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Sediment in runoff from soil boxes subjected to rainfall simulation (to
test the effects of ground cover, subsurface compaction and freezing
on interrill erosion of three Prince Edward Island soils) was separated
into size classes (fractions) by sieving. The individual and cumulative
masses of the fractions, their percentage and enrichment relative to the
matrix (uneroded) soil were analyzed to determine treatment effects.
Although soil type had no effect on the total sediment eroded, the
masses effractions of less than 0.420 mm were significantly different,
with loam producing 68% more of the finest fraction ( <0.075 mm)
than sandy loam. All three soils showed enrichment only of this finest
fraction. Ground cover, subsurface compaction and freezing treatment
significantly affected the masses of the total sediment and the separate
fractions.

Keywords: laboratory, rainfall simulator, sediment fractions, soils,
ground cover, subsurface compaction, freeze/thaw

Le limon qui provient de Tecoulement des boites de sol assujetties
a un regime de pluie (test des effets du couvert vegetal, de la compac
tion sub-superficielle et du gel sur Ferosion en nappe dans trois sols de
rile-du-Prince-Edouard) a ete separe par categorie de dimension (frac
tions) par tamisage. Les masses des fractions, leur pourcentage et leur
enrichissement en regard de la matrice (sol non assujetti a Terosion)
ont ete analyses pour etablir les effets du traitement. Le type de sol n'a
pas eu d' incidence sur la production de limon, mais les masses des
fractions de moins de 0,420 mm etaient considerablement differentes,
le loam produisant 68% plus de la fraction la plus fine (<0,075 mm)
que le loam sablonneux. Les trois sols n'ont montre un enrichissement
que de cette fraction la plus fine. Le traitement avec couvert vegetal,
compaction sub-superficielle et gel a produit un effet important sur les
masses de limon total et les fractions separees.

INTRODUCTION

Soil erosion from Prince Edward Island (PEI) farmland is a
problem both on-site and off-site. On-site, soil erosion is man
ifested mainly in decreases in soil productivity with
consequent ill effects on the agricultural sector. Off-site, soil
erosion affects mainly the fishing industry through sediment
deposition in streams, estuaries and the ocean inshore.

In the Atlantic Region, and in Prince Edward Island partic
ularly, the contamination of rivers and estuaries by sediment is
a major limitation to the well-being of fish stocks (MacKenzie
1975; P. Lane and Associates 1991). For fresh-water fish,
sediment inhibits the development of eggs, modifies migration

routes and reduces the availability of food; thereby adversely
affecting disease resistance and growth (Saunders and Smith
1965; Alexander and Hansen 1983).

A recent study by P. Lane and Associates (1991) indicated
the effectiveness of 'desilting' in enhancing the migration
routes of salmon. The impact of sediment on the local fishing
industry has, however, been greatest in the oyster industry
which had been in decline since the 1930's. The value of

landings was approximately $375 000 in 1974; but with sys
tematic 'desilting' of oyster habitat it rose to $3.7 million in
1989, a production level comparable to that preceding the
decline.

In PEI, the fishing industry contributes over $60 million
annually to the economy. Conservation and enhancement of
fish habitat is therefore a major objective in resource manage
ment planning, especially for the freshwater and inshore
fishery (P. Lane and Associates 1991). In this regard, there is
concern about the sources of fine sediment; and interest in the
factors facilitating detachment and transport of soil from the
land, and in the implementation of effective control measures
(MacKenzie 1975; P. Lane and Associates 1991).

By far the greatest source of sediment in PEI is farmland,
especially potato fields cultivated on narrow holdings up-and-
down slopes of up to 10%. These lands are subjected to much
vehicular traffic particularly during harvesting, resulting in
compaction, soil structure breakdown and reduced hydraulic
conductivity (Edwards 1988).

As shown by Pol (1988), most of the annual sediment load
in streams occurs in the 'cool seasons' (late fall to early spring)
during which conditions range from daily freeze/thaw in the
fall and spring to continuously frozen during winter. Research
on PEI soils has shown that alternate freezing and thawing
reduces soil aggregate stability (Edwards and Burney 1988)
and affects soil loss (Edwards and Burney 1987).

A study of the interrill erodibility of three agricultural PEI
soils (loam, L; fine sandy loam, FSL; and sandy loam, SL) by
Edwards and Burney (1989) indicated that soil type had no
significant effect on soil loss; incorporated cereal residue and
winter rye cover decreased soil loss to 50% and 73% (respec
tively) of that from bare soil; and simulated subsoil
compaction resulted in a 45% increase in sediment. However,
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for agriculture and for the fishing industry it is not only the
mass of soil loss (sediment) generated in runoff that is of
importance. The nature of the sediment also affects these
sectors: the larger particles (coarse fractions) provide an inert
framework in agricultural production and deposit readily,
often before reaching streams; while the smaller particles (fine
fractions) are chemically active in agricultural production and
are readily transported, producing the fine 'silt' deposited in
fish habitats. This study addresses the influence of the consid
ered treatments on size distribution of the sediments generated
in the investigation reported by Edwards and Burney (1989) in
relation to the matrix (uneroded) soil (which could affect
agricultural production) and transportability (which could af
fect the fishing industry).

METHOD

As reported by Edwards and Burney (1989), soil boxes
(approx. 1000 x 320 x 320 mm) were subjected to laboratory
rainfall simulation. The experimental design comprised four
replications of a factorially arranged randomized complete
block for which the treatments were: (i) 3 soils (L, FSL and
SL), (ii) 3 ground cover conditions (bare surface, winter rye
cover and incorporated barley straw), (iii) 2 layering states
(compacted, comp; and non-compacted, no-comp, subsoil),
and 2 freezing regimes (10 days continuous freeze, CFr; and 5
cycles of daily freeze/thaw, Fr/Th). Characteristics of the ma
trix (uneroded) soil are given in Table I.

In spring 1986, the three soils were collected from their
field sites and reconstructively packed in the boxes. Compac
tion was achieved by compressing the bottom 150 mm to the
shear strength of the compact layer (MacDougall et al. 1981)
of the intact soil below the plough layer. The boxes were
maintained weed-free and full of the appropriate soil while
being allowed to settle at an outdoor storage site.

In mid-September winter rye was seeded at140 kg-ha"1 and
Table I. Some physical characteristics (within the plough zone) of three Prince Edward Island soilssubjected to

laboratory rainfall simulation

barleystraw (60 mm lengths) was incorporatedusinga garden
weasel at 3.6 t«ha"2 into the surface 80 mm of soil in the
respective treatments.

Commencing December 1986, with the soil near saturation,
the boxes were subjected to freezing (CFr) at -5°C or alternate
daily freezing and thawing (Fr/Th) during a period of 10days.
This procedurewas based on convenienceand on the assump
tion that the actual rates of freezing and thawing would not
affect soil erodibility, as reported by Logsdail and Webber
(1959) and Mostaghimi et al. (1988). At the termination of the
freezing period for the Fr/Th treatments, the soil boxes (fitted
with splash frames and runoff collectors and termed 'soil
cassettes') (Fig. 1) were subjected (four at a time) at 0°C to
rainfall simulation of50 mm-h1 intensity for 30 min during
which runoff was collected.

The sediment from each of these boxes and samples of the
matrix (uneroded) soils were separated (without chemical dis
persion) by wet sieving into the following eight size grades
(sediment fractions): < .075 mm, 0.075 mm, 0.150 mm, 0.297
mm, 0.420 mm, 0.841,1 mm, and 2 mm, and then oven-dried
at 105°C. Data for the matrix (uneroded) soil are presented in
Table II.

Analysis of variance was performed on data of the eight
individual fractions, and on composite data (Table II) in seven
decreasing size classes: <2 mm, <1 mm, <0.841 mm, <0.420
mm, <0.297mm, <0.150 mm, and <0.075 mm. The compos
ite size classes were studied to examine the progressive,
cumulative effect of the treatments. The level of significance
wasP <0.5.

Two parameters, based on previous usage by Edwards and
Burney (1989), were expanded upon to quantify relative de-
tachability and transportability of the sediment fractions.
These are sediment fraction ratio (FRx,y), which represents
transportability, defined as:

Characteristic

Tignish

loam

Charlottetown

fine sandy loam
Dunstafmage
sandy loam

Organic matter (%)

Textural analysisf

Clay (%)
Silt (%)

Sand (%)

Bulk dentsity (Mg»m'3)t
Hydraulic conductivity (m«day~ )t

Porosity (%)t

Aggregate stability {%)%
Drainage classification §

Soil classification §

tMelhod described by McKeague (1978)

tMethod described by Kemper (1965)
§Source: MacDougall et al. (1981)
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3.0 2.3 2.6

13.5 9.8 7.1

38.1 29.3 20.6

48.4 60.9 72.3

1.38 1.20 1.23

1.24 2.29 2.73

49.3 50.8 52.1

86.9 74.3 82.5

Well-drained Well-drained Rapidly-drained
Podzolic Grey Orthic Humo-Ferric Orthic Humo-Ferric

Luvisol Podzol Podzol

EDWARDS AND BURNEY



(FRX,y) = SDX,y/SD (1)

where:

SDXly = massof fraction in sediment samplepassing sieve
size Y and retained on sieve size X, and

SD = mass of sediment sample

Note: All values in mm

20 dia.

drain

Fig. 1. Soil cassette (soil box with splash frame and
runoff collector).

and, fraction enrichment ratio (FERx,y), which represents de-
tachability, defined as:

(FERx,y) =(SDx,y SL)/(SLx,y SD) (2)

where:

SLx,y = massof fraction in sampleof matrixsoil passing
sieve size Y and retained on sieve size X, and

SL = mass of matrix soil sample.

Analysis of variance was also performed on the FRx,y and
FERx,y data sets.

RESULTS AND DISCUSSION

The overall effects of the treatments are presented in Figs. 2
and 3. Figure 2 shows the fraction size distribution of the
sediment, which is also the fraction ratio (FRXty) with X = pan
for any given size grade Y and therefore is indicative of the
effects of the treatments on the resulting transportability of the
fraction sizes in the sediment. As may be noted, only soil type
showed any marked differences in this parameter. Figure 3
shows the overall effect of the treatments on the fraction
enrichment ratio (FERx,y) for X = pan, and is indicative of the
overall effect of the treatments on detachability from the ma
trix soil.

Each individual treatment was analyzed for its effects on
specific fraction sizes as below.

Effect of soil type

In the overall study (Edwards and Burney 1989), total sedi
ment mass was found to be unaffected by soil type for the three
soils. Following separation into size fractions (Table III) soil
type had an effect, but was significant only for the masses of
fractions <0.420 mm. As also shown in this table, the greatest
contrast existed between the loam and sandy loam. In particu
lar, the loam showed the greatest loss of the finest fraction
mass (<0.075 mm) which was 68% greater than that from the
sandy loam.

The fraction enrichment ratio (FERXty) was less than unity
for all fractions except for the classes having the largest and
the smallest fraction sizes. For the former class (>2 mm), the
amount was small and considerable variation existed between

individual cases, many of which were zero for all three soils.
It is thus postulated that this fraction size accrued only from

Table II. Distribution of soil fractions in the matrix (uneroded) soil

Sieve Mass retained (g) Percentage (%) Percent passing (%)
(mm)

L FSL SL L FSL SL L FSL SL

2.000 0.21 0.74 0.02 0.11 0.40 0.01 99.88 99.60 99.99

1.000 5.08 7.51 4.28 2.78 4.04 2.20 97.10 95.56 97.79

0.841 2.17 2.36 1.43 1.19 1.27 0.74 95.91 94.30 97.05

0.420 16.55 15.82 16.58 9.06 8.51 8.54 86.85 85.79 88.51

0.297 14.76 15.70 31.91 8.08 8.44 16.53 78.77 7735 72.07

0.150 38.50 42.90 68.18 21.08 23.07 35.12 57.69 54.28 36.96

0.075 35.02 43.52 35.48 19.18 23.40 18.27 38.51 30.88 18.69

pan 70.32 57.44 36.28 38.51 30.88 18.69
- - -

Total 182.61 185.99 194.16 100.0 100.0 100.0
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Fig. 2. Effects of treatments on percent sediment passing a given sieve size, or fraction ratio FR,pan, Y.

direct splash.For the latter class (<0.075 mm), all three soils
showed considerable enrichment over the uneroded soil.
Young (1980) also observed enrichment of the finest fraction
for a wide range of agricultural soils.

Thisstudytakesparticular note that theFERpan,o.075 value
for the sandy loam was significantly greater than that for the
loam or fine sandy loam. Although there was preferential
removal of this finest fraction for all three soils, the amount

Table III. Effect of soil type on sediment fractions

available in the sandy loam was limiting; therefore, propor
tionally more of the larger size fractions were removed, as
generally indicated by the greater fraction enrichment ratio
values for the larger size fractions.

Effect of ground cover

Groundcover treatmenthad a significant effect on the massof
all fractions (Table IV).Soillossfrom incorporated straw was
consistently less than that from winter rye which, in turn,was

Sieve Mass retained (g) FRx,y «102 (%) FERx,y
(mm)

L FSL SL L FSL SL L FSL SL

2.000 0.15 0.19 0.22 0.24 0.34 0.39 2.11 0.84
1.000 0.33 0.33 0.49 0.54 0.57 0.87 0.19 0.14 0.40
0.841 0.11 0.24 0.21 0.18 0.42 0.37 0.15 0.33 0.51
0.420 1.41 2.05 3.39 2.34 3.56 6.03 0.26 0.42 0.71
0.297 1.81 2.54 6.08 2.99 4.42 10.81 0.37 0.52 0.66
0.150 5.43 8.75 12.69 9.00 15.21 22.56 0.43 0.73 0.64
0.075 6.11 9.13 6.38 10.12 15.88 11.34 0.53 0.68 0.62
pan 45.01 34.27 26.79 74.58 59.61 47.63 1.94 1.93 2.55

Total 60.35 57.49 56.26 100.0 100.0 100.0
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Fig. 3. Effects of treatments on fraction enrichment ratio FERpan, Y.

Table IV. Effect of ground cover on sediment fractions

Sieve Mass retained (g) Percent passing FRxty-102
(mm)

Straw Rye Bare Straw Rye Bare Straw Rye Bare

2.000 0.13 0.18 0.25 99.67 99.68 99.68 0.33 0.32 0.32

1.000 0.24 0.36 0.54 99.06 99.05 98.98 0.61 0.63 0.70

0.841 0.09 0.15 0.32 98.83 98.79 98.57 0.22 0.26 0.41

0.420 1.39 2.20 3.27 95.29 94.91 94.39 3.54 3.88 4.18

0.297 2.08 3.56 4.79 90.01 88.64 88.25 5.28 6.28 6.14

0.150 5.81 9.19 11.87 75.23 72.42 73.06 14.78 16.21 15.19

0.075 5.07 7.46 9.09 62.34 59.26 61.43 12.89 13.17 11.64

pan 24.51 33.57 47.99 0.00 0.00 0.00 62.34 59.26 61.43

Total 39.31 56.66 78.13

less than that from bare soil. Also, as indicated by the fraction
ratio (FRx,y) values (Tables IV), the proportions of each frac
tion in the sediment were relatively unaffected by ground
cover treatment. There were also no outstanding treatment
differences in enrichment of the runoff by any size fraction
(Table V).

Effect of subsurface compaction

Layering had a significant effect on the mass of all fractions
except that retained on the 0.841 mm sieve (Table VI). The
loss of all affected fractions was greaterwith compaction than
without by 34 to 67%. This difference was least for the finest
fraction, and was reflected, also, by the FRx,y values which
indicatea higher proportionof fractionsgreaterthan0.075 mm
in runoff with compaction. As may be noted in Table VII, the
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Table V. Effect of ground cover on fraction enrichment ratio

Fraction enrichment ratio (FER*,y)
Sieve

(mm) Loam Fine sandy loam Sandy loam

Straw Rye Bare Straw Rye Bare Straw Rye Bare

2.000 3.08 2.01 1.72 0.71 0.44 1.29 _

1.000 0.20 0.18 0.20 0.14 0.11 0.16 0.35 0.41 0.41

0.841 0.14 0.15 0.16 0.18 0.16 0.58 0.41 0.51 0.54

0.420 0.26 0.21 0.28 0.41 0.39 0.45 0.60 0.71 0.74

0.297 0.39 0.33 0.38 0.53 0.57 0.48 0.56 0.65 0.70

0.150 0.47 0.39 0.43 0.69 0.68 0.62 0.56 0.67 0.66

0.075 0.57 0.50 0.53 0.72 0.73 0.60 0.53 0.68 0.61

pan 1.89 1.99 1.93 1.88 1.88 2.00 2.94 2.44 2.47

Table VI. Effect of subsurface compaction on sediment fractions

Sieve

(mm)

2.000

1.000

0.841

0.420

0.297

0.150

0.075

pan

Total

Mass retained (g)

Comp.

0.21

0.48

0.20

2.77

4.32

11.21

8.99

40.49

68.68

No-Comp.

0.16

0.29

0.17

1.80

2.63

6.70

5.42

30.22

47.38

Percent passing

Comp.

99.68

98.99

98.70

94.66

88.36

72.05

58.96

0.00

No-Comp.

99.67

99.06

98.70

94.91

89.37

75.22

63.78

0.00

Table VII. Effect of subsurface compaction on fraction enrichment ratio

Comp.

0.32

0.69

0.29

4.04

6.30

16.32

13.09

58.96

FRx,y*10z

No-Comp.

0.33

0.61

0.36

3.79

5.54

14.15

11.44

63.78

Fraction enrichment ratio(FERx,y)
Sieve

(mm) Loam Fine sandy loam Sandy loam

Comp. No-Comp. Comp. No-Comp. Comp. No-Comp.

2.000 2.30 1.79 0.63 1.11 _

1.000 0.21 0.17 0.15 0.12 0.40 0.39

0.841 0.18 0.10 0.24 0.43 0.51 0.50

0.420 0.26 0.25 0.44 0.40 0.72 0.68
0.297 0.37 0.38 0.58 0.45 0.69 0.61

0.150 0.45 0.38 0.69 0.62 0.69 0.57

0.075 0.57 0.45 0.71 0.65 0.67 0.54

pan 1.90 2.00 1.87 2.01 2.38 2.81

layering treatment was consistent in its effect on the FERx,y
values for each of the three soils. Compaction generally re
sulted in greater enrichment of the sediment for fractions
larger than 0.075 mm.

Effect of freezing

Freezing treatment had a significant effect on all fractions

38

passing through the top sieve. Daily freeze/thaw (Fr/Th) con
sistently yielded less mass (by 50 to 69%) of the affected
fractions than did the continuous freezing treatment (CFr) as
shown in Table VIII.

It was observed that the Fr/Th treatment induced much
surface cracking in all three soils thereby increasing infiltra
tion and inducing deposition. For the CFr treatment, the soil
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Table VIII. Effect of freezing treatment on sediment fractions

Sieve

(mm)

Mass retained (g) Percent passing FRx.y-102

CFr Fr/Th CFr Fr/Th CFr Fr/Th

2.000 0.22 0.16 99.74 99.49 0.26 0.51

1.000 0.54 0.22 99.11 98.76 0.63 0.73

0.841 0.29 0.09 98.78 98.48 0.33 0.28

0.420 3.33 1.24 94.87 94.45 3.90 4.03

0.297 4.96 1.99 89.06 87.97 5.81 6.48

0.150 13.11 4.80 73.69 72.37 15.37 15.61

0.075 10.85 3.56 60.98 60.78 12.72 11.59

pan 52.03 18.69 0.00 0.00 60.98 60.78

Table IX. Effect of freezing treatment on fraction enrichment ratio

Fraction enrichment ratio (FER*,y)
Sieve

(mm) Loam Fine sandy loam Sandy loam

CFr Fr/Th CFr Fr/Th CFr Fr/Th

2.000 1.71 3.31 0.54 1.85 __.

1.000 0.18 0.25 0.14 0.15 0.40 0.38

0.841 0.13 0.21 0.36 0.22 0.54 0.42

0.420 0.25 0.28 0.44 0.35 0.70 0.71

0.297 0.37 0.38 0.54 0.47 0.65 0.68

0.150 0.42 0.44 0.69 0.57 0.64 0.65

0.075 0.52 0.55 0.72 0.55 0.62 0.62

pan 1.95 1.90 1.87 2.12 2.56 2.52

consistently developed a subsurface frozen zone which must
have decreased permeability. These effects resulted in in
creased runoff on the CFr soils (by 2.6 times that of Fr/Th) in
a manner similar to subsurface compaction. As a result, CFr
substantially increased the mass of sediment fractions for
treatments without subsurface compaction.

As indicated by the FRx,y values, freezing treatment had no
effecton the proportion of sedimentfractionspassingthrough
the top sieve. The fraction enrichment values (Table IX) also
indicated that there was no effect of this treatment on the
fractionsaccording to soil type.

CONCLUSIONS

The greatest erosion selectivity was shown for the finest frac
tionsize (<0.075 mm) in all three soils studied.Although this
effectwasgreateston theloam,this soil is the scarcestagricul
tural soil (<10% of land area according to MacDougall et al.
1981) in PEI, occupies the flatter lands, and thus contributes
far less to the total siltation problem than either of the other
two soilsstudied. The fine sandy loamdominates the agricul
tural soilsof PEI (>85% of landareaaccording to MacDougall
etal.1981), is intensively farmed topotatoes andotherrow crops
on slopes of up to or exceeding 10%, and thus contributes the
most to siltation of streams, estuaries and inshore habitat.

The movement of all sediment fractions was retarded 30 to
60% by cover. Straw was 40 to 70% more effective than winter

rye. Although cover showed no selectivity in the control of the
<0.075 mm size grade, there was a 30 to 50% reduction in the
loss of this most mobile sediment fraction with rye or straw.
The quantitative dominance of this fraction in the runoff,
>60% of sediment mass, points to the importance of ground
cover usage in soil management for the control of sediment
movement from farmland to streams, rivers or estuaries, thus
minimizing damage to fish habitat.

The movement of all fractions <0.420 mm generally in
creased with subsurface compaction by 35 to 65%. However,
compaction slightly decreased the mobility of the <0.075 mm
fraction.

Under daily freeze/thaw, all fractions <1 mm were less
mobile(by 60 to 70%) thanundercontinuous freeze. Although
alternate freezing and thawing is known to exert considerable
stress on soil aggregates, daily freeze/thaw in this study in
duced much surface cracking in all soils, thereby increasing
infiltration and reducing runoff (and erosion) below that of
continuous freeze.
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