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Abstract 

Chemical site preparation is used to enhance the productivity of loblolly pine plantations; 

however, it is most often combined with other methods and/or chemical release, and has been 

studied little on its own. Our study, conducted in the Virginia piedmont, compares the effects of 

various site preparation applications of imazapyr and their timings (July 23rd, September 3rd, & 

October 1st 2005) against a year-two chemical release (September 12th 2007), and an untreated 

check, all following a site preparation burn (June 15, 2005). Testing for additive effects, site 

preparation treatments were conducted with and without sulfometuron methyl (SMAX), which 

targets herbaceous vegetation. Half of all treatments, including the check and release, received a 

year-one weed control treatment (H) of imazapyr and SMAX. Pines were measured every few 

years, including the latest measurement in year 14 (2019). Competing hardwood vegetation basal 

area was measured in year 14. All site preparation treatments reduced competition levels 

compared to the check, and an inverse relationship exists between competition level and pine 

volume. Adding SMAX resulted in less effective competition control, but had little effect on pine 

volumes. Adding H decreased average competition levels, and increased pine volumes. H 

treatments had the most effect at improving early season (July) applications. September and 

October treatments generally had more effect than July and the year-two release at controlling 

competing vegetation, and also showed higher individual pine tree volumes than all other 



treatments. Chemical site preparation treatments, even performed alone, appear to be valid 

means of improving pine stands. 
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General Audience Abstract 

Competing vegetation has a negative effect on planted pine production. Areas are often prepared 

with herbicides or mechanical removal of vegetation before crop-trees are planted (site 

preparation), or receive herbicide treatments after planting (release), to reduce levels of 

competition. Our study focuses on pre-planting herbicide (imazapyr with and without 

sulfometuron methyl) use at different timings (July 23rd, September 3rd, & October 1st). A 

chemical that targets herbaceous vegetation (sulfometuron methyl) was included in half of the 

pre-planting treatments, and half of all treatments, including the otherwise untreated check and 

year-two release, received an added weed control treatment in year-one. This was done to test for 

potential additive effects of chemical vegetation control options on pine productivity. September 

and October treatments have a greater effect at controlling competition 14 years since treatment 

and increasing pine volumes than the July, year-two release, and check. The added herbaceous 

control increased competition levels on average, without having an effect on the planted pine 

volumes. The year-one weed control decreased competition levels, and increased pine 

productivity, particularly within the July treatments. Overall, preparing sites with herbicide is 

beneficial to the pine stand, even when performed alone. Adding the herbaceous vegetation 

control is likely not necessary, and the extra year-one weed control may provide a boost to 

herbicide treatments applied earlier in the season. 
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I : Literature Review of Loblolly Pine Management 

Introduction 

Economic Importance of Loblolly Pine 

Loblolly pine (Pinus taeda L.) is one of the most commercially important timber species in the 

United States (Baker & Langdon 1990). It is utilized around the world as lumber for building and 

as pulp for paper production. Naturally regenerated loblolly pine stands have shown mean annual 

increments between 2 to 3 m3 over a 25-year rotation, while intensively managed loblolly pine 

stands have shown mean annual increments of 9 to 12 m3 over the same time period (Carter & 

Foster 2006). Loblolly pine’s adaptability to a range of site conditions and fast growth rate help 

make it the most commonly planted and utilized tree species in the southeastern U.S. (Oswalt et 

al. 2019). Loblolly pine plantations make up about 3% of all forest land in the United States, and 

account for 17% of industrial planted land (Smith et al. 2004). According to Oswalt et al. (2019), 

loblolly pine makes up 25% of the total U.S. softwood market, and over 70% of the southeastern 

softwood market.  

Silvics 

The natural range of loblolly pine lies predominantly in the southeastern U.S., but extends from 

New Jersey along the Atlantic coast to Texas. It is found on a variety of sites in 14 states, 

ranging from low level elevation in the coastal plain to 600 meters (Gaby 1985). Loblolly pine 

prefers wetter habitats, but is adaptable and can grow in many soil types. The range of loblolly 

pine has been expanded through the use of plantations in the U.S., along with several countries in 

South America, Africa, and Asia (Schultz 1999).  
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Climate models predict increased temperatures in the future, along with changes in precipitation, 

generally trending towards warmer and wetter, which would be more conducive to loblolly pine 

productivity (Burkhart et al. 2018). However, certain areas within loblolly pine’s range are 

expected to receive drastically lower rainfall, which would, in-turn, decrease water availability 

for planted pines (Wear and Greis 2010). With decreased water availability, we could see 

limitations to the planted range of loblolly pine, which would place even more importance on 

plantations. 

Loblolly pine is the fastest growing of the southern yellow pine species, which includes shortleaf 

(Pinus echinata), longleaf (Pinus palustris), and slash pine (Pinus elliottii) (Gaby 1985). It is 

intolerant of shade, which contributes to its growth rate, and though it is fast-growing, it is often 

outcompeted for resources by hardwood species early in rotations (Kirkman et al. 2016). 

Intensive management practices, like site preparation, fertilization, and vegetation control, are 

often critical to successfully establish loblolly pine among hardwood competitors (Fox et al. 

2007).  

Management of Loblolly Pine 

Pine plantation hectarages in the southeastern U.S. have increased dramatically since the middle 

of the 20th century, increasing from 810,000 hectares to nearly 16.5 million hectares (Fox et al. 

2007). While pine plantation hectarages, and those of forest land in general, have increased 

steadily since the 1950s, the trend is beginning to taper off (Alig and Butler 2004). Models 

predict that plantation hectarage will stay fairly constant for the next 30 years, and that total area 

of forest land will decline (Alig & Butler 2004). As time goes on, the population continues to 

grow, which results in higher demand for timber products, and a continued decrease in forested 

land (Alig & Plantinga 2004). Wear and Greis (2012) project that 12 to 17 million hectares of 
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forest land in southern U.S. will be converted to urban land by 2060. Also, increased competition 

from overseas markets, along with an often-devalued timber market, limits profits and adds to 

the urgency of silvicultural efficiency (Mac Donagh et al. 2019). Even forest industry lands are 

being sold or converted to other, more valuable land uses (Jokela et al. 2010). All this added 

strain on the forest resource means we have to produce more wood fiber with less land, and as 

cheaply as possible. Fortunately, the increased investment in pine plantations over the years has 

resulted in greater plantation efficiency (Fox et al. 2007). 

In the 1950s, average pine production was around 6 m3 ha-1 year-1. By the end of the 20th century 

advances in silviculture and plantation management, specifically in the fields of genetics, 

fertilization, site preparation, and control of competing vegetation, had brought that average up 

to nearly 28 m3 ha-1 year-1 (Fox et al. 2007), and also greatly reduced rotation lengths. 

Unmanaged, natural loblolly stands can take upwards of 50 years to reach sawtimber size while, 

conversely, managed stands can reach sawtimber as quickly as 25 years (Cunningham et al. 

2008). Prestemon and Abt (2002) predict that ongoing silvicultural research will continue to 

produce increases in efficiency. On the low-end of estimates, yearly volume per hectare growth 

could increase by 75% on industrial plantation land by 2040. Using estimates from Fox et al. 

(2007), this would result in a growth rate increase from 28 to 49 m3 ac-1 yr-1 in loblolly pine 

plantations.  

Silvicultural research and technical advancements involving different silvicultural inputs, 

including site preparation, fertilization, and vegetation control, have been the keys to increased 

plantation efficiency. These treatments are often used singly or in conjunction with others to 

improve survival and resource availability of target species (McCullough et al. 2005). Site 

preparation can involve manipulation of the soil and removing competing vegetation before 
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stands are planted. Site preparation vegetation control can be achieved chemically, mechanically, 

and with prescribed burns. Site preparation has become an integral part of the regeneration 

strategy in pine plantations (Fredericksen 1991). Fertilization involves application of nutrients 

into the stand, with the objective of increasing the target species’ access to them.  

Site Preparation 

Controlling competing vegetation through site preparation is essential for loblolly pine to ensure 

high survival rates in intensively managed loblolly pine plantations (Clason 1993, Glover and 

Zutter 1993, Lauer and Glover 1998, Miller et al. 2003). Loblolly pine grows well in full 

sunlight; however, other hardwood species often outcompete loblolly pine in newly established 

plantations (McKee 1989). Site preparation can be achieved mechanically, chemically, or 

through the use of fire. Control of competition reallocates nutrient and water resources to the 

crop species (Allen and Albaugh 2000). In this way, site preparation has been shown to mimic 

the effects of fertilization. In certain site-prepared stands, planted trees respond to increased 

access to nutrients as if the nutrient supply had been enhanced via fertilization (Albaugh 2013). 

Some of these gains are temporary, but there have been instances where effective control of 

hardwoods has resulted in increased growth rates throughout the rotation (Allen 1990). 

Mechanical site preparation exists mainly in the forms of chopping, disking, shearing, bedding, 

and ripping, and is generally more expensive than fire, chemical treatments (Dubois et al. 2000) 

or fertilization. However, mechanical site preparation is the only means by which physical soil 

properties can be altered. These methods of site preparation require specialized, heavy equipment 

and an operator, and the expenses are unlikely to be offset by responses in growth (Carlson et al. 

2014). Misuse of heavy equipment poses a risk of compacting the soil, which can have adverse 

effects on plant vigor and seedling growth (Stransky 1981). Many mechanical techniques remove 
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biomass from the system, which may remove substantial nutrients for future growing stock, 

limiting production potential (Piatek & Allen 2000).  

Chemical site preparation involves the use of herbicides to control competition prior to planting, 

whereas chemical release involves applying herbicides to competition after stand establishment. 

Imazapyr is an effective herbicide at controlling annual and perennial grasses, herbaceous 

species, vines, and many deciduous trees, and is used extensively in plantation settings. The 

chemical is absorbed by leaves and roots and accumulates in the meristem, or area of active 

growth. It limits protein production, which eventually kills the plant. Imazapyr is non-selective in 

terms of its target species, so care must be taken to apply it only to species that are desired for 

removal. It is generally applied at a rate of 2.3 to 4.7 liters per hectare for site preparation 

treatments, and between 1.75 and 2.9 liters per hectare for chemical release (Lowery & Gjerstad 

1991). Sulfometuron is a pre- and postemergence herbicide used for controlling herbaceous 

species, and, once absorbed by roots or foliage, works by blocking cell division in meristematic 

tissue. 

Fire is also used to prepare sites, and is the least expensive method, followed by herbicide and 

mechanical treatments (Dubois et al. 2000). However, fire can also remove biomass and nutrients 

from the soil. According to Neary et al. (2000), mechanical treatments have the greatest negative 

effect on soils, followed by fire. There is generally an increase in effectiveness of combined 

treatments over those applied in isolation, like pairing mechanical site preparation and chemical 

vegetation control (Allen & Wentworth 1993). In a study measuring loblolly pine foliar biomass 

production, Piatek and Allen (2000) noted that treatments without a chemical component had 

significantly lower levels of foliar production, brought on by higher presence of competing 

hardwood vegetation. Chemical treatments are successful at reducing hardwood competition, 
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both in terms of height and total volumes, and can increase growth responses in the crop pines 

(Quicke 1996).   

Chemical site preparation is more likely to target the root systems of competing vegetation and 

prevent future sprouting that otherwise may not be controlled under mechanical site preparation 

or fire. Also, there is little to no soil compaction or physical disturbance to the site, and no 

biomass is removed (Lowery & Gjerstad 1991). Chemical treatments cost less than mechanical 

treatments, both in terms of economics and potential damage to the site, and are generally more 

effective at controlling competing vegetation than fire or mechanical means (Shiver & Martin 

2002). 

Timing of site preparation treatments has historically been limited. Studies have shown that more 

effective control is attained from treatments applied later in the growing season, from June 

through September (Lauer & Quicke 2006). Later season treatments can have continued effects 

through the next growing season, especially with soil-active herbicides like imazapyr (Lauer & 

Zutter 2001). Quicke et al. (1996) demonstrated that late summer imazapyr treatments provided 

better hardwood control than spring treatments. Continuing to tailor application windows can 

lead to more precise control, and a reduction in wasteful, ineffective off-season applications. 

Soil Water  

Most existing soil-water studies in loblolly pine stands involve adding water to the system via 

irrigation and tracking growth responses in the crop trees (Abrahamson et al. 1998, Albaugh et 

al. 1998, 2004). These studies have shown that water is generally not as limiting of a factor to 

growth as nutrients in the southeastern US.  
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Water volume influences soil organic nitrogen and other nutrient-availabilities. Soils with higher 

moisture content show greater mineralization of nitrogen, or its breakdown into organically 

available forms for plant utilization (Stanford & Epstein 1974). If soil-moisture increases with 

competition removal, it will also increase nitrogen availability for crop trees. However, too much 

moisture can have as negative an effect on nitrogen availability as too little moisture. Non-

deciduous conifers, like loblolly pine, use 20% more water throughout the year than hardwoods 

(Sun et al. 2004). Vanclay (2009) demonstrated that plantations utilize more water than natural 

systems, but there is little consensus on the reasons for this. These reasons range from higher 

density of growing stock necessitating increased moisture uptake, to changes in soils from stand 

establishment or land-use change (Vanclay 2009). Also, according to Vanclay (2009), many of 

the questions regarding water use in pine plantations have yet to be answered sufficiently, and 

those that have could be done in more detail. 

Liu & Dickman (1996) report that increased N availability increases a plant’s growth efficiency. 

Water-use-efficiency has also been shown to increase with higher levels of available N (Brueck 

2008). Increasing N availability through competition removal and fertilization may increase soil 

moisture and its availability to crop trees. 

Alterations in forest cover type change the mean annual water flow and increase variability in 

water flow seen throughout the year (Brown et al. 2004). There are few studies that measure the 

effects of competition on soil water availability, or on competition for soil water between 

overstory trees and understory vegetation. Hawthorne et al. (2013) showed that thinning 

treatments increase water availability in loblolly pine plantation systems. In a 9-12 year-old 

Monterey pine (Pinus radiata) plantation in New Zealand, Richardson et al. et al. (2002) showed 

that the presence of competing vegetation in the understory contributed to significant growth 
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reduction in the overstory. While the removal of competing vegetation occurs on a smaller scale 

than forest cover type change, the same principles of increased water flow likely still apply. 

As climate change makes weather patterns less predictable, soil water is likely to become a more 

variable and potentially limiting factor to pine plantation growth. Predictions state that wet areas 

will become wetter, and dry areas will become drier, and that variation will increase across all 

systems (Dore 2005). If controlling competition can reallocate moisture to crop trees, 

precipitation decreases may be mitigated. 

Conclusion 

As the population has grown, demand for timber products has risen, and a subsequent strain has 

been placed on forest land. With these changes, intensive management of timber species, like 

loblolly pine, has become increasingly important. Constant changes in land use and the climate 

will add to the strain. Fortunately, ongoing research in plantation forestry should be able to meet 

these demands. This will necessitate continued streamlining of silvicultural prescriptions and 

providing appropriate treatments to appropriate sites. 
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II. Loblolly Pine Growth and Competition Response to Varied Chemical Site Preparation 
Treatments 14 Years After Establishment in the Piedmont of Virginia 

 

Introduction 

Loblolly pine (Pinus taeda L.) is one of the most commercially important timber species in the 

United States (US) (Baker & Langdon 1990). It is utilized around the world for building 

materials and paper production. Owing to its adaptability to a range of site conditions and fast 

growth rate, loblolly pine is the most commonly planted and utilized tree species in the 

southeastern U.S (Oswalt et al. 2019). According to Oswalt et al. (2019), loblolly pine makes up 

25% of the total U.S. softwood market, and over 70% of the softwood market in the southeastern 

US. The forest products industry in the South is an important economic driver in the region, 

employing 470,000 individuals and generating $133 billion of gross output, upon latest 

assessment (Dahal et al. 2015). 

Population growth and subsequent demand for timber make efficient management of pine 

plantations a priority in forestry (Fredericksen 1991). Models predict that plantation acreages 

will stay fairly constant over the next few decades, and that total acreages of forest land will 

eventually decline (Alig & Butler 2004), placing added strain on the forest resource and its 

managers to produce more wood fiber with less land (Alig & Plantinga 2004). 

Over the last 60 years, average pine plantation production has increased from approximately 6 

m3 ha-1 year-1 to 28 m3 ha-1 yr-1 and rotation lengths have been reduced by half (Cunningham et 

al. 2008), due to silvicultural advances (Fox et al. 2007). Plantation production has been 

forecasted to increase yearly volume growth increases of nearly 75% by 2040 (Prestemon and 

Abt 2002).  
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Silvicultural inputs include genetics, site preparation, fertilization, and control of competing 

vegetation (Fox et al. 2007). Variations of these inputs are used singly or often in conjunction 

with one or more other to improve survival and resource availability of target species 

(McCullough et al. 2005). While long-term studies are frequent for many of these inputs, there is 

a relative paucity of literature on the long-term effects chemical site preparation on loblolly pine 

plantation productivity. 

Controlling this herbaceous and woody competing vegetation before stand establishment is a 

form of site preparation. Site preparation can be achieved chemically, mechanically, and with 

prescribed burns, and has become an integral part of the regeneration strategy in pine plantations 

(Fredericksen 1991). Chemical site preparation treatments are commonly utilized to control 

competing woody and herbaceous vegetation when establishing loblolly pine plantations in order 

to achieve early survival and growth (Fredericksen 1991). Chemical site preparation treatments 

use herbicide to control specific vegetation types, generally woody and herbaceous plants, and 

are applied prior to planting the crop species. Controlling competition allows crop species greater 

access to light and nutrients (Allen and Albaugh 2000). Compared to more costly mechanical site 

preparation treatments intended to, in part, control competing vegetation, like disking and 

chopping, chemical treatments tend to result in greater long-term competition control, and 

increased planted-pine productivity (Nilsson and Allen 2003). Chemical site preparation also 

reduces the risk of long-term site degradation intensive mechanical treatments may cause to 

long-term site productivity (Lowery and Gjerstad 1991). While loblolly pine is a shade-

intolerant, fast-growing species, it is often outcompeted for resources by hardwood species 

(Kirkman et al. 2016). Since woody vegetation is generally shade tolerant, they often form dense 

understories in pine stands by mid-rotation, and if not controlled after harvests, competing 
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woody species can reduce future plantation growth (Burns & Honkala 1990). Herbaceous species 

are also known to negatively influence loblolly pine establishment, and can greatly reduce pine 

volumes if not controlled in the early, establishment stages of stand development (Miller et al. 

1991). Control of woody competition has been found to increase pine volume 10-150% (Miller 

et al. 2003) and herbaceous control 4-50% (Miller et al. 2002) over 15 years. Complete and 

sustained control of competing vegetation has resulted in substantial production gains in loblolly 

pine stands (Borders and Bailey 2001).  

The appropriate timing of chemical site preparation treatments in establishing loblolly pine 

plantations has been under investigation for several decades (Martin & Shiver 2002, Quicke et al. 

1996, Glover & Zutter 1993, Knowe et al. 1992). Resource managers are often challenged by the 

economic appeal of delaying treatment after the site has become established. The degree to 

which a chemical release treatment (one or more years post-planting) in lieu of a chemical site 

preparation treatment might reduce stand-wide productivity is not well-documented (however, 

see Zhao et al. 2008, Busby et al. 1998, Quicke et al. 1996). The negative effects of competition 

on crop tree growth during establishment are thought to accrue over time as the competition-

based reduction in crop tree growth facilitates greater growth of competitors (Harrington and 

Tappeiner 1991), thus delayed control of competition may prevent these systems from 

recovering productivity lost in the early years of growth.  

The source of negative competitive interactions over time have been found to shift from 

herbaceous species to woody competition as loblolly pine plantations develop (Miller et al. 

1991). Herbaceous species, like broomsedge (Andropogon virginicus), are considered to worsen 

soil water limitations during dry seasons but otherwise have negligible effects on soil water 

availability (Mitchell et al. 1993). However, responses to herbaceous weed control have been 
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found to be site-specific and dependent upon levels of abundance (Lane et al. 2011). In the 

Pacific Northwest, competing vegetation were significant sinks for soil nitrogen (N) when grown 

along planted conifers, sequestering approximately 14 to 25% of available N. Control of 

herbaceous vegetation has been known to result in higher levels of woody vegetation, and reduce 

pine diameters by 24% (Miller et al. 1991). 

Studies on chemical site preparation alone are somewhat rare, but evidence shows that chemical 

components of combined site preparation treatments are effective at controlling competition 

(cite). Chemical treatments also have less risk of erosion and soil damage than mechanical 

preparation treatments (Allen et al. 2005), and chemical treatments are generally much cheaper 

and quicker to apply than mechanical treatments (Allen et al. 2005). 

Release treatments also involve applying herbicide to competing vegetation, but they are applied 

after the crop species has been planted and established. Release treatments are often used in lieu 

of chemical site preparation treatments, but may be used in addition to chemical or mechanical 

preparation. Removal of vegetation after the stand is established has been shown to have a 

positive response in planted pine volume. For release treatments in Quicke et al. (1996), average 

pine diameter at breast height (DBH) increased by 15% compared to a control. Fortson et al. 

(1996) showed that releasing pines from competition, even late into the rotation at ages 12 to 16, 

can have a positive effect on pine volumes, with increases of 9 to 16% over the control. 

To address questions remaining regarding the long-term (14-year) effects of the timing of 

chemical site preparation and first and second year release treatments on loblolly pine 

productivity, we developed the following study. In loblolly pine stand in the piedmont of 

Dillwyn, Virginia we tested various chemical site preparation treatments and application timings 

to an untreated check, and a conventional year-two release Specifically, we tested the following:  
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(i) the effect of chemical site preparation treatments on competing vegetation and subsequent 

pine volumes, and whether their application timing further influenced their effectiveness; (ii) the 

effect of adding an herbaceous weed control chemical to the site preparation application 

(sulfometuron methyl ;SMAX) on competition control and pine volume growth; and (iii) the 

effect of an added year-one herbaceous and hardwood vegetation control treatment (H) on 

competition control and pine growth across all treatments, including the check and year-two 

release. 

We hypothesized that chemical site preparation treatments would decrease levels of competition 

compared to the control and year-two release, and that with lower competition levels we will 

subsequently have higher pine volumes in year 14. Later season treatments have been shown to 

last longer into the next growing season, and our September and October treatments will likely 

have greater effects at controlling competition than the July treatments, which hypothesized 

would result in greater pine volumes. Adding the year-one weed control, and SMAX, we further 

hypothesized would have additive effects on both controlling competition and increasing pine 

volume. As competition level decreased, we expected to see an increase in pine volumes. 

Methods 

 

Study Site 

The research site was in a loblolly pine plantation located in Dillwyn, Virginia, 24 km northeast 

of Appomattox, in the Appomattox-Buckingham State Forest (Figure 1). The site was maintained 

by the Virginia Department of Forestry (VDOF), in stand AB-0708 of the Glover Management 

Unit (37°26’10” N 78°39’17” W). Mean annual precipitation in the area is 89 to 117 cm, and 

mean annual air temperature is 6 to 20 degrees Celsius. Average annual frost-free periods are 
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156 to 189 days. Soils at the study site are classified as the Littlejoe silt loam series: fine, mixed, 

sub-active, mesic Typic Hapludults. They are deep, well-drained, and moderately permeable. 

There is minimal topographic relief across the site, with total elevation changes of less of than 5 

m.  

 

Figure 1. Location of the study site in Dillwyn, VA 

The Appomattox-Buckingham State Forest was established in 1954. Prior to its incorporation 

into the State Forest, most of the land was open and used for farming. However, due to poor 

farming practices, soils were eroded and depleted, and by the 1930s much of the land was 

deemed unproductive and abandoned. When the land was no longer farmed, much of it grew into 
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native pines. Under the administration of the VDOF, the forests have been managed, with many 

areas designated as single-species loblolly pine plantations. 

Treatments and Experimental Design 

In the summer of 2005, the experiment was established to compare the effects of various 

chemical weed control mixtures and the timing of their applications on loblolly pine growth. The 

study was installed in a complete randomized block, split-plot design with three replications per 

treatment (Figure 2). The eight whole-plot treatments included six chemical site preparation 

applications, a year-two release, and an untreated check. The split-plot tested the effects of year-

one herbaceous and woody vegetation control treatments (H). Study plots were approximately 13 

by 9.75 meters. Second-generation orchard-mix loblolly pine seedlings from the VDOF Garland 

Gray Forestry Center were planted on a 3 by 3 meter spacing, at an average density of 1175 trees 

per hectare in March of 2006. Trees were tagged and remeasured upon each measurement entry 

in years 5, 7, 10, 12, 14 since study establishment.  

Two chemical mixtures were used in the six site preparation treatments (Table 1). Both mixtures 

contained 2.9 L of Chopper ® (imazapyr; non-selective, targets herbaceous, hardwood, and 

woody vegetation) at a 1% solution per hectare. Half of the site prep treatments contained an 

added 220 mL per hectare of sulfometuron methyl (SMAX; targets herbaceous vegetation, off 

patent in 2005, Treatments 2, 4, & 6 received SMAX), to determine added effects. Treatments 1 

and 2, were applied in mid-summer on July 23, 2005, treatments 3 and 4 in late summer on 

September 3, 2005, and treatments 5 and 6 in early fall on October 1, 2005. Treatment 7 served 

as an untreated check. Treatment 8, the year-two release, consisted of an 877 mL per hectare of 

imazapyr, applied on September 12, 2007, without any prior chemical site preparation. Half of 

all treatments, including the release and untreated check, received a year-one (April 14, 2006) 
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herbaceous and hardwood weed control treatment of 0.29 L ha-1 Arsenal ® (imazapyr) with 0.14 

L ha-1 of sulfometuron methyl (denoted throughout an “H”). The other half received no 

additional treatment.  

The site was burned on June 15, 2005, a little over one month before the first treatments were 

applied. Loblolly pines were measured at years 5, 7, 10, 12, and 14 of the experiment, and the 

basal area (m2 ha-1) of competing tree species were measured at age 14. 

 

Figure 2. Plot layout and treatment assignment of the chemical site preparation study in the Appomattox-
Buckingham State Forest, Virginia. P = plot, B = experimental block, T = treatment number, and H = year-one 
vegetation control. Plots with no treatment designations (45, 46, 49, 50, and 53-56) were not used in this study. Plots 
are color-coded by season of treatment application. 
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Treatments 

Treatment Number Application Date† Treatment 

1 & 1-H†† July 23, 2005 2.92 L Chopper 

2 & 2-H July 23, 2005 2.92 L Chopper + 219 mL SMAX 

3 & 3-H September 3, 2005 2.92 L Chopper 

4 & 4-H September 3, 2005 2.92 L Chopper + 219 mL SMAX 

5 & 5-H October 1, 2005 2.92 L Chopper 

6 & 6-H October 1, 2005 2.92 L Chopper + 219 mL SMAX 

7 & 7-H None Untreated Check 

8 & 8-H September 12, 2007 877 mL Arsenal AC + red river 
forestry oil – Year 2 Release 

†Site Prep Burn Conducted Across All Plots 6/15/2005 
††Additional Year-One Vegetation Control - Arsenal AC 292 mL ha-1 & SMAX 146 mL ha-1  
Applied 4/19/2006 (Designated by H in Table, Half of All Treatments Received) 

Table 1. Treatment designations, their application dates, and treatments received 

 

Data Collection 

Loblolly pine diameters were measured at breast height (1.37 m; DBH) and heights were 

measured in the fall 5, 7, 10, 12, and 14 years after the establishment of the experiment. DBH 

(cm), and total height (m) were used to estimate individual aboveground tree volumes (m3) 

(Tasissa et al. 1997). Competing non-crop-tree DBH and basal area were measured in the 

summer of year 14 (2019).  

Statistical Analyses 

Mixed-effects analyses of variance (ANOVAs) with repeated measures were used to test the 

fixed-effects of H (applied or not), SMAX (applied or not), and season (July 23, September 3, 

and October 1 of 2005) on individual tree volume (m3 tree-1) in a full factorial design over the 
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full duration of the experiment (14 years). ‘Block’ was used as a random effect. Post-hoc tests 

were conducted within years using Tukey’s honest significant difference for measurement years: 

years 5, 7, 10, 12, and 14 since treatment. Due to the unbalanced nature of the design, this 

factorial was assessed separately.  

Mixed-effects ANOVAs were used to test the fixed-effects of treatments applied (those 

previously mentioned) as well as an untreated check and year-two chemical release treatment on 

individual tree volume (m3 tree-1) in year 14, only. ‘Block’ was used as a random effect. Post-hoc 

tests were conducted with Tukey’s honest significant difference to determine differences among 

treatments in the final year of measurement.  

Mixed-effects ANOVAs were used to test the fixed-effects of H (applied or not), SMAX 

(applied or not), and season (July 23, September 3, and October 1 of 2005) on the basal area of 

competing vegetation (m2 ha-1) in a full factorial design for year 14. ‘Block’ was used as a 

random effect. Post-hoc tests were conducted using Tukey’s honest significant difference. Due to 

the unbalanced nature of the design, this factorial was assessed separately.  

Mixed-effects ANOVAs were used to test the fixed-effects of H (applied or not), and Season 

(July 23rd, September 3rd, October 1st) as well as an untreated check and year-two chemical 

release treatment on competition basal area (m2 ha-1) in a full factorial design for year 14. 

‘Block’ and ‘SMAX’ (applied or not) were used as random effects. Post-hoc tests were 

conducted using Tukey’s honest significant difference. 

A mixed-effects analysis of covariance (ANCOVA) was used to test the fixed-effects of 

treatments applied (those previously mentioned) in a full factorial design predicting year-14 
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individual tree volume (m3 tree-1) and using per-plot competing vegetation basal area (m2 ha-1) as 

a covariate. ‘Block’ was used as a random effect.  

Finally, a mixed-effects model was used to relate year-14 individual tree volume to year-14 plot-

level estimates of competing vegetation basal (m2 ha-1) in a regression analysis. ‘Block’ was used 

as a random-effect. 

The alpha value for all significance tests was set to p<0.05. All analyses were conducted using 

JMP Pro (v.15, SAS Institute Inc., Cary, NC 2020).   

Results 

Pine Volumes 

The three-way interaction of H x Season x Year was significant in predicting individual tree 

volume (F = 2.15; p-value = 0.03; Table 2; Figure 3). The October 1st application that received H 

showed the greatest individual tree volume across all measurements. Conversely, the July 23rd 

application that did not receive H consistently showed the lowest individual tree volume across 

all measurements. The October and September applications maintained greater individual tree 

volumes over July applications, regardless of the inclusion of H. In year 5, the October 1st 

application with H showed significantly greater pine volumes than all treatments except the 

September 3rd application without H. By year 7, while the October 1st application with H still had 

the greatest individual tree volumes, it was only significantly greater than the July 23rd 

application without H, and this trend continued to year 14. The pine volumes per treatment 

combination maintained their overall rank order from year 7 until year 14, as well: October 1st H, 

September 3rd without, October 1st without, September 3rd H, July 23rd H, and July 23rd without. 

In year 14, H treatments brought the increases in pine volume of the July 23rd from 22 to 41%. 



20 
 

This brought them more in line with those of the September 3rd and October 1st applications, 

which were averaged 47 and 53% increase in pine volume, respectively. 

 

 

Figure 3. Individual tree volumes plotted by measurement year, color-coded by season of treatment application, 
separated by year-one weed control status (0 = Did Not Receive H Treatment, 1 = Received H Treatment). 

 

The two-way interaction of Season x Year was significant in predicting individual tree volume (F 

= 6.66; p-value = <0.01; Table 2). In year 5, the individual tree volumes of the September 3rd 

(0.017 ± 0.001m3 tree-1) application were not significantly different than those of the July 23rd 

(0.015 ± 0.001m3 tree-1) or October 1st (0.018± 0.001m3 tree-1) application. However, the 

individual tree volumes associated with the October 1st application were significantly greater 

than those of the July 23rd application. By year 7, however, both the October 1st (0.045 ± 0.002 
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m3 tree-1) and September 3rd (0.043 ± 0.002 m3 tree-1) applications showed significantly greater 

individual tree volumes than the July 23rd (0.038 ± 0.001m3 tree-1) application, and this trend 

continued to year 14 (July 23rd: 0.20 ± 0.01 m3 tree-1; September 3rd: 0.22 ± 0.01m3 tree-1; 

October 1st: 0.23 ± 0.01m3 tree-1). 

Source Nparm DFNum DFDen F Ratio p-value 

SMAX 1 1 611 1.03 0.31 

H 1 1 611 4.24 0.04 

SMAX*H 1 1 611 1.75 0.19 

Season 2 2 611 8.49 <0.01 

SMAX*Season 2 2 611 1.02 0.36 

H*Season 2 2 611 2.05 0.13 

SMAX*H*Season 2 2 611 0.65 0.52 

Year  4 4 2444 3004.22 <0.01 

SMAX*Year  4 4 2444 1.07 0.37 

H*Year 4 4 2444 2.22 0.06 

SMAX*H*Year  4 4 2444 1.38 0.24 

Season*Year  8 8 2444 6.67 <0.01 

SMAX*Season*Year  8 8 2444 0.86 0.55 

H*Season*Year  8 8 2444 2.16 0.03 

SMAX*H*Season*Year 8 8 2444 0.14 0.9974 

Table 2. Summary Table of ANOVA Results for Individual Tree Volume. SMAX is Sulfometuron Methyl, H is 
Year-One Herbaceous & Hardwood Vegetation Control, Season is Season of Application. Significant terms (p ≤ 
0.05) are shown in bold. Nparm = Number of Parameters Associated with the Effect, DFNum = Degrees of Freedom 
in the Numerator, DFDen = Degrees of Freedom in the Denominator 

The two-way interaction of Season x H in year 14 was significant in predicting individual tree 

volume (p-value <0.01; Figure 4). The October 1st (0.25 ± 0.01 m3 tree-1) application that 

received H showed the highest individual tree volume. The associated individual tree volume 

was significantly greater than the July 23rd applications that did not receive H (0.18 ± 0.01 m2 
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tree-1), the year-two release without H (0.18 ± 0.01 m2 tree-1), and both the check with H (0.11 ± 

0.01 m2 tree-1) and check without H (0.15 ± 0.01 m2 tree-1). All site preparation applications 

showed significantly higher individual tree volumes than the Check with H. 

Figure 4. Average Year 14 Individual Tree Volume color-coded by season of application, with and without Year-
One Weed Control (Treatments with ‘H’ Designation received Year-One Vegetation Control). Levels not connected 
by the same letter are significantly different. 

 

Competition Levels 

The three-way interaction of H x SMAX x Season in year 14 was significant in predicting 

competition basal area (F = 11.72; p-value <0.01; Table 3, Figure 5). All October 1st and 

September 3rd applications, except for the September 3rd with SMAX without H, showed 

significantly lower competition basal area than all July 23rd applications. September 3rd 

applications that received H but not SMAX showed the lowest competition basal area, and was 
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significantly lower than all treatments, except October 1st applications without H and without 

SMAX, and the September 3rd applications without H with SMAX, and with H with SMAX.  

Source Nparm DFNum DFDen F Ratio p-value 

SMAX 1 1 610.5 19.48 <0.01 

H 1 1 609 115.39 <0.01 

SMAX*H 1 1 609 0.23 0.63 

Season 2 2 609.3 545.61 <0.01 

SMAX*Season 2 2 610.1 9.02 <0.01 

H*Season 2 2 609 111.83 <0.01 

SMAX*H*Season 2 2 609 11.72 <0.01 

Table 3. Summary Table of ANOVA Results for Competition Basal Area. SMAX is Sulfometuron Methyl, H is 
Year-1 Herbaceous & Hardwood Weed Control, Season is Season of Application. Significant terms (p ≤ 0.05) are 
shown in bold. Nparm = Number of Parameters Associated with the Effect, DFNum = Degrees of Freedom in the 
Numerator, DFDen = Degrees of Freedom in the Denominator 

 
Figure 5. Average year 14 competition basal area by season of treatment application, with (Column 1) and 
without (Column 0) H, with (Row 1) and without (Row 0) SMAX. Levels not connected by the same letter are 
significantly different. 
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The two-way interaction of H by Season was significant in predicting competition basal 

(F=99.76; p-value < 0.01; Table 4; Figure 6). All treatment combinations show significantly 

reduced competition basal area compared to both checks. All treatment combinations, except for 

the July 23rd applications without H, also show significant reductions in competition basal area 

compared to the year-two release with H. The October 1st and September 3rd applications show 

significant reductions in competition basal area compared to all other treatments. The 

competition basal area of the September 3rd application with H is the lowest of all treatment 

combinations, and is significantly lower than all other treatments except the October 1st 

application without H. 

Source Nparm DFNum DFDen F Ratio p-value 

H 1 1 810 20.53 <0.01 

Season 4 4 801.1 585.45 <0.01 

H*Season 4 4 810 99.76 <0.01 

Table 4. Summary Table of ANOVA Results for Competition Basal Area by H by Season, including the check 
and year-two release treatments. H is Year-One Vegetation Control, Season is Season of Application. Significant 
terms (p ≤ 0.05) are shown in bold. Nparm = Number of Parameters Associated with the Effect, DFNum = Degrees 
of Freedom in the Numerator, DFDen = Degrees of Freedom in the Denominator 
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Figure 6. Average Year 14 Competition Basal Area by Season of Treatment Application with and without H. 
Treatments with ‘H’ Designation received year-one vegetation control. Levels not connected by the same letter are 
significantly different. 

No significance was found in predicting individual tree volume when testing treatment effects 

combined with competition basal area as a covariate. However, volume (m3 tree-1) and 

competition basal area (m2 ha-1) were negatively correlated (Intercept = 0.234, β1 = -0.013; t = 

74.83; p-value < 0.01; Figure 7). For every unit increase in basal area of competition, there was a 

5.6% decrease in pine volume. 
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Figure 7. Linear regression for average per tree volume by competition basal area for each treatment plot, color-
coded by season of application 

 

The SMAX treatment was significant in predicting competition basal area (m2 ha-1) (F = 19.48; 

p-value < 0.01). Treatments that received SMAX showed 22% higher competition basal area 

than treatments without. 
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Discussion 

Our study tested the effects of varied chemical site preparation and release treatments on 

individual loblolly pine tree volumes over time, as well as levels of competing vegetation basal 

area 14 years after the study was established. All chemical site preparation treatment applications 

exhibited a reduction in competition basal area per ha compared to the check, with the later 

season (September 3rd and October 1st) applications also averaging less competing vegetation 

basal area than the year-two release. This is generally reflected in individual pine tree volumes, 

with the September and October applications showing the greatest volumes. Season of 

application was the most influential factor in determining the effectiveness of the treatments. The 

effects of added year-one H were less consistent. Adding the H treatment to the July 23rd 

application, however, reduced competition in year 14 and increased pine volumes. Adding 

SMAX to the chemical mixtures showed an average decrease in effective competition control, 

and showed no benefits for pine volumes at year 14. Across the study, pine volumes were 

negatively correlated to competition basal area. 

Pine Volumes 

Individual tree pine volumes were significantly greater under the October with H treatment than 

other chemical site preparation treatments by year 5. This difference was maintained through 

year 14.  In year 5, the October 1st application with H showed significantly greater pine volumes 

than all treatments except the September 3rd application without H. By year 7, while the October 

1st application with H still has the greatest pine volumes, it is only significantly higher than the 

July 23rd application without H. From year 7 this trend continued to year 14, as did the order of 

applications by their respective pine volumes: October 1st H, September 3rd without, October 1st 

without, September 3rd H, July 23rd H, and July 23rd without. 
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Without H, the September 3rd and October 1st pine volumes remained similar in year 5, 7 and 10 

and only began to deviate in years 12 and 14. For treatments with H, the July 23rd applications 

see increased pine volume gains from 22 to 41%, which are more in line with the average 

October 1st (47%) and September 3rd (53%) applications. The increased importance of H in the 

July 23rd application may have been driven by the prescribed burn treatment. The prescribed 

burn occurred shortly before the installation of the experiment, on June 15, 2005. Leaf area of 

competing vegetation was temporarily reduced and this may have impeded the efficacy of the 

chemical site preparation treatment, as the herbicides are partly foliar active. The H application 

in April of the following year likely reduced vegetation that re-sprouted post-fire. Conversely, 

The H treatments had little effect on the September applications throughout the study. 

Meanwhile, the July 23rd applications with H showed a 15% increase in pine volumes over those 

without H. 

Our volume gains from site preparation treatments ranged from 20 to 67% over the untreated 

check. Site preparation treatments in Clason (1993) increased pine productivity by 117%, from 

12.8 m3 ha-1 to 27.8 m3 ha-1. In the comparable study of Miller et al. (2003) merchantable pine 

volumes were found to increase 14-188% under woody competition control and 4-50% under 

herbaceous weed control 15-years after chemical site preparation. 

The Season x Year trends were similar to those with and without H. By year 5 October 1st pine 

volumes were higher than September 3rd, which were higher than July 23rd. This trend continued 

throughout the 14-year duration of the study. In years 5 and 7, the October 1st pine volumes were 

significantly greater than those of July 23rd, but not September 3rd. In years 10 and 12, both the 

October 1st and September 3rd pine volumes were significantly greater than those of July 23rd. In 

year 14, the trend reverted to October 1st pine volumes being significantly greater than July 23rd, 
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but not September 3rd. Late summer imazapyr applications are generally more effective than 

earlier applications (Quicke et al. 1996). Average late-summer (September 9) pine volume 

indices for Quick et al. (1996) were 29.6 m3 ha-1, and average spring (May 29) volumes were 

27.7 m3 ha-1. Though treatments differed by application rate of herbicide, the three most effective 

treatments had pine volumes of 35, 32.5, 31.1 m3 ha-1 for late-summer, and 32.6, 28.9, 28.3 m3 

ha-1 for spring. Across all of our treatment combinations, October 1st applications showed an 

average 5% increase in pine volume over the September 3rd applications, and an 18% increase 

over July 23rd applications. 

All of our chemical site preparation treatments without H showed improvements in pine volume 

relative to the untreated check, with October 1st at 24%, September 3rd at 27%, and July 23rd at 

3%. Though combining chemical and mechanical treatments has been shown to be more 

effective than either alone (Quicke et al. 1996), the chemical addition is often considered the 

more effective individual component (Shiver & Martin 2002, Fredericksen 1991). Herbicide-

and-burn treatments without a mechanical component have outperformed those with only a 

mechanical component, increasing pine volumes by 19.8 m3 ha-1 (Shiver & Martin 2002). The 

combination of all three components has been found to be the most effective of all, but involves 

greater costs and logistical effort (Shiver & Martin 2002). Therefore, perhaps the most 

operationally relevant comparison in the study may be that of the chemical site preparation 

treatments and the year-2 release without H.  

All chemical site preparation treatments exhibited a type A response, i.e. growth gains continued 

to increase over a long duration relative to the untreated check (Albaugh et al. 2015). Nilsson and 

Allen (2003) studied similar site preparation treatment effects and found a sustained and 

increasingly positive effect of chemical site preparation on pine volume over an 18-year period. 
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Increased availability of nutrients, often through fertilization, may help sustain a Type A 

response. Though we had no fertilization component in our study, vegetation control has been 

observed to provide a fertilization effect (Allen & Albaugh 2000). If successfully controlling 

vegetation encourages a Type A response, it likely means that competition is limiting pine access 

to nutrients. The effects of chemical site preparation treatments have been observed to last 

around 5 to 7 years (Shiver & Martin 2002), at which point the pines begin to overtop 

competition and reach crown closure, and are then able to provide their own form of competition 

control by shading out competitors (Cain 1991). Our site preparation treatments presumably 

allowed the planted pines to more quickly establish via less competition interference. 

Competition Level 

In our study, for every m2 increase in competition basal area, pine volumes decreased by 5.6%. 

In the southeastern US, where nutrient limitations to growth are thought to be greater than soil 

water, this relationship has been attributed to non-crop competition for soil nutrients (Vose & 

Allen 1988; Albaugh et al. 1998). Piatek & Allen (2000) found that competition with hardwoods 

reduced pine foliar production by 55%, and N and P use by 55% and 52%, respectively. Zutter & 

Miller (1998) showed that the presence of hardwoods in the long-run was more detrimental to 

pines than herbaceous vegetation, as hardwoods use a greater amount of resources. They also 

showed that controlling herbaceous vegetation often increases hardwood competition and vice 

versa. Quicke et al. (1996) also supported the idea that controlling hardwood competition would 

have a more pronounced positive effect on pine stand productivity in the long run, suggesting 

that hardwoods have a greater negative effect, as they persist longer into the rotation. 

There were no significant interactions for individual tree volumes involving SMAX as an 

additional site preparation chemical. Newly off-patent, there was interest in testing the efficacy 
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of SMAX as an herbaceous chemical control option at the time this study was established. We 

found no added benefit to pine volumes during the measurement period (year 5-14). Barnes et al. 

(1989) found that sulfometuron can impede early root growth in loblolly pine. However, they 

also found that this impediment is often overcome in future growth. Differences caused by 

SMAX may have manifested in the years prior to year 5 but dissipated by the start of the 

measurement period. This outcome seems unlikely given herbaceous competition control 

generally results in productivity gains that persist into midrotation (Miller et al. 2003). It is 

possible that positive effects of added herbaceous control were obscured by the negative effects 

of aggressive hardwood competitors that established post-chemical site preparation on these 

plots. 

All combinations, except the July 23rd application without H, also showed greater pine volumes 

than the year-two release without H. The October 1st treatment with H also had significantly 

higher individual pine tree volumes than the year-two release without H. Year-two release 

treatments were standard practice for many in the industry at the time of this study, and remains 

common practice. With herbicide-only treatments there is less risk of erosion and soil damage 

than with mechanical preparation treatments (Allen et al. 2005). Also, chemical treatments are 

generally much cheaper and quicker to apply than mechanical treatments (Allen et al. 2005, 

Shiver & Martin 2002). Studies also support that release treatments can be more effective at 

controlling competition and aiding pine growth than mechanical treatments (Quicke et al. 1996; 

Fredericksen et al. 1991). Furthermore, the reduced time-horizon before returns-on-investments 

are realized make release treatments more financially attractive to some resource managers.  

The chemical site preparation treatments seemingly continued to influence competition levels 

more than a decade after their application as all chemical site preparation treatments showed 
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reduced levels of woody competition basal area compared to our check in year-14. Other studies 

have also found chemical site preparation to greatly reduce competition from woody and 

herbaceous vegetation (Clason 1993, Glover and Zutter 1993, Miller et al. 2003). Greater 

competition levels also corresponded to reduced individual pine volumes in year-14; for every 

m2 increase of competition basal area, we measured a 5.6% decrease in individual pine volume. 

This agrees with similar studies (Nilsson and Allen 2003; Zhao et al. 2008), though some 

competition present early in the study has presumably been out-competed and died since crown 

closure. Our check plots, however, suggest that, without vegetation control, competition greatly 

impedes crop-tree growth, as has been documented by others (Clason 1993, Cain 1991, and 

Ferreira 2020).  

Competition basal areas related to the SMAX by H by Season interaction are generally higher 

with SMAX, and lower with H or later season application (October or September). The only 

significant reductions are for the July 23rd applications that received H. For those with and 

without SMAX, adding the H treatment significantly reduced competition basal area. This again 

speaks to the ineffectiveness of the July 23rd site preparation applications on their own. The July 

treatments with H significantly reduced competition basal area compared to their counterparts 

without H by an average of 47%. This brought them more in line with those of the September 3rd 

and October 1st applications, which were averaged at 87 and 83% competition reduction, and 47 

and 53% increase in pines, respectively. 

Across site preparation treatments, those with H reduced competition by 57 to 94% compared to 

the check. Treatments without H were still effective in both categories, but increases were less 

consistent, showing competition reductions of 18 to 88% compared to the check. Similar results 

demonstrating the effective control of competition during site preparation increases pine growth 
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have been found. Glover & Zutter (1993) showed that a variety of competition control methods, 

including mechanical and chemical treatments, all increased average pine DBH by 102% to 

107% compared to plots that received no treatment. Martin & Shiver (2002) recorded that 

competition control treatments increased pine volumes by 38% and 45% on Piedmont and 

Coastal Plain sites, respectively. Zutter & Miller (1998) showed that hardwood control 

treatments can have lasting effects to year 11, and that hardwood competition has a greater effect 

than herbaceous vegetation in the long run. This agrees with our 14-year findings. They also 

showed that controlling one type of competition (herbaceous or hardwood) often allows the other 

to flourish, so that treatments of herbaceous vegetation increase hardwood presence, and vice 

versa. In a study by Piatek & Allen (2000), competition with hardwoods reduced pine foliar 

production by 55%, and nitrogen and phosphorous use by 55% and 52%, respectively. McKee 

(1989) also supported that many hardwood competitors establish themselves more rapidly than 

loblolly pine, and compete strongly for light and nutrients. Testing the additive effects of both 

hardwood and herbaceous competition control, Miller et al. (2003) showed total pine yields of 

164 – 309 m3 ha-1 with total control, compared to 24 – 106 m3 ha-1 under woody control lone, 

and 29 – 81 m3 ha-1 under herbaceous control alone. 

While we cannot speak to herbaceous vegetation levels, in year 14 hardwood presence was much 

greater in plots that received the July 23rd application, year-two release, and the untreated check. 

By year 14, virtually no herbaceous component was present in the understory of our pine 

plantation. The prevalence of hardwood competition would explain some of the reduction in pine 

volume for these respective treatments. 
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Study Limitations 

In our study, each treatment combination only had three replications. Some differences among 

treatment groups were therefore not significantly different despite dramatic visual differences. 

Similarly, although our findings largely agree with those of comparable, yet regional, studies, 

our results describe those found in a single stand. Adding more treatment replications in the 

immediate study area, along with replications of the experiment in other regions would make the 

results more robust. 

The site preparation burn was conducted only a month before the first chemical site preparation 

treatments on July 23rd. In those July applications, we see reduced effectiveness of chemical 

applications on long-term pine volume. The burn likely reduced the available foliage with which 

the treatments would interact, which possibly limited the effectiveness of the July treatments. 

This is partially supported by the disproportionate pine volume response to the H application in 

the July treatment. Vegetation must be allowed enough time to re-sprout and foliate, so that 

herbicides can properly interact (Kline et al. 1994 as quoted by Lauer & Zutter 2001).  

Future research might focus on the differences in competitiveness of stump sprouts compared to 

stems that originated from seed. Studies have shown that stump sprouts take advantage of their 

pre-existing root base, and are thus able to experience greater initial growth than stems from 

seed-origin (Burns & Honkala 1990). While stem origins were not analyzed for our study, the 

number and ratio of stump-sprouts in site prepared plots, was generally higher in those that 

received the July treatment. 

Competition was only measured in year-14 of our study, and was focused on woody vegetation 

at or above DBH (1.37 m). Herbaceous vegetation and stems less than DBH were virtually 
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absent. Earlier measurements of competition might have captured any herbaceous competition, 

and would have enabled a test of the efficacy of chemical applications targeting their control. 

Also, having measurements of competition across the years would have shown us any 

establishment that took place throughout the study. 

While species identity of each competing plant was recorded, this information was not used in 

our analysis. The data collected could be used for further studies on competitive levels of 

different species, as well. It would be interesting to determine if any species showed greater 

competition to their respective volume. In control plots that were most detrimentally affected by 

competition, oaks seemed to be the most abundant, however this was not statistically analyzed. 

For our study, we used basal area as a measure of competition level. However, it has been shown 

that basal area may not be the most accurate measure of competing vegetation’s actual impact on 

crop species in a midrotation stand (Albaugh et al. 2013). Future work on developing a 

competition index derived from distance dependent relationships between competitors and pines 

might be useful when estimating the impacts of competition on pine productivity. Similarly, 

spatial coverage and abundance of competing vegetation leaf area may prove to be a more 

effective measure of competition intensity.  

Conclusion 

The effectiveness of imazapyr chemical site preparation applications varied depending on when 

they were applied, but September 3rd and October 1st applications were effective at both 

controlling competition into year 14 and increasing pine volumes, relative to the check and the 

year-two release. The July 23rd applications were effective at controlling competition and 

increasing pine volumes compared to the check, but did not show significant differences to the 
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year-two release. Their effectiveness was likely dampened by the intensity of the site preparation 

burn and the short time between burn and herbicide application. However, chemical site 

preparation applications would likely be effective at controlling competition and improving pine 

growth throughout the application season. However, if other site preparation burning is used, 

sufficient time should be allowed before herbicides are applied. Adding sulfometuron methyl 

(SMAX) to the chemical mixture did not show significant increases in individual tree pine 

volume by year 14, and showed significantly higher average competition basal area than 

treatments without it. Therefore, when imazapyr is in use, it does appear necessary to add SMAX 

to the chemical mixture. While adding year-one weed control (H) tended to improve competition 

reduction and pine volumes, only one treatment had a significant difference. Consequently, it 

may not be necessary to perform added treatments to sites that receive chemical site preparation 

of imazapyr. 
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The youngest of Bruce & Toni Byers’s four boys, he would not deign to say he was ever 

forgotten about, but he often found ways to entertain himself in the woods, or with a book, or 

both.  

Though it took him a few years, odd jobs, and a degree in creative writing, he discovered that his 

love of the nature might translate into a career, and found his way into Haywood Community 

College’s Forest Resources program. The two years flew by, and led him to work as a forest 

technician with a former professor, during which time he worked some of the areas Carl Schenck 

had cruised nearly a hundred years before.  

Determined to continue his forestry education, he set his sights on Virginia Tech and, after a few 

attempts, connected with an eager, young(ish) professor of silviculture. Quickly, he would come 

to appreciate just how good a setup he lucked into, working with not only a great mind in 

forestry, but an invaluable friend and colleague. 

Now comes the time to take all he has learned in the woods and put it to work back home, in the 

mountains of western North Carolina. 


