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Figure 2.5: Merchantable volume by product and merchantability class. (A) low, (B) 

middle, (C) high. 



Financial Analysis 

Maximum NPV 

Financial rotation length is defined as point at which NPV is maximized (Smith 1997). 

Maximum NPV for the six treatment groups occurs, on average at age 50 (Table 2.5, 

Figure 2.6). The results of a two-factor ANOVA using the middle merchantability class 

and a discount rate of 4% indicated that herbicide has no influence (p=0.224) on 

maximum NPV. PCT, however, reduced NPV. 
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Figure 2.6: NPV in year 2000 dollars using the middle merchantability class and a 

discount rate of 4% versus stand age for six treatments. 



Table 2.5: Means, sample size (N), and standard errors using the middle merchantability 

clas~and a 4% discount rate for six treatments. 

maximum NPV 

Treatment 

(p<0.001) and had significant interaction with herbicide treatment (p=0.024). The group 

indicating the highest maximum NPV was the Glyphosate -Triclopyr only group at 

$627.03/A, followed by Phenoxy only group at $540.70 /A, and the Control only group at 

$413.67/A, followed by all treatments receiving PCT. Clearly, plots receiving PCT 

treatments have a lower maximum NPV than the Herbicide only and Control only groups. 

Thus, it appears only the herbicide groups with out PCT achieve a higher maximum NPV 

than the Control only group. 
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Financial Rotation Length 

Financial rotation length is defined as the stand age at maximum NPV of all costs and 

revenues at some chosen rate of compound interest (Smith et al. 1997, pg. 436). There 

were no treatment effects on financial rotation length. Means for all treatments were near 

age 50 years. There were herbicide group effects (p<0.001) on the number of years that 

NPV remained positive over the 100-year simulation period, but since there were no 

investments in the Control only group NPV never reaches zero and the mean for this 

treatment group is 100. PCT treatments reduced (p<0.001) the number of years of 

positive NPV with the mean number of years being 45.3 years for the groups receiving 

PCT treatments compared to 93.9 years for the no-PCT groups. 

Internal Rate of Return 

The Control only group was removed form this analysis since no investments were made 

in this treatment. There was no influence of herbicide treatment on internal rate of return 

(IRR) (p>O.). PCT reduced IRR (p<0.001). The mean IRR for the herbicide only groups 

was 8.096, for the Control + PCT (PCT only) group mean IRR was 6.1 %, and for the 

herbicide + PCT groups mean IRR was 5.8%. 

Flexibility Index 

There were no herbicide group effects on flexibility index but there were PCT effects. 

Groups receiving PCT treatments had a significantly lower (p<0.001) flexibility index 

than the herbicide only and control only groups. The control only group had the highest 



mean flexibility index followed by the Glyphosate-Triclopyr only group and the Phenoxy 

only group. 

EfSect of Discount Rate 

The effects of discount rate on NPV are shown in Figure 2. 7. As would be expected, 

higher discount rates reduce NPV and reducing the length of time NPV remains positive. 

The effects are similar in the Glyphosate-Triclopyr only group and Phenoxy only group 

but differ from the Control only group. The effects of discount rate on the Control only 

group reflect no investments made in this treatment and NPV never falls below zero. The 

flat portion of the curves indicates the period when the value of standing wood has been 

discounted to a point near zero and NPV is merely the compounded value of the 

treatments. This point occurs earlier in the rotation as the discount rate is increased. The 

effect of discount rate, or the distance between NPV curves for the various discount rates, 

is larger for the Herbicide + PCT groups and the Control + PCT group than the Herbicide 

only and Control only groups. The larger effect of discount rate for those treatments 

groups receiving PCT is a reflection of the relatively high cost of PCT. 
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Figure 2.7: NPV year 2000 using the middle merchantability class for six treatments and 

five discount rates. 



Merchantability Standards 

The influence of merchantability standards on NPV are shown in Figure 2.8. Higher 

merchantability standards reduced NPV for all treatments. The maximum difference in 

NPV between the three merchantability classes occurs at maximum NPV and reaches a 

minimum at the end of the simulation period. This effect of merchantability class is 

evident in all treatment groups. The difference in NPV as a result of merchantability class 

is similar among those treatments with no PCT and similar among those treatments with 

PCT but differ between the two groups. The magnitude of the difference in NPV is 

smaller for the treatments with PCT than for the treatments with no PCT. 
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Future Harvest Costs 

The mean harvest cost at age 50 was calculated for each treatment group for each of the 

three merchantability classes (Figure 2.9). Since harvest costs are directly related to stem 

or piece size, merchantability standards have a large effect on harvest cost. The harvest 

cost associated with the high merchantability class is less than half the cost of the low 

class for those groups not receiving PCT and is reduced by about a third for the groups 

receiving PCT. With the largest merchantability class, the costs associated with the 

Glyphosate-Triclopyr only and the Phenoxy only groups are similar, but both are 

considerably higher than the control only group. Also, harvest costs associated with 

groups receiving PCT treatments are lower than those without PCT treatments with the 

exception of the Control only. As merchantability standards increase, the difference in 

harvest cost among treatments decrease. Any difference in harvest costs among 

treatments is small when using a high merchantability class. 
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Figure 2.9: Harvest costs per acre at age 50 for six treatments and three merchantability 
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DISCUSSION 

Our results clearly show the effectiveness of herbicide and PCT treatments in 

determining the long-term species composition of spruce-fir stands. Herbicide treatments 

alone shifted species composition from predominantly intolerant hardwoods in untreated 

Control plots to nearly pure softwood (over 70% of total volume) for the Glyphosate- 

Triclopyr treatments at financial rotation age (50 years). PCT alone was even more 

effective at controlling species composition, with over 80% of total volume composed of 

softwood. Herbicide followed by PCT treatments, created pure softwood conditions with 

over 90% of total volume comprised of softwood for the Glyphosate-Triclopyr treatment. 

While both herbicides and PCT were effective in controlling species composition, neither 

herbicides or PCT increased merchantable volumes above untreated stands. The 

beneficial effects of these treatments, with respect to merchantable volume, appeared to 

be almost entirely from shifting species composition from low value hardwood products 

to much higher value softwood products. 

In contrast to the results of Brodie et al(1987), who found that removal of competing 

vegetation shortened rotation lengths, our results indicated neither herbicide nor PCT 

reduced financial rotation lengths. In fact, our simulations suggest that PCT treatments 

reduced merchantable volume at rotation age. This result, however, may be due to the 

wide spacing (700 treesIA) implemented in these treatments or be an artifact of NE 

TWIGS. The wide spacing implemented in these PCT treatments may have left growing 

space unoccupied. Alternatively, the NE TWIGS model may not have increased growth 



parameters of individual trees proportionately to the amount of growing space allocated 

to them in the PCT treatments. 

PCT was effective in increasing QMD in the Herbicide + PCT treatments above that in 

the Herbicide only treatments, resulting in lower estimated harvest costs and increased 

sawlog to pulpwood ratios. This effect resulting from PCT treatment diminished with 

increasing merchantability class. In the low and middle merchantability classes, the 

harvest costs associated with Herbicide + PCT treatments was, on average, 22.1 % lower 

than harvest costs associated with Herbicide only treatments. The difference in harvest 

costs between these treatments certainly could have implications on their NPV. Although 

NPV was calculated on the value of standing wood, and prices received for wood 

products in these calculations did not account for differences in harvest costs, 

adjustments to the actual stumpage price received for the sale of this wood could be 

expected according to associated harvest costs. This is due to the effects of harvest costs 

on the gross profit associated with the sale of this wood to a mill. Equation 3 shows the 

relationship between anticipated harvest costs and gross profit from the harvest of forest 

stands. 

[3] Mill price - Trucking costs - Harvest costs - Stumpage price = Gross profit 

If harvest costs are anticipated to be lower because of the larger piece size (QMD) of 

merchantable stems, a higher stumpage price can be paid without affecting the gross 

profit of the transaction. Some adjustment upward to the value of standing wood for the 



plots receiving PCT treatments may, therefore, be appropriate. An exact adjustment 

would be difficult to calculate without actual mill delivered prices and trucking costs. 

This adjustment to the value of standing wood, in turn, would increase the NPV of the 

plots receiving PCT treatments. 

The difference in QMD between Herbicide + PCT and Herbicide only treatments and the 

Control + PCT and Control only treatments in the high merchantability class was 

negligible, therefore, the difference in harvest costs between these treatments was also 

negligible. In fact, the harvest costs associated with the Control + PCT plots was higher 

than the Control only plots for the low and high merchantability classes. An adjustment 

to the NPV of the PCT treatments for a comparison between these treatments would not 

be appropriate. 

We have been successful in showing the beneficial effects of herbicides and PCT in 

controlling species composition and enhancing long-term stand value. However, these 

treatments require an upfront financial investment. So the most important question is 

whether the increase in stand value resulting from these treatments exceeds the costs. The 

results of our financial analysis suggest that herbicide treatments can enhance NPV of 

stands at rotation age about 40% higher than untreated stands and achieve an IRR of 

approximately 8%. These results agree with those of Roberts (1982) and later by Walstad 

et al. (1986) in their study of economic returns of vegetation management in Douglas fir 

stands in the Pacific Northwest who found that the removal of competing vegetation 

increased NPV. PCT, on the other hand, did not increase NPV in our analysis above that 



of untreated stands. Despite this result, PCT treatments provided a 6% rate of return, a 

rate above many minimum acceptable rates of return (MAR) used by forest industries in 

Maine (Field 2002). 

' We also were able to show the influence that assumptions about future merchantability 

standards has on NPV estimates. Our results indicate that the benefits of herbicide and 

PCT treatments are enhanced with a decrease in merchantability standards (i.e., 

merchandising of smaller diameter stems). Recent trends in forest product utilization 

indicate decreasing merchantability standards with time so as these standards decrease 

further, perhaps we could see an increase in the benefits of herbicides and PCT in these 

types of stands. 

All of our results are dependent upon the correctness of the assumptions of the NE 

TWIGS growth and yield model and the accuracy of the empirical data used to develop it. 

This model and others were developed from empirical data of unmanaged stands. Clearly, 

there is a need for long-term studies of managed stands to rotation age to provide data 

suitable for predicting the growth and yield of these managed stands. 

Perhaps the ultimate value of herbicides and PCT are at the forest level where 

composition shifts and changing the quality of stands can have forest level benefits 

beyond that provided by the IRR on a particular acre investment analysis. Wagner et al. 

(2003) describes the benefits of herbicides and PCT in increasing the future wood supply 

in Maine. They report 25% of Maine spruce-fir forest is in the seedling or sapling stage, 



and many hardwood stands are in a young and vigorous condition. Wagner et al. (2003) 

go on to say, significant opportunities exist for intensifying the management of older 

stands. More than 27% of Maine merchantable growth eventually ends up decaying on 

the forest floor, and this proportion has been increasing since the 1950s. Despite this 

situation, only about 4% of Maine forest (as of 1995) is under intensive or high-yield 

management. Clearly, the current opportunity is a great for applying intensive 

silvicultural treatments, including herbicides and PCT, to increase growth of 

merchantable wood and ultimately increase annual sustainable harvest levels. An 

extrapolation of our results could perhaps even be used to corroborate the results of 

Wagner et al. (2003) in the contribution of these treatments to the overall future wood 

supply in Maine. Additional research on the economic returns of herbicide and PCT 

treatments to provide a sound basis for investments in these treatments is therefore vital 

to the economy in Maine. Increased annual sustainable harvest levels will provide an 

economic boost the forest products industry in Maine and make it more competitive in a 

global economy. 



CHAPTER 3. 

MANAGEMENT IMPLICATIONS 

The results of this study indicate that the short-term benefits of herbicide and PCT 

treatments for controlling species composition are maintained through rotation age in 

Maine spruce-fir stands. The primary influence of both herbicide and PCT treatments was 

from shifting direction of post-harvest succession to a predominantly spruce-fir overstory 

rather than a nearly pure hardwood overstory, characteristic of untreated stands. 

Combined herbicide + PCT treatments created nearly pure spruce-fir stands while 

untreated controls produced predominantly intolerant hardwood stands through the end of 

the rotation. Neither herbicides nor PCT increased merchantable volumes over those of 

untreated stands, but both treatments applied alone increased the value of standing wood. 

In addition, combined herbicide and PCT treatments increased the value of standing 

wood, on average, by 177 % above that of herbicide treatments alone. 

Our investigation of the return on investments in herbicides treatments revealed an 

increased NPV in treated stands over those of the untreated stands at rotation age with a 

return on investment of approximately 8%. Glyphosate and Triclopyr were equally 

effective and both were as effective as the Phenoxy herbicides. PCT, on the other hand, 

reduced the NPV below that of untreated stands. PCT also reduced the NPV of 

previously herbicide treated stands. Although PCT reduced the NPV of stands, the 

treatment still produced a return on investment of approximately 696, a rate of return 

attractive to many investors. We were also able to show that stands receiving PCT 



treatments had lower harvest costs than Herbicide only treatments, but this effect of PCT 

diminishes as merchantability standards increase. If future merchantability standards 

decrease, lower harvest costs associated with PCT treatments could enhance NPV in PCT 

plots. 

Clearly, herbicide treatments are an attractive alternative for those investors interested in 

producing stands of spruce-fir while receiving a reasonable return on their investment. 

For those investors interested in increasing the value of their timberland while 

maintaining a modest return on investments, PCT, based on our results, could still be an 

attractive investment. 

Our results are dependent on the assumptions of the NE TWIGS growth model which are 

based on data from unmanaged stands and may underestimate the effects of these 

treatments. Also, the adverse effects of PCT on NPV shown in our results are based on a 

residual density of 700 TPA, a density much less than the 1,000 to 1,200 TPA densities 

commonly used in industry today. Higher densities resulting from narrower PCT spacings 

may, although not tested in this study, increase merchantable volumes at rotation age to a 

level equal to or above that of herbicide only treatments. The result could be increased 

values of standing wood while maintaining a larger quadratic mean diameter (QMD) and 

lower harvest costs. 

The uncertainties included in the financial analysis of this study are indicative of the need 

for data to rotation age from managed stands. In the introduction to this study we 



indicated the importance of maintaining a healthy growing stock of spruce-fir to the 

economy of Maine and were able to show the benefits of herbicides and PCT treatments 

in producing predominantly spruce-fir stands. An extrapolation of our results could 

perhaps even be used to corroborate the results of Wagner et al. (2003) in the contribution 

of these treatments to the overall future wood supply in Maine. Additional research on 

the economic returns of herbicide and PCT treatments to provide a sound basis for 

investments in these treatments is therefore vital to the economy in Maine. 

As indicated by Newton et al. (1992a) this on-going study (The Austin Pond Study) 

provides one of the best opportunities to describe the long-term effects of herbicide and 

PCT treatments to rotation age. This study area should therefore be preserved, 

maintained, and studied further to provide data needed for modeling the growth and yield 

of managed stands. 
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APPENDIX A. P-VALUES FROM THE RESULTS OF ANOVA MODELS OF 

TREATMENT EFFECTS AND INTERACTION EFFECTS ON OVERSTORY 

VARIABLES FOR ALL SPECIES COMBINED AND FOR 4 SELECTED 

SPECIES. 

Table A.l: P-values from the results of ANOVA models of treatment effects and 

interaction effects on overstory variables for all species combined. 

Dependent Variable 

Density (stems /A) 

Basal area (&A) 
Total volume (ft3/A) 
Merchantable volume (low) (ft3/A) 
Merchantable volume (mid) (ft3/A) 
Merchantable volume (high) (ft3/A) 
Hardwood basal area (&A) 
Hardwood total volume (ft3/A) 
Hardwood merchantable volume (low) (ft3/A) 
Hardwood merchantable volume (mid) (ft3'A) 

Hardwood merchantable volume (high) (ft3/A) 
% Hardwood basal area 
% Hardwood total volume 

Softwood basal area (&A) 
Sofwood total volume (ft3/A) 
Softwood merchantable volume (low) (ft3/A) 
Softwood merchantable volume (mid) (ft3/A) 
Softwood merchantable volume (high) (ft3/A) 
% Softwood basal area 
% Softwood total volume 
Quadratic mean diameter (in) (low) 
Quadratic mean diameter (in) (mid) 
Quadratic mean diameter (in) (high) 
Value of standing wood (low) ($/A) 
Value of standing wood (mid) ($/A) 
Value of standing wood (high) ($/A) 

Herbicide Interaction 
PCT Effect Effect 

Effect 



Table A.2: P-values from the results of ANOVA models of treatment effects and 

interaction effects on overstory variables for balsam fir. 

1 

ensity (stems/A) I 0.495 <0.001 0.347 

Dependent Variable 

I Basal area (ft2/A) 
Total volume (ft3/A) 

Herbicide PCT effect Interaction 
effect effect 

Merchantable volume (ft3/A) (low) 
Merchantable volume (ft3/A) (mid) 
Merchantable volume (ft3/A) (high) 
QMD (in) (low) 
QMD (in) (mid) 
QMD (in) (high) 
Average height (ft) 

Table A.3: P-values from the results of ANOVA models of treatment effects and 

interaction effects on overstory variables for red spruce. 

~ Dependent Variable 

Density (stems/A) 
Basal area (ft2/A) 
Total volume @A) 
Merchantable volume (ft3/A) (low) 
Merchantable volume (ft3/A) (mid) 
Merchantable volume (ft3/A) (high) 
QMD (in) (low) 
QMD (in) (mid) 
QMD (in) (high) 
Average height (ft) 

Herbicide Interaction 
PCT effect effect 

effect 



Table A.4: P-values from the results of ANOVA models of treatment effects and 

interaction effects on overstory variables for quaking aspen. 

Dependent Variable 

Table AS:  P-values from the results of ANOVA models of treatment effects and 

interaction effects on overstory variables for red maple. 

Herbicide PCT effect Interaction 
effect effect 

Density (stems/A) 
Basal area (f?IA) 

Total volume (ft3/A) 
Merchantable volume (ft3/A) (low) 
Merchantable volume (ft3/A) (mid) 

Merchantable volume (ft3/A) (high) 
Average height (ft) 

0.286 0.607 0.472 

0.029 <0.001 0.1 15 

0.027 <0.001 0.080 

0.049 <0.001 0.067 

0.1 04 <0.001 0.1 10 

0.205 <0.001 0.21 0 
0.398 0.051 0.41 6 

Dependent Variable 
Herbicide Interaction 

PCT effect effect 
effect 

Density (stems/A) 

Basal Area (ft2/A) 
Total Volume (ft3/A) 

Merchantable Volume (ft3/A) (Low) 
Merchantable Volume (ft3/A) (Mid) 

Merchantable Volume (ft3/A) (High) 
Average Height (ft) 

0.559 0.499 0.555 

0.429 0.098 0.244 

0.427 0.566 0.21 7 

0.51 2 0.909 0.486 

0.695 0.622 0.391 

0.585 0.777 0.465 
0.390 <0.001 0.152 



APPENDIX B: P-VALUES FROM LINEAR CONTRASTS OF OVERSTORY VARIABLES FOR ALL SPECIES 

COMBINED AND FOR 4 SELECTED SPECIES. 

Table B. 1: P-values from linear contrast of overstory variables for all species combined. 

I CONTRAST 
Merchantable Merchantable 

Density Basal area Total volume 
(stems/A) (ft2/A) (ft3/A) volume (ft3/A) volume (ft3/A) 

(low) (mid) 

w 
N 
p3 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B. 1 : Continued. 

CONTRAST 

Hardwood Hardwood 
Hardwood Hardwood total merchantable merchantable 

volume (ft3/A) basal area 
(high) (f t2/A) 

volume (ft3/A) volume (ft3/A) volume (ft3/A) 
(low) (mid) 

C 

h) 
w 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B. 1 : Continued. 

CONTRAST 

Hardwood 
merchantable %Hardwood %Hardwood Softwood basal Softwood total 
volume (ft3/A) basal area total volume area (ft2/A) volume (ft3/A) 

(high) 

<0.001 <0.001 <0.001 <0.001 <0.001 
0.796 0.488 0.539 0.478 0.21 6 
0.362 0.730 0.490 0.823 0.227 
0.918 0.698 0.784 0.757 0.822 
0.355 0.920 0.81 9 0.276 0.242 
0.754 0.752 0.71 3 0.782 0.692 
<0.001 <0.001 <0.001 0.003 0.004 
0.953 0.401 0.448 0.552 0.399 
0.432 0.924 0.723 0.060 0.107 
0.375 0.362 0.184 0.098 0.308 
<0.001 <0.001 <0.001 0.047 0.018 
~0.001 0.003 <0.001 0.191 0.130 
0.003 <0.001 <0.001 <0.001 <0.001 
0.753 0.555 0.642 0.41 5 0.302 
0.136 0.990 0.589 0.01 1 0.020 
0.144 0.481 0.243 0.021 0.251 
<0.001 <0.001 <0.001 0.031 0.01 0 
<0.001 <0.001 <0.001 <0.001 0.002 
0.784 0.551 0.599 0.529 0.21 0 

C 

t3 
P 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) ' 

Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B. 1 : Continued. 

CONTRAST 

Softwood Softwood Softwood 
merchantable merchantable merchantable % Softwood % Softwood 
volume (ft3/A) volume (ft3/A) volume (ft3/A) basal area total volume 

(low) (mid) (high) 

0.051 0.283 0.949 <0.001 <0.001 
0.094 0.094 0.1 82 0.488 0.539 
0.014 0.054 0.326 0.730 0.490 
0.567 0.572 0.205 0.698 0.784 
0.475 0.502 0.740 0.920 0.81 9 
0.663 0.657 0.565 0.752 0.71 3 
0.028 0.1 95 0.891 <0.001 <0.001 
0.263 0.262 0.605 0.401 0.448 
0.673 0.464 0.384 0.924 0.723 
0.073 0.036 0.106 0.362 0.1 84 
<0.001 0.006 0.143 <0.001 <0.001 
0.026 0.090 0.384 0.003 <0.001 
0.009 0.077 0.684 <0.001 <0.001 
0.150 0.147 0.331 0.555 0.642 
0.867 0.851 0.543 0.990 0.589 
0.120 0.054 0.069 0.481 0.243 
<0.001 0.003 0.064 <0.001 <0.001 
0.159 0.533 0.782 <0.001 <0.001 
0.082 0.081 0.122 0.551 0.599 

r-' 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B. 1 : Continued. 

I CONTRAST 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 

Quadratic Quadratic Quadratic Value of Value of 
mean diameter mean diameter mean diameter standing wood standing wood 

(in) (low) (in) (mid) (in) (high) ($/A) (low) ($/A) (mid) 



Table B. 1 : Continued. 

I CONTRAST 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 

Value of 
;tanding wool 
($/A) (high) 

0.587 
0.1 88 
0.368 
0.161 
0.720 
0.605 
0.753 
0.636 
0.600 
0.233 
0.495 
0.854 
0.983 
0.376 
0.815 
0.1 81 
0.278 
0.470 
0.1 18 



Table B.2: P-values from linear contrasts of overstory variables for balsam fir. 

I CONTRAST 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 

Density Basal area Total volume 
Merchantable Merchantable 

(stems/A) (f t2/A) (f t3/A) volume (ft3/A) volume (ft3/A) 
(low) (mid) 



Table B.2: Continued. 

CONTRAST 
Merchantable 

QMD (in) QMD (in) QMD (in) Average heigh 
volume ( f t3 /~)  

(low) (mid) (high) (ft) 
(high) 

+ 
w 
\O 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B.3: P-values from linear contrasts of overstory variables for red spruce. 

I CONTRAST 
Merchantable Merchantable 

Density Basal area Total volume 
(stems/A) (f ?/A) (f t 3 / ~ )  volume (ft3/A) volume (ft3/A) 

(low) (mid) 

- 

Herbicide Treated (unthinned) vs. Control (unthinned) 

Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B.3: Continued. 

I CONTRAST 
Merchantable QMD (in) 

QMD (in) QMD (in) Average heigh 
volume ( f t3 /~)  

(low) (mid) (high) (ft) 
(high) 

L 

W 
L 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B.4: P-values from linear contrasts of overstory variables for quaking aspen. 

CONTRAST 
Merchantable Merchantable 

Density Basal area Total volume 
(stems/A) ( f t2 /~)  ( f 1 3 / ~ )  volume (ft3/A) volume (ft3/A) 

(low) (mid) 

+ 
W 
N 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B.4: Continued. 

I CONTRAST 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 

Merchantable 
Average heighl 

volume (f13/~) 
(high) 

(ft) 



Table B.5: P-values from linear contrasts of overstory variables for red maple. 

I CONTRAST 
Density Basal area Total volume 

Merchantable Merchantable 

(stemslA) ( f t2 /~)  (ft3/A) volume (ft3/A) volume (ft3/A) 
(low) (mid) 

C 

W 
P 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Glyphosate (thinned) 
Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 
Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 
Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 



Table B.5: Continued. 

CONTRAST 

Herbicide Treated (unthinned) vs. Control (unthinned) 
Herbicide Treated (thinned) vs. Control (thinned) 
Glyphosate (unthinned) + Triclopyr (unthinned) vs. Phenoxy treatments (unthinned) 
Glyphosate (thinned) + Triclopyr (thinned) vs. Phenoxy treatments (thinned) 
Glyphosate (unthinned) vs.Triclopyr (unthinned) 
Glyphosate (thinned) vs.Triclopyr (thinned) 
Glyphosate (unthinned) vs. Control (unthinned) 
Glyphosate (thinned) vs. Control (thinned) 
Glyphosate (unthinned) vs. Control (thinned) 

Glyphosate (unthinned) vs. Glyphosate (thinned) 

Glyphosate (thinned) vs. Control (unthinned) 
Control (unthinned) vs Control (thinned) 
Triclopyr (unthinned) vs. Control (unthinned) 
Triclopyr (thinned) vs. Control (thinned) 
Triclopyr (unthinned) vs. Control (thinned) 

Triclopyr (unthinned) vs.Triclopyr (thinned) 
Triclopyr (thinned) vs. Control (unthinned) 

Phenoxy (unthinned) vs Control (unthinned) 
Phenoxy (thinned) vs Control (thinned) 

Merchantable 
Average heighl 

volume @/A) 
(high) 

(ft) 
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