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Abstract 

Hardwood management has been discouraged because of long rotations, 

low stumpage values, expensive treatments, and an undependable market 

(Bechtold and Phillips 1983).  Knowledge gaps on how various biological factors 

affect hardwood growth also exist.  Stand improvement methods attempt to shift 

growth to desirable stems.  Three different hardwood stand improvement 

treatments were evaluated.   A pre-commercial chemical thin occurred in a 

twelve year old stand in 1990.  In 1995, two of the treatments showed a 

significant increase in dbh over the control.  However, the 2004 measurements 

of the stand did not find any significant differences between treatments.  A case 

study examined paired plots throughout the state of Virginia where the crown 

touching crop tree release method was applied.  In both the Piedmont and Ridge 

and Valley regions of the state an increase in dbh was observed.  Finally, a 

timber stand improvement study examined different treatments in a 60-80 year 

old stand, but did not result in any significant increases in volume after three 

years.   

When oaks are harvested or a major disturbance occurs, the number of 

oaks that regenerates is less than there were previously (Smith 1992).  

Therefore, oak regeneration is a problem and methods are needed to facilitate 



oak regeneration (Smith 1992).  One method of oak regeneration was examined.   

Burning five years after a deferment cut did not result in significantly more stems 

of oak regeneration.   Various reductions in basal area also did not result in an 

increase in oak regeneration under our 60-80 year old timber stand improvement 

study.  These studies attempt to close knowledge gaps in hardwood 

management and provide useful information for non-industrial private forest 

(NIPF) landowners.  It is so important to target NIPF landowners because the 

350 million acres of timberland they own will play a large part in the future of the 

United States timber supply (Haynes 2002). 
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Introduction 

 In the South, there are approximately 81 million ha. of hardwood forest 

(60% of the United States’ hardwood harvest) where management would benefit 

from knowledge about the factors that reduce rotation length and meet multiple 

objectives in hardwood stands (Sheffield and Dickinson 1998; Romagosa and 

Robison 2003).  The majority of this commercial forest land is owned by non-

industrial private forest (NIPF) landowners (Egan 1997).  Most of these 

hardwood stands are currently passively managed, mismanaged, or not managed 

at all (Romagosa and Robison 2003).  Reasons for lack of management by NIPF 

landowners include lack of interest in timber production, the high rate of turn 

over of NIPF land, low income returns and/or lack of knowledge (Egan 1997; 

Luloff et al. 1993).  Another problem is the lack of outreach programs touting 

multiple use and non-timber values, the main reason many NIPF lands are 

owned today (Egan 1997).  Developing techniques that meet timber production 

goals, as well as other objectives of the landowners is critical, as NIPF land will 

be relied on for hardwood products as we move into the 21st century (Haynes 

2002). 

 Lack of management or mismanagement leads to low quality hardwood 

stands (McGee 1982), therefore management techniques are needed to improve 

these low quality stands (Romagosa and Robison 2003).  Research designed to 

improve hardwood management should be aimed mostly at NIPF landowners 

(Bechtold and Sheffield 1991). 
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 Forest management is not a one time treatment.  It may involve many 

management actions and techniques over the course of a stand’s life.  Reliable 

techniques to improve the quality of a stand are important.  These techniques 

need to address the forest at different stages enabling landowners to have 

options.  Once these techniques are consistently successful, then the obstacles 

become distributing the information to landowners and convincing the 

landowners to carry out the techniques.   

 In order to assist non-industrial private forest landowners, stand 

improvement treatments in hardwood stands of various ages and oak 

regeneration were examined.  The goal of stand improvement in hardwood 

stands is to promote the growth of desirable stems that provide for timber and 

non-timber goals that a landowner may have (Haymond and McNabb 1994).  

Improving oak regeneration is also aimed at improving the quality of a hardwood 

stand by improving the quality of the future stand composition.  Four silvicultural 

methods to improve hardwood stands were examined on upland hardwood 

forests in the Appalachian and Piedmont physiographic regions.   

 First, a pre-commercial thinning study in the Appalachian Mountains was 

measured.  One stem in a stump sprout clump was selected as a crop tree and 

all other sprouts were treated with chemicals, when the stand was 12 years old.  

This stand is now 25 years old.  Next, a case study involving crop tree release 

was examined, to determine if the release was effective at increasing the 

diameter in both the Ridge and Valley and the Piedmont.  The third experiment 
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examined a 60-80 year old Piedmont hardwood stand where a timber stand 

improvement prescriptions were applied.  The three treatments included 

reducing basal area to a set stocking percent (60% and 80%) or releasing a 

specific number of trees per acre.  The last experiment involved a Piedmont 

stand where a deferment cut was performed. Five years later, part of the 

harvested area was burned to promote oak regeneration.     

 The objectives of this study were: 

(1) Determine if crop tree release increases individual tree growth in the 

Ridge and Valley and Piedmont physiographic regions of the state. 

(2) Determine if timber stand improvement in a 60-80 year old stand 

increases stand volume and/or value. 

(3) Determine if diameter at breast height (dbh) increases, following different 

pre-commercial thinning treatments, are maintained in an Appalachian 

hardwood stand and which method(s) provide for this. 

(4) Determine if burning following a deferment cut promotes oak 

regeneration. 

(5) Determine if timber stand improvement treatments promote advanced 

oak regeneration. 
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Literature Review 

Land Use History 

Noticeable differences in composition exist between pre-settlement and 

post-settlement forests in the Piedmont (Cowell 1998).  A reduction in 

disturbance, particularly by fire and harvesting has resulted in this change in 

composition (Cowell 1998).  Understanding land use history and the composition 

of previous forests may provide the information needed to promote regeneration 

and growth of desirable species. 

 Prior to European settlement, Native Americans continually modified the 

forest on the lower Piedmont, mainly with fire (Brender 1974).  They used fire 

for hunting, clearing land for agricultural purposes, and promoting production of 

berries and other wild food plants (Brender 1974).  Settler reports of Native 

Americans burning the Virginia Piedmont exist, with their reasons for burning 

probably similar to those stated above (Orwig and Abrams 1994).  Frequent 

burning favors fire resistant species, such as oak (Quercus spp.), and eliminates 

mesic understory species such as American beech (Fagus grandifolia Ehrh.) and 

maple (Acer spp.), at least on a local scale (Orwig and Abrams 1994).  As 

Europeans settled the Piedmont they were likely to find open fields, second-

growth forests, occasional pure pine (Pinus spp.) stands and some stands of 

virgin timber of the oak hickory climax type (Brender 1974). 

 Most forests in the Virginia Piedmont were logged after settlement by the 

Europeans (Orwig and Abrams 1994).  After logging, agricultural crops, primarily 
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tobacco, were planted.  Orwig and Abrams (1994) describe how poor farming 

practices led to extreme erosion and then widespread land abandonment by the 

late 1700s.  As a result of this abandonment, early successional species gained 

importance as witness trees in the early 1800s.  As the early successional species 

were replaced by oaks and other mid- to late- successional species, hardwoods 

once again gained dominance as witness trees.  Many of these stands were 

again harvested in the late 1800s and early 1900s.  This resulted in the relatively 

even-aged stands we see now (Orwig and Abrams 1994). 

 Currently, in most of the Piedmont, white oak (Quercus alba  L.) is the 

most common dominant overstory tree in hardwood forests (Orwig and Abrams 

1994).  However, other species are gaining importance such as yellow poplar 

(Liriodendron tuplipife a L.) on mesic sites and blackgum (Nyssa sylvatica 

Marsh.) on xeric sites.  These species were present in presettlement forests, but 

Cowell (1998) found there has been a shift in relative abundance of taxa.  For 

example, while white oak dominates many stands in the Piedmont, recruitment 

of new oak trees to this position have been low and instead yellow poplar and 

blackgum are becoming dominant (Orwig and Abrams 1994).  The forest will 

continue to change (Brender 1974), and management techniques used today will 

affect the forest of tomorrow.     

r

Non-Industrial Private Forests 

 In the South, much of the forested land is owned by non-industrial private 

forest (NIPF) owners (Henry and Bliss 1994).  NIPF lands provide a number of 
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amenities including hunting land, visual pleasure and protection of waterways 

(Luloff et al. 1993).  They also serve as the primary source for raw materials for 

the forest product industry (Henry and Bliss 1994).  Hardwood stands cover over 

68% of the commercial forest land in the Piedmont and Ridge and Valley regions 

and 71% of them are owned by NIPF landowners (Waldrop 1997).  If the future 

timber demand is to be met through NIPF land, then productivity must be 

improved in the southeast (Waldrop 1997).  Most NIPFs are not owned primarily 

for timber production (Birch 1994), so silvicultural practices that meet both 

timber and non-timber management goals are needed. 

 For a long time, forestry professionals perceived that NIPF landowners 

held different views about forestry than the general public, but Luloff et al. 

(1993) found that to be false in Pennsylvania.  After surveying NIPF owners and 

non-NIPF owners (general public), they found that like the general public, many 

NIPF landowners want to preserve the forests for the environment and 

aesthetics, not for fuel, timber or recreation.  While their views were the same as 

the general public’s, the study found that NIPF landowners were more 

environmentally active and knowledgeable than the general public (Luloff et al. 

1993).  In addition, most NIPF landowners believe that preservation can be 

accomplished through management.  While most NIPF landowners are not 

strongly opposed to timber harvesting, Rosen (1995) found in New York, that 

landowners surveyed in 1992 who had participated in a 1983 survey had a more 

negative attitude towards harvesting than they did in 1983.   
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 In the southeast, Birch (1994) found, that only 5% of landowners cited 

timber production as a reason for owning the land.  However those 5% own 

37% of the forest land area.  The top four reasons the majority of NIPF 

landowners own forest land (part of residence, land investment, aesthetic 

enjoyment, and estate) account for only 40% of the NIPF land area.  Not only do 

people own forest land for many reasons, they also manage their land to meet a 

variety of objectives and timber often isn’t at the top of the list (Egan 1997).  

Hardwood management has also been discouraged according to Bechtold and 

Phillips (1983).  Long rotations, low stumpage values, expensive treatments and 

an undependable hardwood market are limiting variables.  Bechtold and Phillips 

(1983) believe, however that Piedmont hardwood stands can produce good 

returns at lower costs than pines and meet the many other                                                        

objectives of NIPF landowners.  However, many NIPF landowners cannot 

profitably perform cultural treatments, or the treatments don’t meet their 

objectives, so they do nothing and a low quality hardwood stand develops 

(Bechtold and Phillips 1983).  In other cases, hardwood stands are high graded, 

leaving cull trees and noncommercial saplings, which also result in low quality 

stands (Bechtold and Phillips 1983).  Either way, these low quality stands do not 

reflect optimum levels for wildlife habitat, aesthetics or timber production 

(McGee 1982).   

 In order to persuade NIPF landowners to manage their timber, foresters 

must seek to meet the landowner’s goals (Luloff et al. 1993).  Waldrop (1997) 
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states that even if timber is not the primary objective of the NIPF landowner, 

they may employ techniques that improve the timber quality if the techniques 

also promote their objectives.  Providing simple and inexpensive practices that 

meet multiple goals may be the best method for encouraging implementation of 

the treatments by NIPF landowners.  

 The most effective way of getting NIPF landowners to adopt these 

practices is personal contact, compared to targeted mailing or other forms of 

mass media (West et al. 1988).  West et al. (1988) found that management 

advice of family, friends, and neighbors was just as important to NIPF 

landowners as that of forest professionals.  Therefore, West et al. (1988) 

conclude, that if foresters target opinion leaders in the community, their 

outreach methods are more likely to succeed and the information will be passed 

on to others. 

 Surveys are often used to glean information about NIPF landowners, their 

lands, and their management practices.  However, when Egan (1997) attempted 

to ground truth the responses he received in a survey, he found what was 

actually occurring in the forest did not necessarily match what was being 

reported in the surveys.  If foresters work with NIPF landowners and seek to 

meet their objectives, then the NIPF landowners are more likely to employ good 

management strategies, which will result in timber removal, better quality 

stands, and regeneration (Luloff et al. 1993). 
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Oak Regeneration 

Oaks are the largest genus and the most important hardwood being 

widely used for forest products, and they also are important for wildlife, 

recreation, and aesthetics (Smith 1992).  However, oak regeneration has become 

a widespread problem.  Finding a solution has been a challenge, but it is 

important for both timber and non-timber reasons (Smith 1992; Miller and 

Baumgras 1994; Brose and Van Lear 1998).  Many factors contribute to the oak 

regeneration problem, which has made finding a single solution challenging 

(Cook et al. 1998). 

Currently, poor and medium quality sites support white oak, chestnut oak 

(Quercus prinus L.), and scarlet oak (Quercus coccinea Muenchh.), while white 

oak and northern red oak (Quercus rubra L.) are found on high quality sites 

(Kays et al. 1988; Kays et al. 1985).  When these areas are harvested, a large 

number of less desirable species, such as red maple (Acer rubrum L.) return and 

compete for site resources (Kays et al. 1988; Kays et al. 1985).  This results in 

the Virginia and North Carolina Piedmont having a poor species composition of 

low quality stems, thus reducing the chances of successful oak regeneration 

(Kays et al. 1988). 

 Oaks are important for many reasons.  High quality saw and veneer logs 

are very valuable (Dickmann and Lantagne 1997).  Timber Mart South (2004) 

prices for the 3rd quarter of 2004 have white oak at an average 

$234.25/MBF:Doyle in the southeast.  Red oaks are at an average 
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$363/MBF:Doyle.  Yellow poplar and ash sawtimber average slightly more than 

white oak at $239.75/MBF:Doyle and $289.00/MBF:Doyle, respectively.  

Sweetgum averaged $147.33/MBF:Doyle and hickory averaged 

$134.67/MBF:Doyle.  Besides sawtimber, oak is an excellent fuel wood for 

homes, industrial, and institutional boilers (Dickmann and Lantage 1997).  In 

addition to timber uses, oaks have many non-timber uses.  Oak dominated 

forests provide habitat for wildlife and food for many game species (Dickmann 

and Lantage 1997).  They also provide long term protection from soil erosion 

because of their longevity (Dickmann and Lantagne 1997). 

 Oaks are intermediate to shade intolerant and tend to grow on well 

drained or dry sites (Carvell 1979).  They are intolerant to flooding and 

inundation, but tend to be drought tolerant (Smith 1992).    Seedlings thrive in 

open stands and stump sprouts are also used as another method of regeneration 

(Carvell 1979).  Epicormic branching is also common in oaks.   

Oaks are monoecious.  The white oak group acorns mature in one year, 

while the red oak group acorns mature in two years (Watt 1979).  Even though, 

trees appear to be consistent, either a good-, poor- or non- producer, acorn 

production still varies widely from season to season (Watt 1979).   Reasons for 

this variation include non-uniformity in the development of flowers on a tree or 

within a stand, and the weather which plays a large part in the development and 

dispersal of pollen (Watt 1979).  Site factors may also explain some of the 
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variation in acorn production (Carvell 1979).  Because of these factors, good 

seed crops are random and rare (Watt 1979). 

 Oaks have a different growth strategy compared to two of their main 

competitors, yellow poplar and red maple (Brose and Van Lear 1998).  Oaks 

focus on root growth early on, whereas yellow poplar and red maple focus on 

shoot growth (Brose and Van Lear 1998).  Densely shaded understories are 

detrimental to oak growth and if nothing is done to increase the amount of light 

in the stand, the oak seedlings will be taken over by more shade tolerant species 

(Brose and Van Lear 1998; Lorimer 1992).  Slow growth and low survival rates, 

even after the overstory has been removed, are major factors that limit oak 

regeneration regionally (Lorimer 1992).  However, Lloyd and Waldrop (1992) 

found that on xeric and intermediate sites, while oaks were outgrown early on by 

pines, they began to catch up after a few years. 

 Lorimer (1992) states that oak stands previously developed where 

disturbances such as fire and grazing removed the small tree layer.  Frequent 

fires allowed oak regeneration to accumulate and develop in the open understory 

and then when the overstory was completely or partially removed the oak 

regeneration developed into mature stands (Van Lear and Watt 1992).  The oak 

growth pattern is benefited by a frequently disturbed regime, a regime that was 

common in many hardwood forests in eastern North American (Brose and Van 

Lear 1998).  Competitive oak regeneration is possible on productive sites by 

mimicking past natural disturbance regimes (Brose et al. 1999). 
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 Currently oak regeneration in Piedmont stands is inadequate and cannot 

be counted on to make oak dominant in the new stand (Kays et al. 1988).  Due 

to the complexities associated with successful oak regeneration, many methods 

have been employed to promote it with mixed success. 

 Kennedy (1992) found that direct seeding or planting can work on some 

bottomland sites.  He states that the success, of the seeding or planting, is 

dependent on matching a species, to the appropriate site, and paying close 

attention to site preparation requirements.  However, Pope (1992) maintains that 

regeneration of oaks by planting or seeding is still uncertain.        

 Clearcutting can change stand composition and does not appear to 

promote oak regeneration or lead to an oak dominated stand, Loftis (1983) 

suggests shelterwood cuts.  By performing a partial harvest, seed production 

may be enhanced and advanced reproduction can be fostered or released (Loftis 

1983).  However, Johnson et al. (1998) found that a shelterwood with reserves 

cut resulted in a mix of shade tolerant and intolerant regeneration in the Central 

Appalachians.  In the southern Appalachians, Loftis (1983) found that the 

composition of regeneration species was similar between a clearcut and a 

shelterwood harvest.  In order for oak regeneration to develop under the 

shelterwood method, something must be done to control competing species so 

they don’t gain an advantage, because the shelterwood method, by itself, was 

not effective at regenerating oaks (Loftis 1983).  Brose et al. (1999) reached the 

same conclusion in the Piedmont, stating that the shelterwood system for 
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producing oak regeneration failed, because of competition from yellow poplar, 

red maple, and sweetgum. 

 Since the shelterwood cut by itself has not been successful at 

regenerating oaks, prescribed burning in combination with the shelterwood cut 

has been recommended.  Brose et al. (1999) states that waiting 3-5 years after 

the harvest to perform the burn is essential.  While prescribed burning appears 

to promote oak regeneration, the season of the burn may have other advantages 

and disadvantages.  Spring presents numerous opportunities for burning.  Spring 

burns are successful at eliminating thin-barked hardwoods, stimulating the 

fruiting of soft mast shrubs, and increasing herbaceous plants (Brose et al. 

1999).  However, spring burns have an increased potential for fire escape and 

injury or death to crop trees (Brose et al. 1999).  Summer burns eliminate 

competition well, generally do not harm crop trees, and there is a reduced risk of 

fire escape (Brose et al. 1999).  However in the summer, there are limited 

burning opportunities and this is the potential for significant oak mortality, as fire 

intensity increases (Brose et al. 1999).  Winter or fall burns cause little or no 

damage to crop trees or oak regeneration.  However, there are limited burning 

opportunities, less reduction of competing hardwoods, and less stimulation of 

herbaceous plants.   

 Fire is believed to promote oak regeneration because oaks concentrate on 

root growth.  When a fire occurs, undesired species die, and oaks, while top 

killed, can sprout vigorously using stored reserves (Barnes and Van Lear 1998; 
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Brose and Van Lear 1998).  One question that remains unanswered is whether 

fire provides for more oak regeneration, or whether it simply gives the oaks a 

head start.  Loftis (1990) and Gingrich (1979) argue that the oaks must be 

present in the form of advance regeneration before silvicultural treatments, such 

as cutting or burning are performed, in order for the oaks to gain the advantage 

and reach the canopy.  Ashley (1979) describes desirable advance reproduction 

as stems 4.5 feet tall or greater.  These stems are expected to become dominant 

or codominant in the next stand (Ashley 1979).  If there are not enough stems of 

oak advance regeneration (735 stems/ac), then oak stump sprouts may be 

considered (Ashley 1979).  While high densities of advance regeneration do not 

guarantee the next stand will be dominated by oaks, it does increase the chance 

that oaks will be a large component of the stand (Barnes and Van Lear 1998).  

However, at this point there is no guaranteed method for producing a new stand 

that is dominated by oaks.  If oaks continue to recruit poorly because of canopy 

closure and lack of disturbance; yellow poplar, blackgum and other species will 

gain importance (Orwig and Abrams 1994).   

Hardwood Stand Improvement 

 According to McGee (1982), millions of acres are composed of low quality 

hardwood stands; the exact number depending on how low quality stands are 

defined.  He defines a low quality stand as one that contains low quality trees or 

does not contain a sufficient number of acceptable growing stock trees (McGee 

1982).  Luppold et al. (1998) defines low quality stands as those stocked with 
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species undesired by the hardwood industry.  In the South, Luppold et al. (1998) 

found that both national and private forests were composed of low quality 

stands.     

 Low quality stands may have resulted from poor harvesting practices, 

(diameter limit cuts, commercial clear cuts and improper single tree selection) 

erosion, disease, insects or some combination of the above (O’Hara 1986; McGee 

1982).  Often suppressed, unmerchantable oak and hickory saplings are 

released, thereby continuing the trend of mismanagement (O’Hara 1986).  These 

saplings generally have poor form, slow growth rates, and demonstrate 

epicormic branching more frequently than stump sprouts or advanced 

regeneration (O’Hara 1986).  As the removal of hardwoods for various products 

increases, it becomes more important to improve these hardwood stands (McGee 

1982; Bechtold and Sheffield 1991). 

 According to Bechtold and Sheffield (1991) we need to improve hardwood 

management.  One method of management is stand improvement which 

includes timber stand improvement, pre-commercial thinning and crop tree 

release (Haymond and McNabb 1994).  Lancaster (1975) defines timber stand 

improvement as treatments that seek to shift growth to fewer trees that have 

good form and are high value.  Financial returns are greater, by focusing growth 

on the best stems (McGee 1982).  The removal of less desirable trees in the 

stand is aimed at improving the quality and composition of the stand, as well as 

increasing the value of residual trees (Lancaster 1975).  Reasons for performing 
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a stand improvement include removing overmature trees, disease or insect 

infested trees, or cull trees which will not increase in value and, releasing 

desirable stems, that will respond to release, provide more space for better 

quality trees, or alter species composition (Haymond and McNabb 1994).   

 TSI treatments and pre-commercial thinnings are generally non-

commercial, and the decision whether or not to perform them is an economic 

one according to Lancaster (1975).  In addition, economics may limit the extent 

of application if release is chosen. However, for the many stands that can benefit 

from release, it should be considered, rather than utilizing the practice of 

converting low quality stands to pine plantations (McGee 1982).  TSI can be 

performed in almost any age stand (Lancaster 1975).  Before any treatment is 

performed however, it is necessary to determine why the stand is low quality and 

what the actual site quality is (McGee 1982). 

 There are many methods for performing stand improvement treatments.  

They include herbicide injection, herbicide stem spray, and cutting.  Groninger et 

al. (1998) compared growth responses between several different combinations of 

application methods and herbicides in the Appalachians on releasing one stem in 

a stump sprout clump.  While height was unaffected, dbh increased on crop 

trees, when competitors were stem sprayed with triclopyr or 2,4-D or cut.  As for 

controlling competitors, cutting and triclopyr stem spray were the most effective.  

Groninger et al. (1998) predicted that the injection method may be more 

effective in a stand where the trees were larger and farther apart.  In addition, 
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they found that damage caused by herbicides, which was observed one year 

after application, was not correlated with later growth.  Resprouting was 

significant, only in the cutting treatment. 

 Using different combinations of herbicides and methods of treatment, 

Kochenderfer et al. (2001) examined treatment effectiveness and compared 

costs in the Appalachians.  Garlon 3A applied using the stem injection method, 

resulted in no crop tree damage.  In addition, the three herbicides applied using 

the stem injection method resulted in successful release of crop trees. Stem 

injection methods also resulted in a significant increase in diameter, compared to 

the control.  When examining costs, stem injection was found to be the more 

cost effective method relative to low volume stem bark band.  Groninger et al. 

(1998) also found stem injection to be the most cost effective method compared 

to stem spray or cutting. 

 Johnson et al. (1998) looked at trees that were left following a 

shelterwood with reserves harvest.  Instead of examining dbh, they examined 

tree grade.  While some grade reduction did occur, they found that tree grade 

was not significantly affected by the cutting.  Grade reduction, that did occur, 

was caused by epicormic branching and/or logging wounds.  Epicormic branching 

was more prevalent on all species in the intermediate and suppressed crown 

classes.  On dominant and co-dominant trees, epicormic branching was low.  

They concluded that when performing a shelterwood with reserves harvest, 

intermediate and suppressed trees should not be left because they do not 
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increase in value, mainly as a result of high levels of epicormic branching 

(Johnson et al. 1998). 

 While stand improvement treatments can add value to a stand, there are 

risks involved.  As mentioned above, a shelterwood harvest with reserves can 

result in epicormic branching and logging wounds (Johnson et al. 1998).  

Epicormic branching can also be seen in other treatments such as using 

herbicides to remove unwanted stems.  Another possible negative effect of 

herbicides is crop tree damage or death (Kochenderfer et al. 2001). 

Kochenderfer et al. (2001) observed crown damage in crop trees, particularly 

when using Arsenal AC (imazapyr) treatments.  Therefore, careful selection of 

herbicide and method of treatment must be made, in order to reduce or 

eliminate the chances of crop tree damage or death. 
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MATERIALS AND METHODS 
 
 Three experiments and a case study were examined in order to provide 

useful information for NIPF landowners regarding stand improvement treatments 

and methods for promoting oak regeneration.  The first experiment looked at 

how a pre-commercial thinning affected growth after thirteen growing seasons.  

The case study examined crop tree release in two physiographic regions of the 

state to determine the influence of physiographic region on the effectiveness of 

crop tree release.  The second experiment looked at varying levels of basal area 

reduction and the effect this timber stand improvement treatment had on tree 

growth.  Oak regeneration was also examined in the timber stand improvement 

study, to determine if the reduction in basal area affected the number of oak 

stems.  The third experiment examined the effects of burning five years after a 

deferment cut on oak regeneration.   

Hardwood Pre-commercial Thinning 

Plot Location and Establishment 

 Plots for this experiment were installed on Potts Mountain, Craig County, 

Virginia.  A regeneration cut was performed in 1979.   At the time of harvest, the 

site was dominated by chestnut oak (Quercus prinus L.) and scarlet oak 

(Quercus coccinea Muenchh.).  Other overstory species present on the site 

included red maple (Acer rubrum L.), sourwood (Oxydendrum arboreum [L.] 

DC.), black locust (Robinia pseudoacia L.) and blackgum (Nyssa sylvatica  

Marsh.). 

 19



 Plots were installed in two blocks in 1990, 12 growing seasons after the 

harvest.  Treatment plots were 0.36 acres square with 20 oak stump spouts 

selected for treatment on each plot.  A dominant crop stem was selected from 

each clump, with the intention that it would one day yield sawtimber.  The stem 

chosen was the tallest, straightest, and largest diameter sprout free of external 

defects.  The selected stem was tagged, and the species height and dbh 

recorded.  Plots were randomly assigned one of five chemical treatments, a 

cutting treatment, or a control where no thinning was performed (Table 3.1).  A 

total of 35 plots were installed, with each treatment being replicated five times.  

All non-crop stems in the sprout clump, as well as other stems touching the 

crown of the crop tree were subjected to the treatment assigned to that plot.  

Table 3.1. Pre-commercial thinning treatments used to release stump sprouts on 
Potts Mountain in Craig County, Virginia.  Costs for performing the treatments 
are based in 1991 dollars.  Cost data was taken from Groninger et al. (1998). 

Treatment Cost per crop stem  ($) 
2,4-D/Injection  0.27 

2,4-D/Basal Spray  0.41 
Triclopyr/Injection  0.47 

Triclopyr/Basal Spray   0.61 
Kerosene/Basal Spray 0.36 

Manual/Chainsaw 0.77 
Control - 

 
 2,4-D and triclopyr were selected because of their proven effectiveness in 

controlling oak stems.  Kerosene was used as the carrier for the stem spray 

treatments.  Therefore, undiluted kerosene was a treatment in order to 

determine if it had any effect on the treated stems.  Stem spray treatments were 

applied at breast height using a backpack sprayer which delivered a metered 
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amount of solution, through an adjustable solid tip.  Injection treatments were 

applied using a Hypo-Hatchet®, with one injection per inch dbh. A chainsaw was 

used to perform the manual treatments.    

Measurements 

 In 1991, one year after treatment, crop stems on chemically treated plots 

were evaluated for crown damage.  They were classified as showing no damage, 

less than 10% damage, 10-50% damage or greater than 50% damage.  

Presence or absence of basal resprouting was also noted at that time. 

 In 1995, five growing seasons after treatment; height, diameter and 

relative crown position (dominant, co-dominant, intermediate, or suppressed) 

were measured or noted.  The number, height, dbh, and crown class of all stems 

originating from the same root stock were also measured.  In 2004, the height 

and dbh of the crop stems were measured. 

Statistical Analysis 

The following null hypotheses were tested: 

1. H0: All treatments will result in crop trees increasing in dbh at the same 

rate. 

2.  H0: Crop tree basal area will be the same for all treatments. 

Statistics were calculated using the Statistical Analysis Software (SAS®) 

9.1 (SAS Institute Inc. 2002).  Analyses were performed using analysis of 

variance (ANOVAs).  The completely randomized design was used.  Mean 

separation was performed with Fisher’s LSD test.  Initially tests were performed 

 21



at p<0.05, but if there was not a significant difference, the results were 

evaluated at p<0.10.  

Height and dbh data, for the crop stems, were averaged on each plot.  

The periodic annual increment (pai) from 1990 to 2004 was calculated and 

analyzed to determine if the treatment was affecting the rate of tree growth.  

The 2004 dbh measurements were input into NE-Twigs, a growth and yield 

model, to project volume in another 25 years.  Since the program does not take 

into account the treatment effects, statistical analysis was not performed on this 

data. 

Crop Tree Release Case Study 

Background 

 This case study looked at a total of 13 sets of plots located throughout the 

Ridge and Valley and Piedmont physiographic regions (Table 3.2).  At each 

location, two 1/10th acre plots were installed.  On each plot, nine to sixteen trees 

were selected as crop trees.  An attempt was made to include a crop tree from 

all available species that had an acceptable candidate.  Species were not paired 

across plots and plots did not necessarily have the same number of stems 

selected.  Each crop tree was tagged and the dbh, height, species and crown 

class recorded.  After each pair of plots was installed, one plot was randomly 

selected for release.  All non-crop stems whose crown touched a crop tree were 

removed by cutting.  Plots were installed and released in 1991 and 1992.  
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Measurements were taken periodically (Table 3.2).  Dbh, height and crown class 

position of all crop trees were recorded each time measurements were taken.   

Table 3.2. Characteristics of plots used in the crop tree release study.  Plots were 
located throughout Virginia. 

County Physiographic 
Region 

Initial 
age 
(yrs) 

Plots 
established 

(1st 
measurement) 

(year)  

2nd  
measure-

ment 
(year)  

3rd  
measure-

ment  
(year) 

4th  
measure-

ment 
(year) 

Cumberland Piedmont 22 1990 1994 1997 2004 
Cumberland Piedmont 22 1990 1994 1997 2004 
Cumberland Piedmont 20 1991 1994 1997 2004 
Cumberland Piedmont 20 1991 1994 1997 2004 

Prince 
Edward 

Piedmont 21 1991 1995 2004 -- 

Prince 
Edward 

Piedmont 21 1991 1995 2004 -- 

Prince 
Edward 

Piedmont 21 1991 1995 2004 -- 

Augusta Ridge and 
Valley 

20 1991 1995 2004 -- 

Bedford Ridge and 
Valley 

17 1992 1995 2004 -- 

Highland Ridge and 
Valley 

42 1992 1995 2004 -- 

Rockbridge Ridge and 
Valley 

20 1991 1995 2004 -- 

Rockbridge Ridge and 
Valley 

23 1992 1995 2004 -- 

Rockingham Ridge and 
Valley 

14 1992 1995 2004 -- 

 
Statistical Analysis 

The following null hypotheses were tested: 

1. H0: All trees will increase in dbh at the same rate. 

2.  H0: Released trees will increase in dbh in both the Ridge and Valley and       

           Piedmont physiographic regions. 
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3.  H0: Species will respond to release in the same way in the Ridge and    

           Valley and Piedmont physiographic regions. 

 Statistics were calculated using SAS® 9.1 (SAS Institute Inc. 2002).  The 

locations were collapsed into the two physiographic regions, Piedmont and Ridge 

and Valley.  A randomized complete block design was used for analysis.  An 

ANOVA was calculated for each of the hypotheses.  Since the stands varied in 

age and measurements were taken at different intervals, periodic annual 

increment (pai) was used for statistical calculations.  Treatment and block 

(physiographic region) were analyzed to determine if there was a significant 

difference at p<0.05.  Species were then analyzed to determine if treatment 

and/or block resulted in a species having a significant difference at the p<0.05 

level.   

Hardwood Timber Stand Improvement 

Site Characteristics 

 Study plots were located on the Kennedy Tree Farm in Dillwyn 

(Buckingham County), Virginia (Figures 3.1 and 3.2).  The elevation for 

Buckingham County ranges from 298 to 741 ft and on the Kennedy Tree Farm 

from 350 to 692 ft (Walker and Das 2001).  The soils on blocks 1 and 3 are 

composed of Badin (Fine, mixed, semiactive, thermic Typic Hapludults), 

Mecklenburg (Fine, mixed, active, thermic Ultic Hapludalfs) and Tatum (Fine, 

mixed, semiactive, thermic Typic Hapludults) series (Buckingham County NRCS).  

The soils on block 2 are composed of Georgeville (Fine, kaolinitic, thermic Typic 
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Kanhapludults) and Tatum (Fine, mixed, semiactive, thermic Typic Hapludults) 

series (Buckingham County NRCS).   

Plot Establishment and Initial Measurements 

 In 2001, three replications of a hardwood timber stand improvement 

study were established in 60-80 year old upland hardwood stands on the 

Kennedy Tree Farm using a randomized complete block design.  Each block 

contained: a control, a reduction in basal area to 80% stocking, a reduction in 

basal area to 60% stocking and a crop tree release (CTR) that left 30 crop trees 

per acre.  The plots were either square or rectangle, but all were 1.41 acres with 

the treatment performed in the interior 0.5 acre.  The treatment areas were 

permanently marked with 0.5 inch rebar and 0.75 inch PVC pipe.  A metal tag 

was fixed to the PVC pipe in the NW corner of each treatment to identify the 

treatment. 

 Pretreatment inventories were conducted during the period of July 10-20, 

2001.  Using two inch classes, diameter at breast height (dbh) was measured for 

all trees fifteen feet and taller.  Tree species was also recorded.  On two trees in 

each dbh class, height was recorded.  Stand tables were calculated for 

  



 

Figure 3.1. Dillwyn is located in Buckingham County, VA.  The Loth and Harris management units of the Appomattox-
Buckingham State Forest and the Kyanite Mine property are also located in Buckingham County (FedStats). 
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Block 1 

Block 3 

Block 2

Rt. 631 
 

 

Figure 3.2. The Kennedy Tree Farm is located in Dillwyn, VA.  The shaded area shows the 
property and the locations of the blocks on the property.  The individual treatment plots are 
shown, but not labeled. 
each plot (Table 3.4) and height data was averaged by block (Table 3.5).  The 

inventory was used to determine the prescriptions for the basal area reduction 

treatments.  Using initial basal area (ba), stem density (trees/ac), and the USDA 

Stocking Guide for Upland Central Hardwoods, the initial stocking level (percent) 

was established for each plot (Roach and Gingrich 1968).  For plots where basal 

area reduction occurred the target basal area was extrapolated from the stocking 

guide for either 60 or 80 percent stocking.  Based on the target basal area, the 
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prescription was determined by removing specific stems from the pre-treatment 

inventory; primarily less desirable species such as red maple, blackgum and 

sourwood were removed.  If additional basal area removal was needed, cull oaks 

were selected.  Table 3.6 shows the amount of basal area reduction needed on 

each plot to achieve the specified stocking levels.  Crop tree treatments (30 

trees/ac) followed the guidelines for crop tree management (CTM) established by 

Perkey et al. (1993).  Each crop tree was released on at least three sides and if 

possible, all four. 

 There was a significant difference (p<0.05) in basal area between blocks 

prior to treatment (Table 3.3).  There was also a significant difference in the 

trees per acre between blocks prior to treatment (Table 3.3). 

Table 3.3. Means for the initial basal area and density based on pretreatment 
data collected at the Kennedy Tree Farm, Dillwyn, VA in July 2001.  Means within 
columns followed by the same letter are not significantly different (p<0.05). 

Block Initial BA (ft.2/ac) Density (trees/ac) 
1  109.25 ab 568.0 b 
2 97.5 b 528.0 b 
3 129.25 a 808.5 a 
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Table 3.4.  Pre-treatment stand inventory by plot collected July 10-20, 2001 on the Kennedy Tree Farm in Dillwyn, VA. 

            DBH Class  (in.) 
 
 

Plot 

Basal 
Area 

(ft2/ac) 

Density 
(trees/ac) 

Initial 
Stocking 

(%)a

 
 
2 

 
 
4 

 
 
6 

 
 
8 

 
 

10 

 
 

12 

 
 

14 

 
 

16 

 
 

18 

 
 

20 

 
 

22 

 
 

24 

1A                115 432 110+ 204 62 24 40 36 34 18 10 4
1B               98 490 102 286 64 22 30 32 36 12 4 4
1C                109 708 110+ 460 84 42 52 28 18 8 6 8 2
1D             115 642 110+ 204 142 140 100 38 14 4
2A           104 482 108 228 60 50 64 46 18 10 2 2 2
2B              91 598 98 358 124 52 18 14 10 4 6 6 4 2
2C              80 516 87 234 124 50 66 24 8 6 4
2D                115 516 110+ 292 96 36 22 8 10 20 18 10 4
3A             149 834 110+ 276 226 146 106 48 20 8 2 2
3B              105 1026 110+ 568 216 134 66 28 12
3C              143 824 110+ 378 154 140 60 30 48 8 2 4
3D              120 550 110+ 164 152 116 40 34 12 22 8 2

aPercent stocking determined using the USDA Forest Service Agriculture Handbook 355 (Roach and Gingrich 1968)

 



Table 3.5.   Number of trees in each DBH category and average height by block 
based on pre-treatment data collected on the Kennedy Tree Farm in Dillwyn, VA, 
July 10-20, 2001.  
Block No. 1 2 3 
DBH (in.) Density 

(trees/ac.) 
Avg. ht. 

(ft.) 
Density 

(trees/ac.)
Avg. ht. 

(ft.) 
Density 

(trees/ac.) 
Avg. ht. 

(ft.) 
2 289 26 278 24 347 27 
4 88 36 101 37 187 39 
6 57 53 47 62 134 48 
8 56 62 43 63 68 58 
10 34 65 23 73 35 59 
12 26 68 12 72 23 69 
14 11 73 10 85 10 69 
16 5 74 8 81 3 75 
18 4 82 5 87 2 80 
20 1 91 1 103 1 74 
22 0 0 2 87 0 0 
24 0 0 1 104 0 0 

Total 568  528  808  
 
Table 3.6. Initial basal area and the target basal area for the reduction plots on 
the Kennedy Tree Farm in Dillwyn, VA.   

Plot Initial BA 
(ft.2/ac) 

Target BA 
(ft.2/ac) 

60% Stocking    
1D 115 57 
2C 80 55 
3B 105 51 

80% Stocking    
1C 109 75 
2D 115 80 
3D 120 79 

 

Treatment 

 All plots were chemically thinned using a 50% Garlon 3A herbicide/ 50% 

water mixture during August 15-17, 2001.  The mixture was applied using the 

hack-and-squirt method with each tree receiving one hack per inch dbh with 

approximately one milliliter of mixture applied to each wound.  No rain fell during 

 30



the application period and temperatures were between 75 and 90 degrees 

Fahrenheit.  After all trees were treated, residual trees six inch dbh or larger 

were marked with an aluminum tag nailed to the base.  Height, dbh and species 

were recorded for each tagged tree between August 22-October 7, 2001. 

Measurements 

 Plots were remeasured between August and September in both 2003 and 

2004.  Height and dbh were recorded for each tagged tree.  In 2003, each tree 

was evaluated for the presence of epicormic branching.  If epicormic branching 

was apparent, the height where the epicormic branching started and stopped 

was recorded.  Trees treated with the herbicide mixture were tallied to determine 

the effectiveness of the herbicide treatment in 2003. 

 In 2004 plots were established to measure oak regeneration.  One 1/100th 

acre subplot was measured on each plot.  All stems were tallied by species in 

one of four size classes: less than one foot, between one and five feet, greater 

than five feet, and greater than one inch in dbh. 

Statistical Analysis 

The following null hypotheses were tested: 

1. H0: All stands will have equal increases in dbh and height growth. 

2. H0: Epicormic branching will occur with the same frequency in all stands. 

3. H0: Oak regeneration will occur with the same frequency in all stands. 
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 Statistics were calculated using SAS® 9.1 (SAS Institute Inc. 2002).  

Analyses were performed using ANOVAs.  The randomized complete block design 

model was used. 

 The first variable tested was height.  The initial height (2001) was 

subtracted from the 2003 height.  If mean values differed at p<0.05, Fisher’s 

LSD was used to determine which ones differed.  The same process was 

repeated with the 2004 height data, the 2003 dbh data, and the 2004 dbh data.  

Finally, the change in basal area between 2001 and 2004 was calculated and 

analyzed. 

 Epicormic branching was analyzed by determining the percentage of crop 

trees that displayed epicormic branching.  In order to determine log grade, dbh 

was used as a surrogate.  Trees that had increased to 16 inches dbh were 

considered grade 1, those that had increased to 14 inches dbh were considered 

grade 2, and the trees that had increased to 12 inches dbh were considered 

grade 3.  The trees in each plot that had increased in dbh enough to move up a 

log grade were counted .  The counts were then analyzed using the randomized 

complete block design.  Herbicide effectiveness was evaluated by counting each 

treated stem as dead or alive.  The percentage of trees that had died was then 

evaluated. 

 The 2004 data was entered into the NE-TWIGS program (NE Forest 

Experiment Station).  Using the program, stand growth was projected for 

another fifteen growing seasons.  This provided output in International board 
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feet volume based on the ¼ inch scale.  Using the projected volume and lumber 

values from Timber Mart South, the value of each stand was calculated.    

Oak Regeneration in a Deferment Cut 

Site Characteristics 

 The study sites were located on the Loth and Harris management units of 

the Appomattox-Buckingham State Forest and Kyanite Corporation land. All sites 

are located in Buckingham County, VA (Figure 3.1).  The average rainfall is 45 

in/yr and the average temperature is 57.2°F.  The soils on the Harris and Loth 

blocks are Georgeville (fine, kaolinitic, thermic Typic Kanhapludults), Badin (fine, 

mixed, semiactive, thermic Typic Hapludults) and Tatum (fine mixed semiactive 

thermic Typic Hapludults). The Kyanite block contains soils from the Pinkston 

(Coarse-loamy, mixed, semiactive, mesic Ruptic-Ultic Dystrudepts) series .  The 

blocks range in size from 40.6 to 71.4 acres.  

Plot Establishment 

 The blocks were established in 1996.  At each site, plots were located 

along transects.  There were 2.5 chains between plot centers along a transect 

and 5 chains between transect lines.  At each plot center, two sets of 

measurement plots were established.  Overstory measurements were performed 

on a 1/5 acre plot.  Three to five overstory trees were selected to remain on 

each plot.  These trees were numbered and a dbh line established using spray 

paint.  Dbh and species were recorded for each tree as well as azimuth and 

distance from the center pin.    
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 A 1/100 acre plot was established to measure advanced regeneration.  

Advanced regeneration was tallied by species and size class.  The size classes 

were: less than one foot, one to five feet, greater than five feet, or greater than 

one inch dbh.  Each stem was only counted once, with every stem in a sprout 

clump being counted individually. 

Treatment and Measurement 

 In February 1997 a deferment cut was performed at each site.  The 

deferment cut left approximately twenty large trees per acre.  This provided an 

alternative to a clearcut while still allowing for regeneration of species that need 

full sunlight such as oaks (VA Department of Forestry).  The plots were 

remeasured in 2001 on the Loth and Harris blocks.  In April 2003, part of each 

block was burned (Table 3.7). 

Table 3.7.  Number of plots on each block that were in each treatment based on 
data collected on each block in Buckingham County, VA. 

Block Cut/Burned Cut Only 
Harris 15 11 

Kyanite 16 30 
Loth 25 10 

   

 In the fall of 2003 and winter of 2004 all plots were remeasured.  The 

sites were used to determine the effects of cutting only and cutting combined 

with burning on oak regeneration.      

Statistical Analysis 

The following hypotheses were tested: 
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1. H0: Cut and burned and cut only plots will have the same amount of oak 

regeneration. 

2. H0: Cut and burned and cut only plots will have the same number of oaks 

in each size class. 

Statistics were calculated using SAS® 9.1 (SAS Institute Inc. 2002).  Stems were 

grouped as either oak or non-oak.  The average number of stems in each 

treatment was then compared using the paired t-test.  The non-oaks were 

separated into groups representing the most common species (yellow poplar, red 

maple, blackgum, hickory, and miscellaneous).  Within each treatment, these five 

groups were compared with oaks using an ANOVA.  The model used was 

randomized complete block design and paired t-test.   
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Results and Discussion 
 
Hardwood Pre-Commercial Thinning 
  
 One crop stem was selected for release in an oak stump sprout clump 

using one of six treatments.  The study was installed in 1990 with 

remeasurements occurring in 1995 and 2004.  Heights were not significantly 

different at pretreatment, after five growing seasons or after fourteen growing 

seasons (Stein 1992; Groninger et al. 1998) (Table 4.1; Appendix A:Tables 1 & 

2).  The change in height between pretreatment and fourteen years later was 

also not significant.  Lamson (1983 and 1988), Beck (1977), Groninger et al. 

(1998), Stein (1992), and Trimble (1974) found thinning did not result in 

significant increases in height.  In Lamson’s (1983) study of northern red oak, he 

suggested that the additional carbohydrates produced are used for lower stem 

development as opposed to height growth.   

Table 4.1 Mean pretreatment height, height after 14 growing seasons, and the 
difference in heights.  Measurements were taken on Potts Mountain, Craig 
County, Virginia. Pretreatment averages taken from Stein (1992). 

Treatment Pre-treatment (ft.) 2004 (ft.) Difference in ht (ft.) 

2,4-D/Injection 27.23  47.08  19.9  
2,4-D/Basal Spray 28.22  47.80  19.6  
Triclopyr/Injection 27.23  49.40  22.2  

Triclopyr/Basal Spray 26.90  45.22  18.3  
Kerosene/Basal Spray 26.57  47.48  20.9  

Manual/Chainsaw 26.57  47.32  20.7  
Control 27.56  46.36  18.8  

 
 Dbh was not significantly different prior to treatment (Stein 1992) (Table 

4.2).  Five growing seasons after treatment, the crop stem left in clumps treated 

with 2,4-D and triclopyr basal treatments, and stumps thinned with chainsaws 
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had significant increases in diameter growth over the unthinned control 

(Groninger et al. 1998).  The chainsaw method and triclopyr applied by basal 

spray were the most effective in releasing the selected stems.  2,4-D applied by 

injection and basal spray were significantly more effective than the control, but 

significantly less effective than the chainsaw and triclopyr/basal spray methods 

(Groninger et al. 1998).  Because all these methods of releasing crop stems were 

effective, the crop stems had fewer trees to compete with for nutrients and 

water.  This may be the reason that several of the treatments showed a larger 

pai in 1995.   

 One year after treatment, most treatments resulted in at least 50% of the 

stems exhibiting herbicide damage with 1-10% of the foliage being affected 

(Groninger et al. 1998).  Triclopyr/basal spray has the most stems in this class 

with 80%.  2,4-D/injection had 63% of its trees in the 1-10% damage class and 

triclopyr/injection had 54%.  2,4-D/stem spray and kerosene/stem spray both 

resulted in 45% of the trees in the 1-10% foliage damage class (Groninger et al. 

1998).  Therefore, kerosene may be causing more damage than the actual 

herbicide in the stem spray treatments.  This may be the reason that the stem 

spray methods put on more growth.  One year after treatment, of the six 

treatment methods, only one, chainsaw, resulted in a significant number of 

treated stems displaying new sprouts.  This would make us think that the 

method would not have significant growth.  However, perhaps the short time 
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period with reduced or no competition was enough to give an initial increase in 

growth. 

 After fourteen growing seasons the dbh was significantly greater in the 

basal applied triclopyr treatment over the unthinned control.  However, there 

was no significant difference in periodic annual increment (pai) growth between 

treatments (Table 4.2; Appendix A:Tables 3 &4).   

  
Table 4.2 Pretreatment diameter, current diameter, and periodic annual 
increment (pai) for crop stems on Potts Mountain, Craig County, Virginia.  Means 
within columns followed by the same letter are not significantly different 
(p<0.05).  Pretreatment averages from Stein (1992). 

Treatment Pre-treatment (in.) 2004 (in.) PAI (in.) 
2,4-D/Injection 2.95  5.98 ab 0.21  

2,4-D/Basal Spray 3.15  6.26 ab 0.22  
Triclopyr/Injection 3.07  6.06 ab 0.21  

Triclopyr/Basal Spray 3.07  6.30 a 0.23  
Kerosene/Basal Spray 3.03  5.92 ab 0.20  

Manual/Chainsaw 3.03  5.96 ab 0.21  
Control 3.07  5.56 b 0.18  

 
 These results concur with Lamson (1983 and 1988).  In Lamson’s West 

Virginia experiment, red oaks showed an increase in growth after five years, but 

by ten years after treatment there were no significant differences.  Lamson 

(1983) did see an increase in other species such as basswood, red maple, and 

black cherry.  Trimble (1974) had similar results in West Virginia with northern 

red oak; he did not observe a significant increase in diameter in thinned stands.   

 Stroempl (1983) found that eleven years after treatment, twenty-five-

year-old white oak sprouts showed an increase in diameter growth among 

thinned sprouts, compared to unthinned sprouts.  However, the basal area 
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growth and merchantable volume growth were greater in unthinned clumps 

compared to thinned clumps (Stroempl 1983).  Basal area of the crop trees did 

not differ by treatment before treatment and after fourteen growing seasons, it 

is still not significantly different (Stein 1992).  Site index did not vary by 

treatment (Stein 1992). 

 The 50-year projected volume also did not result in difference between 

treatments (:=1102.6 bdft, p=0.47) (Appendix A: Table 6).  The control 

treatment did have the lowest average though (:=1051.5 bd. ft.).    

 Stroempl (1983) recommended not performing a precommercial thin until 

the stump sprouts are at least fifteen years old.  He reasoned that while stumps 

may have a lot of sprouts initially, by year fifteen there are usually five sprouts or 

less.  After ten years, stems compete for dominance and the sprout that exhibits 

dominance will change frequently.  The stem selected for release in this 

experiment may have been the dominant stem at the time, but had the stand 

been treated a year earlier or later another stem may have appeared dominant. 

 While this experiment only examined oaks, if it had looked at a variety of 

species like Lamson (1983;1988), Trimble (1974), and Beck (1977), the results 

may have shown that some species respond better to particular treatments.  

While these results currently do not provide economic incentives for stump 

sprout selection, Stroempl (1983) and Lamson (1976) both believe that 

precommercial thinning of stump sprouts can provide crop trees for later cuttings 

particularly on good sites. 
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Crop Tree Release Case Study 
 
 Throughout Virginia, paired plots were established with one plot released 

by felling all non-crop trees whose crowns touched a crop tree’s. 

 Using the periodic annual increment (pai), the crop tree release study 

shows that there is a significant interaction in physiographic region and 

treatment at p<0.10 (Table 4.3; Appendix A: Table 7).  Pai was used because 

the stands were different ages initially and measurements were conducted at 

different intervals.  The controls were not significantly different (p>0.10), but the 

release treatments were significantly different (p<0.10) from the controls and 

from each other.  This may be attributed to the species present in the 

physiographic regions.  The Ridge and Valley region may be more deficient in 

nutrients and/or water compared to the Piedmont region, the growing season is 

shorter in the Ridge and Valley and the soils vary between the two regions.  

Therefore, releasing the stems gave them a great advantage in the Ridge and 

Valley.  The species composition and/or the number of each species may also 

affect the change in dbh. 

Table 4.3. Interaction of treatment and physiographic region on pai on plots 
throughout Virginia.  Means followed by the same letter are not significantly 
different (p>0.10). 

Treatment Physiographic Region PAI (in.) 
Control Piedmont 0.173 a 
Control Ridge and Valley 0.183 a 
Release Piedmont 0.252 b 
Release Ridge and Valley 0.300 c 
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Miller (2000) examined how crown growing space effected the 

development of young hardwood trees and had results similar to our study.  The 

study in West Virginia and Maryland found that released stems of northern red 

oak, chestnut oak, black cherry and yellow poplar all had a significant increase in 

dbh.  Trees were measured five and ten years after release and the increase in 

dbh of the released trees was observed during both measurement periods (Miller 

2000).  Kochenderfer et al. (2001) also examined crop tree release in West 

Virginia and had similar results.  They found that after two growing seasons, 

there was a significant increase in dbh of released trees compared to unreleased 

trees.  In Kentucky, Stringer et al. (1988) found that released trees has 

increased in dbh significantly more than unreleased stems.  

 Crop tree release conducted in Ridge and Valley and Piedmont 

physiographic regions can yield a significant increase in diameter over unreleased 

plots.  If stands are harvested at the same time, then the released stands will 

have larger trees which translate into an increase in volume.  Alternatively, the 

released stands will reach a set dbh sooner and therefore could be harvested 

earlier.  Miller (2000) looked at basal area, and after ten years found that 

released stands had a significantly larger net basal area compared to control 

plots. 

 Of the 15 species present on the study plots, 5 were present on plots in 

both the Piedmont and Ridge and Valley regions and 5 were present on plots in 

only one physiographic region (5 species did not have enough stems to allow for 
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comparison).  With the exception of red maple, the other species had a 

significantly higher pai on released plots compared to the controls (Tables 4.4-

4.6; Appendix A:Table 9-14).   

Table 4.4.  Mean pai for species by treatment on plots throughout Virginia.  
Means followed by the same letter within a row are not significantly different 
(p>0.05). 

Species Physiographic Region Control(in.) Release (in.) 
Black Cherry Ridge and Valley 0.19 b 0.33 a 
Chestnut Oak Ridge and Valley 0.12 b 0.19 a 
Sugar Maple Ridge and Valley 0.15 b 0.25 a 
Sweetgum Piedmont 0.09 b 0.15 a 

Southern Red Oak Piedmont 0.15 b 0.26 a 
Northern Red Oak Ridge and Valley and 

Piedmont 
0.21 b 0.35 a 

 
Yellow poplar grew faster in the Ridge and Valley, whereas white oak grew faster 

in the Piedmont (Table 4.5).  Stringer et al.’s (1988) study in eastern Kentucky 

also saw increases in dbh for released plots compared to control plots.  They 

found that after three years the mai for white oak in released plots was 0.16 in. 

whereas the control plots only had a mai of 0.13 in. Trimble’s (1974) work in  

Table 4.5.  Mean pai for physiographic region and treatment on plots throughout 
Virginia. Both independently effected growth of white oak and yellow poplar.  
Means followed by the same letter within a row are not significantly different 
(p>0.05) 

Species Ridge and Valley (in.) Piedmont (in.) 
White Oak 0.13 a 0.22 b 

Yellow Poplar 0.40 a 0.27 b 
 Release (in.) Control (in.) 

White Oak 0.26 a 0.16 b 
Yellow Poplar 0.35 a 0.27 b 

 
West Virginia showed that dominant and co-dominant red maple stump sprouts 

that were released, increased in dbh compared to control trees.  There was no 

significant difference in treatment or physiographic region for red maple 
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(:=0.194 in., p=0.65).  For northern red oak advanced regeneration, Trimble 

(1974) found only intermediate stems showed an increase.  The results indicated 

that northern red oak does respond to release.  Miller (2000) found that black 

cherry and yellow poplar had a larger increase in dbh during the first five year 

measurement period.  Northern red oak and chestnut oak displayed a larger 

average increase in dbh during the second five year measurement period (Miller 

2000).  There was a significant interaction between treatment and physiographic 

region for black oak.  There was a significant difference between the control in 

the Ridge and Valley and the release in both the Ridge and Valley and the 

Piedmont.  The control in the Piedmont was not significantly different from any 

of the other treatments.  The black oaks in the Piedmont may be getting enough 

water and nutrients therefore the release would not benefit them as much.  In 

the Ridge and Valley, nutrients and water can be limiting factors, therefore the 

release may be more beneficial.  Age may be another factor.  These stands 

varied in age at time of release.  While age was not examined, future studies 

may want to examine the effect of age on physiographic region and species 

response to release.  

Table 4.6.Interaction of treatment and physiographic region on the mean pai for 
black oak on plots throughout Virginia.  Means followed by the same letter are 
not significantly different (p>0.05).  

Treatment Physiographic Region PAI (in.) 
Control Ridge and Valley 0.14 a 
Control Piedmont 0.24 ab 
Release Ridge and Valley 0.31 b 
Release Piedmont 0.26 b 
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Hardwood Timber Stand Improvement 
 
 A 60-80 year old stand underwent a timber stand improvement treatment 

which reduced the basal area to a set stocking value or released a specific 

number of trees per acre.  Heights were not significantly different between 

treatments in 2003 or 2004 (Table 4.7; Appendix A:Tables 15 & 16).  Strong et 

al. (1995) did not observe any significant change in height among treatments 

either. 

Table 4.7. Mean difference in height compared to initial (2001) measurements on 
the Kennedy Tree Farm, Dillwyn, Virginia.  
 Treatment 2003 (ft.) 2004 (ft.) 

CTR 3.4  9.1  
60% stocking 2.1   7.6  
80% stocking -0.6 13.1  
Control 1.4  8.8  
 
 After two growing seasons, there were no significant changes in dbh 

between the treatments and the control (Table 4.8; Appendix A: Tables 17 & 

18).  There may not have been enough time for a difference to be significant or 

even to show up.  By 2004, the crop tree release had put on significant growth 

compared to the 80% stocking, but not the control.  After three growing 

seasons, differences are beginning to occur.  More differences may become 

apparent as the next few growing seasons pass.  Due to the age and size of the 

tress, it may take longer for difference to appear.  As trees do not grow at the 

same rate consistently, older trees may not respond as quickly or with great 

increases the way a younger tree might.   

 
 

 44



 
Table 4.8.  Mean dbh difference from initial (2001) measurements in a 60-80 
year old hardwood stand located on the Kennedy Tree Farm, Dillwyn, Virginia.  
Means within columns followed by the same letter are not significantly different 
(p>0.05). 
Treatment 2003 (in.) 2004 (in.) 
CTR 0.0 a 0.57 a 
60% stocking 0.2 a 0.50 ab 
80% stocking 0.1 a 0.37 b 
Control 0.1 a 0.43 ab 
 
 Using a light selection cut which removed approximately 20% of the basal 

area, Mitchell et al. (1988) observed an increase in dbh over the control after ten 

years.  While these results are only through four growing seasons, this trend has 

not yet been observed in our study.  After another eighteen years, Mitchell et al. 

(1988) found the light selection mean dbh was 0.75 inches greater than the 

control mean.  Strong et al. (1995) found that crop tree release and a reduction 

to approximately 60% stocking were both significantly greater than the control.  

In addition, the reduction to approximately 60% stocking was significantly 

greater than the crop tree release, which is inconsistent with our results.  

Mitchell et al. (1988) showed increases of more than one inch in dbh for a 

reduction to approximately a 60% stocking level over the control after ten years 

and more than two inches after another eighteen years.  Strong et al. (1995) 

saw an increase of about one inch in another reduction to approximately 60% 

stocking after forty years.  Strong et al. (1995) also noted that increases in 

diameter growth grew larger as cutting intensity increased.  As these stands are 

monitored, the results may become consistent with other studies. 
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One goal of the study was to determine if a reduction in basal area 

resulted in faster growth and therefore an increase in basal area.  The herbicide 

was effective at reducing the basal area.  There was no significant difference in 

the herbicide effectiveness between treatments or replications (:=88% p=0.30) 

(Appendix A:Table 19).  Therefore the basal areas were significantly different 

both at the time of treatment and three growing seasons later.  In order to 

determine if there was an increase in basal area, the change in the two time 

periods was analyzed (Table 4.9; Appendix A: Tables 20-22). 

Table 4.9. Pretreatment, 2004, and the difference in basal area of crop trees on 
the Kennedy Tree Farm, Dillwyn, Virginia.  Means within columns followed by the 
same letter are not significantly different (p>0.05). 

Treatment 2001 BA 
(ft.2/ac.) 

2004 BA 
(ft.2/ac.) 

Change in BA 
(ft2./ac.) 

30 trees/ac. 39.07 c 43.55 c 4.28 a 
60% stocking 43.88 c 49.21 c 5.32 a 
80% stocking 69.20 b 73.58 b 4.38 a 

Control 86.70 a 94.40 a 7.67 a 
 

The larger trees increasing in diameter will be worth more than several 

smaller trees that are increasing.  The projected value may be the best indicator 

of this (Table 4.10).  One factor that the projected value does not take into 

consideration is tree grade.  Tree grade is affected by epicormic branching and 

epicormic branching was significantly higher on the 60% stocking plots.  Species 

composition may have affected the percentage of trees that displayed epicormic 

branching as some species are more prone to epicormic branching than others.  

The reduction in basal area allows more light to reach the bowl which is the 

cause of epicormic branching.  Therefore we would think that the crop tree 
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release would have the highest epicormic branching percentage since the 

majority of dominant and co-dominant trees around each crop tree were 

removed.  Because the crop tree release seemed to be slow at responding 

initially, the percentage of trees displaying epicormic branching may increase.     

Table 4.10.  The projected value per acre based on projected volumes in another 
15 growing seasons and current prices for eastern North Carolina.  Data used to 
calculate the volumes came from the Kennedy Tree Farm, Dillwyn, Virginia and 
the prices came from Timber Mart South (2004). 

Treatment Projected Values ($)/ac 
30 trees/ac. 1015.7  

60% stocking 818.6  
80% stocking 1728.4  

Control 1517.6  
 
Based on the 2004 data, volumes were projected for another 15 years 

using the NE-TWIGS programs (NE Forest Experiment Station).  Then using 

prices from Timber Mart South, the value of each stand was calculated and the 

values compared.  The projected values are shown in Table 4.10.   Epicormic 

branching was significantly different between treatments (Table 4.11; Appendix 

A: Table 24).    Therefore epicormic branching may reduce tree grade. 

Table 4.11. Average percent of trees displaying epicormic branching in each 
treatment at Kennedy Tree Farm, Dillwyn, Virginia.  Means followed by the same 
letter are not significantly different (p>0.10) 

Treatment Trees displaying epicormic branching (%) 
30 trees/ac. 45 a 

60% stocking 71 b 
80% stocking 46 a 

Control 41 a 
 
Johnson et al. (1998) found that dominant and codominant trees did not 

have significant epicormic branching with the exception of white oak.  

Suppressed and intermediate trees that were released displayed significantly 
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more epicormic branching compared to the dominant and codominant stems.  

Despite the increase in epicormic branching Johnson et al. (1998) observed there 

was not significant changes in log grade between pre- and post- harvest.  

Using dbh as an indicator of tree grade, there was no significant 

difference (p<0.10) in tree grade among treatments either (Appendix A:Table 

25).  An average of 7.5 trees may have increased in grade in each treatment.  

Strong et al. (1995) found that tree grade increased during the last twenty years 

but there were not significant differences between crop tree release, heavy 

selection (~60% stocking) and control treatments.   

Releasing Hardwoods; Implications for NIPF 

 Like previous studies, our results are mixed.  In some cases a release 

treatment worked, in others it did not. 

 The case study showed that a crop tree release treatment can work in 

both Ridge and Valley and Piedmont regions.  The precommercial thinning 

showed that some release treatments were working initially, but now there is no 

difference.  The timber stand improvement has not resulted in increases in dbh 

for the released stands at this point.  While some studies saw results early, other 

studies didn’t see results till later. 

 The stands in the crop tree release treatment ranged from 14-42 years 

initially, with most stands 20-23 years.  The precommercial thinning occurred 

when the stand was twelve years old.  The timber stand improvement occurred 
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when the stands were 60-80 years old.  Age may be a factor in the effectiveness 

of the release. 

 Because the recommendation of family, neighbors and community leaders 

is often the biggest influence on what actions are taken, this could be used to 

help determine where release may work.  If a neighbor or community leader has 

tried release on their property and it worked, then it may be more likely to work 

on that person’s property.   

 At this point, crop tree release or timber stand improvement cannot be 

recommended for everyone.  Chemical thinning for either of these treatments 

can result in meeting other management objectives though.  For example, many 

animals use dead trees for food or cover, therefore standing dead trees (snags) 

could increase wildlife.  However chemical thinning does not necessarily increase 

in the value of the standing timber.  Another possible benefit of chemical 

thinning, would be increased light on the forest floor which may result in a shift 

in species composition.  While not studied in our experiments, existing or future 

research may provide more insight into this. 

Oak Regeneration in a Deferment Cut 
 
 Five years after a deferment cut was performed in the Virginia Piedmont, 

a prescribed burn was performed as an effort to promote oak regeneration.  

Brose and VanLear (1998) found that burning reduced densities in all species.  

We found that on average there were more stems on the burned plots (Table 

4.12; Appendix A:Table 26-32).  Since the stands were harvested in 1997, the 
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lower number of stems in the cut only plots is likely due to stand competition.  

Hurst and Myers (1982) found that after a bottomland improvement cut, oak 

regeneration was more prevalent than regeneration by other species. Whereas 

Loftis (1983) found that oaks and yellow poplar dominated regeneration one 

growing season after a shelterwood cut; we found that oaks and red maple 

dominated the regeneration one year following a prescribed burn.  On cut only 

sites, the regeneration is dominated by yellow poplar with red maple being the 

second major component.  Yellow poplar and red maple are both fast growing 

species, so their abundance on the cut only plots makes sense.  The difference 

between these results and those of others may be the result of different 

overstory composition prior to harvest.  On the cut and burn sites, the number of 

red maple and yellow poplar would be expected to be lower because their thin 

bark increases their susceptibility to fire.   

Table 4.12. Average number of stems present after performing a prescribed burn 
on a five year old deferment cut in the Virginia Piedmont.  Means within the 
same column followed by the same uppercase letter are not significantly 
different (p>0.05).  Means within the same row followed by the same lowercase 
letter are not significantly different (p>0.05).       

Species Cut & Burn Cut Only 
Oaks a 4948 B,a 1867 C,a 

Red Maple 7670 A,a 3254 B,b 
Yellow Poplar 3161 C,a 6806 A,a 

Blackgum 2257 C,a 814 D,b 
Hickories a 373 D,a 275 D,a 

Misc. b 2495 C 2705 B,C 
a Includes all species in that genera. 
b Includes all other species present on the plots that were not a major component.  A comparison 
was not made between the burned and unburned for this species group. 
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 The non-oaks were broken down by the major genera that occurred on all 

plots and compared to the oaks.  There were statistical differences both within 

the treatments (Table 4.12) and between the treatments.  Like this study, Brose 

and VanLear (1998) found that on cut only plots yellow poplar and red maple 

dominated the regeneration while on cut and burn plots the oak regeneration 

equaled or exceeded yellow poplar and red maple.  Keyser et al. (1996) also had 

similar results. 

 There was no significant difference (p=0.10) between the cut only and 

the cut and burn treatments for oaks, hickories, or yellow poplar.  The cut and 

burn treatment had significantly more red maple (p=0.10) and blackgum 

(p=0.01) than the cut only treatments.  Previous stand composition and site 

differences likely affected the results.  When analyzing the data, the Kyanite site 

was often very different from the Loth and Harris sites.  If we had only looked at 

the Loth and Harris sites, our results may have been different but they may also 

have been less accurate.  The Kyanite site burned much hotter than the other 

two sites which likely affected stem counts. 

 Oaks were also compared between treatments by size class (Figure 4.1; 

Appendix A: Tables 33-36).  There was no significant difference between the cut 

and burn and the cut only treatments in the number of oak stems in the 0-1 ft. 

and 1-5 ft. size classes.  In the 5+ ft. class, there were significantly (p=0.01) 

more oaks on the cut only plots.  The greater than 1 inch dbh class also had 

significantly (p=0.10) more oaks on the cut only plots. 
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Figure 4.1. Distribution of oaks by size class after a deferment cut in which some 
of the plots were burned after five years.  Data was collected in the Virginia 
Piedmont.  
 
Oak Regeneration under a TSI treatment 
 
 Three growing seasons after the timber stand improvement treatments 

were carried out in the 60 to 80 year old stand, oak regeneration was evaluated 

to determine if the treatments affected the amount of oak regeneration 

occurring.  There was no significant difference between treatments in the total 

amount of regeneration that was occurring.  There was a difference in the 

number of stems by species (Table 4.13; Appendix A:Table 37).  Hurst and 

Meyers (1982) found that after an improvement cut in a bottomland forest, oaks 

had the highest occurrence followed by red maple and blackgum.   
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Table 4.13.  Species distribution of regeneration stems under a stand 
improvement study in Dillwyn, Virginia.  Means followed by the same letter are 
not significantly different (p>0.05). 

Species Density (stems 
per acre) 

Oaks 2800 a 
Yellow Poplar 1925 ab 

Red Maple 1383 bc 
Hickory 250 c 

Blackgum 175 c 
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Conclusions 
 
 Several different methods of stand improvement were examined in this 

study with varied results.  Different methods of chemical thinning were used to 

release stump sprouts in a chestnut oak stand.  After 26 growing seasons there 

was no significant difference in diameter between treatments.  This differs from 

earlier results.  Because there does not appear to be a difference now and there 

was in the past, continued measurement is needed to determine what will 

happen.  As the stand gets older, grading the trees may also be helpful in 

determining the effectiveness of chemical thinning on stump sprouts. 

 A case study looked at crop tree release in different physiographic 

regions.  This showed that the release was effective in increasing dbh over 

unreleased stems.  Not only was there a difference between treated and 

untreated stems, there was also a difference between physiographic regions.  

Released stands in the Ridge and Valley had a higher pai compared to released 

stands in the Piedmont.  The untreated stems displayed a similar mai for both 

regions. 

 A timber stand improvement study was installed using herbicides to 

reduce to three different levels of basal area.  None of the reductions resulted in 

an increase in dbh or height compared to the control.  Some differences were 

observed in expected value based on projected volumes.  A 20% reduction (80% 

residual stocking) in basal area resulted in a significantly higher value based on 
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the projected volumes compared to the 40% reduction.  Since the stand is older, 

more time may be required to observe results than just three growing seasons.   

 Stand improvement seems to work in some instances and not others.  

Based on our study, it works in both the Piedmont and Ridge and Valley regions.  

This study, as well as other studies, showed a variety of species respond to 

release.  One factor that was not examined, but that could have an impact on 

the effectiveness, is age.  Perhaps there is an optimum age, or time period when 

trees respond the best to release.  Currently stand improvement with the goal of 

increased timber value cannot be recommended for everyone based on the 

inconsistent results.  More studies are needed to determine which factors affect 

the success of released stems.  Stand improvement treatments may be carried 

out in order to meet other goals or income in older stands.     

 Oak regeneration was studied under two different conditions.  The 

number of stems of oak regeneration were measured under the timber stand 

improvement study and in another separate study which compared a deferment 

cut and burn combination to just performing the deferment cut.  Under the 

timber stand improvement study, oak stems were significantly more abundant 

than all other species, except yellow poplar.  A more focused study should be 

installed to ensure that the stands will contain an oak component after harvest.   

 In the deferment study, the results were quite different however.  As a 

whole, non-oaks were significantly more abundant than oaks on both cut and 

burn and on the cut only sites.  However, when the non-oaks were broken out 
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by species, the results changed some.  Red maple was the only species that had 

significantly more stems on the cut and burn plots than oaks.  On cut only plots 

both red maple and yellow poplar had significantly more stems.  Continued 

monitoring of these stands may be useful in ensuring that the stand becomes 

dominated with oak.  More treatments, either fire, chemical, or mechanical may 

be required to reduce the number of red maple stems from becoming the 

dominant species in the stand. 

 We know that thinning, removal of herbaceous plants, fertilizing, bedding 

and a number of other treatments increase pine growth and are cost effective.  

In order to increase hardwood timber production, methods are needed that will 

increase hardwood growth and are cost effective.  Once methods exist, forestry 

professionals must work with NIPF landowners in order to encourage adoption of 

those practices.  Cost effectiveness is unknown at this point, because the 

effectiveness of these treatments is inconsistent. 
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Statistics for Hardwood Precommecial Thinning 
1. 2004 Height (ft.) 
Source Df Type III SS MSE F p-value 
Block 1 7.07266667 7.07266667 0.51 0.4848 
Treatment 6 70.95012281 11.82502047 0.85 0.5494 
Blk*Trt 6 71.14843860 11.85807310 0.85 0.5478 
 
2. Change in height from pretreatment measurements to 2004 (ft.) 
Source Df Type III SS MSE F p-value 
Block 1 6.95301042 6.95301042 0.50 0.4884 
Treatment 6 79.50093860 13.25015643 0.95 0.4828 
Blk*Trt 6 71.00957018 11.83492836 0.85 0.5487 
 
3. Average dbh (in.) 
Source Df Type III SS MSE F p-value 
Block 1 0.06666667 0.06666667 0.18 0.6782 
Treatment 6 1.50173684 0.25028947 0.66 0.6790 
Blk*Trt 6 0.58552632 0.9758772 0.26 0.9498 
 
4. Average mean annual increment (MAI) (in.) 
Source Df Type III SS MSE F p-value 
Block 1 0.00008461 0.00008461 0.15 0.7008 
Treatment 6 0.00201398 0.00033566 0.60 0.7256 
Blk*Trt 6 0.00087436 0.00014573 0.26 0.9488 
 
5. Basal area(ft2/ac) 
Source Df Type III SS MSE F p-value 
Block 1 0.30459375 0.30459375 0.06 0.8126 
Treatment 6 19.52799123 3.25466520 0.62 0.7154 
Blk*Trt 6 9.73935965 1.62322661 0.31 0.9262 
 
6. Projected volume after a total of 50 growing seasons (Doyle bd. ft.)  
Source Df Type III SS MSE F p-value 
Block 1 2732.06276 2732.06276 0.40 0.5353 
Treatment 6 40270.02726 6711.67121 0.98 0.4655 
Blk*Trt 6 43367.46442 7227.91074 1.05 0.4217 
 
Statistics for Crop Tree Release 
7. Average mean annual increment (MAI) (in.) 
Source Df Type III SS MSE F p-value 
Physiographic 
Region 

1 0.07483787 0.07483787 6.84 0.0093 

Treatment 1 0.83071470 0.83071470 75.94 <0.0001 
Physiographic 
Region*Treatment 

1 0.03096523 0.03096523 2.83 0.0934 
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8. Projected volume after another 25 growing seasons 
Source Df Type III SS MSE F p-value 
Physiographic 
Region 

1 23557.861 23557.861 0.00 0.9500 

Treatment 1 3261195.033 3261195.033 0.56 0.4636 
Physiographic 
Region*Treatment 

1 2448459.033 2448459.033 0.42 0.5247 

 
9. Effect of treatment on species present in only one physiographic region  
Species Df Type III SS MSE F p-value 
Black Cherry 1 0.13446482 0.13446482 19.41 0.0001 
Chestnut Oak 1 0.03323736 0.03323736 34.11 <0.0001 
Sugar Maple 1 0.3308150 0.3308150 20.41 0.0009 

Sweetgum 1 0.03107866 0.03107866 7.15 0.0113 
Southern Red 

Oak 
1 0.4692481 0.4692481 5.32 0.0339 

 
10. Effect of physiographic region and treatment on black oak 
Species Df Type III SS MSE F p-value 
Trt 1 0.8891365 0.8891365 8.45 0.0061 
Blk 1 0.00489028 0.00489028 0.46 0.4997 

Trt*blk   1 0.05547256 0.05547256 5.27 0.0275 
 
 
11. Effect of physiographic region and treatment on northern red oak 
Species Df Type III SS MSE F p-value 
Trt 1 0.05618 0.05618 9.98 0.0102 
Blk 1 0.01058 0.01058 1.88 0.2004 

Trt*blk   1 0.0125 0.0125 2.22 0.1671 
 
 
12. Effect of physiographic region and treatment on red maple 
Species Df Type III SS MSE F p-value 
Trt 1 0.01677509 0.01677509 1.64 0.2267 
Blk 1 0.00323663 0.00323663 0.32 0.5851 

Trt*blk   1 0.00011868 0.00011868 0.01 0.9162 
 
13. Effect of physiographic region and treatment on white oak 
Species Df Type III SS MSE F p-value 
Trt 1 0.8263858 0.8263858 17.41 <0.0001 
Blk 1 0.03471518 0.03471518 7.31 0.0087 

Trt*blk   1 0.00218721 0.00218721 0.46 0.4997 
 
14. Effect of physiographic region and treatment on yellow poplar 
Species Df Type III SS MSE F p-value 
Trt 1 0.20017733 0.20017733 19.37 <0.0001 
Blk 1 0.33489613 0.33489613 32.40 <0.0001 

Trt*blk   1 0.03481795 0.03481795 3.37 0.0712 
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Statistics for Hardwood Timber Stand Improvement 
15. 2003 Heights (ft.) 
Source Df Type III SS MSE F p-value 
Block 2 140.7716667 70.3858333 5.02 0.0524 
Treatment 3 24.3466667 8.1155556 0.58 0.6504 
 
16. 2004 Heights (ft.) 
Source Df Type III SS MSE F p-value 
Block 2 90.67166667 45.33583333 1.24 0.3543 
Treatment 3 51.06000 17.02000 0.47 0.7170 
 
17. 2003 dbh (in.) 
Source Df Type III SS MSE F p-value 
Block 2 0.02000000 0.01000000 0.22 0.8091 
Treatment 3 0.04666667 0.01555556 0.34 0.7968 
 
18. 2004 dbh (in.) 
Source Df Type III SS MSE F p-value 
Block 2 0.01166667 0.00583333 0.72 0.5227 
Treatment 3 0.06666667 0.02222222 2.76 0.1342 
 
19. Herbicide effectiveness (%) 
Source Df Type III SS MSE F p-value 
Block 2 110.8888889 55.4444444 3.24 0.1457 
Treatment 2 10.8888889 5.4444444 0.32 0.7443 
 
20. 2001 Basal area (ft2/ac) 
Source Df Type III SS MSE F p-value 
Block 2 227.536867 113.768433 1.97 0.2201 
Treatment 3 4491.106758 1497.035586 25.91 0.0008 
 
21. 2004 Basal area (ft2/ac) 
Source Df Type III SS MSE F p-value 
Block 2 306.766050 153.383025 2.39 0.1725 
Treatment 3 4968.266767 1656.088922 25.80 0.0008 
 
22. Change in Basal area (ft2/ac) 
Source Df Type III SS MSE F p-value 
Block 2 6.41531667 3.20765833 0.90 0.4543 
Treatment 3 22.33416667 7.44472222 2.09 0.2023 
 
24. Epicormic Branching (%) of trees displaying epicormic branching 
Source Df Type III SS MSE F p-value 
Block 2 706.166667 353.083333 2.08 0.2058 
Treatment 3 1684.666667 561.555556 3.31 0.0989 
 
 
25. Change in grade 
Source Df Type III SS MSE F p-value 
Block 2 1.16666667 0.58333333 0.10 0.9042 
Treatment 3 5.58333333 1.86111111 0.33 0.8066 
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Statistics for Oak Regeneration 
26. Comparison of Species on cut only plots 
Source Df Type III SS MSE F p-value 
Block 2 7940261 3970130 0.65 0.5235 
Species 5 1075617754 215123551 35.14 <0.0001 
Block*Species 10 91452175 9145218 1.49 0.1407 
 
27. Comparison of Species on cut/burn plots 
Source Df Type III SS MSE F p-value 
Block 2 67007530 33503765 3.47 0.0324 
Species 5 1606463313 321292663 33.24 <0.0001 
Block*Species 10 579663372 57966337 6.00 <0.0001 
 
28. Difference in OAKS between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 2565.67 1395.96 1.84 0.2075 
 
29. Difference in HICKORIES between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 59.3333 277.4199 0.21 0.8505 
 
30. Difference in RED MAPLE between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 4047.00 1013.01 4.00 0.0573 
 
31. Difference in BLACKGUM between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 1235.33 69.934 17.66 0.0032 
 
32. Difference in YELLOW POPLAR between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 3274.00 1436.07 2.28 0.1502 
 
33. Comparison of oak 0-1 ft. stems between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 421.000 192.5798536 2.19 0.1604 
 
34. Comparison of oak 1-5 ft. stems between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 810.000 407.1514870 1.99 0.1849 
 
35. Comparison of oak 5+ ft. stems between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 192.000 17.4355958 11.01 0.0081 
 
36. Comparison of oak 1+ in. dbh stems between cut/burn and cut only plots (Paired T-test) 
N |Mean| Std. Error |t-value| p-value 
3 23.6666667 7.7960104 3.04 0.0935 
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37. Treatment affect on number of stems of species 
Source Df Type III SS MSE F p-value 
Species 4 60185666.67 15046416 5.49 0.0013 
Treatment 3 3476000.00 1158666.67 0.42 0.7375 
Species*Treatment 12 26069000.00 2172416.67 0.79 0.6547 
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