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Parsons, T.S., Bumey, J.R. and Edwards, L. 1994. Field measure
ment ofsoil-erodibility and cover-management factors in Prince
Edward Island using simulated rainfall. Can. Agric. Eng. 36:127-
133. The erodibility and the effects of cropping systems on the
erosion of a Charlottetown (PEI) fine sandy loam were determined
using a portable field rainfall simulator constructed to provide a 54
mm«h" rainfall intensity, a median water drop diameter of 1.6 mm,
and rainfall energy of23.9 J«m' •mm"1 over a plot area of 1x 8m.
The USLE soil erodibility (K-factor) was evaluated for bare soil and
cover-management factors (C-factors) were evaluated for four
ground cover types: potato, clover, partly incorporated straw, and
spread straw over the growing season from May toSeptember. The
average fallow K-factor was 0.113 t»h»ha"'»N and average C-fac-
tors for the clover, incorporated straw, and spread straw were 0.06,
0.04, and 0.01 respectively. Potato C-factors were 1.00, 1.00, 0.50,
and 0.04 for 0, 5, 70, and 90% canopy cover. The average rainfall
simulator derived USLE K-factor was 38% of that of the average
K-factor determined from the Wischmeier soil erodibility no
mograph and is attributed to a lack of development of significant rill
erosion in the present study. However, cover-management factors
were similar to those found in other published reports.

Keywords: rainfall simulator, USLE, MUSLE, soil erodibility,
cropping factors, straw, clover, potatoes.

L'erodabilite et les effets des systemes de culture sur 1'erosion
d'un loam fin sablonneux a Charlottetown (IPE) ont ete determines
a l'aide d'un simulateur de pluie portatif pour le champ. Le simu-
lateur etait congu de facon a produire une pluie d'une intensity de
54 mm«h" , des gouttelettes d'un diametre median de 1.6 mm, et une
energie liee a precipitation de 23.9 Jtm'̂ mra"1 sur une parcelle
de 1x 8 m.L'erodabilite' du sol pour l'equation universelle des pertes
en terre (facteur K) a et6 evaluee pour le sol decouvert et les facteurs
de gestion par le couvert (facteurs C) ont ete 6values pour quatre
typesde couvertvegetal:pommesde terre, trefle,paillepartiellement
incorporee, et paille etendue durant la saison de croissance de mai a
septembre, Le facteur K moyen a etc" 0.1134 Uh-ha^N"1 et les
facteurs C moyens pour le trefle, la paille incorporee et la paille
etendueontete respectivement 0.06,0.04 et 0.01.Les facteursC pour
les pommesde terre ont 6te 1.00, 100, 0.50 et 0.04 pour 0, 5, 70 et
90% de couverture veg^tale. Le facteur K moyen obtenu avec le
simulateurde pluie comptait pour 38% du facteur K moyen deter
mine a l'aide du nomogramme d'erodabilite du sol de Wischmeier,
ce qui est attribue" a l'absence d'un developpement significatif
d'erosion en rigoles dans cette etude. Cependant, les facteurs de
gestionpar lecouvertontete semblablesa ceuxpubliesdansd'autres
rapports.

INTRODUCTION

Rainfall simulation as an investigational procedure in soil
erosion work has gained acceptance on the basis that most of
the mechanical devices used are capable of producing drops
with characteristics similar to those of natural rainfall. Meyer
(1965, 1979) and Mutchler and McGregor (1979) described
the primary design requirements of rainfall simulators as:

1. Drop size distributions near those of natural rainstorms.

2. Drop impact velocities near those of natural raindrops.

3. Reproduction of storm durations and intensities of inter
est.

4. Drop size distribution and intensity spatially uniform.

5. Continuous rainfall application throughout the study
area.

6. Water drop impact angle near vertical.

7. Portability for field applications.

The advantages of simulated rainfall over natural rainfall
include its ability to facilitate obtaining rapid results, control
over testing, adaptability, and cost efficiency. However, it is
important to realize the limitations in its application and the
interpretation of results (Meyer 1988).

Historically,rainfall simulationhas been used in assessing
treatment effects on sediment in runoff for input to the Uni
versal Soil Loss Equation (USLE) (Wischmeier and Smith
1978),an empirical formula which is widely used for predict
ing soil loss from hillslopes. The equation requires
quantificationof the effects of rainfall, soil type, slope length
and gradient, cover and crop management, and conservation
practice. In Atlantic Canada, measured parameter values are
not available and, therefore, are estimated from data gener
ated in other regions. In particular, soil-erodibility factors
and cover-management factors are often difficult to estimate
due to the large variety of soil types, crops, and management
practices that exist.

Lai (1988) defined soil erodibility as a measure of the
soil's susceptibility to detachment and transport. Soil erodi
bility (USLE K-factor) is ideally evaluated by the long-term
measurement of soil loss from plots under natural rainfall.
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However, natural rainfall plot data are sparse in Atlantic
Canada, with recordings only at Grand Falls in New Bruns
wick (Chow et al. 1990) and in the Wilmot River watershed
in Prince Edward Island (Bumey and Edwards 1994). Based
on data from both natural and simulated rainfall. Wischmeier

and Smith (1978) developed a nomograph which predicts
composite soil erodibility based on texture, organic matter
content, soil structure (aggregate size distribution), and per
meability.

The climate of Prince Edward Island (PEI) is cool and
humid with abundant precipitation distributed evenly over
the year and a growing season from May to October. Its
climate and soil conditions make it well suited for a number

of row crops including potatoes which are often planted on
narrow slopes subject to severe erosion by water. The pre
dominant agricultural soil is a fine sandy loam with a medium
to slow permeability (MacDougall et al. 1981).

The objective of this study was to construct and calibrate
a portable field rainfall simulator and to perform field rainfall
simulation experiments on a Charlottetown fine sandy loam
to determine USLE soil-erodibility and cover-management
factors that may be involved in potato rotation systems to
minimize soil erosion in PEI.

EXPERIMENTAL EQUIPMENT

A field rainfall simulator (Fig.l), based on the design of a
structurally-improved version of the Trier Rainfall Simulator
described by Richter et al. (1988), was constructed in the
Agricultural Engineering Department of the Technical Uni
versity of Nova Scotia over a 3 month period in 1991. The
design was based on plans provided by H. Willger (Univer

Fig. 1. Modified Trier rainfall simulator during field operation.

[28

sity of Trier, Trier, Germany, Personal Communication).
The drop formation mechanism consists of two parallel 32

mm diameter PVC pipes (rain-tubes) located 0.45 m above a
stainless steel, 1.91 mm mesh screen, all mounted on a verti
cally movable platform (bridge). Streams of water flow out
of a series of 1.56 mm holes located along both PVC pipes.
Each stream of water impacts the mesh and breaks up into
waterdrops having a wide size range. These waterdrops
(simulated rainfall) have a low initial velocity, thus the struc
ture enables the bridge section to be raised to a height of
approximately 7.5 m to allow the drops to reach terminal
velocity (Laws 1941). The simulated raindrops are protected
from wind effects by a tarpaulin mounted on the windward
side of the simulator. A built-in leveling mechanism allows
the apparatus to be used on sloping land of up to 20%. The
simulator can be transported by a trailer between sites and is
also intrinsically mobile between plots at each site. It can be
fully assembled from the trailer and be ready for testing
within 2 to 3 hours using three workers.

Plot borders constructed from 1.3 mm galvanized sheet
metal were designed to enclose an 8 m long by 1 m wide plot.
Runoff is concentrated by a washboard section at the lower
end of the plot, and then flows through a pipe at the end of
which sediment samples are taken and runoff rates moni
tored.

Water system

The water supply reservoir comprises a 1137 L polyethylene
tank. Excess water is pumped from this reservoir by a 0.25
kW electric jet pump (powered by a portable generator) to a
vertically-adjustable, constant-head reservoir (located on the
bridge section) which supplies the rain-tubes. This latter
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reservoir consists of a schedule 80 (8.6 mm wall), 102 mm
I.D. PVC pipe with a drain outlet in the side to maintain a
constant head by recirculating excess flow back to the supply
reservoir.

Calibration

The rainfall simulator was calibrated to optimise the follow
ing characteristics: spatial intensity distribution, drop size
distribution, and kinetic energy based on simulation of an
approximate 50 mm»h" rainfall (10 y return period, 30 min
duration) used by Edwards and Burney (1989).

Intensity was calibrated for spatial uniformity by adjusting
the pressure head and the gradient of both rain-tubes. Uni
formity of the spatial intensity was measured using fifty-four
100 mm diameter containers spaced in a 0.45 m grid over the
entire plot area. Uniformity of the spatial intensity was quan
tified by the following equation (Christiansen 1941):

£/,=

11 xf-xn
1=1

71

where:

= uniformity coefficient,
= depth at location i,
= mean depth, and
= number of observations.

(1)

The drop size distribution was determined during con
struction and calibration by use of the oil bath method (Eigel
and Moore 1983). This laboratory method was not possible
in the field and under these conditions drop sizes in the
simulated rainfall were measured by exposure to water-
absorbent paper which produced drop stains proportional to
the size of the water drops.

EXPERIMENTAL PROCEDURE

Experimental design

A randomized block design was used with four replicates to
evaluate soil erodibility and to compare the effects of five
cover treatments on soil erosion using simulated rainfall.
Cover treatments comprised potato, clover, spread straw,
partly incorporated straw, and fallow (bare soil). The fallow
treatment was duplicated within each replicate to increase the
reliability of soil-erodibility ((K) factor) estimates. This re
sulted in an experimental design with six units in each
replicate(Fig. 2). Each unit was 6 m wide to allowoperation
around the rainfall simulator without intrusion on adjacent
units.

Potatoes were planted in early spring and were tested at
different degrees of cover during the growing season. Each
potato unit was split and rainfall simulations were conducted
on each side to increase reliability of the values. Clover was
expected to have relatively consistent canopy cover over the
test period and therefore was not duplicated in each unit. One
simulation set in each replicate was performed for each of the
spreadstraw and incorporatedstraw treatments. Barleystraw

1 2 3 4
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Spatial layout within replicates

Fig. 2. Randomized block design for rainfall simulation
experiments.

was applied uniformly at the recommended rate of 4 t»ha
(Edwards et al. 1995) to the spread straw and incorporated
straw plots.

Site preparation

The site was previously cropped to grain undersown with
clover. All experimental units were plowed with one-way
disks up-and-down the slope early the previous fall 8 to 12
months prior to the rainfall simulations. Also, during the fall,
appropriate units were seeded to clover, treated with straw
spread manually, or treated with straw incorporated into the
surface using a disk plow. In the following spring, the potato
units were disk harrowed and seeded using a two-row potato
planter.

Prior to rainfall simulations, each plot was prepared by
installing the plot borders and runoff collection apparatus. A
0.5 m deep hole was dug for runoff collection and sampling
from the end of the runoff pipe. Nine containers were placed
evenly within the plot to sample the average rainfall inten
sity. Fallow plots were evenly raked to a depth of 50 mm and
vegetative materials (including roots) were removed. For
practical reasons, potato plots were positioned so that the 1 m
width plot contained one potato row and its two side furrows,
with one furrow consisting of a tractor tire track.

Field and analytical procedures

Soil samples were taken at random from several locations
within each plot. These samples were analyzed for organic
matter content, soil particle size distribution, and aggregate
size distribution to obtain values required for the Wischmeier
soil erodibility nomograph. In addition, plot slope was meas
ured using an inclinometer and canopy cover was measured
using randomly placed 300-mm square quadrats (for each
plotcontaining a crop).Thesemeasurements weretakenprior
to the initial rainfall simulations.

In accordance with common practice, each set of rainfall
simulation tests for any one plot consisted of a "dry run" for
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approximately 60 minutes, a "wet run" (24 hours later) for
approximately 30 minutes, and a "very wet run" (immediate
ly following) for approximately 15 minutes. Soil moisture
contents were measured before and after the dry and wet runs,
and after the very wet run. Simulated rain collected in con
tainers was measured after each run. Each rainfall simulation

run ended when runoff equilibrium was reached.
Runoff was collected in a 10 L bucket which was gradu

ated in 1 L intervals. Time (from rainfall initiation) was
recorded for: soil ponding (in fallow plots), initial runoff,
every runoff litre, end of rainfall, and end of runoff. One-litre
runoff samples were collected at each of the following runoff
intervals: the 2nd, 5th, 10th, 15th, 20th, and every 10th litre
thereafter. All samples were later analyzed for sediment con
tent.

The data were subjected to analysis of variance (ANOVA)
and mean separation. "Student's" t-tests were performed to
further separate means for potatoes stratified by season
(growth stage). A significance level of P = 0.05 was ob
served.

RESULTS AND DISCUSSION

Simulated rainfall characteristics

Calibration of the rainfall simulator resulted in a mean inten

sity of 54 mm«h" spatially distributed with a uniformity
coefficient of87% (Eq. 1).The drop size distribution (Fig. 3) had
a median water drop diameter, D50, of 1.6 mm. The rainfall
impact energy was determined by calculating the mass within
specificdrop size intervalsand using the reasonableassumption
of terminal water drop velocities based on the work .of Hassel
and Richter (1988) using similar equipment. An analysis of the
kinetic energy of the rainfall simulator (Hassel and Richter
1988) resulted in 23.9 J«m~ •mm" of impact energy, which
is 88% of the kinetic energy of natural rainfall of the same
(54 mm»h" ) intensity.

Soil erodibility

The nomograph soil erodibilities were determined from the
measured soil properties shown in Table I. The average soil

Drop diameter (mm)

Fig. 3. Drop size distribution curve.

130

erodibility value from the nomograph was 0.30 t»h»ha »N .
Soil erodibilities determined from all sets of rainfall simu

lations in the present study are shown in Table II. The USLE
was used to calculate soil erodibility (K) from the measured
soil loss (A), length-slope index (LS), and the calculated
rainfall erosivity (R). The average soil erodibility from all 24
simulations on the fallow plots was 0.113 t»h»ha" «N~ .

The average soil erodibility determined from the soil-
erodibility nomograph was, therefore, approximately 2.6
times greater than that determined from the results of the
present rainfall simulation experiment using the USLE. This
approximates the average factor of 2.3 reported by Salehi et
al. (1993) for 5 m long rainfall simulator plots. Loch and
Donnollan (1983) and Dangler et al. (1976) observed soil
erodibility factors under simulated rainfall to be as much as
2 to 3 times greater on plots of approximately 22 m in length
where rilling occurred, than on plots of half this length where
no significant rilling was evident. Murphree and Mutchler
(1981) found that the USLE increasingly overestimated soil
loss as slopes decreased below 3% with concomitant decline
in transport capacity and detachment by flow.

The USLE, which is based on natural rainfall events over
many years of recording, includes the effects of storms which
produce rilling. Loch (1984) thus observed that when single
events are studied, the rate of soil loss increased sharply
during rill formation.

The conditions required to obtain rilling on bare soil are
dependent upon the degree of slope and length, soil proper
ties, rainfall energy, and runoff. In this study, however,
comparatively short (8 m) plots averaging 5.4% slope, 23.9
J«m •mm*1 of rainfall energy and peak runoff rates of ap
proximately 0.003 m •min" (laminar to transitional flow)
produced no observed rilling and resulted in greatly underes
timated soil-erodibility factors compared to the USLE
nomograph.

The results of the present study were examined relative to
the Modified Universal Soil Loss Equation (MUSLE) (Wil
liams 1975) in which the USLE rainfall-dependent R-factor
is replaced by a runoff-dependent Rw-factor specifically to
estimate sediment yield for single events. The Rw-factor is a
function of both runoff volume and peak discharge rate. As
shown in Table II, MUSLE K-factors average only 25% less
than the average K-factor calculated from the soil erodibility
nomograph.

In conformity with common practice, separate dry, wet,
and very wet runs were performed to average-out variations
in initial soil moisture throughout the hydrologic year. How
ever, soil erodibility as a dependent factor showed no
significant regression relationship with initial moisture con
tent. This may be explained by the observation that unusually
wet soil conditions existed over most of the testing period,
resulting in a narrow range of initial soil moisture values.
Runoff correlated significantly with soil loss.

An analysis of variance (ANOVA) on the soil erodibility
data for all but the potato treatment showed that replicates
were not significantly different in space or time. Potato was
excluded from this analysis since crop canopy coverage dif
fered significantly with time between replicates.
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Table I: Soil properties and nomograph soil-erodibility values

Silt & Organic Soil ~

v.f. sand Sand matter structure Permeability
Plot 2-106 pm 106-2000 jim content class$ class§ K

(r,u)t (%) (%)

49

(%) (fh-ha'^N"1)

1,4 42 3.4 4 0.28
1,6 42 49 3.4 4 0.28

2,1 42 49 4.2 4 0.25
2,5 49 41 3.0 4 0.35
3,5 43 46 2.8 4 0.30

3,6 44 45 2.9 4 0.30

4,1 42 46 2.6 4 0.29

4,2 43 49 2.6 4 0.32

t Plot designation (r,u) refers to replication,unit.
$ Classification as described by Baver et al. (1972).
§ Classification as described by O'Neal (1952).

Effectiveness of cover-management
When the USLE was applied to the data
from each plot with cover, the result was
the product of two unknowns, K and C.
Cover-management (C) factors were de
termined from the ratio of the

KC-factors and the K-factor, determined
from the fallow plots (for which C=l).

The relative effects of the five treat
ments are shown in Fig. 4. The values
plotted represent the average KC of each
treatment in each replicate plotted
against testing date. Potato canopy cover
was estimated at 0, 5, 70, and 90% for
replicates 1 to 4, respectively. Soil loss
from potato plots with 0 and 5% canopy
cover was similar to that of the fallow

treatments. Within the next three weeks,
potato canopy coverage increased to

Table II. Soil-erodibility (K) factors from fallow (bare) plots using the USLE and the MUSLE

Soil

USLE

MUSLE

Plot Slope Run Time Loss Runoff R K Kavg
(fh.ha.N-')

Kavg
(flrha •N"1)(r,u) (%) (min) (fha"1) (L) (N»h"') (t-h.ha'.N1)

Dry 60.0 2.624 184.0 68.6 0.066

1,4 8.8 Wet 30.0 1.927 116.8 34.1 0.097 0.094 0.19

V.Wet 15.0 1.167 69.8 17.1 0.118

Dry 75.0 1.919 97.3 85.8 0.057

1,6 6.6 Wet 30.0 2.594 137.8 34.3 0.191 0.134 0.33

V.Wet 17.6 1.231 64.9 20.1 0.154

Dry 60.0 2.420 143.9 68.6 0.101

2,1 5.9 Wet 30.0 2.360 128.1 34.3 0.197 0.175 0.39

V.Wet 15.0 1.360 66.8 17.2 0.227

Dry 39.9 0.210 177.5 45.7 0.129

2,5 6.0 Wet 20.0 0.652 91.7 22.9 0.080 0.109 0.08

V.Wet 10.0 0.475 54.5 11.4 0.117

Dry 75.0 0.485 149.8 85.8 0.026

3,5 3.7 Wet 38.0 0.365 152.0 43.5 0.039 0.036 0.11

V.Wet 19.0 0.199 87.6 21.7 0.042

Dry 60.0 2.646 248.5 68.6 0.184

3,6 3.6 Wet 30.0 1.146 160.9 34.3 0.159 0.179 0.34

V.Wet 15.0 0.697 88.1 17.2 0.194

Dry 60.0 2.401 321.9 68.6 0.208

4,1 2.8 Wet 30.0 0.545 186.2 48.2 0.067 0.125 0.23

V.Wet 15.0 0.290 93.6 17.2 0.100

Dry 60.0 0.920 176.3 68.6 0.041

4,2 5.6 Wet 30.0 0.576 134.3 34.3 0.051 0.052 0.11

V.Wet 15.0 0.367 73.9 17.2 0.065

f Plot designation (r,u) refers to replication,unit.
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Fig. 4. Average KC-factors for treatments in each
replicate.

70% and the C-factor was reduced to 0.50. Nine days later, in
late July, the potato canopy coverage was approximately 90%
and the C-factor reduced to 0.04. Therefore, within approxi
mately 9 to 10 weeks from potato planting, the C-factor
declined from 1.00 to 0.04.

The most effective treatment for soil loss reduction was

spread straw with a C-factor of 0.01. Incorporated straw
showedC-factor and runoff values similar to those of spread
straw, but had a significant 7.6 times greater sediment yield
than spread straw during runoff equilibrium on comparable
slopes. Incorporated straw was observed to leave the soil

material more exposed than did the spread straw and is the
considered reason for the significant differences in sediment
yield from these two treatments (Table III).

The calculated C-factor values compare reasonably well
withreported valuesas shownin TableIII. Discrepancies are
likelydue to variations in treatmentintensityor to incomplete
reporting of experimental circumstances. For example, C-
factors that are reported for straw mulch, might pertain to
unusually low (Stewart et al. 1975) or high application rates,
or to other circumstances which make fair comparisons diffi
cult.

CONCLUSIONS

Soil erodibility values in this study were similar to values
reported in other studies conducted under similar conditions
with simulated rainfall. However, relative to the Wischmeier
and Smith (1978) nomograph, soil erodibility values were
low; for whereas the USLE calculations assume an effect of
both interrill and rill erosion under many years of natural
rainfall, the present study showed no rilling. The Modified
Universal Soil Loss Equation, designed for single storm ap
plications, provided estimates of soil erodibility that were
closer to those of the nomograph.

Early growth stages of potato showed soil losses similar to
those of the fallow treatment. Increased potato canopy cover
age significantly decreased soil loss, thus showing the
vulnerability of soil early in the growing season and the
importance of conservation practices to attenuate the erosive
effects of early-season events.

Spread straw was the most effective cover treatment with
an average C-factor that was significantly lower than all other
treatments. Incorporated straw and clover were also highly

effective cover treatments, although
the potential usefulness of clover is
limited by its inability to sustain
cover throughout the winter and early
spring.
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Table III. Comparison of treatment C-factors and published C-factors

Treatment

No. of

runs

Calculated

KorKC

(t.h.ha",.N"1)

Calculated

C-factor

(C)

Reference

C-factor

(C)

Fallow 24 0.113(a)
- -

Potato 0% cover

Potato 5% cover

Potato 70% cover

Potato 90% cover

6

6

6

6

0.113(a)
0.113(a)
0.056 (b)
0.005 (c)

1.00(a)
1.00(a)
0.50 (b)
0.04 (c)

1.0$

0.45$
0.2$

Clover 12 0.007 (c) 0.06 (c) 0.025§

Barley straw inc. 4 t/ha
Wheat straw mulch 2.25 t/ha

(disk packed across slope)

12 0.004 (c) 0.04 (c)

0.061

Barley straw mulch 4 t/ha
100% cover mulch

Wheat straw mulch 2.8 t/ha

12 0.001 (d) 0.01 (d)

0.04t

0.10§

Means in anycolumn for anytreatment followed by thesameletterare notsignificantly
(P< 0.05) different.

$ Wischmeier and Smith (1978).
§ Stewart etal. (1975).
1 Swanson et al. (1965).
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