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ABSTRACT

The raindrop energy required to breakdown dry soil aggregates is an index of struc-
tural stability which has been found very useful in modelling soil erosion process and in
evaluating the suitability of tillage implements for different soils. The aim of this re-
search was to develop and validate a model for predicting the specific water-drop energy
required to breakdown aggregates (D) as influenced by soil properties. Air-dry aggregates
(2-4 mm in diameter), collected from 15 surface (0-20 cm) soils in north central Italy
were used for this study. The actual and natural iog-transformed D values were regressed
on the soil properties. Clay content, wilting point moisture content (WP) and percent
water-stable aggregates (WSA)>2.0 mm were good predictors of D. Empirical models
developed from either clay content or WP predicted D in 70% of the test soils whereas
the model developed from WSA > 2.0 mm predicted D in 90% of the test soils. The cor-
relation coefficients (r) between measured and predicted D were 0.961, 0.963 and 0.997
respectively, for models developed from clay, WP and WSA > 2.0 mm. The validity of
these models need to be tested on other soils with a wider variation in properties than
those used to deveiop the models.

Key Words: Aggregate stability, Chemical properties, Italian soils, Mineralogical proper-
ties. Physical properties, Soil structure.
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1 Introduction

The process of soil erosion by water is initiated when the constituent particles of the
aggregates are detached by the impacting raindrops. For an aggregate to be destroyed
the detaching force of the raindrops must overcome the intrinsic resisting force of the soil
aggregates. Therefore, the extent to which a soil erodes depends on the cohesive forces
holding the structural units together which enable it to resist raindrop impact forces
(Mayer, 1983). Theoretically an aggregate detachment index (D) can be measured by
determining the ratio of the raindrop detaching force (Fd) to the soil resistance force (Fr)
thus,

D = Fd/ FT = fdAd/fsAs (1)

where ijid is the total shear stress of the average raindrop, ips, the soil cohesion, Ad, the
soil aggregate surface over which %j>d acts and As, the soil aggregate surface over which
i)$ acts (Torri et al. 1987).

From our present knowledge the most important factors affecting Fd are terminal
velocity of the impacting raindrop, angle of impact, raindrop diameter, height of fall,
impact energy, shape, surface tension and temperature of the raindrops as well as the
number (or duration) of impacts (Nearing et al. 1986; Nearing and Bradford, 1987; Barry
et al. 1991; Truman et al. 1990). The resisting force, Fr, on the other hand, refers to
the ability of the aggregate to withstand deformation from externally applied forces. It
is influenced by the antecedent moisture content of the aggregate at impact (Cruse and
Larson, 1977) and the amount and nature of the aggregate-stabilizing materials present
(such as clay particles, humic substances, oxides of iron and aluminium and free CaCOj),
texture and amount of silica and polyvalent cations (Nearing and Bradford, 1985). Since
soil moisture content is a dynamic property, it is possible to keep it constant by using
dry aggregates so that the influence of the invariant properties can be assessed. Also
by keeping 'Fd' constant a raindrop kinetic energy-based index of soil detachment (D)
for correlating 'Fd' to some factors influencing 'Fr' can be defined. In this way a simple
model for relating D to some more-easily measured soil properties can be developed.

Several researchers have used the raindrop technique to compare the structural sta-
bility of soils (McCalla, 1944; Low 1954). Bruce-Okine and Lai (1975) proposed the use
of the reciprocal of the total number of water drops required to break down aggregates
as an index of erodibility of tropical soils. De Vleeschauwer et al. (1978) and Mbagwu
(1986) also found highly correlated inverse relationships between the total kinetic energy
(from raindrops) needed to destroy aggregates and the amount of soil lost from simulated
rainfall.

A major limitation to the use of D for routine characterization of soil structure is the
difficulty associated with its determination. The raindrop simulation device must be set
up in such a way that drop characteristics are uniform throughout the duration of the
investigation. This is difficult to achieve. Mbagwu (1986, 1989) reported high coefficients
of variation in D that ranged from 38 to 47%. Studies aimed at relating D to more easily
determined soil properties are needed. Wustamidin and Douglas (1985) attempted this
by developing a model for predicting D which contains 15 independent variables (some of
them co-variants). For routine analysis this model is cumbersome. In this paper we report
some empirical relationships between D and pedological properties of some Italian surface
soils. Simple models for estimating the D of similar soils from more easily-determined
properties are proposed.

2 Materials and Methods

2.1 Laboratory characterisation of the soils used
The 15 soil samples used to develop and the 10 soil samples used to test the models
were collected from the 0-20 cm depth in different parts of north central Italy. They
have a wide range in textural composition and were chosen to provide a wide variation
in aggregate stability to water. After air-drying the samples at about 20°C, the 2-4 mm
aggregates were obtained by dry-sieving using a RETSCH (plane rotary) sieving machine.
These aggregates were stored in tightly covered plastic containers until ready for use. All
laboratory determinations were made on this aggregate size. Particle size distribution
was determined by the pipette method (Gee and Bauder, 1986), organic matter by the
dichromate oxidation technique (Walkley and Black, 1934) and pH in 1:2.5 soil/water
suspension. Moisture content at —1.5 MPa matric potential (i.e. wilting point, WP)
was determined with a pressure plate equipment. Aggregate porosity and density were
measured by the kerosene displacement technique (Currie, 1966). The metallic oxides were
determined by X-ray flouresence and the clay minerals were identified and quantified by
a combination of peak intensity and use of internal standards (Whitting, 1965).

2.2 Determination of water drop detachment energy (D)
For the determination of the water drop detachment energy (D), th procedure of Wus-
tamidin et al. (1983) and Imeson and Vis (1984) was used. The 2-4 mm air-dry aggregates
were weighed and subsamples used to determine the residual moisture contents (8m) on
oven-dry basis. The values of 8m were < 2% in all samples.

The water-drop simulation apparatus consisted of a burette with an overflow device
to maintain a constant pressure head. The burette nozzle was fitted with a silicon tube
to generate water drops, each approximately 0.8 gm (mass) and 3.30 mm (diameter).
A known mass of the dried aggregate (Wi) was placed on a fiberglass guaze of 1 mm
aperture that was attached to the mouth of a glass funnel. The aggregate was subjected
to a maximum of 100 water-drops impacts falling 1 m through a 15 cm diameter plexiglass
tube. If an aggregate was completely destroyed by less than 100 drops of water, the
number was recorded. The dry mass of soil that remained on the sieve (Wb) was recorded.
The number of water-drops applied was converted to total kinetic energy (using terminal
velocity estimated from Laws, 1941), The water-drop detachment energy (D) defined as
the kinetic energy required to breakdown and pass 1 gm of an aggregate through a 1 mm
sieve opening was computed as follows,

D= /(W, - Wt) (2)

where D is in J/kg M = mass of a drop of water (kg), V = terminal velocity of the
water-drop (m/s), n = number of water-drops applied, W< = initial mass of aggregate
used (kg) and W(, = the mass of aggregate remaining on the sieve (kg).

Twenty replicate determinations were made on each sample. The aggregates used
ranged in mass from 0.00025-0.00042 kg. A preliminary test did not show (within this
range of values) any differences in D due to the mass of the individual aggregates. This
supports the findings of Bruce-Okine and Lai (1975) and Wustamidin and Douglas (1985).



2.3 Determination of other structural stability indices
The percent distribution of water-stable aggregates (WSA)> 2.0 mm, 2-1 mm, 1-0.5
mm, 0.5-0.25 ram and < 0.25 mm. was determined by the method of Kemper (1965).
Aggregated silt and clay (ASC) (i.e. silt and clay in calgon-dispersed samples minus silt
and clay in water-dispersed samples) was measured by the technique of Middleton (1930).
The clay disperion index (CDI) (i.e. clay in water-dispersed samples/clay in calgon-
dispersed samples) was by the procedure of Dong et al. (1983). The clay resistance
index (CRI) (i.e. plastic limit/water content at 0.033 MPa matric potential), slaking
index (SLI) (i.e. liquid limit/water content at 0.033 MPa matric potential) and wet-
sieving single sieve water-stability index (S)% were determined by the methods outlined
by DeBoodt (1067). The soil erodibility factor (K) was estimated from the Wischmeier
et al. (1971) nomograph.

2.4 D a t a ana lys i s a n d m o d e l d e v e l o p m e n t

A correlation matrix among each of the chemical, mineraJogical and physico-structural
data subsets was produced so as to identify properties that are autocorrelated (i.e. covari-
ants). Using properties that are not covariants, D was then fitted to a linear multivariate
model of the form,

e (3)

where e is random error; Xi to Xn, the independent variables in each data set, and /30 to
/?„, the empirical constants, and analysed to estimate the /3's using the step-wise multiple
regression technique. The models with the highest coefficient of determination (r2), the
smallest standard error (SE) and also having acceptable physical interpretations over the
range of measured values were chosen for validation with independent data from 10 other
test-soils. The choice of a best-fit prediction model was a!so influenced by the ease of
determining the independent variables.

3 Results and Discussion

3.1 Relationship between water-drop detachment energy (D)
and soil chemical properties

From Table 1, the highest correlation between D and chemical properties was obtained
with FeO (r = 0.792), followed closely by SiOj (r = -0.679), CaC03 (r = 0.657) and
CaO (r = 0.619). But these properties were also significantly correlated with FeO with
respective V values of 0.53, 0.63 and -0.80 for CaC03, CaO and Si02- Hence they
are covariants and only one of them (FeO) can be used to make inference on aggregate
stability to water-drop impacts. Harris et al. (1966) however, reported that the stability
of aggregates requires the cementation of the flocculated finer soil particles by CaO, CaC03,
and iron and aluminium oxides. Our results confirm this report for all properties but the
oxides of Al.

The best-fit model relating D to chemical properties is,

D = 1.61(FeO) +0.13(MgO) - 2.07 (4)

This model explained 75% of the variation in D with a SE of 3.503. It shows that of all
the nine chemical properties in Table 1, only two (FeO and MgO) are influencing D most.
Others (e.g. Singer et al. 1980; Roth et al. 1974; Romkens et al. 1977) also emphasized
the role of iron in stabilizing aggregates of temperate region soils and suggested including
it in models for evaluating potential soil erodibility.

In the study of Wustamidin and Douglas (1985) on highly weathered tropical soils
in Indonesia, they found positive correlation between D and Al203 and organic matter
(OM) and non-significant relationship with Fe oxide and SiO2. This is the reverse of
our findings in this study and substantiates the assertion that the role of these chemical
properties on aggregate stability (AS) depend on the pedo-environment. Our result on
the dominating influence of Fe oxide on D agrees with that of Giovannini and Sequi
(1976) on other Italian soils. As for OM, it can act as an aggregating or disaggregating
material or have no influence on AS depending on its composition in the soil and/or the
relative contributions of other aggregate-stabilizing substances (Goldberg, 1990). Oades
(1990) observed that in soils with > 10% Fe and Al oxides, the contribution of OM to AS
is diminished. This may explain the low correlation between OM and D observed here,
since the combined concentration of FeO -I- AI2O3 is > 10%. Moreover, DeBoodt (1985)
reported that in W. Europe in order for OM to contribute significantly to AS, the humus
content must be 10% of the overall clay content. This was not the case with these soils
with low OM concentrations (0.91-2.95%).

With MgO, its positive influence on AS may be explained by the fact that it provides
Mg2+ ions which help to flocculate clay particles or inhibit their disperion in water. Also
by neutralizing the clay-dispersing polycarboxylic and phenolic acids produced in the soil
during the decomposition of organic substances (Oades 1990, Emerson 1983), the Mg2+

ions help to promote AS.

3.2 Relationship between water-drop detachment energy (D)
and mineralogical properties

Only chlorite and feldspar are significantly correlated with D (Table 2). From the negative
correlations, soils dominated by feldspar, quartz and muscovite should have lower inherent
stability to raindrop impacts than soils dominated by chlorite and kaolinite. At the
microaggregation level, Nwadialo and Mbagwu (1991) also reported a negative influence
of muscovite and positive influence of kaolinite on AS.

The best-fit mode! relating D to mineralogical properties is,

D = 0.025(CHLORITE) - 0.016(MUSCOVITE) - 5.84 (5)

This model explained 53% of variance in D with a SE of 4.08. Goldberg et al. (1988)
and Stern et al., (1991) also showed that soils containing expanding minerals like smectite
were more erodible than those containing non-expanding minerals like kaolinite and illite.
Moreover, when a soil contains equai proportions of the expanding and non-expanding
minerals its response to water-drop impacts is like that containing predominantly the
expanding minerals, i.e. it will have low stability in water (Stern et al , 1991).

The positive influence of chlorite on AS has been attributed to autigenic growth which
leads to the formation of strong linkages within the macroaggregate structure (Emerson,
1983). The negative influence of quartz on D is attributed to its chemically inactive struc-
ture which renders it incapable of playing any positive role in soil aggregation. Feldspars



also do not show any positive role in soil aggregation as observed here because they do
not display cation exchange properties in aqueous solution. This characteristic makes it
impossible for them to be linked to humic substances via the bridging polycations {Brown,
1990).

3.3 Relationship between water-drop detachment energy (D)
and physico-structural properties

From Table 3, the negative correlation between D and total sand is consistent with the
observations of Wustamudin and Douglas (1985) and Bruce-Okine and Lai (1975). The
magnitude of the correlation coefficients show that the fine sand (0.20-0.02 mm) rather
than the coarse sand (2.00-0.20 mm) fraction accounted for more of the negative influence
of sand on D. Wischmeier and Mannering (1969) also made similar observations on some
U.S. soils. The positive correlation between D and clay compares favourably with the
findings of Bruce-Okine and Lai (1975) that soil erodibility varied directly with sand and
inversely with clay concentration. Also using field estimated texture, Mbagwu (1989)
observed that the average D values within broad soil textural classes decreased in the
order, clay to clay loams (D = 2.43) > loams (D = 0.78} > sandy loams (D = 0.47),
reflecting decreasing clay and increasing sand contents.

Aggregate porosity varied inversely and aggregate density directly with D. This im-
plies that the closer the primary particles within the aggregates pack together, the more
the aggregates resist impacting water-drops. Water content at wilting point (WP) cor-
related positively with D. This may be just a reflection of the influence of clay on WP
since the correlation between both properties is high (r = 0.909).

The following models which related D to physical properties had high r2 values:

LnD = 0.707 + 0.081(clay) -0.00153(clay)3

(r2 = 0.803, SE = 2.368)

(6)

LnD = 0.816 + 0.298(WP) - 0.0005(WP)2

(r2 = 0.815; SE = 2.359)

(7)

LnD = 1.303 - 0.797(SC) - 0.0012(SC)2

(r2 = 0.897; SE = 4.091; SC = sand/clay ratio)

(8)

Equations (6) and (7) are similar to those proposed by Skidmore and Layton (1992) for
predicting the crushing energy of dry-soil aggregates for wind erosion studies. Equation
(8) shows that the relative properties of the sand and clay particles in soils appears more
reliable for predicting the resistance of dry aggregates to impacting raindrop forces than
the absolute amount of either fraction.

With regards to the structural properties (Table 3), the highly significant positive
correlation between WSA> 2.0 mm and D (r = 0.94) indicates that both indices are
measuring the same property. The microaggregation indices, aggregated silt + clay (ASC)
and clay disperion index (CDI) also correlated highly with D. The higher the ASC or

the lower the CDI, the better the AS. Hence these two colloidal stability indices show
the same trend in AS of these soils as that obtained by the D index. Even though not
significant at p < 0.05, the negative correlation between D and Wischmeier et al. (1971)
erodibility factor (K) is consistent with similar findings in the tropics (De Vleeschauwer
et al. 1978; Mbagwu, 1986). This suggests that the D index could be used to evaluate
the potential of these soils to erode.

The best-fit model relating D to other structural properties is,

D = 0.0085 + 0.12(WSA > 2.0)

(r2 = 0.899; SE = 1.018)

0)

This model and that based on the sand/clay ratio (Eq. 8) have about the same r2 values
but the SE of Eq.(9) is smaller than that of Eq.(8) by orders of magnitude. This implies
that the model based on structural property is a better predictor of D than that based
on the sand/clay ratio.

3.4 Validation and choice of prediction model
All models with r2 values > 75% were chosen for validation using data from 10 test soils
whose properties are given in Table 4. These candidate models are represented by Eq.(4)
(Model I), Eq.(6) (Model II), Eq.(7) (Model III), Eq.8 (Model IV) and Eq. 9 (Model V).
As shown in Table 5, Model I predicted D in 60% of the soils. These are the relatively less
stable soils. On the more stable soils (i.e. those with D values > 0.82 J/kg), predicted
D values were lower than measured values. Overall the correlation (r) between measured
and predicted D is 0.846. Models II and III predicted D in 70% of the test soils. These
are soils which contain > 20% clay. Both models over-predicted D in the sandy soils.
The correlation between measured and predicted D are 0.961 (for Model II) and 0.963
(for Model III). Model IV predicted D in only 50% of the test soils. The higher the clay
contents, the wider the deviation between measured and predicted D using this model.
The correlation between measured and predicted D is 0.611. Thus even though the r2

value of this model is high (88%), its predictive ability is low because of its high SE
(4.091). Model V predicted D in 90% of the soils and had the highest correlation between
measured and predicted D (r — 0.997). In the only soil where this model over-predicted
D, the magnitude of deviation from measured D is 15.4%.

It is evident therefore, that the models based on the sand/clay ratio or the chemical
properties (FeO and MgO) alone are not good predictors of AS. The models based on the
clay concentration or wilting point are fairly good predictors of AS, but the best predictor
of AS among these models is that based on WSA > 2.0 mm. The WSA > 2.0 mm is
also the easiest and least expensive to determine of all the properties used to develop the
candidate models.

4 Conclusions

The results of this study have some implications for modelling soil detachment which is
the initial process of soil erosion by water. Earlier studies have shown that D is a better
predictor of soil loss by water erosion than other structural tests of stability (Bruce-Okine
and Lai, 1975; Mbagwu 1986; De Vleeschauwer et al. 1978). The results presented here



indicate that it is possible to evaluate the potential of these soils to erode from simple,
cheaper and easier-to-determine properties like clay concentration, wilting point moisture
content or percent water-stable aggregates > 2.0 mm in diameter. The validity of these
models need to be tested further on several other soils with a wider variation in intrinsic
properties.
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Table 1. Soil chemical properties and their correlation with waterdrop detachment energy (D) Table 2. Correlation between mineralogical properties
and water-drop detachment energy (D)

Soil property Range in values Coefficients of
variation (CV%)

Correlation (r)
with D

Xi CaO, %
X,, MgO, %
X3. Fell. %
X4 . A12O;,, %
*.,, Si(!2. %
X,, CaC0:4, %
X7, SiO2/Al,O:l gg- '
Xs, Organic matter, %
A's. CEC (me/lOOg)

0 . 6 -
1.5 -
3.7
11.3
51.7
0.01
3.31
0.01
16.9

8.1
3.6
5.3

- 15.6
71.6

- 13.7
-6.33
- 2.95
- 31.5

80.6
26.7
13.6
8.9
11.9
110.7
17.7
31.1
15.9

0.619**
0.506*
0.792***
0.073NS
-0.697**
0.651**
-O.481NS
0.082 NS
0.393 NS

Soil property1

X10 Quartz, %,
ATu Muscovite, %
Xl2 Chlorite, %
Xu Feldspar, %
Xu Kaolinite, %

Range in values

14-41
10-22
6-16
10-23
10-31

Coefficient of
variation (CV%)
30.5
22.8
37.1
31.7
30.2

Correlation (r)
with D
-0.455NS
-0.260NS
0.717**
-0.572*
0.302 NS

significant at p < 0.05; ** significant at p < 0.01; NS = not significant.

* significant at p < 0.05; ** significant at p < 0.01; ***
NS not significant.

significant at p < 0.001;
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Table 3, Correlation between some physical and structural properties
and water-drop detachment energy (D)

Table 4. Some properties of the soils used to test the models

Soil property'

A'jfj, Sand, %
X{6, Silt, %
Xl7, Clay, %
A",K, Fine Sand, %
A'jr), Course sand, %
A'^IJ, Aggregate porosity, (cnr'/cnr1)
A'JI, Aggregate density, (Mg/mJ)
X^ . Walcr (-(intent at -l.SMPa, (WP)%
XM. WSA > 2.0 mm, %
AV,. WSA 1-2 linn, %
A'.,;, WSA 0.5-1.0 mm, %
A"27, WSA 0.25-0.50 mm, %
A'as, WSA< 0,25 mm
A';,,,, ASC, %
A',,,, CDI (K/g)
X.n.CRI (fi/g)
X:,,, SLI (g/g)
A':it.WS[ (%)
XM. S (%)
A',.,, K ( Mg/.I)

Range in values

12.1-66.1
19.3-41.4
13.3-46.8
3.7-45.1
8.3-31.0
0.27-0.39
1.62-1.93
6.3-19.6
0.16-35.84
0.89 - 21.52
1,91-17.61
9.23-30.96
27.98-89.69
8.36-34.45
0.08-0.37
0,81-1.15
1.47-1.90
2.60-70.90
8.67-54.83
0.08-0,50

Coefficient of
variation (CV%)
42.0
22.7
46,9
61.0
33.2
22.3
10.7
45.2
70.9
40.5
13.7
11.6
60.2
37.3
38.6
21.1
31.8
45.6
29.8
31.6

Correlation (r)
with D2

-0.63**
0.57*
0.61**
-0.62**
-0.31NS
-0.64**
0.54*
0.64**
0.94***
0.69**
0.17NS
-0.39NS
-0.62**
0.69**
-0.72**
-0.16NS
0.43NS
0.63**
0.51*
-0.31NS

1. All abbreviations are denned in the text
2. * Significant, at p < 0.05; ** significant at p < 0.01; ***
NS not significant

significant at p < 0.001;

Soil
No.
16
17
18
19
20
21
22
23

24
25

Sand
%

12.5
12.1
26.2
26.4
41.0
51.5
67.9
12.5
53.4
49.7

Silt.
%
31.4
32.3
46.5
36.7
37.5
30.2
22.5
40.9
28.7
30.3

Clay
%
56.1
55.6
27.3
36.9
21.5
18.3
9.6
46,6
17.9
20.0

Texture

C
C
L
CL
L

O.M.
%
1.31
1.41
2.16
1.52
1.16
0.96
1.02
2.76
2.62
2.86

CEC
(meq/100g)
33.7
33.7
19.6
20.7
22.8
21.4
22.6
29.1
23.4
22.7

PH
(l:2.5H20)
7.7
7.6
8.3
7.9
8.8
6.5
6.6
7.2
7.4
6.9

Dominant clay
minerals'1

IL+++, K++; S+
IL+++, K + + ; S+
IL+++,S + + ; K+
K+ + +,IL + + ; CH+
IL+++, K+H++; INT+
V+S+++, INT++; CH+
V + S + + + , INT++; K+H+;IL+
IL+++, K++; S+
1NT+++, K+H++; IL+
iL + + +,K+H++;INT+

a. IL = lllite; K=Kaolinite; S=Smectite; INT = Intergrate (Chlorite-Vermiciillite-
Sinectitc); H=Halloysite; CH=Chlotitc
+++=Abundant; ++ = Few; + = Trace
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Table 5. Comparison between measured and predicted
soil aggregate detachment energy (D)1

Test soil

No,

16

17
18
19

20
21

22

23
24
25

"A of snils |jrcdicted
C .on elation between
measured mid predicted
D(r)

Measured

D(.]/kg)2

0.82(0.036)
0.09 (0.003)
2.31 (0.078)
0.07 (0.004)
3.03 (0.073)
0.08 (0.002)
0.06 (0.002)
2-67 (0.084)
0.29 (0.010)
0.27 (0.013)

Model-predicted
(J/kg)xl(r3

Model
I
1.21
0.06*
1.06
0.09*
1.11

0.07*
0.04*
1.03
0.30*
0.24*
60

0.846

Model
11
0.79*
0.13*
2.19*
0.10*
3.06*
0.59

0.99
2.63*

O.SO
0.24*
70

0.961

aggregate detachment energy (D)3,

Model
III
0.85*
0.06*
2.27*
0.09*
3.09*
0.58
0.98
2.60*
0.78
0.26*
70

0.963

Model
IV
2.37
2.36
1.89
1.03
2.80*
0.08*
0.07*
1.52
0.31*
0.26*
50

0.611

Model
V
0.80*
0.07*
2.29*
0.07*
3.11*
0.06*
0.06*
3.08
0.31*
0.25*
90

0.997

Model I : D = 1.61 (FeO)+0.13 (MgO)-2.70(r2 = 75%, SE=3.503)
Model 11 : LnD=0.707+0.081 (clay) - 0.00153 (clay)3 (r2 = 80%, SE=2.368)
Model III: LnD=0.816+0.298 (WP)-0.0005(WP)2 (r2 = 82%; SE = 2.359)
Model IV; LnD = 1.303-0.797(SC)-0.0012 (SC)2 (r2 = 88%; SE = 4.091)
Mode! V: D = 0.0085 + 0.116(WSA > 2.0) (r2 = 90%; SE = 1.018)
Figures in parenthesis are standard deviations of measured D values
Thr starred figures indicate that predicted and measured D values are not significantly

different at p < 0,05
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