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_________________________________________________________________________________ 

ABSTRACT— Control of pollutant loading is an important issue with respect to environmental conservation, and the 

loading of nitrogen and phosphorus from agricultural areas is well known to be a major contributor to the accelerated 

eutrophication of rivers and lakes which lead to harm human health. Also, leaching is the main cause of chemical 

losses from surface to sub-surface. Thus, it is vital to understand nutrient leaching from paddy fields. From the 

reviewed literature, there is a need to reduce the fate and transport of agro-chemicals from agricultural fields 

particularly from paddy fields. However, nutrient loss through surface and sub-surface drainage could be achieved by 

adapting several techniques, this includes: water-saving system (WSI), drainage control (DC), and recycling irrigation 

system (RI).  
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1 INTRODUCTION 

Water is one amongst the foremost vital inputs to agriculture. However, the agricultural sectors are expected to 

receive a reduced water allocation despite the increasing pressure for a lot of food production [1]. Together, the 

increasing food demand and decreasing water allocation counsel that the agricultural sector needs to turn out a lot of food 

with less water, that's to extend agricultural water productivity [2]. To satisfy the rising food demand that may occur as 

results of increasing population and ever-changing dietary patterns, the globe has to guarantee property land and water 

productivity enhancements over the approaching decades [3]. The supply of fresh water in agriculture is decreasing and 

thus, there's a necessity to develop a a lot of economical water system in agriculture. This is often a lot of proof for rice 

production with the next water use for economical production. Certainly one of the possibilities to extend the rice 

production using the restricted water resource is to develop a new water saving system for rice production [4]. However, 

numerous water-saving irrigation systems are used, among them; Intermittent Irrigation (II) is taken into account to be 

one of the foremost promising technologies [5 and 6].  

 

Zhang and Xue [7] stated that intermittent irrigation (II) was the irrigation technique that saved the foremost water, 

and frequent irrigation saved the smallest amount. Anbumozi et al. [5] found that rice yields may be lower under 

intermittent irrigation than continuous flooded irrigation (FI), however intermittent irrigation might considerably improve 

water use potency. Standard irrigation management approaches together with excessive nutrient input have augmented 

nutrient leaching losses from agricultural lands, those results in serious pollution to each surface water and groundwater 

[8, 9, and 10]. 

 

Previously, submerged drainage systems were generally designed to drain water incessantly, while not relation to the 

environmental consequences and also the impact on crop production.  This method is employed in each humid and arid 

area to forestall water-logging, give aeration, to make sure crop growth and enhance the traffic-ability of the soil, 

therefore allowing the timely soil preparation for planting and harvest [11]. This phenomenon has modified in humid 

areas of the globe as the environmental consequences and crop production effects are documented. Intensive row crop 

production is commonly targeted on increasing yields, with very little attention paid to the environmental consequences. 

However, to maintain high crop yields, and meet the farmer’s expectation of abundment, cheap, prime quality food, 

fertilizer, herbicide, manure and chemical usage has inflated over the years [12]. Additionally, farmers often increase the 

dose in order to obtain high yield which subsequently causes groundwater pollution.  
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Thus, it’s very crucial to find an effective way to reduce the fate and transport of agrochemicals from agricultural 

fields. Therefore, in this review paper, we will discuss three different methods/techniques namely Water-saving 

irrigation, Drainage control and recycling irrigation system for reducing solute transport from different agricultural fields.  

 

2 WATER-SAVING IRRIGATION (WSI) 
                                                                                                              

Food security in Asia, where about sixty million of the world’s populations live, is challenged by increasing food 

demand and vulnerable by declining water accessibility [13]. With rice production throughout the continent must 

increase to provide an escalating population, whereas water for irrigation is obtaining scarcer. It’s been calculable that 

530 million tons annually rice produced globally, 90-92% is produced and consumed in Asia, wherever it provides 35-80 

percent of total calorie uptake [14]. But to remain up with growth and income elicited demand for food in the majority of 

low income Asian nations [15], it's calculable that rice production needs to be accrued by 56 percent over following thirty 

years [14]. Irrigated rice accounts for concerning fifty percent of the entire quantity of water diverted for irrigation, that 

in its self-accounts for eighty percent of the quantity of water diverted [16]. The key factors are population growth, 

increasing urban and industrial demand, and decreasing accessibility owing to pollution and resource reduction [13]. 

However, in rice production areas, one in every of the foremost necessary concerns within the design and management of 

efficient irrigation projects is considered the irrigation schedule (Xu et al. 2002). 

 

It is understood that over-fertilization could be a major drawback in intensive agricultural production areas, ultimately 

causing the enrichment of air, soil, and water with reactive chemical element resulting in the impairment of scheme 

functions. The over-fertilization entails gratuitous economic expenditure for farmers. N loss from agricultural fields is the 

primary reason for eutrophication. Few research reports have determined the potency of N use and loss of paddy fields 

using controlled release chemical element fertilizer under water saving irrigation management [18], and various studies 

have targeted under flooded condition [19]. The excessive N and P fertilizer use with decreasing fertilizer use efficiencies 

in agriculture has triggered massive amounts of N and P components coming into ambient water bodies and therefore the 

atmosphere through different means [20, 21, 22, 23 and 24]. Meanwhile, the transport of chemicals from paddy fields 

could pollute the lakes and streams that cause to damage human health. Although leaching is the main reason for 

chemical losses from surface to sub-surface, it's important to know nutrient leaching from paddy fields.  

 

To be able to enhance the grain production while using the restricted water resources   is to develop new water-saving 

rice production systems. many researchers have investigated the impact of water-save irrigation on water use potency, 

water productivity, and crop yield by comparing with continuous flooded irrigation [13, 25, 26 and 27]. Lu et a. [28] 

compared the distinction in water consumption and ice yield between Flooded irrigation (FI) and three water saving 

irrigation schedules (Shallow-wet irrigation, Intermittent Irrigation, and Controlled Irrigation) to spot the 

foremost appropriate water saving and high yield rice irrigation schedule. Their result showed that, the appliance of a 

sophisticated irrigation schedule not solely saved a large quantity of water for irrigation, however conjointly the rice 

yields weren't greatly reduced, and even augmented in Shallow-wet irrigation. 

 

Belder et al. [25] studied the impact of water-saving irrigation on crop performance and water use by evaluating 

Alternately submerged-non submerged ASNS) and continuous submergence (CS). They found that water productivity 

was high under ASNS then under CS, while irrigation water input was 15-18% lower under ASNS than under CS. 

However, they suggested under water-saving irrigation system, water use reduces around 15% without getting affected 

yield when the shallow groundwater water stays within 30 cm. A divergent result was as outlined above by [13], they 

proven water saving method to save water while growing water productivity under different water management. The 

results showed water productivity will increase up to a most however decreases yield, which does not produce more yield 

with less water. However, they suggested that, total yield production might be elevated through the use of water stored in 

anybody to irrigate new land in another. Abbasi and Sepaskhah [4] investigated the effect of water use, rice yield and 

water productivity of numerous rice cultivars under intermittent flooded irrigated in comparison to continuous flooded 

condition. 

 

Several studies revealed that water saving irrigation reduced nutrient leaching losses from agricultural fields, 

particularly paddy fields [29, 30 and 31]. Li et al. [32] mentioned that solute loss was lower under water-saving irrigation 

techniques compared to conventional flooding irrigation. Furthermore, various researches has determined nutrient losses 

from dry agricultural fields, only a couple of those involved paddy soils. Different Studies reported different results, e.g., 

Tian et al. [33] conducted field experiment and demonstrated that nitrate was the primary type of nitrogen in percolating 

water throughout the rice growing season. Simultaneously, researchers [34, 35 and 36] reported exactly the same result. 

However, Pathak et al. [37] reported that, ammonium nitrogen was the primary type of N leaching from paddy fields. 
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They demonstrated that, NO3-N, NH 4
+
N, and organic N leaching losses taken into account 19.8, 53.9, and 26.4% from 

the total nitrogen during rice growing season. Ji et al. [38] carried out 2 year field experiment and indicated that 

ammonium nitrogen and organic nitrogen accounted 39.7% and 56.8% from the total nitrogen leaching losses from 

paddy fields correspondingly, which the number of nitrate nitrogen to total nitrogen was just 3.5%. However, this 

questionable effect can result in associated with several factors, like type of experiment (field or lysimeter type 

experiment), soil conditions, hydrological, fertilizer, and irrigation management factors. 

The majority of the rice irrigated areas have implemented some simple seepage control projects, however they don’t 

use advanced water saving irrigation schedules during rice planting [28], rather traditional flooding irrigation (FI) is 

utilized which wastes valuable water sources and fosters no rise in rice yields. There are controversial opinions among 

rice researchers about potential yield loss associated with reducing water use. Tuong [39] mentioned that, maintaining a 

higher level over the rice growth period wasn't essential to obtain high yields. De Datta [40] established that rice grain 

yield was highly associated with the quantity of water use. The introduction of water use efficiency through the use of 

less water to acquire greater grain yield was begun in early 1990’s when dams gain popularity like a water management 

tool [41]. However, more than 75% from the grain produced originates from irrigated land. Water crisis threatens the 

sustainability from the irrigated system. The availability water irrigation is endangered by declining water quality, 

declining resource availability, elevated competition from other users, and growing costs. Rice is particularly responsive 

to declining water availability because it requires more water than every other food crop and contains relatively low-

water use efficiency [41]. However, growing population and water for irrigation gets scarcer, the planet has become 

facing the difficulties in order to save water, increase its productivity, and convey more yield with less water. Bouman 

and Tuong [13] recommended that, water input could be reduced by reduction of ponded water depths to soil saturation. 

Additionally they demonstrated water productivity (WP) could be improved by presenting periods of non-submerged 

conditions of various days throughout the growing season cracks are formed through the plough sole.  

 

Various water saving irrigation systems is presently adapting in paddy fields, including Intermittent irrigation (II), 

controlled irrigation (CI), shallow-wet irrigation (SWI), flooding-mid-season during frequent water logging with 

intermittent irrigation, and flooding mid-season drainage re-flooding moist intermittent irrigation but without water 

logging [42 and 43]. Zhu [44] compared shallow wet irrigation and flooded irrigation in paddy field experiments. They 

discovered that, Shallow wet irrigation could considerably reduce water consumption while increasing grain yield. Liu et 

al. [45] mentioned that, controlled irrigation (CI) can help to eliminate water use efficiency by 69.2% in contrast to 

flooded irrigation (FI), but grain yield will decline. This method (CI) is really a new rice irrigation schedule that's been 

put forward recently [46, 47 and 48]. In CI, the soil within the paddy field remains non-flooded, usually 60-80% of times 

thus, no standing water is located after re-greening of grain seedlings, except throughout the periods of harvesting rain, 

pesticide, and fertilizer application [49]. Additionally, controlled irrigation has been shown good at reducing irrigation 

input without causing yield reduction [50], and it has been broadly adopted all over the world. 

 

Previous results have proven that the use of controlled release nitrogen fertilizer can boost the efficiency of nitrogen 

use and rice yield and lower nitrogen loss from paddy fields [51, 52 and 53]. It had been reported that, the concept of 

conventional flooding irrigation and excessive quantity of nutrient fertilizer use have elevated N losses from paddy fields 

and therefore have caused ecological problems. Wu et al. [54] reported that, the entire N from agricultural non-point 

source makes up about 37.5% from the total N discharged in to the lake. Experiments conducted demonstrated that water 

saving irrigation may increase NH
+
4 with NO-3 concentrations in percolation water and reducing total percolation water 

in contrast to traditional flooding irrigation system [55]. Also, nutrient loss from paddy fields under water saving 

irrigation was less than that flooding irrigation [56]. 

 

Yang et al. [18] investigated the potency of water-saving irrigation and controlled release fertilizer management on 

nitrogen losses from paddy fields. Their results demonstrated that both controlled irrigation and controlled release 

nitrogen fertilizer management were good at maintaining rice yield, growing nitrogen recovery and reducing nitrogen 

losses from paddy fields, however, controlled release nitrogen fertilizer was more efficient, halving nitrogen loss towards 

the atmosphere. Peng et al. [30] conducted an experiment to examine the nitrogen and phosphorus losses from paddy 

fields under different fertilizer and irrigation managements (flooded irrigation and controlled irrigation systems). They 

found that, both P and N leaching losses were reduced within the controlled irrigation system when compared with 

flooded irrigation treatments under same N management. Therefore, the use of controlled fertilizer and water saving 

irrigation system can help to eliminate the fate and transport of chemical fertilizer losses from paddy fields. Reducing 

nutrient loss through surface drainage might be achieved by water-saving irrigation and minimized compelled drainage 

[34]. 
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3 DRAINAGE CONTROL (DC) 
 

Management of pollutant loading is a vital issue regarding ecological conservation, and also the loading of nitrogen 

and phosphorus from agricultural areas is known to become a major cause of the accelerated eutrophication of rivers and 

ponds [57]. Eutrophication is among the world’s water quality problems, and it has become probably the most important 

ecological problems. Agricultural non-point source pollutions are among the important reasons water eutrophication. In 

agricultural production, farm owners seek high yield and unnecessary use of pesticides and fertilizers that leads 

agricultural non-point source pollution. Massive amount of chemical fertilizer application consumed by farmers, but only 

20-50% from the nutrients used by the farmland [58 and 59].  Numerous solutes goes into the atmosphere through 

different processes e.g. runoff from farming fields, and deep percolation from subterranean pathways, leads to water and 

soil contamination and river and lake pollution. 

 

Agricultural lands are some of the major causes of non-point pollution, because their use of chemical fertilizer 

through the agriculture sector is presently excessive. Non-point source pollution has the effect of a lot more loading of 

pollutants into many closed body water than would be the point source pollution [60]. The degeneration water quality in 

marine systems for Example Rivers and ponds is a problem of curiosity in lots of regions on the planet. However, 

pollutants discharged in the point sources happen to be controlled sufficiently compared to non-point source pollutions 

[61].  Wesström et al. [62] conducted 2 year experiment to evaluate impact of controlled drainage on hydrology, water 

quality and atmosphere. It had been reported that, in comparison the controlled drainage with conventional drainage 

system, the controlled drainage had a big impact on hydrological and ecological over these 2 years of experiments. They 

established that both nitrate and phosphorous loss were less for drainage control when compared with conventional free 

drainage system. Mood et al. [63] studied effect of controlled drainage on crop yield and water use efficiency through 

simulation of physical model, by evaluating free drainage and controlled drainage conditions. They reported that 

controlled drainage condition, the capillary rise water meets the plant water requirement, and yield was 3.5 times better 

as even compares to free drainage condition. 

 

Xiao et al. [64] investigated solute transport in a paddy filed by establishing a multi-objective model for optimal 

drainage time under controlled drainage condition. Their results indicated that, the nutrient (N and P) transport were high 

during early period of flooding condition, and gradually decreased as the flooding lasted. Jia et al. [65] investigated the 

possibility of drainage control to decrease adverse consequences of drainage water in YinNan region, china. They proved 

that, drainage control system would lead to a reduction in effluent discharge about 94%. Kahlown et al. [66] suggested 

that water table depth of 1.5 to 2 meters is the optimum water table depth for most crops except sugar cane, which gave 

even higher yields with the water table at 2 meter depths. Asad [67] stated that high wheat yield could be obtained with 

1-2 irrigations of 7.5 cm each when the water table depth was about 1-2 m. Doering et al. [68] stated that uncontrolled 

drainage systems were over-draining land and recommended a shallow water table concept for drainage design to reduce 

drainage flow. Khan et al. [69] evaluated the importance of controlled drainage control under drought condition areas in 

Pakistan. They recommended the application of large amounts of irrigation water in different areas of controlled zones in 

order to save the drought conditions. Mood et al. [63] conducted an experiment to investigate the effect of controlled 

drainage on water use efficiency and crop yield by maintaining water-table up to 40 cm. They stated that, controlled 

drainage is a useful method to enhance water use efficiency. Also, their result showed the yield of controlled drainage 

was 2.5 times higher than the free drainage system. Meyer et al. [70] indicated that wheat extracted up to 28% to 38% of 

its evapotranspiration from a water table of1 meter in a loamy soil.  

 

Nutrients may accumulate within the root zone, and subsequently leached towards the tile drainage systems and 

groundwater. Nitrate nitrogen is a very common pollutant water, and it is the form and nitrogen most prone to leaching 

because it’s an anion, and therefore not drawn to soil particles [71]. Most studies on alternation in nutrient concentrations 

under controlled drainage condition are restricted towards the dry crops areas with subterranean pipes. Controlled 

drainage involves paddy field less [69 and 72]. Only couple of research has concentrated on alternation in chemical 

losses in continuous flooding process [12 and 73]. Nitrate ions may inside a deep layer might be leached in to the 

groundwater, and may transport into streams, ponds, and rivers through subsurface drain outlets [74]. The primary factors 

affecting nitrogen loss from agricultural fields by leaching would be the flow water with the soil profile, and the quantity 

of nitrate readily available for leaching during the time of water movement [75]. Laperriere [76] demonstrated that nitrate 

levels more than 40mg L-1 in drains under corn, where fertilizers was applied at rates more than 200 kg N ha-1. Also, 

Madramootoo et al. [77] revealed that nitrate concentrations in drainage effluent from the sandy loam field, popped with 

potato may be as high as 40mgL-1. Lalonde et al. [12] examined impact of controlled drainage on nutrient concentration 

in subsurface drainage system. They compared the disposable drainage and controlled drainage water tables of 0.5 and 

0.25 over the drain level. Their result demonstrated the controlled drainage was built with a huge impact on drainage 

discharge quantity and quality. Additionally they reported that, controlled drainage minimized the drainage discharge 

considerably when compared with free drainage condition. 
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Research on dynamics alternation in the solute transport in a continuous flooding process and determination of the 

perfect drainage time are essential not just for increasing the water quality, but in addition for reducing the drainage 

volume of water [78 and 79]. Naiman et al. [80] examined the strength of a controlled drainage technique by evaluating 

free drainage and controlled drainage systems. Drain water was controlled roughly 30% for controlling system in 

comparison with the free drainage condition. Additionally they demonstrated that during dry season, the controlled 

drainage eliminated the drain discharge totally, whereas the controlled drainage didn't have impact on total drained water 

during wet-season. Christen and Skehan [81] conducted drainage control experiment and established that the outflow 

salinity was proportional towards the water table depth therefore; restricting drainage output having a deep water table 

will minimize the salinity of drainage waters. Wahba et al. [82] evaluated the effect of doubling the drain spacing by 

blocking almost every other drain and modifying the drain depth by using control structures. Their result revealed that, 

the implementation of those measures would lead to reduced drainage flow minimizing irrigation needs with no yield 

reduction. Based on Ayars et al. [11] use of drainage control might also lessen the volumes and concentrations from the 

drainage water, due to the alteration from the flow pattern because of the ground water ponded within the drainage 

laterals. Jia et al.  [65] Mentioned that using drainage control is the greatest management technique to prevent solute 

transport to surface water. However, paddy fields as the wetlands can achieve the effect of water purification by 

maintaining the proper water level on the surface for a certain number of days after fertilization, pest control and heavy 

rain.  Therefore, it is vital to guide the practice of agricultural production by studying on water level control schemes, 

grasping the drainage opportunity and searching the controlled drainage schemes. 

 

Control of water table is among the management processes in irrigation and drainage systems to minimize the fate 

and transport of nutrient along with other chemicals from agricultural fields. Studies have revealed that agricultural 

drainage water could have fertilizer nutrients and pesticides. Nutrients (N and P) contained in drainage outflow mainly 

due to the inclusion of fertilizer, which ends up from the change in land use following drainage enhancements rather of in 

the mere installing of drainage [83]. Smeltz et al. [84] studied the use of controlled drainage in order to reduce nitrogen 

transport from agricultural field using DRAINMOD-N model. They discovered that, nutrient reduction was effective 

when controlled drainage and nutrient management strategy were utilized in addition to each other. Evans et al. [83] 

compared the result of controlled drainage and free drainage systems on water quality in humid regions. They 

demonstrated that, within the controlled drainage system, nitrogen and phosphorus were reduced about 30% to 50% 

when compared with fee drainage system. By utilizing flashboard riser type water control structures, farmers can manage 

the soil water to improve productivity during the dry season and lower nitrate nitrogen reduction in drainage waters by 40 

to 50 percent [85 and 86]. 

 

Controlled drainage continues to be recognized in certain states because the best management practices to eliminate 

the transport and delivery of chemical loads to sensitive surface waters. Nutrient management might help safeguard 

ground water sources and reduce nutrient loadings in surface water while meeting the crop’s nutrient requirement [87]. 

Nutrient management involves the introduction of prescriptive fertilization plans that consider factors such as soils, crop, 

reasonable yield and weather to provide the perfect quantity of nutrient in the proper time for optimum uptake and 

utilization through the crop. Artificial drainage is often belittled because the responsible for surface water quality 

problems. 

 

This critique is really because without contemplation on documented drainage water characteristics, as soil with 

drainage enhancements will be in close proximity to eco-sensitive waters [88]. Bonaiti and Borin [89] challenged weather 

controlled drainage and sub-irrigation method would reduce the nutrient losses from agricultural fields. They figured 

controlled drainage together with sub-irrigation can be utilized at farm scale with the advantage of water conservation 

and reduce in pollutant loads from agricultural farms. Peng et al. [55] investigated the effect controlled irrigation and 

drainage on nitrogen leaching losses from paddy fields by evaluating while using traditional flooded irrigation system. 

They suggested that, using controlled irrigation and drainage could be the most practical method water management and 

pollutant control of reducing nutrient losses from paddy fields. However, Xiao et al. [90] shown experimentally that, 

continuous flooding irrigation (FI) happens to be an ideal method of reducing nitrogen concentration and total 

phosphorus from paddy field’s surface water. Essentially, controlled drainage is achieved with structures that permit 

drainage of just the surplus water that may damage crops or limit farm equipment traffic-ability. One way possible to 

optimize water use within agriculture is a mix of controlled drainage and sub-irrigation for continuous charge of water 

table [91 and 92], with the aim of effectively controlling excess drainage, applying a cost-effective irrigation system, 

saving water, and ameliorating water quality.  
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To be able to reduce agricultural non-point source pollution and improve water use efficiency, it’s essential to 

investigate the concentration of nutrient loads inside a flooded paddy field under different leakage rates [64]. Use of 

drainage control cuts down on the frequency of irrigation to decrease demand pressures on water sources by raising water 

table, and lowers the concentration of chemical fertilizers within the drainage funnel, as well as improves using rain 

water sources by managing the drainage time after and during the rains [7, 10, 79 and 93]. Therefore, controlled drainage 

can effectively ease the paddy chemical compounds pollution within the surrounding water, which could play a huge role 

to manage agricultural non-point source pollution. It cannot only decrease the non-point source pollution of solutes, but 

additionally not effect rice yield [94]. 

 

4 RECYCLING IRRIGATION (RI) 
 

There's considerable worldwide worry about the degeneration in water quality of public water areas. Probably the 

most key elements adding for this issue are the great deal of pollutants from non-point source pollutions, especially 

agricultural watersheds. Among several types of agricultural non-point sources, paddy field makes up about a sizable part 

of agricultural land in certain East Parts of Asia, and in addition they appear in other locations such as North and South 

America, Africa, Australia, etc. [95]. Many methods for reducing the quantity of pollutants are known as for, including 

improvement of soil property or fertilizer application [96 and 97], improve paddy drainage [64 and 90], conservation 

tillage [98], and pollutants removal in wetlands or riparian forest [99]. Accessibility to top quality irrigation water is 

threatened in lots of places because the introduction of new water supplies doesn't keep pace using the growing water 

needs of industries and municipalities. Thus, the requirement for land consolidation, improvement of paddy drainage and 

conservation water quality has brought to the making of separate irrigation and drainage canals rather from the traditional 

combination canals [100]. 

 

Recycling irrigation is a technique of paddy field irrigation that has received much attention, as it might not only save 

money on irrigation water but additionally reduce pollutants from agricultural watersheds [101, 102 and 103]. Water 

reuse is within prevalent use as a technique of supplementing the paddy water supply, therefore, there's have to clarify its 

effects around the paddy system water balance [100]. Kaneki et al. [103], reported that, the pollutant load outflows of 

nitrogen, phosphorus, and COD from the paddy field using circular irrigation system were reduced by 6.8, 1.1, and 24 

kg/ha
-1

 during one irrigation period. Actually, circular irrigation water once drained in the paddy fields is irrigated again 

around the paddy field within the same watershed. However, this irrigation product is not readily recognized by farm 

owners where causes of abundant water that is clean can be found, and the quality of the drained water utilized for 

circulation irrigation is commonly worse compared to other available water sources [104]. 

 

Based on a lot of reports on pollutant load in paddy fields, some paddies are pollutant sinks whereas others are 

pollutant sources [105 and 106]. Zulu et al. [100], evaluated the effects of reuse water on paddy irrigation system, water 

balance and it is associated grain-land ecosystem. They figured, recycling irrigation wasn't only help meet irrigation 

water needs, but additionally provided purification of agricultural drainage water. The pollutant sink signifies that the 

levels of pollutant load output are less than individuals of inflow (irrigation loads). Takeda et al. [104], investigated the 

potential of reducing non-point source pollution from paddy field using recycling irrigation. They established that, 

recycling irrigation have desirable purpose of chemical load removal, using the deposition of nutrients were more 

efficient compared to flushing within the drainage system. Thus, recycling irrigation can lead for that decrease in non-

point source pollutions. 

 

Probably the most key elements in pollutant purification of paddy field are hydraulic retention time. Several studies 

reported the retention amount of time in some artificial wetlands of 4-7 days that is relatively good purification [107 and 

108]. Feng et al. (2004), reported a retention duration of 5-9 days during normal period. However retention time mostly 

depend the quantity of irrigation applied on the paddy fields, a lot of irrigation may lower the retention duration of paddy 

especially during puddling period. Feng et al. [109], reported retention duration of 4-5 days during puddling paddy field. 

Takeda et al. [110] reported retention duration of 4 days for total phosphorus and seven days for total nitrogen loads. 

When it comes to mechanism of pollutant sink in paddy field, a highly effective reason is most likely retention water 

within the paddy field during irrigation period that relates to purification mechanism in natural and artificial wetland 

[111]. 

 

The decrease in pollutants for instance nitrogen (N), phosphorus (P), organic matter (OM), and suspended solids (SS) 

discharged from non-point sources is a vital facet of improving water quality of downstream water areas [112 and 113]. 

Paddy fields, which produce rice as staple food in lots of countries, mainly in the Asian monsoon region, and utilize 

considerable amounts water throughout the rice growing season really are a major non-point supply of pollution. 
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 Feng et al. [109], studied the behavior of solute transport in paddy field outfitted with recycling irrigation system. They 

found net output lots of total nitrogen (T-N) and total phosphorus (T-P) as 3.98 and 37 kg/ha correspondingly which 

signifies the paddy field performed purification function. The result demonstrated the paddy field outfitted with recycling 

irrigation had the opportunity to remove nitrogen and phosphorus nutrients. Hama et al. [114] assessed the impacts of 

nutrient mass balance (N) in paddy field under recycling irrigation system. They figured, the fertilizer use of nitrogen 

could be reduced by its return through recycling irrigation system.   

 

Reclaiming water from irrigation is definitely an alternative option that needs to be examined to meet up with water 

demands under conditions of growing water deficits. Thus, the supply water can be a pre-condition for sustainable land 

use within given area [115]. Based on Hama et al. [114], recycling irrigation can help to eliminate the pollutant loads 

both, because less water leaves in the district and since a few of the pollutants within the drainage water is going to be 

returned towards the paddy field. Furthermore, paddy fields have a tendency to use great deal of irrigation water and 

discharge a lot of water, usually greater than 1000 mm, are among non-point source [116, 117 and 118]. Phosphorus is 

usually a nutrient that whenever contained in high concentrations causes water quality problems in lots of marine systems 

[118]. Takeda et al. [119], investigated the impact of iron compounds on phosphorus purification inside a paddy field 

using recycling irrigation. They discovered that iron compounds within the river were sufficient for precipitation on 

phosphorus. However, the study of watershed was regarded as a considerable iron source, getting 307 and 206 kg/ha of 

annual outflow loads. 

 

Numerous management practices were carried out for reducing nutrient loads from paddy fields. Field scale practices 

include reducing quantity of chemical fertilizer utilized by applying slow-release fertilizer [120]. Takeda and Fukushima 

[60], investigated lengthy term alterations in chemical load outflows from paddy field under recycling irrigation system. 

The annual net outflows of T-N, and T-P during irrigation and non-irrigation periods were ranged from 13.6 - 75.3 

kg/ha/year, -3.55 - 2.21 kg/ha/year correspondingly. They indicated that, the study watershed permitted sufficient 

retention for pollutant purification for phosphorus content and partly for nitrogen content. Additionally, using recycling 

irrigation, more water is retained from paddy fields, reducing amount of runoff transporting potential pollutants. The 

potency of this method is directly proportional to the quantity of water that's reused [103] and also to the intensity [121]. 

Hama et al. [122] reported the phosphorus effluent load reduction from paddy field by utilizing recycling irrigation 

system. Their results recommended that, re-utilization of drained water from paddy fields is an efficient method for 

reducing effluent phosphorus loads. 

 

5 CONCLUSION 
 

Farmers always use an excessive amount of fertilizers to obtain good yield. However, plants will not take all the 

nutrients applied as some of them percolates below root zone which causes groundwater contamination while the 

remaining may lost through runoff which eventually causes eutrophication of rivers and lakes. Thus, it is very necessary 

to find an effective way of controlling the fate and transport of nutrients. Therefore, we evaluated three different methods 

of controlling the fate and transport of agrochemicals from agricultural fields (water saving irrigation, drainage control 

and recycling irrigation system). Based on the these  three methods, water-saving irrigation is the best option to reduce 

nutrient losses  from agricultural fields as it may not only save water, but also reduces the fate and transport of chemicals 

from different agricultural fields particularly from paddy fields. We recommend that, future work should carry out in 

order to assess the suitability of using other useful techniques of reducing N losses from agricultural fields.  

 

6 ACKNOWLEDGMENT 
 

The authors wish to thank the Ministry of Sciences, Technology and Innovation (MOSTI) and University Putra Malaysia 

(UPM) for sponsoring this research. This research is funded by the Ministry of Sciences, Technology and Innovation 

(MOSTI) under e-science grant number escience5450774.  

 
7 REFERENCES 

 
[1]  Kijne, J., Barron, J., Hoff, H., Rockström, J., Karlberg, L., Gowing, J., ... & Wichelns, D. (2009).                     

Opportunities to increase water productivity in agriculture with special reference to Africa and South Asia. Stockholm 

Environment Institute, Project Report. 

[2]  Cai, X., McKinney, D. C., & Rosegrant, M. W. (2003). Sustainability analysis for irrigation water management in the 

Aral Sea region. Agricultural Systems,76(3), 1043-1066. 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 05, October 2016 

 

Asian Online Journals (www.ajouronline.com)  1193 

 

[3]  Molden, D., Oweis, T. Y., Pasquale, S., Kijne, J. W., Hanjra, M. A., Bindraban, P. S.,& Hachum, A. (2007). 

Pathways for increasing agricultural water productivity. 

[4]  Abbasi, M. R., & Sepaskhah, A. R. (2011). Effects of water-saving irrigations on different rice cultivars (Oryza 

sativa L.) in field conditions. International Journal of Plant Production, 5(2), 147-153. 

[5]  Anbumozhi, V., Yamaji, E., & Tabuchi, T. (1998). Rice crop growth and yield as influenced by changes in ponding 

water depth, water regime and fertigation level. Agricultural Water Management, 37(3), 241-253. 

[6]  Pirmoradian, N., Sepaskhah, A. R., & Maftoun, M. (2004). Effects of water-saving irrigation and nitrogen 

fertilization on yield and yield components of rice (Oryza sativa L.). Plant production science, 7(3), 337-346. 

[7]  Zhang, Z. L., & Xue, J. L. (1996). Study on the intermittent irrigation experiment of rice. Water Sav Irrig, 15(6), 23-

29. 

[8]  Li, W., Xia, Y., Ti, C., & Yan, X. (2011). Evaluation of biological and chemical nitrogen indices for predicting 

nitrogen-supplying capacity of paddy soils in the Taihu Lake region, China. Biology and Fertility of Soils, 47(6), 669-

678. 

[9]  Xue, X., & Hao, M. (2011). Nitrate leaching on loess soils in north-west China: Appropriate fertilizer rates for winter 

wheat. Acta Agriculturae Scandinavica, Section B-Soil & Plant Science, 61(3), 253-263. 

[10]  ZHANG, J. H., Jian-Li, L. I. U., ZHANG, J. B., CHENG, Y. N., & Wei-Peng, W. A. N. G. (2013). Nitrate-nitrogen 

dynamics and nitrogen budgets in rice-wheat rotations in Taihu Lake region, China. Pedosphere, 23(1), 59-69. 

[11] Ayars, J. E., Christen, E. W., & Hornbuckle, J. W. (2006). Controlled drainage for improved water management in 

arid regions irrigated agriculture.agricultural water management, 86(1), 128-139. 

[12]  Lalonde, V., Madramootoo, C. A., Trenholm, L., & Broughton, R. S. (1996). Effects of controlled drainage on 

nitrate concentrations in subsurface drain discharge. Agricultural Water Management, 29(2), 187-199. 

[13]  Bouman, B. A. M., & Tuong, T. P. (2001). Field water management to save water and increase its productivity in 

irrigated lowland rice. Agricultural water management, 49(1), 11-30. 

[14]  IRRI (International Rice Research Institute), 1997. Rice Almanac, 2nd Edition. IRRI, Los BanÄos, Philippines, p. 

181. 

[15]  Hossain, M. (1998). Sustaining food security in Asia: economic, social, and political aspects. Sustainability of rice 

in the global food system. Davis, Calif.(USA): Pacific Basin Study Center, and Manila (Philippines): International Rice 

Research Institute. p, 19-44. 

[16]  Guerra, L. C. (1998). Producing more rice with less water from irrigated systems (Vol. 5). IWMI. 

[117]  Xu, Z. X., Takeuchi, K., Ishidaira, H., & Zhang, X. W. (2002). Sustainability analysis for Yellow River water 

resources using the system dynamics approach. Water Resources Management, 16(3), 239-261. 

[18]  Yang, S., Peng, S., Hou, H., & , J. (2014). Controlled irrigation and drainage of a rice paddy field reduced global 

warming potential of its gas emissions. Archives of Agronomy and Soil Science, 60(2), 151-161. 

[19]  Kiran, J. K., Khanif, Y. M., Amminuddin, H., & Anuar, A. R. (2010). Effects of controlled release urea on the yield 

and nitrogen nutrition of flooded rice.Communications in soil science and plant analysis, 41(7), 811-819. 

[20]  Xing, G. X., & Zhu, Z. L. (2000). An assessment of N loss from agricultural fields to the environment in 

China. Nutrient Cycling in Agroecosystems,57(1), 67-73. 

[21]  Yoshinaga, I., Miura, A., Hitomi, T., Hamada, K., & Shiratani, E. (2007). Runoff nitrogen from a large sized paddy 

field during a crop period.Agricultural water management, 87(2), 217-222. 

[22]  Wuzhong, N., Jianping, L., & Zhaoliang, Z. (2007). Occurrence of nitrification-denitrification and gaseous nitrogen 

loss process in flooded rice soil. Progress in Natural Science, 17(1), 6-10. 

[23]  Li, H., Liang, X., Chen, Y., Tian, G., & Zhang, Z. (2008). Ammonia volatilization from urea in rice fields with 

zero-drainage water management.Agricultural Water Management, 95(8), 887-894. 

[24]  Chirinda, N., Carter, M. S., Albert, K. R., Ambus, P., Olesen, J. E., Porter, J. R., & Petersen, S. O. (2010). 

Emissions of nitrous oxide from arable organic and conventional cropping systems on two soil types. Agriculture, 

Ecosystems & Environment, 136(3), 199-208. 

 [25]  Belder, P., Bouman, B. A. M., Cabangon, R., Guoan, L., Quilang, E. J. P., Yuanhua, L., ... & Tuong, T. P. (2004). 

Effect of water-saving irrigation on rice yield and water use in typical lowland conditions in Asia. Agricultural Water 

Management, 65(3), 193-210. 

[26]  Hayashi, S., Kamoshita, A., & Yamagishi, J. (2006). Effect of planting density on grain yield and water 

productivity of rice (Oryza sativa L.) grown in flooded and non-flooded fields in Japan. Plant production science, 9(3), 

298-311. 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 05, October 2016 

 

Asian Online Journals (www.ajouronline.com)  1194 

 

[27]  Kato, Y., Kamoshita, A., Yamagishi, J., & Abe, J. (2006). Growth of Three Rice (Oryza sativa L.) Cultivars under 

Upland Conditions with Different Levels of Water Supply. Plant production science, 9(4), 422-434. 

[28]  Lu, W., Cheng, W., Zhang, Z., Xin, X., & Wang, X (2015), Differences in rice water consumption and yield under 

four irrigation schedules in central Jilin Province, China. Paddy and Water Environment, 1-8. 

[29]  Wang, H., Liu, C., & Zhang, L. (2002). Water-saving agriculture in China: an overview. Advances in 

Agronomy, 75, 135-171. 

[30]  Peng, S. Z., Yang, S. H., Xu, J. Z., Luo, Y. F., & Hou, H. J. (2011). Nitrogen and phosphorus leaching losses from 

paddy fields with different water and nitrogen managements. Paddy and Water Environment, 9(3), 333-342. 

[31]  Tan, X., Shao, D., Liu, H., Yang, F., Xiao, C., & Yang, H. (2013). Effects of alternate wetting and drying irrigation 

on percolation and nitrogen leaching in paddy fields. Paddy and Water Environment, 11(1-4), 381-395. 

[32]  Li, Y. H. (2001, March). Research and practice of water-saving irrigation for rice in China. In Water saving 

irrigation for rice: proceedings of an international workshop, Wuhan, China. International Water Management 

Institute (pp. 1-9). 

[33]  Tian, H., Chen, G., Liu, M., Zhang, C., Sun, G., Lu, C., ... & Chappelka, A. (2010). Model estimates of net primary 

productivity, evapotranspiration, and water use efficiency in the terrestrial ecosystems of the southern United States 

during 1895–2007. Forest ecology and management, 259(7), 1311-1327. 

[34]  Sik Yoon, K., Kyu Choi, J., Gwon Son, J., & Young Cho, J. (2006). Concentration profile of nitrogen and 

phosphorus in leachate of a paddy plot during the rice cultivation period in southern Korea. Communications in soil 

science and plant analysis, 37(13-14), 1957-1972. 

[35]  Zhao, X., Xie, Y. X., Xiong, Z. Q., Yan, X. Y., Xing, G. X., & Zhu, Z. L. (2009). Nitrogen fate and environmental 

consequence in paddy soil under rice-wheat rotation in the Taihu lake region, China. Plant and soil, 319(1-2), 225-234. 

[36]  Zhou, S., Nishiyama, K., Watanabe, Y., & Hosomi, M. (2009). Nitrogen budget and ammonia volatilization in 

paddy fields fertilized with liquid cattle waste. Water, air, and soil pollution, 201(1-4), 135-147. 

[37]  Pathak, B. K., Kazama, F., & Toshiaki, I. (2004). Monitoring of nitrogen leaching from a tropical paddy in 

Thailand. Agricultural Engineering International: CIGR Journal. 

[38]  Ji, X. H., Zheng, S. X., Shi, L. H., & Liao, Y. L. (2008). Effect of fertilization on nutrient leaching loss from 

different paddy soils in Dongting Lake Area.Acta Pedofil Sin, 45(4), 663-671 (English Abstract). 

[39]  Tuong, T. P. (2000). Productive water use in rice production: opportunities and limitations. Journal of crop 

production, 2(2), 241-264. 

 [41]  Singh, Y. V., Singh, K. K., & Sharma, S. K. (2013). Influence of crop nutrition on grain yield, seed quality and 

water productivity under two rice cultivation systems. Rice Science, 20(2), 129-138. 

Zhi, M. (2002). Water efficient irrigation and environmentally sustainable irrigated rice production in 

China. International Commission on Irrigation and Drainage. 

[42]  Mao, X., Liu, M., Wang, X., Liu, C., Hou, Z., & Shi, J. (2003). Effects of deficit irrigation on yield and water use of 

greenhouse grown cucumber in the North China Plain. Agricultural water management, 61(3), 219-228. 

[43]  Belder, P., Bouman, B. A. M., Cabangon, R., Guoan, L., Quilang, E. J. P., Yuanhua, L., ... & Tuong, T. P. (2004). 

Effect of water-saving irrigation on rice yield and water use in typical lowland conditions in Asia. Agricultural Water 

Management, 65(3), 193-210. 

[44]  Zhu TY (1985) Water saving effect and its theory under rice shallow-wet irrigation: North China. J hydr Eng 

11:44–53. 

[45]  Liu FL, Peng SZ, Xu JZ, Ding JL (2004) Control irrigation schedules on rice population structure test [J]. J 

Shenyang Agric Univ 35(5):417–419. 

[46]  Zhao TJ, Qiao XD (2010) Suggestions of rice controlled irrigation technology. Agric Jilin 4(05):122.  

[47]  Peng, S., Xu, J., Huang, Q., & Liu, F. (2003). Controlled irrigation of paddy rice and environmental 

multifunctionality. Yournal of Shenyang Agricultural University, 35(5-6), 443-445. 

[48]  Deng YJ, Song GC, Wen ZS (2008) Rice controlled irrigation techniques further studies. Heilongjiang Sci 

Technol Water Conserv 36(05):10–11. 

[49]  Yang, C., Huang, G., Chai, Q., & Luo, Z. (2011). Water use and yield of wheat/maize intercropping under alternate 

irrigation in the oasis field of northwest China. Field Crops Research, 124(3), 426-432. 

[50]  Yu SE, Zhang ZY (2002) Technical system of water saving irrigation for rice planting in Jiangsu Province. J 

Hohai Univ (Nat Sci) 30(6):30–34 (English Abstract).  

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 05, October 2016 

 

Asian Online Journals (www.ajouronline.com)  1195 

 

 [51]  Tuong, T. P., Castillo, E. G., Cabangon, R. C., Boling, A., & Singh, U. (2002). The drought response of lowland 

rice to crop establishment practices and N-fertilizer sources. Field Crops Research, 74(2), 243-257. 

[52]  WAKIMOTO, K. (2004). Utilization advantages of controlled release nitrogen fertilizer on paddy rice 

cultivation. Japan Agricultural Research Quarterly: JARQ, 38(1), 15-20. 

[53]  Chien, S. H., Prochnow, L. I., & Cantarella, H. (2009). Recent developments of fertilizer production and use to 

improve nutrient efficiency and minimize environmental impacts. Advances in Agronomy, 102, 267-322. 

 [54]  Wu, Y., Hu, Z., & Yang, L. (2011). Strategies for controlling agricultural non-point source pollution: reduce-

retain-restoration (3R) theory and its practice.Transactions of the Chinese Society of Agricultural Engineering, 27(5), 1-6 

(English Abstract). 

[55]  Peng, S., He, Y., Yang, S., & Xu, J. (2015). Effect of controlled irrigation and drainage on nitrogen leaching losses 

from paddy fields. Paddy and Water Environment, 13(4), 303-312. 

[56]  Cui, Y. L., Li, Y. H., Lu, G. A., & Sha, Z. Y. (2004). Nitrogen movement and transformation with different water 

supply for paddy rice. Advances in Water Science, 15(3), 280-285 (English Abstract). 

[57]  Kim, M. Y., Jee, H. K., Lee, S. T., & Kim, M. K. (2006). Prediction of nitrogen and phosphorus transport in surface 

runoff from agricultural watersheds. KSCE Journal of Civil Engineering, 10(1), 53-58. 

[58]  NI, Wuzhong., Jianping, L., & Zhaoliang, Z. (2007). Occurrence of nitrification-denitrification and gaseous 

nitrogen loss process in flooded rice soil. Progress in Natural Science, 17(1), 6-10. 

[59]  Ju, X. T., Xing, G. X., Chen, X. P., Zhang, S. L., Zhang, L. J., Liu, X. J., ... & Zhang, F. S. (2009). Reducing 

environmental risk by improving N management in intensive Chinese agricultural systems. Proceedings of the National 

Academy of Sciences, 106(9), 3041-3046. 

[60]  Takeda, I., & Fukushima, A. (2006). Long-term changes in pollutant load outflows and purification function in a 

paddy field watershed using a circular irrigation system. Water Research, 40(3), 569-578. 

[61]  Lee, H., Masuda, T., Yasuda, H., & Hosoi, Y. (2014). The pollutant loads from a paddy field watershed due to 

agricultural activity. Paddy and Water Environment, 12(4), 439-448. 

[62]  Wesström, I., Messing, I., Linner, H., & Lindström, J. (2001). Controlled drainage—effects on drain outflow and 

water quality. Agricultural Water Management, 47(2), 85-100. 

[63]  Mood, N. S., Parsinejad, M., & Mirzaei, F. (2009). Controlled Drainage Effects on Crop Yield and Water Use 

Efficiency under Semi-Arid Condition of Iran. In World Environmental and Water Resources Congress 2009: Great 

Rivers (pp. 4330-4337). ASCE. 

[64]  Xiao, M., & Chu, L. (2014). The paddy water environmental effect on nitrogen and phosphorus loss on the 

condition of controlled drainage. In 2014 Montreal, Quebec Canada July 13–July 16, 2014 (p. 1). American Society of 

Agricultural and Biological Engineers. 

[65]  Jia, Z., Luo, W., Fang, S., Wang, N., & Wang, L. (2006). Evaluating current drainage practices and feasibility of 

controlled drainage in the YinNan Irrigation District, China. Agricultural water management, 84(1), 20-26. 

[66]  Kahlown, M. A., & Ashraf, M. (2005). Effect of shallow groundwater table on crop water requirements and crop 

yields. Agricultural Water Management,76(1), 24-35. 

[67]  Qureshi, A. S. (2001). Irrigation requirements of wheat and cotton under different water table conditions. Sarhad 

Journal of Agriculture (Pakistan). 

[68]  Doering, E. J., Benz, L. C., & Reichman, G. A. (1982). Shallow-water-table concept for drainage design in 

semiarid and subhumid regions (No. 84-065616. CIMMYT.). 

[69]  Khan, S., Xevi, E., & Meyer, W. S. (2003). Salt, water, and groundwater management models to determine 

sustainable cropping patterns in shallow saline groundwater regions of Australia. Journal of crop production, 7(1-2), 

325-340. 

[70]  Meyer, W. S., & Green, G. C. (1981). Plant indicators of wheat and soybean crop water stress. Irrigation 

Science, 2(3), 167-176. 

[71]  JONES, R. D., & SCHWAB, A. P. (1993). NITRATE LEACHING AND NITRITE OCCURRENCE IN A FINE-

TEXTURED SOIL. Soil Science,155(4), 272-282. 

[72]  Fisher, M. J., Fausey, N. R., Subler, S. E., Brown, L. C., & Bierman, P. M. (1999). Water table management, 

nitrogen dynamics, and yields of corn and soybean. Soil Science Society of America Journal, 63(6), 1786-1795. 

[73]  Azevedo, A. S., Singh, P., Kanwar, R. S., & Ahuja, L. R. (1997). Simulating nitrogen management effects of 

subsurface drainage water quality.Agricultural Systems, 55(4), 481-501. 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 05, October 2016 

 

Asian Online Journals (www.ajouronline.com)  1196 

 

[74]  FÜLEKY, G. ACCUMULATION AND DEPLETION OF FERTILIZER ORIGINATED NITRATE-N AND 

AMMONIUM-N IN DEEPER SOIL LAYERS. 

[75]  Blackmer, A. M. (1987). Losses and transport of nitrogen from soils. 

[76]  LaPerriere, J. D., & Jones, J. R. (1991). Notes on the limnology of Itkillik Lake, Gates of the Arctic National Park, 

Alaska. Final Reportto the National Park Service. Gates of the Arctic National Park and Preserve, PO Box,74680. 

[77]  Madramootoo, C. A., Wiyo, K. A., & Enright, P. (1992). Nutrient losses through tile drains from two potato 

fields. Applied engineering in agriculture,8(5), 639-646. 

[78]  Vetsch, J. A., & Randall, G. W. (2004). Corn production as affected by nitrogen application timing and 

tillage. Agronomy Journal, 96(2), 502-509. 

[79]  Ying-Xin, X. I. E., Xiong, Z. Q., Guang-Xi, X. I. N. G., Guo-Qing, S. U. N., & Zhao-Liang, Z. H. U. (2007). 

Assessment of nitrogen pollutant sources in surface waters of Taihu Lake region. Pedosphere, 17(2), 200-208. 

[80]  Naiman, R. J., Pinay, G., Johnston, C. A., & Pastor, J. (1994). Beaver Influences on the Long‐Term 

Biogeochemical Characteristics of Boreal Forest Drainage Networks. Ecology, 75(4), 905-921. 

[81]  Christen, E. W., & Skehan, D. (1999). Design and management of subsurface drainage for improved water quality: 

a field investigation. CSIRO Land and Water, Technical Report, 6, 99. 

[82]  Wahba, M. A. S., Christen, E. W., & Amer, M. H. (2005). Irrigation water saving by management of existing 

subsurface drainage in Egypt. Irrigation and drainage, 54(2), 205-215. 

[83]  Evans, R. O., Wayne Skaggs, R., & Wendell Gilliam, J. (1995). Controlled versus conventional drainage effects on 

water quality. Journal of Irrigation and Drainage Engineering, 121(4), 271-276. 

[84]  Smeltz, H. L., Evans, R. O., & Osmond, D. L. (2006). Controlled Drainage and Nutrient Management Planning 

Reduce Drainage Outflow and Nitrogen Transport. In World Environmental and Water Resource Congress 2006: 

Examining the Confluence of Environmental and Water Concerns (pp. 1-14). 

[85]  Drury, C. F., Tan, C. S., Gaynor, J. D., Oloya, T. O., & Welacky, T. W. (1996). Influence of controlled drainage-

subirrigation on surface and tile drainage nitrate loss. Journal of Environmental Quality, 25(2), 317-324. 

[86]  Gilliam, J. W., Skaggs, R. W., & Weed, S. B. (1979). Drainage control to diminish nitrate loss from agricultural 

fields. Journal of Environmental Quality, 8(1), 137-142. 

[87]  Shuyler, L. R. (1994). Nutrient management, an integrated component for water quality protection. Journal of Soil 

and Water Conservation, 49(2), 5. 

[88]  Evans, R. O., Gilliam, J. W., & Skaggs, R. W. (1989). Managing water table management systems for water 

quality. In National Water Conference (pp. 540-549). ASCE. 

[89]  Bonaiti, G., & Borin, M. (2010). Efficiency of controlled drainage and subirrigation in reducing nitrogen losses 

from agricultural fields. Agricultural Water Management, 98(2), 343-352. 

[90]  Xiao, M. H., Yu, S. E., Wang, Y. Y., & Huang, R. (2013). Nitrogen and phosphorus changes and optimal drainage 

time of flooded paddy field based on environmental factors. Water Science and Engineering, 6(2), 164-177. 

[91]  Thomas, D. L., Hunt, P. G., & Gilliam, J. W. (1992). Water table management for water quality 

improvement. Journal of soil and water conservation, 47(1), 65-70. 

[92]  Madramootoo, C. A., Dodds, G. T., & Papadopoulos, A. (1993). Agronomic and environmental benefits of water-

table management. Journal of irrigation and drainage engineering, 119(6), 1052-1065. 

[93]  Ng, H. Y. F., Tan, C. S., Drury, C. F., & Gaynor, J. D. (2002). Controlled drainage and subirrigation influences tile 

nitrate loss and corn yields in a sandy loam soil in Southwestern Ontario. Agriculture, ecosystems & environment, 90(1), 

81-88. 

[94]  Gentry, L. E., David, M. B., Below, F. E., Royer, T. V., & McIsaac, G. F. (2009). Nitrogen mass balance of a tile-

drained agricultural watershed in east-central Illinois. Journal of environmental quality, 38(5), 1841-1847. 

[95]  Tabuchi T. and Hasegawa S. (1995). Paddy fields in the world, Japanese Society of Irrigation, Drainage and 

Reclamation Engineering, Japan, pp. 203-225. 

[96]  Coale, F. J., Izuno, F. T., & Bottcher, A. B. (1994). Phosphorus in drainage water from sugarcane in the Everglades 

agricultural area as affected by drainage rate. Journal of environmental quality, 23(1), 121-126. 

[97]  Shreve, B. R., Moore, P. A., Daniel, T. C., Edwards, D. R., & Miller, D. M. (1995). Reduction of phosphorus in 

runoff from field-applied poultry litter using chemical amendments. Journal of Environmental Quality, 24(1), 106-111. 

[98]  Seta, A. K., Blevins, R. L., Frye, W. W., & Barfield, B. J. (1993). Reducing soil erosion and agricultural chemical 

losses with conservation tillage.Journal of Environmental Quality, 22(4), 661-665. 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 05, October 2016 

 

Asian Online Journals (www.ajouronline.com)  1197 

 

[99]  Jordan, T. E., Correll, D. L., & Weller, D. E. (1993). Nutrient interception by a riparian forest receiving inputs from 

adjacent cropland. Journal of Environmental Quality, 22(3), 467-473. 

[100]  Zulu, G., Toyota, M., & Misawa, S. I. (1996). Characteristics of water reuse and its effects on paddy irrigation 

system water balance and the riceland ecosystem. Agricultural Water Management, 31(3), 269-283. 

[101]  Kubota, H., Tabuchi, T., Takamura, Y., & Suzuki, S. (1979). Water and material (N. P) balance in the paddy field 

along Lake Kasumigaura [Japan].Transactions of the Japanese Society of Irrigation, Drainage and Reclamation 

Engineering. 

[102]  Kudo, A., Kawagoshi, N., & Sasanabe, S. (1995). Characteristics of water management and outflow load from a 

paddy field in a returan flow irrigation area. Journal of the Japanese Society of Irrigation, Drainage and Reclamation 

Engineering (English Abstract). 

[103]  Kaneki, R. (1991). Water quality of return flow and the purification by using paddy fields. Journal of the Japanese 

Society of Irrigation, Drainage and Reclamation Engineering. 

[104]  Takeda, I., Fukushima, A., & Tanaka, R. (1997). Non-point pollutant reduction in a paddy-field watershed using a 

circular irrigation system. Water Research, 31(11), 2685-2692. 

[105]  Tabuchi T. and Takamura Y. (1985). Nitrogen and phosphorus outflow from catchment area. Tokyo University 

Press, Japan. 

[106]  Iwata, S., Tabuchi, T., & Warkentin, B. P. (1995). Soil-water interactions: mechanisms and applications (No. Ed. 

2). Marcel Dekker, Inc.. 

[107]  Alaerts, G. J., Mahbubar, R., & Kelderman, P. (1996). Performance analysis of a full-scale duckweed-covered 

sewage lagoon. Water Research, 30(4), 843-852. 

[108]  Huang, J., Reneau, R. B., & Hagedorn, C. (2000). Nitrogen removal in constructed wetlands employed to treat 

domestic wastewater. Water Research, 34(9), 2582-2588. 

[109]  Feng, Y. W., Yoshinaga, I., Shiratani, E., Hitomi, T., & Hasebe, H. (2004). Characteristics and behavior of 

nutrients in a paddy field area equipped with a recycling irrigation system. Agricultural water management, 68(1), 47-60. 

[110]  Takeda, I., & Fukushima, A. (2004). Phosphorus purification in a paddy field watershed using a circular irrigation 

system and the role of iron compounds.Water research, 38(19), 4065-4074. 

[111]  Jordan, T. E., Whigham, D. F., Hofmockel, K. H., & Pittek, M. A. (2003). Nutrient and sediment removal by a 

restored wetland receiving agricultural runoff. Journal of environmental quality, 32(4), 1534-1547. 

[112]  GUNES, Y. (2008). Removal of COD from oil recovery industry wastewater by the advanced oxidation processes 

(AOP) based on H2O2. 

[113]  Collins, A. L., Walling, D. E., Webb, L., & King, P. (2010). Apportioning catchment scale sediment sources using 

a modified composite fingerprinting technique incorporating property weightings and prior 

information. Geoderma,155(3), 249-261. 

[114]  Hama, T., Nakamura, K., Kawashima, S., Kaneki, R., & Mitsuno, T. (2011). Effects of cyclic irrigation on water 

and nitrogen mass balances in a paddy field. Ecological Engineering, 37(10), 1563-1566. 

[115]  Khalmirzaeva, M. I., Salohiddinov, A., & Ramazanov, O. R. (2008). An Evaluation Of Irrigation Water Re-Use In 

Water Drainage And Collection Networks In Karakalpakstan, Uzbekistan. In Environmental Problems of Central Asia 

and their Economic, Social and Security Impacts (pp. 267-276). Springer Netherlands. 

[116]  Bouman, B. A. M., Humphreys, E., Tuong, T. P., & Barker, R. (2007). Rice and water. Advances in agronomy, 92, 

187-237. 

[117]  Krupa, M., Tate, K. W., van Kessel, C., Sarwar, N., & Linquist, B. A. (2011). Water quality in rice-growing 

watersheds in a Mediterranean climate.Agriculture, Ecosystems & Environment, 144(1), 290-301. 

[118]  Sharpley, A. N. (1995). Soil phosphorus dynamics: agronomic and environmental impacts. Ecological 

Engineering, 5(2), 261-279. 

[119]  Takeda, I., & Fukushima, A. (2006). Long-term changes in pollutant load outflows and purification function in a 

paddy field watershed using a circular irrigation system. Water Research, 40(3), 569-578. 

[120]  Fan, X. H., & Li, Y. C. (2010). Nitrogen release from slow-release fertilizers as affected by soil type and 

temperature. Soil Science Society of America Journal, 74(5), 1635-1641. 

[121]  Shiratani, E., Yoshinaga, I., Feng, Y., & Hasebe, H. (2004). Scenario analysis for reduction of effluent load from 

an agricultural area by recycling the run-off water. Water Science and Technology, 49(3), 55-62. 

[122]  Hama, T., Aoki, T., Osuga, K., Sugiyama, S., & Iwasaki, D. (2012). Nitrogen and phosphorus effluent loads from 

a paddy-field district adopting collective crop rotation. Water Science and Technology, 66(5), 1074-1080. 

http://www.ajouronline.com/

