
Differences in Herbage-- Timber
Relationships on Sedimentary and Igneous

Soils in Arizona Ponderosa Pine Stands

Item Type Article

Authors Ffolliott, Peter F.; Clary, Warren P.

Publisher College of Agriculture, University of Arizona (Tucson, AZ)

Journal Progressive Agriculture in Arizona

Rights Copyright © Arizona Board of Regents. The University of Arizona.

Download date 24/05/2023 20:16:06

Link to Item http://hdl.handle.net/10150/300581

http://hdl.handle.net/10150/300581


Differences in

Herbage - Timber Relationships
on Sedimentary and Igneous Soils
in Arizona Ponderosa Pine Stands

Peter F. Ffolliott and Warren P. Clary

Herbage- timber relationships have been developed in many forested areas.
Generally, such relationships provide a basis for estimating differences in herbage
production as forest overstory densities differ. Although herbage -timber relation-
ships have been developed to describe situations representative of Arizona pon-
derosa pine (Pines ponderosa Laws.) stands on igneous soils, little work has
been carried out on sedimentary soils ( Ffolliott and Clary 1972) .

In the Salt -Verde River Basin in central Arizona, an area supplying many
natural resource products and uses to the State, igneous and sedimentary soils
comprise 57 and 41 percent of the area, respectively ( Ffolliott et al. 1972) .

The objective of the study reported herein was to determine whether differ-
ences existed among herbage- timber relationships on basalt and limestone soils

in Arizona ponderosa pine stands. Such information may be helpful in land use
planning and for stratification purposes.

Description of Investigation

The study was conducted in the fall
of 1972 and 1974 on two areas repre-
senting a range of forest overstory
density levels common to Arizona pon-
derosa pine stands, on limestone and
basalt soils. Two paired sites, one on
limestone soils and one on basalt
( Table 1) , within 4 miles of each other
were selected near Happy Jack, on
the Coconino National Forest, for
measurement in 1972. In 1974, meas-
urements were obtained from two
paired sites within 2 miles of each
other near the West Fork of Oak
Creek, approximately 20 miles south
of Flagstaff, also on the Coconino
National Forest. Criteria used for se-
lection of each pair of sites were : (1)
a variety of ponderosa pine basal area
levels ranging from 10 to approximate-
ly 200 square feet per acre, (2) simi-
lar physiographic features, and (3 )
similar precipitation patterns.
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Principal grasses and grasslike
plants on the study areas included
Arizona fescue ( Festuca arizonica) ,

blue grama (B o u t e loua gracilis) ,
mountain muhly (Muhlenbergia mon -
tana ), spike muhly ( Muhlenbergia
wrightii) , muttongrass (Poa f endleri-
ana) , bottlebrush squirreltail ( Sitan-
ion hystrix ), black dropseed ( Sporo-
bohts interruptus ), and sedge ( Carex
spp. ) . The principal forbs and half -
shrubs were showy aster ( Aster com-
mutatus) , western ragweed (Am-
brosia psilostachya), hairy goldaster

(Chrysopsis villosa), and broom
snakeweed (Gutierrezia sarothrae) .

One hundred plots were systemati-
cally located on a 10 -plot by 10 -plot
grid, with 50 -foot intervals between
plots, on each site. Herbage produc-
tion was determined by weight esti-
mate (Pechanec and Pickford 1937)
on a 9.6 square -food plot. Ponderosa
pine basal area was determined at
each plot by point sampling with a
basal area factor of 10 ( Grosenbaugh
1952) .

TABLE 1. Characteristics and properties of the sóils.

Soil series

HOGG BROLLIAR

Pare nt material

Cherty limestone and sandstone
from the Kaibab formation.

Porous basalt and cinders

Typical horizon depths

A -0-3"
B-3-52"
R - 52" -I-

A - 0-5"
B - 5-34"
R -34"±

Brief description
These soils have grayish- brown, fine
sandy loam, granular A horizons,
fine - textured B horizons with mod-
erate subangular blocky structure,
and are moderately deep to deep.

These soils have grayish -brown to
brown, usually clay loam, platy A
horizons, B horizons are dark brown
to reddish- brown, light clay to clay,
and angular blocky structure.



Regression analysis was used to
quantify the herbage -timber relation-
ships of each site. Differences be-
tween regression lines were tested
(a = 0.10) at 10- square -foot basal
area increments ( i.e., 10, 20, 30, etc.) .
A standard error of the differences
between the lines was calculated fol-
lowing Meyer (1942) except that the
F statistic was used ( Clary and
Ffolliott 1966) . The regressions de-
veloped, along with the subsequent
interpretations, should not be extend-
ed beyond the range of variables that
identify the study sites.

Results and Discussion
Herbage production decreased with

increasing ponderosa pine basal area
on all study sites, as expected. How-
ever, differences existed in the herb-
age- timber relationships among the
sites.

On the Happy Jack study area,
herbage- timber relationships devel-
oped on limestone soils gave low pre-
dictions of herbage production on the
plots characterized by basalt with 10
to 30 square feet of tree basal area,
and high predictions for basaltic plots
exceeding 70 square feet of tree basal
area ( Figure 1) . No significant dif-
ferences in predictions occurred on
plots with 40 to 70 square feet of
basal area.

A probable reason for the low herb-
age production on limestone soils with
low basal areas may be the competi-
tion from ponderosa pine reproduc-
tion. Openings in forest stands on
limestone soils are more commonly
characterized by dense ponderosa
pine reproduction than openings in
stands on basalt soils. Reproduction
( as normally measured) does not con-
tribute to the basal area of a forest
stand; therefore, low herbage produc-
tion values can be associated with low
basal area values in these situations
( Arnold 1950) . The relatively high
herbage production on limestone soils
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Figure 1. Relationships charted on the
Happy Jack study area in 1972.

with high tree basal areas may be the
result of more potentially available
water in these soils as compared to
basal soils ( Anderson et al. 1963) or
substance ( Jameson 1968, 1970) by
perhaps less retention of phytotoxic
the limestone soils.

On the West Fork study area, herb-
age- timber relationships developed on
limestone soils gave high predictions
of herbage production on sites char-
acterized by basalt soils throughout
the range of basal area levels assessed
( Figure 2) . In control to the Happy
Jack study area, ponderosa pine re-
production was not common in open-
ings in forest stands on limestone soils
and, therefore, did not influence the
herbage -timber relationship.

This study does not provide infor-
mation on the relative herbage pro-
ductivity of limestone and basalt soils
in an undisturbed or "climax" condi-
tion. Observations suggest that herb-
age under ponderosa pine stands is
more susceptible to grazing damage
on heavy -textured basalt soils than on
lighter -textured limestone soils. A pos-
sible explanation for this observation
is that herbage plants normally experi-
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Figure 2. Relationships charted on the
West Fork Oak Creek study area in 1974.

ence more moisture stress and possibly
more phytotoxic chemical stress on
basalt soils than on limestone soils.
Thus, grazing added to the other phy-
siological stresses apparently causes
more plant depletion on basalt soils
than on limestone soils.

The long -term grazing intensity has
appeared to be substantially higher on
the West Fork study area than on the
Happy Jack study area. This grazing
intensity difference coincides with the
greater differences in herbage pro-
duction ( an composition ) between the
two soils on the West Fork of Oak
Creek as compared to the Happy Jack
study area.

Significant differences in herbage-
timber relationships on sedimentary
and igneous soils were observed in this
study, indicating that herbage produc-
tion predictions that do not account
for soil differences may not be suffi-
ciently accurate for use in land use
planning or stratification. Thus, to
estimate herbage production related
to different Arizona ponderosa pine
density levels, separate relationships
may have to be developed for dif-
ferent soils.
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