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Abstract 14 

The Andes of south-central Chile, with the valuable and dominant timber species 15 

Nothofagus dombeyi and N. alpina, have been heavily high-graded. Restoring these 16 

high-graded forests with these species is challenging since they are light demanding and 17 

the understory becomes dominated by bamboo (Chusquea culeou), which prevents 18 

natural regeneration. In this study we aimed to evaluate the root-collar diameter (RCD) 19 

and height growth response of these species during their seedling and sapling stages 20 

(years 1, 2, 3 and 6) after outplanting and removing the understory in a relatively low-21 

light environment in a high-graded forest (incident light levels between 2.6-12.7 mol m-22 

2 d-1). We fitted regression models to predict annual growth as a function of light 23 

availability, and used species as an indicator variable. RCD growth was significantly 24 

affected by light since the onset, and height growth only at ages 3 and 6. Species 25 
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became a significant variable only at years 3 and 6 for RCD growth, and at age 6 for 26 

height growth. N. dombeyi grew faster than N. alpina throughout all the period, and 27 

both species had their greatest response to light the last years evaluated (Adj r2 of 0.67 28 

and 0.45% in RCD and height growth, respectively), i.e. an increasing intolerance to 29 

shade (ontogenetic change). The increasing variability of the data and the goodness-of-30 

fit of the models at this stage suggest that light is becoming a major driver of growth. 31 

These results illustrate a good potential use of these species for restoration of Andean 32 

forests.   33 

 34 
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Introduction 37 

The Andean Nothofagus-dominated forests of the southern cone of America are 38 

among the most productive and diverse among these coastal temperate forests (Donoso 39 

et al. 1999; Donoso and Lusk 2007). Within this area, 40-50 m tall Nothofagus dombeyi 40 

((Mirb.) Blume) and Nothofagus alpina ((Phil.) Dimitri and Milano) trees used to 41 

dominate old-growth Andean forests of Chile (the western side of the Andes) from 37-42 

41°S and in general between 500 and 1000 m a.s.l. (Donoso et al. 1986). The great 43 

biomass that these forests have when mature (Donoso et al. 1986; Donoso and Lusk 44 

2007), and the high quality timber value of these Nothofagus species, especially from N. 45 

alpina trees, led to a severe overexploitation and high-grading of these forests during 46 

the 20th century. These degraded stands have characteristics like those described by 47 

Nyland (2006): few large trees of desirable species, good vigor or good form remain, 48 

and there is a patchy distribution of residual trees, limited usable volume, and thick 49 

understories. In this case, the understories are dominated by the aggressive bamboo 50 

Chusquea culeou (Muñoz et al. 2012). Compared to the original forests, these forests 51 

are now degraded since they have lost their productive capacity and the habitat has 52 

deteriorated (sensu Perry et al. 2008).  53 

It is strategically important to find alternatives to regenerate these high-graded 54 

forests with Nothofagus due to the economic, social and environmental negative effects 55 

of this situation in a large area of south-central Chile. Underplanting of these species 56 

could be a plausible option, in spite of the fact that N. dombeyi is considered a shade-57 

intolerant species and N. alpina mid-tolerant to shade (Weinberger and Ramírez 2001). 58 

Two recent papers (Donoso et al. 2013; Soto et al. 2014) illustrate that these species had 59 

little mortality rates after two growing seasons since planted under remnant tree covers 60 

that allow less than 50% light availability in the understory, but where the understory 61 
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competing vegetation was controlled. Similarly, Pollmann and Veblen (2004) have 62 

reported that when forests lack a thick understory (especially of Chusquea spp.), N. 63 

dombeyi is able to regenerate even under the closed canopy of old-growth Andean 64 

forests. These findings illustrate that the control of understory competition reduces 65 

stresses to these species growing under low-light levels beneath the tree canopy, 66 

dramatically altering their capacities to tolerate low light environments (sensu 67 

Valladares and Niinemets 2008).  68 

Although both N. dombeyi and N. alpina had a nearly complete survival two 69 

years after planted in a high-graded forest, they showed differences in growth, with N. 70 

dombeyi having greater rates of growth than N. alpina in all light conditions, e.g., small 71 

(<200 m2), medium (200-450 m2) and large (450-735 m2) canopy gaps (Donoso et al. 72 

2013). In addition both species showed increasing growth with greater light levels, but 73 

this was only significant for N. dombeyi. In all these studies conducted in open 74 

conditions N. dombeyi has shown similar or faster growth rates than N. alpina (Donoso 75 

et al. 2011, and references therein). The faster growth rates of light-demanding species 76 

(N. dombeyi more intolerant than N. alpina) is common in all light environments, but 77 

this advantage may be short lived (Lusk et al. 2011). With ontogeny plants reduce their 78 

photosynthetic capacity, and increase their relative respiratory requirements and their 79 

self-shading, which overall increase the minimum light requirements for survival and 80 

growth (Valladares and Niinemets 2008; Lusk et al. 2011). Differences in minimum 81 

light requirements for survival of co-occurring species, such as these two Nothofagus, 82 

are central to understand  ecosystem dynamics (Baltzer and Thomas 2007; Valladares 83 

and Niinemets 2008). Therefore, it is relevant to study the growth performance of these 84 

two species once they have moved from the seedling (average <2 m after two growing 85 
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seasons, as reported in Donoso et al. 2013 ) to the sapling stage (>2 and <5 m in height, 86 

as reported in the present study).     87 

Plantations with Nothofagus species in degraded forest with understory 88 

competition control seems an interesting option to test in order to rehabilitate or 89 

promote a rapid recovery of these degraded forests. In addition, this looks like a 90 

potential alternative for these species that suffered severe mortality due to freezing 91 

temperatures as they were planted in the open at elevations >600 m a.s.l. in in the Andes 92 

mountains (Soto et al. 2009). Finding suitable environmental conditions for plantations 93 

of Nothofagus in degraded forests could become a great opportunity for the 94 

development of the forest sector in this region in Chile. In addition to matching site and 95 

species for these plantations, social acceptance is another relevant issue to promote 96 

restoration (Aronson et al. 2006).  97 

In this study we evaluate the performance of underplanted N. dombeyi and N. 98 

alpina during the seedling and sapling stages (6 year period) in a high-graded forest 99 

where the understory was manually removed. The objective of this study was to 100 

measure the magnitude of the response to light of underplanted N. dombeyi and N. 101 

alpina along the seedling and sapling (juvenile) stages in Andean high-graded forests. 102 

This paper contributes to the understanding of tree plant performance of species 103 

considered mostly intolerant to shade when planted in free-of-competition understory 104 

conditions.       105 

 106 

Materials and Methods 107 

 108 

Study site 109 



 
6 

 

The study site is located in a 10-ha high-graded south-facing stand in the San 110 

Pablo de Tregua Experimental Forest of the Universidad Austral de Chile, between 600 111 

and 650 m a.s.l. in the Andes of Chile (39°35’S, 72°05’W). The location is within the 112 

N.dombeyi-N. alpina-Laureliopsis philippiana forest type (Veblen et al. 1980; Donoso 113 

et al. 2006). The area is dominated by hardwood trees of L. philippiana and conifer 114 

trees of Saxegothaea conspicua of about 25 m in height and 50-100 cm in diameter at 115 

breast height with some N. alpina trees of similar height but smaller diameters that 116 

correspond to former young trees when the selective cut was done about 50 years ago. 117 

This forest stand has about one-third of the expected basal area of this forest type in a 118 

mature or old-growth condition. Details on the residual overstory conditions and 119 

diameter size distribution can be found in Donoso et al. (2013).    120 

According to Köppen, climate in this region is coastal oceanic with a 121 

Mediterranean influence, having short and dry summers and humid winters. The annual 122 

precipitation, mostly rainfall, ranges between 3,000 and 5,000 mm, with less than one 123 

month of snowfall a year (Oyarzún et al. 2011). The mean annual temperature is 11°C, 124 

with a mean temperature of 5°C for the coldest month (August) and 16°C for the 125 

warmest one (February). San Pablo has been reported to have around 30-50 annual 126 

frosts, concentrated from August through September (Soto et al. 2009).   127 

The soils in the area, derived from modern volcanic ashes (Acrudoxic 128 

hapludand), have a subangular blocky structure in the A and A-B horizons and a 129 

massive structure in the B horizon, and medium texture through the entire profile, with a 130 

pumice horizon over basaltic-andesitic rocks. This soil has a high water retention 131 

capacity (> 250 mm in 1 m depth) and total N content (0.97 ± SD 0.07%), and a C/N 132 

relation of 11.6 ± SD 0.3 (Donoso and Lusk 2007). However, it also has a high P 133 
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retention and Al levels due to the presence of alophan (for further details see Schlatter et 134 

al. 1995).    135 

 136 

Seedling material 137 

The seeds of N. dombeyi and N. alpina used to obtain the seedlings were 138 

collected from local seed-trees (approximately 10) in the same experimental site of San 139 

Pablo de Tregua. Seedlings were grown in containers 130 cm3 in volume and 15 cm tall 140 

with composted Pinus radiata bark mixed with a slow-release fertilizer as substrate. 141 

The containers were placed in a greenhouse from the first week of September until the 142 

end of November, and then moved outdoors for hardening during the last month of the 143 

growing season (February-March). The morphology of seedlings selected for the study 144 

showed no significant differences in productivity variables (root-collar diameter, tree 145 

height and stem volume). Seedlings had a range from 35-45 cm in total height and 3-4 146 

mm in root-collar diameter in order to minimize the influence of initial size on seedling 147 

growth. The protocol for seedling production is given in Bustos et al. (2008).   148 

 149 

Experimental design 150 

Seedlings were planted by the end of October of 2007 in 22 different gaps (sensu 151 

Brokaw 1982) that ranged in size from 40 to 734 m2 (11 gaps for each species), and the 152 

plantation was evaluated during first three growing seasons and then at year six. Before 153 

planting, the understory (i.e. mostly C. culeou) in gaps was manually extracted within 1-154 

m wide strips. For the experiment we planted 15 seedlings in a setting of 3 rows (spaced 155 

at 2 m) with 5 seedlings per row (spaced at 3 m) in gaps, with no seedlings planted 156 

below tree crowns at the edges of the gaps (see planting scheme in Donoso et al. 2013).  157 
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For each gap we quantified light availability through hemispherical photographs, 158 

using a Coolpix 4500 digital camera (Nikon CO., Japan) with a FCE-8 fisheye lens that 159 

has a 182° field of view (Nikon CO., Japan). Three photographs per gap were taken at 160 

the apex of the selected seedlings located at the center, north and south position of each 161 

gap. Photographs were taken under homogeneous diffuse sky light during late summer. 162 

The resulting photographs were analyzed for light transmission indices (daily total, 163 

direct and diffuse transmitted radiation through the canopy; mol m-2 d-1) with the Gap 164 

Light Analyzer 2.0 software (Frazer et al. 1999). Due to the similarity in the magnitude 165 

and type of response of seedlings to these three types of light transmission indices, we 166 

report in this study only the results obtained for total light estimations. There was less 167 

than 10% mortality during the first growing season, and no mortality thereafter. Growth 168 

in root-collar diameter (RCD) and total height were measured after years 1, 2, 3 and 6, 169 

so that annual growth corresponds to current annual increment (CAI) or growth for the 170 

first three growing seasons and to periodic annual increment (PAI) or growth for the 171 

period between years four and six. Since mortality occurred only during the first 172 

growing season (Donoso et al. 2013) subsequent measurements were made on the same 173 

number of plants (25 in N. dombeyi and 32 in N. alpina).   174 

 175 

Statistical analysis 176 

Due to the light-limited environment in the study site (total light transmitted 2.6-177 

12.7 mol m-2 d-1), we followed the suggestion by Holste et al. (2011) in terms of using 178 

linear models instead of non-linear models for modeling growth as a function of light 179 

when studying growth under higher light conditions.  Specifically we used a linear 180 

regression model to determine the effects of light on seedling growth and included the 181 
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indicator variables as covariates in order to adjust for possible differences between the 182 

species under study. The statistical model is of the form 183 

 184 

{ } SpeciesLightspeciesLightspecieslightgrowth ×+++= 3210,| ββββµ ,               (1) 185 

 186 

where denotes the mean response of growth (in RCD and 187 

plant height, both in cm) in terms of the quantitative variable Light (mol m-2 d-1) and 188 

Species as an indicator variable to distinguish between N. dombeyi and N. alpina. 189 

In the context of the model, a statistically significant value for the coefficient 190 

will indicate association between the amount of light and growth and the coefficients 191 

and  will indicate a difference in this association between the species. Given the 192 

nature of the study and the variability of the data, the fitted models do not have high 193 

predicting power, but they are sufficient to unveil structural trends and association 194 

between the variables of interest, which is the main focus of the study.  A natural 195 

extension of the model is to consider a mixed effects model adding a random effect to 196 

account for correlations between observations from the same gap. However this type of 197 

model did not show any substantial differences or improvement over the ones we 198 

discussed earlier. Furthermore, the interpretation of the regression coefficients in the 199 

models we considered is straightforward and within the scope of the analysis we are 200 

interested for this study. Standard residuals analysis was used to validate the models 201 

here presented 202 

In addition to growth modeling, the ratio between plant height and RCD was 203 

used to calculate the slenderness index, where lower values tend to reflect plants with 204 

better biomass distribution and greater possibilities of better field performance (Bustos 205 
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et al. 2008). Slenderness was graphed for each species against light for each year and 206 

evaluated with Pearson´s coefficient of correlation.   207 

 208 

Results 209 

Throughout all the years evaluated, N. dombeyi had greater growth rates than N. 210 

alpina, and after six growing seasons the former had a median RCD close to 45 mm vs. 211 

22 mm in the latter, and in height 460 vs. 290 cm (Fig. 1).  212 

 Models of growth in RCD as a function of light were significant during all years 213 

evaluated, with increasing significance with time (e.g., Adj. r2 0.242 at age 1 and 0.520 214 

at age 6; Table 1). The indicator variable species for RCD was not significant in the 215 

model in years 1 and 2, and was increasingly significant in years 3 and 6 (P < 0.05). The 216 

models that included light and species as explanatory variables at age 3 and 6 explained 217 

an additional 5 and 15% of RCD growth compared to the model with only light for 218 

these years, respectively  (Table 1). Figure 2 shows these relationships. The model for 219 

the first year had a lower slope compared to the other years that had similar slopes (e.g. 220 

compared with year 2). On year 3 growth of both species is similar with the lower light 221 

levels, but the individual simple models diverge with increasing light, with N. dombeyi 222 

having greater growth rates. For year 6 the magnitude of response of growth to 223 

increasing light is similar for both species (parallel slopes), with N. dombeyi having a 224 

greater intercept (growth). For years 3 and 6 the individual growth models for N. 225 

dombeyi had a higher Adj. r2 than those for N. alpina, reflecting the greater dependence 226 

on light of the former species.  227 

Models of height were not significant during years 1 and 2, for year 3 were 228 

significant with only light as an explanatory variable, and for year 6 were significant 229 

with both variables light and species being significant in these models. However, the 230 
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Adj r2 of these height models was lower than values obtained for RCD growth (Table 231 

1). At age 6, when there was an interaction of light and species, growth in height of N. 232 

alpina was more dependent on light than N. dombeyi (Fig. 2), with comparatively lower 233 

growth rates with the lowest levels of light evaluated and higher growth rates under 234 

conditions of more light (i.e. a significant interaction). However, at age 6 the individual 235 

model of growth dependent on light for N. alpina had a much greater Adj. r2 than that 236 

for N. dombeyi, with the latter having a marginally significant model of growth 237 

dependent on light.  238 

 The slenderness index, or ratio between plant height and root-collar diameter, 239 

was substantially different in both species (Fig. 3). For N.dombeyi, it decreased 240 

significantly with light during all the period evaluated, especially since the second 241 

growing season, suggesting that more light availability in this conditions enabled plants 242 

to have a more balanced height to diameter ratio (closer to a 1cm:1mm ratio). On the 243 

contrary, in N. alpina, except for year 3, the slenderness index was not significantly 244 

affected with light.    245 

 246 

Discussion 247 

 248 

Growth of underplanted N. dombeyi and N. alpina during the seedling and sapling 249 

stages  250 

It is well documented that ontogeny can affect plant growth behavior and their 251 

physiological and mechanical adaptations, and that light requirements tend to increase 252 

faster with increasing age and size in less shade-tolerant species (Valladares and 253 

Niinemets 2008; Lusk et al. 2011). In this study we studied growth in diameter and 254 

height of two major and highly-valuable Nothofagus tree species of the Chilean Andes, 255 
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N. dombeyi, one of the most shade-intolerant tree species in these forests, and N. alpina, 256 

a species that can behave as pioneer in secondary succession just as N. dombeyi, but that 257 

is considered to be of greater shade tolerance (Weinberger and Ramírez 2001; Donoso 258 

et al. 2011, 2013). Results from this study show that the initial trends of faster growth of 259 

N. dombeyi than N. alpina reported for the two first growing seasons in two different 260 

studies with underplanted seedlings in low-light environments in the Andes of Chile 261 

(Donoso et al. 2013; Soto et al. 2014) in general continue through the sapling or 262 

juvenile stage (Fig. 1 and 2). However, some new patterns start to appear. 263 

While during early seedling stages (years 1 and 2) species was not a significant 264 

variable in the models of RCD growth, by the time they reached sapling sizes (ages 3 265 

and 6) the differences between species became evident, with RCD growth of N. 266 

dombeyi being more dependent on light and greater than N. alpina, and the opposite for 267 

height growth. While this pattern for RCD growth seems quite straightforward, for 268 

height growth the interaction that occurred at age 6, with growth of N. alpina being 269 

more dependent on light than that of N. dombeyi and with greater growth rates with 270 

more light, was unexpected. A possible explanation is that light conditions were 271 

becoming increasingly restrictive for N. dombeyi.  In other words, at age 6 growth in 272 

RCD for N. dombeyi continues to be highly dependent on light, but growth in height for 273 

this species is weakly dependent on light, while growth in N. alpina is increasingly 274 

dependent on light, for both variables RCD and height. This pattern at the sapling stage 275 

for these species is different to what has been reported for early seedling stages in 276 

underplanting of these species in the Andes of Chile (Donoso et al. 2013; Soto et al. 277 

2014). It suggests that the initial behavior of the more shade-intolerant species (N. 278 

dombeyi), with faster growth rates compared with the more shade-tolerant species (N. 279 

alpina), is starting to change once seedlings have entered into a sapling or juvenile 280 
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stage, where N. dombeyi is starting to have decreasing differences in growth as 281 

compared to N. alpina. The evergreen character and the more shade-intolerant character 282 

of N. dombeyi could partly explain its faster growth rates than N. alpina in low-light 283 

conditions especially at earlier stages of development (sensu Valladares and Niinemets 284 

2008).  285 

The increasing variability of the data and the goodness-of-fit of the growth 286 

models at this stage suggest that light was becoming a major driver of growth, and that 287 

in the near future differences in shade tolerance between both species could become less 288 

evident. The increasing dependence of RCD growth on light in the case of both species 289 

supports the idea that light requirements increase faster with increasing plant age and 290 

size in more shade-intolerant species (Valladares and Niinemets 2008), and reflects the 291 

increasing shade-intolerant trait of N. alpina with ontogeny (sensu Boyden et al. 2009). 292 

Some studies have shown a similar pattern in another Nothofagus species, i.e N. nitida, 293 

which has a similar physiognomy, but a smaller maximum size than N. dombeyi 294 

(smaller height and diameter), for which it has been postulated that it has a high ‘‘light 295 

acclimation’’ at the leaf level that allows it to tolerate more shade in early years (e.g., 296 

seedling stages) than in later successional stages like sapling stages (Coopman et al. 297 

2008). A new evaluation in the coming years should reflect if the changes in growth 298 

patterns that are starting to appear by age 6 will become more evident, and also if some 299 

mortality will start to occur especially for plants growing in the lowest light conditions 300 

and requiring more light to photosynthesize while they get larger (sensu Valladares and 301 

Niinemets 2008). 302 

Overall, this study conducted until age 6 supports previous approaches that 303 

consider N. dombeyi more intolerant to shade than N. alpina, i.e., this support is 304 

provided not only for seedling stages as reported in most studies on shade tolerance 305 
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(Lusk 2004), but also for the sapling or juvenile stages.   As reflected by the slenderness 306 

index, especially N. dombeyi has had morphological adaptations to cope with growth 307 

(and likely survival) under the lowest light conditions (Fig. 3). Similarly, in an 308 

understory environment with 26% of full sunlight in southwestern Washington, saplings 309 

of Pseudotsuga menziessi had morphological adaptations (e.g., number of interwhorl 310 

buds; Devine and Harrington 2008) due to overstory competition, reflecting the growth 311 

plasticity of some species to these low-light environments (Valladares and Niinemets 312 

2008). This study also supports previous findings on the significant competitive effects 313 

of overstory trees on sapling growth as mediated by the shading effect in temperate 314 

forests, indicating that competition for light clearly exists within this forest (Mori and 315 

Takeda 2003). 316 

  317 

The potential for rehabilitation of Andean high-graded forests with Nothofagus species. 318 

Different layers in the vertical profile of forests can affect the performance of 319 

tree seedlings (Lhotka and Lowenstein 2013). Lhotka and Lowenstein (2013) report that 320 

seven-year-old hardwood plantations established in a hardwood forest had a significant 321 

positive response to midstory vegetation control, rather than to understory vegetation. In 322 

the current study with understory competition controlled, there were high survival and 323 

growth rates for the two Nothofagus species evaluated. The increasing effect of light 324 

upon the performance of N. dombeyi and N. alpina with time, as reported here, suggests 325 

that without a timely control of light through an opening of the overstory or the 326 

midstory, the good initial performance of both species could be depressed. Overall, 327 

silvicultural manipulations will be likely needed in these understory plantations if we 328 

plan to succeed with plantations of these valuable species as a rehabilitation option in 329 

high-degraded forests.  330 
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Growth rates of both species were lower than those reported for them in open-331 

field plantations at lower elevations (Wienstroer et al. 2003; Donoso et al. 2011, and 332 

references therein), but survival of underplanted seedlings in degraded forests was 333 

higher compared to the severe mortality (and therefore no growth) of these species 334 

when planted in open fields at this elevation (Soto et al. 2009) or, in the case of N. 335 

alpina, even in north aspect at lower elevations (Donoso et al. 2011). The results of this 336 

study provide great expectations to conduct socially acceptable solutions to the 337 

rehabilitation of degraded Andean forests, a key issue to success in these types of efforts 338 

(sensu Aronson et al. 2006). These are preliminary results and therefore much more is 339 

required to investigate and monitor, including a more ample light environment, 340 

additional types of understory control, seedling stock, and plantation design to emulate 341 

more natural conditions (sensu Oliet and Jacobs 2012).  342 
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Table 1 Individual sapling growth (in Root Collar Diameter (RCD) and Height (h)) 443 

parameter probabilities and model adjusted coefficient of determination (adj. r2), and 444 

standard error of estimation (see) and model probability.  445 

 446 

year variable model 0 1 2 3 Adj. r2 see P-value 

1 RCD 1 ns *** - - 0.242 0.119 *** 

1 RCD 2 ns *** ns - 0.230 0.201 *** 

1 RCD 3 ns * ns ns 0.224 0.202 *** 

2 RCD 1 ns *** - - 0.530 0.227 *** 

2 RCD 2 ns *** ns - 0.539 0.225 *** 

2 RCD 3 ns ** ns ns 0.539 0.225 *** 

3 RCD 1 ns *** - - 0.480 0.224 *** 

3 RCD 2 * *** * - 0.526 0.214 *** 

3 RCD 3 ns *** ns ns 0.543 0.210 *** 

6 RCD 1 ns *** - - 0.520 0.229 *** 

6 RCD 2 *** *** *** - 0.665 0.191 *** 

6 RCD 3 ns ** ns ns 0.659 0.193 *** 

1 h 1 *** ns - - 0.002 23.792 ns 

1 h 2 ns ns ns - 0.004 23.758 ns 

1 h 3 ns ns ns ns 0.042 19.806 ns 

2 h 1 * ns - - 0.054 22.788 ns 

2 h 2 ** ns ns - 0.048 22.856 ns 

2 h 3 ns ns ns ns 0.036 23.011 ns 

3 h 1 ** *** - - 0.272 21.826 *** 

3 h 2 ** *** ns - 0.292 21.524 *** 

3 h 3 ns * ns ns 0.283 21.668 *** 

6 h 1 ** *** - - 0.351 17.797 *** 

6 h 2 *** ** ** - 0.240 19.250 *** 

6 h 3 *** * ** ** 0.445 16.467 *** 

ns: not significant, *:  P < 0.05, **:  P <0.01, ***: P < 0.001. 447 
448 
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 449 

Fig. 1 Boxplot of Root-collar diameter (RCD) and Height for N. dombeyi and N. alpina 450 

plants evaluated for annual growth between years 1 and 3, and for periodic growth 451 

between years 4 and 6 (represented as 6 in the boxplots).  452 

453 
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 454 

Fig. 2 Root-collar diameter (RCD) and height growth of N. dombeyi and N. alpina 455 

underplanted in a high-graded forest in the Andes of south-central Chile during the three 456 

first growing seasons and for the period between growing seasons 4 and 6 (represented 457 

as 6). The lines represent the better model fitted for this study, e.g., for the 1st year light 458 

( 1) is the most important factor in the growth prediction, and the model with only light 459 

explain more variance than more complex models that include the species and 460 

interaction terms ( 2, 3). However, for year 3, the lines represent a significant 461 

interaction ( 3), where this model explains higher variance. On the other hand, for year 462 

6 the model with species term ( 2) explains more variance (see Table 1 for further 463 

details). 464 

465 
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 466 

Fig. 3 Effects of light availability on slenderness of N. dombeyi and N. alpina in a high-467 

graded forest in the Andes of south-central Chile after six growing seasons in the field. 468 

Lines correspond to significant correlations (P < 0.05). 469 

 470 


