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Spatial Phosphorus Retention in an Agricultural Headwater Stream
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Abstract : The spatial dynamics of phosphorus and suspended solids were investigated for two years in a 1.8 km agricul-
tural headwater stream , located by Chaohu Lake , southeastern China. The stream form was greatly modified by human
activities . The stream could be divided into 4 channelized reaches (1.3 km) , a pond reach (0.15 km) and 3 estuary
reaches (0.36 km) . It was found that the retention of total phosphorus ( TP) , phosphate and total suspended solids
( TSS) predominantly occurred in the pond reach and estuary reaches . TP, phosphate and TSS retained in the pond and
estuary reaches accounted for more than 50 % of those retained in whole stream . The retention mostly happened in the
precipitation runoff events and it was 10 to 27 times than that in baseflow . The results showed that channelized reaches
were the most important source for pollutant release under either runoff or baseflow conditions, and it accounted for
more than 90 % of whole stream release . There was a high spatial variation of nutrient dynamics in different channelized
reaches . The channelized reach directly discharging into the pond did always retain nutrients and TSS under base flow
and runoff , whereas the other channelized reaches performed differently in different hydrological conditions. Stream
forms, hydrological conditions, and nutrients characteristics controlled the high spatial variation of the nutrients and
TSS in the stream, while the human practices would accelerate these spatial patterns .
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Table 1  The characteristics of Liuchahe and aquatic plant
Characteristics of reach Characteristics of aquatic plant
Reach types
Reach Width/ m  Depth/ m  Length/ m Dominant Coverage/ %
L1-2 2~10 1.5~2 168 ( Phragmites) . ( Acorus cala mus) 85
L2-3 3~3.5 1.5~2 378 ( Alternanthera philoxcroides) 10
Channelized L3-4 4~6.5 2~2.5 328 ( Phragmites) 78
reach L5-6 5~6 0.5~1.0 404 ( Phragmites) . ( Alternanthera 92
philoxcroi des)
L4-5 30 ~55 0.5~1.5 154 ( Alternanthera philoxcroides) 70
Pond reach
L6-7 10~35 0.5~0.8 102 ( Alternanthera philoxcroides) . 95
( Phragmites)
Estuary L7-8 25 ~ 45 0.5~0.8 254 ( Alternanthera philoxcroides) . 90
reach ( Acorus cala mus)
L8-9 45~50 0.5~0.8 50 ( Acorus cala mus) 80
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Table 2 The particle composition of sediments in Liuchahe stream/ %

/ mm Particle composition

Reach type 1~0.25 0.25~0.05 0.05~0.01 0.01 ~0.005 0.005~0.001 <0.001
Channelized reach 1.4 8.2 24.5 21.9 16.1 27.9
Pond reach 1.4 3.6 24.5 18.3 16.2 36.0
Estuary reach 2.8 7.6 29.3 13.7 14.0 37.6
3 . TP
Table 3 Che mical indices of sampling plots in Liuchahe stream ( = _2.9788 x
TP ( Mean £SD) PO, P ( Mean £SD) 0.9451 ,r= - 0.55) . TP
Reach ! % / mg'kg'l ' TP
L1-2 0.068 +0.017 12.53£5.14 TP 11-3
L2-3 0.086 =0.036 12.59 +2.58
L3-4 0.081 £0.016 7.86 £6.69 R Ls-6 s
L4-5 0.057 £0.016 7.07 £2.57 4 ) L4-5
L5-6 0.071 £0.036 12.00 £7.21
L6-7 0.068 £0.022 9.78 £2.15 ’
L7-8 0.086 £0.013 7.55%4.55
L8-9 0.071 £0.015 10.72%5.15 TP L6-7 L7-9
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Table 4 Pollutants retention variation in Liuchahe stream

TP/ kg Unit area load/ PO P/ kg Unit area load/ TSS / kg Unit area load/
Reach type 2 2
gom 2 g m 2 g m 2
Channelized reach - 2.80 -0.49 -1.10 -0.19 - 4856 - 842
Pond reach 3.40 0.52 1.10 0.17 3624 553
Estuary reach 2.50 0.14 0.70 0.11 4479 728
Liuchahe stream 3.10 0.17 0.70 0.04 3247 728
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