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Soil-Woodland Gorrelation in Northern ldahol

Approximately two-fifths of ldaho's land is forested (Iflilson, 1962). More than 2)
million acres need to be restored or improved ( Idaho C-onservation Needs Committee,
1961). Often it is difficult ro recommend specific tree species for reforestation because
of the absence of adapted trees by which to measure potential site qualiry.

Through soil-woodland correlation, site quality may be estimated by identifying
the soil io question and relating it to similar soils of known productive capacities. The
objective of this study vas to formulare regression equations from previously collecred
data to predict sire quality in areas which have been burned or orherwise disturbed.

Melhods

Over the past 14 yars data. from over 200 plots in northern Idaho have been collected
by a team consisting of a soil scientist and woodland spcialist of the Soil Conservation
Service. Each plot represents a soil series with a normally stocked overstory of measur-
able trees.

The soil scientist described the soil profile in accordarrce with standard nomenclature
(Soil Suwey Staff, 1951). The woodland specialist recorded height and age of four
to five dominant and/or codominant trees, stand densiry, and composition of both
overstory and understory. These data wete used in this study.

One hundred forty-four plots (Fig. 1) were eventually selected: 47 plors of pon-
derosa pine (Pinus pondeto:a), 24 plots of lodgepole pine (Pinu contorta), 25 plots
of westem white pine (Pina: monticala), and 48 plots of .westem latch (Larix occi-
dentalis). The soil profile at each plot was classified in accordance with the Soil
Survey Staff (1967). Site index was computed based on tables by Meyer (1918),
British Columbia Forest Service (1947 ), Haig (1932), and, Cummings (1!37).

Regression analyses were used. Since much of the data was discrete ( discontinuous ),
a choice had to be made; either the data must be split so that disclete variables ir ooe
half could be coded and used in regression to tesr rhe orhe! half, or the aurhors' know-
ledge of the area must be relied on to establish codes for the discrete data to test the enrire
144 plots. Splitting the data would resr t in increasing sampling error. The results of
using data coded by the authors would, in part, be a reflection of the authors' knowledge

1ld^h. ASr. E:<p- Sra, Research Paper No. 826. Contribution {rom the Department of Agricultulal
Biochemistry and Soils. University of ldaho. Ponion o[ an M.S. Thesis oF Senior Author, Uoi-
versity of ldaho, Moscow, ldaho. 1969
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Figure 1. Location map of selected plots in northern Idaho.
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of soil-woodland relationships in the area. Since many soil-woodland observations
were made in this area, the latter was chosen.

Stepwise multiple regression analyses of the plot data were selected to obtain
prediction equations. It was hoped the use of these equations would give a reliable
measure of site quality in disturbed areas. Site indexes of the four tree species were
used as dependent variables and 10 soil and site factors wete used as independent
variables. The independent variables, selected ftom the plot data to represent best
soil classification, plot position, and physical soil characteristics, ate:

X1 elevation in feet

Xg latitude in hundreds of degrees

Xr soil drainage class

& depth to C horizon in inches

Xs moist soil colot of upper 6-inch mineral horizon by Munsell color charts

X6 textiue of conffol section (Soil Survey Staff, 1967),Iield determination

Xz moist consistence of the most developed horizoo in upper 40 inches, field
determination

Xs soil subgroup

Xe soil family

Xro soil series.

Seven of the 10 independent variables were discrete, so numerical codes had to be
adapted for them. Latitude, a continuous vatiable, was recorded in units of degrees
and minutes; therefore, minutes wete convefted to hundredths of a degree. Soil drain-
age, an important variable to Mader and Owen (1961), seemed to be a logical choice
in this study. Depth to the C horizon was also considered by others (Myers and
Van Deusen, 1!60) rc be an imlnrcant variable. Moist soil color of the upper 6-inch
mineral horizon is locally indicative of vegetative composition. Texnue of the conuol
section was selected to reflect the soils' available water-holding calmcity. Moist con-
sistence of the most developed horizon in the uPPer 40 irrches was selected to reflect
root penerability. The three lowest categories of the soil classification system were

selected as independent variables to establish the telationship beween soil classification
and site index in northern ldaho.

Resulls

The regression equations wete selected on the basis of insignificant chatrge in coefficients
of determination with additional steps o{ regression. The following prediction equa-

tions, coefficients of determinatioo, and standard partial regression coefficients for the

four species are:

^ (ponderosa pine)
Y:70.9573711.26379xc

R':0.45

Va dble
Xs (family)

( lodeepole pine)

Y- -48.01618+0.037 75Xr+ 63169X7
R3-0.41

S tandard pwtial' rc gresian coeflicient
0.669)0

}orl-woodland Lorfetatlon ln loano



V ai.able
Xr (elevation)
Xz (moist corsistence )

^ ( western white pine)
Y : -1.62242+ 15.28tt8X3+0.626t4X5

RJ:0.64

Vaiable
Xa (soil drainage)
Xs (soil'color)

Standard, partial rc grerion coelficientt
o.93992
0.7 5061

Stand.tu'd pqti,al, regression coelficients
0.64289
0.46585

Srdndaffd pafiial regretsion coefticienx
441856
4.31514
0.55394

^ (westem larch)
Y:77.26344+ -0.006t7X1+ -0.70319X8+0.t9186X0

Prz:0.26

Variable
Xr ( elevation)
X6 (subgroup)
Xe (family)

Discrete Variable Codes

The follow.ing discrete vatiable codes were used in the predictio,n equarions:

Cocles lor soil d.rainage cl.a,stes

excessively drained
somewhat excessively drained

well drained
moderately well dtained

2.5YIi. 5/2
10YR- 4/i
10Yr. 3/3.1
7.5\R 3/2
10YF. 3.5/3
10YR )/4
2.tYx. 5/1
7 .'v3- ) /3
1oYR 3.5/3.5
1.0YF- 4/4
7.'Yk 3.5/2.5
10y3. 3.5/4
7 .51l. ) /a.t
7.'v!. 4.5/4
7.5YF. 1/4'/.5YF- 3.5/3.5
7.5vR 4/4
J.5YR 1.5/4

(x')

roYR 2/2
10YR 2.5/2
IOYI] 2/2.5
IOYR 2.5/2.5
10YF. 4.5/2
roYF. 1/2
10YR- 2.5/t
10YF. 2/1
r'Yx- 3/2.5
t'YF. 2/1.5
roYR 4.5/3
r'Yr. 3/1
7.'YR 2.5/2
1.0-rI. 4/2
10Yx- 3.t/2
10YR 5 /3
10Yk 4/2.5
2.5vx. 5.5/2

Cod.e: lor nT,oirt conriJtence a the

Cod,es fot maifi roil colot in upper 6-inch tninetal horizon (Xs)

01
02
03
04
05
06
07
08
09
10
1 1
12
r3
14
1 5

1 1
18

most d,eveloped harizan in upper 40 incbet (Xz)

1
2
I
4

and Maynard

19
20
2 1
22

24

26
27
28

30
3 1
32
11

35
36

5
6
7

extremely fifm

firm

soft
ftlable
very friable
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Codet fot soil subgroup (Xe)

Lithic Haploxeroll
Typic Haploxeroll
Typic Argixeroll
Aeric Argialboll
Typic Argiudoll
Glossoboralf ic Argiudoll
Dystdc Xerochrept
Mollic Hapludalf
Typic Cryonhod

Boralfic Cryortiod
Typic Fragiochrept
Typic Dystochlept
Typic Hapludalf
Glossoboric Hapludalf
Alfic Fragiotthod
Typic Haplonhod
Alfic Haplonhod

0t
02
03
04
05
06
01
08
09

l 0
1 1
12

1 5

I1

01
02
03
04
05
06
07
08
09
10
1 1
12
r3

I 5

T1
1 8
19
20
2 1
22
2 1
24
25
2 6
27
2a

30
3 l
32
1 1
)4
3 5
)6

Codes for soi.l fatnily (Xs)

Iithic Haploxeroll loamy-skeletal, mixed, mesic
Typic Hdploxeroll loamy-skeletal, mired, mesic
Typic Argixeroll loamy'skeletal, mixed, mesrc
Typic Argixeroll fine-loamy, mixed, mesic
Typic Argixeroll fine-silty, mixed, mesic
Typic Argixetolt loamy-skeletal, mixed, frigid
Typic Haploxeroll coane-loamy, mixed, frigid
Aeric Argialbol l  f ine-monrmori l tonitJc, mesic
Glossoboralfic Argiudoll fine-silty, mixed, mesic
Dystric Xerochrept sandy, mixed, mesic
Typic Argiudolt fine-loamy, mixed, frigid
Glo.soboric Hapludalf f ine, montmori l lonir ic, mesic
Typic Argiudoll fine-silty, mixed, frigid
Dystric Xerochrept coarse'loamy, mixed, mesic
Mollic Hapludalf loamy'skeletal, mixed, mesrc
Typic Haplorthod sandy, mixed, {rigid
Typic Cryonhod loamy-skeletal, mixed
Typic Cryorthod coarse-loamy, mixed
Boralfic Cryonhod {ine-silty, mixed
Typic Dystrochrept loamy-skeletal, mixed, frigid
Typic Hapludalf loamy-skeletal, rnixed, ftigid
Typic Dysuochrepr fine-loamy. mi\ed. mesic
Typic Dystrochrept coarse-loamy, mixed, frigid
Typic Fragiochrept fine+ilty, mixed, frigid
Typic Haplonhod loa.rny'skeletal, mixed, frigid
Typic Haplordrod coarse-loamy over sandy or sandy skeletal, oixed, frigid
Typic Haplor*rod coarse-silty over sandy or sanily skeletal, mixed, frigid
Typic Hapludalf fine-silty, mixed, mesic
Mollic Hapludalf fineJoa.'ny, mixed, frigid
Allic lragionhod fine-silty, mixed, frigid
Typic Hapludalf fine-silty, mixed, frigid
Typic Haplorthod sandy over loamy, mixed, frigid
Typic Haplotthod coarse-loamy, mixed, ftigid
Typic Haplorthod coane*ilty, mixed, ftigid
Typic Haplorthod fine+ilty, mixed, frigid
Alfic Haplorthod fioeloamy, mixed, ftigid
Alfic Haplorthod fine-silty, mixed, frigid

Discussion

In rhe predicion equadon selected for ponderosa pine, soil family accounted for 4)
per cent of the variation in site index. An R2 value of 0.51 was qbtained v/hen all 10
independent variables vrere intoduced.

Elevation and the moist consistence of the most developed horizon in the upper

Soil-rfiZoodland Correlation in Idaho



40 inches accounted for 41 per cent of the variation in site index of lodgepole pine

in the prediction equation. Elevation is approximately 25 Pe! cent more important than
moist consistence. By L:sing all 10 variables, an R2 vahie of 0.62 was obtained.

In the equation selected to predict site index of western white pine, soil drainage

and moist soil color of the upper 6-inch minetal horizon accounted for 64 per cent of

the variation in site index. Soil dtainage is approximateiy 33 per cent more imPortant

than soil co1or. Seventy"five per cent of the variation in site index is accouoted for

by using all 10 variables.
Elevation, subgroup, and family accounted fot 26 pet cent of the variarion in site

index of western larch in the prediction equation. Soil family is approxim^tely 25 pet

cent more important thao elevation and 75 per cent more important than soil subgrouP.

Thirty-seven per cent of the variation in site index is accounted for by introducing all

10 variables.

Conclusions

The regression equation for western vrhite pine is a faidy reliable tool for determining

site quality for this species in northern Idaho. Soil drainage and moist soil color of the

upper 6-inch mineral horizon are the ooly determinatioos that need to be made. The

equations for ponderosa pine, lodgepole pine, and western larch are less reliable. Use

of these equations to determine site quality for these three species should be limited to

northern Idaho areas with unknown soil-woodland teladonships. More reliable equa-

tions for these species could be expected if additional plots were available. Discrete

variables (soil color, drainage, etc.) from half of the plots could have beeo set in

linear relationship with the actual site index values and regression equatioos derived

from the other half.
The land manager who elects to use these equations will either require the assistance

of a soil scientist to make the lecessary observations or must have a good working

knowledge of soil classification.
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