Forage production after thinning a
natural loblolly pine-hardwood stand
to different basal areas
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Abstract Mixed pine (Pinus spp..~hardwood forests are common in the southern United States
(U.S.), but little quantitative information exists on the response of understory forage to
reductions in basal area from thinning. We determined understory forage characteristics
before rhinning and and 4 years after thmning a 35- year~old natural loblolly pine (P

A (,:ombmatl(m ot [obioHv pme {15, 18, and 21 m?/ha) and 3 hardwood [0, 3.5, and 7
m-/ha basal areas was replmated 3 times, resulting in 27 0.08-ha plots. Understory cov-
erage and forage biomass were determined on 25 understorv plots systematically located
within each piot with data analyzed using analysis of variance and regression. Herba-
ceous forage biomass and coverage and lmht intensity were correlated negatively (P<
0.05) with retained pine and hardwood ma] areas, with hardwood basal area being the
more important factor.  Stand thinning improved herbaceous forage availability for
wildlife, but the response was time- dependent Forage from woody browse and vines
also increased following stand thinning, although responses were not as time-dependent
as herbaceous forages. Results of our study mdu,ate that managers can manipulate for-
age production by thinning stands to prescribed basal areas and compositions.

Key words Arkansas, basal area, biomass, browse, competition, coverage, forage. hardwoods, Pinus

taeda, thinning

1991, Kenward et al. 1992, Johnson et al. 1995).

Mixed pine (Pinus sppo-hardwood forests and
However, the wildlife value of midcanopy hard-

naturally regenerated pine forests containing an ele-

ment of hardwoods are important resources in the
southern United States. comprising 20.9 and 41.0
million ha. respectively (United States Forest Ser-
vice 1988). Many wildlife species use pine-hard-
wood stands to secure food (Blair and Brunett
1980, Thompson et al. 1991), vertical structure for
screening cover (Masters et al. 1993, Pollock et al.
1994), and trees for denning, nesting, and mast pro-

duction (Fenwood et al. 1985, Thorn and Tzilkows-
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woods that typically occur in pine-dominated
stands may be limited because trees are generally
too small in size and low in vigor for prolific mast
production (Drake 1991). Midstory hardwoods
also may cast such dense shade that they suppress
forage production of the understory, reducing mast
and forage food sources. However. releasing desir-
able hardwoods through thinning may improve
mast production potential by enhancing crown
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Residual basal areas after thinning strongly atfect the response of understory vegetation: at left, a sparse understory beneath loblotly
. E > N Y . . N . - . !
pine (2 1m2/har and hardwoods (7 m2/hay; at right, a dense understory beneath loblolly pine 115m2/has with no overstory hardwoods.

development and stimulate forage production by
increasing understory light levels.
Other studies have addressed forage production

and habitat quality in pine-hardwood stands of

differing pine and hardwood basal areas (Hurst et
al. 1979, Blair and Brunett 1980, Conroy et al. 1982,
Fenwood et al. 1984). However, these studies were
conducted in existing stands at single points in
time. with stand basal area and age determined at
the time of the study. By contrast, Wigley et al.
(1989) and Masters et al. (1993) examined habitats
across controlled pine and hardwood basal areas,
but their results were restricted by a narrow range
in treatment levels. Wigley et al. (1989) evaluated
stands with 15 m2/ha of total basal area and Masters
et al. (1993) evaluated stands with the mer-
chantable pine component removed and hard-
woods thinned to a basal area of 9 m2/ha or areas
harvested by clearcutting. In this paper we report
results from a study compuaring biomass and cover-
age responses of vines. woody browse, grasses,
forbs, sedges. and composites 2 and 4 vears after
thinning a loblolly pine (Pinus taeda)-hardwood
stand to a range of pine and hardwood basal areas.

Study area

We established our study in a naturally regenerat-
ed.  even-aged. A5-yvear-old  natural  loblolly
pine-hardwood stand located in the school forest
of the University of Arkansas at Monticello, Drew
County. Arkansas. USA. Soils of the area included
Henry (Typic Fragiaqualfs) and Calloway (Glos-
saquic Fragiaqualfs) series (Larance et al. 1976).
Both soils have silt loam surfaces and were formed

on windblown silt.  These poorly drained soils

occur on broad upland flats and have a site index of
28 m at 30 vears for loblolly pine.

The stand was regenerated from an existing
pine-hardwood stand in the early 1950s; the hard-
wood component was killed and a new loblolly
pine stand established from seeds produced by
retained trees. A few remnants of the original stand
still existed prior to study installation. This stand
was typical of many unmanaged pine stands in the
South that have developed a dense hardwood mid-
canopy. Before thinning, loblolly pine basal area
averaged 27 m2/ha and hardwood basal area aver-
aged 8 m?/ha. Most hardwoods formed a uniform
midcanopy. with occasional individuals extending
into the loblolly pine canopy. The hardwood com-
ponent wis principally willow (Quercus phellos)
and water oak (. nigra). with lesser amounts of
southern red oak (Q. falcata) and sweetgum (Lig-
widambar styraciflie).

Methods

Study design and treatment
implementcation

We established 27 circular 0.08-ha sampling plots
and surrounded them by 10-m isolation strips,
resulting in total plot areas of 0.21 ha. Treatments
consisted of 9 combinations of 3 overstory basal
areas of loblolly pine (15,18, and 21 m2/ha for trees
>0.1 ¢m in diameter at 1.37 m [dbh}]) and 3 basal
areas of hardwoods (0. 3.3, and 7 m?/ha). Treat-
ments were assigned randomly to plots as much as
replications of

2

possible in a block design with 3
each block. Blocking was based on proximity to an
ephemeral drain.  Although treatments were
assigned randomly to plots. we reassigned a few



treatments if existing basal area was below the level
randomly assigned.

The pine component of each plot was harvested
as a free thinning. Most of the harvested trees were
below the stand’s mean dbh, but a few low-quality
dominant and codominants also were harvested.
Thinning hardwoods favored retention of larger
and higher-quality oaks. However, hardwood treat-
ments were difficult to implement on some plots
and compromises were made to meet specific basal
area requirements. The sampling plots and their
adjoining isolation strips were thinned to the same
basal areas. The area berween the sampling plots
and isolation strips were thinned to basal areas of
about 18 mZ/ha of pines and 3 mZ/ha hardwoods.

All trees were harvested as pulpwood in 1.5-m
bolts to minimize damage to the residual stand.
Pine thinning began in fall 1988 and was complet-
ed during late spring 1989, but unusually wet
weather during summer prevented completion of
the hardwood thinning until summer 1989. During
late winter and early spring 1990, all submer-
chantable hardwoods 2.5 to 9.0 ¢cm dbh were killed
with stem-injected glyphosate.

Deata collection

Betfore thinning, we recorded species and dbh for
all trees >2.5 ¢m dbh on each plot. After comple-
tion of thinning, we assigned permanent numbers
to all retained trees on a plot: we measured dbh
(cn). total height (m). and crown dimensions (m).
Age was determined on a subsample of about one-
third of the retained trees.

We determined biomass and estimated percentage
coverage of each forage species on 25 systematically
focated subplots before thinning (summer 1988) and
2 (summer 1991) and 4 (summer 1993) vears after
thinning. We determined forage biomass by clipping
the current annual increments of growth (<1.0 m in
height) for each species. Each subplot consisted of
4 adjacent 1 x [-m quadrants, but only one quadrant
wis used during each evaluation so that clipping did
not influence subsequent measurements. We deter-
mined green weights and a subsample of each
species was oven dried at 40° C to a constant weight
to determine green-weight to dry-weight ratios. We
estimated percentage coverage of each forage
species (<1.0 m in height) ocularly (Mueller-Dom-
bois and Ellenberg 1974) and overstory canopy cov-
erage using a spherical densiometer.

We determined photosynthetically active radia-

tion (light intensity) at a height of 1.4 m on 39 tem-
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porary points systematically located within each
sampling plot during clear sky conditions on 31
July 1991 and 25 July 1993 using a sunfleck cep-
tometer (Decagon Devices. Inc., Pullman, Wash.).
We made all measurements within =1.5 hours of
solar noon and also made measurements in full sun-
light 1o calculate relative light intensity.

Data analyses and modeling

We tested the null hypothesis that no changes in
loblolly pine and hardwood basal areas, canopy cov-
erage, and light intensity occurred over time (imme-
diately after thinning and after 2 and 4 vears) for
each basal area treatment using one-way analysis of
variance. Differences among vears were isolated by
the Rvan-Einot-Gabriel-Welsch multiple range test
at o=0.05 (Procedure GLM, SAS Institute 1989).
Biomass of individual species on each of the 25 sub-
plots within a 0.08-ha plot was summed by forage
group (vines. woodyv browse. grass, forbs, sedge, and
composites). Means were then determined for bio-
mass by forage groups for each 0.08-ha plot. We
tested homogeneity of variunce for each forage
group using Bartlett’s test (Steel and Torrie 1980).
When we rejected the null hypothesis of homoge-
neous variances at o.=0.05. we ranstormed data
and conducted the test again until we accepted the
null hypothesis. Variables requiring transformations
were vines, forbs. and sedges (square root) and
grasses and composites (cube root). We then tested
the null hypothesis that basal area treatment (9
pinc-hardwood combinations) and vears after thin-
ning (before thinning and after 2 and 4 years) did
not affect forage biomass using 2-wav analysis of
variance. Because many of the interaction terms
were significant at ¢=0.05. we followed the rec-
ommendation of Littell et al. (1991) that differences
among means should be isolated separately for
cach level of the 2 factors. We isolated differences
among means  using Ryvan-Einot-Gabriel-Welsch
multiple range test at ¢=0.05 after conducting one-
way analvses of variance for basal area treatments at
cach vear and then for vears at each basal area
treatment.

Basal areas of individual plots varied within treat-
ment classes because of tree mortality from logging
damage and natural causes. growth during study
installation. and the inability 1o precisely control
basal areas on small plots. Basal areas after study
installation ranged by a mean of 1.5 m?/ha within
treatment classes for pine and hardwoods. To devel-
op and enhance predictive capabilities for similarly
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thinned forest stands, we analyzed data further using
regression analysis. This allowed use of actual basal
areas for each plot rather than its class designation.
We evaluated several candidate equations to analvze
our data. However. based on residual plots and fit
"indices, we selected the following equation:

Y=by+ TPl eexpb, + by P+ by H),

where Y was the response variable at the specified
vear, T was the number of vears after thinning, P
and H were retained loblolly pine and hardwood
basal areas after thinning, respectively, and the b;s
were coefficients to be determined. Response vari-
ables were mean forage biomass (kg/ha) and per-
centage coverage, relative light intensity (%), and
canopy coverage (%). By definition, the response
variable was equal to the value of b, when 7 was
zero. Thus, we set the value of b, to the before-
thinning mean calculated from the 27 plots for the
specified response variable. We calculated other
coefficients in the equation by nonlinear least
squares regression using SAS procedure MODEL
(SAS Institute 1988). Data were mean forage bio-
mass, forage coverage, relative light intensity, and
canopy coverage on the 27 plots evaluated at 2 and
4 years after thinning, providing 54 observations for
each respective response variable. We eliminated
variables from the full model if their coefficient did
not differ significantly from zero at 0=0.05.

Results

Post-thinning environment

Thinning reduced the loblolly pine basal area by
an average of 26, 32, and 41% and the hardwood
component by an average of 27, 44, and 100% on
high, medium, and low treatment basal areas,
respectively. Pine basal areas increased an average
of 1.5 mZ/ha across all treatments by 2 yvears and
3.2 m%/ha by 4 vears after thinning. Mean annual
increase in loblolly pine basal area was greatest on
arcas retaining the largest basal areas (0.9, 0.8, and
0.7 mZ/ha, for high, medium, and low basal areas.
respectively). However, all treatments demonstrat-
ed significant (£<0.05) increases in pine basal area
bv 4 vears after thinning (Table 1). Mean annual
increase in hardwood basal area of 0.2 mZ/ha for
areas retaining high and medium basal areas was
significant (P<0.05) at 2 and 4 vears after thinning,.

Canopy coverage averaged 96.5% before thin-
ning. Two vears after thinning, canopy coverage

ranged from 65.5 to 95.0% (Table 1). Recovery to
before-thinning values for canopy coverage was
influenced most by crown growth of the pine com-
ponent. Canopy coverage increased an average of
6.1, 2.0, and 2.1%/vear for treatments retaining 0,
3.5, and 7 m2/ha of hardwood basal area, respec-
tively, between 2 and 4 vears after thinning. Rela-
tive light intensity was related negatively to the
retained loblolly pine-hardwood basal areas and
their corresponding canopy coverages, with the
hardwood component being the most significant
factor. Light intensities did not vary significantly
between 2 and 4 vears after thinning for all basal
area treatments, except for a significant (£=0.02)
decline for a pine basal area of 21 m2/ha and no
hardwoods (Table 1).

Forage production

Basal area treatments (P<0.01) and years after
thinning (£=0.001) significantly affected the bio-
mass of all forage groups and the total. The inter-
action of treatments and years was significant for
vines, grasses, forbs, and total biomass (P<0.03), but
was not significant (P> 0.05) for composites,
sedges. and woody biomass. Vines had the greatest
sustained increases in forage biomass across all
treatments; the average increase was 155 kg/ha at 2
years and 382 kg/ha at 4 vears (Table 2). The sec-
ond greatest increase was for woody browse, which
averaged 96 kg/ha at 2 years and 132 kg/ha at 4
vears. Across all treatments, combined herbaceous
biomass increased significantly by an average of
207 kg/ha at 2 years after thinning. The 2-vear
increase for the combined herbaceous groups was
a greater increase than the vine or woody browse
groups. The ranking of the 2-yvear increase in herba-
ceous biomass by forage group was: grasses (153
kg/hay>sedges (25 kg/ha)>forbs (17 kg/ha)>com-
posites (12 kg/ha). By 4 years after thinning, how-
ever, herbaceous biomass declined from 2-vear val-
ues by 71% for sedges, 44% for grasses, 24% for
composites, and 5% for forbs; total herbaceous bio-
mass averaged 121 kg/ha at 4 vears. Total forage
biomass increased an average of 426 kg/ha at 2
vears after thinning and 632 kg/ha at 4 years.

Forage biomass and coverage of all groups and
the combined totals were negatively influenced (P
<0.05) by amount of retained hardwood basal area,
except for sedge coverage, which was not influ-
enced (P>0.05) by retained hardwoods (Table 3).
Forbs and composites were the forage groups influ-
enced most negatively by increased hardwood



Table 1. Mean (£SE) stand characteristics for various levels of E:mxrmaécca hasal areas
in a thinned 35-year-old natural loblolly tmsmrrm&éooa stand in southeastern Arkansas
before thinning and immediately, 2, and 4 years after thinning.

Stand characteristics, . -
. After thinning?
Before g

?3?_527351

basal area thinning immediately 2 years 4 years

Pine basal area tm=/ha)

15-0P 15.310.31b 16.5 10.81b 18.4(1.00a
15-3.5 25.343.3} 14.9 (0.4ic 17.8 {0.7a
15-7 14.5 (0.5 17.110.81a
18--0 18.1 (0.3 1 21.540.3a
18-3.5 26.910.6] 1¢ 21.4(0.23a
18-7 23.611.6 19.6 10.3)b 212107
21-0 33.9 10.6) 23.510.20b 25.7 0.3
21-3.5 2954231 E 23011 0b 25.24{1.25a
21-7 25.541.3) 21.810.3 23.610.60b 25.3 10.4%
"Hardwood basal area tm/hai

15-0 70019 0 0 0
15-3.5 7.0100.3) 4.00.1¢ 4.210.21b 7.2
15-7 10.8 1.6} 6.7 (1.0b 7211 1iab 7.8101.55
18-0 59(1.2 0 0 0
18-3.5 7.010.2] 4.210.21¢ 4.6 10.2b 5.010.3a
18-7 8.5 0.7 6.7 {0.6ih 7.2:0.6b 7.6 (0.61a
21-0 4903 Q 0 0
2135 8.3 (0.9} 4.5 0<0. b 4.9 0. 1a
21— 8.4 0.4 1 :0.4ib 740508
Canopy coverage i

15-0 g5 3411 na* 834 4.0
15-3.5 96.7 (1.2 na 931421
15-7 G7.2.10.5% na 93229
18-0 955131 na 85.8 14.81
18-3.5 96.9 11,01 na 94.7 (3.81a
18-7 458 1.4 na a2 4 ¢6) 95,3 2.1
21-0 97. na 36,1 13.81 4.2
21-3.5 96. na 90.8 3.0 91.612.7%
21-7 G7.2.:0M na a5.0 4.7 q7.2:0.71
Light intensityd 191

15-0 na na 495 5.1} 457 012,30
1535 na na 24.7 3.4 19,5 (3.-4
15-7 na na 20.715.00

18-0 na na 39.216.31

18-3.5 na na 15.912.6) 18,1558
18-7 na na b

21-0 na na 30.8 13.21b

21-35 na na 4.7 013

217 na na 11,4439

foltowed by the same lower case letter or with-

4 After thinning treatment means (row

out letters did not differ (o = 0.051 between yea
. . . . . gl
b First number is loblollv pine basal area im2/hai second is hardwood basal area (m+/hai.

¢ pa = stand characteristic was not measured.

d percentage full sunlight.

retention. Retained pine basal area also negatively
influenced biomass and percentage coverage of

In our study, greate

vines, forbs, and total forage.
Time after thinning (2 versus

4 years) was not a significant
factor (P>0.0%) in determin-

ing biomass and coverage
for woody browse, forbs,
However,
biomass and coverage for
grasses and sedges were
influenced negatively by
time after thinning, whereas
vines and total forage were
influenced positively by time
after thinning.

and composites.

Discussion

Basal areas retained after
thinning this 35-vear-old nat-
ural loblolly pine-hardwood
stand strongly affected stand
growth and understory for-
age production. Basal area
and canopy coverage in-
creased with time after thin-
ning. whereas light intensity
in the understory decreased.
After showing large increas-
¢s immediately after thin-
ning. herbaceous forage bio-
mass declined from 2 o 4
vears and the rate of increase
for woody browse slowed.
Only vines displayed a steady
rate of increase over the 4-
year period after thinning.
have been
demonstrated elsewhere
when basal areas of pine-
hardwood stands have been
manipulated through silvi-

Similar results

cultural practices. For exam-
ple. Masters et al (1993)
showed that herbaceous veg-
etation was quickly replaced
by woody vegetation when a
not disturbed
repeatedly. Blair (1971)
reported that even woody
browse declined in stands

stand  was

undisturbed for more than 6 years
st forage biomass occurred on



Table 2. Mean (£SE) forage biomass (kg/ha) in response to various levels of pine~hardwood
basal areas in a thinned 35-year-old natural loblolly pine~hardwood stand in southeastern
Arkansas before thinning and 2 and 4 years after thinning.

Forage group,
pine—hardwood
basal area

Before
thinning

After thinning?

2 years

4 years

Vine
15-04
15-3.5
15-7
180
18-3.5
18-7
21-0
21-3.5
21-7
Woody

Grass
15-0
15-3.5
15-7
180
18-3.5
18-7
21-0
21-3.5
217
Forb
15-0
15-3.5
15-7

18-0

tcontinued)

34.6 (49.2)BP

5

1
13.7117.9C
7.4(8.8)C
38.2 {44 9C
26.2 (38.6)C
11.8(10.2:8
26.9(38.1)C

9 (30.5)8
64.3 194.9)B
24.5(41.9)B
68.7 (114.1)
11.8(19.5}
19.6 (19.11C

10,1 (15.1)
111 {15.4)
162 (259
1.5 (1.73C
L7148
2.0(2.5)
457.108
1.7 02,78
2.7 13.3C
1.0(1.738B
1.6 2.1

0.110.28
0.9 0.8}
08
0.510.98
0.310.5)
0.2 10.2}
0.6 11.008
0.8 (1.4
0.8 1.4y

501.2 (157.11Aa¢
247 4 (84.6)Aab
108.1 (136.6)Bb
203.1 (153.7)Bab
63.4 (32.2)8Bb
151.9 {95.2yBab
156.0 (94.7)Bab
80.1 (49.6)ABb
114.0 (106.6)Bh

212.5(137.9A
173.6 (107.2)AB
46.8 (67.3)AB
223.6169.4)
87.4 (93.5)
64.3 (38.1iB
209.2 1169.2)
42.6 (12.9)
55.1186.2)

359.1 (187 .41Aa
97.9 (35.71Aab
98.7 (87.71ab
4725 (443 9Aa
57.2172.6)Aab
17.5(21.4)Bb
174.9 (105.6)Aab
87.6 160.71Aab
34.4 138.95b

63.4 (45.51Aa
16.3 (10.7)ab
1.6 (1.51Ab
38.5(21.8)Aab
5.6 (5.1h
10.9 (14.73ab
10.5 15.00Aab
10.019.1)ab
3.3 14.0ib

1039.4 (226.6)Aa
499 1 (34.6)Abc
214.7 (155.6)Abcd
536.5 {98.61Ab
187.1 (115.53Acd
379.2 1143 91Abcd
411.2 (175.00Abcd
184.3 (144.5Ad
2114 1160 3Abed

225.31124.91Aab
230.6 196.71Aab
81.2 (69.6)Ahc
303.2 189.41a
136.2 (116.5)bc
119.1 {17.61Abc
193.7 {77 4iabe
96.9 (63.0ibc
51.2 (68.9ic

103.9 143,118
56.5 (27 91A
96.2 (71.9)
132.7 180.61A
944 1121.51A
55.2 (44 9A
T18.1 {1138.8A
102.5 (59.:0A
30.8 (45.9)

43.2 25 9Aa
10.5 (4.2)ab
4.2 ‘3.8}/\[)

43.6 131.5)Aa
13.5115.81ab
9.9 (6.71ab
15.4(5.8)Aab
8.5 18.21ab

2.9{3.0b

» v . ) ,
4 First number is loblolly pine basal area (m</ha); second is hardwood basal area

iy N
(m=/hay.

b Row treatment means followed by the same upper case letter or without letters within

a forage group did not differ (o =0.05),

¢ Column treatment means followed by the same lower case letter or without letters
within a forage group did not differ tor =0.05).

arcas with least overstory basal area, and least bio-

mass was on areas with the greatest basal area. This

response to thinning was
similar to those observed in
other pine-hardwood stands
in the southeastern United
States. Wigley et al. (1989)
reported a range of total
understory biomass between
462 kg/ha and 756 kg/ha 2
vears after thinning and 298
kg/ha to 717 at 4 vears. Mas-
ters et al. (1993) reported
forage biomass values as
great as 3,495 kg/ha at 4
vears after stand treatments
consisting  of complete
removal of all merchantable
pines. thinning the remain-
ing hardwoods, and annual
burning. By contrast, Masters
et al. (1993) found an aver-
age mean of 208 kg/ha for
forage biomass on control
areas and areas not thinned
but burned on a 4-year cvcle:
these values were similar to
those reported in our study
for the greatest retained
basal areas.

Our findings suggest that
hardwood basal area and its
associated canopy coverage
exert more influence on
understory  vegetative  res-
ponse than the loblolly pine
basal area and its associated
canopy coverage. Both at 2
and 4 vears after thinning.
light intensities and understo-
rv vegetative responses were
greater in pure loblolly pine
stands, regardless of the
retained  basal areas, than
in loblolly pine-hardwood
stands of equal total basal
area.  These results suggest
that  hardwoods produce
more shade and thus suppress
understory vegetation to
greater extent than loblolly
pine.  Other investigators

have reported similar findings (Guo and Shelton
1998, Miller et al. 1999).



Table 2 (continued).

Mean (+SE) forage biomass (kg/ha) in response to various levels of
pmo hardwood basal areas in a thinned 35- vear old natural loblolly pine~hardwood stand

in southeastern Arkansas before thinning and 2 and 4 years after thinning.

forest stands  Peitz et al.

Forage group,

pine-hardwood

Before

After thinning?d

basal area thinning 2 years 4 vears
Sedge

15-0 0B 33.98.1IA 17.5 {19.3)A
15-3.5 0 18.6 (21.8) 5. 7 (6.5)
15-7 0 23.31(27.6) 8.7 (7.4)
18-0 0C 55.9 (19.01A 10.4 ¢ .9;8
18-3.5 08B 13.5(9.51A 5.1 (1.9A
16~7 0 13.0(13.5) 28024
21-0 0B 34.8 (28.80A 3.9 408
21-35 0C 251 (14.1A 7.5 3.2
21-7 0C 6.6 (2.00A 2.90.6B
Composite

150 0B 52.1167.31Aa 24.3 20.9A
15-3.5 0 5.9 (7.21ab 7.516.2)
15-7 0.1 0.1 1.1 (1. 2%ab 1.6 (1.8
18-0 0.1:0.218 21.5(19.8)Aab 10.8 (11.6IAB
18-3.5 12102.00 3.7 i4.1ab 5.6 (9.6}
18-7 0.2:0.2) 0.3 10.51b 3.9 (3.6)
21-0 0.1:0.2:8 13.0 (5.9%Aab 20.6 (6.00A
21-3.5 0 9.7 {15.0)ab 6.5 (7.6}
21-7 0 <0.110.1ih <0100
Total biomass

15-0 583 81,48 1222.30219.3Aa 1453.6 (182.91Aa
15-3.5 1027 (143,118 560.4 (176.41Abe 809.9 (47 9Abc
15-7 58.5 197 818 279.5 231.31Ac¢ 406.6 (207 .73Acd
18-0 87.6 140,118 1015.11290.D1Aab 1037.2 i84.81Ab
18-3.5 22.5133.6i 230.7 1162.9ic 141.9 (371.20cd
18--7 60.8 67 3:C _’,’8.() 1155.98¢ 570.1 {187 .0Acd
21-0 38.2456.71B 3984 1210.5Abc 762.8 (171.61Abc
21-35 2532828 2551 !1.").)#\(\ 406.2 (147 . 8)Acd
21-7 : 48.2072.9: 213412287 2993 274.11d

- - - 3
3 First number is loblolly pine basal area im“/ha); second is hardwood basal area
im-~/hay.
b Row treatment means followed by the same upper case letter or without letters within
a forage group did not differ (¢ =0.051.
¢ Column treatment means ollowed by the same lower case letter or without letters
within a forage group did not differ i =0.05).

The vine and woody browse groups increased in
forage biomass from 2 to 4 years after thinning,
whereas all the herbaceous plant groups declined.
Some of the decline in herbaceous vegetation with
time after thinning can be attributed to increasing
canopy coverage in the overstory and its associated
shading, but the influence of other forage groups in
the understory

tion. the greater stature and
height-growth potential of
vines and woody vegetation
create a growth advantage
for these groups over herba-
ceous vegetation. In fact,
many of the woody plants
will eventually grow into
midstory hardwoods.

Our findings suggest that
reducing stand basal area
through thinning can
improve the value of a stand
for many wildlife species by
increasing available forage
biomass: reducing hardwood
basal area results in greater
increases in forage biomass
than reducing loblolly pine
basal area. However, use of
thinning alone to improve
wildlife habitat quality re-
sults in only a shortlived
increase in quantity of herba-
ceous vegetation available.
Wildlife species that con-
sume  mostly  herbaceous
vegetation, such as wood-
chuck (Marmota wmonax),
hispid cotton rat (Sigmodon
hispidus). southern bog lent
ming (Synaptonys coopers),
and prairie vole (Microtus
ochrogaster), will derive the
most benefit about 2 years
after thinnings. However,
wildlife such as the white-
tailed deer (Odocoileus vir-
ginianus) and eastern cot-
tontail rabbit  (Sylvilagus

Sloridanus) will benefit from

thinning over a longer peri-

od of time because their diets include the browse
provided by woody plants. vines. and herbaceous
vegetation. Repeated stand disturbance from sub-
sequent thinnings will help maintain improved for-
age production and wildlife habitat quality because
it: 1) scarifies the forest floor. 2) destroys some of
the existing understory vegeration (vines and
cannot be ignored. Vines and  woody plants), and 3) reduces overstory shading

woody plants undoubtedly compete with herba-  and competition. This stand was growing at 4 mean
ceous groups for water, light, and nutrients. In addi-  annual rate of 0.8 mZ/ha in pine basal area,and thus



Table _3. Regression ('oeffi(iilents and associated statistics to estimate the forage biomass and coverage, canopy coverage, and light
intensity at 2 and 4 vears after thinning in a 35-vear-old natural loblolly pine~hardwood stand in southeastern Arkansas. Forage
hiomass and coverage were evaluated by forage groups.

) Regression coefficientsd
Forage group or Regression coetficients

stand attributes by b by by by RMSED Fit index¢
Biomass tkg/hai
Vine 252 1.240 7308 ~-0.139 ~-0.187 145.0 0.70
Woody 176 nsd 5311 ns -0.195 88.7 0.36
Crass 2.4 -1.320 6.703 ns -0.276 127.5 0.38
Forb 0.5 ns 6.070 ~0.134 -(0.325 15.8 0.51
Sedge 0.0 1.877 5.021 ns ~0. 164 13.2 0.44
Composite 0.2 ns 3.162 ns -0.347 17.3 0.24
Total 55.8 0.328 8.283 -0.095 ~0. 194 205.9 0.75
Coverage %)
Vine 9.7 0.998 3.820 -0.066 ~0.092 14.7 0.49
Woody 6.8 ns 3,044 ns ~0.108 9.3 0.21
Grass b5 ~(3.543 3.250 ns 0.119 6.0 0.31
Forb 0.5 ns 3132 ~0.044 =074 3.3 0.49
Sedge 0.0 -0.747 2.079 ns ns 1.8 0.22
Composite 0.1 ns 1.187 ns -0.161 1.4 0.32
Total 18.7 0.354 4.999 -0.045 -0.100 215 0.55
Canopy coverage (%] 96.5 ~1.184 5.697 -0.096 -0.231 5.1 0.69
Light intensity (%41 -0.057 nat -0.080 -0.155 4.6 0.87

4 For forage biomass, the equation was B, = by + 707 expihy + b, + by, where 8, was the biomass tkg/har of a specified for-
age group at tyears after thinning, by was the pre-thinning mean biomass tkg/hai of the specified forage group, T was the vears

2 . . . . ¥, A A . . 3
atter thinning, Pwas the loblolly pine basal area atter thinning rm=/ha), and #H was the hardwood basal area after thinning 'm=/hat.
For forage coverage, the equation was F = Dy = 00 expiby « by« hyHI, where F, was lorage coverage (%} of the specified for-
age group at tvears after thinning and other symbols were previousty defined. For canopy coverage, the equation was €, = by ~
1 expihy = byl + byH, where Cywas coveragesi of the canopy at ¢ vears after thinning, and other symbols were previoush
defined. For light intensity, the equation was L, = expthy + by T+ by P+ bybh, where [, was light intensity (%1 at 1.4 m 1or a spec-
itied treatment basal area at ¢ vears aiter thinning and other svmbols were previously defined except for by, which was the inter-
cept of the regression equation.

P Root mean square error.

The 1it index is equivalent to the coefficient of determination reported in linear regression 1SAS Institute 19881,
4 Regression coetficient was not signiticant inst at P<0.05.

Regression coefficient was not 1t tor light intensity,
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