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' Abstract r ' L

. . A ) : ) Al
~ -Soal dlsturbance from forest harvest1ng which 1ncreases
. -~

so%%~\erod1b111ty and water quallty deter10rat1on is a
‘critical fattor LnfluenC1ng fbrest management practlces.

Although‘pmos1on ‘hazard “rating ~gechnique§ .are important

F]

planning tools fo¥ land manageng and foresters, the lack of

3
-

fleld testlngj and practlcal svalldat-lon has lYimited .the'
f

' appllcatlon ' most . ezés1éﬁ hazard rg;1ng systems. This

study was undertaken‘1m an effort to assess the val1d1ty of

. . 5

a newly proposed erosion hazard rating system for «Westetn
. Alberta (Singh 1983);vand in partic¢ular ¢to determine ‘ftsy
applicability‘ to 'post—logging sites where soils were

'dlsturbed by 1ogg:ng and soil scar1f1catron.

. : . -
The valldatxonr was wcarrled out in the .area where the

s

system was developed A nested factorial experlmental de51gn

w1th lety 61cm ‘x 61cm er051on plots was employed in

compllance with the system classxf1cat1on. Overland flow and
surface’ 5011 erpsion ~ from each plot were generated by the

‘Tahoe Ba51n Ralnfall slmulator- (Munn 1976) with a 2.5m

falling 'helght ' ahd agprox1mately ,\100mm/hr" rainfall
intensity. The‘ results \of soil 1loss: vere: analyzed'.anz

compared directly‘or indirectly to. the predicted'ratings o.

the syStem;' Thé cbmparisoﬁs showed no aéreement.:»Small‘“

‘differences in ;Si; loss >among’ singh's LSoil 'by forest

vstrat1f1cat10ns and  great - variability \Vwithinilu'the
R . :

stratlflcatlons suggested that the -system ‘js weak' in

-

predicting soil erosion hazard. | B

1 ] ) N ' -~ 7 >

o - . e . s
7 . . . J .

/‘ 2 . \ " . lv ’ ‘/‘ '



Additional efffarts vere als0 made to improve- the .
- . ' - S Y - C

_ system. A series o ;multivégﬂate expressions were derived by

_S%epwise-regression t§ relate Soil loss with eight.site and
* - . 'v.. - .', » ' ) N ,

soil phﬂ?zcal properties. The eqguations were tested against

thé"observgd soil lossand found to be - more accurate and

)

~

reliable. in. prediction of Soil erosion hazard than the
solitary infiltration index. An easily applicable expression
with two varfables:was suggesﬁed'fo replace Singh’s erosion

hézard ratingg.
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¢ List of Symbols '

L =801l loss in grams resulting from both splash and wash -

imgscts.of the simulated rainfall,

R.= rutoff volume in liters collected in the field.
l' ) ¢

I = overall infiltration rate in mm/hr.

Dy = bulk density in g/cm® of the surface soil.

) -
soil particle-size §arameteqlused in the Universal Soil

=
]

. . '\ .
Loss Equation (USLE, Wischmeier et al./1971) which equals

(silt%) x (sand4silt%), where very fine sand (0.05-0. imm)

——

was included in ®ilt,

L ‘ .
'S = slope of the simulation plotyin percent.

R? .= coefficient of multiple deferi}nation.

g ¢

S, : = standard error of multiple regression,
F = F value of the last step regression,
. {
L

' SE B'= standard error of regression cqefficient.

ix



- . .
Beb1:= standardized regression coefficient (without physical

S unit). ' T v . R

A

kY
-

R* change = change of R? with respect to each new variable

selected into a stepwise multiple regression equation.

——

Sig. T = significant value (a) of regression coefficient by

T test.

PPT

rainfall intensity (mm/h).

STO

stoniness index (freguency of occurence out of 2304

grids).

L

SMC = soil moisture content (%).



. Chapter 1
lNTRODUCTfON .
| X
-1 FOREST MANAGEMENT AND SOIL EROSION
éoil rerosiog seldom océurs on undisturbed forest land,
because mineral soil is fully protectéd by a cover of litter
and humus. Studies show that erosion from the undisturbed
forest occurs almost entirely~w§£hin the stream channel as
discharge ‘detaches: wsoil ? partdcleé and lqarries them
downstream (Reinhart et al. 1963; Dils 1957).
Forest['cutting, per sSe, causes little or no erosion
(Hoover 194%). But soil d;gturbance which may accompany or

\

‘follow cutting often results.in‘erosion.’Erdsion control or
'prevention begins with planning. Considering that 90% of the"
sedimeht produaeduby erosion on’timber-sale areas comes from
roads (Packer and éhcisténseﬁ i964), planning vegins with
those measures that will hold road mileagé to a minimum,
This involves careful selection of a logging method and road
location.

Advance plannihg of road location can reduce both road
area and gradient. Control of road erosion also reguires
adequate drainage systeﬁs to prevent overland flow ~from

~developing enough depth and vslocity to seriously erode the
road surface (Packer and Christensen 1964).

The method of .logging can have a significant impact on

the amount of soil disturbance and erosion. Tractor logging

causes far greater soil disturbance than other meth



(Dyrness 1967; Ro.thwell 1978; = Klock  1982). Pos’t—l‘oggvi-ng
treatments for. 51te preparatlon create high amounts of- 5011'

dlsturbance ‘as well‘ Dependlng on the method of measurement
*

the area of miheral 5011 exposed by mechanlcal scar1f1cat1on

A

in Albert@'ranges up to 49%~to 65% (Ferd1nand 1983)

-
SR

1.2 EROSION HAZARD ASSESSMENT L y
TA vance;planning requires backgroundm knowledge about

8,

local erody

ility and erosivity. From a practical viewpoint
efos1on hazard_natlngs are 1mportant plannirg. tools for land
_managers and. foresters\_(Dunne .and Leopold 1978; Rice and °

Gradek: 1984). Erosion hazard \fratlng “technigues  have
« ' ' ' . _ . .
'?eveloped,b ~as understanding of erésion processes ha¢

{Expandedg‘ The understanddmy and prediction of.xlerosion
:processesf A ?bave v l%volved5 from‘Ayfqualltatiwe - and
single—independent variable¢¢~estimates to "multivariate
~expressionsy and various models now in use. Among them, the

most popular model is Tthe Un1versa1 So1l Loss Equation

Y

'(USLE) developed by W1schme1er ’(1978) for' agricultoral:

soils., Itjhas been modlfled.for forest‘soil application and
is entitled  as the MOdlfled ‘Soil Loss Equatlon (MSLE

Warrington et al. 1981). However its appllcat1on _on st ép g

,forestvlands‘is‘not.véiy successful (Klrkby 1980; Swanson et'
v {

~ -

“al. 1982), because surface er051on\ processes in forested'

4
‘lands have . different relatlonshlps between transfer rate ané
L A,
_slope length ralnfall aﬁﬁ 5011 characterlstlcs than ‘those
'descr;bed_for‘agrlcultural soils by-the USLE. )

™~



:\: .' : . ) ' ' . o ‘f(
There is €till much that remains to be understood about

erosion in the forest» and at present 1t is. not possvéle to
— |
construct =~ a - conven1ent and realistic technlque, for

_ N _ o/ |
pregicting e:051on WlthOUt fieldwork (Dunne 1984) .

\ ' * ' ™~ ' 3 '.l » ] 3 .
Therefore, the: best wayD of‘predicting soil Jdoss is using
- local fjeld data representative of the range/%of conditiog%

2

‘in.the area of‘intetest (Dunne and Leopold £978). An'exgmple

of thlS can- be found in a study by Rice &nd Gradek (f984)

;'which was* an effort to gva&idate three untested er051on

”hazard ratings in Califofnié; Validatggn oshowed they were
inadequate in’most cases., |

y

A comﬁon \characterlstlc 'ofﬁ various erosionvhaéard
‘ratiné . systems ° proposed or adopted today is. thelr l;ck of
field validation. Informat1on/from surveys or studies ' on
hydrology, geology, 'soil//propetbies v ot even :codified=

- professional opinion. is thé backbone .0f most of these rating
systems.  The’ sltuatfon/dn Alberta is no exceptlon Dumanski
ef ‘al . v(1972) _presented a local potential erosion
_cla551f1catlon S for// the. HintOn—Eason__ area = based - on
observatlons of natural prec1p1tat1®n . né permeabifaty of‘
soil arent ;aterial. The c1a551t1cation has been used/ﬁs‘a
)model‘by-several othe reséatehets. Kathol. and McPherson
(1974) rated erosion suscept1b111ty of geologlc deposats in -
the House. Mountaln area from least erodible to most erod1bln
as: follows: muskeg, gravel, coarse sand, t;ll, clay, shale.

fine ,sand, -and sandstone, A recent study on erosion hazard

by Adge{son et al. (1986) presented an erosion-hazard chart
; — ‘



"~ ' L

N based on. studles of slope angle and soxl mo1stu§e content.
No field observatlons were made. None of these systems has
been tested in a ratlonal or quantltatlve way. As a result
few of these systems are adopted by 1land managers. -Actual -
f1eld examination. of erosion hazard rating"‘systems vis
important-for their application'in 1and_management. o .

1.3 A PROPOSED SYS"I‘EM»/FOR WEST-CENTRAL ALBERTA
A new reglonal eros1on hazird ratlng system - was

recently proposed by Slngh (1983) for west central. Alberta

The system use‘ restjc0ver types as indicators of erosion

S

~hazard. Three fores :types were 1dent1f1ed in Singh's system;-

which in: turn we:e,stratlfled 1nto 18 5011'assoc1ataons,_for
S L (. -\‘ : : o .
which steady state ‘1nf11trat10n rfates were determined.

Eros1on hazard was 1dentxf1ed on the bas1s of infiltration
' rates, where\\hlgh hazardp was equated to low infiltration

rates and low hazard to high' infiltration rates (Liﬁréna

1987). The, system . is s

. » .- -
potential tool for- lemd

p%e in form, - which makes it a
. . i . ) : é:" )
sge and management planning 1in

-
Y

west-central Alberta. o
‘ ' .’ . . ’ - e N
- : Infiltration rates. in Singh's * study were determined
‘ ‘ ‘ . . ‘ . q . -') . *
yith ‘a ,double-rigg . comstant head infiltrometer under each

forest cover on uUndisturbed litter surfaces.” Six runs, were
R . ' .

made for each soil association in each forest cover type.
_ e o - . -

¢

Steady state infiltration rates were found to -°vary under .
. ‘ ¢
different forest . cover types, presumably.due to,  the

~

@odifying influence of vegetation..The three forest types



utilized in thedsystemuwere lodgepole»bine, sbruce—flr Land
asben.' The results suggested low erosion'susceptibflity for .
lodgepole. pine sites, very; high, 'sosoepfibility“> for -
sprdce—ffr sites and moderate susceptibility sfor asben‘
'sites. . “ ’ | .
Slngh reoognized 'the'simplicity-of his-system and the
1nfluence of other site and climatic factors on. erosion, but
cons;dered that, reasonable estimates and-ratlng of -erosion
s&%ceptibility ‘could be obtained from the infiltration-
dapaclties‘ of. the soil‘ types under a dominant vegetatioh
cover, and that such rdtlng of ladd urits could serve ‘as' a
first approx1mat1on for plannlng purposes o
However,, Slngh S me;hod employs a number of aSsdmptxpns
that are queSt1onable. For instance, - the steady state
1nf11trat10n rates u;ed in Singph's. system were obtalned for
conditions where the ¢l1tter layer %as left intact. Under
shch'conditions, the oco;rrence ofloyerland .flow, raindrop .
1mpact »,ahd erosion . is limited.‘ Furthermgre, such
. v .
1nf1ltrat10n rates may not be representative off the same
soil "when d1sturbed and’ exposed,’ .
Soil stablllty is the re51stance of 5011 partloles to
-detachment,e dlsper51on and transport from the force of"
raindroos and tlowiﬁg'fwater ‘(Rothwell 1978), which is
1nt1mate1y related to soil structure and- soil texture
(wnschmeler 1969 Hlllel 1980). A givee soil association,

' defined as a ~group .of closely intérrelated soil series®

developed on similar, parent materials and under essentially
- b v -

-



‘similar climates, K is named -acé%;ding’ to lithologic
differences in soil parent materials (Dumanski et al. 1972).

‘Soils in a given association may ‘undergo different
weathering undqf varioué topog;aphic, slope and d;éihagev
conditions and therefore may not necessarily be the sihe in
terms of stability;-Conséquently, soii associations may be
poor éndicgtors,of soil erodibility which 'méy; vagy widely
from site to éite. Many studies have shown that so0il efosion

can pé better déﬁoted_ by a - multiVariate ;expressdon,
integrating the intefaggioné of local érosivity.and relevant
édiI'physicél-RrOpértiéér(Wiééﬁmeier 1969; Rice 'phd: Gradek
1984); th;n by anAuniva:i;té'expre95i9n. '

e

To summarize, the primary assumpgapné in Singh's system
- B ' - o . .

are:

. . y - . .
‘(1)The combination of vegetation and soil, association serves

‘as an index integrating soil and ‘veathefing factors

afféétinq erodibility.

1

(2)Steady  state infiltration for updisfurbed conditions can -

serve as an index of erodibility of disturbed soils. ™~
: T T T \

S
.

(QYInfiitration rate - governs. overland flow and the

~consequent possibility of induced erosion.

£ e



Some other,points {mportant to soil erosion :'buyt 'pot
*r A

included in Singh's system are: °

——

I

(1)The 1mportance of ralndrop 1mpact or splesh erosion as
one of the pr1mary causes of soil loss (e.q. Brown 1980

Bryan-1974).

~

\ . . -
(2)The influence -of soil disturbance .and exposure on. soil |

“erodibility and soil loss.

(3)The potential for differences in erodibility within a

given soil association.

N / =
!

.

~An exploratory study (Llerena 1987) by erosion pins was

undertaken to validate- Singh's* system. Abnormal rainfall

i

pattern and amount’ duglng the field expermment conﬁoundﬂd"

A

the results w1th uncontrollable errors, ”add: ﬁade,;afﬁ-

-

“Aiffi ult  to draw v'a conclusive judgement ;_; the
effectiveness of Singh's~system. Therefore, thxsz,study was

condycted " in an .effort ‘to refine the validation of the

systlem’

STUDY, OBJECTIVES , ‘
. i hd SRR ‘ . (' .
- The purpose of this study was to assess the validity of =

ingh's erosion hazard system, in particular to determine -

its applicability to post-logging sites where soils vere

~



*

[P . -
. L} N
> . Py L

<?isturbed<by logging and scarification. Actual measures  of

erosion - generated from simulated rairfall were compared to

Singh's ratings. of erosion hazard. Further improvements to

- ..

the system ® were suggested baSe&~ on a series 6f mu1tiple-
regreésion calculations. The null hypotheses. proposed for -

testing were:

" \ '

. - . C . Vo '
(1)There 'was no similarity 1in soil loss among the

soil—vegetation g@gupsfdescriﬁed by Singh's method.

»

"7 (2)There was no variability in soil loss within, any single -

sgii*vegetation group_deécribed by Singh's method.

1

»

{3)Erosion haza?a was not related to the iqteractions of

e

local erosivity and relevant soil physical properties as

expressed by multivariate analyses.

-

&



Chapter 2 . :

METHODOLOGY

. \ . _ ,
2.1 STUDY AREA S ‘ .

The area selected for study was in the.Hintbn-Edson
. N . - ¢

region of Alberta, on the forest manaéement area _(FMA)
.’ v

operated by Champion Forest Products (Alberta) Ltd The FMA

e

N . b , v
is located 286km west of Edmonton, between 1116 00" . and

118°00' vest 1engitude‘and'between'53°OO' and-54°00" noqth

_latltude (F1g 1). Elevation ranges from 853m in the eastern

portlon to about 2621m in the @outhwestern part (H1llman et

al. 1978). It spans two phyS1ogLaph1c qubd1v151ons ?Alberta

b

Plateau Benchlands and Rocky Mountain Foothllls)land, apart

from a small area near the town of Hinton, " the area is

forestéd" with spruce-lodgepdle pine and aspen forests
. S K

typical of the foothills section of the Boreal Forest Region _

"

(Dumanskl, ‘et. al . 1972)., ; ‘

The study way carried out on Champion’'s .McLeod and

‘ Athabasca managefhent runits, -and on the' Cache Petcotte

Watershed 'whieB) is admlnlstrated by the ﬁiﬁton Forest

Ny

-

Technolegy School. The darea' has been exten51vely logged

-

After logglng, scar1f1cat10n operat1ons were carried out to

tacilitdte regeneration. The hatvest hlstopy offets a wide

. o . . . .
range of cut-blocks (harvesting unlts) on- different
: N

| topog%aphic, vegetatlve and soil" condltlons for study. This'

4

is also the study area used by S1ngh to develdp his erosion

e

- hazard rat1ng system,
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2,2 STUDY DESIGN

‘Two forest cover

>

and three soil assoc}

selected for study.ﬂ.;ampl;ng a @j:jf number  of soil |
WA be :

associations se of. the spatial

‘;) . . . . .

difficulties by ing similar cut-block soil
- . et ey . .

!*. 4 3

vegetation cqg

fmi £33 logistical problems im sampling
O v .

: ' 2 |

a larger number. This sambéﬁng design gave six soil  and
. . - \ N

vegetation combinations, roughly representing 80% of

Champion's forest management area. Two cut-blocks were ’

-

TABLE 1. EXPERIMENTAL DESIGN

ot

v

. ol <
MARLBORO N . . OBED ROBB
! v ////
AT(7) cp(7) MC(7) s
. - . ’/ a - '
PINE . AT(3) AT(3) ;/// MC(3)
: ' //
-
L A L] » /AL
ty ( ‘ 5
Aty cp(7) MC (6
- SPRUCE-FIR AT(3) |, 7 AT(3) | MC(4)
[ b =
AT, CP, MC = Athabasca, Cache Percotte and McLeod management
units, :
(number}. = number gf observations in a cut-block. -
¥ . , ‘:.\‘ ) — .
selected »within each of the six combinations to serve as

v

experimental units. There were 3 to -7 observations of"

siﬁulated rainfall erosion per "cut-blodk (Table 1). The .

. . , , v ' .8
total number of observations for all cut-blocks combined was

- . >
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60. Statistically, this was - a hierarchial design with
rainfall simulation plots nested in the experimental unit

W .

(i.e. cut-blocks).

2.3 CUT-BLOCK SELECTION A
Selection criteria for the cutblocks were:

Vegetation. Two forest cover typeé‘were identified in the
field: The first was lodgepole Cpine (Pinus contorté
Dougl. wvar. Jlatifolia Engelm,), :and the second was
spruce-fir consisting of'white. spruce (Picegh\glaufa
(Moench) Voss.), black spruce (Picea mariana (Mill.)
B.S.P.) and alpihe‘ fir (‘Abjés lasiocarpa (Ho'cl;.)
Nutt.). ' ) : - .

Soil As;ociation.'Three soil a§s62iations,wefe identified
by »Dsing soil survey maps of the }egﬁon‘(Dumanéki, et

\ al. 1972) for tesﬁing of the system: Marlboro'(chiefiy‘
Luvisolic soils developed on medium—té fine-textured
Mprlboro till of Cordilleran ‘sourcé); Obed (a
'collect{on © of Gray Luviéol soils devgloped on
medium-to coarse-textured i Obed  till); Rog;. (a ,
collectign of Gray Luvisols and Eutric and D;stric
Brunisols developed \on mixtures - of -till  and
'c011Qvium). \ o

CPt-bibck {ée. All cut-blocks were less than 8 yéars‘in age

S and had similar ls&els of disturbance and ppst:}ogging

# ..

:vggetation._

—

) < \
5 {4
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‘Furthermore[ cut-blotks with easy vehicle access weare

given priority in the study. ' ‘

-

o B

3

2 -4 MINFALL S&MULAT!ON |
Within éach cut-block; 3 .to 7 rainfall simulation plots

were established on uniform, unbroken slope sections, ayay
from skid trails, landing‘%reas and depressions. The slopes.
of tie ploté varied from 8 - 15% in steepness. All sQrgace
debris and lit%er weie‘remoyfd from each plot to expose{Bare
minéral soil to simuiate newly iéfurbed conditions and to
dampen any variability betweeﬁ plots resulting from
different post;logging treatments, cutblock  ages énd
harvesting season. All ero ion plots were 6lcm by 6lcm in
size. %Be plot perimeter was §¥rmed by pushing sheet metal
edging 1 - 2cm 1into the gfound and was sealed by placing
’:soil against the outside surface to assure runoff collectiqn
and to prevent surface and Subsurface leakage. Great care
was giVen to. plot surface levelling to 1insure >Similar
hicrotopography for all plots. T ~
The Tahoe Basin&raihfdll simulator (Munn 1976) with .
3.2mm drop-former and 2.5m faliing height was employed .to
simulate artificial rainfall at an ihtensity of
approximately 100mm/hr onte the plot. The simplator was
shielded from the wind and was‘ air-tight to assigtanﬁ' in
control of rainfall 1intensity. The_ flowmeter reading and
initiaﬁ and final water levels (20 litres in volume) in the

water supply tank @ére*hi}d constant to achieve ideéntical
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hydrostatic ‘head (i.e. constant head) across the rainfall
chamber for all runs. Each plot was sampled only one time.
R1l overland flow generated during the process was collected
from a triangular trﬁugh,‘ oven-dried and .weighed in the
laboratory to calculate the amount of soil loss and volume
of3f15§ from each plot. These data were used as ® relative

index of inherent soil erodibility and were compared with

ratings derived from Singh.

2.5 SOIL SAMPLING

Around each plot, two to three wundisturbed soil
samples, 5.4cm in diameter and 3¢m in dépth, were collected
from the‘;suqface soil. The soil’ samples were used to
detefmine bulk density and soil moisture content. Each core
sample was weighed and sealed with a plastic bag in the
field immediately after sampling. The soil moisture content
w&s calculated on an oven-dry weight basis. In addition,
distdkbed soil sample's were obtained from each plot-~for
mechanical analysis of soil texturé’ (McKeague 1978). The
results wereb used to determine USLE's M factor (Wischmeier
et al. 1978). )

The stoniness (surface area of exposed stone) of each
plok was evéluated in terms of frequency. A steel screeén,
with 1cm x lIcm grid} was placed on each plot surface. The

total number of stones greater than 0.%cm? in surface area

was Yecorded as an index of Stonihess. _



2.6 DATA ANALYSIS
A nested factorial design (Hicks 1973) was employed to
test for significant' variation among soil, foresg type,
_soil-by-forest and cutfbléck’strata. Before the analysis was
started, the erosion data (in grems - g) were ;ubjected to
tests of normality (Anderson and McLean 1974) and Bartlett's
. test for homégeneity of variances (Sokal and Rohlf 1981).
The results of these tests were positive at the a=0.05
significant level, t
To identify possible improvements to Singh's system,
multivariate analyses were performed to identify
environmen£al and site factors important to soil loss. A
series of stepwise multiple regressions was performed, using
linear polynomial and exponentiai models of.ther same —-forms
as those employed in a successful California study by Rice

and Gradek (1984).

Y = A, + A, X,"+ A,X, + - + Anxn’ ' (1)
In ¥ = Ay + AKX, + AKX, + - + A X ; (2)

where Y is soil erosion generated by simulated fainfall.

Independent variablegyﬁéi

ectdd for analyses included:
c%ﬂnoff, infiltration; rainfall in ensity, slope, stoniness,
bulk density, soil moisture conten and USLE's M factor.
Infiltration rate was obtained indirectly by subtracting

runoff from the 20-litre of water used to simulate rainfall.

)
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Rainfall intensity was included ~fp;‘\ana1ysisl because  it

,véried+ f§1ightly' between runs _dqé to iﬁstallqgjon and

‘_moméhtafy wind»tu;bulencé.'Theopetically rainfall intensity

" should have beén'constént'fqr all runs.

[y
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/Fo Chapter 3

\

g \
R ~ RESULTS AND DISCUSSIONS

e ) _ {.

o Vo o . ®
3.1 MEASURED&S@IL LOSS :
TR N T

:Avérége soil loss causedlby'simuiated rainfalltfor all
plots coq&ined was 231g,‘with a standard er?or<6f megﬁ (SEM)
- cof appfaximately’ 10g. SubdiViding' the samples by soil
associations and férést cover types (Table; 2)‘£evéaled
s' ilar level ofvsoil loss between soil associations  and
;fofest types.\The aQe'n,s Qil‘lossés>by row or by column_in

. s . . .
" Table 2 dide not show . : differences either.

TABLE 2. AVERAGE. SOIL LOSS (in gram) AND VARIATION

M

i » . \
SOIL ASSOCIATION
FOREST COVER |  Obed Robb ‘Marlboro | ROW MEAN
s ' | B -
Pine | 22722 - 240425 265325 | 244%14
Spruce - | 245+37 226+19 218418 230415
COLUMN MEAN | 23621 ~  233:15 '  241£1g 237¢10
l ¢ I//\»\

)

The results from Table 2 brought. into gquestion the

~—
~

‘fundamental gstfatification of Singh's system, If the

I3

stratificalon of soil by4vegetation . 1s to make sense in
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¢

differentiatihg .s0il loss, noticeable-differences in soil

- . . , . ’ ‘
loss between treatments (i.e. soil associations or forest

.‘ types.) shoul@ be apparent. Unfdr'tunately, this wa§ not the
' N . . . P ] : .

case. ' -

3.2 ANALYSIS OF VARIANCE ° ‘

To thoroughly evaluate the effectiveness of Sinih's

_ system, .an analysis of variance (ANOVA) was performed on

@ ov’
$
TABLE. 3. .ANOVA OF SOIL EROSION
SOURCE D.F. oM CF
soil (s) 2 © 492.452°  0.033 ns
forest type (F) | 1 ©57.270 © 0.004 ns
S by*F .2 8163.684 0.544 ns
B/SF | 6 15005.551 2.808 *%
ERROR ol .48 - © 5343.723
- ’ ‘
 -TOTAL , 59 6109.590

ns.‘hon—signifitant at the a = 0.10 level
*x significant at the o = 0.05 level .

[ S

soil loss from each rainfall simulation run. A nested design
was used to'see 1if% Singh's stratifications significantly

explained variation- in the data and to determine potential
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.\

sources -of -variation for future study.

‘ ResUlts:ffom'thE ANOVA (Table 3) cdnfirmed initial

observations and  further developed my arguﬁénts. First,

v

a

‘there were no significant differences 1in "erosion

o -
between

soil associations, forest .types or finteractions between

them. The 1lack

of significant differences between soil

associations and forest cover types and their interactians

. ' S o e
indicates Singh's system was not sensitive®¥ enough to °

identify differences - in erosion . hazard. Furthermore, the

¢test of the nésted cut-block (B/SF) indicated that within.

single soil association—fonest types, there was significant.

vgriation in sQil loss. Table 4 shows that all of the

< »

TABLE 4. SOIL SUBGROUPS fN EACH CUT-BLOCK

& .
MARLBORO .¥ OBED =~ : ROBB
MLB6 /// GBD! < RBB1 T
; - | d 3 ’///
PINE // MLB5 - OBD2 -/,/" RBB3
////’ L , ‘
v e )
% o
LT MLB6 - | oBD1 : RBB4 P
‘ : L ! ]
SPRUCE-FIR  MLBS OBD2 - ‘RBB3
v .
. ////\ e
MLB, OBD, RBB '= Marlboro, Obed and Robb soil mapping units,

where each number suffixed to a mapping un
distinct soil subgroup. , :

N a

1t represents a

‘cut-blocks within a . given soil by forest cembinations in

.y

this study were located on different -s?il subgroups

1
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» (Dumanski et’él 1972). This impiies thabfthe real soﬁrce of
variation gtght originate with the soil -subgroups" (mapplng'
units). -Nevertheless, this does not meet Slngh' assumption
that e:od1b111ty ylthln “a given iso1l association-forest
cover type isboniforh. Therefore, these observations lead to
'fhe ‘rejection' of hypofheses 1 and 2. Furthermoge even a

qua11tat1ve comparlson of Singh's er051o hazard ratlngs to
\

fmeasured ‘erosion ranked by order of magnitude showed no

-

agreement. S C - : v
. . _ : - )
3 ) - o .

3.3 MULTIVAR\IATE ANALYSIS *

The results from the prev1ous sections indicated that
§ :

Singh's system was -Weak 1n‘pred1ct1ng soil loss. To find

better parametersgfor exr ,1ng 5011 loss, a series of

[

stepwise multiple regressions were performed u51ng llnear

polynom1a1 and exponent1a1=models
b4

The best linear- (Eq.3) and exponential ‘models (Eqg.4)
k°were ones wh1ch 1solated runoff, bulk density, USLE's M
facgor and plot slope,as the most important 'variables for

| describlng 5011 1oss (Tables 5.and 6). A confidence leveliof

95% was used for all stepwlse regression calculatlons.
‘:1/ . L. .
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L ='-30.876196 +29.748577 R -108.605637 D_ +0.011496 M +
. " o .+ 6882186 S (3)
R? = 0.63800 xx |
~ s’ % 48.70728 |
yex oo o S
F =.24.23351 %x : -
BLE 5. MULTIPLE REGRESSION WITH: LINEAR MODEL
.- (with all of the variables) .
VARIABLE SE B Beta  Partial R? Sig.T
. : . . )
R _ change
‘R 3.558; -0.898  0.748 0.445 - 0.0000
/Dy '37.883 -0.325 -0.361 0.1198 0.0059
! “ o . :
M 0.004 . 0.218 0.332 0.0358 0.0117
S 2.9317 0.217.  0.306  0.0374  0.0207
, ‘ : !
% significant at the a = 0.05 level



"ln L =4.7.12495 + 0.176308R -

'

R? = 0.73714 *%

S
y.x

So=0.21299 0 T

. F.= 52.34816 **

0.838844D

L 4

b

3l

v

+0.000043M  (4)

IS

Fg.‘: Ty .

22

&
'TABLE 6. MULTIPLE REGRESSION WITH CURVILINEAR MODEL
\\ . (with all of the variables) |
'VARIABLE SE B . Beta Partial R?". Sig.T
R chahqe 2
8 )
R 0.016 ~ 1.028 . 0.834 0.561 0.0000
. ' .
o D, . 0.755 —0;484§f.50.587 0.153  0.0000
‘ ~ ~ « “
M 0.00002 0.158°  +0.288 . 0,024 0.0283
. , o .

X+ signifidanﬁ at the'a‘= 005 level

L]

&
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. The-expoﬁential model was more efchiend/in descr1b1ng

5011 loss (with 3’1ndependent variables and an R? of b 74)

i

thé: llnear!modelJ(w1th 4 1ndependent vaflables'.

)
compared to

P

9.64). Curv1l{£ear .modelg are reported to

and an R* of
better descfibe how site and physical variables interact
‘naturally’ to affect‘qerosion than'linear.models\(Riée and

Gradek '1984). All }egression calculations by the exponential

model : showed higher correlation coeffitients _and 'more
significant statistical résylts (Table 6).

. Both equatiohs and ‘independent variables used-we%e

significant at a<0.05 level (R?, S 'F_and Sig.T). The

| yx'
\»ocdor of importance. of the variables 1n the equat1bns was

assessed by either Beta or P@Pt!al. Runoff alone was fhe
most important variabié, explaining 45 - 56% 8t the..
M var1at10n in etrosion. The importance- of 5urface’ runoff to‘
induce 's¢fit . er051od has beenn recognlzed in many studles
N

(e. g\\Bethlahmy 1967;. g%rmer 19735 Luk 1977). It is well

‘known ' that rainfall 1ntpn51ty must exceed soil infiltration
/ ' 1 ' :
capacity to‘producé~runoff, and consequently to-wash surface

soil away., Howéver, the role of runoff in soil erosion is

often easier to visualize tha: ' : to measure 1in the"
field, not to‘mentlon _be -n .t1z2d to improve Singh's
‘sygtem.

As mehtioned AinA the me: ho.  section, plot runoff angd
1nf11trat10n rate were hlghly negaleely correlated (rz = -
' 0.93) because of the method employed to obtaln the latter.

This high correlation induced rejection of infiltration in

] <
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the stepwise regression calculations when both “variables
were included. Although the.reeultS'qﬁewed unanimously that
.plot runoff -gained number one priority, _it does not mean
that infiltration . rdte was ,not imeertant{' Actually,
infiltration should be eqUally despriptive~ to soil iose
since the'~variab1e‘ itself .was inhefehtly correlated %;eh.
surface runoff. In addition, infiltration rate 1is "a more
practical parameter to use for erosion prediction because it
"is easier to measure. Fortunately the rejeéti&h effect ‘can
be aboided'by subjectiveiy selectiné ﬁndepeﬁaent variables.
Based iupon"this idea,' further ~stepﬁise regression
celculations were made without runoff and rainfall intensity
date to derive a'practical emp@rieal equation, As expected,
infiltration.rate became the most important single variable.
The results- (Tab}e7 7)_ were  still, statistically
satisfactory™ (‘.'= 0.05 level) thoughaless‘precision was
- "achieved. The regression equation (Eg.5) was simple in form
:\and -eesy'to apply. Only bulk'deeéity wa's needed in addition
_to the infiltration rate which a;one explained 48% of total
variance. However it should -be kept in mina\mtpat the
infiltration rate inreqﬁation,s was,measured on a‘ Harvested-
si:% (i.e. disturbed ‘bare minefal soil).” This supports
\~§ingh's idea ef using infilffetioh raée as a Qeasure of soil

erosipn,_bht not é%e_site'conditions involved in getting it..

\
.
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In L = 7.f20325 - 0.023818 1 - 0.662574 D

4

N
R®- 0.56309 »x - @
S = 0.27471 ¢ . .
y.x C
F = 36.73104 %% |
. . ’\'

-

R

" a

-

b

TABLE 7. MULTIPLE REGRESSION WITH CURVILINE@R MODEL

a

(Qiz\out runoff -and rainfall inten@ity terms)

$ *,

VARIABLE SE B Beta . Partial R Sig.T

- ' ‘ ’ /
. R change
t ‘/ .

"1 v 0.003 -0.931 -0.737 0.4771 0.0000
N . v 4

Dy ~0.198 -0.379  -0.406 . -0.0860  0.0014

o . ? .t ’

- s ! ..’A L h
~ ° ..

x* sigfificant at the a« = 0.05 ievel)
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Most of the coméfﬁcations arising from soil eroéion
studies stem from the technical difficulty‘nof directly
evé§hating soil erqdibility itself. Numerous factors hawe- an

"effect on erodibilit&, bdt ﬁo singte factor can be ranked as.
most signifibant. Genérally speaking, soil strength, (i.e.
efodibilify)-can be ultimately.denoted by the characterstigs
of soil structure ands soil texture as Jwell as their

‘ ih;eractions.i In tgis sEudy, parameterS/gé soil structure
and soil texture wgke Selected and f5und to be the

‘sighificant soil physical properties affectiﬁg'sgikperosion
.regandiess of the kind of mathematic model emplbyed.

Thig study showed that soil bulk densit@ was the single
most ‘important soil physical 'properfy in explaining so0il
erésion. It éxplained.12 td 15% of residual variance after

"surface runoff:‘lt is.easy\:to oﬁpain 'and_-often used to
indirectly descrifle soil structure (Hillel 1982). A high
bulk density;inditatés a clésely‘ipterlinkeé, compact soil

ﬁbog} which often exhibits gréaEer resistence to breakdown
resulting Mom raindrop impact or kﬁ%face runoff.'flqu wjthi
some other structural paramgtef;\ sbéh aé- wager-stabie
aggregate index, bulk density is\ofteh selectedi in wvarious
multivariate soil 1loss equations (Wischmeier and Mamnering
1969; Klock 1982). - ) | RN
o : ‘ K. i
A .soilf with either high sand or clay content usually

~

Ly

tends to be less erodible, because it needs greater - dynamic
force to move the sand or to separate the sticky clay.;

Therefore, silty soil is most erodible. ,Wisqueier et al.
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(1971) developed a soil particle-size parameter :for their
USLE (M = product of silt¥% and sand+silt%). Through repeated
studies,; they found that the finé portion of sand acted much

-

like silt in promoting anter entrainment. Therefore, he
‘reclas$ified thé USDA particlé—sife§ classification by
redefining silt (0.002 - 0.10mm) and sand (0.10 - 2.00mm) .
which led to the creation- of the M factor and greatlly,
simplified the or{ginal complex. multivariate equation
(Wisphmeier 1969) . Tﬁk\new cléssification is wi@ely éccepted
‘fbr evafuation of soil erodibilaffi‘Application of the M
hfaétor to soils in Alberta ié generally successful (Tajek et
al. 1985)1 This study sboweéﬂthat the M factor was the third
most importaq} parameter in the first twou equations. The
partial correlation with soil loss varied from 0.29 to 0.33,
~which demonstrated éhe important contribuéion of soil
texture to the variance of séil loss.

It seems to be common sense that soil eros;%n is
directly related to slope angle since it increasés the
downslope component of forces acting on soil particles or a
water body..However, slope angle Ehowed ;ess.significance‘in
thié study than ofher factors, eépecially in the exponential
" models. The main reason for this is probably that all plot
surfaces w;re well landscaped to reduces variability. Plot
slope steepness only varied between 8 amd 15% in this study.

Therefore, it is understandable that such small variations

in slope would tend to’be of lesser significance.
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Other independént vatiables excluded by stepwise
feéreségon‘were surface stoniness and soil moisture content.
Stoniness was expected to be eliminated since it was zero on
mdst cut-blocks of the Obed and Robb soil ‘associations. But
soil* moigture content . was excluded by the stepwise
regression because Vof errors in soil moisturé content
determination, Piastic bags were - used to tgahs}er soil
Samples from field to measuring pans in the laboratory. Some
oil- .stuck on the inside of.khé bag even after washing by
water, which introduced an evident additionai error to the
measurement = since the ini{ial volume og each sample was
smal¥. This could ha&g been avoided by using aluminium tins;
Nevertheless, ‘all equations were highly significant in
determining soil erosion. Compared with the results from
ANOVA by using the solitary infi}tration rate, the advantage
‘of a multivariate éxpression was! obvious to perceive. - As
such, hypothesis 3 was rejected as well.
A . .

3.4 WEAKNESS OF THE RATING SYSTEM
Soil .erosion hazard is a function of complex
in}eraétioné of such factors as erosibity, erodibility and
sitémcqnditions. The main shortcoming of Singh's system .lies
in the‘fact that infiltration capacity obtained from the

L4

undisturbed forest floor was utilized as an index of soil
erodibility. This affects the system in two_’ways. First,
numerous studies <e.g. Meeqyig 1970, Siddle 1980 Donnelly

and Shane: 1986) show that forest cover and its littér cover
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are vital in maintaining infiltration capacv)fq and soil
stability. Unger forested conditions or even after faqrest
cutting, goil erosion will not usually occur as long as the
litter layer 1is left intact. But once the forest floor is
dispprbed\f%!e. by logging or "soil scarifica;ion), soil
Physical propértigs including the infiltraéion capacity will
‘usually be signifi.ang_ly‘altergd.‘ Since forest Mharvesting
‘can create an entirély new micrognvironment; i; does rot
make sen§é to assume that relative differences among
disturbed soil units'-(i.e; Sdil’féssociatioa in Singh's.
system) will folTow the s&me pattern as ééfore_ harvesting.
’Proof of this wég of%eredaby the previous regression result{@
(Table 7). Since infiltration rate obtaiped on 'disturbed
forest floort explained ﬁapproxiq&iiiy 50% of soill loss
variance in this study, a .much better agreement between
.Singh's eroéion hazard ratings and the actual ones would
have been obtained if the data of infiltration capacity in
Singh's system had been collected on harvested sites (i.e.
disturbed bare mineral,6 soil surfaces). Secondly, soil
'distLrbance caused by silvicultural practices often exabses
mineral soil to direct raindrop impac£ which Eeséftsm?iv4(
splash erosion and surface crust, which tend to further.
impede ipfiltratidgt-Raindrop'impact, which was not covered
in Singh's _system, is‘conSidéred a more important cause of
erosion on logged areas than surface runoff (Bgown 1980).

Forest type has been examined and used as an

environmental indicator in many studies (Rice 1977, Winkler
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and Rothwell 1983). _-Sith in his system assumes ‘ﬁorest,
cover, or vegetat1on.-in general,vintegrates and eXpresseS‘
.the net interactlon of ciimate abd site. An”ewample of " this
is 'thg;correSpondé“ce‘of vegetation:wibh different climatid
or physiographic zones. These kind of ‘associetions are

useful when def1n1ng large reglonal zones, but become less.

————

precise for small scale appllcatlons such as soil typlng for

1nd1v1dual properties like erodlblllty. For 1instance,
Yo ‘

studles in Alberta (Dumanskl et al. 1972)' show lodgepole-

0

vpine is 1nd1cat1ve of" dry, well dralned 51tes, and spruce of

r)
11

wetterc51tes, These are only relatlve';d;fferences between
the spECies, “both of wh1ch ocCupy’e wide renge of sites
singly'ahd jolncly; where 5011 phy51ca1 propertles like
erodibility ‘vary' greatly.' Furthermore, the dlfferences in
site “wetnesslvbecween the’species can be overshadowed 'by
hlgh 5011 moisture contents on most harvested 51tes.
" As mentloned earller, @ 5011 assoc1at10n, ‘defined as ‘a_
group of closely 1Qterrelated_ so1; series developed onEY
Similarj’parent -materials and under essehtjaliy similabe
.ciimates, ‘Was Saméd:accordibg‘to‘litbologic differences in
soil parehb ‘materials (Dumenski et al. 1972). Soil
associations} like = forest ecover types, are broad
cla551f1cat10ns based oﬁ\ lithologic‘i materlals (paréht
'mater;als), but not weatherlng processes, whlch can produce

. . . : ,';);‘
,similar soils .among  and within -assgc1at10ns. Soil

.. ~

' assoc1at10ns are good at reflecting certain pertinent

vaspects of the landscape (Dumanskl et al. 1972), but  are
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very - limited in: histinguisﬁ%ng | other enyironmental»

| parameters &ﬁfecting soil . profile deyelopmént. A; such,
soils  in a giyqn' assoéiatibn may unggigdl difﬁerqnt
weathering under various topographic positﬁéns, different
kinds' of slope and drainage conditions and ‘may not
';ﬁecessarilyv: be - the  same | in*. terms of erodibility.
tConseq‘uently, soil assoéiatio'n, isﬁ't a strong indicator of

soil eérodibility which varies wid from spot to spot.

3.5 IMPROVEMENT OF THE RATING SYSTEM
Singh's ne thod probably could be improved by'iﬁcféasing
. the dégree QEV stratification. Consi@eration of -subgroups
~ within the Dumanski et al. soil associations would be good,
as they are classified on the basis of relétive proportions
of dominanﬁ ahd significant’éoils.‘These subgroups are often
Vindicative_of landscape types as various soil profiles are
often associéted Qith differences in topographic position
and related drainage conditions, and the kind and

2]

freduencies of slope. Since forest cover type in Singh's

N

system proved to be least important (Section 3.2, Table 3),
.. would be wise to shift attention to .soil subgrdups or
- other site.conditio?s. Unfortunately, further confirmation

of this point can not be made from this study because the

‘replicates on soil subgﬂoups were insufficient to make a
valid. compar ison. ’ ' ’ . o
‘Another step would be to use . multivariate expressions

of erosion as a substitute for the solitary infilgration
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index. In section.3.3, three empirical equat1ons (Eq.3 and
Eq.4) were offered .to express soil erosion, Because
difficulty * in obtaihing plot runoff data Qould Hinder~the1r
"aﬁﬁiication to idgrove S%ngb's system, quS wge auggested as
' the final muithariate‘ %preééion. |

Once 1nf11trat10n\rate on bare m1neral “soil and bulk
density are known, Eqg.5 can be readlly plled to glve an
apprpximate assessment of erosion ‘hazard. i Doubtless,
1ncrea51ng sample size could improve the precision and the
rellab111ty of soil hazard predlctlon. No matter where Eg.5
is applied (eq. onv a further stratified unit or simply a
.eut—bleck), an adequate sample size is always 1mperat1ve to
'dran the correct 1nference. Further studies by testing Eq 5.

‘ . . . ©
to various sites are requ;red to increase the’ database and

" improve the prediction of erosion hazard.

s



Chapter 4
CONCLUSIONS

Field experiments with a Ahierafchial deSign' were
(condhcted in compliance with Singh's erosion hazard rating
system in Hinton, Alberta. A portable rainfall simulator was
employed to generate so1l splash and’ wash. er051on on 31xty
deliberatly prepared, bare minéral so;l plots,' Comparlsongv
between observed soil loss and pnedicted‘by Singh's method
| showedn no - agreement, ‘Little‘>dffference batween Singh's )
soil—by—vegetation stratifications but great dafiabi;ity
within the=single stratificafion were found. 'The analysis of‘
Qarlance further conflrmed these observatlons and led to the

rejectlon of Singh's method

_ 'ngh’s idea. of equating' soil loss to the
iltration' rate  ~was supported by ‘thet

mukglvarlate analyses, the site conditions* involved in

Althoug

‘inverse of

obta1n1ng 1nf11tratlon data were found to be 1nadequate and
were believed mainly respon51ble for the failure of the
system. ‘ o ' - - o
Improvements to the system were studied by derivino a
series of multivariate expressions which ~all gave much
better estiﬁates of the real soil loss, and by measurlng
infiltration rate -on dlsturbed sites with bare mlneral soil.

Major conclusions drawn from: the study were twofold:

(1) The current erosion hazard rating system for western

33
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cenﬁral Alberta . (Singh 1983) islquite weak in terms of
. predicting soil ‘erosion - hazard. Greap” unexplained
_.bariation‘.in erdsion hazéfd is q&t;ligated when apblying
the system. o
¢

(2) Multivariate expressions with better desc:iptiVe

variables can significantly increase the accuracy and the

reliability of erosion hazard rating. - e

#

The study. also calls - fo}q a higher' level - of
stratification “upon the - system itself, A concise
multivariaté_embirical equation with two easily’ obtainable
independent variables' (infiltration rate and bulk density)

was recommended to replace the erosion hazard ratings in’

'Singh's system. The equation was stétistically>significantr
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Appendices
o

(1) BRIEF ‘DESCRIPTIONS OF 3 SOIL.&SSOCIATIONS
Descriptions are excerpted from Soil Survey and Land
Evalthion of the Hinton-Edson Area, Alperta (Dumqnski, ot

.

al. 1972). /

0

-
ghe Marlboro association consists chiefly éf Luvisolic
soile developed on medium-to 'fine-textured Marlboro till o{
Cordiileran source. The 'parent material of ‘the Marlboro
aesociation is an olive brown to yellowish‘brown colored
till which is friable and moderately stony. Most of the
Marlboro associatio: oceuaf on  topography which varies
between moderately rolling and strongly rolling. Soils .of
the- Marlboro association are mapped as havingtloem, sandy
loam or sandy clay loam surface horizens, and cl%y, clay
éﬁoam\of-sandy clay loam sgbsurface horizfns. Thefe are seven
mapping units for the Marlboro association,.

The Obed association is made up of .a collection of Gray
tLdvisol soils deyeldped on‘ medium-to coarse-textured Obed
till. The till is of Cordilleran on1gln It is sandy, olive
brown to grayish brown in color and slightly plastic when
moist. It is commonly‘ very ston;§\qgﬂfeiningQpepblee‘and
cobbles which are éenerally 'weil “rounded, less ﬁhan. two
inches in diameter. Topography of the Obed association
usually varles between gently rolllng and stronq}y rolllng
Isolated, .erqded . cla\ffs and scar‘ps‘exhlblt very steep]y
sloping to extremely sloping téi graphy. - Obed soils

generally have sandy loam texitures in~the surface horizens

.

e
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~:}d §andy clay loam textures in subéoil. "There are four
mapplng units for the Obed association. \

The Robb assoc1at10n con51sts of a collect1on of Gray
Luvisols and Eutric and Dystric Brunisols developed on'
parent materials that are generally shallow and made up_nof
mixtufee of.till and colluvium. It is grayish brown to olive
brown in color, friable, and slightly plastic'when moist., It
is generally moderately to very stony.yTopography commonly
varies from moderately rolling and strongly rolling . to
hilly, \but» local areas may be as smooth as‘gently rolling,
or as rough as very'hilly. The Robb soils have sandy loam to
loam surface horizehs’ and. clay loam tov55pdy clay loam

subsoil horizens. Thefe are six mepping’hnits‘ﬁo; the Robb

association,

I

L4

(2") FIELD DATA AND SOIL ANALYSES
Plot’ numbers were composed of 3 pé’ts. The first part

is name of working circle (CP r= Cache‘ Percotte, AT =
po)

‘Athabasca, MC McLeod). The second part 1§Asoii by forest

combination”(o Obed, R =' Robb M Metlboro, S ' =

sprp%srflr P = pine) The thlrd part the serlal number, The
meaning and units of the symbols were spec1f1ed in the VList

2 [-24 ]

of Symbols. . '
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PLOT NO {
CP-0S-1 67 1
CP-0S-2 1892
cP-0%-3 "BO .8
cP-0s -4 206 .4
CP-05-5 169 2
cP-DS-6 365 6
cP-0S-7 337.4
AT-0S5-8 355 5
AT-05-9 334 3
ATB-05-10 353 6
CP-0P -1 115 2
CP-OP-2 201.0
cP-0P-3 229 1
cr-op-4 214.9
CP-0P-5 319.3
cP-arP-6 336 4
cr-op-7 .9
AT-0P-8 6
AT-0P-9 .7
AT-0P-10 A
MC-RS -1 K
MC-RS-2 + 3
MC-RS-3 2
MC-RS~4 .6
MC-RS -5

MC-RS-6 7
MC-RS-7 4
MC-RS -8 9’
MC-RS -9 6
MC=RS - 10 3
MC-RP -1 5
MC-RP -2 3
MC-RP-3 5
MC-RP-4 4
MC-RP -5 8
MC-RP-6 .a
MC-RP -7 2.4 8"
MC-RP -8 DRG 2
MC-RP -9 322 0
MC-RP-10 314 5
AT -MS-1 248 .1
AT-MS-2 161.7
AT -MS-3 167.3
AT-MS-4 221.2
AT-MS-5 132
AT-M5-6 1751
AT-MS-7 261.0
AT-MS-8 228.2
AT-MS-9 - 323.2°
AT-MS-10 262
AT -MP - 255.4°
AT -MP -2 355.9
AT -MP-3 347.6
AT-MP -4 247.5
AT-MP-5 277 1
AT -MP -6 184.8
AT -MP -7 328.8
AT-MP-8 290.5
AT -MP-9 260. 1
AT-MP-10  97.8"

¢
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