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Abstract: Overland flow is one of the important factors inducing soil nutrients loss into runoff. In order to simulate and
study the effects of overland flow on soil nutrients loss, a mathematical model describing soil nutrients transport with
overland flow was developed based on the concept of effective mixing depth and Kostiakvo equation. In addition, the model
also makes the corresponding assumptions to simplify the infiltration process. The obtained model was denoted as the
incomplete-mixing model. Field water scouring experimental data was adopted to test the applicability of the proposed
model. The experiment was performed on a natural, fallowed loessial slope (38°46’ ~38°51'N, 110°21' ~110°23'E), in
14 km west of the Shenmu Erosion and Environment Research Station of the Institute of Soil and Water Conservation,
Chinese Academy of Sciences, in the Liudaogou watershed, Shaanxi Province. Field plots were established on a slope that
had been fallowed for seven years. Vegelation types cover were adopted (herbaceous and crops), including caragana and
soybean. The characteristics of the transport of runoff, nutrients ( nitrogen and phosphorus) under different vegetation cover
were discussed in this study. Results indicated that the incomplete-mixing model performed pretty well in predicting the
process of nutrients transport into runoff. The correlation coefficients were larger than 0. 9 for all the treatments. Moreover,
little bias was observed between the measured cumulative mass and the simulated data obtained from the incomplete-mixing
model. Taking nitrate nitrogen for example, the relative errors between the measured data and simulated results were 6. 6%
(caragana) and 5.9% (soybean). When the nutrient was soluble phosphorus, the relative errors were 1. 1% ( caragana)
and 2.3% (soybean). For better simulation results, the calculation accuracy and simplicity in obtaining parameters should
be taken into consideration during model selection. The results in this study will provide significant references for more
analysis on nutrients transport into runoff with overland flow in future.
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0 Introduction

The overland flow on a hillslope constitutes the main
cause of rill formation and nutrients loss. With the loss
of soil nutrients, the production capacity of the soil
reduced. Furthermore, nutrients and soil transfer with
the overland flow silt up in the rivers and lakes,
leading to the eutrophication of the water body. In the
loess plateau of China, water and soil erosion is more

[1-3]

serious Scholars from home and abroad have

made a lot of research and put forward various types of

mathematical models to describe soil nutrient losses

4-17]

into runoff" At the beginning of nutrients models

development, the mixing layer was the most commonly

used for modeling chemical transport to the runoff"® !
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Early in 1977, DONIGIAN, et al. '™ proposed a
model stimulating the soil nutrient transport with the
runoff. It assumed that chemical transfer from a mixing
zone in which rainwater, soil water, and infiltrating
water mix instantaneously, completely, and uniformly,
with no chemical exchange from below the mixing
zone. After that, the dissolved nutrients in the mixing
layer transfered with the infiltration and runoff water.
The thickness of the mixed layer was obtained by curve
FRERE, et al. '
assumed that the depth of the mixed layer was 1. 0 cm.
INGRAM, et al. '™

concentration of the nutrient in runoff was far lower

fitting the experimental data.
found that the

However

than that in soil. So they proposed the incomplete-

mixing concept and considered that the nutrient
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concentration in soil was the same with that of
infiltration, and in proportion to the concentration of
runoff. United States

Department of Agriculture

developed the non-point source pollution model namely
CREAMS model on the basis of the “mixed layer”
concept in 1980. AHUJA, et al. '’ used P as the
tracer material and found that the interaction between
rainwater and soil water decreased rapidly with depth
under free infiltration and saturated water conditions.
So they proposed the concept of effective mixing depth
(EDI), and EDI is a generalized thickness, rather
than the actual thickness of the soil. The complete-
mixing model was then proposed, it hypothesed that
rainwater completely mixes with soil water in the
effective mixing layer, and the solute concentration in
the runoff equalled to the concentration in the
infiltrating water and in the mixing layer. Besides,
through the experimental study, AHUJA, et al. /™~
found that under the influence of large infiltration rate ,
the logarithm value of runoff nutrient concentration and
the time was a curve relationship. It showed that the
complete-mixing model was not reasonable for the soil

16 studied the

with large infiltration capacity. ZHANG'
mineral nitrogen and the runoff depth, and put forward
the backstepping method and the turning point method
to calculate EDI. According to soil nutrient transport

WALLACH, et al. '

distribution of soil nutrient profile, through the analysis

equation , , obtained the
of the saturated soil nutrient transport characteristics on
the undrained case and they considered that the soil
nutrient had entered the runoff through mass transfer
mode. So they proposed the concept of effective
transmission depth ( EDT). According to the specific
characteristics of the loess area, WANG'™®' proposed
the concept of the equivalent runoff migration depth.
He divided the effective mixing depth into two parts.
One part is equivalent infiltration depth, and the other
is the equivalent runoff migration depth. They
established the equivalent runoff migration depth
solving equation, and according to the experimental
data, he deduced the equivalent runoff migration depth
of K* under different runoff equivalent raindrop kinetic
energy. Because of the serious soil and water loss in
the loess area, the index model established by the
majority of foreign scholars did not take into account

the loss of soil and water, so according to a large

WANG, et al. '™

proposed the equivalent convective mass transfer

number of experimental data.

model, and the simulation results were in agreement
with the experimental results. After that , WANG, et

[20]

al. with the effective mixing depth concept and

Philip infiltration equation'®"’ | deduced the effective
mixing depth model of the soil nutrients migrating with
the runoff under the condition of rainfall. YANG, et
al. ") supposed that the mixing depth is not a constant
in the nutrients transport model, and established a
relationship of mixing depth among various influencing
factors, such as rainfall intensity, slope, initial water
content and so on by using regression analysis method.

At present, the propsoed nutrients transport models
are mainly in accordance with the condition of rainfall ,
and the model development is relatively mature. But
we are now lacking of the mathematical models that soil
nutrient transport with runoff under the runoff scouring
condition. So the description of the interaction between
the rain and runoff erosion in the nutrient transport is
limited. Therefore, it is needed to analyze the effect of
water scouring on the surface runoff of soil nutrients.
Based on runoff infiltration process of generalization,
combined with Kosjakov infiltration formula and the
mixing depth model of nutrient transfer, a
mathematical model was established to study the effect
of water flow erosion on the surface runoff of the slope
surface, which provides the basis for the development

of the mathematical model of the soil nutrients with the

effect of rain and runoff transport with the runoff.

1 Materials and methods

1.1 Test equipment and materials

The experiment was performed on a natural,
fallowed loessial slope (38°46" ~38°51'N, 110°21" ~
110°23’E) , in 14 km west of the Shenmu Erosion and
Environment Research Station of the Institute of Soil
Chinese Academy of

and Water Conservation,

Sciences, in the Liudaogou Watershed, Shaanxi
Province at Shenmu. Water and soil erosion is serious
and such natural disasters as rainstorm, drought, etc.
are heavy in this area. The soil type is sandy loess,
including 15.19% clay, 36.90% silt and 47.91%
The soil bulk

density of surface soil within 50 ¢m is in the range of

1.26 ~ 1.41 g/cm’, and the average bulk density is

sand respectively ( mass fraction ).
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1.34 g/cm’. A total of four experiment plots are set,
installing baffles along the slope direction on both sides
of plot to prevent water outflow, and install V type
trough to collect runoff in outlet. Slope vegetations are
Caragana and soybean, each has a repeat and were
planted with 30 ¢cm row spacing. Before runoff scouring
experiment, we use leveling instrument to level all
slope plots and ensure slope surface water flow at the
same time to avoid plume. A steady-head water
scouring method was adopted under natural conditions
and water supply equipment is consist of the cellar,

movable type reservoir, water pumps and generators.

Test schematic diagram is shown in Fig. 1.

Fig.1 Schematic diagram of water scouring experiment

1. Reservoir 2. Cellar 3. Water pumps

1.2 Test method
The nutrient spraying standard is KNO, for 60 g/m”,

KH, PO, for 60 g/m* according to the level of fertilizer
used in Shenmu. After spraying, placing 24 h, so that
the nutrients can have enough time to distribute in the
surface layer of a certain depth.

The test plot is 10 m in length, 1m in width, and
the slope is 10. 8°.

21 L/min ( the discharge of water of per unit area is

The upslope runoff flow is

0.21 em/min), and the flow needs to do multiple
When the value

anduniformity of the flow meet the requirements, start

times of rating before the test.

the flow erosion test. The time of single field discharge
is 40 min. After the beginning of the flow erosion test,
record the time that the overland flow gets to the
section which was set up already before the test, and
make this time as the determination of water flow
propulsion. When the overland flow reached to the
outlet, the runoff production time is recorded. After
the runoff occurs, a plastic bucket with a capacity of
approximately 18 L is used to collect the runoff samples
per Imin, and measured the quality of each water

sample of runoff ( convert to volume when dealing with

the data). Then air-dry the sediment in each runoff
barrel to determine the sediment quality of each period
of time. When the overland flow is stable, use staining
method ( Potassium Permanganate solution) to measure
the flow rate.

Collect the supernatant of the runoff from the plastic
buckets which are used to collect the runoff with the
capacity of 100mL plastic bottles, and keep it in cold
storage. Then measure the concentration of the nitrate
and water soluble phosphorus. Before and after each
water discharging test, collect soil profile samples from
the top, middle and bottom of the slope direction to
Collect the
surface 10 em soil in accordance with the principle of
0O~lem, 1 ~3em,3~5em, 5~7.5em, 7.5 ~

10 cm, and the soil samples under 10cm are collected

measure the soil nutrient concentration.

once every 5 cm and the sampling depth is 50 em.
When mensurating the soil profile moisture content, the
soil sampling principle is the same as the above-
metioned, and the moisture content of soil is
determined by drying method. After taking soil sample
and measuring soil moisture, use the soil near the plot
to backfill in the same quality, and the compaction is
carried out, so that the density of the filled soil is close
to the original soil in the area. The soil saturated water
rate of the experimental plot is 40.55% ( volumetric
water rate ), and the initial water rate are 9.575%
(Caragana) and 10.67% ( Soybean) ( both of them
are volumetric water rate). The concentration of the
nitrate nitrogen and water soluble phosphorus is
analyzed by UV spectrophotometer, and the soil
analyzed by 0.5 mol/L

molybdenum

available
NaHCO,

colorimetric. Take three times repetition of each

phosphorus  is
leaching antimony  anti
sample and make the arithmetic mean value as the
calculating and analyzing result. Use this method to
measure the initial contents of the nitrate nitrogen and
water soluble phosphorus of the surface soil, and they
are 339. 12 mg/kg and 451.05 mg/kg, respectively.
The isothermal linear absorption coefficient of nitrate
nitrogen and available phosphorus in soil is 0. 83 L/kg
and 2. 1 L/kg determined by the experiment. Then use
Matlab and Excel software to process data.
1.3 Theory

The Kostiakov equation to describe the slope

infiltration process under the conditions of water
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erosion. For the slope with short length, in order to
simplify the infiltration process, consider the slope as a
unit, and assumed that the average infiltration time is
t,/2. Therefore,

expressed as

the Kostiakov equation can be

(D

= (z—%’)l_b (2)

In Egs. (1) and (2), ¢ is infiltration rate

~
1
IS}
—_—
~
|
o ‘t“
P
|

(em/min) ; I is cumulative infiltration volume (cm) ;

t is discharge time (min) ; ¢, is runoff production time

»
(min) ; a is the soil infiltration rate at the end of the
first unit of time (cm/min) ; b is empirical index.

The process of soil nutrient transport can be divided
into two parts, one is with the water seepage to the
deep migration, and the other is the surface runoff.
Because the traditional mixing depth model is mostly
based on saturated soil and rainfall conditions,
therefore, in order to establish the mathematical model
for the transfer of unsaturated soil nutrients to surface
runoff under the condition of water erosion, the process
of soil moisture and nutrient transport is generalized. Tt
is assumed that the overland flow makes the mixing
depth reach saturation firstly, and then the soil
moisture passes through the mixing layer, which carries
nutrients to the deep layer. The nutrients in the
effective mixing depth are always evenly distributed,
and the probability of entering the surface runoff is the
same. Regardless of the way in which nutrients enter
the surface runoff, it will be considered as a dissolved
state into the runoff, and consider the comprehensive
effect of soil erosion as the influence to the effective
mixing depth and concentration ratio coefficient.
Nutrient concentrations in the mixed layer during the
whole discharge period and the nutrient concentration
in the soil and the nutrient concentration in the surface
runoff are fixed proportion™®" .

If the saturated water content of soil is 8, (cm’/ em®) |
the initial water content is 6, (c¢cm’/em® ), and the

effective mixed layer depth is A, (cm), then the water

needed in the mixing depth to saturation is;

wy,=(6,-0,)h, (3)
1y =w, (4)
) = 0h, ()

The time required for soil ¢, required for soil at the
saturated effective mixing depth is

e
w= [P0 -00n, | o)

In Eqs. (4),(5) and (6), I, is the cumulative
infiltration at the time of ¢,(cm). If ¢, <t,, adjust the
effective mixing depth to make them equal. If z, >1,,
calculate the nutrient concentration in the mixing layer
according to the above hypothesis. If the nutrient
adsorption process is considered as the isothermal

adsorption process, it can be expressed as
c, =ke, (7)

In Eq. (7), ¢
adsorbed to the soil particles (mg/kg) ; k is isothermal

. is the nutrient component that
linear adsorption coefficient (L/kg) ; ¢, is the nutrient
concentration of soil solution (mg/L).

According to the effective mixing depth concept
proposed by AHUJA') | the nutrient concentration in
the effective mixing depth, the nutrient concentration
in the water and the nutrient concentration in runoff are
in proportion. It is assumed that the mixed layer begins
to deliver nutrients to the surface at the time ¢,, then
the nutrient concentration in effective mixed depth can

be expressed as

h, (0, +p.k)c;

(& )"" —(0,-0)h, | +h, (6, +p k)

(8)

In Eq. (8), p, is bulk density of soil (g/cm’) ; « is
the ratio of nutrient concentration in the infiltration and
the effective mixing depth; ¢, is the nutrient
concentration that the initial concentration of soil
nutrients is converted into the saturated state.

After runoff, one part of the nutrient in the effective
mixing depth migrats with the runoff, the other gets
into the deep migration with the infiltration. So the
nutrients in the effective mixing depth changing with

the time can be expressed as
—dchm(%t+psk) = —aic - Bgc (9)
In Eq. (9), B is the ratio of nutrient concentration
in runoff and effective mixed depth; ¢ is runoff
intensity of per unit area (¢m/min) ; ¢ is the nutrient
concentration in effective mixed depth at any time after

runoff (mg/L).
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In Eq. (11),

The following formula is got.

f ide +,8f qdt
¢ =c,exp [ —= ] (10)

h, (6, +pk)

the first integral term represents the
accumulated in infiltration and the second integral term

The formula of

represents the cumulative runoff.

Kostiakov is used to calculate the cumulative

Runoff nutrient concentration is expressed as . . . . .
P infiltration, and the cumulative runoff is obtained by

fidt +BJ thJ the total inflow subtracting the total amount of
(11)

l

Be =P, exp ( T

h, (6, +pk)
ary[-5) - (5)  put-y,

h, (0, +p.k)

infiltration. It can be expressed as

Bec =Bc, exp ( -

(12)
In Eq. (12), g, is the rate of inflow (cm/min). Further simplified, the incomplete-mixing model is obtained.

-3 ) (Z")lb]wqom,,)]

(13)

Be =Pe, exp [ RCETYS

The variation of nutrient concentration in runoff is described by Eq. (13). The runoff intensity ¢ (L./min) can

be expressed as
(14)

In Eq. (14), S is the slope area (m’) ; ¢, is the total inflow (L/min).

The runoff nutrient loss of per time W (mg/min) can be expressed as

a L l_b_ L7 _
(a- - (t 2) (2) ]+,8qo(t t,,)][ql_a5<z_t2p)_b] (15)

W =Bc, exp [ - h (0. +p.h)

The cumulative loss of the runoff nutrient W, (mg) can be expressed as

eomitl) - () e

h, (0, +p.k)

W, =pc,, f exp

[1,

q,—aS(t—%)_b]dt (16)

The Eq. (13 ) describes the process of runoff
and Eq. (16)
In this

extension of time, the slope cumulative infiltration

variation in nutrient concentrations, gradually gets stabilized and the flow from upslope is

describes the runoff nutrient accumulated loss. constant. Consequently, the runoff also gradually gets

way, the surface runoff nutrient transfer effective stabilized. According to the characteristics of runoff

mixing depth model suitable for unsaturated soil under and water balance, when the vegetation is Caragana,

the condition of current scour is formed. the parameters a and b in Kostiakov equation are 0. 16

and 0.22;
parameters a and b are 0. 14 and 0. 22.

. and when the vegetation is Soybean, the
2 Results and analysis i Y

2.1 The variation characteristics of surface runoff

Soil nutrient transferred with surface runoff, and in
order to better analyze the process of soil nutrient loss
along slope land, the characteristics of runoff variation
were studied. Fig.2 shows that the runoff of Caragana
and Soybean plots varies with the drainage time. As
shown in Fig. 2, the runoff increases rapidly with the
increase of the discharge time, and then gradually

tends to be stable. This is mainly because of the

2.2 The variation characteristics of nutrients
concentration in runoff
Fig. 3 shows the change of nitrate nitrogen and water

soluble

vegetations in runoff. As it can be seen from Fig. 3,

phosphorusmass  concentration  of  two

the general trend of the nitrate nitrogen mass
concentration C,(t) and water soluble phosphorus mass
concentration C,(t) changed with time similarly, and

both of them decayed rapidly in the early discharge
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=
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Drainage time/min
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Runoff rate/(L-min )
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5 10 15 20 25 30 35 40 45
age time/min
(b} Sovbean

Fig.2  Changing curves of runoff vs time

concentration, and then decay to a smaller mass
concentration which tends to be stable with the duration
of the discharge time. The incomplete-mixing model
assumes that the nutrient concentration in runoff,
infiltration and the effective mixing layer are not the
same, but there is a linear relationship between the
three ( runoff, infiltration and the effective mixing
layer). The nutrient concentration in runoff varies with
time can not be fitted with exponential function, but
the nutrient concentration in runoff exponentially
decreased with 0.78 power of the time. The
experimental runoff nutrient mass concentration is
curved fitted as followings
When the vegetation is Caragana
C.(1) = 12. 826 > 1S4L(1-0.89)0.780.92] -0.009(; - 1.787)
(R*=0.91)
Cd(t) =0, 597 ~0-190LG-0. 89)0-78 -0.92] -0.005(¢ - 1.787)
(R>=0.90)

When the vegetation is Soybean

251

A ——Fitting & Measuring

L
T

LY

The mass concentration of
nitrate nitrogen/{mg-

0 10 20 30 40 50
Drainage time/min

C (t) =10 8086—0.155L(z—0.755)0-73—0.81j—0,()06(:—1.51)

(R*=0.90)
I (t) =7 0896-oA132((:-0755)0»78—0‘81}-0‘003(1-151)
(R>=0.92)

Fig. 3 showed that the fitting curve is in good
agreement with the measured data, and the correlation
coefficient is above 0.9. The values of the parameter
o,f3,h,, that obtained when fitting model parameters are

shown in Tab.1.

conditions, the parameter o is much larger than 3,

Under two kinds of nutrient

which showed that the nutrient migration pathway is
mainly infiltration and the proportion of nutrient in
runoff is small. The adsorption phosphorus is strong,
so the water soluble phosphorus concentration in runoff
should be lower than nitrate nitrogen, and it can be
seen from B that the incomplete-mixing model reflects
this difference. According to the assumptions of the
model, it can be seen that ¢, should be less than or
equal to t,. Take the h, that obtained from the fitting

curve into Eq. (4) and ¢, is obtained. The result shows

201

'

Fitting & Measuring

L
T

The mass concentration of
nitrate nitrogen/(mg L)
n =

0 10 20 30 40 50
Drainage time/min

(a) Caragana

———Fitting & Measuring

e L7y

(m
(]
o

The mass concentration of
o
T
>

nitrate nitrogen/

0 10 20 30 40 50

Drainage time/min

———Fitting & Measuring

The mass concentratio
nitrate nitrogen/{mg- L)

A A
A

0 10 20 30 40 50

Drainage time/min

(b} Soybean

Fig.3 Changing curves of nutrient mass concentration in runoff vs time
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that ¢, is less than ¢, under both of the two kinds of
nutrient conditions, which is consistent with the model
obtained &,

assumptions, and the meets  the

requirements of the model.

Tab.1 Parameter values obtained under different

vegetation conditions

Vegetation Nutrient
@ B h,,
type type

Nitrate nitrogen 0.80 0.047 0.6

Caragana
Adsorption phosphorus 0.95 0.024 0.5
Nitrate nitrogen 0.95 0.030 0.7

Soybean

Adsorption phosphorus 0.96 0.026 0.4

2.3 Analysis of runoff nutrient cumulative loss
Soil nutrient loss process is closely related to runoff,
and the runoff of soil nutrient loss is affected by

twofactors, one is the amount of the runoff, and the

1400 — & Measured value Caleulated value

1200

mg

1000

00

600 |-

nitrate nitrogen

400

The accumulated loss of

200

i L L .
0 5 10 15 20 25 30 35 40 45
Drainage time/min

1600 - a Measured value Calculated value
1400
1200
1000 -
800 -
600
400 -

The accumulated loss of
nitrate nitrogen/mg

200

4 T T ;
0 5 10 15 20 25 30 35 40 45
Drainage time/min

other is the nutrient concentration in runoff. Fig.4
shows that the cumulative loss of nitrate nitrogen and
water soluble phosphorus in runoff changed with the
discharge time under two planting conditions. It can be
seen from the Fig. 4 that the cumulative nutrients loss
Use Eq. (16) to

calculate the cumulative nutrients loss in runoff and

in runoff increases with time.

compare with the measured data (Fig.4), it can be
found that the calculated date matches well with the
measured date. When the nutrient is nitrate nitrogen,
the relative error of calculated and the measured values
are 6. 6% ( Caragana) and 5.9% ( Soybean); When
the nutrient is adsorption phosphorus, the relative error
of calculated and the measured values are 1.1%
(Caragana) and 2.3% (Soybean). Results indicated
that the proposed model can accuratly predict nutrients

loss.

1600 & Measured value Caleulated value

1400

mg

- 1200
1000 -

B00 -

The accumulated loss of
soluble phosphorus

P— PR P— —
(1] 5 10 15 20 25 30 35 40 45
Drainage time/min

(a) Caragana

1400 = & Measured value Calculated value
1200
2 E000
=g
T E 800
=5
Z € 600
E=
H 2
22 400 -
g _.:‘ M
£ g 200
0 5 10 15 20 25 30 35 40 45
Drainage time/min

(b} Soybean

Fig.4 Changing curves of accumulated loss of nutrient in runoff vs time

3 Conclusion

In this study, the effective mixing depth model of
soil nutrients in the Loess Slope under the condition of
water flow erosion was established, and the measured
nutrients concentration was adopted to verify the
model. Results showed that the proposed model can
predict the variation of runoff nutrient concentration
pretty good, and the correlation coefficient is above
0.9. The difference between the cumulative nutrients

loss in runoff obtained from the model and measured

data is very small. When the nutrient is nitrate
nitrogen, the relative error of calculated and the
measured values are 6.6% ( Caragana) and 5.9%

( Soybean ); When the

phosphorus, the relative error of calculatied and the

nutrient is  adsorption
measured values are 1.1% ( Caragana) and 2.3%
(Soybean).

Parameters o,3,h, in the model are related to each
other, which can be obtained with the use of the
process of the measured nutrient concentration in runoff
method.  However,

and parameter optimization
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sometimes the obtained parameters are not unique, and

the value of a and B still need to be further studied. In

above, for the selection of the model, the accuracy of

the calculation and convenience of obtaining parameters

are needed to be considered.
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Mathematical Model of Soil Nutrient along Surface Runoff under
Water Scouring Condition

Wang Quanjiu Zhao Guangxu Tao Wanghai Liu Yanli Zhang Pengyu Chai Jing
( State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’an University of Technology, Xi’an 710048, China)

Abstract : Overland flow is one of the important factors inducing soil nutrients loss into runoff. In order to
simulate and study the effects of overland flow on soil nutrients loss, a mathematical model describing soil
nutrients transport with overland flow was developed based on the concept of effective mixing depth and
Kostiakvo equation. In addition, the model also makes the corresponding assumptions to simplify the
infiltration process. The obtained model was denoted as the incomplete-mixing model. Field water
scouring experimental data was adopted to test the applicability of the proposed model. The experiment
was performed on a natural, fallowed loessial slope (38°46' ~38°51'N, 110°21" ~110°23'E) , in 14 km
west of the Shenmu Erosion and Environment Research Station of the Institute of Soil and Water
Conservation, Chinese Academy of Sciences, in the Liudaogou watershed, Shaanxi Province. Field plots
were established on a slope that had been fallowed for seven years. Vegetation types cover were adopted
(‘herbaceous and crops) , including caragana and soybean. The characteristics of the transport of runoff,
nutrients ( nitrogen and phosphorus) under different vegetation cover were discussed in this study.
Results indicated that the incomplete-mixing model performed pretty well in predicting the process of
nutrients transport into runoff. The correlation coefficients were larger than 0.9 for all the treatments.
Moreover, little bias was observed between the measured cumulative mass and the simulated data obtained
from the incomplete-mixing model. Taking nitrate nitrogen for example, the relative errors between the
measured data and simulated results were 6. 6% ( caragana) and 5.9% (soybean). When the nutrient
was soluble phosphorus, the relative errors were 1. 1% ( caragana) and 2.3% (soybean). For better
simulation results, the calculation accuracy and simplicity in obtaining parameters should be taken into
consideration during model selection. The results in this study will provide significant references for more
analysis on nutrients transport into runoff with overland flow in future.

Key words: runoff scouring; loess slope; effective mixing depth; nutrient transport; surface runoff
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Fig.1 Schematic diagram of water scouring experiment
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