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Summary 

Approximately 200 delegates from 20 countries attended the conference. The 
majority of participants were from the United States and Canada. 

Goals of the conference were to review current knowledge, to identify present 
and future research needs, and to provide an  opportunity to build professional 
relationships between participants. 

In our view the conference successfully achieved these goals, and indicated to 
u s  that the state of vegetation management around the world was very similar 
to that in B.C. Controversy surrounding the use of herbicides and prescribed 
fire is encountered in many arts of the world. No new technological solutions 
appear to be on the horizon g ut  substantial work is underway to find ways to 
improve on the efficiency of currently available technology. Several papers 
suggested that continuing research on treatment alternatives, on development 
of diagnostic techniques, and on impacts and economics of alternatives is 
required. 

Results from studies in the S.E. U.S. (presented at  the workshop and visited in 
the field) are showing substantial gains in pine growth as a result of controlling 
hardwoods and herbaceous vegetation. Industrial plantations on private lands 
in Georgia and Alabama are managed primarily for fibre production. Loblolly 
pine is grown on 20 to 25 year rotations. Aggressive and intensive mechanical 
site preparation and vegetation control is practiced. 

Plenarv Session (April 27 and 28) 

During plenary sessions on April 27 and 28 invited speakers presented papers 
dealing with current issues and practices. The following facets of forest 
vegetation management were addressed: 1) Effects of non-cro vegetation on 
crop erfonnance; 2) Vegetation management activities in dif ? erent parts of the 
worlz 3) Current and future technology, decision support systems, and 
equipment; 4) Impacts of forest vegetation management on non-timber 
resources; 5) Policy and social issues. 

Presentations stressed a need for continuing research to: 
a) test and refine treatment methods, with an emphasis towards reducing 
dependance on synthetic herbicides in some parts of the world (Canada, 
Europe, public lands in the US.) ; 
b) improve our understanding of the autecology of non-crop vegetation and its 



responses to different kinds of disturbance and treatment; 
c) understand, uantify, and model impacts of non-crop vegetation on crop 9. erfornance to acilitate problem identification and selection of priority areas 
for treatment (including developing practical field methods for estimating the 
intensity and consequences of competition); 
d) q u a n w  growth responses to treatment; 
e) quantifj. costs and benefits of treatments (for economic analysis); 
f) q u a n q  and document environmental impacts (short-term and long-tern) of 
all treatment options. 

Information presented during the workshop, and informal discussions with 
representatives from herbicide companies suggests that there is little activity in 
the development of new synthetic herbicides and no new products are expected. 
This is primarily due to the costs of acquirin data n e c e s s q  for roduct 
registration and the relatively small market ? or herbicides in the i!' orestry sector. 
Some work on adjuvants and mixes is underway although company 
representatives were unwilling to discuss details. Glyphosate, imazapyr, 
hexazinone, metsulfuron methyl, 2,4-D, and triclopyr are the major herbicides 
being used for forestry around the world. 

Substantial interest was expressed in development of biological controls. 
Examples of biological agents for controlling noxious weeds were discussed and 
mycoherbicide work undenva at  the Pacific Forestry Centre was mentioned. 
There was some discussion o o portunities for using naturally occurring 
phytotoxins as "biorational" her T g  icides. A promising phytotoxin called 
"BIALAPHOS" is being tested in Quebec. This product is registered in Japan for 
use in rice production. I t  has similar properties to glyphosate. 

Livestock (cattle, sheep, and goats) are being used in Europe, New Zealand, 
Canada, the U.S. and elsewhere. 

Manual treatments are used in many parts of the world, and are emphasized in 
South America and other places where there is an abundance of inexpensive 
labour. Synthetic mulch mats are being used operationally to improve 
establishment of Douglas-fir and Ponderosa pine on warm dry grassy sites in 
California and Oregon. 

Site reparation treatments: prescribed burning, mechanical site preparation 
(bla CF ing, windrowing, mounding), and seeding of cover crops ("replacement 
vegetation") are being used for vegetation management in many parts of the 
world. 

In general, environmental concerns are having a significant impact on 
vegetation management. Herbicide use on public forest lands is an  issue in 
many parts of the world. In addition, concerns about air pollution are limiting 
the use of prescribed burning in many populated parts of the world. 

Poster Session (April 29) 

Summaries of posters are included in the attached copy of the conference 
program. 



Visit to E.V. Smith Research Centre (April 29) 

A demonstration of aerial and ground equipment for herbicide application was 
provided at the Auburn University E.V. Smith Research Centre. Conventional, 
microfoil, and thru-valve booms and an  aerial drip torch were demonstrated. 
Truck, tractor and atv mounted ground application equipment were also 
demonstrated. 

Mr. Doug Pit demonstrated the use of balloon mounted and tripod mounted 35 
cameras for taking low level stereo photographs for vegetation assessment 

on research .plots. 

Dr. Bob Mitchell (Auburn University) provided a tour of an experiment set up to 
study interactions between loblolly pine, sweetgum, and broomsedge. 

Visit to Com~etition Omission Monitoring! Proiect Tallassee, Alabama (April 29) 

The Tallassee site was part of a network of 13 study sites set up to document 
growth responses of loblolly pine to woody and herbaceous weed control. 
Results 7 and 8 years after treatment are summarized in attached literature. 
Results show that both herbaceous and woody com etition (for light, water, and P nutrients) affect both height and diameter growth o loblolly pine. At age 5, 
control of both herbaceous and woody vegetation yielded volume growth 
between 2 and 6.6 times that measured in untreated plots. 

Concurrent Sessions (April 30 - May 1) 

9 concurrent sessions were held during the last 2 da s of the conference. The Y uality of presentations was generally very high. Un ortunately, time for 
aiscussion was limited due to the number of papers presented. 

Abstracts for these papers are in the attached copy of the program. 



Post-Conference Tour of Vegetation Management in Alabama and Georgia 
(May 3 - 8) 

- 

Sundav Mav 3. Drove from Auburn to DeSoto State Park, near Fort Payne, 
Alabama. 

Mondav Mav 4. Visit with Inland-Rome near Cedartown, Georgia 

Inland-Rome is a subsidiary of Rome-Temple Corporation. 

In the district centered around Cedartown they manage 65,000 acres of forest 
land. Standard approach to reforestation is to chemically site prepare (with 
Imazapyr, Tordon 101, &/or Garlon) and plant with loblolly pine. Herbicides 
are used for hardwood and herbaceous control. Site preparation and 
reforestation costs total about $146/acre. 

Mechanical site preparation is used on gently sloping ground and costs about 
$150/acre. Chemical site preparation is used in non-sensitive areas at a cost 
of approximately $80/acre. Most of herbicide applications are done using 
helicopters. Chemical site preparation is generally done in June and sites are 
planted with bareroot loblolly pine between December and March. 

ARSENAL herbicide (Imaza yr) is commonly used to control hardwoods in pine 
plantations. Oust (metsul f!' uron methyl) is used mainly for herbaceous control. 
Hardwoods resprout vigorously following manual or mechanical treatments. 

Free-growing assessments are done in year 3. The goal is to have 500 free- 
growing seedlings per hectare. A free-growing tree is one that is judged to have 
better than a 90% chance of capturing a place in the main crown canopy. In 
essence there is no neighbouring vegetation casting shade on the upper 50% of 
a free-growing tree. 

Stands are harvested for pulp when they are about 28 years old. Harvesting is 
highly mechanized. Feller-bunchers are used as much as  possible. Chainsaws 
are rarely used since their use dramatically increases insurance premiums. 
Some operations are using portable chippers to chip in the woods. 

We visited a harvesting operation where the portable chipper was in use. The 
ster was capable of operating on slopes up to 60° and can reach an area 

40 feet in diameter. The portable chipper is owned by Inland-Rome and has 
been operating in the area since 1989. The operation was capable of handling 
2700-3000 cords per day. 



Tuesdav Mav 5. Visit with Mead Corp., near Columbus, Georgia. 

Georgia and Alabama divisions of Mead Co . produce coated cardboard for P packaging. They manage 530,000 acres of orest land in these 2 states. Focus 
is on loblolly pine. Stands are managed for 20 to 27 year pulpwood rotations. 
Most of the lands they manage were once cotton plantations that were 
abandoned and afforested in the 1930's. The company does not have a 
research section. However, they do conduct operational trials. 

Mead site prepares 20,000 acres each year. Herbicides are used for site 
preparation on 12,000 acres each year. 1/3 of the area is site prepared 
mechanically, 1 /3 chemically, and 1 /3 both chemically and mechanically. 
Because of the cost, Mead wants to reduce the area treated using the 
combination of mechanical+chemical methods. 

We saw plantations in the lower piedmont and upper coastal plain. The soils in 
this area are mostly compacted heavy clays. They are using winged subsoilers 
to break up compacted soil layers prior to planting. 

Discing is used to control hardwoods but encourages development of 
herbaceous weeds. Shearing, raking, disking (or plowing), planting, and release 
costs about $250/acre. Treatments which include disking enerally provide the 
best growth (See attached results from Mulberry Grove Tri ). Planting by hand 
costs between $36 and $40/acre (726 trees/acre). 

af 

Mead demonstrated use of a radiarc sprayer mounted on a skidder for herbicide 
a plication. The radiarc sprayer uses 0.045 inch nozzles. Some nozzles are P p ugged to get the desired spray pattern. With the setup shown a 50 foot swath 
can be sprayed. Strings are automatically placed on the ground to locate areas 
that have been treated. Tank capacity is 500 gallons and the spray application 
rate is 20-30 gal/acre. Spraying is done when winds are less than 8 
miles/hour. Terrain and brush height are major factors influencing use of this 
equipments. The company owns this one unit. Ground application costs using 
the radiarc sprayer ranged from $15-$22/acre. Costs were less than helicopter 
application. The maehhe treated 5400 acres in 199 1. 

Use of an Omni spreader mounted on a skidder was demonstrated for site 
preparation application of PRONONE 106 granular herbicide. The hopper on 
the Omni spreader holds 650 lb, application rate is 25 - 30 lb/aere, treatment 
swath is 70 feet, productivity is 20 acres/hour. Application cost is 
approximately $15/acre plus herbicide costs. 



Wednesdav, Mav 6. Visit to Hitchiti Experimental Forest, Ernst Brender 
Demonstration Forest, USDA Forest Service, South Eastern Experiment 
Station. 

The demonstration forest contains stands of loblolly pine that are about 100 
years old. All stands have a substantial hardwood understo , and would turn 
into hardwood stands if left and if fire is excluded. Some of ese "old-growth" 
forests have been set aside as "no management" areas. 

z 
In the 1950's Ernst Brender initiated studies to compare and demonstrate 
consequences of shelterwood, seed tree, and clearcut systems. Brender was a 
strong advocate for use of shelterwood systems. New studies have been 
initiated recently to examine silviculture systems. 

On National Forest lands there is a shift from planting to natural regeneration. 
Loblolly pine can regenerate at very high densities in shelterwood stands. In 
one shelterwood trial, 16,000 seedlings/acre were found. Dealing with 
excessively dense regeneration is a concern. 

Several studies are underway to determine if fire can be reintroduced into 
loblolly pine forests. Preharvest underburning of pine stands ives good 
hardwood control and improves seedbed conditions for natur af pine 
regeneration. Low intensity fires will kill hardwoods (mostly sweetgum) up to 5 
inches in diameter. Burning costs $4-$5/acre. The impact of repeated burning 
on soil nutrients is also being examined. 

We visited a study that is examining treatment options for maintaining or 
enhancing nesting habitat for red-cockaded woodpecker. Understory 
hardwoods provide snakes and squirrels with improved access to nesting 
cavities. Consequently, treatments which remove understory hardwoods may 
be important to maintaining rcw habitat. Herbicide and burning treatments are 
being tested. 



Thursdav. Mav 7. Visit with Union Camp. 

During the morning we visited Union Camps Palmetto Bluff lands. These lands 
total 19,000 acres and are mana ed primaril to maintain wildlife habitat and 

species is wild turkey. 
t Y fisheries for hunting and fishing y guests o the company. The primary game 

During the afternoon we visited several study sites. 

Pine straw (pine needles) has recently become popular as a mulching material 
for landscaping in the S.E. United States. Good quality pine straw retails for 
$2.75 - $5.50 per bale ($1.50 wholesale). Pine straw can be harvested every 2 
to 3 years after the stand is about 8 years old. Pine straw harvesting can 
provide income to landowners throughout the life of the stand. Weed control is 
needed to rovide good quality material. There is concern about otential 
impacts o ? pine straw utilization on nutrient availablity and stan i' growth. We 
visited a study site established in 1990 to examine the impacts of inestraw 
removal, with and without fertilizer application on stand growth. gome 
literature on pine straw is attached). 

We were shown 2 studies sites that illustrate substantial growth gains made 
through loblolly pine breeding programs. Selections have increased yield by 
about 40% and reduced fusiform rust problems. 

A study of intensive cultivation, established in 1975 is showing significant 
gains in tree height and diameter that are attributable to weed control. A study 
established by the Auburn Cooperative and the Univ. of Florida CRIFF program 
is showing that weed eoritrol and fertilization have an additive effect on growth 
on most sites. However, on some sites interactions are being observed. In 
some cases, weed control increases the magnitude of responses to N+P 
fertilizer, while on other sites, weed control has no effect unless P fertilizer is 
added. Studies are underway to identify the factors underlying these different 
responses. 

Fridav, Mav 8. Travel to Atlanta, GA. 



LIST OF PHOTOGRAPHS 

1. Control of both hardwoods arid herbs significant1 improves growth of r loblolly pine plantations. Photo shows a 9 year old oblolly pine stand which 
received both hardwood and herbaceous control (COMP study Tallassee, 
Alabama). In the background is a plot that received hardwood control only 
(note presence of understory in the plot that did not have herbaceous control). 

2. Most harvesting operations are mechanized. Photo shows a harvester in use 
on Inland-Rome property near Cedartown, Geor ia. This harvester can operate f on fairly steep slopes and can reach an area 40 eet in diameter. 

3. Portable chipper operating on Inland-Rome property near Cedartown, 
Georgia. The operation was capable of handling up to 3000 cords per day and 
was producing good quality chips. 

4. Photo shows a winged subsoiler that Mead is using to break up compacted 
soil layers prior to planting. 

5. This block had been sheared and raked prior to planting (Mead Corporation). 

6. This block was sheared, raked, and disced prior to planting (contrast to 
photo 5). Discing provides hardwood control and improves pine performance. 

7. Mead's Radiarc spray rig. The two spray heads are located on the back of 
the unit a t  each side. This unit can spray a 50 foot swath. String is used as a 
guidance system. Ground application costs are $15-$22/acre using this unit. 

8. Omni spreader mounted on a skidder. This unit is used to apply PRONONE 
granular herbicide. Swath width is 70 feet, the machine can treat 20 
acres/hour a t  a cost of about $15/acre. 

9. Application of Oust (3 ounces/acre) and Roundup (1 quart/acre) provided 
the best control of shrubs and herbs and the best growth of loblollypine on 
sandy coastal plain soils. The area shown was planted in February 1990 and 
sprayed in April 199 1. 

10. In contrast to photo 9, other treatments (Oust-tArsenal, Oust+Velpar) were 
not as effective and differed little from untreated areas. Photo show an area 
that was treated with a mix of Oust (2 ounces/acre) and Arsenal (4 
ounces/acre). 

1 1. 100 year-old (old-growth) loblolly pine stand at Emst Brender 
Demonstration Forest. A significant hardwood component has developed in the 
stand as  a result of fire suppression activities. Historical information suggests 
that the understory of these stands would have been much more open as a 
result of frequent low-intensity fires. 

12. The U.S. Forest Service is examining seed tree and sheltenvood 
regeneration systems. Photo shows a loblolly pine shelterwood cut in the Ernst 
Brender Demonstration Forest. 

13. Loblolly pine clearcut with seed in place at Ernst Brender Demonstration 
Forest. 



14. Preharvest underburning can give good hardwood control and improves 
seedbed conditions for natural regeneration of loblolly pine. Studies are 
underway to examine the effects of different times and frequencies of burning 
on regeneration, hardwoods, and soil nutrients. 

15. Red cockaded woodpecker habitat management study at Ernst Brender 
Demonstration Forest. In the absence of burning or herbicide treatments a 
dense hardwood understory will develop. Understory hardwoods provide 
snakes and squirrels with access to nesting cavities. 

16. Red cockaded woodpecker habitat mana ement study at Ernst Brender 
Demonstration Forest. Herbicide and under % urning treatments a pear to be 
effective for controlling understory hardwoods, improving habitat or red 
cockaded woodpecker. 

P 
17. This 8-year old loblolly pine plantation yielded about 2400 pounds/acre 
(145 bales/acre) of pine straw. Photo shows an area that was not harvested 
(pine straw is still on the ground). 

18. A study is underway in the southeastern U.S. to examine the effects of 
cornbinations of weed control and fertilization treatments. Photo shows an 
untreated control plot. 

19. Photo shows a vegetation control plot treated with Velpar, Oust, and 
Roundup in 1987. Pine growth is significantly better in this treatment than in 
the control (photo 18). 

20. This plot reeeived both herbicide and fertilizer (Diammonium phosphate) 
treatments in 1987. Gr was better than that seen in the herbicide 
treatment (photo 19). 



PHOTOGRAPHS 
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Appendix: Information relating to Conference Field Trip 

Competition Omission Monitoring Project 

A Regional Study on the Influence of Woody and Herbaceous Competition on Early 
Loblolly Pine Growth 

Five - Year Responses of Piedmont Loblolly Pine to Six Site-Preparation Treatments 

May 5 Trip: Mead Corporation 

* Pine Straw For Landscaping Emerges As New Forest Crop But Adverse Effect On 
Tree Growth Feared By Some 

Pine - Straw Management In Florida's Forests 



Competition Omission Monitoring Project - 

A REGIONAL STUDY OF 
LOBLOLLU ( P i m  taeda) PLANTATION DEVELO 

ASAFFECTEDBY1HE:RBACEOUS WOODY COMPONENTS 

PINE 
VOLUME 

(Z) 

COMPLETE 
CONTROL f 

NO 

TOTAL HERBACEOUS 
r.,-.htT 

WOC ROL 

CONTROL 

The Four COMP Treatments 
a. No Control after medium intensive mechanical site preparation. 
b. Woody Plant Control for a rotation. 
c. Herbaceous Plant Control for 4 years. 
d. Total Control, a combination of b and c. 



2 
Study Objectives 

1. To establish a ework of growth response for loblolly pine relative to four 
competition regimes on major soil types across the region. 

2. To cornpare the relative importance of herbaceous vs. woody competition as they affect 
loblolly pine growth on a wide range of sites. 

3. To identify the herbaceous and woody s p i e s  and document their early succession. 
4. To study the htemction of competition and pine growth on insect and disease hfection 

and pine wood 
5. To study the ee ed and single s p i e s  stands; and the processes that influence 

resource conservation, uptake, and cycling within loblolly pine plantations. 

Treatment and Measurenent Plot Layout 

Study Measurements 

Pines - Years 1 to 8 
@ Total height, height to crown, and diameters @6, GLD, and DBW). 
@ Pine cover estimates. 
@ Insect and disease incidence. 

Associated Vegetation 
ea ual cover estimates of woody and herbaceous components. 
e ual cover estimates of dominant herbaceous genera ( > 16 % plot cover). 
@ At years 1-5 and 8, cuunts and heights of woody rootstocks by species (> 30 ern tall). 

At years 5 and 8, heights and diameters of arborescent woody species (> 1.5 m). 



Tallassee Study Location 

Physiographic province: Upper loam hills of the Hilly Coastal Plain 

Elevation: 91 m (300 ft) . ,,. ... L. 

Soil series: Cwarts; fine-loamy, siliceous, therrnic Typic 

Mean al prwipitation: 133 cm (54 in.) 

Mean annual temperature: lgQ@ (65°F) Days above freezing: 220 

Previous stand: Loblolly pine plantation harvested in Spring 1983 

Site preparation: Roller drum chopped and prescribed burned in Summer 1983 

Planting: Double planted on a spacing of 2.7 X 2.7 m (9 X 9 ft), 1328/ha (538lac) 
second generation improved 1-0 loblolly, hand planted 

cm 
Precipitation from March through October 



Mean Pine Growth for 13 COMP Locations 
DBH (cm) 

Volume Index (m3/ ha) 

No Control 
-..+-..- 

Woody Control Herb Control 
- 4- - Total Control 

......*..... _C_ 



Mean Annua Growth of 13 COMP Locations 
Weight (m) 

2.0 
DBH (cm) 

Basal Area (m21 ha) Volume Index (m31 ha) 

No Control Woody Control Herb Control 
-..+ -..- - 

Total Control 
4- - ......*..... - 



CONCLUSIONS thus far 

@ Herbaceous and woody competition affect both height and diameter growth of loblolly pine 
over most of its range, but diameters are reduced proporti'onally more than heights. 

@ On all but one C O W  location, herbaceous competition reduced pine volume more than 
woody competition during the first 5 years; however, the influence of woody competition is 
increasing on sites with high hardwood densities. 

At age 5, total competition control yielded volume growth of twice to 6.6 times that measured 
on no-control checks and was greater than the additive effects of herbaceous or woody control 
on 7 of the 13 locations. 

@ Fusiform rust, in high incidence areas may be significantly increased following control of 
herbaceous vegetation. 



Weight (rn) 
10 

7 

Mean Pine Growth for Ta assee, AL 

Basal Area (m2/ ha) 
25 

DBH (cm) 

1 2 3 4 5 6 7 8  

Volume Index (m3/ ha) 

No Control Woody Control Herb Control 
-..* .-..- 

Total Control - -.a-- ......*..... - 



Mean Annual Growth for Tallassee, AL 

DBH (an) 

Basal Area (m2/ ha) Volume Index (m3/ ha) 

No Control Woody Control Herb Control 
-..- -..- - 

Total Control 
-e- -  ......*..... - 
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Results at Tallassee 

Comparison of Pine and Arborescent Hardwood Data at Age 8 - Block 3 

Dbh Basal Area Volume Index2 
Treatment Pine Hardwood1 Pine Hardwood Pine Hardwood Pine Hardwood Total 

(meter) (cm) (m2/ha) (m3/ha) 

No control 6.0 3.4 8.5 1.9 7.8 4.1 16 7 23 - 
Woody control 6.6 -- 10.5 -- 11.3 -- 26 -- 26 

Herb control 5.9 4.6 6.8 2.8 5.4 $_4 13 18 

Total control 8.9 -- 14.3 -- 21.0 -- 

'Dominant species: Sweetgum (Liquidambar styraciflua) 77% vol on NC, Water Oak (Quercus nigra) 22% 
vol, and Southern Red Oak (Q. falcata) 1 % vol. 
2Volume Index = basal area * mean height13 

Corllparison of nine and Arborescent Hardwood Data at Age 8 - Overall 

Total Height Dbh Basal Area Volume Index 
Treatment Pine Hardwood Pine Hardwood Pine Hardwood Pine Hardwood Total 

(meter) (cm) (m2/ha) (m3/ha) 

No control 6.1 3.8 8.5 2.4 7.7 4.4 16 8 24 

Woody control 6.8 -- 11.2 -- 12.1 -- 2 8 -- 2 8 

Herb control 7.1 4.4 7.1 42.8 9.8 5.2 2 6 11 37 

Total control 9.2 -- 14.4 -- 21.3 -- 66 -- 66 



LOBLOLLY PINE PLANT CO Y EFFECTS ON SOIL CARBON NITROGEN 

C.W. Wood, R.J. Mitchell, B.R. Zutter, and C.L. Lin 

ABSTRACT 

Previous studies suggest that shifts in plant community structure may alter soil nutrient 
concentrations and availability. A study was conducted to determine the influence of species 
composition in loblolly pine (Pinus taedu L.) plant communities on surface soil nitrogen (N) and 
carbon (C) concentrations and potential mineralization after seven years of growth and 
development. The study site is located in the Hilly Coastal Plain physiographic region near 
Tallassee, Alabama. The soil is classified as a Cowarts loamy sand (Fine-loamy, siliceous, 
thermic Typic Kanhapludults). Utilizing herbicides, distinct plant communities were established 
in 1984 including herbaceous-hardwood-pine (HHwP), herbaceous-pine (HI?), hardwood-pine 
(HwP) and pine only (P). Organic C and N and potential C and N mineralization were 
determined on surface soil samples (0 to 5, 5 to 10 and 10 to 20 cm depth increments) collected 
in February 1991. After 7 yr, soil organic N differed among the plant communities; soil organic 
N was lower in the P than in communities including herbaceous species (HHwP and HP). These 
differences in soil organic N resulted from a net gain under HHwP and HP, rather than net loss 
under the P community. Gains in soil N may have be& due to symbiotic N fixation. In 
laboratory incubations, respiration and N mineralization were lower in soil from the P than the 
HHwP and HP communities. Substrate quality as indicated by forest floor C/N and as 
manifested by relative N mineralization and C/N mineralized were also reduced in the P 
community compared to others. Our results suggest that silvicultural manipulation of loblolly 
pine communities may affect soil C and N, and in turn could influence long-term site quality. 

L 



TABLE 1 11 
Selected initial (1984) soil properties (0 to 15 cm) at the study site. 

Sand Silt Clay Texture Organic C Organic N PH 

-------------- g kg-' ---------------- ------------ g kg-' ------------- 1: 1 

830 110 60 Loamy Sand 8.99 0.19 5.2 

TABLE 2 
Soil organic C and N as aflected by plant community manipulan'on and soil depth. 

Plant 
Community 

Soil 
Depth Organic C Organic N 

Herbaceous- 0-5 
Hardwood- 5-10 
Pine 10-20 

Mean 

Herbaceous- 0-5 
Pine 5-10 

10-20 
Mean 

Hardwood- 
Pine 

Pine 
Only 

Community 
Mean 

0-5 
5-10 
10-20 
Mean 

0-5 
5-10 
10-20 
Mean 

0-5 
5-10 
10-20 
Mean 

ANOVA P > F  P > F  LSDo.o, 

Community (C) 0.086 --- < 0.001 0.03 
Depth @) <0.001 1.0 < 0.001 0.02 
C X D  0.240 --- 0.003 0.05 



TABLE 3 
Change in soil orgunic N and C (0 to 15 cm) as aflected by plant community manipulation 

Plant Community 
Herbaceous- 
Hardwood- Herbaceous- Hardwood- Pine Community 

Pine Pine Pine Only Mean P > F  LSDo.o- 

aCa -1.9 -1.7 -1.8 -3.1 -2.1 0.962 ---- 
P >  ! t I b  0.403 0.352 0.199 0.156 

a 1991 - 1984 organic N or C. 1' 

t test to determine if change in N or C was significantly different from 0. 



TABLE 4 
Soil potential C mineralization, C turnover, potential N mineralization, relative N mineralization and C/N mineralized as aflected by 

plant community manipulation and soil depth 

Plant Soil Potential Potential Relative 
Communitv Depth C Mineralization C Turnover N Mineralization N Mineralization C/N Mineralized 

cm mg kg-' % mg kg" % g g-' 

Herbaceous- 0-5 55 1 4.27 13.3 
Hardwood- 5-10 150 2.68 4.0 
Pine 10-20 63 1.98 1.3 

Mean 255 2.98 6.2 

Herbaceous- 0-5 538 4.72 9.7 
Pine 5-10 149 2.82 4.'1 

10-20 66 2.28 1.4 
Mean 25 1 3.27 5.1 

Hardwood- 0-5 444 3.91 5.7 
Pine 5-10 140 2.96 2.4 

10-20 4 8 1.40 1.9 
Mean 21 1 2.76 3.3 

Pine 0-5 3 84 4.16 6.2 
Only 5-10 119 2.45 1.4 

10-20 3 6 1.11 1.4 
Mean 180 2.57 3.0 

Community 0-5 480 4.26 8.7 1.86 60 
Mean 5-10 140 2.73 3.0 1.29 50 

L 0-20 54 1.69 1.5 0.84 48 
Mean 224 2.89 4.4 1.33 53 

ANOVA P > F P > F LSD,,,, P > F P > F  LSD,., P > F  LSD,, 

Community (C) 0.026 54 0.153 -- CO.001 1.2 0.009 0.34 0.058 17" 
Depth (D) <0.001 46 <0.001 0.55 <0.001 1.0 CO.001 0.30 0.351 -- w w 

C X D  0.235 -- 0.702 -- <0.001 2.1 0.009 0.59 0,882 -- 
" LSD,., 



TABLE 5 
Forest floor CIN as anected by plant community manipulation 

Plant Community 
Herbaceous- 
Hardwood- Herbaceous- Hardwood- Pine Community 

Pine Pine Pine Only Mean P > F  LSD0.0- 
...................................... C/Na-------------------------------------- 

44 4 8 58 64 5 4 0.023 
b 

13 
CIN was calculated on a concentration basis. 
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A B S T R A C T .  A common study design llas 
been installed at 1 4  locations Southwide 10 

track tlre growth of loblolly pine es~ablisl~cd 
with four different competitioiz control 
treatments: (aj no controi, (6) zuoody con- 
trol, (c) herbaceozu control, and (d )  l o l ~ l  
control after sile preparation. T l lk  regiott- 
wide investigation is tlie Competition Omis- 
sion Monilonng Pro;ect ( C O M P ) .  During 
the first 5 years, the general piize i-esi~on.sc 
by treatment has been grealer ~ Y O Z L ~ L ~ I  in  
height, diametei-, and volunle index cis jol- 
lows: total control > he,-baceolu contt-ol > 
woody conlrof > no contra/. Gcne~-cillj, di- 
aineler growlh zuus more responsi~~c 1l~ot1 
h e i ~ h t  lo ue~etat ion  conlroi treatments. 0 t ~  

0 0 

13 planlalion sl t~dy siles, i~itzc volvmr @ 
5 years with lola1 conlrol a71crci~cd ctOorr/ 
four-/old more L ~ ~ N I L  I L I ~ L I L  no  conI7-o1. \ /oliri t~~ 

rtros itlcreuscd by a n  average of 6 7 %  with 
i ~ ~ ~ o c l j  cotltrol, while herbaceous control in- 
c ~ ( ~ i . w ( l  z~o11~1ne by 1 7 1 % ,  showing the 
gt-ecile~- nz~aragc iizflz~ence o j  herbaceow 
coaipc~~~tiott dzrring the initial 5 pears. The 
111(1g71i[l(dr of g)owlh redrictiol~s by coinpet- 
i l o ~ s  vn,.ird by site a i d  intensity. 

South .  J.  Appl. Foi-. 15[4):169-179. 

N l t m i i - o u s  studies have been es- 
tablished in the past 20 years ex- 
an-lining the influence of herba- 
ceous and woody vegetation on the 
gro\vth of' loblolly pine (Pinw taeda 
L.) ,  yet f'ew can be compared. Re- 
se;~~.cIi  in forest vegetation man- 
; igernent  has been plagued by the 
al~sence of 'a  logical context where- 
in crop g ~ - o ~ \ ~ t l i  response at various 

sites can be mutually compared to " 

levels of competition. T o  develop 
such a standard response frame- 
work for loblolly pine, a group of 
investigators established a region- 
wide study that continues to exam- .: 
ine growth relative to four compe- 
tition situations (Miller et  al. 1987). 
T h e  four situations are  the corner 
extremes of a response surface 
that encompasses most competi- 
tion conditions common to young 
plantations. Pine growth is the de- 
pendent variable, and woody and 
herbaceous competition are  the 
two independent variables (Fig- 
ure 1). 

T h e  four competition situations 
are: (a) no control with a mixture 
of woody and herbaceous compet- 
itors, (b) woody control leaving 
herbaceous species, (c) herbaceous 
control leaving woody species, and 
(d) total competition control. In 
this simplified framework, arbo- 
rescent hardwoods and nonarbo- 
rescent shrubs are combined as 
woody competition; forbs, grasses, 
vines, and semiwoody vegetation 
comprise the herbaceous compo- 
nent. Of the 14 study locations, the 
one at Crossett, Arkansas, is study- 
ing natural regeneration, and the 
rest are studying planted planta- 
tions. The  Crossett studv results 
are presented in the article on p. 
179. 

T h e  influence of herbaceous 
competition on early pine growth 
has been increasingly investigated 
in the South for the past 10 years. 
Creighton et al. (1987) summa- 

' This study was funcled in part 1,). rlic 
members of tlie Auburn Uni\,ersity Silvicul- 
tural Herbicide Cooperative. Tlie c o o l ~ c ~ - ; ~ -  
tors in rliis stttdy inclutlc tlie ;tutl~o~.t, . I I I ~ ~  

Lee Atkir~s,  Dul'ont; Etlwitrcl Dnly ; t 1 1 ( I  NO CONTROL 

C:harles Iiollis, Intcrn;~tion;~l I ' ; I~,~I- < : O I I I -  

pany; M1illi;lm S. <;;~t.l)ert, Uriion <:;IIIII):  
M1.M'. I'opc and S(:ott Milburn, Pot l ;~r t l~  
C;orl)or-atiori; Kick A l ~ p l c g t t c  arid (;.\\'. 
hlt~ellc~.. A m c r i c ; ~ ~ ~  1';tck;tging ( ; o r p o l - i t ~ ~ o ~ ~ :  
Sa~ri (:;t~l~pl~cll ;III(! hlickcy 12acliel. Scot! 
Papet .  Cornp ; tny ;  D o n  h4cMal io11c.  
LSilliamcttc 11trlusr1-ics; 2nd ,j;tr~tes A.  X l c -  
Griff. Georgia-1';tciIic (:o~.po~-;ition. Stt~tl?.  
establisltr~icnt was gl-catly assisted by SLC\.CII 

TOTAL HERSACEOUS 

Kerinetl~ Xydi;~s, Ilcsource h4ilriajic1ncnt CONTROL 
Ser.vices. I'lic c o ~ ~ ~ i r i u e d  c o n r t ~ i b ~ ~ t ~ o ~ i s  01  

WOODY ( X )  --+ 

~~~i~ Cllarnl,liss and  I ~ ~ ~ ~ ~ ~ ~ . ~ l ,  1'tg ~ i r t  1 .  Coi~cc~/~~irul  resi~otue su?fuce of woody and hei-laceo~~s coinpetilion eflects on  pine 
USIS, I1;tvc been il~v;~ll~kl,le to t l~ is  cl'lc~~.!. Z I O / I I I ~ / ( , .  



rized results from 16 locations 
where completeness and duration 
of herbaceous control are under 
study. Significant early growth 
gains were reported where loblolly 
pines received 1 or  2 years of her- 
baceous control vs. none. Both 
pine height and diameter were 
greater after 2-7 years on all sites 
with herbaceous control, while sur- 
vival was significantly increased on 
42% o f  the locations studying 
loblolly pine. Over half the sites 
had significantly larger trees with 
2 years vs. 1 year of control, but 
the increase was measurably less 
with the second-year treatment. 

McKee and Wilhite (1988) also 
found that first-year weed control 
yielded greater loblolly pine vol- 
ume than second-year control 
when using narrow control bands 
on poorly drained sites in South 
Carolina. Contrary to this, Bacon 
and Zedaker (1987) reported on a 
study in the Virginia Piedmont 
where herbaceous control in the 
second year (vs. first o r  third) 
when combined with woody con- 
trol treatments yielded signifi- 
cantly more volume, 37% more 
(VS. 24% or 23% respectively) after 
3 years. Clason (1978) found that 
herbaceous control in the seventh 
year of a loblolly pine plantation in 
northern Louisiana did not signif- 
icantly enhance growth. Thus, it 
appears that herbaceous control is 
most effective in the first 1 or 2 
years to maximize initial growth 
gains and at times to increase sur- 
vival and promote uniform stock- 
ing and growth. Recent research 
also suggests that of the herba- 
ceous components, the most com- 
petitive to young loblolly pine are 
the I-hizomatous and cool-season 
g rasses  c o m p a r e d  t o  t u f t e d  
(bunch) grasses and forbs (Morris 
et al. 1989, Smith 1989). - - I I-eatments for woody control 
1i:cve been applied operationally in 
the South for about 40 years. Sev- 
er;ll studies have more recently 
quatltified the significant grorvtll 
increase of loblolly pine that re- 
sults from woody plant control 
(Langdon and Trousdell 1974, 
Cl:tson 1978, Cain a n d  Mann 
1980, Haywood 1986, Tiarks and 
Haywood 1986, Miller 1987). 
.rhese scattered reports have not 
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permitted a generalized interpre- 
tation of response across physio- 
graphic provinces, except to con- 
clude that both short- and long- 
term growth increases do  occur 
after earlv woodv control treat- 
ments. There is also an indication 
that some level of control, less than ' 

complete woody control, may pro- 
vide optimum pine growth on 
some sites, especially when com- 
bined with herbaceous control 
treatments (Bacon and Zedaker 
1987). 

Objectives of the COMP investi- 
gation are: (1) to establish a frame- 
work of growth response fo r  
loblollv ~ i n e  relative to four com- , . 
petition regimes on major soil 
types across the region, (2) to com- 
Dare the relative im~or tance  of 
herbaceous vs. woody competition 
as they affect the early and long- 
term growth of loblolly pine on a 
wide range of sites, (3) to identify 
the major herbaceous and woody 
cornpe;itors and document earli 
succession, and (4) to study the in- 
teraction of competition and pine 
growth on insect and disease infec- 
tion. The last two objectives will be 
addressed in other reports from 
this research g1-oup. 

METHODS 

Study Sites 

A common study design was uti- 
lized at 13 plantation sites on four 
physiographic provinces-the 
Lower, Middle, and Hilly Coastal 
Plains and I'iedmont-in Louisi- 
ana, Arkansas, Mississippi, Ten- 
nessee, Alabama, ~ e o i g i a ,  and 
Virginia (Table 1 and Figure 2). 
Prior to plot establishment, pine 

01- m ixed  p i n e -  
hardwood stands wet-e harvested 
in late- 1982 01- 1983. Site prepara- 
tion was by I-oiler-drum chopping 
and press-il,ed biir!ling at ten 
study locations. A shear, pile, and 
bul-I, nietliod was used a; Counce 
(Th:), whicl~ resulted in some top- 
soil removal and displacement into 
the windrows. A comulete harvest 
of f'uelwood and pine was used at 
Atmol-e ( A L ) ,  arid the  lower 
coastal plain site near Pembroke 
(GA) was rel)ec!ded after a wildfire , . 
cles~t-oyed a young plantation. 

Plot Layout 

Four blocks of four plots each 
were established at 11 of the 13 lo- 
cations using a factorial, random- 
ized complete-block design. Block- 
ing by slope andfor vegetation at- ;,; 
tempted to encompass the varied 
site; found across'the terrain at 
each location to expand the scope 
of the study. At Pembroke (GA) a 
fifth block was included, and at  
Bainbridge (GA) a completely ran- 
domized design was used. Treat- 
ment plots were generally 0.25 ac 
in size, and interior measurement 
plots were 0.09 ac. Precisely mea- 
sured planting spots on a 9. x 9 ft 
spacing characterized all but the 
operationally planted sites at Pem- 
broke (GA) and Arcadia (LA) (Ta- 
ble 1). This spacing resulted in 538 
trees per acre and 49 measure- 
ment pines in the interior plots, 
with two border rows surrounding 
measurement plots. 

At most sites, two regraded 1-0 
loblolly pine seedl ings  were  
planted at each s ~ o t .  10-12 in. 

t 

ipart. Either genetically improved 
or  Livingston Parish seedlings 
were used. After the first growing 
season, double-planted seedlings 
were thinned to one per spot using 
randomly generated codes so as to 
maintain the original population 
characteristics. Double planting 
was used to minimize the variation 
attributable to survival and the re- 
sulting long-term variation that oc- 
curs with unequal stocking. Only 
single seedlings were planted at 
Pembroke (GA), Arcadia (LA), 
and Liberty (MS), where adequate 
survival resulted in stocking levels 
comparable to the other locations. 
All measurement trees were per- 
manently tagged. Volunteer pines 
were repeatedly removed from all 
locations except at Appomattox 
(VA), where Virginia pine (Pinw 
z~irginiani Mill.) was left on woody 
cortipetition plots since it is consid- 
ered a common woody co~~lpetitor 
in this area. 

Establishment of 
Competition Situations 

Four treatments, or competition 
situations, were established and 
maintained as follows: 



Table 1. Description of study sites. 

Location by 
province 
(location Soil Previous 
number) Cooperator series ' stand Harvest 

Site 
preparation Regeneration 

Lower Coastal Plain 
Pembroke, CA (1) Union Camp Mascotte 6-year-old planta- NIA 

Pelham tion burned by 
wildfire 

rebedded 1983 machine planted 
7 x 11 ft 
Winter 1983-84 

Middle Coastal Plain 
Bainbridge, GA (2) International 

Paper 
Orangeburg mixed loblollyl Winter 1982-83 
Esto shortleaf pine- 

hardwood 
Saffell mixed loblollyl April 1983 

shortleaf pine- 
hardwood 

Orangeburg slash pine planta- Sept 1983 
tion 

KG blade, chop & 
burn 

hand planted 
9 x 9 f t  
Jan 1984 
hand planted 
9 X 9 f t  
Feb 1984 
hand planted 
9 X 9 f t  
April 1984 
hand planted 
9 X 9 f t  
Feb 1984 
hand planted 
9 X 9 f t  
Jan 1984 
machine planted 
7 x 10 ft 
Jan 1985 

Liberty, MS (3) Dupont & 
Georgia- 
Pacific 

Atrnore, AL (4) Scott Paper 

chop 
Summer 1983 

whole-tree 
chipped at 
harvest 

chop & burn 
Summer 1983 

Liverpool, LA (5) USFS & Caven- Tangi Loblolly pine Winter-Sum- 
ham mer 1983 

Jena, LA (6)  International Ruston mixed pine-hard- Fall 1983 
Paper wood 

chop & burn 
Summer 1983 

Arcadia, LA (7) La. Tech. U. & Bosweli natural loblolly 1983 
Williamette Bowie pine 

Sacul 
Beau regard 

Hilly Coastal Plain 
Tallassee, AL (8) Auburn Univ. Cowarts Loblolly pine plan- Spring 1983 

tation 

chop & burn 
Summer 1984 

chop & burn hand planted 
9 x 9f t  
Ian 1984 

late Spring- 
early Summer 
1983 

chop & burn 
Summer 1983 

Warren, AR (9) Potlatch Saffell 
Stough 

Loblollylshortleaf June 1983 
pine chip-and- 
saw 

natural mixed Winter 1982-83 
pine-hard- 
wood 

hand planted 
9 x 9 ft 
Feb 1984 
hand planted 
9 x 9 f t  
March 1984 

Counce, TN (10) Packaging 
Corp. 

Silerton shear, pile & burn 
windrows 

SummerlFall 1983 
Piedmont 
Camp Hill, AL (11) USFS Cecil 

Pacolet 
natural mixed Spring 1983 

pine-hard- 
wood 

natural mixed Oct 1982 
pine-hard- 
wood 

natural mixed June 1983 
pine-hard- 
wood 

chop hand planted 
Spring 1983 9 X 9 f t  

Jan 1984 
chop & burn hand planted 
Summer 1983 9 x 9 ft 

Feb 1984 
chop & burn hand planted 
Summer 1983 9 X 9 f t  

Feb 1984 

Monticello, GA USFS 
(12) 

Davidson 

Appomattox, VA VPI & SU 
(13) 

Cecil 
Cullen 
lredell 

first year, either' glyphosate a t  18 
o d a c  o r  oxyfluorfen (Goal) a t  0.6 
gallac were commonly. added to the 
tank mix with sulfonieturon. O n e  

1. N o  control resulfing i n  mixed herba- 
ceour-woody conrj)c.fi~ion. After  initial 
site preparation, n o  fur ther  treat- 
ments were applied except for  vine 
control and  in,jections o f  scattered 
residual hard\voods.  Vines were  
t r e a t e d  with s l i i e lded  d i rec te t l  
sprays o f  g l y p l ~ o s a t e  ( R o u n d u p )  
and  triclol,yr (Gal-Ion) o r  wick ap-  
plications of' ~ r i c l o p y r .  Scat tered 
large hat-dwoods not removed d u r -  
ing site prel>ar;~tion were injecreti 
with triclopyr at some locations. 

2. Woody control o d y  resz~lling i n  herha- 
ceozls co7npclifion. Both foliar a n d  
basal sprays, as well as basal wipes, 
were used to control  hardwoods  
and  shrubs d u r i n g  the  first 5 years. 
A s ingle  p rep lan1  a n d  mul t ip le  
post-platlc applicatioris p e r  year  

\%,ere made  usually with directed 
sprays of glyphosate, triclopyr, and  
i)iclorarn (Tordon),  o r  basal \tripes 
of' rl-iclopsr ancl diesel fuel. Alter 
pl ;~nt ing,  only herbicides tt'ith n o  
soil activity were used to minimize 
a n y  potential d a m a g e  to herba-  
c e o u s  weeds  a n d  measure l i i en t  
1)ines. 

3.  Ifr~.Oc~ceoii~ confi-01 0 7 1 1 ~  i - e ~ z ~ l l i ~ t g  in 
7ooorly ro71tl1elition. P r e e m e r g c n ~  ap-  
~>lications of  sulfometul-on (Oust) at 

o z h c  were applied annually for 
tlte fil-st 4 years I!, control fbrbs and 
arinual grasses. T h e  most effica- 
cious rate, having the least pine tox- 
icity,, ,  was de te r t i l ined  t h r o u g h  
screening trials o n  nearby sites at 
rnost locat ions d u r i n g  tlie year  
pr ior  to  es tab l i s l~n~ent .  After the  

to five times during a growing sea- 
son, shielded directed sprays of  gly- 
phosate (2% so lu~ion)  were applied 
to resistant l'brbs, perennial grasses, 
and vines. At Bainl>riclge, sethoxy- 
dim (Poast) \\.;IS broaclcast sprayed 
for grass col~rrol in the second year. 

4.  Total conlrol res1tlting i ~ t  eliinination o/ 
rill conrfielilioii. A combination o f  the 
t reatments  discussed above were 
used to yield bare ground condi- 
tions. 

T h e  durat ion of herbaceous 
control was for 4 years, although 
control persisted during the fifth 



* natural even-aged stand 

Fipcre 2. COMP slzidy l ocn~ io t l s  

year as well. Woody control is to be 
maintained for a rotation. Thus ,  
not only were the  extremes of 
completeness encompassed but  
also the  ex t remes  of  dura t ion .  
Minimal crop pine damage was ob- 
served with these treatments. 

Measurements and Analyses 

Pines were annually measured 
for total height and diameters at 
groundline (CLD), at a 6-in. height 
(D6), and at breast height (dbh). 
D6 measurements commenced af- 
ter the first year and dbh measure- 
ments after the second year. A tree 
volume index for years 1 and 2 was 
estimated using a conical projec- 
tion with GLD and  height.  For 
years 3-5, tree volume was esti- 
mated by s u m m i n g  volumes of 
stem sections from GLD to D6, DG 
to dbli, and dbh to total height. 
Smalian's formul:k was used from 
GL,D to D6 and from D6 to dbh 
(Husch et al. 1979), and a conical 
pro jec t ion  f roni  d b h  t o  total  
height. Wtiere total height was less 
than d b h ,  a conical projection 
frorn D6 to total height was used 
for the topmost section. T ree  vol- 
ume indices were expanded to an 

acre estimate by summing all sur- 
viving trees and multiplying by the 
appropriate expansion factor for 
the nleasurement plot. 

Annually in September, counts 
were made  o f  nonarborescent  
woody stems and estimates of her- 
baceous cover  by components  
(grasses and sedges, fol-bs, vines, 
and semirvoody's). Counts of non- 
a rbo re scen t  woody rootstocks 
were recorded on three systernati- 
cally located sample plots per mea- 
surement plot that were located 
between pine rows. Sample plots 
were 9 x 18 ft where pines were 
planted on  a 9 x 9 ft spacing and 
of a similar area at the trvo opera- 
tionally planted locations. Ocular 
est imates of  herbaceous cover 
were made on 9 x 9 ft halves of 
each. sample plot-six estimates 
per ~neasul-ement plot. Aftel- the 
tifth g~-owing season, all arbol-es- 
cent  I-ootstocks within interior 
measurement plots that exceeded 
4.5 ft tall were meast~red for stem 
height and dbh by species. 

I'ine and conipetition data were 
analyzed separately by location us- 
ing tlie appropriate  analysis of 
variance wit11 arcsine squareroot 
transf'orrnatio~is for pel-cent val- 

ues. T h e  influence of woody and 
lierbaceous competition on early 
development was examined using 
orthogonal contrasts and linear re- 
gression analysis. A 0.05 level of 
probability for a Type I error was 
considered significant. ... 

RESULTS AND DISCUSSION 

Competition Levels 

Hardwood and shrub competi- 
tion, the woody component, varied 
greatly among study locations (Ta- 
bles 2 and 3). In  the fifth year, ar- 
borescent basal area on no control 
check plots averaged 3.8 ft2/ac; ex- 
ceeding 4.7 ft2/ac at five locations, 
ranging from 3-4 ft2/ac at four lo- 
cations, and less than 1 ft2/ac at 
four sites. T h e  density of arbores- 
cent stems on no control plots av- 
eraged 1065 rootstocks/ac, rang- 
ing from 159-2406 rootstocks/ac. 
On woody control only plots, arbo- 
rescent competition was greatly re- 
duced, with less than 0.5 ft2/ac of 
basal area at all locations. Orthog- 
onal contrasts for woody control 
were significant (c0.05) at all loca- 
tions for  both basal area and root- 
stock numbers (Table 3), indicat- 
ing significant reductions with 
control treatments. 

Eight locations had more than 7 
ft2/ac of hardwood basal area in 
only 5 years with herbaceous con- 
trol. With herbaceous control only, 
the basal area of arborescent hard- 
tvoods increased from 1.8-6 times 
compared to levels on no controls, 
except at Liberty (MS) and Monti- ' 
cello (GA), where n o  increases oc- 
curred. Basal area aver-aged 7.6 
ftqac with herb-control (1.2-17.1 
ft'lac) compared to the 3.8 ftP/ac 
1~1th no control (0.2-9.7 ft'lac). 
T h e  numbel- of rootstocks aver- 
aged only 10% more  on herb-  
control only plots vs. no control- 
1,187 vs. 1 ,065  rootstocks/ac. 
l'lierefore, the doubling of hard- 
wood basal area occurred on about 
the same number of'~.ootstocks per 
acre, indicating tlie response in 
hardwood size to herbaceous con- 
trol. 

Greater than 2,000 nonarbores- 
cent tvoody rootstocks per acre oc- 
curred on no-contl-ol plots in the 
fifth year at all locations except 



Table 2. Woody competition in the fifth year and the average herbaceous cover in September for 
. the first 5 years. 

LCP Middle Coastal Plain Hilly Coastal Plain Piedmont 

Camp . 
Pembroke Bainbridge Liberty Atmore Liverpool lena Arcadia Tallassee Warren Counce Hill Monticello Appomattox 

Vegetation GA G A MS AL LA LA LA AL AR TN AL G A VA 
control (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (111 (12) (13) 

--------------------------------------------------------------------.------- Arborescent Basal Area (ft'lac) 

None 0.4 5.8 9.7 3.2 3.4 0.6 3.1 8.8 0.2 0.7 5.3 3.3 4.7 
Woody 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.3 0.1 
Herb 1.4 10.7 9.6 7.3 10.4 1.9 12.3 17.1 1.2 2.0 14.7 2.2 8.5 
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.3 

Arborescent rootstocks ("~, lac)  ---------- 
None 326 1830 2406 664 1114 277 1027 1745 159 439 1827 870 1163 
Woody 19 8 0 0 0 25 131 0 0 0 0 107 36 
Herb 443 2714 1813 587 1180 302 1335 1704 192 527 2769 392 1476 
Total 2 0 0 0 0 0 0 0 0 0 0 52 19 

Nonarborescenl woody rootstocks (no./ac) -- 
None 4893 3944 6789 8537 3496 1143 12433 493 2465 2017 9299 2532 5692 
Woody 1109 829 0 269 650 650 1044 0 493 538 1165 1 34 45 
Herb 3062 1479 874 4459 1613 224 1838 201 90 336 5826 964 3563 
Total 493 0 0 0 157 0 0 0 0 45 22 67 45 

Average herbaceous cover (X) --------------------------------------.------------------- 
None 70 85 43 75 81 89 85 56 75 78 86 61 42 
Woody 90 92 84 87 90 92 88 91 79 81 94 60 52 
Herb 20 55 8 7 12 10 13 2 3 7 2 13 17 
Total 13 5 1 1 11 12 22 2 3 6 1 11 24 

Jena  (LA) and  Tallassee (AL). 
They were most abundant at  Arca- 
dia (LA) with 12,433 rootstocks/ac, 
while more than 6,000 rootstocks/ 
ac were growing at Liberty (MS), 
Atmore (AL), and Camp Hill (AL). 
Control of nonarborescent woody 
regrowth was less successful on 
some sites because of persistent re- 
invasions of sumac (Rhw spp.), but 
con t r a s t s  f o r  n o n a r b o r e s c e n t  
woody control were significant for 
all locations (Tables 2 and 3). Non- 

arborescent shrubs tended to de- 
crease with herbaceous control, 
mainly due  to shading from the re- 
leased arborescent component and 
some selective damage and control 
by  herbicide treatments. 

Herbaceous conti-ol treatments 
were effective at all locations, judg- 
ing from the average herbaceous 
cover in September for- the first 5 
years (Table 2) and the significant 
contrasts at all locations (Table 3). 
O n  those plots receiving herba- 

ceous control there was an  average 
of 66% less cover (77% vs. 11%). 
Greater levels of control were evi- 
dent in the spring and early sum- 
mer immediatelv after broadcast 
herbicide applications, but  re-  
growth had occurred by Septem- 
ber, even with spot spraying dur-  
ing the growing season. Also, spe- 
cies resistant to sulfometuron had 
increased on some sites early on 
and in later years were controlled 
with directed spraying. On woody 

Table 3. Contrast probabilities of greater F-statistics associated with means of fifth-year woody 
competition and average herbaceous cover in September for the first 5 years. 

LCP Middle Coastal Pla~n Hilly Coastal Plain Piedmont 

Camp - 
Pembroke Bainbridge Liberty Atmore Liverpool lena Arcadia Tallassee Warren Counce Hill Monticello Appomattox 

Vegetation GA G A MS AL LA LA LA AL AR TN AL C A VA 
control (1) (2) (3) (4) (51 (6) (7) (8) (9) (10) (11) (12) (13) 

.................................................................... Arborescent Basal Area ................................................................................. 

Woody (W) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.016 0.026 <0.001 0.001 <0.001 
Herb (H) 0.002 0.171 0 958 ~ 0 . 0 0 1  0.027 0.018 0.002 0.088 0.075 0.251 <0.001 0.370 0.021 
W x H  0.002 0.170 0.950 ~ 0 . 0 0 1  0.027 0.016 0.002 0.088 0.075 0.251 <0.001 0.213 0.031 

................................................................................. Arborescent Rootstocks -.-------.----------------------------.... 1 ---.--..-.----.--------.-------------- 

Woody <0.001 0.001 <0.001 0.001 0.001 <0.001 <O.OOl <0.001 0.003 0.001 <0.001 0.001 <0.001 
Herb 0.328 0.444 0.351 0.780 0.893 0.999 0.548 0.946 0.713 0.674 0.137 0.039 0.351 
W x H  0.197 0.437 0.351 0.780 0.893 0.590 0.157 0.946 0.713 0.674 0.132 0.087 0.303 

............................................................. Non-Arborescent Rootstocks ------------- ------ ------ ----------.-.--.------..------------------.--------- 
Woody <0.001 <O.W1 0.002 0,001 <0.001 0.015 0.002 0.021 <0.001 0.045 <O.OOl <0.001 <0.001 
Herb 0.033 <0.001 0.008 0.136 0.016 cO.001 0.00; 0.271 <0.001 0.019 0.048 0.014 0.203 
W X H  0.255 0,012 0.008 0.185 0.119 0.291 0.015 0.271 0.001 0.153 0.278 0.021 0.203 

----.--.---------.----.-~~~---------. . . . . . . . . . .---- Average Herbaceous Cover ----------------- ------ - -------- - -------.-.--------..-------------.-..--.----- 
Woody 0.130 0.003 <0.001 0.329 0.105 0.072 0.051 <0.001 0.227 0.365 0.142 0.670 0.062 
Herb <0.001 <0.001 <0.001 co.001 <0.001 10.001 <0.001 <0.001 <0.001 <0.001 <O.W1 <0.001 <0.001 
W x H 0.008 <0.001 <0.001 0.021 0.032 0.288 0.210 <0.001 0.198 0.117 0.087 0.819 0.670 
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control only treatments, herba- 
ceous cover averaged 12% more 
conlpared to no controls over the 
first 5 years (83% vs. 71%), with a 
range from no increase at Monti- 
cello (GA) to 41% more cover at 
Liberty (MS). 

Pine Response 

I'ine density (stocking) levels 
were not influenced by competi- 
tion at most locations owing par- 
tially to the double planting used 
at establishment (Table 4). When 
compared with the no control, 
density across all sites averaged 3% 
less with woody control only and 
2% less with herbaceous control 
only, and no difference with total 
control. At three locations, herba- 
ceous control treatments resulted 
in significant, but minor, differ- 
ences in stocking (Table 5). At Lib- 
erty (MS) and Jena (LA), herba- 
ceous control treatments (on the 
herb-control and  total-control 
plots) significantly increased pine 
density, while at Liverpool (LA) 
the density was decreased. All lo- 
cations had greater than 80% of 
the original planting spots with live 
trees after  5 years except the 

woody control plots at Liberty 
(MS) and  Appomattox ( V A ) ,  
which had an average of 70% or 
379 treeskac and 78% or 425 trees1 
ac, respectively. 

Pine he igh t  a n d  d i a m e t e r  
growth significantly and consis- 
tently increased with herbaceous 
control at every location (Tables 4 
and 5). The  amount of increase 
varied by location relative to com- 
petition levels and site productiv- 
ity, but specific trends are evident. 
T h e  most productive sites were 
generally on the Middle Coastal 
Plain, especially following total 
competition control. Both woody- 
only and herbaceous-only control 
treatments increased diameters 
proportionately greater  than 
heights (Table 6), while the pro- 
portional increases with total con- 
trol most often exceeded the aver- 
age additive effects of both treat- 
ments. 

Pine height growth was signifi- 
cantly affected by both woody and 
herbaceous competition, with the 
general older of increasing height 
being: no control < woody control 
< herb control < total control. 
Woody control significantly af- 

fected height at all locations except 
Jena (LA) and Counce (TN) ,  while 
total height was slightly less ( 3 4 %  
less) after  woody control-only 
treatments at Jena (LA) and Bain- 
bridge (GA). At other locations, 
pine height increased by 4.5-28% 

'(0.5-3.2 f t)  af ter  controlling ... 
woody competition only. Herba- 
ceous control significantly in- 
creased fifth-year pine heights at 
all locations (Table 5), and the in- 
creases ranged from 1 8 4 2 %  (1.5- 
7.4 ft). The  increase in height with 
the herbaceous control only treat- 
ment depended on the amount of 
woody competition present at a lo- 
cation. 

Following total control treat- 
ments, fifth-year pine heights av- 
eraged 59% taller than those pines 
with no control (1 1.5 vs. 18.2 ft). 
The prevalence of nonsignificant 
interactions means that the re- 
sponse in height growth after con- 
trolling both woody and herba- 
ceous competition was similar to 
the sum of the effects of these 
treatments applied singularly. The 
significant interactions (greater 
than additive) at Tallassee (AL) 
and Camp Hill (AL) are due to the 

Table 4. Mean pine density, height, dbh, basal area, and volume index in the fifth year. 
LCP Middle Coastal Plain Hilly Coastal Plain Piedmont 

Arca- Camp 
Pembroke Bainbridge Liberty Atmore Liverpool Jena dia Tallassee Warren Counce Hill Monticello Appomattox 

Vegetation CA C A MS AL LA LA LA AL AR TN AL C A V A 
control (1) (2) (3) (4 (5) (6) (7) (8) (9) (10) (11) (12) (13) 

None 
Woody 
Herb 
Total 

None 
Woody 
Herb 
Total 

None 
Woody 
Herb 
Total 

None 
Woody 
Herb 
Total 

None 
Woody 
Herb 
Total 

- 

-------------------~--------------------............... Density (treeslac) -------.-------------------------------.------------------.-------.------------------ 

533 527 428 530 532 469 523 508 527 535 502 519 491 
522 532 379 505 535 447 517 497 530 532 499 499 425 . 
521 527 458 472 516 502 502 505 527 516 505 499 445 
525 535 450 516 521 510 533 524 519 516 508 505 - 455 

* . - - . . . . . . . . . . . . . . - .  Height (ft) -----------.------------------------------------.---------.--- - --------.------------------- 
11.6 15.1 14.0 10.4 9.7 14.5 9.8 10.3 11.2 10.4 71.1 13.3 8.5 
14.8 14.7 16.0 12.9 11.1 13.7 11.8 11.0 12.6 10.8 11.6 15.7 10.9 
18.8 19.5 21.9 14.0 15.3 20.0 15.5 13.R 17.1 12.3 13.8 17.2 10.0 
20.4 22.6 22.7 18.4 17 0 20.6 18.1 17.7 17.6 12.6 18.2 17.7 13.5 

............................................................... dbh (in.) 

1.7 2.5 1.9 1.2 1.1 2.4 7.4 1.3 1.6 1.7 1.5 2.0 0.9 
2.4 2.9 2.7 1.9 1.6 2.2 2.0 1.8 2.0 1.8 1.8 2.6 1.7 
3.2 3.3 3.5 2.0 2 4 3.7 2.6 2.1 3.1 2.2 1.9 3.1 1.3 
3.6 4.2 4.4 3.2 3.2 4.0 3.7 3.5 3.3 2.4 3.8 3.3 2.6 

-------------------.-.------------------ * Basal area (f17/~C) .---...----------------------------------.----------------...------.---*---------*--- 

10.0 19.7 10.0 5.2 3.7 16.4 6.7 5.6 8.5 8.7 6.9 12.6 2.9 
18.0 25.7 16.1 10.9 R.[J 13.4 12.6 9.6 12.9 9.9 10.2 19.7 7.4 
31.1 33.3 32.8 11.5 18.0 39.7 20.9 15.0 28.2 14.9 11.5 27.0 5.2 
38.4 53.3 50.6 31.7 31.8 46.2 42.1 36.1 32.1 16.9 41.6 31.7 18.3 

- - -------------------------------------- . . .  .......... Volume index (ft31ac) ------------------- ------ ------ ----- - ---------------------------..------.--------- 
105 221 103 56 39 170 72 €d 93 105 70 136 31 
191 235 177 110 100 139 140 109 138 114 114 225 80 
363 313 407 131 203 474 247 , 165 344 187 119 318 51 
466 702 671 385 376 559 524 436 4 0  214 488 381 186 



Table 5. Contrast probabilities of greater F-statistics associated with means of fifth-year pine mea- - surements 
- 

LCP Middle Coastal Plain Hilly Coastal Plain Piedmont 

Pern- Bain- Liver- Tallas- Camp 
broke bridge Liberty Atrnore pool Jena Arcadia 

APPO- 
see Warren Counce Hill Monticello mattox 

Vegetation CA C A MS AL LA LA LA AL AR TN AL G A VA 
control (1) (2) (3) (4) (5) (6) (7) (81 (9) (10) (11) (12) (13) 

Woody (W) 
Herb (Hf 
W x H  

Woody 
Herb 
W x H  

Woody 
Herb 
W x H 

Woody 
Herb 
W x H 

Woody 
Herb 
W x H 

Basal Area 

exceptionally la rge  growth  re -  
sponse to total control a t  sites with 
both dense woody and  herbaceous 
competition, while at Bainbridge 
(GA) it was d u e  to the negative re- 
sponse to woody-only control. 

Diameter growth showed the' 
same pattern found with height 
growth, except the proportional 
response to control was largel- (Ta-  
ble 6). All contrasts for both woody 
and herb control effects were sig- 
nificant, except at Jena (LA). T h e  
Jena  site showed less d iameter  
growth with woody-only control 
compared to no control because of 
an  infestation of  woolly croton 
(Croton capitalzls Michaux.), a large 
annual forb, that initially became 

more severe with woody control 
treatments. Appomattox (VA) dif- 
fered from other sites with more 
diameter growth after woody-only 
control compared to herbaceous- 
only control, owing to extremely 
dense arborescent and nonarbo- 
rescent woody competition and  
lower levels of herbaceous vegeta- 
tion than a t  the o ther  locations 
(Table 2). Significant interactions 
Lvere found only on sites having 
large amounts  of hardwoods o r  
nonarborescent shrubs, except for 
Jena (LA),  owing to the woolly cro- 
ton infestation. Thus, woody and 
herbaceous control had additive 
t r ea tmen t  effects o n  d iameter  
groizrth at nine sites. 

Basal area was increased by 14- 
155% (1.2-8.0 ft2/ac) at all loca- 
tions after woody control rreat- 
ments (leaving herbaceous compe- 
tition), except at Jena (LA), where 
an 18% reduction occurred follow- 
ing woody control. Nonsignificant 
main effects for  woody control 
were de termined  not  only for  
Jena, but for Warren (AR) and 
Monticello (GA), even though 23% 
and 30% more pine basal area oc- 
curred on these two latter sites fol- 
lowing woody control treatments. 
With herbaceous control  only, 
basal a rea  was consistently in- 
creased at all sites from 67-300% 
(2.3-23.3 ft2/acf. On plots with 
herbaceous control,  pine basal 

Table 6. Loblolly pine height, dbh, basal area, and volume index after 5 years for the 13 plantation 
locations: the overall means and range of values, and the average percent change and percent 
ranee when cornoaring veeetation control relative to no control.' 

Height 
- 

dbh BA Volume index 
Vegetation 

control mean range mean range mean range mean range 
-- - . - - - -. - - 

------------- ( f t )  .------------ ---.-.------- ( i n . )  ------------- ------------ (ft2/ac) ------------ ----------- (ft3/ac) --.-------- 
None 11.5 8.5-15.1 1.6 0.9-2.5 9.1 2.9-19.7 98 31-221 
Woody 12.9 10.8-16.0 2.1 1.6-2.9 13.5 7.4-25.7 145 80-235 
Herb 16.1 10.527.9 2.7 1.3-3.7 22.3 5.2-39.7 255 51-474 
Total 10.2 12.6-22.7 3.5 2.4-4.4 36.3 16.9-53.3 445 186-702 

Woody only 13 - 6-28 34 - M 9  64 - 18-155 67 -18-158 
Herb only 39 18-42 65 27-1 18 155 67-300 171 42-314 
Total 59 21-85 125 41-191 366 94-577 424 104-667 
' Average percent values are the means of the 13 percentage values that were each calculated as follows: Percent change = (vegetation control - no 
control)lno control. The average percent change will not equal a calculated change using the above mean values for height, dbh, BA, or volume index. 



area in the fifth year ranged from 
5-40 ft2/ac (Table 4) and hard- 
wood basal area from 1-17 f't21ac 
(Table 2). Only at Tallassee (AL), 
Camp Hill (AL), and Appomattox 
(VA) did the average hardwood 
basal area exceed that of pine after 
herbaceous control. At no location 
did the combined pine-hardwood 
basal area following herbaceous 
control only exceed that of the 
pine basal area with total control, 
suggesting that thus far pine alone 
was more productive than mixed 
s tands  when considering only 
woody vegetation. Total control 
yielded pine basal areas greater 
than  four  times over the  no- 
control treatments at 6 of the 13 
locations-increases ran ed from 8 94-577% (8.2-40.6 ft lac). At 
eight locations, total control signif- 
icantly increased pine basal area 
more than the summed increases 
from controlling either the woody 
o r  the herbaceous components 
alone (Table 5). 

When density, height, and diam- 
eters (GLD, D6, and dbh) were 
combined into a volume index at 
age 5, there was an average vol- 
ume increase of 67% (47 ft3/ac) for 
woody control only, 17 1 % (157 ft3/ 
ac) for herbaceous control only, 
and 424% (347 ft3/ac) for total 
control (Table 6). Increased vol- 
ume growth ranged from 104- 
667% with total control-an indi- 
cation of the potential early gains 
that are possible with competition 
control. Significant volume in- 
creases with woody control-the 
c o m p o n e n t  t radi t ional ly  t a r -  
geted--only occurred at sites with 
greater than 1 ft2/ac of arborescent 
competition and/or greater than 
2500 rootstocks/ac of nonarbores- 
cent woody co~npeti t ion in the 
fifth year. 

T o  further examine the influ- 
ence of hardwood conlpetition on 
pine volume growth, the variation 
in soil-site differences among loca- 
tions was minimized by scaling vol- 
ume o n  the I~erb-control  only 
treatments by the response on the 
total-control tr-eatments. Pine vol- 
ume growth with no conlpetition 
should be one of the best indica- 
tors of' site. Figure 3a presents the 
relationship between hardwood 

(arborescent) basal area on the 
herb-control treatment and per- 
cent pine volume reduction calcu- 
lated as follows: [pine volume in- 
dex (pvi) with. total control-pvi 
with herb control]lpvi with total 
control. This figure shows the vari- 
ation in arborescent com~etition , 

1 

among sites, while the regression 
suggests a fairly strong relation (R' 
= 0.70) between arborescent basal 
area and pine volume growth re- 
duction. T h e  greater than ex- 
pected (fitted) reduction in pine 
volume growth for Atmore (AL) 
(Loc. 4), Camp Hill (AL) (Loc. 1 l) ,  
and Appomattox (VA) (Loc. 13) is 
likely due to the high levels of non- 
arborescent woody competition 
that are not quantified in Figure 3a. 

Figure 3b shows the relationship 
between the 5-year average herba- 
ceous cover and the percent pine 
volume reduction that was calcu- 

lated using the woody control only 
values as above. Linearity of this 
relation has been previously re- 
ported (Nelson et al. 198 1, Knowe 
et al. 1985). Obviously, some of the 
variation is inherent from having 
different estimators at each loca- ., 
tion, but still a significant 49% of . 
the variation in pine volume re- 
duction can be attributed to a 
mean estimate of herbaceous cover 
over the first 5 years. 

The fifth-year treatment aver- 
ages for pine height, dbh, basal 
area, and volume index are pre- 
sented with the averages for the 
first 4 years in Figure 4. These fig- 
ures show similar trends with each 
of the pine variables, with only a 
few notable exceptions. For all 
pine variables, the curves for total- 
control and no-control treatments 
are still diverging after 5 years. 
The average height growth re- 

90 - Y = 14.3 + 3.66X a 
- R2 = 0.70 P < 0.0003 

Root MSE = 13.57 

h 7 0 -  

a 
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sponse to total control, and to a 
lesser extent with herb control, has 
slowed between the fourth and 
fifth years, which is not yet appar- 
ent with diameter. It is apparent 
that with these average curves that 
divergence is increasing between 
woody control and herbaceous 
control curves and the no-control 
treatments, and it is more pro- 
nounced with woody control. 

T h e  r e l a t i o n s h i p  be tween  
woodv-control and herb-control 
treatments is further examined in 
Figure 5 with data from four loca- 
tions having the highest densities 
of hardwoods. T h e  annual differ- 
ences in mean-tree basal area at 
groundline between herb-control- 
only and woody-control-only treat- 
ments appear to be diminishing 
over time, specifically starting in 
the fifth year. This suggests an in- 
creasing influence of woody plants 
on pine growth coincidental with a 

decreasing influence of herba- 
ceous plants. 

Comparisons with 
other Research 

The growth increases on COMP 
locations as percentages are very 
si11nila1- 01- exceed previously re- ,* 

ported responses. For the herba- 
ceous control studies reported by 
Creighton et al. (1987), on the four 
loblolly locations with fifth-year re- 
sults, heights after 2 years of con- 
trol were increased by 4 1 % and di- 
ameters by 67%, the same percent- 
ages as for COMP averages when 
cornpal-ing the difference between 
total control and woody control 
only. Glover et al. (1989), report- 
ing on 4-5 years of total control vs. 
woody-only control at three loca- 
tions in the Southeast, found an 
average fifth-year volume increase 
of 192% compared to 207% on 
COMP locations. With complete 

1 2 3 4 5 
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COI\tP /)laufalio71 localiotu for f h e f i r s ~  5 y(~it.,.  

woody control in Louisiana (Cain 
and Mann 1980), fifth-year in- 
creases in height were 9% corn- 
pared to a 12% COMP average, di- 
ameter was 27% compared to a 
3 1% COMP average, and volume 
was 58% compared to a 48% 
COMP average. 

Considerable question remains 
regarding the long-term gains that 
will be derived from early-growth 
enhancement using vegetation 
control. Several investigations are 
now older than 10 years and give 
some indication of the possible 
outcomes. Tiarks and Haywood 
(1986) gave fifth-year results from 
a similar study to the one reported 
here on a root-raked site near 
Sikes (LA) where hoeing was used 
for 4 years to control herbaceous 
weeds around loblolly pines, com- 
plete woody control treatments 
were included. and their combina- 
tion. The  volume growth reported 
by Haywood and Tiarks (1990) at 
age 11 indicates that absolute vol- 
ume increases reported at age 5 
had maintained or were still in- 
creasing, with 520 ft"/ac (outside 
bark) more \.olume with herb con- 
trol and 450 ft3/ac more volume 
with woodv control. 

On less intensively prepared 
sites, annual woody control from 
2-10 years in three loblolly pine 
plantations in northern Louisiana 
resulted in a consistent 30-37% in- 
crease in tree volunles that lasted 
from age 5 to 10 (Cain and Mann 
1980, Hay~cood 1986). Clason 
(1989) also studying loblolly pine 
in northern Louisiana repol-ted 
that an absolute gain of 500 ft3/ac 
at age 10 follolving total competi- 
tion control  \\,:IS n~i t in ta ined 
through age 'LO, and 1,s repeated 
thinnings to age 30. l,ike~\.ise, 12- 
year results fl-on] the study re- 
ported by Glover et al. (1089), still 
sliot\~ed diverging volume curves 
cornpal-ed to checks at two o f  the 
three stud! locatior~s when />I-e- 
conin3e1-cia1 tliinnin~s \\*ere used to - 
manage stocking. -I'h~ls, volume 
S I - O L V L ~  enlla~ice~ne~tt ~ v i t l ~  compe- 
tition control can be main~ained 
u p  to 20 years o n  some sites, and 
may be maintained further with 
stocking contl-ol tI11.oi1g11 thin- 
n ing~.  I t  should bc acknowledged 
that the gro\\,th gains r\~ith opera- 
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Five-Year Responses 
of Piedmont Loblolly 
Pine to Six 

L.) with a lesser component of ma- 
ture and sapling-sized hardwoods, 
mainly sweetgum (Liquidambar 
sty?-aciflua L . )  a n d  d o g w o o d  
(Cornus florida L.). Vegetation be- 
fore and after  harvest was de-  
scribed bv Edwards (1983). T h e  , 
average site index for loblolly pine Site- Preparation Treatments1 was 80 R at 50 years. In the spring 
of 1980, the merchantable pines 
were harvested, and  the  hard-  
woods were left standing. T h e  site 

M. Boyd Edwards, CTSDA Forest Senlice, Southeastern Forest laid fallow for a year. 1nIhe spring 

Experiment Station, Dq Branch, GA 31 020. of 198 1, a randomized complete 
block d e s i ~ n  was established with 

ABSTRACT. Six intensities of site prepa- 
ration ranging from an untreated check to 
shearing, rootraking, burning, fertilizing, 
and applying herbicide were applied to rep- 
licated 2-ac (0.81 ha)  plot^ on a P~edmont 
site i n  central Georpa. Sun iva l ,  height. 
a n d  d iameter  groulth of loblollj pine 
( P i n u s  t a e d a  L.) were measured for 5 
years after planting. All treatments in!- 
prozted survival and groultil wheli COTTI-  
pared to the check. .tlechnical tri.atrnents 
yielded good grourth and sur~ii ial ,  and ad- 
ditional benefits were obtained from uleed 
control and ~mmoniunz nitrate application. 

South. J .  Appl. For. I J ( l ) :3 -6 .  

T r e a t m e n t s  to prepare sites for 
loblolly p ine  plantat ions varv 
widelv in cost. com~le teness  of 

i I 

control of competing vegetation. 
and site modification. As a min- 
imum, treatment should be suffi- 
cient to assure high survival of " 
planted trees. Beyond that min- 
imum, treatment expenses must 
be iustified b\- stimulation of the 

J 

growth of planted trees. For the 
Piedmont Plateau, only a little in- 
formation is available on growth 

1 Discussion of herbicides in this paper 
does not constitute recommendation of 
their use or  imply that uses discussed here 
are registered. If herbicides are handled, 
applied, or  disposed of improperly, there is 
potential for hazards to the applicators, 
off-site plants, and environment. Herbi- 
cides should be used only when needed 
and should be handled safely. Follow the 
directions and heed all precautions on the 
container label. 

Use of trade names is for the reader's in- 
formation and convenience and does not 
constitute official endorsement or approval 
by the U.S. Department of .4griculture to 
the exclusion of any other suitable product. 

responses to various intensities of 
site preparation. In the study de- 
scribed here, effects of six levels of 
site preparation on the survival 
and growth of loblolly pine were 
measured in the  Piedmont  of  
Georgia. 

METHODS 

The study area is an 840-ac (34- 
ha) tract on the Hitchiti Experi- 
mental Forest, 20 miles north of 
hlacon, GA, in Jones County. Ter- 
rain is undulating, and soils on 
upper slopes are typical Piedmont 
clayey ultisols. Lower slopes con- 
tain alluviated soils (see Table 1) .  

Cecil. Davidson, and I'ance soils 
are on three broad ridges that run 
generall?. to the southeast. Wilkes 
occurs on the long slopes, Con- 
garee soil is found along stream 
s ides .  T h e  two i n t e r m i t t e n t  
streams separating the ridges have 

.broad, flat stream-side zones that 
drain into a perennial stream. \Vet 
areas were excluded f rom the  
study area. 

Design and Treatments 

Before harvest,  the site sup- 
ported a stand principally com- 
posed of loblolly pine (Pinus taeda 

'7 

six 2-ac (0.8-ha) plots in each of 
five 12-ac (4.8-ha) blocks. 

The  five blocks were located b) 
topographic position. Two blocks 
were on well-drained ridges, two 
were on side slopes, and one was 
on the upland portions of an in- 
te rmi t ten t  gulley a n d  s t ream 
system. Within each block, two to 
three  soil series occurred .  Al- 
though these series were similar, 
much variation in surface texture 
and organic matter was encom- 
passed in the study area. 

In order of increasing intensity, 
the six site-preparation treatments 
were: 

1. Clearcul onlj (check)-no site prepa- 
ration.  

2. C h a i n s a x ! - a l l  r e s i d u a l  t r e e s  
greater t h a n  1.0 i n .  d b h  (2.5 c m )  
were  felled wi th  a chainsaw in A u -  
gust 1981. 

3. Shear and chop-shearing was per- 
f o rmed  wi th  a D7-sized tractor and 
a KG-b lade  i n  S e p t e m b e r  1981. 
C h o p p i n g  was d o n e  w i th  o n e  pass 
o f  a s ingle-drum c h o p p e r  i n  Sep -  
t ember  t o  N o v e m b e r  198 1. 

4. Shear, chop, and herbicide-in addi -  
t ion  to t h e  shearing and chopp ing  
o f  t reatment  3, % cc Ve lparw  Grid-  
ball pellets w i th  10% active ingre- 
d i en t  o f  hexaz inone  were  applied 
i n  a grid pattern at a rate o f  25 lblac 
(28 kg lha )  i n  M a r c h  1982. Heavy  
rains a f t e r  application and poor in- 

Table 1. Soil tvws. Hitchiti Exwrimental Forest. 

Series Familv Subgroup 

Cecil Clayey kaolinitic thermic Typic Hapludults 
Davidson Clayey kaolinitic thermic Rhodic Paleudults 
Vance Clayey mixed thermic Typic Hapludults 
Wilkes Loamy mixed thermic Typic Hapludults 
Congaree Fine-loamy mixed, nonacid therrnic ' Typic Udifluvents 
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filtration caused the herb~cide to 
smear across the plots, killing al- 
most all woody plants, including 
planted pines. Approximately 80% 
bare ground was observed on these 
plots dur ing  the 1982 growing 
season. 

5. Shear ,  rootrake, burn ,  and  disk- 
shea r ing  a n d  roo t r ak ing  in to  
windrows was done in September 
1981. Good burns of the windrows 
were achieved in October 1981. 
The remaining debris and ash were 
scattered over the plots with a 
dozer blade; then, the plots were 
disked with an offset harrow to a 
depth of 6-8 in. (15-20 cm) in Oc- 
tober 1981. 

6 .  Shear, rootrake, burn,  disk, fertilize, 
and herbicide-in addition to site- 
p repa ra t ion  t r ea tmen t  5 ,  am-  
monium nitrate (34-0-0) was ap- 
plied by hand a t  300 lbiac (366 
kgha)  in March 1983, and Ousts 
weed killer with 75% suifometuron 
methyl was applied at a rate of 0.5 
Iblac (0.56 kglha) in a 4-foot band 
over the top of the young seedlings 
in April, using backpack sprayers. 
Herbaceous weed control was es- 
sentially 100% during most of the 
1983 growing season. 

Improved loblolly pine seed- 
lings (1-0 stock), obtained from 
the Georgia Forestry Commission 
nursery, were planted with dibble 
bars in January  and February 
1982 on a spacing of 6 x 10 ft. 
(1.8 x 3 M). 

Survival of trees was recorded 
for 5 consecutive years. Diameters 
were measured at a height of 1 ft 
after the third growing season and 
at breast height after the fourth 
growing season. An analysis of 
variance and Duncan's multiple 
range test were used to test for sig- 
nificant differences at  the 0.05 
level among heights, diameters, 
and survival percentages. Statis- 
tical Analysis System (SAS 1982) 
was used for all data analyses. 

RESULTS A N D  D ISCUSSION 

Survival 

Satisfactory survival is the first 
goal of site preparation. In terms 
of survival through age 5, differ- 
ences among treatments were rela- 
tively small (Table 2). After clear- 
cutting with no  additional site 

Table 2. Survival of planted loblolly pine by site-preparation treatment for 5 years 
after establishment." 

Survival after 
Treatment 1 Yr 2 Yr  3 Yr 4 Yr 5 Y r  

.............................................. % .............................................. 
1 92a 92a 89c 87b B4c 
2 94a 92a 91 bc 89b 88bc 
3 93a 92a 92bc 91ab Wabc 
4 64b 95a 95ab 94ab 94a b 
5 98a 98a 98a 98a 97a 
6 98a 98a 97ab 97a 97a 

' Within growing season, means followed by the same letter are not significantly different ( P  = 0.05). 
1 Clearcut only 
2 Chainsaw 
3 Shear and chop 
4 Shear, chop, and apply herbicide 
5 Shear, windrow, burn, and disk 
6 Shear, windrow, burn, disk, fertilize, and apply herbicide. 

preparation, survival of planted 
trees was 84%. This treatment ap- 
pears to be leading to a mixture of 
Dines and hardwoods in which un- 
hesirable hardwood stems will 
probably dominate. 

Application of Velpar Gridballs 
(treatment 4) killed about 35% of 
t h e  p l an ted  pines.  Jus t  a f t e r  
Velpar application, approximately 
3 in. of rain fell in about 3% hr. 
Apparently, the herbicide spread 
laterally across the plots instead of 
vertically into the soil as planned. 
Dead Dines were re~lanted  the fol- 
lowing winter.  Approximately 
80% bare ground was observed 
during the 1982 growing season 
on these treatment plots, and ap- 
proximately 25% bare ground was 
still evident after 5 years. 

At ape 5. survival after all site- " ' 

preparation treatments exceeded 
that after clearcutting without site 
preparation. There was a gradual 
and progressive increase in initial 
survival as the intensity of site 
preparation increased (Table 2). 
T h e  data also show that the most 
critical period for survival is the 
f i r s t  g r o w i n g  s e a s o n  a f t e r  
planting. In years 2 through 5 ,  the 
only major change in survival was 
the increase for treatment 4 where 
pines were interplanted to replace 
those killed by herbicide. Survival 
was best after treatments 5 and 6, 
which included disking.  T h a t  
t r ea tmen t  ~ r o b a b l v  increased 
chances for pine survival by im- 
proving soil rooting conditions. 
Miller and Edwards (1985) re-  
ported that disking deireases the 
bulk density, increases the po- 

rosity, a n d  improves the water 
hold ing  potential  o f  the  soil. 
T h e s e  changes  t rans la te  in to  
greater water and nutrient avail- 
ability to the seedlings. Similar 
positive effects of disking on stand 
establishment have recently been 
reported by Morris and Lowery 
(1988). 

Af t e r  t h e  second a n d  th i rd  
growing seasons, seedling height 
and height growth differed signif- 
icantly among treatments (Table 
3). With the exception of treat- 
ment 4, all site-preparation mea- 
sures stimulated total seedling 
height and height growth. Best 
total height and height growth oc- 
curred in treatment 6, which in- 
cluded herbicide that provided es- 
sentially 100% herbaceous weed 
control plus fertilizer and disking. 

The  most striking effects of the 
treatments were upon seedling 
growth, and choice of an appro- 
priate treatment should be based 
on  estimated cost and expected 
growth response. T h e  Georgia 
Forestry Commission estimated 
the cost of the study treatments in 
1988 dollars at (1) $0 for clearcut- 
ting only; (2) $30/ac for chainsaw; 
(3) $120/ac for shear and chop; (4) 
$200/ac for shear, chop, and her- 
bicide; (5) $150/ac for shear, root- 
rake ,  b u r n ,  and  disk; and  (6)  
$210/ac for shear, rootrake, burn, 
disk, fertilize, and herbicide. 

T h e  trend toward better tree 
height growth with increasing in- 
tensity of  t reatment  continued 
through the fifth growing season. 
At that  time, heights af ter  all 
t rea tments  exceeded those on  

4 SJAF 14(1990) 



Table 3. Effects of treatment on mean seedling height and height growth for five 
growing seasons.' * 2 Yr 3 Yr 4 Yr 5 Yr 
Treatment Ht .  Ht. Growth Ht. Growth Ht. Growth Ht .  Growth 

6 l . l a  2.9a 1.8a 6.3a 3.4a 9.5a 3.2a 12.4a 2.9a 
a Within growing season, means followed by the same letter are not significantly different ( P  = 0.05). 

1 Clearcut only 
2 Chainsaw 
3 Shear and chop 
4 Shear, chop, and apply herbicide 
5 Shear, windrow, burn, and disk 
6 Shear, windrow, burn, dtsk, fertilize, and apply herbicide 

check plots. Growth of pines on 
t h e  check plots  d id  increase 
during the fourth growing season, 
but fell back to exhibit the poorest 
growth performance at the end of 
the fifth growing season. Shearing 
and chopping (treatment 3) and 
shearing, windrowing, burning, 
and disking (treatment 5) yielded 
similar  growth t rends .  These  
treatments produced the second 
tallest trees. 

Volume 

At the end  of four growing 
seasons, individual trees were tall 
enough to allow measurement of 

t reatments  3 ,  4,  and  5 did not 
differ significantly. Pines in treat- 
men t  4 a p p e a r e d  to be over-  
coming the initial setback of herbi- 
cide-induced mortality and inter- 
planting. T h e  apparent advantage 
of treatment 6 and treatment 5 
must be attributed to total weed 
control and addition of fertilizer. 
For landowners who want to mini- 
mize costs, results with treatment 
2 may be of interest. Simply felling 
h a r d w o o d  r e s i d u a l s  b e f o r e  
p lant ing  pines approximate ly  
doubled pine productivity at 5 
years by reducing the earl>- com- 
petition. 

0 

d b h  a n d  e s t ima t ion  of  total  Tip Moth and Damage 
volume for comparison of treat- 
ments (Table 4): Mechanical site Early growth of the young pines 
preparation (treatments 3,  4, 5 ,  was moderately impacted by the 
and  6 )  significantly improved Nantucket pine tip moth, Rhja- 
vo lume  g rowth  th rough  five czonza frustrana (Comstock). At the 
growing seasons. Treatment 6 was end of the first growing season, 
clearly best in stimulating volume 5% of the seedlings were damaged 
growth. At age 5, growth after by this pest. T h e  average per- 

Table 4. Effects of site preparation on average tree size after four and five growing 
seasons." 

Height Dbh Vo lume 
Treatmentb (ft) ( in.) (ft3) 

4th 5th 4th 5th 4th 5th 

1 5 . 8 ~  7 . 8 ~  0 . 5 ~  0.8d 0 . 0 2 ~  0 . 0 5 ~  
2 6.6bc 9.0bc 0.7bc l . l c d  0.03bc 0.09bc 
3 7.7b 10.2b 0.9b 1.5b 0 . M b  0.15b 
4 5 . 7 ~  8 . l c  0.8b 1.2bc 0.05b 0.12b 
5 7.6b 10.3b 0.9b 1.5b 0.05b 0.15b 
6 9.5a 12.4a 1.2a 1.9a 0.09a 0.25a 

a Within growing seasons, means followed by the same letter are not significantly different (P = 0.05). 
1 Clearcut only 
2 Chainsaw 
3 Shear and chop 
4 Shear, chop, and apply herbicide 
5 Shear, windrow, burn, and disk 
6 Shear, windrow, burn, disk, fertilize, and apply herbicide 

centage of infection ranged from 
2% after shearing, chopping, and 
herbicide application (treatment 
4) dddto 8% after shearing, wind- 
rowing,  b u r n i n g ,  a n d  disking 
(F igu re  1 ) .  At t he  e n d  of the  
s e c o n d  g r o w l n g  s e a s o n ,  a n  
average of 17% of the trees had 
t i p m o t h  d a m a g e .  I n c i d e n c e  
ranged from 14% after chainsaw 
felling (treatment 2) to 24% after 
shearing, windrowing, burning, 
and disking (treatment 5). At the 
end of the third growing season, 
the seedlings had progressed to 
the sapling stage, and little or  no 
damage was observed. 

At the end of the fifth growing 
season, 6% of the young pines 
showed signs of infection with fu- 
siform rust caused by Cronartium 
quercuum (Berk.) Miyabe ex Shirai 
f. sp. fwiforme. There was no clear 
pattern of infection by treatment, 
and no treatment led to a higher 
infection ra te  t han  the  check. 
These results differ from those of 
Burton et al. (1985), who found 
that rust infection increased with 
increasing intensity of site prepa- 
ration. Rust infection was low and 
is not expected to have a major 
impact on future yields. 

CONCLUSIONS 

In general, survival of planted 
trees increased as intensity of site 
preparat ion increased. Disking 
was particularly beneficial. For 
many foresters, however, the 88% 
survival through age 5 obtained by 
simply felling residual hardwood 
s t ems  would  be sa t i s fac tory .  
Growth of planted trees, there- 
fore, must also be considered in 
choosing a treatment. The  volume 
p r o d u c e d  a t  t h e  e n d  of  five 
growing seasons for the most in- 
tensive treatment was five times 
that of the check, and all site-prep- 
arat ion t rea tments  resulted in 
m o r e  growth  t h a n  the  check.  
Weed control and ammonium ni- 
trate application in combination 
with other treatments markedly 
improved volume product ion  
t h r o u g h  a g e  5. T h e  volume-  
growth responses on a percentage 
basis are large because individual 
and stand volumes are small. It re- 
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TREATMENT 

EZJ 2 NO YEAR TIP MOTH 

RUST AT 5 YEARS , 

Figure I .  First- and second-year tip moth damage and 5-?ear rust damage in  a loblolly pine 
plantation after six treatmen&: ( I )  cleai-cut on/.;; (2) chainsau~; (3) shear and chop; (4) 
shear, chop, and apply herbicid~; 15) sheai-, urirldroi~j~, bztrn, and disk; and ( 6 )  shear, 
windrow, burn, disk, fertilize, and apply herbicidt.. 

mains to be seen whether trees in By itself, chainsaw felling of re- 
less intensive treatments catch u p  s i d u a l  h a r d w o o d s  d o u b l e d  
or trees receiving the most inten- volumes of planted pines through 
sive treatments continue to exploit age 3. For some landowners, that 
their initial advantage. treatment, possibly followed by a 

prescribed burn ,  may be suffi- 
cient. Kone of the site: prepara- 
tion treatments significantly in- 
creased damage by tipmoths o r  
fusiform rust. 
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May 5 Trip: Mead Corporation 

STOP 1 

TRACT: 32-49A (MULBERRY GROVE) 

OWNERSHIP CLASSIFICATION: LONG TERM CONTRACT 

SOILS: HEAVY CLAY (CECIL AND HIWASSEE) 

SITE QUALITY: 57 (25 YR BASIS) 

SITE PREPARATION: OPERATIONAL TRIALS 

SHEAR AND RAKE ENTIRE AREA 
DISK 
BLADE PLOW 

, 
PLANTING: FEB. 1989 (LOBLOLLY PINE) 

MACHINE PLANTED 
C & G PLANTING MACHINE 

OTHER SILVICULTURE: 

PINE RELEASE JULY 31 1990 
14 OZ ARSENAL PER ACRE ( -57 LITERS/HA, ) 
15 GAL TOTAL MIXTURE ( 77-7 L/HA ) 
AERIAL APPLICATION 



SCALE: 1 ' -- 660' 



MULBERRY GROVE 
SITE PREP COMPARImNX 
1991 GROUND L I N E  DIAMETER 

STANDARD 

Shear, Rake 
& Plant 

TREATMENT Shear. Rake, 
Shear, Rake, 
Disk & Plant 

Root Plow & Plant 



MULBERRY GROVE 
SITE PREP COMPARISONS 

1991 HEIGHT I N  INCHES 

STANDARD DISK 
TREATMENT 



STOP 2 

TRACT: 32-39 (HIGHWAY 208) 

OWNERSHIP CLASSIFICATION: LONG TERM CONTRACT 

SOILS: HEAVY CLAY 

SITE QUALITY: 67 (25 YR BASIS) 

PREVIOUS STAND: LOBLOLLY PINE AGE 22 
ARTIFICIALLY SEEDED 

HARVEST: FUELWOOD 

SITE PREPARATION: DOUBLE DISK 
STUMP JUMP -OW 
DEMONSTRATE, SYMMONDS PLOW 

PLANTING: SCHEDULED JANUARY 1993 



STOP 3 

INSPECT COMPANY HERBICIDE UNIT 



STOP 4 

TRACT : 3 1-3 0 (TALBOTTON CO . LANDFILL) 
OWNERSHIP CLASSIFICATION: FEE 

SITE QUALITY: 55 (25 YR BASIS) 

SITE PREPARATION: SHEAR AND RAKE 
DISK 

PLANTING: FEB. 1990 (LOBLOLLY PINE) 
MACHINE PLANTED 
C ;& G PLANTING MACHINE 

OTHER SILVICULTURE: HERBACEOUS RELEASE TRIALS 
BANDED APPLICATION APRIL 1990 



COATm WARD 
RTEFI4 " t i t  030A 

TALSOT CO. , GA 

"f, I 991 
SCALE: I '  ' = 660' 



I-IERBACEOUS RELEASE TRIALS 
Pine Seedling Diameter 

2 3 
Herbicide treatments 



STOP 5 

TRACT: 23-57 (JUNIPER) 

OWNERSHIP CLASSIFICATION: FEE 

SOILS: DEEP SAND 

SITE QUALITY: 50 (25 YR BASIS) 

SITE PREPARATION: SHEAR AND RAKE 

PLANTING: 1988 (LOBLOLLY PINE) 

OTHER SILVICULTURE: PINE RELEASE DEMONSTRATION 
RELEASED SEP 6, 1991 
16 02 ARSENAL PER ACRE ( .65 L/KA ) 
15 GAL TOTAL MIXTURE PER ACRE 
GROUND APPLICATION, COMPANY UNIT 



STOP 6 

TRACT: 23-26A (MARION TRANSFER) 

OWNERSHIP CLASSIFICATION: FEE 

SOILS: SAND 

SITE QUALITY: 55 (25 YR BASIS) 

SITE PREPARATION: 30 LBS PRONONE 10G PER ACRE 
( 33.6 KG/HA ) 
GROUND APPLIED BY OMNI SPREADER 

PLANTING: SCHEDULED JAN. 1993 (LOBLOLLY PINE) 



STOP 7 

TRACT: 31-62 (BUTLER SOUTH) 

OWNERSHIP CLASSIFICATION: FEE ( NEW ACQUISITION ) 

SOILS: SANDY LOAM 

SITE QUALITY: 62 (25 YR BASIS) 

SITE PREPARATION: 30 LBS PRONONE 10G PER ACRE ( 33.6 KG/HA ) 
GROUND APPLICATION WITH OMNI SPREADER 

CHOP WITH ROLLING CUTTER NOV. 1991 

PLANTING: JAN. 1992 t (LOBLOLLY PINE) 
MACHINE PLANTED 55% ( C & G ) 

HAND PLANTED 45% ( HOEDADS ) 



STOP 8 

TRACT: 31-60 (BUTLER WEST) 

OWNERSHIP CLASSIFICATION: FEE 

SOILS: DEEP SAND 

SITE QUALITY: 55 (25 YR BASIS) 

SITE PREPARATION: DISK JAN. 1990 

PLANTING: FEB. 1990 (LOBLOLLY PINE) 

MACHINE PLANTED 
C .i& G PLANTING MACHINE 

OTHER SILVICULTURE: HERBACEOUS TRIALS 
BANDED APRIL 1990 



meters 



HERBACEOUS RELEASE TRIALS 
Pine Seedling Diameter 

2 9 
Herbl~fds treatments 



pinesfraw has bemme a multimillim dollar industrv in Georgia and the Southcast, providing timberland o m  with 
periodic income and landscapers and homeowners with a colorful and effeciin gardrning mulch. Pinesfraw operalorr, 
~ p r r a l l v  small opwarrons consisting 01 2 to 5 people, produce bales of pinestraw using a "modified hay&kr" or 
,,box baler" such as the one shown above. Jhe straw is loaded by hand info the baler then compressed and bound 
Into 18-20 Ib, bales lor shipment to garden and landscaping centers across the Southeast. 

Pine st ra \s  ha!. beconic. ,) '$10 n i ~ l l ~ o n  
hus~ne~s In Ceorg~a and is grtting raw re- 
\.le\v\ From landqcapers and I\omeowners. 
The use of plne straw ns landsray~lig 
mulch, part~cuiar l~ In metropol~tan areas. 
rc lncreasrng because 11 1s aestht.t~cally 
pleasing, easv to applv and etfectr\,e In 
keep~np molsture In the ground to protect 
plants trom drought and treezes 

Hoivever, strav, removal 1s draw111g mlu- 
ed reactron5 from prole\<~onal foresters 
concerneci \ r ~ t l i  the lone-term ettectq on 
t~niber ~ ro \v t i i  and heaith. T~niherland 
owner< who remove plne straw nias stunt 
tree growth. Raking oif the <[raw removes 
nutrients and depletes organi~ matter in the 
soil, particularly ii the straw i s  ren3oved 
rnute than once or rwice uur~ng ,I 25 or .jO 
\,ear rotation. The result can be long-term 
tree growth reduction. 

There has been a drani,it~c increaqe in 
the rak~ng and qellinp o i  plne stran dur~ng 
the past iew vears, particularly 011 t ~ n ~ b e r  
5tands o i  longleat and slash pine. Typ~callv, 
the straw from these specles hrings a higher 
price at the market because of the long 
needles and desirable color. 

The emergence of pine straw as a malor 
torest product is conf~rrned bv the Georgia 
Forestrv Commission. For the first time, in 
1988, the Commission Included plne straw 
rn its list ot Georg~a's top torest protfucts, 
and est~mates 1989 product~on at 
3,781,355 bales with a wholesale value o i  
$10,398,726. 

According to the Cornm~- on, tlie ereat- 
est concentsqtton ot comnierc~al pine straw 

production in Georgia is in tlie southeast 
area ot the state where natural and planted 
forests of longleaf and slash pine abound. 
Yields of 25 to 300 bales per acre per rak- 
ing have been reported. 

Typically, pine straw is harvested by 
local, independent operators who pay 
landowners a fee for the right to rake, bale 
and sell straw irom their property. The 
local operator sells to brokers and whole- 
salers who market the straw to landscape 

PINE STRA W FOR 
LANDSCAPING 

EMERGES AS NEW 
FOREST CROP BUT 
ADVERSE AFECT 

ON TREE 
GROWTH FEARED 

BY SOME 
by  rtidrshai; Titoma5 

President 
F & W Forestry Services, Inc. 

Albany, CA 

companies and lawn and garden stores in 
metropolitan areas. 

Timberland owners considering the sale 
of their pine straw need to weigh the pros 
and cons carefully. Raking pine straw 
generates periodic income to the land- 
owner ranging from $5 to $75 per acre 
frorn sale of the straw everv few years. In 

shown two to five times more needle bio- 
mass as a result of f e r t i l w .  But i t  
should be noted that fertilization cannot 
replace the lost ornanic matter. 

In the past, some operators harvested 
strawwrthout the landownefs knowledge 
or consent. This problem was addressed by 
the Georgia General Assembly during its 
1989 Session with legislation that regulates 
the activities of pine straw operators.&c- 
tive July 1, 1989 any sale of pine straw in 
Georgia must be accompanied by a "cer- 
titicate ot harvest" signed by the owner of 
the land from which the straw was harvest- 
ed. The Georgia Forestry Commission 
maintains a "Pine Straw" directory listing 
producers and buyers, which i s  available 
by contacting yotlr iocal GFC ofi~ce. The 
directory wil l  be revised this spring, 

addition, pine straw raking hay  reduce the Landowners should consider selling their 
risk o i  fire hazard without the use of pine straw only if there i s  a specific need 
prescribed burning, and sonie straw oper- for income, and then sell the straw for a 
ators, in exchange tor long-term leases, wil l  lump sum or per-acre price. To avoid long- 
oifer to deaden hardwoods in timber term effects, forests should be raked only 
stands, which lessens hardwood cornpeti- once or twice during the life of the pine 
tion and increases straw value. plantation. Until research proves other- 

However, because pine straw in- wise, fertilization after each rakina i s  ad- 2 
dusty is new, little scientific research i s  vised. 4 

available to assess the long-term effects of 
straw removal on forest growth. Several 
Southern forestrv schools, including the 
University of Georgia School o i  Forest 
Resources. are now co.nducting research 

_on straw ren~oval. 
Some landowners who sell their straw 

apply fertilizer 10 offset the nutrient loss. 
Research at the University o i  Florida has 

Member Associetion d Consu16ng Forsstsn 
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PINE STRAW MANAGEMENWIN FLORIDA'S FORESTS 

INTRODUCTION 
Managing for pine straw is a relatively new enter- 

prise in Florida's pine forests. Pine straw is composed 
of the needles that annually fall from pine trees. This 
freshly fallen ~ i n e  straw can be raked, baled and sold 
to garden centzrs. Landscapers and homeowners use 
pine straw as a mulch or ground-cover in gardens and 
landscaping. 

The easiest way to get started in pine-straw man- 
agement is in an already established stand of pines 
that is a t  least 8 years old. Slash and longleaf pines 
are the two Florida pine species that can be baled. 
Needles of the other pines are too short to be baled 
properly and are considered to be of inferior quality 
by landscapers. The pine stand which is to be raked 
must contain undecayed fresh pine straw, must be 
free of other vegetation in the understory, and must 
be cleared of all twigs and limbs before raking. 

The biggest concerns over pine-straw management 
are the possible negative effects on tree growth and 
soil productivity. Pine needles serve as a cover for the 
soil and also recycle many of the nutrients that pine 
trees need for growth. By removing the pine needles, 
the soil is exposed to erosion and nutrients are re- 
moved from the ecosystem. To avoid long-term effects 
of pine-straw management, it is advisable to rake an 
area only two to four times during a 25yea.r rotation 
(Figure 1). 

NATURAL PRODUCTION OF PINE STRAW 

When to Rake During the Year 

Pines grow in height during the spring and sum- 
mer, at these times they are also growing pine nee- 
dles. The needles stay on the pine tree for two years 
providing food for the tree through the process of 
photosynthesis as well as many other important func- 
tions. After needles are two years old they turn brown 

to the forest floor. 

rest on the soil surface which have not been mixed with 

All the plants growing under the main stand of pines. 

The time from planting of pine seedlings to the harvest 
of pine trees. (Usually 20 to 30 years for slash pine.) 

Figure 2. Oaity pine needle fall over a year (adapted from 
Ghoh 1989, unpublished data). 

and fall from the tree. This can occur anytime during 
the year but  the greatest needle fall is during the 
autumn months (September through Novem- 
ber)(Figure 2). Consequently, the best time to rake 
needles is during winter. There is atso less rainfall 
during the winter so the pine needles are drier which 
makes raking and baling easier. 

When to Rake During the Life of A Pine SPand 

Needle-fall in a pine stand increases with age to 
a peak a t  age 15 years (Figure 3). There is a slight 

Figure 1. Some useful definitions for pine-straw manage- Figure 3. Annual pine needle fall over 35 years in a slash 
'; me* pine plantation (Gholz et a1 1985). 



* Pine plantations in Florida can be managed for pine straw by raking, baling, and 
selling freshly fiillen pine needles to homeowners or garden centers. 

4 The greatest needle fall is during the a u t u m  months (September through 
November) and, hence, the best time to rake needles is during winter. 

A blanket of pine needles on the forest floor serves many important purposes for 
the forest; some of these include: recycling nutrients to be used for tree growth, 
providing food and habitat for RnimzllR, and protecting the soil from erosion. 

0 Because of these important benefits of pine straw to the forest, we recommend that 
.. the raking and baling of pine straw be lm&d to two to four times during the life 

of a plantation. 
d 

+ The best -time during the life of a pine stand to begin' raking is around 8 years when 
pine-straw yield will be between 100 to 150 bales per acre. The maximum yield is 
at  age 15 (200 to 300 bales per acre). 

+ Ln the most commonly employed method for pine-straw management, the landowner 
sells to a pine-straw company which will rake, bale, and et  the pine straw. 
Payment is usually on a per acre basis. 

o The management steps for a pine-straw operation include developing a management 
plan, controlling weeds, raking and baling pine straw, and selling the pine straw. 
Fertilizing the pine s t a ~ d  may increase tree growth and pine-straw production. 

Mary L. Duryea is an Assistant Professor, Department of Forestry, University of Florida, Gainesville, 
Florida 32611 and James C. Edwards is an Assistant Professor, Cooperative Extension Service, Florida 
A 8t M University, Tallahassee, Florida 32307 



decline in needle fall after age 15 but i t  remains rela- 
tively constant through age 35. The best time during 
the life of a pine stand to begin raking is around 8 
Y-- 

wnv FORESTS NEED PINE STRAW AND 
THE EFFECTS OF REMOVING IT 

A blanket of pine needles on the forest floor 
serves many important purposes for the forest (Figure 
4). Some positive benefits are: 

+ Nutrients (such as nitrogen, phosphorus, and 
potassium) in the pine needles are recycled as 
they decay and the trees take up these nutrients 
and use them to . Decayed pine needles 
become part of the soil's organic matter which 
holds nutrients making them more available for 
trees and other plants. Nutrients are also stored 
in the Litter, for example, by age 30, a pine forest 
has as much phosphorus in the forest floor as in 
the trees (Gholz e t  aL 1985). 

O Pine litter provides food and habitat for many 
animals. These animaln (for example, earthworms 
and beetles) help decompose the litter and are a 
source of food for many species of wildlife such 
as birds, fr-ogs, and turtles. 

Pine litter helps insulate the soil h m  extremes 
in temperature and moisture. It also protects the 
soil from rain, reducing erosion. 

The fresh and partially-decayed pine litter has 
great water-holding capacity, thereby providing 
water for tree The litter layer can also 
reduce evaporation of water from the surface 
making more water available for trees. 

%awe A A btankel of pine needles on the b a s t  floor can 
sslvemanyim P" for t b  forest 

; Because of the benefits of pine straw to the for- 
est, repeated removal of the pine straw (every 1 to 2 
years) may have M c  effects on a forest stand. 
Research data on long term eflects of pine manage- 
ment on Florida's forests is limited. Some passile'  
negative effects are reduced bee growth ( M U  et 
a1 1979), tree mortality if trees are damaged by mach- 
inery, a change in the wildlife in the forest with a re- 
duction in some animals such as birds, in soil @ 

erosion and lower soil productivity. 

removes no more 
duced by the pines, insuring that pine litter can build 
up and protect the soil between ra'ldngs. 

MARKETING .OF PINE STRAW 
Landowners may market pine straw in two ways: 

1. The landowner rakes, bales, and seIls pine 
straw directly to the consumer or  retailer. 
Payment is on a per bale basis 54. - 

2. The landowner sells to a pinestraw 
which will rake, bale, and el the pine 
straw. Payment is usually on a per acre basis 
(Figure 5b). 

The second method is most common because the 
landowner spends little time and money d 
opepation and does not need to 
Steps invoked include: 

1. Landowner obtains competitive bids from seve- 
ral companies (Bids are usually made on a per 
acre basis). 

2. ' h d o w n e r  and-pine-straw company (contrac- 
tor) draw up a contract with conditions of sale, 
and provisions including date of 
what is to be done if trees are 
of the baling. 

a Contractor pays landowner. 

P rakes, bales, and sBip pine e w .  

VIEmS OF PINE STRAW 
If you when a pine stand is 6 

old, the yi e relatively law (50 to 75 
per acre). As we previously mentioned, to avoid pa- 

af h q u e n t  removals, we rec- 
to 4 tirnes during the life of 
e rotation). At age 10, pine- 

urn yield is a t  age 15 (20 to 300 Mes 



consumer, and b) Landowner accepts a per acre bid and draws up a contract with a pinestraw contractor. 

per acre) CFigure 6). Thereafter, there is a slight de- 
crease lo approximately 200 bales per acre. Because 
of these differences in yield over the life of a stand, 
it is important that the landowner obtain competitive 
bids for each year of baling. 

MANAGING FOR PlNE STRAW 
The easiest way to get p i n e m w  man- 

agement is in an already e ed plantation of 
pines that is around 8 years of age. Another altema- 

pines on unused or marginal cropland 
est pine straw 8 years &r pine esta- 

blishment The following are management steps in an 
established stand of pines: 

9. Develop a nzanlagernent plan. To success- 
fully begin an& manage a pine-straw enter- 
prise, it is important to have a management 
p h .  Ten of the steps to establishing a plan 
rare included in EAS C 810 , "Alter- 
native Enterprises For Pour Forest Land" 



(Duryea 1988) and indude: defining yo& ob- 
jectives and level of involvement, investigating 
marketing potential, and deciding what kind 
of assistance you will need (Figure 7). Steps 

.- for determining the financial feasibility of a 
new enterprise are provided in IFAS Circular 
836, "Is Your Forest-Land Enterprise Profi- 
table? (Hubbard et al. 1989). 

2. Control  weeds. The pine stand must be free 
of vegetation in the understory because ihese 
other plants will interfere with raking (Figure 
8). Shrubs and trees can be controlled with 
herbicides or mechanical weeding. 

3. Rake pine strsw. Before raking, the area 
must be cleared of all twigs, pine cones, and 
tree limbs (Figure 9). Raking is done by hand 
or machine. When raking by hand, one or two 
persons rake the pine straw into piles which 
are later pitchforked into the baling machine. 
Machines, on the other hand, rake the pine 
straw into windrows which can then be picked 
up by hand or machine. Production is higher 
with raking machines but a disadvantage is - 
that machines easily damage pine trees. Dam- 
aged trees have reduced growth and are sus- 
ceptible to bark beetle attack and possible 
mortality especially when damaged during the 
winter dry season. 

Figure 3. Having a management plan helps insure success 
for your pine-straw enterprise. 

Figure 8. Vegetation in the understory must be comdled 
before a pine stand can be managed for pins 
straw. (a) A pine stand where understory treas and 
shrubs make raking impossible. (b) A pine stand 
where understory vegetation has been eliminated 
to allow raking of pine straw. 

4. Bale pine straw. Baling pine &raw is very 
labor intensive. A three-person crew nsually 
works on a tractor-powered baler with one 
person pitchforking the straw into the baler, 
another tying the wire around the bale, and 
another person stacking the bales (Figare 10). 
This three-person crew can produce 250 to 
300 bales per day (Stanton 1986). If the straw 
is raked into'windrows and then mechanically 
picked up and baled, production can reach 
1000 bales per day (Stanton 1986). 

5. Fertilize. Fertilizer may be used to improve 
tree growth and replace some of the nutrients 
that are removed with raking. Fertilization 
may also increase pine needle (pine straw) 
production; studies have shown two to five 
times more needle biomass after fertilization 
(Jokela 1989, unpublished data; Colbert 1988). 
(For more information on fertilization of pine 
stands, see Kidder et al. 1987). 



Figure 9. (a) Before raking, the area must be cleared of all 
twigs, pine cones and tree limbs. @) Raking by 
hand is the most common method of raking. 

Figure 10. A three-person crew usually works on a tractor- 
powered baler with one person pitchforking the 
straw into the baler, another Wing the wire around 

It is advisable to consult with these people for assist- 
ance in forest management planning, contract negotia- 
tions, financial analyses, marketing, and many of the 
other important steps in planning and ment 
of a pine-straw enterprise. 
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Assistance for pine-straw management is avail- 
able through County Extension offices, Rorida Divi- 
sion of Forestry, university personnel, and consultants. 




