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Abstract A field study was conducted to determine

the effect of landscape spatial pattern and micro-

topography on nutrient transfer via runoff from two

catchments into Yuqiao Reservoir in north China. The

surface runoff discharge was measured during rainfall

events and water samples were analyzed in 2004 and

2005. The mean annual total nitrogen (TN) and total

phosphorus (TP) exports per unit area from Cao-

gezhuang catchment (C catchment) were 1.048 and

0.561 kg ha–1 year–1, respectively, while the TN and

TP exports from Taohuasi catchment (T catchment)

were 0.158 and 0.027 kg ha–1 year–1. In both catch-

ments, village and vineyard shared the highest nutrient

export ability due to the accumulated animal waste and

heavy application of fertilizer and manure. In T

catchment, the distance of village and vineyard was

about 1,500 m away from the receiving water and in

between were woodland and cropland. In the hydro-

logical pathway, there were sink landscape structures

of small stone dams, roadside swale, vegetated filter

strip and dry ponds, which could detain water and

nutrients. In C catchment, the distance between the

village and the receiving water was about 200 m, and

the hydrological pathway was compacted roads and

ditches with no sink structures. It is suggested that the

distance between the pollution source area and the

receiving water and the micro-topographical features

were the main factors to control the great difference in

nutrient export rates.

Keywords Agricultural catchment �
Landscape spatial pattern � Micro-topography �
Nutrient transfer � Surface runoff

Introduction

The degradation of soil and water quality by excessive

nutrient input from agriculture has become an inter-

national environmental issue. The agricultural contri-

bution to diffuse pollution varies widely and is a

complex function of soil type, climate, topography, and

hydrology, land use and land management (Li and

Zhang 1999; Smith et al. 1999; McDowell et al. 2001;

Withers and Lord 2002; Heathwaite et al. 2003).

Human activity has changed nutrient balance and

hydrological processes, and water quality has deterio-

rated in many human-dominant landscapes (Smith

et al. 1999; Boyer et al. 2002; Withers and Lord 2002;

Cao 2003; Liu and Xia 2004). Excessive input of fer-

tilizer and manure in cultivated soil has been proven to

be an important cause of surface water deterioration

(Li and Zhang 1999; Herpe and Troch 2000; Cao 2003;

Ngoye and Machiwa 2004; Cao et al. 2006). Besides the

agricultural land, wastewater and garbage produced by

residents of rural areas have also been identified as an

important source of pollutants in surface waters in

China (Cao 2003; Xia et al. 2003; Chen et al. 2004; Cao

et al. 2006).

As some surface water is used for drinking water,

the deterioration of water quality poses a threat to the

drinking water supply. The Yuqiao Reservoir was

constructed in 1970s for drinking water supply and help

prevent floods. The reservoir supplies most of the

drinking water for Tianjin, the third largest city in
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China. A large population and intensively fertilized

cultivated land are in the zone adjacent to the reser-

voir. Recently, the reservoir has been in a state of

eutrophication. Nutrients from agricultural catchments

have been identified as the primary contributor (Zhu

1991; Chen et al. 2005).

Surface runoff caused by rainfall is one of the pri-

mary transport pathways for nutrient transfer from the

original site to the receiving water (McDowell et al.

2004; Haygarth et al. 2005; Heathwaite et al. 2005).

Nutrients are derived in the dissolved form and par-

ticulate form through solubilization and detachment

mechanisms from natural and human sources, and then

delivered into surface water via various hydrological

pathways. In general, semi-arid areas are dominated by

the Horton overland flow, which occurs as a result of

prolonged rainfall at intensities greater than the infil-

tration capacity of the soil (Bergkamp 1998; Cam-

meraat 2004). Runoff events occur very quickly after

the onset of rainfall, but also cease directly after rain-

fall has stopped.

The potential contribution areas for surface runoff

generation and nutrient export vary spatially and

temporally in those regions where the dominant runoff

generation mechanisms are either saturation-excess or

infiltration-excess. Areas with high nutrient export are

often identified as ‘‘hydrologically sensitive areas’’

(HSAs) and ‘‘critical source areas’’ (CSAs) (Walter

et al. 2000; Weld et al. 2000; Heathwaite et al. 2003).

In a catchment with high spatial heterogeneity, various

landscapes and patches can be categorized as ‘‘source’’

or ‘‘sink’’ landscapes and patches according to their

roles of transportation or detention. The number and

spatial patterns of source and sink landscapes and

patches within a catchment can affect hydrological and

nutrient transport processes at different scales (Man-

der et al. 2000; Chen et al. 2002; Kirkby et al. 2002;

Imeson and Prinsen 2004; Ngoye and Machiwa 2004;

Chen et al. 2005).

Micro-topography has been proven to be a domi-

nant control of water flow. A number of previous

studies conducted in the Mediterranean with a semi-

arid climate showed that micro-topography could exert

a great impact on surface runoff generation, soil ero-

sion, and vegetation pattern at the finer scale (Bergk-

amp 1998; Kirkby et al. 2002; Cammeraat 2004; Imeson

and Prinsen 2004). Bergkamp (1998) measured runoff

and infiltration to understand the relationship between

runoff production, vegetation pattern and micro-

topography at five spatial scales from terracette (<1 m)

to catchment (50 ha). He found that runoff did not

occur at the slope scale. It was buffered at the terrac-

ette level by non-uniform infiltration at the rims of

terracettes and at the hummock scale by rapid infil-

tration under oak shrubs and trees. Models, such as

Topmodel, TopManage et al., have been used to sim-

ulate the effect of topography on runoff generation and

nutrient transfer (Beven and Kirkby 1979; Lane et al.

2004; Heathwaite et al. 2005).

In this paper, two agricultural catchments adjacent

to the Yuqiao Reservoir were selected to investigate

the effects of landscape spatial patterns and micro-

topography on nutrient transfer. Goals were: (1) to

compare the human role in nutrient transfer from the

two catchments; (2) to investigate the effect of spatial

patterns of landscapes and patches on nutrient export;

(3) to present some suggestions for the reduction of

nutrient export.

Materials and methods

Site description

The Yuqiao Reservoir is northeast of Tianjin, and has

a mean water depth of 4.6 m, surface area of 86.8 km2

and a full water capacity of 15.6 · 109 m3 (Fig. 1a). A

population of about 116,000 people and 70 km2 of

cultivated land is adjacent to the Yuqiao Reservoir.

The hill slope on the southern bank is steeper and

shorter than the slope on the northern bank. The cli-

mate is temperate, territorial semi-arid with warm

summers and cold winters. The mean annual temper-

ature is 11.5�C. The annual evaporation ranges from

1,660 to 1,954 mm, with a mean annual precipitation of

601 mm.

Two agricultural catchments, Taohuasi (abbreviated

as T catchment) on the northern bank and Caogezhu-

ang (abbreviated as C catchment) on the south bank,

were selected for study (Fig. 1a). The northern part of

T catchment consists of rolling hills. Many deep gullies,

depressions and channels exist in the ridges and hills. C

catchment is a continuous steep slope. Soil textures in

T catchment are sandy soil, sandy loam, and sandy clay

respectively from hill land to cropland. In C catchment

are sandy soil and sandy clay from hill land to village.

The landscape spatial distribution in the study

catchments is mapped in Fig. 1b. The areas of main

land uses in C catchment are hill land, 7.1 ha, cropland

and orchard, 37.7 ha, and village, 8.1 ha. The areas of

various land uses in T catchment are as follows: hill

land, 111.5 ha; cropland and orchard, 61.6 ha; village,

5.5 ha; vineyard, 2.1 ha; and woodland, 7.1 ha. Hill

land accounts for about 60% of the whole catchment

area. Most of the hill land did not contribute any sur-

face water to lowlands during the study period due to
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the large storage capacity of deep gully and depres-

sions, which function as small, temporary impound-

ments. Only surface water from hill land directly facing

the village and orchard flows into the lowland. Areas

contributing little surface water received little human

use and these hilly areas can be excluded when con-

sidering human influence on nutrient emissions. Cer-

tain low-lying areas below the woodlands in T

catchment and below the village in C catchment are

submerged when the water level is high in the Yuqiao

Reservoir. Otherwise, ground cover is sparse when the

water level is low during the growing season. These

periodically submerged wetland areas adjacent to for-

est are called eulittoral zones Wetzel (2001), or ripar-

ian zones (Wang et al. 2004, 2005).

The two catchments had almost the same number of

residents, as well as livestock (Table 1). The fertilizer

and manure application rate in cropland and orchards

was about 300 kg N ha–1 and 100 kg P2O5 ha–1, and

that in vineyards was around 500 kg N ha–1 and

250 kg P2O5 ha–1. The timing of fertilizer application

was concomitant with the rainy season when crops

grow fast at the optimal temperature. In T catchment,

an ephemeral stream transports water and nutrients to

the receiving waters during rainstorms, usually for no

more than 24 h after rainfall. In C catchment, surface

pathways for the transfer of water and nutrients are

roads, lanes and field tracks with low infiltration rates,

where the soil is compacted by farmers and machines.

Sample collection and analysis

The discharge of runoff was continuously measured

through a 120�V-notch concrete flume and an H-notch

concrete flume (Fig. 1). A kinemometer was used to

measure water velocity unless water levels were too

low, Then the velocity of small plastic buoys was

measured as distance (about 1 m) over time. Water

samples were collected manually for chemical analysis

at the outlet at intervals of about 2–10 min dependent

on the duration of runoff flow. Water samples of sur-

face runoff in various land uses were also collected

during rainfall-runoff events from 2004 to 2005.

To investigate nutrient spatial transport processes, a

series of sampling sites was installed from upstream to

the outlet in the two catchments. In T catchment,

sampling sites included 28 sites to monitor surface flow

in the stream channel and five for tributary flow from

areas of different land uses. In C catchment, there were

19 sampling sites along an unpaved road, which acted

as the main transport path. Surface water samples were

taken manually. The time of sampling was recorded on

the hydrograph.

(b)

(a)

Fig. 1 Location of the study area, catchment terrain (a) and
landscape spatial distribution in the study catchments (b)
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Immediately after collection, water samples were

put on ice, stored at 4�C, and analysed at the State Key

Laboratory of Environmental Aquatic Chemistry

within 48 h after sampling. Total nitrogen (TN) and

total phosphorus (TP) were determined by peroxodi-

sulfate oxidation (Ebina et al. 1983).

Load calculation was estimated from the instanta-

neous chemical and discharge data according to the

following equation:

lkðjÞ ¼
Xk

i¼1

Dti ciðjÞQi þ ciþ1ðjÞQiþ1½ �=2;

where lk(j) is the cumulative load of the jth constituent

at the kth time interval from the catchment, Dti, the ith

sampling interval, ci(j), the instantaneous concentra-

tion of the jth chemical and Qi, the instantaneous

stream discharge.

Daily precipitation data were obtained at a meteo-

rological station of the Yuqiao Reservoir less than

10 km away. Data on fertilizer and manure application

in the cultivated land were obtained from regular visits

and questionnaires given to farmers.

Results

Rainfall and water output characteristics

The monthly and daily rainfall in the study period is

shown in Figs. 2 and 3. Rain falls mainly from June to

August, when vegetation grows rapidly and tempera-

tures are high. Water output for different rainfall types

is shown in Table 2. The distribution of water output of

different types of rainfall in C catchment had less

variation than T catchment. There was no water export

for rainfall less than 20 mm in T catchment or less than

10 mm in C catchment, which can be considered as

runoff generation thresholds. The mean annual runoff

coefficients (defined as the ratio between water output

from the whole drainage catchment and total rainfall

within the year) of T and C catchments were 0.0016

and 0.0132, respectively.

Nutrient export distribution among different

rainfall types

Daily nutrient export from two catchments during the

two-year study period is shown in Fig. 3. The distri-

bution of TN and TP load among various rainfall types

is similar to that of water volume (Table 2). There was

no nutrient export in rainfall events <20 mm in T

catchment, or for events with <10 mm in C catchment.

Nutrient export in T catchment was more concentrated

in fewer rainstorms than that in C catchment. Around a

quarter of the nutrients exported from C catchment

and 4% of the nutrients exported from T catchment

occurred during 10 rainfall events with 20–30 mm.

Rainfall-runoff events with lower precipitation at

higher frequency played a greater role in nutrient

transfer for C catchment than for T catchment.

Table 1 Comparison of some basic conditions between the two catchments

Taohuasi catchment
(T catchment)

Caogezhuang catchment
(C catchment)

Drainage area 192.1 ha 54.2 ha
Potential anthropologic nutrient emission area 86.6 ha 54.2 ha
Population 290 300
Livestock 1,000 laying hens; 20 cows; 100 goats;

80 pigs and 50 deer
800 laying hens; 20 cows;

120 goats and 70 pigs
Landscape spatial pattern Hill–village, vineyard,

orchard–cropland–woodland–eulittoral zone
Hill–cropland,

orchard–village–eulittoral zone
Micro-topographical features in landscape Terrace, field ridge, pond Terrace, field ridge
Sink structures in transport pathway Stone dams, grass filter strips, dry ponds None

Fig. 2 Comparison of monthly rainfall in the years of 2004 and
2005 and mean monthly rainfall during 1980–2005
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The annual export rates per unit area were also

calculated based on nutrient export of 33 rainfall-run-

off events. Mean TN and TP export rates in T catch-

ment were 0.158 and 0.027 kg ha–1 year–1 on the basic

of the anthropological emission area (86.6 ha). Com-

parably, mean TN and TP export rates in C catchment

were 1.048 and 0.561 kg ha–1 year–1, about 6.6 times

and 20.6 times higher than those in T catchment.

Nutrient mobile potential of various landscapes

Land covers, saturated soil hydraulic conductivity

(Kd), and nutrient concentrations in the two catch-

ments are presented in Table 3. In general, villages and

vineyards showed the highest runoff generation ability

and nutrient concentration. Hill land and woodland

showed the lowest. Cropland and orchard ranged in the

middle. Village and vineyard may be considered the

‘‘critical source area’’ in the two catchments.

The land cover in the village was mainly made up of

impervious surfaces (houses, paved roads) and com-

pacted earth surfaces (unpaved roads, yards) with low

soil infiltration rates. The range of concentrations in

soil and surface runoff for vineyards and villages was

wider than that of other types of land because of the

intensification of human activities.

In China, farmers traditionally live close to water

resources, such as rivers, lakes and reservoirs. A small

number of livestock is often fed by an individual

farmer in one area. Animal waste is often piled up and

stored openly without effective management. Most

villages lack waste collection systems and wastewater

treatment facilities. In the two catchments, livestock

excretion often piles up beside village roads, and this

Fig. 3 Daily rainfall, water
and nutrient export from the
two catchments during the
rainy seasons (May–
September) of the two-year
motoring period. Rainfalls
less than 10 mm were not
shown

Table 2 Summary of water volume, TN load and TP load for different rainfall types

Rainfall type (mm) Rainfall event Rainfall (mm) Water volume (m3) TN load (kg) TP load (kg)

T C T C T C

0–10 99 302 (27) § § § § § §
10–20 15 211 (19) § 804 (10) § 9.9 (8) § 5.0 (8)
20–30 10 236 (21) 250 (7) 1898 (24) 1.0 (4) 23.2 (28) 0.2 (4) 13.2 (22)
30–40 3 102 (9) 702 (20) 1693 (21) 3.6 (13) 20.7 (11) 0.6 (12) 14.1 (23)
40–50 2 83 (7) 748 (21) 1340 (17) 5.5 (20) 20.8 (28) 0.7 (15) 11.7 (19)
50–60 1 56 (5) 402 (11) 689 (9) 3.1 (11) 11.1 (11) 0.5 (10) 4.2 (7)
>60 2 141 (12) 1447 (41) 1645 (20) 14.2 (52) 28.0 (14) 2.8 (59) 12.7 (21)
Total 132 1131 (100) 3550 (100) 8069 (100) 27.3 (100) 113.6 (100) 4.7 (100) 60.8 (100)

The number in parentheses is the percentage

T Taohuasi catchment; C Caogezhuang catchment, § no water and nutrient export
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adds to surface runoff nutrients. Grapes are a cash crop

in T catchment; they require a large amount of fertil-

izer and manure. The high nutrient input leads to high

nutrient export risk, especially when manure is applied

before rainstorms. TN and TP concentrations in sur-

face runoff peaked to 55.41 and 74.53 mg l–1, on July

26, 2004, only three days after the fresh surface appli-

cation of liquid poultry manure.

Landscape spatial patterns and nutrient transport

processes

The landscape spatial patterns in the two catchments

are mapped in Fig. 1. The landscape spatial pattern in

T catchment was hill land–village, vineyard, orchard–

cropland–woodland–eulittoral zone from upstream to

the receiving waters. The village and vineyard areas

are about 1,500 m away from the outlet. The spatial

pattern in C catchment was hill land–cropland, orch-

ard–village–eulittoral zone. The distance of a village

from the outlet was about 200 m,-nutrients could dis-

charge into receiving water directly in C catchment.

TN and TP concentrations in the transport pathway

are shown in Fig. 4. The nutrient concentration in

surface runoff varied with hydrological pathways and

landscapes. Nutrient concentrations across the village

were the highest among all landscapes, followed by

cropland and orchard. Hill land and eulittoral zone

shared the lowest nutrient concentrations. In the two

typical rainfall-runoff events, nutrient concentrations

at the outlets of T catchment were higher than those of

C catchment.

Micro-topography within the two catchments

The micro-topography in the research area has chan-

ged greatly after a long history of intensive cultivation.

Many natural and man-made micro-topographical

structures are distributed among the two catchments,

such as gullies, depressions, terraces, field mounds,

ponds, and field tracks, lanes, dams and vegetated filter

strips. This creates a complex earth surface system and

increases surface roughness (Fig. 1, Table 1). Most of

the cultivated landscape in the two catchments has

been developed into terraces, with a gentle slope of

less than 5�. These terraces are often divided into many

small blocks of 0.1–0.5 ha. This pattern increases the

density of the border per unit area. Small earth mounds

or ridges were usually constructed to separate and

denote the different owners or harvest rainfall. The

height of earth mounds around fields usually ranges

within 5–15 cm. If a flat field is well closed with earth

mounds to a height of 10 cm, it should have the

capacity of storing 10 cm depth of runoff (Fig. 5).

In the north part of hilly areas of T catchment, deep

gullies, depressions and man-made dams could be

shaped into small reservoirs to store surface runoff,

and enhanced infiltration. No surface water could dis-

charge from those areas without significant rainfall.

Many small ponds for fish, irrigation or collecting earth

for construction are also scattered within T catchment.

Ponds within T catchment are estimated to store about

8,600 m3 water, or 4.5 mm depth surface runoff. Sev-

eral small stone dams have also been built to intercept

sediments. Wang et al. (2004, 2005) noted that a series

of artificial and natural buffer/detention landscape

structures in the hydrological pathway, such as four

small stone dams, a roadside grassed ditch, a vegetated

filter strip, two dry ponds and a eulittoral zone, could

effectively reduce the export load of sediment and

nitrogen in surface runoff. The flow velocity and runoff

volume were the two key factors determining nutrient

load export. Nutrients were transferred without any

detention in filed tracks and lanes in C catchment.

These tracks were often compacted by footstep and

agricultural machinery.

Table 3 Comparison of some characteristics for various landscapes of the two study catchments

Land use Land cover Kd (mm h–1) Nutrient contents
in soil (g kg–1)

Nutrient concentrations
in surface runoff (mg l–1)

TN TP N TN TP N

Hill land Pine and grass 56.4 0.39 (0.35–0.72) 0.19 (0.12–0.32) 10 9.52 (5.55–14.81) 1.89 (1.83–7.23) 21
Cropland;

Orchard
Wheat and maize;

Hawthorn,
apricot

79.8 0.59 (0.42–1.39) 0.35 (0.18–1.03) 88 14.27 (3.85–24.71) 2.39 (0.45–8.16) 74

Vineyard Grape tree 67.2 0.91 (0.57–1.48) 0.80 (0.48–1.48) 24 25.64 (15.21–55.41) 8.71 (1.18–74.53) 57
Village House, unpaved

road, garden
4.2 0.82 (0.39–3.90) 0.60 (0.28–2.06) 18 17.53 (5.48–91.75) 4.64 (1.64–34.63) 89

Woodland Alamo, tussock ND 0.52 (0.41–0.58) 0.21 (0.17–0.33) 9 ND ND ND

Data of nutrient contents in soil and surface runoff are shown as median (maximum–minimum)

TN total nitrogen; TP total phosphorus; Kd soil saturated hydraulic conductivity; N the number of samples; ND not determined
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Discussion

Effects of landscape spatial patterns

In the two catchments, village and vineyard had the

heaviest nutrient pollution. Woodland can remove

nutrients through uptake, settlement, sorption, deni-

trification et al. (Hill 1996; Casey and Klaine 2001).

The eulittoral or wetland zone, mainly covered by

sparse grass was able to detain nutrients during lower

surface water levels in the reservoir, but could play no

role in nutrient attenuation when submerged. During

most of the study period, the eulittoral zone was sub-

merged. When this eulittoral zone was not above wa-

ter, there was no buffer zone for nutrient export

moving toward the receiving water of the Reservoir.

The landscape spatial pattern determined the distri-

bution of nutrient source. The longer distance a

nutrient traveled, the higher the possibility of nutrient

detention. In T catchment, nutrient pollution from

village and vineyard were reduced during transport

because of the long travel distance of about 1,500 m. In

a

b

Fig. 4 Spatial variations of
TN and TP concentrations
within hydrological pathways
of the two catchments. a T
catchment on June 22, 2003,
cited from Wang et al. (2004,
2005); b C catchment on
August 25, 2004. Black
squares stand for TN, empty
circles stand for TP. Vertical
bars stand for standard
deviation. Landscapes around
the sampling sites are also
given

Fig. 5 Small earth ridges and
mounds within the two study
catchments
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C catchment, the short distance of about 200 m be-

tween village and the outlet almost resulted in no

nutrient reduction.

Landscape spatial patterns not only determine

nutrient spatial distributions, but also affect spatial

transport processes. In the transport pathways of the

current study of T and C catchments, surface runoff

nutrient concentrations near the village and vineyard

always shared the highest concentrations (Fig. 4).

Effect of micro-topography

At finer scales, micro-topography can concentrate or

disperse runoff. It can reduce overland flow velocity,

and surface water ponds in small depressions (Bergk-

amp 1998; Kirkby et al. 2002; Cammeraat 2004; Imeson

and Prinsen 2004). Micro-topographical features can

be differentiated as source and sink features. Source

features refer to runoff generation areas with nutrient

export, which often have high nutrient mobility po-

tential. Bare land, unpaved roads and compacted cul-

tivated land usually were source features. Sink features

were primarily those areas where water and nutrients

could be absorbed. Dams, ponds, field mounds and

terraced lands were sink features. Ponds could store

water from surrounding areas and effectively reduce

agricultural pollutant loads to streams and lakes (Yin

et al. 1993; Fiener et al. 2005). Water behind the earth

mounds and dams could increase infiltration (Bergk-

amp 1998). Huang and Zhang (2004) found conserva-

tion practices had a great impact on the flow regime

when they investigated the hydrological response to

soil conservation practices in a moderate-size catch-

ment in the Loess Plateau of China. The types of soil

conservation practices implemented in the catchment

mainly included planting of trees, establishing man-

made grassland, construction of terraces and small

gully erosion control dams. The latter two features

were common in this current study.

In the two study catchments, ponds, earth mounds

and terraces were common sink features, which pro-

vided water storage capacity and enhanced infiltration,

thus increasing the runoff generation threshold. The

number and buffering capacity of sink features in T

catchment were greater than in C catchment. This may

explain why the rainfall threshold for runoff generation

(about 20 mm) in T catchment was higher than that in

C catchment (about 10 mm).

Hydrological connectivity is another important fac-

tor controlling whether water and nutrients can be

transferred into the ultimate water bodies (McDowell

et al. 2001; Heathwaite et al. 2003; Heathwaite et al.

2005). Along a transport pathway, longer pathways

increase local storage possibilities. In the present study

area, sink features such as stone dams, vegetated filter

strips, and dry ponds effectively detained runoff and

nutrients within the ephemeral stream in T catchment

(Wang et al. 2004, 2005). When there is low rainfall

amount, then sink features could discontinue water

flow. Hydrological pathways made up of earth can

absorb water through storage in soil and infiltration.

However, during high rainfall events, nutrients that

have accumulated in transport pathways during the

previous rainfall-runoff events can also be resuspended

and transferred with water flow.

Recently, some of the ephemeral streambeds have

been cultivated as cropland or orchards. Such activi-

ties have two controversial ecological results. On the

one hand, maize or trees can increase surface

roughness and discontinue surface runoff. On the

other hand, fertilizer application in ephemeral

streams increases the nutrient export risk. In small

rainfall-runoff events, the former phenomenon often

dominates, while the latter may play the main role in

large storm events. Such a discrepancy can also partly

explain why nutrient load transferred in these large

storm events occupies such a very high proportion of

the total. In the long run, agricultural activities in

hydrological pathways in T catchment may need to

be banned. Otherwise, sink features and hydrological

pathways could become nutrient sources during large

storm events. In C catchment, there were no sink

features along the transport pathway but the trans-

port pathway itself was also a nutrient source. Sur-

face runoff on unpaved roads, lanes and field tracks

was more likely to become concentrated. Then,

nutrients accumulated on the top of the soil were

more easily transferred. Special efforts are required

to familiarise local farmers with environmentally

friendly agricultural production techniques and pre-

vent nutrient pollution away from hydrological

pathway. These efforts need to include explanations

of the urgency of taking special measures in order to

preserve the Reservoir drinking water. Economic

supports for farmers will be needed to assist farmers

in building ponds and in finding ways to sequester

manure piles so they are not subject to rainstorm.

Conclusion

The nutrient export from agricultural catchment can be

affected by not only the nutrient source but also the

landscape spatial pattern and micro-topography. The

distance between the pollution source area and the

catchment outlet, and the sink structures in the runoff
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pathways were key factors in determining the nutrient

export rate in the catchments have been studied.

In T catchment, there was 1,500 m between the main

pollution source area and the receiving water, and

there were sink structures of small stone dams, road-

side swale, vegetated strip and dry ponds, which could

retain water, sediment and nutrients. In C catchment,

the shorter distance of about 200 m between the village

and reservoir, and few sink structures resulted in direct

nutrient discharge into the reservoir. These differences

made the TN and TP export rates from C catchment

6.6 and 20.6 times as much as those from T catchment.

To reduce nutrient export and control eutrophica-

tion in the reservoir, not only should the nutrient

source be controlled, but also the hydrological path-

way. Ecological engineering measures could be used to

optimize the landscape spatial configuration and better

control nutrient transfer from the agricultural catch-

ments.
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