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ABSTRACT 

 

Management of mixed conifer forests in California’s Sierra Nevada often uses rotations that 
require the use of herbicides and patch sizes of up to 8 hectares to ensure successful regeneration 
of mixed conifer species. Yet, concerns over the toxicity of herbicides presents an opportunity to 
explore alternative methods of controlling competing shrub species. Our study created 20 random 
openings of 0.08 hectares in size at Blodget Forest Research Station, California and planted 4 rows 
of mixed conifer species with openings randomly treated with herbicide or not; to examine whether 
the use of herbicides significantly affected growth. Using data on groups 0.1 to 1.0 hectares in size 
from a similar study, we also analyzed whether the variance in patch size would significantly 
impact growth rates. The results demonstrated that herbicide application did not significantly 
impact the growth of any of the 4 mixed conifer species regenerated in 0.08 hectares patches. We 
also found that annual growth did not significantly differ with patch size when comparing the 
grouped 0.08 ha patches with openings of 0.1/0.3 hectares in size. Yet, there was a significant 
difference in growth at the plot level when comparing the 0.08 ha patches to groups of 0.6/1.0 
hectares for all species and individually except for ponderosa pine and sugar pine. The results of 
this present interesting findings for management of mixed conifer forests; chiefly that small groups 
provide opportunities to regenerate coniferous seedlings without the use of herbicide without a 
substantial loss in annual growth rates. 
 
 

KEYWORDS 

 

Gap dynamics, Edge effects, Shrub competition, Silviculture, Forest disturbance patches 

 

 

  



Holden S. Payne Herbicides and Modified Group Selections Spring 2021 

 2 

INTRODUCTION 

 

Yellow pine and mixed conifer forests are some of the most widely distributed forest types 

in the California Sierra Nevada mountain range. They are primarily mid-elevation montane forests 

of canopy dominants that generally include combinations of 6 different species of conifers and one 

species of oak (Safford & Stevens, 2017). Distributed broadly across the west, from the Colorado 

Rocky Mountains to Oregon montane ranges and the California Sierra Nevada, they occupy some 

1.8 to 3.2 million ha of land from southern Oregon to California (Allen, 2005). Given the extent 

of the land coverage, management styles, whether that be in working forest for timber or national 

and state reserves, have a huge effect on their subsequent structure, species composition, habitat 

provisions, and resilience. Of the forested land in California, 24 percent are covered by the mixed 

conifer forest type (7.8 million acres) and in those forests private and public landowners use a 

variety of harvest regimes to achieve an amalgamation of objectives (Brodie & Palmer, 2020; 

California Forest Practice Rules, 2020). Historical approach to management has primarily 

emphasized even aged regeneration styles for mixed conifer and ponderosa pine forests in 

California (Helms & Lotan, 1988; Youngblood, 2005). Yet more recently those recommendations 

have begun to include selection systems for forests found in eastside and westside California, 

primarily group selection over single tree (Graham & Jain, 2005). As a result, forestry practices in 

California have come under scrutiny as of late from the “plantation” style forestry pattern, common 

to much of the Sierra Nevada, used after the high grading of the early 20th century, mostly due to 

socio-political pressures (O’Hara, 2001). The perceived “unnaturalness” of clear felling styles of 

silviculture pressured land managers to invest in uneven aged and heterogenous methods of 

growing timber (O’Hara, 2001, p. 7; Powers, 2005; York et al., 2003). Group selections or gap 

based silvicultural methods both provide ample opportunities for silvicultural systems that are 

adept at facilitating timber growth and also meet the more nuanced attributes of resilient forests, 

like heterogeneity, species diversity, structural diversity, and habitat components (Baker et al., 

2013; Bradshaw, 1992; Powers, 2005; York et al., 2003). These alternative styles are becoming 

more widely used as restorative measures for transitioning formerly even aged stands to a more 

diverse and heterogenous steady state (Kern et al., 2017; O’Hara, 2001; York et al., 2003). 
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Herbicide Application 

 

The smaller opening sizes used often in un-evened aged methods like group selections or 

modified shelterwoods, defined as patches between 1 and 2.5 acres in size in the California Forest 

Practice Rules, require more intensive care for conifer seedlings to ensure successful establishment 

of seedlings battling light constraints and competition from shrubs (Bradshaw, 1992; California 

Forest Practice Rules, 2020; Walters et al., 2016; Zachary E. Kayler et al., 2005). Given these 

constraints, broad applications of herbicides are used to control the growth of early successional 

shrubs and forbs like deer brush (Ceanothus), manzanita (Arctostaphylos), Rushes (Juncus), and 

tanoak (Notholithocarpos), often in the first year post site treatment and at another interval during 

the first 7 years of seedling growth (Allen, 2005; Dovčiak & Brown, 2014; Kern et al., 2017). A 

25-year study examining vegetation management methods in mixed conifer forests found herbicide 

application to be the most effective treatment for controlling competing species, when compared 

with mulching, grazing, mechanical and manual release (P. M. McDonald & Fiddler, 2010).  

Herbicide usage is not without its drawbacks as well and its usage faces heavy public 

criticism (Bradberry et al., 2004; Portier et al., 2016). Common herbicides used in forestry include 

Accord and Roundup, both of which use the product Glyphosate as their chief active ingredient, a 

chemical that is considered “probably carcinogenic to humans” according to the International 

Agency for Research on Cancer and the World Health Organization (Portier et al., 2016; Van 

Bruggen et al., 2018). Furthermore, a 2019 meta-analysis by Zhang et al. found that exposure to 

glyphosate based herbicides (GBHs) was related to a 41% increased risk of developing cancers 

like non-Hodgkin lymphoma (Zhang et al., 2019). More studies have called for greater 

examination of GBHs considering the drastic increase in their application in our agriculture and 

forestry industries (Myers et al., 2016; Portier et al., 2016; Zhang et al., 2019). On the other hand, 

multiple chemical regulatory agencies from nations including the U.S, Japan, Canada, The United 

Kingdom, and those in the European Union have found glyphosate to be non-carcinogenic to 

humans and a meta-analysis by conducted in 2016 found inconclusive results on the causal links 

between GHBs and certain types of  lymphohematopoietic cancers (Chang & Delzell, 2016; 

Glyphosate: Herbicide Information Profile, 1997).  

Another nuance to the debate over its toxicity is  the consideration that a surfactant, 

polyoxyethyleneamine (POEA), used in many commercial herbicides like Roundup, was found to 
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have higher toxicity than glyphosate itself (Bradberry et al., 2004; Portier et al., 2016). 

Furthermore, a 2002 study commissioned by the California Environmental Protection Agency on 

herbicide residues and movement in forested land adjacent to Tribal lands and browsing ranges 

found long lasting residues of traditional herbicides in plant material, soil, and watersheds (Ando 

et al., 2002). Studies examining alternative methods of vegetation control generally have not been 

attempted in great volume; with the exception of one study,  McDonald and Abbott 1994, there is 

a large gap in research on the subject. Even the most comprehensive 25-year study on vegetation 

control, which concluded with its support for herbicide application, acknowledged that “indirect 

vegetation management by using shade and organic material to reduce growth and density of 

competition vegetation has promise but needs more study” implying the potential for progress in 

this realm (P. McDonald & Abbott, 1994; P. M. McDonald & Fiddler, 2010).Given the 

uncertainties surrounding herbicide use and the cautionary principle applied to most environmental 

management decisions, despite benefits in cost effectiveness and vegetation control, it is important 

to explore alternative methods of control in transitions to multi-cohort silvicultural systems. 

 

Edge Effects 

 

The edge effects created by the forest matrix are instrumental in affecting microclimate 

conditions in recently harvested sites and could provide new insights into alternative methods for 

controlling competing understory species (Zachary E. Kayler et al., 2005).  Edge effects in the 

context of mixed conifer forests are simply the effects that the denser and impact forest matrix has 

on the environment of the species regenerating in a patch, represented by an area of recently 

disturbed forest. Those effects can include  shade creation, wind protection, habitat creation for 

edge preferring species, and even alteration of fire conditions.  Edge effects are increasingly 

important when considering the successful establishment of post-harvest regeneration, especially 

with commercial consideration, and can influence any number of important growth drivers, like 

light, water, nutrient availability, and browsing interactions (Baker et al., 2013; Kern et al., 2017; 

Walters et al., 2016; Zachary E. Kayler et al., 2005). Successful establishment of post planted 

conifer seedlings is heavily affected by light restrictions either by the surrounding matrix or by 

competing vegetation in the patch. That is why clear felling is often the method of choice for 

commercial forestry (Baker et al., 2013). McDonald and Abbot (1994) examined the interactions 
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of smaller group selections less than an acre in size, 0.60 acres, 0.25 acres, and .05 acres (0.24, 

0.1, and 0.02 hectares respectively), which would have conifers regenerated in high numbers but 

with slower rates (P. McDonald & Abbott, 1994). The study hypothesized that these group 

selections would prevent the “normally aggressive shrub species, negatively affected by the shady 

environment, [from affecting] the survival and growth of conifer and hardwood seedlings” (P. 

McDonald & Abbott, 1994). While this study included patch sizes as small as 0.02 hectares, the 

associated light restrictions with openings of that size might be too strong for adequate growth 

rates, this is why our study included opening sizes on the larger end of the spectrum presented by 

McDonald and Abbot (1994) Hypothesizing that with openings of 0.08 hectares in size our plots 

could capture the benefits of shading out of competing vegetation while not inhibiting the growth 

of desired conifer species.  

Furthermore, York et al. 2003 and the follow-up report in the Forest Service General 

Technical Report from 2007 studied the effects of a modified group selection regime on a gradient 

on the growth of several mixed conifer species (Powers, 2005; York et al., 2003). Their analysis 

found that species demonstrated growth responses to changing gap size up until about 0.6 of a 

hectares in patch size, suggesting that further increases in opening size don’t create worthwhile 

changes in growth rates (York et al., 2003). Coates 2000 similarly examined growth rates of 5 

coniferous species in gaps located in British Columbia ranging from single tree size to 0.5 hectares 

in size and concluded that absolute height and annual growth rate increased until about 0.1 hectare 

in size but then showed little to no change across species type (Coates, 2000). This is notable 

because even light exclusionary species used in the study, like lodgepole pine Pinus contorta, 

showed similar trends, implying that large gaps may not be necessary to maximize growth rates 

(Coates, 2000). Cautiously, Coates 2000 was performed in forest types found in B.C, different in 

annual precipitation, temperature, and relative humidity, its use of gap size and light exclusionary 

species maybe applicable to mixed conifer forests and species like ponderosa pine. While these 

studies touched upon performance results from a variation patch size, neither studied examined 

the intersection between patch size and herbicide application. This intersection is extremely 

important both as the extent of herbicide damage to human and natural ecosystems remains in 

question and when considering the importance of introducing more patch size variation into 

California’s mixed conifer forests, which are often regenerated, in private timberland, with clear-

cuts of standard 1.0 hectare opening sizes (California Forest Practice Rules, 2020). 
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METHODS 

 

Study Site  

 

The Blodgett Forest Research Station (BFRS) occupies land on the western slope of the 

Sierra Nevada in California. Its climate is Mediterranean with dry, warm summers (14 – 27° C)  

and mild to cool, wet winters (0 – 9° C) while sitting at an elevation ranging from 1200 to 1500 

meters. On an average year annual precipitation comes in at 166 cm with a range of  580 – 2740 

mm and by the winter season (December to March) annual snowfall averages about 2540 mm. The 

soil comes from either a granodiorite or andesitic parent material and can support trees reaching 

heights of 27 to 34 meters in 50 - 60 years (Blodgett Forest Research Station, 2020; York et al., 

2003).  

The study site is located in the mixed conifer forest that covers the entirety of BRFS, 

conglomerated  of 5 coniferous trees and one hardwood species. The 20 plots are located in 

compartment 70 and 100 of BRFS each measuring 0.08 hectare. The forest was high graded in the 

early 1900s and with much of the removable timber coming in the form of ponderosa pine and 

sugar pine (Blodgett Forest Research Station, 2020; Powers, 2005). The study sites were logged 

throughout the 20th century and now are mostly second growth forest.  The forest hosts some of 

the most productive mixed conifer soils in California including Cohasset, Holland, Piliken-variant 

and Musick. Plots were located on a range of aspects, N, E, and SE, averaging gentle slopes of 10 

to 20%. 

The six tree species native to BRFS include white fir (Abies concolor), coast Douglas-fir 

(Pseutotsuga menziesii var menziesii), sugar pine (Pinus lambertiana), ponderosa pine (Pinus 

ponderosa), incense-cedar (Calocedrus decurrens) and California black oak (Quercus kelloggii). 

For the purpose of the study 4 species were planted: Douglas-fir, ponderosa pine, incense-cedar, 

and sugar pine in the 0.08 hectacre gaps across the compartments. On the other hand, York et al. 

2003, the dataset used as a range of more conventional sized gaps found in group selection regimes, 

planted 6 species: ponderosa pine, white fir, incense cedar, Douglas-fir, sugar pine, and giant 

sequoia (Sequoiadendrom giganteun). Blodgett Forest research station plants species of Giant 

sequoia because although not currently native, their historical range included parts of BRFS. 
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Experimental Design 

 

In the fall of 2014 twenty openings of 0.08 hectare in size were created in compartment 70 

and 100 in BRFS. These openings were chosen in compartments that had an overabundance of 

incense cedar in the 10 to 16 inch dbh (diameter-at-breast-height) range. With the chosen 

compartments, the plots were then randomly allocated and randomly assigned a treatment value, 

either treated with vegetation control or not. In each plot (See figure 1) the 4 mixed conifer species 

were planted in rows oriented north to south, with trees labeled starting at the northern edge. The 

northern edge is bordered by PVC pipes and the 1-year container seedlings are planted in rows 

following this arrangement: The westernmost species is Douglas-fir, followed by incense cedar, 

then ponderosa pine, and sugar pine along the eastern edge of the opening. Each plot was planted 

with around 14 individuals per species, sometimes varying based on plot spacing, 56 individuals 

total, with each individual planted 8 feet from the next individual and rows spread 8 feet apart. 

During site preparation all plots were pre-commercially thinned, a method that removes trees less 

than 10 inch dbh in size to open up growing space for desired species without making any 

commercial gains, and then harvested. No other site preparation besides that necessary for the 

experimental design in the treated plots was undertaken. 

Beginning in the fall of  2016, the treatment plots, those treated with a combination of 

herbicide application and vegetation control, were treated with common vegetation control 

methods. The site preparation was to have all woody shrubs cut using brush cutters or loppers at 

the base, while avoiding disturbing the soil. Shrubs that were less than 1.5 feet tall were left. This 

was done in tandem with the treatment of herbicide, often as a way to site prep before herbicide 

application, which began in the spring of 2017. In spring of  2017 the treatment plots ( Plots B, D, 

H,II, M, O, T, Y, and Z) were treated with 4% glyphosate on all woody shrubs, avoiding forbs and 

black oak. Then in the spring of 2018 3% glyphosate was sprayed on woody shrubs while avoiding 

forbs and black oak, including species like sierra gooseberry (Ribes Roezlii), deer brush 

(Ceanothus integerrimus), creeping snowberry (Symphoricarpos mollis), mountain misery 

(Chamaebatia foliosa), and tanoak (Notholithocarpos densiflorus). The goal of these treatments 

was to ensure coniferous seedlings would have ample light, water, and growing space resources to 

ensure they would successfully establish, by removing competing vegetation. On the other hand, 
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the non-treated plots (Plots CC, DD, E, EE, FF, G, I, L, N, P, U) were harvested and planted with 

each of the species, but not site prepped nor sprayed.  

 

 
 

 

 

 

Study Tree Measurements 

 

 Beginning in 2016 study tree measurements were taken for both treatment types measuring 

height and basal diameter. For height, using a height pole, measurements were taken from the 

uphill side of the individual and were measured to the closest centimeter. Delineations for height 

were taken at the last apical bud from the most vertical shoot of the stem. For basal diameter, 

calipers were used to measure the diameter of the stem at 4 inches above the ground surface in the 

closest millimeter. Measurement protocol was repeated in 2018, then again in 2019 and 2020, 

giving our data a high precision analysis of 6 years of growth.  

Figure 1. Plot Layout. Overhead view of planting layout of plots created in Blodgett Forest Research Station, 
California. Each row of dots representing one of the species and their row of individuals: Douglas-fir (DF), 
incense cedar (IC), ponderosa pine (PP), and sugar pine (SP), with pvc pipes marking the plot edges. 
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 Furthermore, in each plot shrub data was collected in the fall of 2019. In order to establish 

the effect of the herbicide treatment and the contributing effect of the edge effects generated by 

the surrounding forest matrix. Shrub coverage was collected by using a transect intercept method. 

In each plot a transect tape was affixed to either ends of the plots, bordered by PVC pipes on both 

the north and south end. Using chaining pins to make the transect tape taut, measurements were 

collected with the zero starting on the south end. On the right side of the tape, every shrub that 

intercepted the tape was recorded in its species, height (to the nearest centimeter), and location 

along the transect. This was then repeated for every plot in the study set to give information on 

shrub percent coverage. 

 Finally, we also used the dataset from York et al. 2003 a similar study started in BRFS in 

1996 that measured the effects of a varied opening sizes on mixed conifer species growth. Using 

the same species we used for this study, we will compare the two datasets to see if there is a 

significant difference in growth rates when you substantially reduce the opening size, thereby 

increasing the effect the matrix forest has on the establishing conifers. 

 

Data Analysis 

 

 Our data analysis at 3 main objectives, (1) analyze the effect that herbicide and site 

preparation had on shrub coverage in tandem with enhanced edge effects, (2) compare the effect 

of enhanced edge effects on the height growth and basal diameter growth of conifers with and 

without herbicide treatments and (3) compare the effects of smaller patch sizes on conifer height 

growth rates in context with larger group selection sizes. 

 Much of the data analysis is strict hypothesis testing, using two sample independent t-tests 

to determine the relationship between the tested variables and the varying treatment types; with 

the first two objectives working to establish whether or not there is a statistically significant 

difference in the percent shrub coverage and the growth rates between the two treatment types. 

The mean annual height growth in centimeters and mean annual basal diameter growth in 

millimeters were calculated at the plot level. An average was taken for all species together and 

sampled individually by species to return a value of mean annual growth rate, height or basal 

diameter, for each plot. Plot level values were then averaged together to get our sample means. 
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 The 3rd objective acts as a way to compare the results from objective 2, to real world 

application of opening sizes, and better contextualize the growth rates found in small groups. York 

et al. 2003 used a wide range of opening sizes, anywhere from 0.1 to 1 hectare, this is the range of 

patch sizes allowed under the California Forest Practice rules in order for that management style 

to be considered a group selection (California Forest Practice Rules, 2020; York et al., 2003). 

Thus, determining whether there is a statistical difference in growth rates between the small patch 

plots and the range of opening sizes in York et al. 2003, we can hope to isolate opening size as the 

main driver either in the growth rate variance or in its commonality. York et al used a range of 

group selections sizes, 0.1, 0.3, 0.6, and 1.0 hectares, to capture the effects of changing patch size 

on species growth and mortality. This study was a set of replicated plots of varying opening sizes 

ranging from 0.1 of a hectare to 1 hectare (0.25 acre, 0.75 acre, 1.5 acres, 2.5 acres), that had 6 

different species of conifers (Incense-cedar, ponderosa pine, white fir (Abies Concolor), sugar 

pine, giant sequoia (sequoiadendron giganteum), Douglas-fir) planted in them in cardinal direction 

oriented rows, and measured the effect of resource gradients, represented by the North-South row, 

on 3 of the species: Douglas-fir, giant sequoia, and ponderosa pine. These plots were also treated 

with conventional vegetation control methods. For our analysis we grouped the opening sizes to 

allow for more effective comparisons of growth rates. Opening sizes 0.1 and 0.3 hectares were 

sampled together and a mean annual height growth value was obtained from the weighted average 

of both plot sizes, 3 from each opening size and six total. For our large group, 0.6 and 1.0 hectare 

plots were sampled together and returned plot level means. The patch sizes were grouped like this 

to better reflect the potential range of opening size in California commercial and private forestry. 

0.1 and 0.3 hectares plots were representing the smaller side of group selection opening sizes and 

0.6 and 1.0 hectare plots would represent opening sizes on the larger end of the spectrum. For this 

analysis we treated the smallest group (0.08 ha) data collected since 2014 as one dataset, in order 

to isolate the effect of opening size, rather than herbicide and site preparation, on coniferous 

seedlings growth rates. That is the plot level means were averaged together regardless of treatment 

type for 0.08 ha plots. For York et al. 2003 we had access to the absolute heights of the species in 

question from 2003. We isolated the species desired, pulling ponderosa pine, incense cedar, 

Douglas-fir, and sugar pine from the dataset and again using plot level means to estimate sample 

means. We then used an independent sample two tailed t-test to return our values on significance 



Holden S. Payne Herbicides and Modified Group Selections Spring 2021 

 11 

between the small group openings and the various categories from York et al. 2003, comparing 

the smallest groups of 0.08 hectares to both the 0.1/0.3 ha group and the 0.6/1.0 group. 

 

RESULTS 

 

Shrub Coverage in Small Group Openings 

 

 Overall, the site treatments had the desired effect on shrub coverage, reducing shrub 

coverage of plots by 44%. Treated plots averaged 76% of the plot with no vegetation coverage 

whatsoever vs. 32% no vegetation on the untreated plots. This difference was significant, (p = 

0.0001) as would be expected since two treatments of Glyphosate, 4%  in the spring of 2017 and 

3% in the spring of  2018, were applied. Furthermore, there was no significant difference in 

coverage by forb or grass species, with untreated and treated plots showing similar levels of 

coverage (p = 0.6137), 15.3% for treated plots and 18% for untreated plots. This supports the 

design for the herbicide to target the woody shrubs but not necessarily the forb and grass species. 

Similarly, there was a significant difference in  percentage of the plots that were covered by shrubs 

across treatment types(p = 0.0036). The untreated plots averaged about 30% coverage while the 

treated plots averaged about 2%, The remainder of the plot area in both treatment types was 

covered by planted study trees and some natural regeneration. Overall, much of the results of the 

herbicide data analysis, collected in 2019, showed that the treatments effectively removed the 

competing vegetation in the plot area. This leads me to reject the null hypothesis that under smaller 

group selection opening sizes (0.08 hectare) herbicide treatment has no effect on the percent of the 

plot dominated by shrubs and non-conifer forb and grass species. Beyond that, this result allows 

us to isolate the effects on seedling performance in our further analysis, by showing that the plot 

sizes and herbicide application effectively resulted in significant differences in shrub coverage. 
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Figure 4. Comparison of Shrub percent coverage by category and by treatment type. Average vegetative cover 
was significantly different between treatment types (p=0.0001). Mean forb and grass cover was nonsignificant 
(p=0.6137). Average shrub coverage was significantly different, higher, in the untreated plots (p= 0.0036). 
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Figure 2: Untreated plot displaying 
ponderosa pine in competition with 
individual of Ceanothus. 

Figure 3: Treated plot displaying ponderosa 
pine without competition from shrub 
species. 
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Height and Basal Diameter Growth Rates 

 

 The results of the height and basal diameter measurements over the course of 6 growing 

seasons found no significant difference in mean annual growth rates between the two treatment 

types, when all 4 species were sampled together. This leads us to accept our null hypothesis that 

under a modified group selection opening system the use of herbicide application does not 

significantly affect the mean annual height (p = 0.9692) and basal diameter (p = 0.6087 ) growth 

rates of 4 mixed conifer species regenerated together. When sampled together all 4 mixed conifer 

species averaged 15.18 centimeters per year in height growth in treated plots and 15.26 centimeters 

per year in untreated plots which was a nonsignificant difference in average annual height growth. 

For mean annual height growth (centimeters year-1), when broken down by species the differences 

were still not significant at the 95% confidence level (Figure 2). Ponderosa pine and sugar pine 

were not significant at the 95% confidence level. Treated ponderosa pine had an average annual 

height growth rate of 23.04 centimeters per year while untreated had 23.74 centimeters per year 

average over the 6 growing seasons ( p = 0.8327). Sugar pine had average annual height increases 

of 11.40 centimeters for treated plots and 13.79 centimeters for untreated plots (p = 0.2182). 

Incense cedar and Douglas-fir, similarly, had a no significant difference in average annual height 

growth at the 95% confidence level. The treated plots of Douglas-fire averaged 14.3 centimeters 

per year, while the untreated plots averaged 12.2 centimeters per year, a nonsignificant difference 

( p = 0.3679). Treated plots of incense cedar averaged 11.99 centimeters per year of height growth, 

while the untreated individual averaged 11.26, again a nonsignificant difference in height growth 

over the 6 growing seasons  at the 95% confidence level ( p = 0.7463).  
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Figure 2: Comparison of mean annual height growth (cm) by species and by treatment type. All species were 
found to have a nonsignificant difference in mean annual height growth across treatment types. (p = 0.9692).  Ponderosa 
pine non-significant at the 95% confidence level (p = 0.8327). Sugar pine had a nonsignificant difference in mean 
annual height growth for both treatments (p=0.2182). Douglas-fir individuals also had a nonsignificant difference in 
mean annual height growth across treatment types (p = 0.3679). Finally, incense cedar had a nonsignificant difference 
in mean annual height growth (p = 0.7463). 
  

  

Changes in basal diameter reflected when all species were sampled together found that 

there was no significant difference in diameter growth between treatment types at the 95% 

confidence level (p = 0.6087).  When broken down by species type the trend holds up, with all 

species not showing a significant difference in basal diameter annual growth rates, in millimeters. 

Treated ponderosa pine individuals averaged 6.74 millimeters of annual radial growth, while 

untreated plots averaged 6.25 millimeters annually ( p = 0.6786). Treated sugar pine individuals 

averaged 3.32 millimeters of basal diameter growth annually, while untreated individuals averaged 

3.43 millimeters per year ( p = 0.8381). Similarly, Douglas-fir found no significant difference in 

basal diameter growth, with untreated individuals averaging 3.42 millimeters a year and treated 

individuals averaging 3.75 millimeters a year   ( p = 0.6188). Incense cedar individuals also had 

no significant difference in a basal diameter across treatment types, untreated individuals averaged 

3.35 millimeters a year and treated individuals averaged 3.95 millimeters ( p = 0.4432). 
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Figure 3: Comparison of mean annual basal diameter growth (mm) by species and by treatment type. All 
species were found to have a nonsignificant difference in mean annual basal diameter growth across treatment types. 
(p = 0.6087).  Ponderosa pine non-significant at the 95% confidence level (p =0.6786). Sugar pine had no significant 
difference in mean annual basal diameter growth for both treatments (p = 0.8381). Douglas-fir individuals also had 
no significant difference in mean annual basal diameter growth across treatment types (p = 0.6188). Finally, incense 
cedar had no significant difference in mean annual basal diameter growth (p = 0.4432). 
 

Contextualizing Growth of Seedlings with Data from York et al. 2003 
 
 
 While the findings presented above present some clear information on the extent to which 

herbicides are needed for increasing annual growth rates in small patch openings, the extent to 

which those growth rates compare to more commonly used group selection sizes, anywhere up to 

1.0 hectare in the California Forest Practice Rules, is still up for consideration. To examine that 

comparison, we looked at the mean annual growth rates with a similar study that analyzed edge 

effects brought upon by adjusting patch size on different species, York et al. 2003. Our findings 

from a simple comparison of the datasets were of mixed results. Overall, our analysis which 

followed 19 plots of 0.08 hectare in size, grouping both treated and nontreated plots together (to 

isolate for patch size), compared the mean annual height growth rates of 4 mixed conifer species 

to two different patch size groupings from York et al. 2003. The smaller grouping (1) from York 

et al. 2003 was the mean annual height growth of 6 plots of 4 mixed conifer species found in 

patches sized 0.1 hectares or 0.3 hectares. The larger grouping (2) was the mean annual height 

growth of 6 plots of 4 mixed conifer species found in patches sized 0.6 hectares or 1.0 hectares. 
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These groups were separated to demonstrate the range of legally allotted opening sizes found in 

group selection silvicultural operations in California (California Forest Practice Rules, 2020). 

Because of this, the mean annual height growth for group (1), the small gaps, was averaged from 

all the trees in both patch sizes, 0.1 and 0.3 hectares. Similarly, the group (2) values, the larger 

gaps, were mean annual height growth increments averaged from patches sized 0.6 and 1.0 

hectares. This comparison should generally capture the range of potential opening sizes allotted 

within the California Forest Practice Rules. 

 The results of our analysis found that using a 2 sample independent t test, the mean annual 

height growth of all 4 mixed conifer species was not significantly different in small patches of 0.08 

hectares when compared with mean annual height growth rates of species in small patches from 

York et al. 2003 of 0.1 to 0.3 hectares  (p = 0.3356). Species in smallest patches of 0.08 hectares 

averaged 15.22 centimeters year-1, whereas species in group (1) patches of 0.1 to 0.3 hectares 

averaged 27.48 centimeters year-1, a nonsignificant difference with respect to the pooled variation.  

On the other hand, when comparing the smallest patch openings of 0.08 hectares to the height 

growth rates found in larger patch openings of 0.6 to 1.0 hectare, our analysis found there was a 

statistically significant difference in mean annual height growth for all species together ( p = 

0.0469) (See Figure 5). Species in the large patch openings averaged 38.32 centimeters year-1 in 

mean annual height growth, a 253% difference in mean annual height growth when compared with 

the 15.22 centimeters year-1 found in small patches of 0.08 hectares.  
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Figure 5: Comparison of mean annual height growth (cm yr^-1) of all species grouping and patch size. All 
species nonsignificant difference in mean annual height growth between 0.08 ha patches and 0.1/0.3 ha patches (p = 
0.3356).  There is a significant difference in mean annual height growth in the all species group between 0.08 ha 
patches and 0.6/1.0 patches ( p = 0.0469). 
 

 Similarly, when applying the same test to the mean absolute heights of the 4 mixed conifer 

species after 6 growing seasons, we received the same results. There was a nonsignificant 

difference in the mean heights (centimeters)  of species in small patches of 0.08 hectares when 

compared with mean heights of species in slightly larger patches of 0.1 to 0.3 hectares  ( p = 

0.2848). Species in small patches of 0.08 hectares averaged 95.15 centimeters, whereas species in 

slightly larger patches of 0.1 to 0.3 hectares averaged 164.91 centimeters, a nonsignificant 

difference with respect to the pooled variation. Reflecting the results found when comparing mean 

annual height growth rates, the difference in mean heights found in species in small patches of 

0.08 ha and larger patches of 0.6/1.0 hectares was significant (See Figure 6) . All species in larger 

patches averaged 229.97 centimeters after 6 growing seasons, a 241.69% increase in height from 

the 95.15 centimeters mean height found in small patches ( p = 0.0183). 
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Figure 6: Comparison of mean height after 6 growing seasons (cm) of all species grouping and patch size. All 
species nonsignificant difference in mean annual height growth between 0.08 ha patches and 0.1/0.3 ha patches   ( p = 
0.2848).  There is a significant difference in mean heights after 6 years in the all species group between 0.08 ha 
patches and 0.6/1.0 patches (p = 0.0183). 
 

 

 Our analysis also examined the difference in mean annual height growth rates when 

sampled individually by species. We found similar mixed results across species and patch size 

gradients. Ponderosa pine had nonsignificant differences in growth rates when comparing the 0.08 

ha patches to both the small grouping of 0.1/0.3 ha ( p = 0.7052) and larger patches of 0.6/1.0 

hectares (p = 0.3165). Sugar pine also had a nonsignificant difference in mean annual height 

growth rates both in comparison to the small grouping of 0.1/0.3 ha( p = 0.4486) and the larger 

patches of 0.6 to 1.0 hectares (p = 0.1397). Both Douglas-fir and incense cedar had a nonsignificant 

difference in mean annual height growth when comparing the rates of species in patches of 0.08 

ha to the small groups of 0.1/0.3 ha (Douglas-fir p = 0.2328) (incense cedar, p = 0.3500). On the 

other hand, when comparing individuals of Douglas fir in patch sizes of 0.6/1.0 hectares to the 

0.08 ha patch size growth rates there was a significant difference in mean annual growth, with 

individuals in the large group averaging 37.70 centimeters year-1, a 325% increase from a mean 

annual growth rate of 11.63 found in 0.08 ha patches (p = 0.0491). Following Douglas-fir, incense 

cedar also showed similar results, with a significant difference in mean annual height growth when 

comparing 0.08 ha patches to the 0.6/1.0 ha group. Individuals in the larger group averaged 44.20 
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centimeters year-1 while the mean annual growth rate of individuals in 0.08 ha patches was 13.25 

centimeters year-1, a 331% increase in growth (p = 0.0212). 

 
 

 
 
Figure 7: Comparison of mean annual height growth centimeters year-1after 6 growing seasons of species and 
patch size.  Mixed significance in results. All species nonsignificant when comparing 0.08 ha patches to 0.1/0.3 ha 
patches ( p = 0.3356), yet significant when comparing 0.08 ha patches to 0.6/1.0 ha patches (p = 0.0469). Ponderosa 
pine nonsignificant difference for both 0.1/0.3 ha ( p = 0.7052) and 0.6/1.0 ha groups (p = 0.3165) compared to 0.08 
ha openings. Sugar pine nonsignificant difference for both 0.1/0.3 ha (p = 0.4486) and 0.6/1.0 ha ( p = 0.1397) groups 
compared to 0.08 ha openings. Douglas-fir nonsignificant difference when comparing 0.08 ha groups to 0.1/0.3 ha 
patches (p = 0.2328) yet found a significant difference in mean annual height growth when comparing rates of 0.08 
ha groups to 0.6/1.0 ha patches (p = 0.0491). Similar results for incense cedar groups, nonsignificant difference in 
growth rates between 0.08 ha patches and 0.1/03 ha groups (p = 0.3500) and found a significant difference in growth 
rates between 0.08 ha groups and patches of 0.6/1.0 ha (p = 0.0212). 
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DISCUSSION 

 

 Several studies on modified group selection regime have been used to explore performance 

variations in seedlings (de Montigny & Smith, 2017; Walters et al., 2016).Yet there exists a gap 

in the current literature on the ability to regenerate mixed conifer species in a Sierra Nevadan group 

selection system without herbicide. This paper’s central research question was to analyze whether 

the use of herbicides on competing shrubs significantly impacted the mean annual growth rates of 

4 planted mixed conifer species being regenerated in small groups of 0.08 hectares in size. This 

study also analyzed the difference in shrub percent cover between plots treated with herbicides 

and those without. Finally, this analysis compared resulting mean height and basal diameter growth 

rates to a 2003 study which examined the range of allowable group selection sizes under the 

California Forest Practice Rules. The results of our analysis demonstrated that mean annual height 

and basal diameter growth rates did not significantly differ for all species sampled together 

whether herbicide was applied or not in small group selections. Furthermore, it found that the 

herbicide treatment applied did have a significant impact on percent shrub coverage, with plots 

treated with herbicide averaging 2% shrub coverage whereas untreated plots averaged 30% 

coverage. The resulting comparison to the 2003 study York et al. 2003, presented some mixed 

results but interesting implications for management regimes similar to those employed here. 

 The conditions present when regenerating mixed conifer species in group selection systems 

are often less conducive to rapid growth than those found in even aged systems, with patches up 

to 20 acres in size, mostly due to light constraints (Bradshaw, 1992; Zachary E. Kayler et al., 

2005). Because of this, group selection systems, as with even aged systems, rely on herbicide 

application to ensure successful establishment and early age growth of conifer seedlings by 

preventing competition from surrounding shrubs. Group selections present more challenges to 
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management styles that prioritizes fast growth rates and high levels of seedling mortality because 

of the greater light restrictions present in smaller patch sizes (Bradshaw, 1992; Brodie & Palmer, 

2020; Kern et al., 2017; Zachary E. Kayler et al., 2005). The results of our study suggest that when 

using patches of drastically smaller opening size, such as 0.08 ha, herbicide application need not 

be used to ensure adequate mean annual growth rates and high levels of successful seedling 

establishment. This is of particular importance for land managers who want to regenerate mixed 

conifer species in groups, while planning for multiple species, without the application of herbicide. 

My analysis further reflects that group selection size can be more variable than is typically found 

and gaps of smaller size can be of use for those hoping to achieve different goals like increasing 

forest patch diversity. Furthermore, should managers have an interest in regenerating certain 

species, as is common under even aged plantation style regeneration regimes, the trend in mean 

annual height and basal diameter growth holds up. Each species individually had no difference in 

mean annual height and basal diameter growth whether herbicide was applied or not after 6 years 

of growth. While the application of herbicide significantly limited shrub coverage of plots, the 

competitive effect from shrubs seemed to have no noticeable effect on mixed conifer growth rates, 

which is often the concern when regenerating mixed conifer species in smaller patch openings. At 

some level the resulting interference from the surrounding forest matrix may have allowed mixed 

conifer species to regenerate just as effectively, since competitive species were inhibited by shade 

like conditions created by the edge effects of 0.08 hectare openings. 

 Mean annual basal diameter growth also displayed no noticeable significant difference in 

mean annual growth; both when all species were sample together and individually by species type. 

Basal diameter is often more discretely affected by variations, specifically increases, in 

competition and edge effects like shading. This is in part because of the nature of coniferous 

seedlings aim to prioritize height growth over diameter growth when competition is high in the 

early stages of their development and so will sacrifice basal diameter growth while spending more 

energy and resources for apical growth (P. M. McDonald & Fiddler, 1989). Similarly, the early 

stages for coniferous seedlings are the most essential for their establishment and successful growth. 

McDonald and Fiddler 1989 demonstrated how ponderosa pine seedlings suffer from more 

extreme competition from shrubs in the first few years, up to 5, before they can fully establish on 

a site. Despite this both treatments showed no difference in mean basal area annual increment 

despite the untreated group having to contend with a significantly higher percentage of competition 
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shrubbery. Again this, reflecting my original hypothesis, seems to support the notion that the 

resulting increase in edge effects on small group opening nullifies the competitive effect of 

shrubbery and other non-timber species. 

 Numerous studies have documented the impact of competitive shrubbery and coniferous 

seedling mortality rates and growth (Bannister et al., 2020; Erickson & Harrington, 2006; Jaramillo 

et al., 1985; White et al., 1990; Zavitkovski et al., 1969). Zavitkovski et al. 1969 examined the 

impact of native snowbrush (Ceanothus velutinus) dominated sites in Oregon and found that the 

growth rates of conifer species were reduced by up to one half in plots heavily covered with 

snowbrush. Similar studies also demonstrated how herbaceous vegetation or shrubbery species 

limit coniferous growth rates via impacting microsite dynamics like light penetration, soil 

moisture, and precipitation (Jaramillo et al., 1985). 

 On the other hand, there is a growing body of literature that recognizes the beneficial effects 

of competing shrubs on conifer establishment and growth in patches (Bannister et al., 2020; 

Erickson & Harrington, 2006). Erickson & Harrington 2006 found that individuals of 6 conifer 

species with leader shoots above Ceanothus exhibited 18-70% taller heights than individuals 

grown in open conditions. Likewise, Bannister et al., 2020 examined how herbaceous vegetation 

provided important microsite functions, like increasing available moisture, to slow growing conifer 

seedlings of Pilgerodendron uviferum in Chile, that aided their establishment and growth. This 

growing body of research presents further support for understanding the beneficial dynamics 

between shrub species and establishing conifer individuals grown for timber. As was evident in 

the small group opening, neither treatment had a significant difference in annual height growth 

rates, yet there was a significant reduction in shrub coverage in the plots treated with Glyphosate 

applications. The difference in height growth, 15.26 centimeters year-1 in untreated plots and 15.18 

centimeters year-1 in treated plots may provide some further support for the notion that added 

competition from shrub species induces a faster apical growth response in coniferous seedlings 

that can overtop them. This is supported by Erikson et al. 2005, which found a significant increase 

in heights of conifer species that had overtopped Ceanothus compared with open grown 

individuals, but also found a significant decrease in the heights of individuals without leader shoots 

above Ceanothus when compared with their open grown counter parts (Erickson & Harrington, 

2006). 
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 This notion maybe further supported by the fact that small group openings were able to 

limit shrubbery establishment even without herbicide application as percent coverage of shrub 

species was lower than the values found in a nearby clear-cut plot at Blodgett Research Forest. 

Plots that were untreated in the small group openings of 0.08 hectares averaged 30% shrub 

coverage which was significantly higher coverage than the 2% coverage found in plots treated with 

herbicides. Yet, neighboring clear-cuts of 8 hectares in size, measured in 2019, displayed mean 

shrub percent coverage of at 60%, a value double the coverage that was found in untreated small 

group openings. This holds many implications for management, chief among them is that the 

smaller opening size significantly limited shrub coverage in the recently cleared patches. A decline 

by half percent coverage presents significant opportunities for conifer seedlings to survive and 

retain high annual growth rates. Despite neither opening being treated with herbicide, the smaller 

group opening retained much less competition from shrubbery and therefore allowed the mixed 

conifer species a much better chance at securing resources and growing space. This difference in 

present coverage may also imply that the increased edge effects presenting in smaller patches 

provides some benefits to establishing seedlings in inhibiting shrub coverage, which poses the 

largest threat to seedling survival. 

 Considering the nonsignificant difference in both mean annual height growth and mean 

annual basal diameter increment across treatment types, our results were better contextualized by 

a comparison to the study undergone at Blodget Forest Research Station in 2003. While our study 

produced 20, 0.08 hectare patches replicated in the forest matrix, York et al. 2003 used 12 plots 

replicated in threes across a range of gap sizes 0.1 to 1.0 hectares. Our results support our initial 

hypothesis that small patches regenerated within a forest matrix with or without herbicides would 

produce growth rates with enough similarity to those found in larger openings. By mean annual 

height increment there was no statistically significant difference for all species when comparing 

the 0.08 ha plots to the 0.1/0.3 ha grouping of plots. There was, on the other hand, a statistically 

significant difference in growth rates when comparing the 0.08 ha plots to the 0.6/1.0 ha group, 

which was presumably due to the march larger light allotments given in opening sizes on the larger 

end of the spectrum. These findings may offer no surprise; even York et al. 2007, an analysis of 

the initial study set after 7 years of growth, finds that “height growth responses to gap size 

consistently diminished as gap size increased, typically leveling off or decreasing in rate beyond a 

size range from 0.3 to 0.5 ha” (Powers, 2005).  
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 Where the result of our analysis gets more complicated is in the interspecies comparison. 

Both ponderosa pine and sugar pine had no significant difference in mean annual height growth 

when comparing the 0.08 ha openings to either the 01/03 ha or 0.6/1.0 ha group, despite them 

being considered shade intolerants. Likewise, Douglas-fir and incense cedar, both considerably 

more shade tolerant, showed no difference in mean annual height growth at the 0.1/0.3 ha group, 

but a significant difference in mean annual height growth when comparing to 0.6/1.0 ha. These 

findings in the data present some new questions about the response of different species to patch 

gradients. In the case of our study, they suggest no noticeably statistically significant difference in 

mean annual growth rates for both ponderosa pine and sugar pine regardless of gap size. This could 

be due to a variety of factors including the faster growth rates found in sugar pine and ponderosa 

pine that may not be as minutely affected by opening size. Further, study is needed on this aspect 

especially since gap size is often seen as a large predictor of both successful establishment and 

ample growth rates for shade intolerant species like ponderosa pine and sugar pine.  

 

Limitations 

 

 When considering the comparison to a similar study undergone at Blodgett Forest Research 

Station in 2003, we examined at the plot level how the mean annual height growth rates of the four 

chosen mixed conifer species compared. While York et al. 2003 used similar species types and site 

location, its experimental design differed in that it used a wagon wheel planting layout to examine 

the effect of gap size and inter gap spacing on seedling performance. While our study employed 4 

parallel rows of seedlings, variance in seedling spacing and closes to an edge could affect their 

performance during growth years. Furthermore, York et al. 2003 used paired seedlings for the first 

2 years protected with vexar before the lesser seedling was removed, a variable that may affect the 

results differently from our study. Their analysis was also planted in 1997, a full 17 years before 

our planting regime and while sharing a common planting site may have been impacted by regional 

climatic trends, including drought and temperature changes that may have affected the dataset 

differently. Other considerations for our study, include acknowledging that we used plot level 

estimates for mean annual growth rates, rather than individual mean calculations. This implies that 

the means were weighed at the plot as an average of the number of individual species in each plot 

rather than an average of all individuals in the population. This might have diluted the variance 
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found in individual plots and effected our annual growth rate calculations. Furthermore, plot N 

was dropped during our data analysis because of data loss over the years due to variations in data 

collection methodologies. Overall, we feel as if this analysis does an effective job in understanding 

the comparison in growth rates both for the small patch openings of 0.08 hectare and for the 

comparison to the dataset from the 2003 study. 
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