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Research on characteristics of nitrogen loss in sloping land under different rainfall

intensities
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Abstract Non-point source pollution has been one severe environmental problem over world and was concerned and studied
actively. Developed agriculture brought on the loss of fertilizer and pesticide which include much nitrogen and phosphorus.
These contaminations led to the eutrophication of water body. However there are several main factors affecting nitrogen loss
such as rainfall intensity slope coverage ratio and so on. The factors effected nitrogen loss mainly by influencing runoff in
other words the polluting ways of nitrogen loss to water would be reflected by nitrogen loss trend in runoff under different
conditions.

In order to simulate the nitrogen loss characteristics during crops natural growing processes according to given
conditions such as rainfall intensity slope and coverage the experiments of adopting artificial simulated rainfall were
designed. The experiments were conducted from August in 2005 to January in 2006 and carried in WSBRZ type automatic

control glasshouse in Zhejiang University. There were two wooden runoff troughs with slopes 14 and 21 and they were filled

401005 EREH-050401
2006-06-16 2007-09-04
1983 ~ . E-mail wuxiyuan616@ zju. edu. cn
* Corresponding author. E-mail 1pzhang@ zju. edu. cn

Foundation item The project was financially supported by the Natural Science Foundation of Zhejiang Province No.401005  Key Lab Foundation of
Environment Rehabilitation & Ecology Health Ministry of Education China No. EREH-050401
Received date 2006-06-16 Accepted date 2007-09-04

Biography WU Xi-Yuan Ph.D. candidate mainly engaged in research of non-point source pollution. E-mail wuxiyuan616@ zju. edu. cn

http //www. ecologica. cn



11 4577

with soil which was taken from Qingshan lake valley in Linan city. Cabbages were planted to provide different coverages
based on the experiment design. In each rainfall process 15 runoff samples were collected separately per minute or every
two minutes in order. Following on the runoff samples of 15 were analyzed in the lab and the concentrations of TN NH,' -
N and NO, -N were respectively measured in 24 hours.

Artificial simulated rainfalls of 15 were conducted during the whole experiment. According to the experiment purpose
6 rainfalls were selected from 15 simulated rainfalls and separated into three groups while each group has two rainfalls with
same slope and coverage and different rainfall intensities. Then experiment data were analyzed in two ways. Firstly by
charting the curve of nitrogen loss in each group with increasing time the gradients and numerical values of curves on the
same chart were compared with each other respectively to find out the differences between effects of different rainfall
intensities on the nitrogen loss. Secondly the changing trends of TN NH, -N and NO, -N concentration with increasing
time were compared with each other in order to get the relations among the concentration time and rainfall intensity. It
could be inferred that NO, -N with bigger percentage was the main component in dissolved nitrogen distinctly.

The study was based on analyzing the experiment data from artificial simulated rainfalls on three indices such as TN
NH, -N and NO, -N. Results in the study were summarized as following (D) the changes of TN concentration in runoff were
inapparent with increasing time. However the total loss content of TN increased evidently because of increasing runoff.
Some specifically rules of NH, -N and NO; -N concentration were discovered in loss with increasing time. The rules were
that in early stage the concentration was high in runoff in middle stage the concentration reduced or kept stabilization and
in the end the concentration reascended. (2) there were two forming causes of runoff correspondingly there were two types
of nitrogen loss. One type of nitrogen loss contained more dissolved nitrogen and the other type contained more undissolved
nitrogen. Dissolved nitrogen was the main form in two types of nitrogen loss while NO, -N was the main component in
dissolved nitrogen. The loss percentage of undissolved nitrogen increased with increasing time under slope <15 degrees.
The loss percentages of undissolved nitrogen increasing suggested that re-pollution of nitrogen loss was very important and
should be paid more attention to. Re-pollution of nitrogen loss was mainly caused by stronger rainfall intensities. The runoff
patterns  which influenced the percentage of undissolved nitrogen loss changed with different rainfall intensities. However

the loss of undissolved nitrogen was the major reason to non-point source re-pollution.
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Table 1 Soil density
Soil depth cm 0~10 10 ~20 20 ~30 30 ~40 40 ~50
Soil density g/cm’ 1.13 1.14 1.15 1.16 1.19
5
3
lmin  2min
1 15
15 3 GB11894- 1989
GB11894-89 GB/
T8538-1995
2
15 6
3
3 3
2.1
3 3 abec
abec
P f#8 8 (mm/min) —04 — 177 — 0.66
Rainfall intensities ——046 — - 1.1 — =22
a Jf & Slope 14° b 3§ J& Slope 14° ¢ B & Slope 21°
20 — ZEE Coverage 30% 20 — B Coverage 90% 8 — F ¥ JE Coverage 90%
e e o) ~
Esp £ E 6 s
F : 5 g
s 10 - % g 4 /
=3 - by s /
@] P - O &) Y
H s -~ i i 2
& -7 4o & /
o= ! | ] 0 | ]
0 20 40 0 20 40 0 10 20
Bt ] Time (min) B} ] Time (min) B} ] Time (min)

1

Fig.1 Curve of TN loss changes with increasing time under different rainfall intensities
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Table 2 Equations of TN loss changes and time under different rainfall intensities
Rainfall intensity mm/min Equation R?
0.4 = —0.014a% + 0.9283x + 2.4178 0.9871
0.46 = 6x10 x> + 0.2919x + 0.3134 0.9531
1.77 = 0.0253x* - 0. 1417x + 4.5022 0.951
1.1 = 0.0607x% + 0.0979x + 1.6431 0.9782
0. 66 = —0.0005x% + 0.0818x + 0.4872 0.9712
2.22 = —0.0104x% + 0.5954x + 0.9763 0.9733
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Fig.2  Curve of NH, -N loss changes with increasing time under different rainfall intensities
3
Table 3 Equations of NH,' -N loss changes and time under different rainfall intensities
Rainfall intensity mm/min Equation R?
0.4 + = —0.00112% + 0.0788x + 0.3897 0. 8607
0. 46 = 0.0044x% + 0.0643x + 0.1046 0.9716
1.77 = 0.004x> + 0. 1608x + 0. 1787 0. 946
1.1 - = —0.0025x% + 0.2353x + 0.0283 0.92
0. 66 - = 0.0003x% + 0.0049x + 0.0844 0. 9504
2.22 : = —0.0085x% + 0.2563x — 0. 1088 0. 9591
2 3 a
b 90%
c 21°
3 4 3 a a
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Fig. 3 curve of NOs -N loss changes with increasing time under different rainfall intensities
4
Table 4 Equations of NO; -N loss changes and time under different rainfall intensities
Rainfall intensity mm/min Equation R?
0.4 y = 0.0013x% + 0.1107x + 7. 1046 0. 8438
0.46 y = —0.0024x* + 0.568x + 0.8147 0.9392
1.77 y = 0.0079x* — 0.0565x + 2.8141 0. 8225
1.1 y = 0.0217x% — 0.1248x + 2.2676 0.789%4
0. 66 y = 0.0055x* — 0.0445x + 0.7521 0. 9304
2.22 y = —0.02674% + 0.6985x + 0.4424 0. 8007
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Table 5 Changes of every nitrogen index with increasing time under different rainfall intensities

Rainfall intensity mm/min Time min TN concentration mg/L NH," -Nconcentration mg/L ~ NOj -N concentration mg/L
0.4 10 4.65 0.56 3.84
20 4.65 0.48 3.05
30 4.77 0.47 2.99
0.66 5 3.15 0.41 2.35
10 3.08 0.39 1.71
15 2.91 0.44 2.02
1.1 5 4.64 1.19 2.95
10 4.49 1.14 2.31
15 4.44 0.83 1.49
6

Table 6 Changes of every nitrogen percentage in TN with increasing time under different rainfall intensities

Rainfall intensity Time Percentage of NH, -N Percentage of NO; -N Percentage of undissolved
mm/ min min in TN in TN nitrogen in TN
0.4 10 0.12 0.83 0.05
20 0.10 0.66 0.24
30 0.1 0.63 0.27
0.66 5 0.13 0.75 0.12
10 0.13 0.62 0.25
15 0.15 0.70 0.15
1.1 5 0.26 0.64 0.1
10 0.25 0.51 0.24
15 0.19 0.34 0.47
3
3
1
2
3 13 ”
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