
typed by the U.S. Soil Conservation 
Service as predominately Katar 
stony, sandy loams, 0- to 25-percent 
slopes. Katar soils are tentatively 
described as deep, somewhat ex- 
cessively drained, moderately 
coarse-textured Western Brown for- 
est soils, intergrading to regosols, 
developed from granitic ablation 
till. The series model has charac- 
teristic stony surface layers and is 
common on many of the surround- 
ing gentle-to-steep sloping glacial 
plains. On the study site itself, how- 
ever, the soils have stone-free sur- 
face layers and are a phase of the 
model recognized as Katar sandy 
loams, 3- to 15-percent slopes. 

Understory Response Three Years 
After Thinning Pine1 
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Range Conservationists, Pacific Northwest Forest and 
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Highlight 
Undersfory yield was greater on 

thinned than on unfhinned plots. 
When pine canopy exceeded 45 per- 
cent, forbs produced more than 
grasses: below 45 perceni, grasses 
were superior producers. 

Overstocked stands of regen- 
erating ponderosa pine (Pinus 
ponderosa)2 are common 
throughout eastern Washington. 
These areas contribute little tim- 
ber or forage, but with improved 
management their productive ca- 
pacity can be greatly increased 
for both. Thinning such stands 
just to increase forage is imprac- 
tical. When considered as an ad- 
junct to timber improvement, 
however, increased forage yields 
could become an important part 
of local farm forestry programs. 
Thinning pines to increase for- 
age may also be justified on 
selected key range areas; e.g., 
big-game winter ranges where 
there are acute shortages of for- 
age. 

In view of these considera- 
tions, a joint pine spacing-growth 
increment and forage production 

1 In cooperation with the Washington 
State Department of Game and Soil 
Conservation Service and Okanogan 
National Forest, U.S. Department of 
Agriculture. The authors are in- 
debted to the Washington State De- 
partment of Game for furnishing a 
portion of its Methow Game Range 
for the study and contributing all 
of the labor for thinning the study 
plots. 

2Scientijic names for grasses and 
sedges according to Hitchcock 
(1950); for jorbs and shrubs, Hitch- 
cock et al. (1955, 1959, 1961); for 
trees, Little (1953). Taxonomic 
assistance was provided by the De- 
partment of Forestry and Range 
Management, Washington State 
University. 

study was initiated in 1959 by 
the Washington Department of 
Game, U.S. Soil Conservation 
Service, Okanogan National For- 
est, and Pacific Northwest Forest 
and Range Experiment Station. 
This report is concerned only 
with the latter aspect of the 
study. It covers changes in yield 
of understory vegetation during 
the first three growing seasons 
after tree thinning. Information 
on the magnitude and character 
of initial responses is an im- 
portant consideration in assess- 
ing benefits and planning pro- 
grams utilizing this type of range 
improvement. 

An inverse relationship be- 
tween overstory canopy cover or 
basal area of a tree stand and the 
density or production of herbace- 
ous and shrubby understory has 
been noted under a wide variety 
of conditions by Pase (1958)) 
Pase and Hurd (1958)) Arnold 
(1950)) Adams and Dunaway 
(1960)) Cooper (1960)) and many 
others. The strength of this rela- 
tionship has been variable. 

Study Area and Methods 

The investigation was made in the 
upper Methow River valley near 
Winthrop in north-central Washing- 
ton. The actual study site was located 
on the Methow Game Range which 
is owned and managed by the Wash- 
ington State Department of Game. 

Elevation of the study area was 
2,350 feet. Temperature extremes 
range from 110°F. to -30°F. with 
average July temperatures of about 
70°F. The frost-free growing period 
extends from mid-May until late 
September. Approximately 60 per- 
cent of the average annual precipita- 
tion of 14.5 inches falls during the 
period October-February and in- 
cludes about 73 inches of snow. 

Soils in this locality have been 
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Pre-thinning vegetation consisted 
of thick pine regeneration with a 
sparse understory of poorly growing 
shrubs and scattered forbs and 
grasses. Changes in timber stand 
structure resulting from thinning 
are presented in Table 1. 

Treatments consisted of thinning 
pine trees to the following spacings, 
each replicated three times in a ran- 
domized block design: 13.2 by 13.2 
feet (48 trees per plot), 18.7 by 18.7 
feet (24 trees per plot), 26.4 by 26.4 
feet ( 12 trees per plot), and un- 
thinned. It was not possible to find 
good trees growing at precisely the 
desired points for even spacing, but 
in most cases the actual distance 
between trees did not vary by more 
than one-third of the spacing inter- 
val. Each treatment plot was 1.2 by 
1.6 chains (approximately 0.2 acre) 
and was completely surrounded by 
a buffer strip one-half chain wide 
which received the same treatment 
as the plot. Additional thinning was 
done beyond the buffer strips but 
not necessarily to the same spacing 
as the treatments. 

Although reasonable care was ex- 
ercised in the thinning operation, 
some ground disturbance was un- 
avoidable. The most troublesome, as- 
pect of the disturbance was small 
patches of litter burned by fires that 
escaped from the slash burning near 
the plot perimeters. These burned 
areas were avoided in locating the 
circular plots used for production 
estimates. 

Basal area was derived from the 
d.b.h. measurement of all trees on 
treatment plots. Pine canopy was 
estimated with a spherical densi- 
ometer (Lemmon, 1956) using the 
modification suggested by Strickler 
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Table 1. Timber stand conditions on ihe treatment plots af start ob study 
after thinning. 

_ 
Tree spacing treatments 

Stand data Unthinned 13.2x13.2 18.7x18.7 26.4x26.4 
feet feet feet ~___ 

Trees No. per acre, 2,828 253 134 67 
Basal ftgacre area, 93 27 19 13 
Avg. d.b.h., inches 3 4 5 6 
Avg. canopy cover, % 90 35 18 13 

(1959). Six readings were taken on 
each treatment plot. 

Production of understory vegeta- 
tion by species was obtained using 
the weight-estimate method (Pecha- 
net and Pickford, 1937). Weight of 
herbaceous perennials was estimated 
on 30 circular, 48-square-foot plots 
randomly located within each treat- 
ment plot. Annuals were counted in 
a square-foot frame superimposed 
upon the center of each circular 
plot. Shrub weights were estimated 
for the entire population of shrubs 
rooted within the large treatment 
plots. 

The response of under-story vege- 
tation to thinning was analyzed in 
terms of the following changes in 
timber stand structure: (1) grow- 
ing area per tree (spacing squared), 
(2) percent pine canopy, and (3) 
pine basal area in square feet per 
acre. 

Use of pretreatment understory 
yield as a covariate indicated no 
gain in precision over the unad- 
justed analysis of variance, so the 
following discussion is based on 
mean unadjusted yield increments. 
Orthogonal comparisons in regres- 
sion were used to test the signifi- 
cance between increased yield and 
level of change in the various stand 
structure conditions associated with 
the thinning treatments. 

Resulfs and Discussion 
Analysis of the relationship be- 

tween understory yield and grow- 
ing area per tree showed a signifi- 
cant difference between thinned and 
unthinned plots but no difference 
(P = 0.09) between levels of thin- 
ning. When pine canopy and pine 
basal area were each considered, 
however, s i g n if i c ant increases in 
yield occurred at all thinning levels. 
The above relationships are shown 
in Figure 1. Portions of the total 
variance attributable to these re- 
gressions were 63 percent for grow- 
ing area per tree, 95 percent for 

canopy, and 89 percent for basal 
area. 

Since canopies were obviously in- 
fluenced by the thinned tree spac- 
ings, total understory yields were 
adjusted by using canopy percent 
as a covariate. The original unad- 
justed yields were significantly dif- 
ferent, but they did not differ sig- 
nificantly after being adjusted to a 
common canopy percent. This indi- 
cates that most of the effects of 
thinning can be attributed to 
changes in canopy. The adjustment 
was not made with basal area as 
the covariate, but the same general 
result would be expected. Basal area 
and canopy were both influenced by 
the thinning treatment and testing 
for linearity gave approximately 
the same result in each case. The 
methodology of this different use of 
covariance is discussed by Cochran 
and Cox (1962, p. 90). 

Despite generally significant 
responses, initial rates of in- 
crease in understory yield were 
relatively minor. There was an 
increase of 0.14 pound of air-dry 
yield per acre for each addi- 
tional square foot of tree grow- 
ing area, or an increase of only 

2 pounds for each l-percent de- 
crease in canopy cover or square 
foot of pine basal area. In con- 
trast, Cooper (1960) reported a 
longtime increment rate of 21 
pounds per acre for each l-per- 
cent reduction in ponderson pine 
overstory on a natural area in 
Arizona. Apparently, several 
more growing seasons will be 
needed for the sites treated in 
our study to respond fully. 

Understory responses have 
also been considered in terms of 
the three vegetal classes: grasses 
and sedges, forbs (these two 
classes contributed about 97 per- 
cent of the total understory pro- 
duction), and shrubs. Except for 
shrubs, which showed a general 
nonsignificant initial response, 
results were essentially the same 
as reported for total yields. 

Figure 2 shows that the over- 
all rate of increase in grasses 
was higher than for forbs. For 
each l-percent decrease in can- 
opy cover, there was an average 
grass yield increment of about 
1.3 air-dry pounds per acre. The 
corresponding increase in forb 
yield was 0.86 pound per acre. 
Figure 2 also shows that al- 
though grasses had a higher rate 
of increase than forbs, forb 
yields exceeded grass yields at 
the more dense levels of pine 
canopy. For example, under an 
80-percent canopy, forbs in- 
creased about 43 pounds per acre 
compared to 28 pounds for 
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FIGURE 1. Relationship between total yield of understory vegetation and A, growing 
area per pine tree ; B , pine canopy percent; and C, pine basal area three growing 
seasons after pine thinning. 



80 
3 0, 
s 
.r 60 

f 
e 
; 40 
5 

ii 
e 20 
: 
< 

0 
0 20 40 60 80 100 

Percent Pine Canopy 

FIGURE 2. Comparison of average yield 
increments of grasses and forbs in rela- 
tion to pine canopy percent. 

grasses. Forb production superi- 
ority diminished as canopy di- 
minished, and at 40- to 45-per- 
cent canopy, forb and grass in- 
creases were approximately 
equal. As the canopy continued 
to open up, the situation was re- 
versed with grasses showing 
progressively larger increases 
than forbs. Donald and Black 
(1958) point out that forbs may 
be more efficient users of low 
light because their more hori- 
zontally disposed leaf habit en- 
ables them to achieve a fuller 
canopy of foliage. In contrast, 
because the leaves of grasses are 
disposed at various levels and 
angles, they do not form such a 
continuous cover of foliage. 

Behavior of some of the indi- 
vidual species is also of interest. 
For example, the average in- 
crease of pinegrass (Calamagros- 
tis rubescens) on the thinned 
plots was 47 percent greater 
than on the unthinned plots, 
with the big percentage gains 
recorded on the heavier thin- 
nings. Since pinegrass comprised 
78 percent of all increases in 
grass yield and 42 percent of the 
total increase in yield, its re- 
sponse contributed greatly to the 
significance of overall treatment 
effects. Quite possibly the rhizo- 
matous root habit of pinegrass 
provided a competitive advan- 
tage which facilitated more pro- 
nounced initial yield increments 

UNDERSTORY RESPONSE 

than was possible for many of 
the other grasses that reproduce 
only from seed. Species com- 
prising approximately equal 
amounts of the remaining in- 
crease in grass yield were nee- 
dlegrass (Stipa spp.) , beardless 
bluebunch wheatgrass (Agropy- 
ron inerme), Idaho fescue (Fes- 
tuca idahoensis), June grass 
(Koeleria cristata), and sedges 
(Carex spp.) . 

Arrowleaf balsamroot (Bal- 
samorhiza sagittata), the princi- 
pal forb, also showed good initial 
response to pine thinning. Its 
average increase on the thinned 
plots was 59 percent greater than 
on the unthinned, and again the 
larger percentage gains were as- 
sociated with the heavier thin- 
nings. Of the total forb response, 
balsamroot made up 14 percent 
and was surpassed by silky lu- 
pine (Lupinus sericeus) and 
western yarrow (Achilles Zanu- 
Zosa), which comprised 27 per- 
cent and 19 percent, respectively. 
Most of the rest of the total in- 
crease in forb yield consisted of 
pussytoes (Antennaria sp.), 
wayside gromwell (Lithosper- 
mum ruderale), purple daisy 
fleabane (Erigeron corymbosus), 
woollyweed (Hieracium scou- 
Zeri), and gland cinquefoil (Po- 
tentilla glandulosa). Milkvetch 
(Astragalus miser var. se r o t i - 
nus), which occurred on only 1 
of the 12 treatment plots, was 
the only forb showing a substan- 
tial decrease. The reason for this 
decrease was not apparent. As a 
group, forbs accounted for about 
52 percent of the increase in all 
species. 

The shrub and tree species en- 
countered included willow (Sa- 
Zix sp.), snowbrush ceanothus 
(Ceanothus velutinus), quaking 
aspen (Populus tremuloides), 
currant (R&es sp.), and bitter- 
brush (Purshia tridentata), but 
only the latter occurred in suffi- 
cient volume to record, and it 
made up only about 6 percent of 
the total increase in understory 
yield. 
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There were also increases in 
the density of several annual 
forbs such as bigflower ground- 
smoke (Gayophytum diffusum), 
cryptantha (Cryptantha torrey- 
ana), Douglas knotweed (Poly- 
gonum douglasi), and pink mi- 
crosteris (Microsteris gracilis) 
on the thinned plots but essen- 
tially no change on the control 
plots. 

It is evident that tree spacing, 
tree canopy, and tree basal area 
are closely interrelated in their 
effects on understory vegetation. 
It is also apparent that the bulk 
of these effects operate as cli- 
matic influences. Consequently, 
since temperature, light, and 
water are probably the most 
critical climatic factors as far as 
plants are concerned (Bonner 
and Galston, 1952)) studies of 
these factors have been initiated 
as part of the present investiga- 
tion. 

The importance of pine litter 
accumulations on the germina- 
tion and survival of grasses is 
being considered in a separate 
investigation. All of these aspects 
will be combined in a future re- 
port. 

Summary 
Responses of understory vege- 

tation to thinning of dense pine 
stands were analyzed in terms 
of the following changes in tim- 
ber stand structure: (1) grow- 
ing area per tree, (2) pine can- 
opy, and (3) pine basal area. 
When growing area per tree was 
considered, increases in average 
total understory yield were sig- 
nificantly greater on thinned 
plots than on unthinned, but dif- 
ferences between thinned plot 
averages were not significant. 
When canopy and basal area 
were tested, however, there were 
negative linear relationships 
with total understory yield. 

Responses of understory yield 
were also analyzed in terms of 
the three vegetal classes: grasses, 
forbs, and shrubs. Except for 
shrubs, which showed a non- 
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significant response at the 5-per- 
cent level, results were essen- 
tially the same as for total yields. 

When pine canopy exceeded 
45 percent, forbs showed a great- 
er capacity to produce dry matter 
than grasses; below 45 percent, 
grasses were the superior pro- 
ducers. 
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Highlight 
In recent decades, research has 

brought substantial improvement in 
cafile and forage management on 
cuiover forest ranges in the South. 
Today, massive reforestation is com- 
plicating the problems of Megrating 
grazing with timber growing, and 
research aims are shifting accord- 
ingly. This paper reviews the current 
southern grazing situ&ion and de- 
scribes ihe range research program 
of the U. S. Forest Service. 

Because of a unique combina- 
tion of climatological, economic, 
and sociological conditions, man- 
agement problems on southern 
ranges differ vastly from those 
in the West. Mild winters, hot 
summers, and rainfall averaging 
45 to 65 inches combine to pro- 

duce a dense, fast-growing vege- 
tation that is generally domi- 
nated by trees. More than 90 per- 
cent of the 197 million-acre 
southern range area is classed as 
forest land. While timber pro- 
duction is the primary land use, 
native forage often grows abun- 
dantly beneath timber stands, in 
natural openings, and on cutover 
lands, providing forage for sub- 
stantial numbers of range live- 
stock. 

Major range types of the 
South are mapped in Figure 1. 
Longleaf pine-bluestem and 
longleaf-slash pine-wiregrass 
types comprise the principal 
range area. Though not the most 

extensive, they produce far more 
herbage per acre than other 
types, largely because overstory 
density is relatively low. Also, 
cutover areas have remained 
open for long periods, while those 
in other types have reverted 
more readily to woody vegetation. 
Shortleaf-loblolly pine-bluestem 
ranges rank second in impor- 
tance, because of their tremen- 
dous acreage. Forage production 
in this type is low to moderate. 

Combined, the longleaf pine- 
bluestem and longleaf-slash 
pine-wiregrass types occupy 
about 26.5 million acres along the 
lower Coastal Plain, from east 
Texas to South Carolina (Fig. 1). 
Upward of 3 million cattle now 
graze this zone. Forage plants 
are mainly coarse grasses, inter- 
mediate to tall. Range hogs and 
sheep are numerous in some sec- 
tions, but both are declining as 
popularity of cattle increases. 

Longleaf pine-bluestem ranges 
extend from southeast Texas to 
southwest Alabama. The pre- 


