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A METHOD OF FOF;ST SOIL-

SITE UAIJ1fl IJV bTIcMTIO

NTIODUCTlON

Timber is a crop of the soil. Not

of equal value for t ber rowth.
that "rough stony" or "rough ountanous" land is no
longer an adequate description of forest soils. Due to
the low value of forest lani, soil surveys have not been

made on forest soils of the kacific nortbwest.
As second-growth timber becomes more important to

the economy of the northwest, forest. manigement practices
will become more intensive. As the manement becomos
more intensive, er ati.ention must be paid to the
part soil plays e roeneration and growth of the
forest crop. with soils of g ter growth capacity,
more intensive forest management is justified.

Within the past few decades an increasing amount of
research has been ciirectod owarth establisning relation-
ships between t mbez çrowth, physlo0.Laphy, and soils.
oomo relationships thrive been found uetween sie quality
and cert.ain forebt soil crLaLaceriz)tics. However,

results of these studies indicate tiere is a great. need
f or further work in this field.

he forester realizes



BLM timber inventories. As st
understanding be objectives of

The Bureau of Land Management (BLM) proviled
grant to establisn a stuci projec Qebigned to develop
a forest; soil inventory method suitable for use with the

project are:
To develop techniques and methods of
surveying and lUapping forest soil con-ditions on a broad invenory basis.
To inveti te &he L8 of aexial phoos
in forest Boil Surveyin. anc. sapping.
To provide Information that will bea foundatjo for further forest soilsinvestiatjor imod at correlatingtoresi soil clasifjcujon with ac-
cepted forest managernn practiceiand astablist.in bases for evaluating
forest sii,e classs and indices withsoil conditions,

Memorandum of understanding between the Bureau of
Land Mana einent and Oregon tate Cohere relativeto proposed 8011 survey project. January 18 1955.

ofthe riLemorandum



current site quality-forest soil surveys will be reviewed,
The relatlonshipb f und betee forest site qua1i;y,
soils, phyaioxaphy, ptcipittion, ana vegetdtJ..on will
be discussed.

Lunt and Swanson (20, pp.265-278) e
soil factors to be examined in fores
ations are: texture, color, con..utence, stiucture,
thiciciness, BOil

type, and

considered.

moisture relations
influenced site quelity in Cormecticut. Retmer (,
pp.615-619) concludes that a survey of pnysicai. factors
of soils, topography, and rock type will supply basic
information for site evaluation in ne Rocky ountain
area. kfe includes kind and density of timber, soil te
ture groups, aepth of soil to bedrock or an impervious
layer, fertility, and erodability of the soil as faciors
to be examined. oi1 teuure, depth, and. dezee of pro-

file development were used as the basic soil Cflsxactiristics

'ACTuk8 TO BE CcI3

They found that soil type, slope,

RLV I i.;W OF L11M(ATjJR

Ld moisture relation

umus type, and amount

rature on factors
$ebitod used in

DEhD

Slope, humus

aspect,
of stones

use are additional factors to be



studied on e Ant1es National gores
(9, pp.755-7C2). The survey methou used will vary
accordin, to the purpose ol the survey, local condit
arid the amount o tizie allowed foi conipletiox.

SOIL thV.CY TFC NiU]

The procedures used in conduct3.n, curxen soil
surveys in California and Vashinion are dibcusse

CALIFORNIA

The U. 6. Forest Service, California Forest and
Range Ebcperiment Stasdion is currently condu..ting soil

veLetation surveys on upland areas in tnat state (14,
pp.151-157; 30, pp.499-509; 42, pp.521-526). The pro-

cedure is to delineate vegetative ar lard leatures on
aerial pbotoraphs. These areas are then classified
tUe field by vegeative sec1e, izber 815 quality,
soil series, and soil deph. Topography ad Iuni
pareu material are recorded. Soils are broken don into
the factors of color, t.oxture, perraeabl
features, and soil acidity.

hen completed, all factor
vegetation-soil maps showindominsn pl.nv seciea,
site quality, soil series, arid soil depth. The field
manuel of soii-ve.etation airveys in California (39)
gives a detailed description t all procedures.

one,



WAShINGTON

The U. S. 1orest Service arid ;he * ingtn Ar

field work is primarily to corr
interpretation.

INV&TIGATIONS OF FACTORS RELATED TO SITE UALIT!

d check t.rie photo

cultural Experiuient ation ooperatin on a pro-
ject to gather soil etr1ng information ami to deter
mine soil c1as,iuic on several million acres of
upland "wild's lands in that state (41, pp.1-22). The

method consists of delineating andform units on aerial
photographs. These units ive an excellent clue as to
the t;pe of soil material, Landform also furnishes clues
as to texture, mode of deposiion, and. depth of the soil
material,

Field notes taken on the soils include dsp
ture, and character of the profile. Topographic features
and. the type of vegetation are recorded. Any relation-
ships that form a repetitive pattern across the land8cape
are noted. This method of survey makes considerable u

of landform factors taken from aerial pbotoraphs tfld

foroBt site quality and. e environmental factors of
soils, physiography, precipitation, and. vegetation are
diBoussod below

ii how the correlations betweenRose tudiea



SOILS

soil nutriens are no usually a 1:
tree growth (5, p.59; 11, p.719; 12, p.4; 17, p.67
or these reasons the reTa1nin portion of this review

of literature is concerned wit1 only the physical char
acteristics of the soil. Specific properties of the 80i1
that have been found to be related to site quality by
various investigators include: depth, texture, consis-
tence, drainage, and erosion, The factors are discussed
in that order.

DEPTH Auten (3,pp.593-596), working with black
locust (Robinia pseudoacacia L.) and black walnut
(Ju].ans nigra L.) in the inidwoat, found significan
correlations between site quality and the thicicnosb 0

the A horizon for both species. The same autior (2,
p.667), worcj.n with yellow poplar (Liriodendron tulip-
if era L.) also found a corielation between site quality
and depth to a tight subsoil. In both cases, site qual-
ity increased as depth increased. koberts (25, p.5)
repore that height gratb increases with increasing.
depth to a clay layer for oung planted black locust in
Miasisippi,

A significant relationship of increasing site quality
with increasing depth wis reporte from work with oaks
(uercus L.) in Iowa (11, p.723) and loblolly



pine (Pinus taeda L.) and shortleaf pine (Pinua chinat*
Li1l.) in the south (8, p.70 and 13, p.275). Site qual-
ity was also found to increase with soil depth to bed
rock or an impervous layer for eastern red cedar (Junip-
enis virginiana Ii.) in the Ozarlcs (1, p.511).

Turner (35, p.10) indicates that depth of the soil
influences soil moisture, hence eflects ste quality i
Arkansas. The deeper the soil, the more available mois-
ture. Ralston (23, p.412) found iJie dtpth to subsoil
mottling an important factor in the growth of longleaf
pine (Pinus palustris Mill.) on poorly ana imperfectly
drained soils. Young (43, p.86), worin with white pine
(Pinus strobus L,) in Maine, found site index to decrease
with an increase of vot,al depth of the A horizon.

Stone and Wieslandsr (30, pp.5u1.-50g) report that
for high rainfall areas of California, soil depth is the
linilting factor in nearly all instances where site qual-
ity is low. In Rou*hwest #aahington, Canmean (4, p.334)
found Douglas-fir (Paeudotau monziesii (Mirb.) Franco)
site quality to increase with depth to the C horizon.
Gesail (15, p.33k) states the site index of Douglas-fir

to 178 when the depth to an impene-
trable layer in a medium textured soil of low gravel con-

tent exceeded twenty four inches. Lemmon (19, p.328)

found Douglas-fir site indices to increase with at in-
crease of total effective depth on south and level as



for residual hill soils of mediun texture in the Willam
ettebasin of Oregon.

TXT1J}LE Stoeckier (29, p.728), WOrking with quak

1mg aspen (Populus vreniuloides Michx.) in Wisconsin, and

Chandler, Schoen, and Anderson (5, p.505) with loblolly
and shortleaf pine in east Texas, conclude that texture,
*8 it reflects water holding capacity, is the primary
soil characteristic influencing site quality. Xoung

(43, p.86) found site index of white pine in Maine to

decrease with an increase in per cent of stones found in
the B horizon.

Hoitby (18, pp.824-825) found that soil texture
a depth of six inches below the surface proved to be a
fairly reliable indicator of site quality for ponderosa
pine (Pinus ponderoaa Dougl.) in aoutheaat Washington.

He further states that soil, texture does not provide a

reliable method of site determination in the Dowlas-fir
region of western Washington where topography is extremely
rough..

Gessel (15, pp.334-356) reports that foi
five to forty five-inch rainfall belt of northwe
ington, coarse textured surface soils gave an averag

index of 150, and medium textured soils an avera;e site
index of 176. Fox' the forty five to sixty-inch rainfall

site index of 25, ight textured soils an averabo site



be1t site index increased from 117 for coarse textured
surface soils to ]43 for light textured surface soils,
and to 170 for medium textured surface soils, In south-
west Washington, Carmean (4, p.33'4.) found site quality
to decrease with increasing )Jrounts of gravel in the soil
and with increasing compaction. A study in Lewis county,
Washing&on by Hill, Arnat, and Bond (17, p.837) showed

that the ability of the soil to retain moisture during
the growing season is the most important soil factor re-
lating to site quality. Phey conclude that this ablJ3.
is not only a function of texture and permeabili
also of depth.

CONSISTxcCE Auten (3, pp.593-59k) tund the p

ticity and compactness of the suboil to be significantly
related to site index. The higher the plasticity and
more compact the soil, the lower the site index. A dense
B horizon was also found to reduce site quality for pines
in east Texas (5, p.506).

DRAINAGE Stone and Wiealander (30, p.505) report
from work in California that 1igh tes occur on well
drained soils. LQperfect drainae appears to lower sits
values as much as ten to forty per cent. Tarrant (34,
pp.1-4) cites work done at the Pringle Pails 1xpenimental
Forest to ahow an apparent relationship exists there
between subsurface drainae and forest type. On areas of



impeded subsurfice dra e, sands
(nus çorta Dou1.) & found, while on well drained
areas tii forest te is predo.iat1y poridexosa pine.
Hanzlik (31, pp.G5..-6(), wurin in regon and 'iasninton,
found that the best rowth of Douglas-fir occurs on
slopes with 6Oud dxainae and in mediuja to deep loam
soils with gravelly or sand' subuoi1s

EROSION Cooper (10, p.710) found a correlat
between site quality tnd amount of erosion in Sout
Carolina. The more ero1ed he soil, the lower the site
quality.

Coils (cs, p.70) failed io find a correlatio, be wee
topography and site qually in the loblolly and snortlo&f
pine area of iorth Carolina. Cooper (10, p.710) aine to
the same conclujo from sGudies in Louth Carolina.
Auten (2, p.6c5) states Wiat, "Topography, through it
three elemens of anpect, exposure, and position, moth.-.
flea soil moisture contrit; hence it has an important
effect on site quality,"

Aspect, slope, position on slope, slope foria, and
elevation have been found correlated o site quality by
other workers. They are discussød in that order.



Tarrant (32, p.72

ASPECT Einspahr and MeComb (11, p.723) found that
north and east aspects give hher site indices for oaks
in Iowa. Gaiser (12, p.4) reports that superior sites
are on northeast exposures for wii1e oaks in Ohio,

SLOPE site index was found to decrease as per
cent of slope increased for oaks in Iowa (1.1, p.725)
Turner (35, p.11) indicates that slope and exposure

fluence available moisture in the soil in Arkansas.
Lernon (19, p.328) found that site quality for Doulas
fir decreased with an increase of slope in the Willamette
basin of Oregon.

cave topograpny is associated with significantly higher
site quality than is convex topography in western Wa
ington.

ELEVATION Carrnean (Li., p.34) found in southwest
ashington that s.Lte quality foz Douglas-fir decreased

with increasing elevation. Leaion (19, i.32<) ln&Loates

that site quality decreases witi elevation in the 1i11am-
ete basin. A 1iiited study in Iillainook

reports that con-

?0'IT10N SLOPE Gaise (12, p.4) states tuat
lower slopes 'ive highest sites for white oaks in Ohio.

ie quality deci.easea rapidly in the viciniy of the
ridge line.



PRECIPITATION

ard

the only

rainfall area.

Arnat, and Bond. (17, p.837) report that site
indices of Douglas-fir average about; i.irty points nigher
in the sixty to ninety-inch rainfall belt of southest
Washington than in the foxty five to fifty five-inch belt.
Gessel (15, pp.334-336) concludes however, tiiat forty
inchø of rain is sufficient to br

VEGETATION

th soil to field
capacity in northwest Washington. Any further increase
may reduce site quality y excessive leackiinç. Lemmon

(19, p.328) shows that Douglas-fir site quality increases
ith an increase in total annual precipitation on SoUth

and level aspects in the Wi1lamte basin, bite quality
increases in direct relation to ranfal1 from about forty
to one hundred inches of rain,

ation of forest site quality on the basia
of understory vegetation has received. much atention.
Lutz and Chandler (21, pp.433-435) present a good resume
01' this subject. Coilo (t, pp.lO6..1Q5) questions the
use of vegetation as an indicator of site qialxty. He

bases his objections on the fact tnat competition,

Cia. U



EAST Stoeckler (29, p.734) mentions the height of
bracken fern (teridi.wn scop.) as an indicator of
soil moisture cotidtions in Wieconsir. Goile (7, p.730)
states that flowering d000c1 (Cornus florida L.) is
seldom found on poor sites in he soutt, but is 000n
on good sites.

WELT *ieslander and Stone (42, p.24) state there
is a general relationship between vegetation, oli:oate,
and great soil roup in CaiLlornia. Car4ean (4, p.531)
reports that a cover of sword fern (Polystichurn munitum

(Hault) Underw.) indicates relatively good sites 1er
Douglas-fir in western Washington, while a cover of
salal (Gaultheria ahallon Pursh.) is an indicator of
poorer sites. pilabury (28, pp.19-33) recognizes five
vegetative indicator site types for Oregon, tinton,
and British Columbia corresponding rounly to the five
site qualities described by cArdle and eyer (22,
pp.11-13), The best sites are characterized by a domin-

ance of sword Lern and ma leaf (Acbly8 tripylla I).

character of the forest d, soil nurien
and paren eri1 ma influence the ground cover, but
not the overstory. Understory species live been found
however, both in the eastern and western parts of the
country, that provide indicators of site quality for
po4ifie areas.



and the poorer sites by sala]. and. Oreon grape
nervosa Pur8h.), All four Species occur on all aite8,
but the relative abundance, visor, and dominance of each
species is significant.

SUMIARY OF LITE)ATUFE IflV1EW

Soil factors to be considered in a forest Soil-8ite
survey are listed as; texture, color, consistence,
structure, depth, soil pH, nicisture relations, degree of
profile development, and fertility. Slope, aspect,
erosion, amount of rock, humus type, timber type and
cur.Lent land use are addition1 faccnrs to be coidered.
Soil surveys of upland areas in California and Washington
are currently being conducted. Vegetative and landform
features are delineated on aerial photographs, Theso

areas are then classified in t±e field. The Californja
survey classifies the areas according to vegetation, tim-
ber site quality, soil series, and. depth. Topography arid
kind of parent material are recorded and the soils broken
down into the factors Of color, texture, permeability,
drainae feaures, and soil acidity. Field notes taken
on the fashinon survey include depth, texture, and.
cnaracter of the soil profile, topographic fatux43s, and
vegetation. Survey methods used will vary accord to
the purpose of the survey,
amount of time allowed for completion.

local eodition, and trie



Several

seldom

estigators cave indicated that nutrients
itin factor in tree growtki. itySical

15

soil properties of dept, texture, consistence, draina
and erosion nave been found to be corielated win sio
quality. Topographic features of apeet, slope, p0-
sitiorx on slope, slope form, and elevation have been
found to be related to site quality. Correlaions be-
tween the amount of rainfall and. sie quality have been
found in ae Pacific noiiliwest. Vegetative iniioat..ors
of site quality have a10 been found to be related to
site quality in specific areas.



Et;Tfl: iL3

The inventory area i8 described in this section.
Preliminary work and the actual field procedures are
discus sed,

The location of the inventory area, a description
of it, and the vegetation found is given.

LOCATIO?

The problem area ws included within the Eureau of
Land. Management uartzvill Administrative Unit of the
bantiam River Master Unit. The unit is located on the
west slope of the Cascade mountains, about twenty five
miles northeast of wett }iome, Oregon (bigure 1). Due

to the limits of time, accessibility, and field
personnel, it was imposcible to inventory the entire
area. The actual inventory area ws limited to that
portion of the unit north of uaLtBvills Creek falling
in Township 11 South, ktanes 3 and. 4 ast, Willameite
Meridian. This comprised about nineteen thousand. acres,
located primarily on t south side of the divide
between Thomas and. Quaitzvil1e Greeks.
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DESCRIPTION

The topo Pt of the are ouh and broken with
510p08 on the sample plots averaging about 60 per cent.
Elevation varies from about one thousand foot along
uartzville Creek to about four thousand five hundred

feet on some of the main ridges. Figure 2 gives two
oral views of the area. The parn; aterial is basic
igneous basalt and andesite, with srie andesitic tuft
also found. 1.oils comparable to the Olympic Series were

found a; the lower elevations1 however no soil survey haS
been made or the area. so the oils are considered Un-
classified.

Rainfall data were not available for the projec
area, however at an elevation of 861 feet along uartZ-

yule Creek, several miles downstream from the irea, th
average rainfall for the years l49'-l94 was 94.05 inches

(37) A high of 123.01 inches was recorded for 195, ud

a low of 60.43 inches for the year 1952. By comparing

these figures with an iaohyetai map from the Portland
Disrict Office, Corps of Engineers, it appears that the
project area receives about one hundred inches of rain
annually. Considerable snow falls during the winter
pecially at the bither elevations.



FIGURE 2. GENERAL VIEW OF PROJECT AREA
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The timber is predoiinat1y old growth Douglas

from two hundred to six hundred years old. tiere are a

few large atnda of fifty to sixty year-old second-growth

.ock (Tsuga

i north-
on the project area. Considerable western he

heterophylla (Raf.) Sarg.) is found, espec
em exposures. Noble and pacific silver fir (&bie
procera Rehd..) and. (Abies ainabilis (Doug.) Forbes) are

found at the higher elevations. J3oth sugar pixie (}inUB

lambertiana Dougl.) and western white pine (Pinus xnonti-

cola Dougi.) are found on ridges and drier slopes, as we
as some golden ettinquapin (Castanopj clir8oPi1Yll

(Dougl.) A. DC.). '[tie minor species, western red cedar

(Tuia plicata Doxin), pacific ye (isius bjevifolia
Nut&.), and. bigloaf iliaple (Acer macroptijilum Pursb.) are

also found scatered over the area.

berries (Rubus .

sanquineula Jiirsh.)

and rdflowering currant (jibes
found on dry sites, and devil'

Understory vego ation issiniilar t that en Ounterad

under most coniferous forests in western Oregon. This in-

cludes Oregon grape, salal, huckleberry (Vaccinium

. L.), vine maple (Acer circinatwi Pursti.), Dowlas
maple (Acer glabrum Douglasii (Hook.) Dipp,), rhododen-

dron (Rhododendron macrophylluni G. Don), sword fern, and

bear grass (Xeroph'yllum enax (Puxsh) Nutt). Sume black-



club (opanix rorriduin

PELIMlNARY JOK

As the soil inventory was to be carried on in con-
junction with the regular BLM timber iziventory, the same

random samples were used for both the timber and soi

invenry. These samples weie marked on the appropriate

aerial photographs by the Portland office of the BLJ in
accoroance wiW. tne saidard BIA inventorj procedures

(38, pp.19-20) and sent to the field crews for use. The

approprii;e photograph was selected by means of a rando
number table. A plot selector grid. ws then used with
a second sot of random numbers to locate tne plot cluster
on the photograph. The marked point was the centez of

q.) on moist

the first of four plots, six chains apart.
field work started, the first plot of each cluster,
which was the marked point, Was exaiiined stereoscopically
and the aspect, posit
of slope were estimated. These estima
checked by field examination.

The approximate elevation of each piot was taken
from a twenty-loot contour map having l:4,&0.
Elevation was classified as low (one thousand five hun-
dred to two t1ousand five nuxidred feet), medium (two

thousand five nundred to thiee tuousanct five hundred



run to the ea

south was tried
crosse, but only
chantable timber.

feet), and high (over three tuousand five
No field checis of elevation were made.

The inber inventory was carried out by
crew foliowin the standard BLM inventory procedures

pp.22-3). The marked point on the aerial photo rapli was
located as accurately as poible on tie ground by using
a pocket stereoscope and orienting with such features as
natural openins, ridges, streams, and identifiable trees,
after the procedures outlined by Heath (16, pp.4-57).

The marked point was the first of four one-fourth
acre circular plots. The procedui.e called fQZ the cluster
of four plots, six chains apart, to be run in a cardinal
direction, startinL with north. If second-gro'th, logged
areas, or large natural openins were encountered within
twenty cnains of the fist plot, the line of plots was

The inventory procedures and the methods used

taking the field data aie discused beloi

If this direction was unsatisfactory

so long as the plots still fall in mer
¶Lhe proce'Iures state that sto.nds one

INVENTORY OCEDURE

beForest type linesand then



hundred. years old., or older, and residual stands of one
hundred yeaxs and of medium or beter stocin,
merchantable. In a few instances,
run to the east to avoid open areas,
or to prevent closely paralleling another series
plots.

41fl
L J.Lt itL h.

At each plot center a data sheet
was filled out. Lana.form, vebetat.on
and timber volume data.were recorded. By ne time the
inventory project was
had b en taken. This

for an analysis.
It should be pointed

or vegetation. The a

inventory information,

vations of land.f arm, ve...etation, and soils.

t the oborvations
were not of a refined nature, one redson being tna
element. De to travel time involved, botn by jeep and
by foot, it was necessary to inventory at least one
sample of four plots each day. The maximum time allowed

at any one plot was about one hour. This ruled out the
possibility of any lentny or exacting study of the sui

field. data1 other mber

included measurements and obser-

completed, 4Q samples or

considered a large en



of a hand compass. Ths form of

No atempt was made to identify or record the ground
cover such as oxalib or the annual flowers. Time and.

VEGEPATIuN The tree species within each one-fourth
acre plot were recorded and an ocular estithate made of
tile per cent of total plo area covered by the crown of
each species to tne nearest 5 per cent. Non-timber spe-

cies, or undeistory veetation, was treated in the same
wanner. By this method of esiniating crown coverage, a
total plot coverage of moie than 100 per cent could be
obtained if one species was found growing under anoZther.

This occasionally happened for the unders tory vegetation,
but never occurred for the iaiber species.

LANDFORM 31ope was determined e nearest 2 per
cent with an abne level by 8ibtdifl along the average
slope. If a difference exist,ed bei,w n the uphill and
downhill slope from the plot cener, the uphill reading
was taken since it was assumed the uphill slop, bad more
influence on the plot. Aspect was recorded to th near
est five de-rees by
the slope, both across and along the slope, was juctged to
be concave, flat, or convex. lopo position was estimated
to be either creek bottom, lower, middle, upper slope, or
ridgetop. These estimates wore based on obsorraions of
the landform approximately one hundred feet in all
directions from the plot center.



unfamiliarity wih the numerous flo
vented it. In any future surveys f
feasibility of recording and classify
cover should be considered.

At each plot center, or at a poin witbii

a suriace conditions
seemed to be about average, a hole was bored or du5 to

the C horizon. The plot center woul& often fall in a
concentration of roots or on a pile ci rocic, aakixig it
necessary to move a jew feet fioin te ploG CnteL to 10-
cate the soil sample hole. Occasionally a zocent wind-
fall would be close by, in which case the soil horizons
might be expobed in the hole lelt by the roots. Then it

was only necessary to dig away the material that had
sluffed into the hole to get a good view of the soil pro-
file.

Depth of the litter was recorded to the nearest
inch, as was the depth of the A and B horizon. Io break
down of the soil horizons finer than A, B, and C was
attempted. Soil extur was deternined by etin a
small sample of soil and rubbing between the finexs.
Structure was obtained by cranbling a sample and by ob-
serving the relatively undistuxbed 83i1 on the aides of
the hole. Color of the three horizons was compared with

ten to twenty feet of the can



color chips from the Munsell color charts' and recorded

as the color of a moist soil. The consistence of the

A and B horizons when wet was determined by wetting a

sample and squeezing between the fingers. All procedures

used in testing the soils and nomenclature ubed in des-

cribing them are in accordance with the methods set forth

in the Soil buivoy Manual (d7, pp.173-216 and 225-23k).

The kind, of parent material wa determined from

samples taken from the test holes and rock found on the

surface of the plot. An estimate was made as to whether

drainage of the plot a good, fair, or po When rock

and roots peimitted, a four-inch soil auger was used. to

test for the presence of a hardpan or bedrock within a

depth of three to four feet. i-iowever, the excessive

amount of rock in the soil permitted only limited use of

the auger. Special featureb, such as excessive inoistuxe

or excessive dryness of the soil were recorded, as well

as the amount of shot and ainunt of rock encountered in

tr4e profile.

At the start of the project it was )lanned to class-

ify the soil of eson plot by tentative soil group or

soil series at the time of sampling. Due to the great

variety of soil features found, this was abandoned.

trends or natural groupings of factors could be found to

Munsoll Soil Color Charts. Munseli Color Company
Inc. Baltimore, Maryland. 19k6.



facilitate classifying the soils.

SITE ThtEX ND TIMBik VOLU.E Site index and total
merchantable timber volume per plot were taken from the
inventory data Sathered by the BL! crew, Site index W3B

calculated from icArdle and Meyers site quality curves
(22, pp.11-13). There is some question as to tie reli-
ability of the site index values as only one Douglas-fir
was measured per plot. A sixteen inch increment borer
was used, therefore considerable extrapolation was needed
to determine the age of trees over 32 inches in c1iaeter.
The site quality curves are drawn only to 4'O years, in-
jecting another source of error for trees over that age.
For these reasons, all site indices were groupec. tito the
five site qualities and these classes were used in all
future calculations.

Total merchantable timber volumes per plot were
taken from the inventory data and exoanded to a per-acre
basis. Cruise standa,rda were in coaformity with the EId

instructions (38, p.22).
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LANDFORM

gentle, (0 to
steep, (60 to

ANALYIS OF DATA

hen the field work was completed, the re

slope was combined into:

moderate, (30 to 60 pe cent),
and precipitous, (over 90 per

examined and compiled. The procedures used in examining

these data anI the res its found are discussed.

PROCEDURES

The soils inventory measurements wer

high degree of precision to permit more flexibility in
the final analysis. Some of these data were ot such a
nature as to permit the roupin, into broad classes.
Others were used in their o.Liinal form, The data for
eaCh plot were placed on an Interuatonal Business
Machine (IBM) punch card. The use of thebe cards po
mittod the screening out of those factors that had i
consistent variation or did not occur on enough of
sample plots to justify a test of their significance.

FACTORS TO BE TESTED

Minor re.,roupings were made in soil depth, texture,
and per cent of veketative cover. The breakdown of the

factors used in the final analysis is described below.

Per ent of
O per cent),

90 per cent),



cobbles found in the three horizons.

29

cent). Aspect was divided into north1 south, east, and
west exposures. Elevation was previously combined into

low, middle, and high elevations.

VEGETATION Site quality bad no apparent influence
on the per cent plot coverage of the overstory species
so no further study wa made of this factor. Understory

species of Oregon gxape, salal, vine maple, huckleberry,
rhododendron, sword fern, and bear grass were used for
the analysis. They were grouped into 10 per cent cover
classes from 0 to 100 per cent.

SO Depth of the A and B horizons was arranged
into two-inch classes. Soil textures were classed as
heavy, medium, and light, as sugested by the Soil Con-
servation Service (36, p.32), One exception was made,

in this study sandy clay loam was included as a light
textured soil instead of medium textured. Table I in-
dcates the grouping used. The amount of shot found in
the profile was broken down into: no shot, loss than
.5 per cent snot, 25 to 50 per cent, 50 to 75 per cent,

and over 75 per cent snot in each of the horizons, The

same groupins were used f the amount of gravel and



Light

TABLE

SOIL T1X PURE GROUPS

Textuxe GrouD Texture Class
Heavy clay, silty clay
Medium silty clay loam, silt Ic

clay lown, sandy clay
san, sandy 10: , seiici
clay loam

On the basis of the card count, soil color, depth of
litter, kind of parent iaterial, and drainage features
were not used in the final analysis. There wa either
inconsistent or not sufficient variation among these
factors to warrant Luithar study. The amount of rock on
most plots prevented an accurate measurement of soil depth
to bed rock, therefore this factor was not analyzed.

TEST UD

The test used was the CIii sczuare (X2) test of md
pend.ence, (X. X a)2), when "x" is the number of
field observations, and "m" represents the calculated
theoretical number of ooboryatjons (26, pp.204-205).

Each factor of landform, vegetation, and soil wa
placed in a two-way table and tested against site quality,
If the results of the test were significant, site quality
was dependent on the factor tested. Or in the case of



the understory vegetation, the per cent of vee
was dependent on site quail y. The factors of landform

tested were: slope, aspect, slope form, positiL?n on

slop., and elevation. Understory vegetation tested w

Oregon grape, salal, vine maple, huckleberiy, rhododen-
dron, 8WOrd fern, and bear grass. Soil factors tested
were depth of the A and B horizons, deth of the com
bined A and. B horizon, texture of the A, B, and C hori-
zons, structure of the A, B, and. C horizons, consistence
of the A and B horizons, and per cent of rock and. of
shot in the A, B, and C horizons.

1ES1JLTS

site quality was found to
be significantly dependent on position on slope, depth
of the A horizon, and structure of the B horizon. Per

By the Clii square

cent of sword fern pine map: Oregon grapó, rhododendron,

and bear grass found on eachpIot was found to be signif-
icantly dependent on site quality. All factors were
significant at tbe one per cent level.

The factors found significant will be diacubsed.
Other factors found significant at higner levels and ap-
parent relationships found will be noted, Total merchant'

able timber volumes will be given,



POSITION ON bLOFE

A direct relationship was found beween slope pos-
ition and site quality. The lower the position on slope,
the higher he site quality. Creek bottw lots averaged.

a high site quality III, lower slopes a middle to high
site quality 111, middle slopes a low o middle site
quality III, upper slopes a hibh site ua1iy IV, and.
ridgetops a low to middle site quality IV (Figure 3).

DTH A £1O}IZON

Depths of A horizons ranged from two to fourteen
inches, with an average depth of 6.6 inches. The two-

inch depth averaged site quality V, the four, six, eight,
and ten-inch depths averaged, a low to middle site qual-
ity III, the twelve-inch class a high site quality IV to
low III, and the fourteen-inch c].aa a middle site qual-
ity IV (Figure 4). The depth of the site quality II,
III, and. IV soils was very close to the average depth of
6.6 inches. The site qua.liey I soils aere found to be
0.7 inches deeper, and the site quality V soils 1.2
inches shallower than the average.

STRUCTUhIJ !

As the size of the peds of he 8 horizon became
larger, site quality increased. Soils with no 13 horizon
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averaged a middle to high site quail
anular blocky structure avera ed. a

high site quality

very fine sub-
h site quality IV,

tine subangular blocky structure averaed a medium to
d. medium subangular blocky soils

averaged a high III to low II site quality (Figure 5),

UNDEJ'bTORY VEGL1AT iON

The per cent of sword tern, vine maple, and Oregon
grape on each plot increased with an increase of site
quality. The per cent of rhododendron and bear grass on
each plot decreased as site quality increased,

The per cent of sword tern found, on
creased in the order of 0, to 5, to 10,
cent as site quality increased from site V to sit
Vine maple increased from 5 per cent on site quality V
plots, to 20 per cent on site quality IV, to 30 per cent
on &ite quality Ill, and to 35 per cent on site quuli
land II plots. The per cent of Oi'egon grape found in
creased from 5 pez:cent on site quality V, to 15 per cent
on site quality II, III, and IV, and to 35 per cent on
site quality.I plots.

Rhododendron decreased from a total plot cover of
55 per cent, to 0 per cent, to 15 per cent, to 10 per
cent, to 5 per cent as site qualit, .ncresed from site
quality V to site quality I. The amount of bear grass
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per plot decreased from 15 per cent on site qualit
p1ot, to 1) per cent on Bite quality IV, to 5 per cent
on site quality II and III plots, to 0 per cent on site
quality I plots. All figires aot;o the nearest; 5 per
cent. Table II shows the percentage change with site
quality for each species.

Plot coverage for any one plot varied from 0 to
90 per cent for Tine maple nd rhododendron, from 0 to

60 per cent for Oregon grape and sword fern, and from
0 to kO per cent for bear grass.

TABLE II

RELATION OP 8ITE QUALITI TO PER CENT P
COVERAGE OF UNDERSTORY SPECIES

Species Site ua1ity

II jU IV V

55

15

37

8bps form, consistence or the A. and. B horizons, and
texture of the C horizon were found to be related to site
quality between the 5 and. 15 per cent levels of

Sword fern 20% l5% 10% 5%

Vine maple 35 35 30 20

Oregon grape 35 15 15 15

Rhododendron 5 10 15 30

Bear grass 0 5 5 10



significance. Shallow soils without a B horizon, or soils
on which no B horizon could be determined, were classed
as lithosols. Those soils wore not statistically analyzed,
but by inspection certain trendb were evident. These fac-

tors are discussed below,

SLOPE FORM Concave

low to middle site qualit;
averaged, a low site quali

CONSIST10E The trend

to be associated with more sticky and p

TTURE Site qua
quality III fo

found. to avore a
Flat and convex slopes

III for medium and light textured soils.

LITHOSOLIC SOILS Several plots were encountered
with an A-C horizon. zither the B horizon was totally

changed from

c soils in

middle Biti

the A horizon. Non'-sticky and. non-plastic soils averaged
a high site quulity IV, slightly sticky and slightly
plastic soils averaged a middle site quality III, and
sticky and plastic soils averaged a high site quality III.

The same trend was noted in B horizon, Non-

sticky and. non-plastic soils averaged a middle site qual-
ity IV, slightly sticky and slightly plastic soils
averaged a low site quality III, and sticky and plastic
soils averaged a middle site quality III.

heavy textured soils to a low site quali y
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lacking or the amount of rock present prevented ident-
ificaton of a B horizon. No statistical analy2is was
made of these soils, however the lithosols averaged a
middle to high site quality IV, while the averae site
quality of all plots, lithosols included, was a low to
middle site quality III. Seventy per cent of the litho-
sole were found on steep or precipitous slopes, and a
majority of them on south and west aspects.

TIMBER VOLUME

Merchantable timber volume8 of all species wore ob-

tained from the timber inventory data. These figure were

not statistically analyzed, but the relationship of timber
volume to site quality is evident. Volumes averaged one

hundred six thousand, four hundred board feet per acre for
site quality I plots, ninety three thousand, eight hundred
board feet per acre for site quality II plots, eighty
seven tnousand, six hundred board feet per acre for site
quality III, sixty eight thousand, eight hundred board
feet per acre for site quality IV, and sixty bres thou-

sand, six hundred board feet per acre for site quality XV
plots.



The landforms found in the field. for the first plot
of eacki. plot cluster were compared with the Y lues taken
from the aerial photographs by sereoscopo means.
Aspect was estimated from the photographs as either
north or south. When me field observations were grouped
as north oi south, it was found that the coriect aspect
Was misL3ed on only three of the forty plots. Position on
slope was missed on fifteen of the forty plots, slope
form was missed on twenty two of the forty plots, and
ocular estimates of the de ree of slope were incorrect on

twenty six of the forty plots.
The forest canopy tended to cover small ridges and

depressions making them appear unimportant on the photo-

graphs although they were quite important on the ground.
This produced a rather wide spread in the errors of slope
form and position on 8lope, Degxee of slope was difficult
to interpret as displacement on the photographs ,ave a

distorted view of the actual slope. Of the twenty six
plots incoriectly interpreted, nineteen of them wece

found to be identified one class low.
All photo interpretation eriors could undoubtedly be

reduced with practice and by the use of mechanical aids
to facilitate office measurements



A forest soil-8i1e quality study was viade of a
portion of the Buzeau of Land ManaelMent (B.LM) Quartz-

yule Administrative Unit in Linn county, Oregon. The

random sample plots used for the BLM timber inventory

were studied for landforzn, vegetation, and 00118. Land-

form factors recorded were: aspect, degree of sb a,
slope form, and position on lope. Elevation was taken
from twenty foot topographic maps Yegetati.ve factors
included the per cent of crown cover per plot for over-
story and understor vegetation, site quality, and. total
merchantable tirnbex volume. Soil factors included:
depth of liter, depth of the A and B oi1 horizons,
texture, structure, and color of Lhe A, B, antI C horizons,
and consistence of e A and B horizons. The cind of
parent material, deroe of drainage, depth to bedrock or
hardpan, per cents of shot and rock in the profile, and
any special features were also recorded.

These data were card counted by International Bw
ness Machine methods and the results tallied. This per
mitted the screening out of tho6e factors that had
cessive variation or were not found on enough plots to
1ustify further tests. The remaining data were tested
for indepencience of site quality by the Chi square test,

f
(X2 X ,, ), when "x the number of field

fiX. Y AND CONCLUSIO



observations, and urn

number of observations.

The factors of landform tested werer

d theoretical

evation,

dependent

on position on slope, deptAi of the A soil horizon, and
structure of the B horizon. The per cent of sword fern,
vine maple, Oregon grape, rhododen&on, and bear grass on
each plot was found to be significantly de'endent on site
quality. All factors were significant at the one per cent
level.

Site quality increased as the position on slope
changed from ridgetop to creek bottom. Both very deep

and very aiallow A horizons ave poorer site quality.
the present study it was found that site quality II, I
and IV soils bad an avsrae A horizon depth of about 6.6
inches. Sie quality I soils were eli hdy deeper and
site quality V soils suallower than t.6 inches, bite

degree of elope, aspect, slope form, and position on
slope. The vegetative factors tested were per cent of
plot coverige of Oregon grape, salal, vine maple, huckle-
berry, rhododendron, sword fern, and. bear grass. Soil

factors tested were depth of the A and B horizons,
depth of the combined A and. B horizon, iexture of t
B, and C horizons, structure of the A, B, and C horizons,
consistence of the A and B horihons, and per cent of rocc
and shot in the A, B, and C horizons.

Site quality was found to be signi



quality also increased as the size of the peds in the B
horizon increased.
eat site quality. Site quality increased as the structur
changed from very fine subanular blocky to medium sub-
angular blocky

The per cent of sword fern, vine maple, and Oregon
grape found on each plot increased with increasin, site
quality, The per cent of rhododendron and bear grass per
plot decreased with increasin site quality.

At levels of significance between 5 and 15 per cent,
site quality was found to be dependent on slope form, con.-
sistence of the A and B horizons, and the texture of the
C horizon. Site quality was found to be slightly higher
on concave slopes than on convex or flat slopes, Site
quality increased with increasing etckiness and. plas-
ticity of the A and B horizons and with heavier textures
in the C horizon.

As pointed out in the review of literature, moisture
conditions are considered to be of great importance in
their influence on site quality. Landform and soil factors
found related to site quality in this study also tend to
influence moisture conditions, The species of vegetation
found significant undoubtedly reflect moisture conditions
in the soil.

This project was of an exploratory nature and not ail

Soils with no B horizon gave the low-



of the objectives of
li8J2ed witnin the tim
forest soils and site quality

of this iind an

could be fully
The correlation at

as done and a limited
photo interpretation study was made of lendform factors.
For specific soil conielations, or surveys, a uore
thorough study sLtould be *ad.e with attent.on paid to
specific landZ
properties.

If fuitbe

their relaLion t

ethod of site index determination should be re-examined.

The current method is liable to several errors. If poe-
sible, a longer increment borer snolLid be used and more
than one tree per plot measured.. Possibly tue site
index of the four plots per sample snould be averaged.
Accuracy could also be increased by extendin, tIae site
index tables to stvnd of six hundred years of age.

Frori the results of this study it appears that site
quality investigation relaiu. to landform, veetaion,
and. soils are feasible by the aethod. describe4i, By

statistical means new factors that are related to S
quality can be found for each area btuCLiad.
iretation will allow estimates of site &ality as related
to landform factors to be expanded over Larger areas than
the actual inventory area.

the soilna factors aXt
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LANDFORM FACTORS

3
17

Aspect

north
south
east
west
Total

2

21.Q2

Slope form

Concave
flat
convex
Total

ZX2 10.1913 Critical value 5 per cent
21.0261,12 degrees of freedom,

TABLE

DISTEIBUTI0 OF Fl/iTS 131 LANDFORM
FACTORS T:STED MD SITL UALIT!

5
16 11
35 32

59 5134

SITE QUALITI

5.9180 Critical value 5 per Cent level
, 12 degrees of freedom.

eve 1Z - 12.2713 Critical value 5 per Ce:
15.3073, 8 degrees of freedom

Total
16
50
88

160

I II III Iv Total
1 9 12 6 2 SQ
0 11 26 22 3 62
1 8 16 18 3 46

3 34 59 51
-
13 160

I III IV V Total
0 6 15 8 0 29
3 17 3? 30 9 96
2
3 59 51

Degree of slope I
gentle 0
med±um 2
steep
precip.

1

Total 3



Elevation

low
middle
high
Total

10
15.5073,

I

0

(CONTThUED)

913 Critical value
degrees of freedom.

a 41.0351
31.9999, 16 degr

;ical value 1 per
of freedom,

per cent leve

LANDFORW FACTO}i.S

Ii
SITES QJALITY

Slope position Iv
creek 0 4 2 1 0
lower
middle

2
1

12
15

15
23

9
17

0
2upper

ridge
0
0

3
0

19
0

18
6

9
2

Total 3. 34 59 51

II IV V Total
13 '1 19 3 69
17 20 25 7 69-
34 51

-
13

-
16059

Total

7
3658

49



TABLE IV

55

58.5700, 36 deBrees of freedom.

22.4672 Critical value 5 per cent level
31.4104, 20 degrees of freedom.

0% 0 3 L4 16 10 33
10 0 3 6 9 1 19
20 1 6 11 7 2 27
30 0 7 13 13 0 33
40 2 6 11 4 0 23
50 0 2 9 1 0 12
60 0 2 3 0 0 5
70 0 3 1 1 0 5
80 0 2 0 0 0 2
90 0 0 3. 0 0

Total 3 59 1 13 160
Zx 74.1310 Critical value 1 per cent level

DITR1BUTI0N OF FI1JT BY VE(iE1ATIVE
ACT0h T1ISTED AI'4D ITJ JALITY

VEGATIVE FACIORS $ITE QUALITY

V TotalSword fern I II III IV

0% 0 9 28 37 13
10 1 13 13 11 0 38
20 2 7 12 2 0 25
30 0 2 4 0 0 6
40 0 1 3. 1 0 3
50 0 1 1 0 0 2
60 0 1 0 0 1

Total 3 34 59 51 1 160

- 55,8195 Critical value 1 per cent 1ev
42.9798, 24 degreea of freedom.

Vine maple I II III IV V Total

Huckleberry I II III IV V Total

0% 2 10 32 23 4 71
10 0 12 15 20 4 51
20 1 9 9 4 5 28
30 0 1 2 4 0 7
40 0 1 1 0 0 2
50 0 1. _9
Total 3

-
59 51 13 160



VGTATIVI ?ACTCL3 SiTE

II III
17

7
3
24.

2
0
0

69.7136 Criti
58.5700, 36 degrees

1

TII:uED)

21
8
9

12
7
2
0
0
0
0

59
value 1
reed.a:

III
1.
23
13

6
2

_2 i _2

Bear grass IV

0%
10
20
30
40
Total

- 62.1564 Critical value 1 pe
3l.9999 16 degrees of freedom.

51
per cent level

56

160

Tot a).

77
57
23
2
1

13 160
cenc level

10 1
29 5
11 5

1 1
1

j,.iALITY

V TotalIV

9 0 49
5 0 21
6 0 18

12 2 30
7 2 18
4 3 9
4. 2 6
3 2 6
1 1 2
0 1 1

I II III
3 26 37
0 6 17
0 2 5
0 0 0
0 0 0

3 324. 59

Rhododendron I

0% 2
10 1
20 0
30 0
40 0
50 0
60 0
70
80 0
90 2
Total 3

Oregon grape I II
0% 0 14

10 o 9
20 2 2.

30 0 24-

40 0 2
60
Total 324.

IV V Total

13 8 50
18 4 54.
15 1. 35
4. 0 14
0 0 4

59 160
aLX

3?.566
.9438 Critical value 1 per cent le
20 degrees of freedom.



Z 2.

IV (CONTINUED

3
3 0
1 1.

0

59

41.3372, 2 detree8 of freedom.
9279 Criiica1 value 5 per cent 1ev

57

Total
85

28
28

6

1
160

I IV

32 23
8 1].

10 11
2 2

Salal II
24

10 4
20 0 4
30 0 1
40 0 1
50 0 0
60 0 0
70 0
Total 34

VEGETATIVE FACT OR _E QUALITY



SO FACTORS

Total 3

TABLE V

DITRIBUTI0N OF PLOTS BY SOIL
FACTORS TEi3TED A1D SITE )UALITY

59 51
EX 44.047 Critical value 1 per cent isv
42.9798, 24 degrees of freedom.

Depth of A and I II III IVB horlion

2"
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32 Q
Total 3 34 59

58.5796 Critical value 5 per
79.0819, 60 degrees of freedoms

58

Total

35
18

0 1

160

Total

0 0 1 1
2 2 0 4
1 4 3. 6
2 3. 0 3
3. 1 0 2
3 1 0 6

3 4
4 0 18

9 13 4 31
3 9 1 21
7 4 1 18
9 5 1 18
1 2 0 4
4 0 0

1 0
1 0

5
6

160
level

Depth of A Iv-horizon

2" 0 0 0 0
4 0 9 10 10
6 2 14 26 23
8 0 9 1- 10

10 2 8 6
12 0 0 1. 3.
14 0 0 1

0 0
0 0
0 0
0 0
0 0
0 2
0 3
1. 5
1 Al.

0 8
0 6
0 3
0 1
0 1
1 1



SOIL FACTOR$

Depth of B
horizon

on
6
S

10
12
14
16
18
20
22
26
28

Total
zx 59.2242 Cr:

- lo.
15.5073,

0
0
0
1
1 11
0 5
o 7
0 1
1 1
o 2
0 0
2 0
3 59 51

value 5 per c
60.500, 4 dejrees of freedom.

Critical value 5 per cent level
degrees of freedom.

160
level

Texture 2 I II III IV Total
horizon

noB 0 0 6 9 171iht 2 16 20 13 59
medium 1 16 27 16 7 67
heavy 0 2 6 12
Total 3 34 59 51 13 160
XXZ 13.7680 Critical value 5 per cent level
21.0261, 12 decrees of freedom.

S JALITY

TotIII IV

6 9 2 17
0 0 0 1
5 1 1 10

12 6 3 25
11 17 £4.5

4 10 21
4 2 2 15
5 2 0 a
7 3 0 12
3 1 0 6
1 0 0
1 0 0

Texture of A I III IV V Total
horizon

light 0 3 4 0 8
medium 3 32 42 43 11 141
heavy 0 1 4 4 2 1].

Total 3 34 59 51 13 160

59

V (CcNT NUED



SOIL FACTO!S

Textuie of C
horizon

no texture

V (CO1TINUED)

17.7191 Critica
21.0261, 12 degrees of

C: T " r J'fl
LJ.a1

IlI IV

value 5 per
freedom.

9

59 51
v1ue 5 per c

freedom.

III

10

60

Total

1
109
39
11

160
cent 1vl =

0
0

160
e1s

Tota

17

92

7

44.

160

recorded 0 0 0 0
light 3 25 42 31
medium 0 8 11 17
heavy 0 1 6
Total 3 34 59 51

truoture of A i I: Ii' To1 a1
horizon

very fine
subangular
b 1 oCy 27fine sub-
angular
blocky 7
grandular
otal

8.5909 Crit
15.5073, degrees of

Structure I
horizon

noB 0 0
very fine
suban,u1ar
blocky 2

fine sub-
angular
blocky

medium sub-
anu1 ar
blocky

Total
Zx 27.923 Critical value 1 per cent 11
26.2170, 12 degrees of freedom.



medium sub-
angular
blocky 2

Total 3

V(C0)TINTJED)

i0IL FACTOFS IT.L UALITY

Structure of C II 111 IV V Total
hoizcn

no structure
recorded 0 0 1 0

very fine
subangular

2 28 49 45 9 133
fine sub-
angular
blcicky 1 4 4

61

- -
59 51 13 160

Zx1 9.2557 Critical value 5 per cent level
21.0261, 12 degrees of freedom.

Consistence of
A horizon

non-sticky
s1i.;ht1y
sticky

sticky
Total

Total

12.1348 Critical value 5 per cent level
15.5073, 8 degrees of freedom.

Consistence of
B horizon

noB
non-sticky
slightly
sticky

sticky
Total

To&a1

17
7

68
68

160
Zxz= 20.9040 Critical value 5 per cent level -
21.0261, 1 degrees of freedom.

IV V

9 2
2 2

25 5

51 13

I II III IV V

0 1 10 9 3

2 26 45 37 10
1 -
3 34 59 5]. 13

I II III

0 0 6
0 0 3

1 13 24
2 21

3 34 59

23

120
_z
160



V (CaIi'UiD)

SOIL FACTORS SITi .J1JALITY

15,1444 Critical value 5 per cent level
26.962, 16 degrees of freedom.

XX 13.0740 C.i'itical value 5 per cent 1ev
26.2962, 1 degrees of freedom.

Total

64
11
56
29
20

160

Total

76
21
31
29

10

1o0

Rock in C I II III IV
horizon

no rock 3 1 23 18
l24% 0 8 8 11
25-49 0 6 10 10
50-74 0 3 12 11
75 0 1 6 1

Total 3 34 59 51

Reck in A III IV
horizon

no rock 1 11 214 20 8
1-214% 0 4. '4- 2 1.

25 49 0 5 12 15 14

50-74 1 9 10 9 0
75+ 0
Total

-
34 59

-
51 13

Rock in 13 1 LI Ill IV
hovizon

no rock 2 1 28 25 5
1-24% 0 5 7 6 3

25-49 1 7 10 10 3
50-74 0 5 13 9 2
75+ 1 1

Total 3 34 59 51

X= 8.5756 Critical value 5 per cent level
26.2962, 16 degrees of freedom.



IL PACTOIIS

Sho& in A
hoi'i zon

110 shot1-24
25 _L9

2 26
o 1
o 3

2

Critica:
26.9862, 1 decrees or

V (CGivillNuED)

lii IV V Total

59
Xz 15.6820 Critical value

21.0261, 12 degrees or freedom.

Trnr 11TTL.L.

III IV V Iota1

41 33
5 5
7 10
5
1

59
value 5 per cent 1ev
reedoin.

41
3
6
1.

51 13 160
r cent level a

liLe.
12
20
10
4

Tota

127
12
11
10

li0

144

Shot in B I II III IV
horizon

no ot 2 43 41 13
1-24% 0 1 7 4 0

25-49 1 2 5 3 0
4 0

Total 3 34 59 51 15
Zx 10.b1b Critical value per cent 1ev
21.0261, 12 degrees o Zreedon.

Shot in C I II
horizon

no shot 3 7.

1-24% 0
25-49 0 0
50_714. 0 0
Total 3 34

50 - 1
75+ 0
Total 3

- 15.5105
13 160




