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Chapter 6. 

Insertion of native species in the understory of Acacia 

decurrens plantations: perspectives for conversion in

to natural vegetation 

J.P. Groenendijk and J.F. Duivenvoorden, submitted to Restoration Ecology 

Abstract 

We examined the possibilities for conversion of Acacia decurrens plantations to 

native Condalia dwarf forest in a dry part of the Colombian Andes, by inserting native 

late-successional species under the planted canopies. Performance of planted seedlings in 

Acacia forest was compared with that in open secondary vegetation. Moreover, we 

investigated the effect of site differences, Acacia canopy cover and fertilizer application 

on seedling performance. Late-successional species generally perform better in Acacia 

plantations than in open vegetation, while the reverse was true for pioneer shrubs, which 

had very low survival rates under plantations. Fertilizer had a positive effect on 

performance of some species, but not enough to justify its use in large-scale restoration 

attempts. We concluded that underplanting of late-successional Condalia dwarf forest 

species give good prospects for conversion of Acacia forests into native vegetation. 
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Chapter 6 

Introduction 

All over the tropics, exotic rapid-growing tree species have been planted exten

sively for timber production and protection against erosion. These planted forests gener

ally have a number of drawbacks in terms of ecological function, e.g., high water 

consumption and evaporation, and low levels of animal and plant diversity (Lugo 1997; 

Van der Hammen 1998; Van Wesenbeeck et al. 2003). Therefore, the possibilities for 

conversion of these exotics' forests to natural vegetation have gained interest, and a 

catalytic effect of tree plantations for natural regeneration has been shown by many 

authors (Yirdaw 2001; Fimbel & Fimbel 1996; Geldenhuys 1997; Parrotta 1992, 1993, 

1995). However, this catalytic effect depends on (lack of) management, planted species, 

distance to natural forest, site degradation, and grazing (Hofstede et al. 2002; Parrotta et 

al. 1997b), and consequently there are many sites where regeneration is hampered (Van 

der Hammen 1998; Cortes et al. 1990; Hofstede et al. 2002; Hofstede et al. 1998). 

The experience available to date has mainly been obtained from Pinus and Euca

lyptus plantations. Especially in subtropical semi-arid areas, Acacia decurrens has been com

monly used in forestry in many parts of the world, and subsequently became naturalized 

and invasive (Haysom & Murphy 2003). However, to our knowledge, no published 

information is available on understory development in A. decurrens plantations. 

In spite of the above-mentioned promising reports on natural regeneration in 

the understory of planted forests, this seems not to be the case in the A. decurrens forests 

treated in this paper, which are situated in a semi-arid intermontane valley in the 

Colombian Andes. The understory of the planted Acacia decurrens forests is very poor in 

terms of biodiversity and has a low cover of herbs and shrubs (Van der Hammen 1998, 

1997). A thick litter cap is formed by leaves and pods shedded by A. decurrens, and moss 

cover can reach up to 80%. These could have a negative influence on seedling establish

ment in the understory. Planted tree species, mostly being pioneers, are generally expect

ed to be replaced by late-successional native species (Lugo 1997). Although a longevity of 

10 - 15 years has been suggested for A. decurrens by Arredondo et al. (1998), the 

plantations of this species in our study area are still in a good state after 20 - 25 years, 

and rejuvenating occurs both inside and outside the forested area. Native woody species 

have hardly (re-) established in the planted forest understory, so either environmental 

condi-tions are not suited, or seeds do not enter the forest. Regarding the latter, soil seed 

banks are indeed dominated by weedy herbs, and virtually lack native woody species 

(Groenendijk et al. in prep., see Chapter 4). 

The question raises whether one should use (mostly very costly) underplanting 

of native species to overcome the above-mentioned obstacles to natural regeneration and 

replacement of planted trees. Examples of native forest species plantation experiments in 

exotics' forests have come from the Asian lowland tropics (Ashton et al. 1997, 1998). In 
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these studies, performance of inserted late-successional species was found to depend 

largely on openness of the Pinus caribaea canopy, and was poor under completely closed 

canopies. Good performance of planted seedlings indicate limitation of the considered 

species by seed dispersal, and would justify further experimentation with artificial (partial) 

clearings of the originally planted exotic trees. If, on the other hand, seedlings would not 

be able to grow, environmental conditions would have to be modified - which could 

include canopy opening - in order to enhance regeneration. From plantation experiments 

in open secondare vegetation, we found that pioneer shrub species performed well in 

abandoned pastures, while late-successional species mostly had higher growth rates in 

shrubby vegetation (Groenendijk & Duivenvoorden in prep., see Chapter 5). Moreover, 

fertilizer addition proved to enhance performance of late-successional species. Natural 

recruitment of this late species group is mostly restricted to dense-canopy dwarf forests 

(Groenendijk et al. in press, see Chapter 3). 

In this paper, we address the question whether plantation of pioneer and/or 

late-successional species gives prospects for conversion into a vegetation of native 

species, based on performance of planted species. Prospects are good if the understory 

environment of planted forests are suited for plantation, i.e., if it permits establishment 

and growth of woody plants that will further develop after cutting of the Acacia's. We 

expected that: 1. seedlings of late-successional species perform better than those of 

pioneer species, when planted in Acacia forest; 2. late-successional species perform better 

in Acacia forest than in open vegetation, and the reverse for pioneer species. Moreover, 

we investigated whether performance of planted species can be enhanced by fertilizer 

addition, and which site factors might further be influencing performance. The questions 

will be addressed by comparing the performance of planted seedlings in Acacia forests 

among sites with different characteristics and among vegetation types. 

Methods 

Study site 

The fieldwork area is at the edge of the high plain of Bogota, an intramontane 

basin in the Eastern Cordillera of Colombia (Figure 6.1). It concerns a part of the Checua 

River valley, affluent to the Bogota River, situated within the municipality of Suesca, 

Cundinamarca. The elevation above sea level of the study area is between 2700 and 2900 

m. 

The zone receives about 700 mm of annual rainfall, generally concentrated in 

two short rainy periods. Evapotranspiration approximates 1050 mm annually, leading to 

a deficit of about 350 mm (Claro-Rizo 1995). The mean annual temperature is around 

13° C (Van der Hammen 1998). During dry periods, night frost frequently occurs. 
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Figure 6.1. Locations of the clusters of experimental plots in the study area, indicated by sym
bols according to the matrix vegetation type. 

The study site is on a slope consisting of Tertiary sandstone, covered by a 

volcanic ash cap of about 20-70 cm thick, which has locally been disturbed or removed 

due to erosion and landslides. Soils formed in this ash cap show a thin A horizon and a 

natric B horizon primarily containing clay, organic material, and sodium. Locally, erosion 

has exposed the underlying sandstone. 

The vegetation consists of a mosaic landscape of grassland, scrubs, planted 

exotics' forest, and fragments of native dry Andean dwarf forest. This dwarf forest was 

described as Xylosmo - Conddietum, or "Condalia forest", by Van der Hammen (1997). 

One of the characteristic treelets, Condalia thomasiana (Rhamnaceae), is a recently dis

covered endemic of this particular zone (Fernandez-Alonso 1997). Disturbances have 

been common and severe, and exotic grasses have large cover values. The native Condalia 

dwarf forest and secondary vegetation types of the area have been described in more 

detail elsewhere (Groenendijk & Cleef in prep., see Chapter 2; Van der Hammen 1997). 

Plantations of Acacia decurrens were established by the Corporation Autónoma 

Regional de Cundinamarca (CAR) in the 1980s, mostly on grasslands and low open 

scrubs that most probably were cleared before seedling insertion. Tree height ranged 

from 7 to 14 m. Nowadays, these planted forests have a poor undergrowth, with a total 

herb cover generally between 10 - 30%, and a shrub cover mostly below 1% (Groenen-
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Table 6.1. Numbers of individuals of woody species planted per plot, as applied in the different 

mixtures. Average initial stem length per species is given, with standard deviations between 

brackets. 

species 

Pioneer mixture 
Biiccharis macrantha 

Dodonaea viscosa 

Late-successional mixture 

Croton bogotanus 

Duranta mutisii 

Hesperomeks goudotiana 

My nine guianensis 

Xylosma spiculijera 

family 

Asteraceae 

Sapindaceae 

Euphorbiaceae 

Verbenaceae 

Rosaceae 

Myrsinaceae 

Flacourtiaceae 

successional 

affinity-

pioneer 

pioneer-mid 

late 

late 

mid-late 

mid-late 

mid-late 

individuals 

per plot 

pioneer late-succ. 

mixture mixture 

94 - 95 

9 4 - 9 5 

40 

55 

14 

4ii 

40 

stem length at 

planting (cm) 

39.1(9.3) 

17.3(7.5) 

29.5(21.9) 

29.3(13.1) 

38.7(24.5) 

5.8(2.7) 

24.0(12.5) 

dijk, unpublished data). Graminoids, mostly Piptocbaetiumpanicoides and Rhynchospora nervo

sa, dominated the herb layer, together with Cuphea serpyllifolia and Chaptalia excapa. The 

only common woody species was Chromolaena kivense, a small slender shrub. The often 

dense mats of mosses covered mostly more than 40%, especially in the higher parts of 

die study area. Species composition of the understory mostly depended on elevation 

above sea level and Acacia decurrens canopy cover. The trees shed a lot of leaves and pods, 

leading to a litter cap mostly completely covering the soil. 

Preliminary measurements of microclimate (at 10 cm above the soil) in the 

vegetation types of die study area indicated that Acacia forests mostly have temperatures 

and relative air humidity comparable to those of Condalia dwarf forests. 

Plantation species 

Seven species of shrubs and treelets were selected for tiiis experiment. All of 

fJiese are native to the Condalia dwarf forest zone and commonly found there, either in 

woody pioneer stands a n d / o r in late-successional dwarf forest patches. Their succession

al affinity was investigated by Groenendijk et al. (in press, see Chapter 3), and is summar

ized in Table 6.1. Dodonaea viscosa was categorized as a mid-successional species, but was 

included in the pioneer mixture because it is mostly co-dominant with Baccbaris macrantha 

in pioneer scrubs. Similarly, Uesperomeles goudotiana, Myrsine guianensis and Xylosma spiculi

jera were classified as mid-late-successional, but were included in the late-successional 

plantation mixture because of their frequent co-occurrence with the three other species 

of that mixture in dwarf forest patches. We chose to plant greenhouse-grown seedlings in 

stead of sowing seeds, fiius skipping the germination stage in which most plant species 

are vulnerable. 
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Seeds of all species were collected from the vegetation present at the study site. 

The plant material for the initial planting was produced in two different nurseries owned 

by the Corporación Autónoma Regional de Cundinamarca (CAR). Plandets received 

applications of fertilizers and fungicides on a regular basis during the production and 

maintenance period in the nurseries. At the moment of plantation in the field, the seed

lings were in 707 cm nursery bags. 

Site and plot selection 

Fifteen experimental plots of 150 m" (10 x 15 m) were laid out in A. decurrens 

stands for the experimental setup. We organized the experimental plots in five clusters, 

i.e., barbed wire fenced groupings of plots. Each cluster contained: (1) one plot planted 

with the pioneer species mixture; (2) one plot planted with the late-successional species 

mixture; (3) one plot planted with the late-successional species mixture, and treated with 

fertilizer. Throughout this paper, the term "planted seedling" is preserved for the seed

lings of the native species used in our experiment, and "Acacia forest" for the A. decurrens 

plantation. 

The Acacia trees, inserted in the 1980s by the CAR, were planted in or next to 

artificially created infiltration trenches following the contour lines. We selected sites 

where the Acacia rows were at least 10 m apart, in order not to have the infiltration 

trenches in the experimental plots. The plots within a cluster were laid out at at least 10 

m distance from each other. The clusters were established with at least 150 m distance 

between them (Figure 6.1). 

Plantation plots were also established in three types of open secondary vegeta

tion: dry pasture, sub-humid pasture, and open scrub. These plots are treated in more 

detail elsewhere (Groenendijk & Duivenvoorden in prep., see Chapter 5). Plantation 

procedures in these plots were highly similar to those of the Acacia plantation plots, ex

cept for a few differences explained below. The dry pastures, at the pediments, were 

dominated by grasses and annual herbs, mostly Microchloa kunthii, Schkuriapinnata and the 

exotic Vennisetum clandestinum. Around 35% of the soil surface was without any vegetation 

or litter cover. Soil conditions were relatively harsh: low OM contents, low nutrient 

availability and low water retention. The sub-humid pastures, found at higher elevations, 

had a denser vegetation cover, and were co-dominated by Pennisetum clandestinum and 

Anthoxanthum odoratum. Soils were more nutrient-rich. Shrublands were mosdy found on 

midslopes, and dominated by Baccharis macrantha and Dodonaea viscosa, covering between 8 

- 1 7 % . 

Plantation and performance monitoring 

Two different combinations of species were applied in the experimental setup, 

and each species had different numbers of individuals planted per plot (Table 6.1). The 

patterns were designed in such a way that the distribution of each species was more or 
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less regular, without severe clustering of a certain species at a certain place in the plots. 

Every plot had 189 individuals planted at 1 m distance, in a regular triangular pattern. 

The pioneer mix, consisting of Baccharis bogotensis and Dodonea viscosa only, was simply 

planted in an alternating way, resulting in either 95 B. bogotensis and 94 D. viscosa per plot, 

or the reverse. The late-successional species mixture consisted of different quantities of 

each of the five species (Table 6.1), due to differences in availability. The seedlings were 

planted in such a way that the species were regularly spread over the plot. 

The same plantation patterns were applied in the plots established in dry and 

sub-humid pastures, and shrublands. Additionally, 15 seedlings of Condalia thomasiana 

were included (at the cost of Duranta mutisii seedlings) in the late-successional mixtures 

applied to these vegetation types. Furthermore, Dalea coerulea (L.f.) Schinz & Thell. 

(Fabaceae) was included in the pioneer mixture, in the dry pasture plots only. Assuming 

that these species did not have any neighbouring influence other than that of the 

remaining species in the plots, we do not report on them in this paper. The reader is 

referred to the paper by Groenendijk and Duivenvoorden (in prep., see Chapter 5) for 

more detailed results on these species. 

Each seedling was inserted in a dug-out hole of about 20 cm depth, with all the 

earth of the nursery bag it was grown in. The fertilizer treatment was only applied to the 

late-successional species mixture. A quantity of 20 g of "triple-15" fertilizer (15% of both 

NT r> „~A is „T;^u afWif-irvrial ^ r p ölorrtPrli-c-\ ^^c at-inliprl sni-wM-fïriallTr in tl-tp cnil it cnt-n^ 

10 cm distance in the upslope direction of each plant. This was done in July 2000, about 

two months after planting, when rain was still frequent. In November 2000, dead seed

lings were replaced by living ones of the same species. Individuals that showed high 

mortality of leaves or an otherwise bad condition were also replaced by vigorous ones. 

The length of the stem of every individual was measured from the ground up to 

the upper living bud or leaf base. In case the leading stem was dead, the highest upgoing 

branch was caught for the measurement. The length of the planted seedlings was meas

ured in October 2000 (taken as the initial length), October 2001, and August 2004. Cover 

percentage of each planted species, and the total planted canopy cover, was also estimat

ed. 

Soil samples were taken from each of the five clusters. In the control plots, five 

subsamples of superficial ( 0 - 5 cm) mineral soil were taken, from the four corners and 

the center of the plot. The contents of available K, Na, Mg, Ca, Al, and organic C in the 

samples, as well as p H and texture, were analyzed in the laboratories of the Instituto 

Geografico Agustin Codazzi (IGAC, Bogota). For details on the soil analysis procedures, 

the reader is referred to Groenendijk et al. (in press, see Chapter 3). 

Data analysis 

Survival of the planted seedlings in 2004 was compared with that in the the sub-

humid pasture, dry pasture, and scrub plots, for each species, by subjecting arcsine-
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square-root transformed percentages of surviving individuals to ANOVA. For this one

way A N O V A , only the non-fertilized plots were included. Post-hoc multiple comparis

ons were made by means of Tukey's test. Between-vegetation-type differences in relative 

stem growth of the planted seedlings that had survived were analyzed per species, bv 

means of Kruskal-Wallis tests (ANOVA could not be applied because of highly unequal 

sample sizes and variances). Relative growth was calculated, per individual seedling, as 

the stem growth over the four years' period divided by the initial stem length. Post-hoc 

multiple comparisons were done by means of Dunn 's test, following Zar (1999). 

The effects of fertilizer application and site differences (cluster effect) on 

survival of planted seedlings were tested by means of logistic regression, for each species 

separately. Clusters were entered as dummy variables. Since each single dummy of this 

set of five is perfectly correlated to the other four, one dummy had to be left out of the 

logistic regression, and the effect of the entered dummies is given as compared to the 

one left out. T o be able to assess the effect of each cluster as compared to the other, we 

ran four repeats of logistic regression, each with a different cluster dummy variable 

excluded. 

Effects of clusters on stem growth was tested with a Kruskal-Wallis test for the 

two pioneer shrubs Baccharis macrantha and Dodonaea viscosa. These effects, together with 

that of fertilizer application was investigated by means of two-way ANOVA's for the 

late-successional species. Levene's test revealed differences in variance among groups for 

Duranta mutisii and Xjlosma spiculifera. However, both the ratios of largest to smallest 

group sizes and the ratios of largest to smallest variances (F„;av) were below 2 for both 

species. 

The relation between canopy cover of the Acacia decurrens trees and performance 

of the planted seedlings was investigated on plot level by linear regression, for each 

species. For survival, this was done with arcsine-square-root transformed percentages 

surviving seedlings per plot. Averages of stem growth per plot were used as a dependent 

variable for the growth analysis. 

All statistical analyses were done in SPSS 11.0, except for Dunn's multiple 

comparisons which were calculated in MS Excel. 

Results 

Site characteristics 

Different environmental characteristics were found between the plantation 

clusters (Table 6.2). Cluster 1 is at the high end of the elevation gradient, and has a 

relatively sandy soil with a high content of available phosphorus. Cluster 5 has the lowest 

elevation a.s.1., and was also distinguished by low nutrient availability, as shown by the 
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Table 6.2. Values of environmental variables for the five Acacia forest clusters, and mean values 

for the five clusters each in dry pasture (Pd), sub-humid pasture (Ph), and shrubland (S). Org = 

organic Carbon; CEC = Cation exchange capacity. Soil parameters are expressed as percentage 

(texture, C„rg, base saturation); cmol+/kg (CEC, kations); or ppm (TV). 

environmental 
factor 

sand 

silt 

clav 

pH 
Corg 

CEC 

Ca 
Mg 

K 

Na 

Total bases 

Base saturation 

Pav 

elevation a.s.1. 

1 

64 

26 

10 

5.2 

2.5 

11.2 

3.8 

1.5 
0.2 

0.0 

5.6 

50.0 

4.2 

2900 

cluster o 

2 

38 
38 

24 

5.3 

2.9 

14.1 

5.0 

2 . (1 

0.2 

0.1 

7.2 

51.5 

2.5 

2850 

: Acacia 

3 
46 
40 

14 

5.3 

2.3 

9.1 

2.3 

1.3 

0.2 

0.1 

3.8 

42.2 

1.6 

2835 

forest plots 

4 

44 
36 

20 

5.4 

2.3 

13.5 

3.6 

1.7 

0.2 

0.1 

5.6 

41.3 

3.3 

2820 

5 

56 
36 

8 

5.4 

1.9 

8.8 

2.5 

1.3 

0.2 

0.1 

4.2 

47.1 

3.3 

2720 

oper secondary 
vegetation (means) 
Pd 

55 
34 

11 

6.0 

0.6 

3.9 

1.3 

0.5 

0.3 

0.0 

2.1 

53.4 

2630 

Ph 
47 
27 

25 

5.6 

2.2 

13.5 

3.3 

1.6 

0.4 

0.1 

5.4 

28.5 

2870 

S 

50 

35 

15 

5.3 

2.4 

11.3 
3.4 

1.6 

0.2 

0.1 

0.4 

6.7 

2760 

low CEC, organic C and total bases. As to these soil characteristics, cluster 3 is rather 

comparable to cluster 5. Clusters 2 and 4 are intermediate in terms of soil texture, soil 

chemical characteristics and elevation above sea level. 

Between-species differences in performance 

A strong difference in fractions of surviving seedlings was found between 

species: the pioneer shrub Baccharis macrantha had the lowest fraction (6.2% on average) 

of surviving plantlets as compared to the remaining species (Figure 6.2a). Dodonaea viscosa 

and Hesperome/es goudotiana had survival percentages around 25%. The remaining four 

late-successional species Croton bogotanus, Duranta mutisii, Myrsine guianensis and Xylosma 

spiculifera had mean survival percentages above 60%. 

Growth was generally poor: both the pioneer and the late-successional species 

increased stem length with a few centimeters (Figure 6.2b). Only C. bogotanus showed a 

spectacular growth in some of the plots: although die overall average was around 100 cm, 

many individuals reached 3 m or more, especially in the plots at higher elevation, which is 

probably related to a somewhat higher precipitation and air humidity. The pioneer 

species B. macrantha and D. viscosa also increased their average stem height, to around 80 

cm and 45 cm on average, respectively. 

C. bogotanus, again, was the only species that substantially increased its cover 

percentage in a part of the plots, up to 9% in a fertilized plot, and 12% in the non-
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Bm Dv Dm Hg Mg 

species 

Figure 6.2. Performance of planted seedlings in Acacia decurrens forest, expressed in (a) survival; 

(b) stem length; and (c) cover %. Bm = Baccharis macrantha; Dv = Dodonaea viscosa; Cb = Croton 

bogotanus; Dm = Duranta mutisïï; Hg = Hesperomeks goudotiana; Mg = Myrsine guianensis; Xs = 

Xylosma spiculifera. Errorbars indicate 1 SD. Errorbars in panel (b) correspond to the growth part. 

N = 5 plots per species for (a) and (c), and indicated in the figure for (b) (i.e., number of 

individuals). 
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Table 6.3. Performance of planted seedlings in Acacia forest understory as compared to open 

vegetation types, for each species. Survival percentages per plot were compared by ANOVA and 

Tukey's Multiple Comparisons, and stem growth by Kruskal-Wallis tests and Dunn's Multiple 

Comparisons. A = Acacia planted forest; Ph = sub-humid pasture; Pd = dry pasture; S = 

shrubland. The plots included in these analyses did not receive any additional treatment. 

pioneer mixture 
Baccharis macrantha 

Dodonaea viscosa 

late-successional mixture 

Croton bogotanus 

Duranta mutisii 

Fiesperomeles goudotiana 

Myrsine guianensis 

Xylosma spiculifera 

F 

21.62 

25.21 

5.76 

4.66 

0.21 

21.52 

2.40 

survival 

P 

0.000 

0.000 

0.007 

0.016 

0.889 

0.000 

0.106 

Tukey's M.C. 

Ph>S>A' 

Ph=Pd>S>A 

A>S=Pd* 

A>Pd' 

A>Pd=Ph=S 

H, 

70.05 

217.31 

99.51 

173.15 

1.77 

30.47 

41.67 

growth 

P 

0.000 

0.000 

0.000 

0.000 

0.621 

0.000 

0.000 

Dunn's M.C. 

Pd=Ph>S* 

Pd>Ph=A>S 

A>Ph=Pd=S 

A>S>Ph=Pd 

A=S>Ph' 

S>A=Pd>Ph 

"Vegetation types not significantly different from Acacia forest are not displayed. 

fertilized plot of the same cluster (Figure 6.2c). The remaining species, both the pioneers 

and the late-successional ones, did not significantly increase their cover over the four 

years' period. 

Performance in Acacia forest as compared to open vegetation 

Pioneer species showed the lowest fraction of surviving seedlings when planted 

in Acacia forest understory, as compared to plantations in pastures and shrubland (Table 

6.3). Stem growth rates of B. macrantha in Acacia forest were not different from those in 

open vegetation. Growth of D. viscosa was higher in Acacia plantations than in shrub-

lands, but not higher than in pastures. Contrarily, the late-successional species C. bogota

nus, D. mutisii, and M. guianensis tended to perform best in Acacia understories, or at least 

not significantly less than in any of the open vegetation types. Growth of X. spiculifera in 

Acacia forest was higher than that in sub-humid pastures only. 

Factors influencing seedling performance in Acacia forest 

An inverse relation was found between cover of Acacia decurrens trees and survi

val ofDodonaea viscosa (F = 10.26,^> = 0.049; (3 = -0.880). The remaining species showed 

no significant relations between Acacia cover and performance, either for fertilized or 

non-fertilized plots. 

Site characteristics, as expressed by the cluster dummy variables, had a signific

ant effect on survival of most species, except Hesperomeksgoudotiana (Table 6.4). In cluster 

4, most species had a relatively low survival, while this was generally higher in clusters 1 
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Table 6.4. Results of multiple logistic regression testing for effects of cluster and fertilizer 

application on survival of planted seedlings. B = partial regression coefficient; p = probability. 

Numbers in the multiple comparisons column are cluster numbers; numbers not appearing are 

not significantly different from any of the others. 

overall cluster effect fertilizer 
~f} p p multiple comparisons B p 

pioneer mixture 

Boccharis macrantha 44.66 0.000 0.001 1=3>2=4 

Dodonaea viscosa 114.7 0.000 0.000 3>1=2; 1>4=5; 2>5 

late-successional mixture 

Croton bogotanus 

Duranta mutisii 

Hesperomeks goudotiana 

My nine guianensis 

Xylosma spicuhfera 

Table 6.5. Results of ANOVA testing for effects of cluster and fertilizer application on relative 

stem growth of planted seedlings of the late-successional mixture. Significant differences between 

clusters are indicated in Figure 3. 

159.7 

26.76 

22.38 

57.24 

10.19 

0.000 

0.000 

0.000 

0.000 

0.070 

0.000 

0.000 

0.507 

0.000 

0.074 

1=2>5>4>3 

1=2=3=5>4 

1=2=5>3=4 

2>4=5 

0.534 

-0.544 

-0.258 

1.122 

-0.123 

0.048 

0.034 

0.535 

0.000 

0.620 

Croton bogotanus 

Duranta mutisii 

Hesperomeks goudotiana 

Myrsine guianensis 

Xylosma spiculifera 

cluster 
F 

29.49 

3.22 

0.06 

35.68 

6.50 

P 
0.000 
0.013 

0.982 

0.000 
n.odo 

fertilizer 
F 

0.29 
1.21 

1.17 

13.54 

10.69 

P 
0.590 
0.272 

0.289 

0.000 

0.001 

cluster H 

F 

1.71 
3.78 

0.28 

5.07 

6.74 

fertilizer 

P 
0.149 

0.005 

0.842 

0.001 

0.000 

and 2. The pioneer shrub Dodonaea viscosa had a higher relative stem growth in cluster 3 

than in cluster 5 (Kruskal-Wallis test, yf = 10.18,/» = 0.038; Dunn's test:/) < 0.05), while 

for Baccharis macrantha no differences were found (Kruskal-Wallis test, X = 3.48, p — 

0.324). Again, H. goudotiana was the only late-successional species that showed no 

differences in relative growth across clusters (Table 6.5). In general, cluster 1 revealed the 

highest growth rates, while the lowest growth rates were mostly found in clusters 3 and 5 

(except for D. viscosa and X. spiculifera). Moreover, an effect of fertilizer application, 

interacting with the cluster, was found for D. mutisii, M. guianensis and X. spiculifera. D. 

mutisii had the highest growth rates in the non-fertilized plot of cluster 1, while in cluster 

4 fertilizer did increase growth (Figure 6.3). The positive effect of fertilizer application on 

M. guianensis was only apparent in clusters 4 and 5. For X. spiculifera, growth rates were 

lowest in the non-fertilized plots of clusters 2 and 4. So, fertilizer had a growth-enhan

cing effect in cluster 4, as opposed to the general pattern in the remaining clusters. 
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Figure 6.3. Relative growth of planted seedlings in Acacia decurrens forest, for the four late-

successional species that had significant between-site differences (Table 5). Errorbars indicate 1 

SD. N is given above the error bars for each average. Clusters sharing letters displayed above the 

category axis were not significantly different (Tukey's multiple comparisons test). 

Discussion 

The two pioneer species used in this study, B. macrantha and D. viscosa, showed a 

very low survival in the understory of A. decurrens forests. The seedlings that survived 

did, on average, double their stem length over the four years' period. Except for H. goudo-

tiana, the late-successional dwarf forest species survived better: generally between 60 -

90%. Growth was generally poor for all species, except for Croton bogotanus which 

reached heights of several meters in some plots. So at least in terms of survival, perfor

mance of the late-successional species in Acacia forest understory was better than that of 

pioneer shrubs. 

Pioneers clearly had a higher survival in pastures and open scrubs than in Acacia 

forest, but growth was either not different or in the middle of the range. Three out of 

five late-successional dwarf forest species, C. bogotanus, D. mutisii, and M. guianensis, per

formed better when planted under an Acacia canopy than in open vegetation, in terms of 

both survival and growth. The density of the Acacia canopy did not show to be of any 
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influence on performance of planted seedlings except for Dodonaea viscosa, which had a 

higher survival when die canopy was relatively open. An experimental design on a smal

ler scale, with smaller plots and small-scale assessment of irradiation might have given 

clearer relationships in this respect. Ashton et a/. (1997, 1998) found that performance of 

planted seedlings of native Sri Lankan rainforest in artificial Pinus caribaea forests was 

better when parts of the canopy were removed. Apparently, there is a trade-off between 

die beneficially higher air humidity and reduced temperature fluctuations on the one 

hand, and reduced solar irradiation on the other. 

Most probably, these differences are explained by the light demand of the pion

eer shrubs, and the shade tolerance of the late-successional species. In natural circum

stances, B. macrantha seedlings are generally found in pastures, while those of the dwarf 

forest species mosdy occur in high scrub and dwarf forest (Groenendijk et al. in press, see 

Chapter 3). 

Site effects other than Acacia cover, however, were much more apparent. We 

feel that the higher performance of species in cluster 1 is due to the higher elevation of 

the latter, and with that, a higher air and soil humidity. Water stress is most probably 

strongly limiting survival and growth for both pioneer and late-successional species of 

the Andean dwarf forest zone (Groenendijk & Duivenvoorden in prep., see Chapter 5), 

although shady conditions obviously limited performance of the pioneer species. More

over, available phosphorus, a limiting nutrient, is higher in cluster 1. The relatively low 

survival in clusters 3 and 5 might be due to a somewhat lower humidity (mainly the 

lower-altitude cluster 5) and soil nutrient availability. 

Fertilizer addition had a positive effect on survival or growth of three species. 

However, the differences in growth due to fertilizer application were very small. Soil 

nitrogen availability might have been increased by the planted Acacia trees: many Acacia 

species have root nodules with N-frxing bacteria (New 1984), and Rln^obium bacteria 

have indeed been found in nodules of A. decurrens (Alarcón et al. 1997). Although phos

phorous availability is generally limited in dry volcanic ash soils due to either too low or 

too high p H values (Marschner 1986), addition apparently improved performance of 

seedlings in a few cases only. A. decutrens, not limited by N , might have been able to 

profit more from the added phosphorus than the seedlings planted for this experiment, 

thus enhancing below-ground competition for the native species and reducing their per

formance. However, we have no explanation for the strong effect of fertilizer being 

restricted to cluster 4, since this cluster is relatively nutrient-rich. The benefits of fertilizer 

application for native species development in Acacia forests of our study area are small, 

and most probably will not outweigh the costs. 

We concluded that the late-successional species used in this study, except H. 

goudotiana, can be planted successfully under Acacia canopies. Survival rates are fairly 

high, and - after a period of seedling establishment - growth and cover will probably 

increase after opening of the Acacia canopy. Since the latter species in our study area 
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commonly rejuvenates, and has a life span of at least 25 years, thinning should be 

executed after establishment of the seedlings. Care should be taken that seedlings do not 

grow vertically at the cost of lateral extension, since that might reduce their performance 

and subsequent regeneration of Condalia dwarf forest after removal of the nursing Acacia. 

Furthermore, A. decurrens could possibly be included in a future experiment on 

restoration of native vegetation on abandoned pastures. If this species would be planted 

sparsely, the ecological disadvantages of this species could be outweighed by its positive 

effect on performance oi late-successional Condalia dwarf forest species. A. decurrens 

reportedly reaches a height of four meters or more, at four to six years after plantation, 

both in our study area and in Chile (Perea Rojas 1992; Ovalle et al. 1995; Arredondo et al. 

1998). 
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