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ABSTRACT. Four open-pollinated fam:-
lies of shortleaf pine (Pinus echinata
Mill) seedlings were planted near Per-
ryville, AR, in February 1988. Three her-

bacevus weed control treatments were tested
for each family along with an untreated
check. A single treatment of 3 oz ailac of
Oust® was applied in April 1988 for spot,

band, and total control of herbs. Total con-
trol was maintained with directed applica-
tions of Roundup® (3% product) as
needed. Seedling survival averaged above
95% after two growing seasons for each
treatment. Soil mousture, seedling growth,
and seedling biomass were greatest and fas-
cicle waler potential of pines was least neg-
ative on plots recetving total control of
herbs. Intermediate levels of fascicle water
potentials occurred in spot- and band-
treated plots where seedlings realized 91%
of the height and 83% of the diameter
growth potental for the site. Lowest soil
motsture and growth plus most negative
fascicle water potentials occurred on un-
treated check plots. Families differed in
thewr physiological response when soil mois-
ture increased. Needles and roots were the
largest components of biomass. While im-
proving pine growth, spot treatments for
herbaceous weed control offer ecological
and cost advantages over band treatments
or total control.
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Research has helped forest man-
agers realize the impact of herba-
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ceous competitors on early seed-
ling survival and growth. How-
ever, the effect of competition
control on future timber yields is
not clear. One recent evaluation
indicated that herbaceous weed
control research yields economic
gains for southern pine managers
(Huang and Teeter 1990).

Early studies frequently focused
on herbacide efficacy, or loblolly
pine (Pinus taeda L.) seedling
growth on Coastal Plain sites. In a
comprehensive study, Zutter et al.
(1986b) examined soil moisture,
herb biomass, and loblolly pine
growth under high, medium, and
low levels of herbaceous competi-
tion. They also studied the effects
of competing vegetation on
loblolly pine seedling biomass
(Zutter et al. 1986a). However, few
studies have examined the physiol-
ogy of seedlings grown under dif-
ferent herbaceous competition lev-
els. Information on the relation-
ships between herbicide efficacy,
herb biomass, soil moisture, and
seedling growth, fascicle water po-
tenual (FWP), and biomass on sites
requiring ripping for site prepara-
tion is lacking. This study exam-
ined these relationships for short-
leaf pine (Pinus echinata Mill).

The objectives of this study were
to evaluate: (1) first-year efficacy
of a commonly used herbicide ap-
plied as total, band, and spot treat-
ments to release seedlings of four
shortleaf pine families from herba-
ceous competitors, (2) first-year
soil moisture levels associated with
herbicide treatments, (3) first-year
FWPs of pine seedlings at four
time intervals during the day, (4)
first- and second-year seedling
survival and growth, and (5) com-
ponents of seedling biomass as af-
fected by treatments.

METHODS

The test area was located near
Perryville in the Ouachita Moun-
tains of central Arkansas. Trees
were clearcut and the site ripped
to a depth of 18 to 24 in. in 1987.
Four, bareroot, shortleaf pine
families were hand-planted in Feb-
ruary 1988. Planting stock origi-
nated from unsorted seed pro-
duced on open-pollinated females
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(families 103, 115, 218, and 322).
The study was established as a ran-
domized complete block design
with four blocks, each with 16 ran-
domly located treatment plots (4
families X 4 treatments). Plots con-
tained 6 rips and 6 seedlings per
rip with seedlings planted ona 9
6 ft spacing. Soil on the site was a
stony fine sandy loam, from the
Carnasaw-Pirum-Clebit series
(Townsend and Williams 1982).

Three oz ai/ac of Oust®' (sulfo-
meturon methyl) + water in a 10
gal/ac solution were applied in
April 1988 for spot (3 ft diam.),
band (8 ft wide) or total control of
herbs. An untreated check served
as the fourth level. Total control
was initiated with the Oust® appli-
cation and maintained through
September 1988 with directed
sprays of 3% Roundup®? (glypho-
sate) + water at 45-day intervals.
Herbicides were applied during
1988 only.

Evaluations of herbicide effi-
cacy, herbaceous biomass, soil
moisture, and seedling FWP, sur-
vival, and growth were initiated in
May 1988 and were continued at
45-day intervals through Septem-
ber 1988. During each evaluation,
treated portions of plots were visu-
ally assessed for reduction of her-
baceous compeution in 3% inter-
vals relative to check plots. Herba-
ceous biomass was clipped from
within a 2 fi* sample frame. Six
stratified samples, two light, wwo
medium, and two heavy relatve 1o
percent cover within the plot, were
collected from each check plot
Biomass was oven-dried and ex-
pressed in Ib/ac. For treated plots,
biomass was estimated in lb/ac in
proportion to the visual assess-
ments of herbaceous biomass re-
duction.

At 45-day intervals, soil samples
were taken in the rip at a 6-12.1n.
depth within 18 in. of two small,
two medium, and two large seed-
lings in each plot. Samples were
placed in metal cans, the lids were
hermetically sealed with tape and

! Registered Trademark of E.I. du Pont
de Nemours and Co., Inc.

? Registered Trademark of Monsanto
Chemical Co.

brought back to the lab for oven-
drying. Soil moisture was ex-
pressed in percent of dry weight.
As an additional check, an auto-
matic recorder attached to six soil
moisture tension blocks recorded
daily soil moisture fluctuations in
each plot of one replication. Pre-
cipitation was measured on site
with an automatic recorder.

Six seedlings in each sample plot
were assessed for FWP with a pres-
sure chamber (PMS Instrument
Co., Corvallis, OR) (Scholander et
al. 1965). Seedlings used for FWP
assessment were adjacent to the
soil sample locations. However,
time limitations restricted assess-
ment of FWPs to families 103, 218,
and 322. Water potentials were
sampled at 5:00 A.m. (predawn),
10:00 a.Mm., 1:00 p.M., and 4:00 p.M.
during each sample day.

Total height and groundline di-
ameter (GLD) were measured for
each seedling. Seedling measure-
ments were initiated in February
1988 and continued at 45-day in-
tervals from May through Novem-
ber 1988. Seedlings were mea-
sured again after two growing sea-
sons in December 1989. Seedling
height was measured in ¢cm and
GLD in mm. Data were converted
to inches for analysis.

In December 1988, 15 shortleaf
seedlings were dug from each plot
in block 4 for assessment of bio-
mass components. Seedlings were
sampled with regard to relative
size so that five large, five medium,
and five small seedlings were se-
lected from each plot. The exca-
vated seedlings were brought to
the lab where they were dissected
into roots, stems, needles, and
branches. Samples were oven-
dried and weighed.

Analyses of variance and covari-
ance (SAS Insutute Inc.) were used
to analyze herbicide efficacy, soil
moisture, and seedling FWP, sur-
vival, growth, and biomass. Initial
height and initial GLD were the
covariates. Herb biomass, soil
moisture, FWP, and seedling bio-
mass samples were stratified
rather than random samples. In-
sect damaged seedlings were in-
cluded in the assessment of sur-
vival but deleted from the growth



analysis. Trees from block 4 were
not included in the 1989 analysis.
Fisher's Protected LSD Test was
used for mean separation, with all
statistical tests conducted at the
0.05 probability level.

RESULTS AND DISCUSSION

Herbaceous Competition
and Biomass

There was negligible reinvasion
of herbaceous weeds on all treated
plots through July 1988 (90 days
after treatment) (Table 1). Domi-
nant weeds on the study site were
panic grasses (Panicum spp. L.),
fireweed (Erechitites hieracifolia
Raf.), and goldenrod (Solidago sp.
L.). In the total control plots, ex-
cellent competition control was
maintained through the first grow-
ing season. No differences in com-
petition control were detected be-
tween band- and spot-treated areas.
Forty-five days after treatment,
herbaceous biomass averaged 1689
Ib/ac in the untreated check plots,
while it was estimated that treated
portions of the spot, band, and to-
tal plots averaged 85, 56, and 42
Ib/ac, respectively, of dried herba-
ceous biomass. By September,
dried herbaceous biomass aver-
aged 4375 Ib/ac in untreated check
plots. This measure compares to
estimates of 838, 820, and 146 b/
ac in the treated areas of the spot,
band, and total plots, respectively.

Soil Moisture

Through the first growing sea-
son soil moisture recorded from

the soil samples remained greatest
in the total control plots (Table 1).
Spot and band treated plots main-
tained intermediate soil moisture
levels while untreated check plots
had the lowest percentages of soil
moisture. Others have found sim-
ilar increases in available soil mois-
ture as a result of reducing herba-
ceous competition (Morris and
Moss 1989, Zutter et al. 1986b).

Differences in moisture tension
between treatments were most ap-
parent near the end of the first
growing season (Figure 1). In a
study on the effects of herbaceous
competition on loblolly pine, Zut-
ter et al. (1986b) correlated seed-
ling growth to soil moisture in late
August. This was when soil mois-
ture was lowest and probably the
limiting growth factor. In the
present study, normal monthly
precipitation for the summer of
1988 resulted in similar soil mois-
ture levels for all treatments
through June. Highest soil mois-
ture tensions were observed in late
September when precipitation was
lowest. Figure I illustrates the im-
portance of herbaceous competi-
tor control during periods of low
soil moisture.

Fascicle Water Potential

Seedling FWPs were negatively
related to the degree of herba-
ceous competition control. Seed-
lings grown in the untreated check
plots consistently expressed the
most negative FWPs through the
first growing season (Table 2).
Seedlings grown in plots with total

Table 1. Herbaceous weed control and soil moisture content among herbaceous

weed control treatments.

Sample period’

Variable o e e —
treatment May july August September
Herb control e (%)2) eememommmm e ree e n e mnnan
Total 98 A 92 A 35 A 97 A
Band 87 A 92 A 86 B 81 B
Spot 95 A 91 A 84 B 81 B
Soil MOIStUre  seemeeeeecrmiie e (%) oo
Total 103 A 109 A 10.0 A 8.9 A
Band 9.3 BC 104 A 748 578
Spot 968 9.78B 708 548
Check 9.0C 8.6 C 54C 42C

' Means within a column sharing the same letter are not statistically different (Fisher’s Protected LSD

Test, a = 0.05).

? Herb-control estimates are relative to untreated check plots.
* Weight of soil moisture over dry weight of sample.

herbaceous control had the least
negative FWPs, while the spot and
band treatments were intermedi-
ate (Table 2). Likewise, all families
revealed decreasing FWPs as the
growing season progressed (Table
3). Presumably the increased soil-
root contact and root-to-shoot
growth offset the decreased soil
moisture. Seiler and johnson
(1985) found loblolly pine photo-
synthesis decreased when needle
water potential decreased.

Seedling Survival and Growth

Seedling survival was excellent,
remaining above 95% at the end of
the second growing season. There
were no differences in survival
among herbaceous control levels
or genetic families. Other studies
indicate that herbaceous weed con-
trol treatments are not always nec-
essary for establishing loblolly pine
(Creighton et al. 1987, Zutter et al.
1986b).

Height and GLD differed
among treatments and families. In
May, seedlings receiving herbicide
treatments were shorter than those
in untreated check plots. However,
by the end of the first growing sea-
son, plots with total control of her-
baceous competition yielded the
tallest seedlings (Table 2). Those
in the untreated check and the
band plots were the shortest (Ta-
ble 2). Seedlings receiving total
herbaceous control displayed the
largest GLDs (Table 2). Pines on
spot-treated plots averaged
slightly 1aller in height and larger
in GLD than those on band treat-
ments. Seedlings grown in check
plots yielded the smallest diameter
growth.

Though differences in percent
soil moisture among treatment lev-
els were detected as early as May,
first-year height-growth differ-
ences were not delineated until
September. Barnes et al. (1989) re-
ported that sulfometuron treat-
ments decreased root growth po-
tenual of loblolly pine seedlings.
Similar root stunting may have ini-
tially occurred with these shortleaf
pine seedlings. However, our data
indicate that the herbicide-
released seedlings continued to
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grow even during dry weather and
were able to capture more of the
site’s potential.

Average height and diameter
growth advantages resulting from
early competition control contin-
ued through the second growing
season. Seedlings grown in total
control plots averaged heights at
least 4 in. taller than the spot and
band treatments (Table 2). Seed-
lings from untreated check plots
averaged 5 in. shorter than those
from the spot and band treated
plots. Likewise, seedling diameters

T
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MONTH-WEEK

Figure 1. Weekly soil moisture tensions for June and September 1988 recorded in plots of
one block that recerved four levels of herbaceows competition control.

in total plots remained the largest
(Table 2). Trees in spot- and band-
treated plots averaged 0.15 in. of
diameter growth over those grown
in untreated check plots. There-
fore, seedlings grown in check
plots realized 82% of the height
and 71% of the diameter growth
potenual for the site, while spot-
and band-treated seedlings real-
ized an average of 91% and 83% of
the height and diameter growth
potential for the site, respectively.

Height and diameter ranges
were smaller in magnitude for ge-

netic family than herbicide treat-
ment level, but seedling growth
varied among genetic stock. Fam-
ily 103 attained the greatest height
growth through the second grow-
ing season (Table 3). However, this
family exhibited the lowest GLD
growth (Table 3). Family 322 grew
least in height, but diameter
growth ranked among the highest
for all families. These results indi-
cate differences in growth poten-
tials among families and the ability
of some to efficiently use im-
proved growing conditions to
overcome initial difference in size.

Seedling Biomass

Seedling biomass differed ac-
cording to levels of herbaceous
weed control and genetic family.
Seedling biomass was greatest in
plots that received total control of
herbaceous competitors, while
seedling biomass in untreated
check plots was the least {Table 4).
Seedlings treated with spot and
band treatments were similar in
biomass and produced more stem,
root, and total biomass than those
in untreated check plots. Seedlings
grown in the total control plots
produced more biomass in each
class (needles, branches, stems,
and roots). Family 218 used im-
proved growing conditions to pro-

Table 2. FWPs, total heights, and GLDs for shortleaf pine seedlings receiving four herbaceous

weed control treatments.

Sample period’

Variable
treatment February’ May
Fwe?
Check -1.22 A
Spot -0.988
Band -0.96 8B
Total -0.78 C
Height
Check 6.3 100 A
Spot 6.3 9.4 B
Total 6.3 92 B
Band 6.0 89 C
GLD
Check 0.11 0.15 A
Total 0.11 0.15 A
Spot 0.10 .14 A
Band 0.10 014 A

T S S
1989
July August September November December
..................................... (MPa} meememmm e
-0.66 A ~0.40 A ~0.44 A
-0578B -0.39 A ~-0.398
-0.54 8 ~-0.37 BC -0.378
0.44 C -0.35 C -0.31C
43 A 175 A 186 C 186 C 454 C
134 B 7.5 A 195 B 198 8B 509 B
1317 8B 17.4 A 204 A 208 A 553 A
126 C 165 8 187 C 188 C 456 B
[T BT
0.20 A 0.24 A 029D 032D 090 C
0.20 A 0.25 A 0.41 A 0.45 A 127 A
0.19 A .25 A 0358 0398 1.06 B
0.188 0.25 A 034 C 0.37 C 1.04 8B

' Means within a column sharing the same letter are not s(ahsncallyﬂ different (Fisher's Protected LSO Test, a = 0.05).

? Initial seedling measurements used as the covariate in analyses
¥ Average daily fascicle water potentials measured on two large. two medium, and two small seedlings from each plot of three shortleaf pine families.
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Table 3. FWPs, total heights, and GLDs for seedlings of shortleaf pine families released from

herbaceous competition with herbicides.

Sample period’
Variable (1588) 1989
family February? May July August September November December
wp? (MPa) :
103 -1.05A ~0.57 A -0.3% A -0.39 A
218 -1.01A -0.55 A -0.38A -~0.39 A
322 -0.898 ~0.53 A -037A ~0.358
Height (in.)
115 7.1 103 A 13.6 A 175 A 19.6 A 19.7 A 49.7 BC
218 6.1 9.2 8 133 A 7.2 A 18.2 A 194 A 51.0 AB
103 6.4 9.1 B 13.6 A 176 A 18.7 A 200 A 51.2 A
322 5.3 88 C 13.0 A 16.7 A 18.7 A 18.7 A 48.7 C
GLD (in.)
115 0.11 0.15A 0.20 A 0.25 A 0.34 AB 0.38 AB 1.08A
218 0.11 0.15 A 0.20 A 0.25 A 0.35A 0.39A 1.08 A
322 0.10 0.14 A 0.20 A 0.25A 0.35A 0.39A 1.08 A
103 0.10 0.138 0.198 0.25A 0338 0378 1038

T'Means within a column sharing the same letter are not different (Fisher’s Protected LSD Test, « = 0.05).

? Initial seedling measurements used as the covariate in analyses.
* Average daily fascicle water potentials measured on two large, two medium, and two small seedlings from each plot of three shortieaf pine families.

duce the most biomass in each of
the four categories. The other
families yielded similar amounts of
stem, root, branch, and needle bio-
mass.

Optimum Treatment Level

Total control of herbaceous
competition provided the best
weed control, highest percentages
of available soil moisture, least
negative FWPs, and greatest pine
growth. This type of treatment
provides a good index of site po-
tential although it is costly, labor
intensive, and not presently feasi-
ble for ground applications on an
operational scale. Spot- and band-
treated plots yielded more avail-

able soil moisture, lower FWPs,
and greater pine growth than un-
treated check plots.

After two growing seasons there
were no growth advantages for ap-
plying spot treatments rather than
bands. However, there were cost
and ecological advantages for spot
treatments. Shortleaf pines
planted on a 9 X 6 ft spacing
would result in 806 seedlings/ac.
Typical band treatments would
control vegetation on 33% of this
acre. Given the same area, spot ap-
plications would control vegeta-
tion on 13% of this acre. There-
fore, in a recently established plan-
tation, a forester who prescribed
spot rather than band treatments
would be able to reduce the appli-

Table 4. Shortleaf pine seedling biomass according to genetic family and four her-
baceous weed control treatments one year after planting.

Biomass (dry weight)'?

Variable Needles Branches Stems Roots Total
Treatment  ceececmeem e (Ib) -
Total 0.08 A 0.02 A 0.04 A 0.07 A 0.21 A
Band 0.05 8 0.018 0028 0.058 0.138
Spot 0.05 B 0.018 0.028 0.05 8 0.138
Check 0.04 B 0.018 0.01C 0.03C 0.09C
Female
218 0.07 A 0.02 A 0.04 A 0.07 A 0.20 A
322 0.058 0.018 0.038 0.048 0.138
115 0.04 B 0.018 0.028 0.048 0.118
103 0.04 8 0.018 0.028 0.048 0.118

TMeans are from a stratified sample of 15 seedlings taken from each plot of one block. Five large, S
medium, and 5 small seedlings were selected from each plot.
I Means within a column sharing the same letter are not statistically different (Fisher’s Protected LSD

Test, a = 0.05).

cation cost per acre and not deter
pine growth during the first 2
years. Furthermore, spot treat-
ments would leave 0.20 ac more
untreated herbaceous vegetation
to stabilize soil on these upland
sites, reduce visual offensiveness,
and provide food or cover for
wildlife, such as white-tailed deer
(Odocoileus virginianus), which uti-
lize early successional stage habi-
tats.

CONCLUSIONS

Growth of shortleaf pine seed-
lings was improved by reducing
herbaceous competition with her-
bicides. This improvement ap-
peared to be strongly related to
competition for soil moisture.
Seedlings of open-pollinated fam-
ilies differed in their physiological
ability to utilize and convert in-
creased soil moisture into stem and
root biomass and growth attrib-
utes. On ripped sites, spot treat-
ments that control herbaceous
competition may offer biological
and cost advantages over band
treatments. a
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