

SD 3.97 11.42 79.22 3.05 0.40 

HD 3.85 11.54 61.16 3.29 0.44 

SRI 1.84 5.65 34.54 2.55 0.26 

 

The NPS pollution difference between SRI and other treatments was significant as 
show in Table 6. The southern fields (SD and HD) discharged 1.3~2.4 times larger 
load than the SRI did. And the CT plots discharged 1.0~1.6 times larger than the SRI 
did. SD and HD also discharged 0.9~1.5 times larger than CT did. The difference 
among conventional treatments (CT, SD and HD) was not significant but the paddy in 
southern regions (SD and HD) tended to discharge more pollutants than the northern 
plot CT. Major causes of the load difference between treatments were both 
concentration and drainage. The concentration and drainage from SRI plots were 
both lower and less than those from conventional treatments. The southern region in 
Korea is major rice paddy area and intensive irrigation and drainage system is 
operated during rice growing season. Irrigation is free and farmers can irrigate to their 
farms as much as they want to without paying the water price in Korea. And thus, it is 
very common that farmers do over-irrigation in general. It was suspected that the 
farmers at the southern experimental sites should let their paddies over-irrigated by 
not properly managing irrigation sluice gate or other irrigation control devices and 
thus, irrational large drainage occurred to increase NPS pollution load. While the 
irrigation to the CT plots in the northern region was tightly managed to meet the local 
irrigation guideline for rice cultivation and waste drainage was minimized, resulting in 
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the lower pollution load in general. Estimated drainage from the CT, SD and HD 

experiments was 264.5㎥/ha, 347.9 ㎥/ha and 772.5 ㎥/ha, respectively.  

 
Table 6.  Three-year average NSP pollution load (kg/ha) with respect to the 

treatment at the study sites 
 

 BOD5 COD SS T-N T-P 

CT 101.36 327.53 2,665.33 128.001 16.737 

SD 170.87 491.02 3,406.41 130.993 17.382 

HD 154.28 462.30 2,450.67 131.752 17.829 

SRI 73.56 226.38 1,384.17 102.068 10.385 

 
Comparison of the experimental data collected from SRI and conventional treatments 
for paddy cultivation with respect to irrigation supply and NPS pollution discharge 
revealed that irrigation and drainage control could be very important key factors for 
both water resources and water quality conservation in rural basins. It is very well 
understood that SRI uses less water than any other paddy cultivation methods and 
could significantly reduce NPS pollution loads. However, as farmers are severely 
aged in many developed and developing countries and SRI requires additional time 
and labor in irrigation and drainage control, the adoption of SRI water management is 
getting difficult more and more even if it can bring higher yield and income. Therefore, 
certain degree of automation in the control of irrigation and drainage that can meet 
the local requirements should be considered utmost. The authors thought that the 
automation should be put in the same priority together with SRI or Wet-and-Dry for 
both water resources and water quality conservation in rural basins. 
 

4. CONCLUSIONS 
 
Experimental data from four treatments at two experimental sites, one in southern 
and the other in northern fields, were compared with respect to irrigation supply and 
NPS pollution discharge. SRI, CT, SD and HD were the treatments and relevant 
experimental systems were established and experiments were performed for 3 year 
from 2010-2012.Comparison of irrigation supply, EMCz and pollution load among the 
treatments was made. The soil textures were loam, silt loam and sandy loam, 
irrigation water quality was mostly within the national standards, and rainfall varied 
more or less depending on the sites because the two sites were about 400 km away. 
The 3-year average irrigation depth of the SRI was 336 mm while the other 3 
treatments were about twice of the SRI. The SRI reduced irrigation supply by 51.5%, 
45.1% and 48.8%compared with the CT, SD, and HD, respectively, leading to an 
average of 48.5%. The EMCz from the SRI was 1.84 mg/L (BOD), 5.65 mg/L (COD), 
34.54 mg/L (SS), 2.55 mg/L (TN) and 0.26 m/L (TP), which turned out to be lowered 
about 47%, 46%, 50%, 20% and 38% for BOD, COD, SS, TN and TP, respectively, if 
compared with the average of other treatments. TN reduction was relatively low due 
to the high solubility nitrate. The SRI discharged NPS pollution load of 73.6 kg/ha 
(BOD), 226.4 kg/ha (COD), 1,384.2 kg/ha (SS), 102.1 kg/ha (TN) and 10.4 kg/ha 
(TP). SD and HD discharged 1.3~2.4 times and CT 1.0~1.65 times larger load than 
the SRI discharged. Both low concentration and drainage contributed to the low 
pollution loads of the SRI. It was concluded that the SRI water management in 
southern rice fields could significantly reduce both irrigation requirement and NPS 
pollution loads to conserve both water resources and water quality in rural basins. 
However, it was also emphasized that automation of irrigation and drainage control 
was needed to put into the same priority as the aging of farmers was seriously 
ongoing in many countries. 
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