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Abstract Agroforestry is a promising method for

enhancing land-use sustainability in the Bolivian Andes.

However, its benefits in terms of rural development are

under-recognized due to gaps in understanding users’

perceptions while taking into consideration both local

and global environmental goals. Our study aimed to

narrow these gaps by developing an analytical frame-

work for analyzing the site-specific socio-ecological

factors and interactions related to local woody species

and assessing their ecological, economic, and socio-

cultural plant values in order to identify the most prom-

ising agroforestry species. The framework was then

tested in an indigenous community at 2,760–3,830 m a.s.l.,

incorporating vegetation surveys, environmental studies,

and interviews on plant functions. Ecological, economic,

and socio-cultural values and the ecological apparency of

plants were calculated, and detrended correspondence

and principal component analyses helped to reveal the

socio-ecological context of significant factors for plant

distribution and uses. Results showed dominating seral

woody species along an altitudinal gradient. Although

shrubs were more ecologically apparent than trees, trees

were perceived to be more valuable as the usefulness and

cultural importance of species increased with plant height

and timber availability. Phytosociological factors played

a minor but still significant role in perceived usefulness.

Schinus molle and Prosopis laevigata (\3,200 m a.s.l.),

Polylepis subtusalbida ([3,200 m a.s.l.), and Baccharis

dracunculifolia (both zones) were evaluated as most

promising for agroforestry use. In conclusion, our

analytical framework proved to be a valuable tool for

context-specific agroforestry plant selection. Nonethe-

less, economic, technical, and socio-cultural limitations

of cultivating native agroforestry species were revealed

as well. Agroforestry science and practice should,

therefore, focus on enhancing reproductive potentials of

existing woody vegetation, as well as problem-oriented

horizontal dialogues between indigenous, expert, and

scientific actors.
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Introduction

Agroforestry is a traditional Andean land-use practice

dating back to pre-colonial times (before 1530) when

trees and shrubs were planted in agro-pastoral land-

scapes for use as timber and firewood as well as for

improving soil productivity and stabilizing hillsides

and terraces (Chepstow-Lusty and Winfield 2000).

Since the 1980s, many development projects have

proposed to revitalize Andean agroforestry due to its

potentials for enhancing land-use sustainability, and

for this purpose promoted the use of native woody

species in traditional agrisilvicultural systems (trees

and crops) such as hedgerow intercropping, barrier

hedges for soil erosion control, and shelterbelts, as

well as silvopastoral systems (trees on pastures) (e.g.,

Reynel and Léon 1990). However, experiences have

shown that native trees are rarely cultivated in the

farming systems of the Bolivian and Peruvian Andes

(e.g., Chepstow-Lusty and Winfield 2000; Ibisch

2002). Instead, monoculture plantations of fast-grow-

ing exotic trees are predominant in forestry and,

consequently, in peasant livelihoods (Luzar 2007).

Species of exotic Eucalyptus are the most popular, but

they are heavily criticized due to their allelopathic

effect on crops (Ahmed 1989) and understory vege-

tation (Zhang and Fu 2009), depletion of soil nutrients

and water (Kidanu et al. 2005), and potential inva-

siveness (Richardson et al. 2004). Thus, Eucalyptus

timber production tends to conflict with environmental

agroforestry goals related to the conservation of soils,

water, and biodiversity (Jose 2009; McNeely and

Schroth 2006). Similarly, attempts to introduce agro-

forestry aiming exclusively at producing environmen-

tal services fail as well if peasants cannot derive any

socio-economic benefits (Alavalapati et al. 2004). In

order to be feasible and attractive for land users,

agroforestry must provide favorable cost-benefit ratios

within the given socio-ecological context (Gausset

2004), consider users’ socio-cultural perceptions, and

aim for compatibility with local livelihoods (Reed

2007).

Considering agroforestry from an actor-oriented

perspective thus becomes a precondition for success-

ful agroforestry. This requires evaluating context-

specific subsistence, commercial, and socio-cultural

functions of agroforestry plants used (Madge 1995),

by analyzing, among other things, peasants’ plant-

related knowledge and values, which in turn are linked

to their perceptions and behavior with respect to plant

use and management (Saunders et al. 2006). In this

regard, Garibaldi and Turner (2004) suggest focusing

on species with outstanding socio-cultural values,

which they refer to as ‘‘cultural keystone species’’,

defined as ‘‘culturally salient species that shape in a

major way the cultural identity of people, as reflected

in the fundamental roles these species have in diet,

materials, medicine, and/or spiritual practices’’ (Gar-

ibaldi and Turner 2004, no page number). Applying

cultural keystone species may motivate land users to

support conservation and restoration initiatives,

including agroforestry. According to Turner (1988),

the more widely a plant is used (intensity of use) and

the more use of this plant valued (quality of use) and

directed towards this specific plant rather than towards

any other (exclusivity of use), the higher the plant’s

socio-cultural value. In contrast, negative plant attri-

butes such as toxicity reduce perceived socio-cultural

plant values. In general, the degree to which a species

is used and valued depends on this species’ biological

plant attributes (traits) and on how well these traits and

their functions are known and recognized by the users.

This, in turn, is determined by the degree to which

these functions match with actors’ plant-related needs

and priorities (Gausset 2004). Moreover, ecological

plant attributes can influence users’ behavior accord-

ing to the ‘‘ecological apparency hypothesis’’.

Adapted to ethnobotanical research by Phillips and

Gentry (1993b), this hypothesis suggests that species

which are frequent and dense and large in appearance

are more visible and more readily available (i.e., more

ecologically apparent), and therefore more likely to be

used than less apparent plants. Rare or poorly acces-

sible plants do not necessarily have low socio-cultural

values, but compared to more apparent plants they

must provide higher-quality or more exclusive uses

that offset their low ecological apparency (Turner

1988).

From the point of view of sustainable agroforestry,

a basic problem related to the concept of cultural

keystone species is that high socio-cultural plant

values are not necessarily compatible with high

ecological plant values. The cultural keystone species

approach is thus only useful for conservation purposes

if it is expanded to incorporate the assessment of

potential positive and negative effects of plants on

soil, water, and biodiversity. For example, exotic

species that bear the risk of becoming invasive need to
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be evaluated in terms of their negative effects on

biodiversity (Nuñez and Simberloff 2005). However,

knowledge gaps regarding the prediction of exotic

invaders’ likeliness to threaten native biodiversity and

ecosystem functions (Kolar and Lodge 2001) call for

using native agroforestry species in order to prevent

invasions. Moreover, reforestation with native woody

species can contribute significantly to restoring and

conserving biodiversity (Jose 2009), which is of high

significance in the Bolivian Andes given that natural

woodlands remain only in the form of relicts (Hensen

2002; Navarro and Maldonado 2002). Besides sup-

porting biodiversity conservation goals, agroforestry

species should also possess soil-enriching and soil-

stabilizing capacities (Jose 2009) that could help to

mitigate widespread and critical soil degradation

problems in the Bolivian Andes (Zimmerer 1993).

Against this background, potential agroforestry

species need to meet context-specific criteria simulta-

neously regarding ecological, economic, and socio-

cultural sustainability. Although the need for assessing

agroforestry species from an integrated perspective

has been recognized (e.g., Jose 2011), previous

research focuses either on evaluating ecological plant

attributes such as growth and survival (e.g., Butterfield

1995; Mahboubi et al. 1997) or on describing plant

uses (e.g., Langenberger et al. 2009). Quantitative

techniques were developed and applied for determin-

ing use values (e.g., Bennett and Prance 2000; Phillips

and Gentry 1993a), cultural values (e.g., Garibaldi and

Turner 2004; Tardı́o and Pardo-de-Santayana 2008)

and the ecological apparency of plants (e.g., Lucena

et al. 2007). Assessing conservation status, albeit

considering habitat rather than single species (Her-

nando et al. 2010), is another example for a quanti-

tative evaluation using ecological criteria. McDonald

et al. (2003) did an integrated evaluation of plants’

usefulness and ecological attributes, but without using

quantitative techniques. A quantitative tool suitable

for an integrated and context-specific assessment of

agroforestry species is thus not yet available.

The aims of the present study were to develop an

analytical framework for analyzing the site-specific

socio-ecological factors and interactions related to

local woody species, and to test it by calculating

ecological, economic, and socio-cultural plant values

as a basis for identifying the most appropriate

agroforestry species in an indigenous peasant com-

munity of the Bolivian Andes. We addressed the

following research questions: (1) What is the floristic

composition of local woody species, and what are the

determining environmental factors? (2) Which spe-

cies’ functions are important to local livelihoods, and

which factors control species’ uses? (3) Which species

provide the highest ecological, economic, socio-cul-

tural, and integrated values for agroforestry under

the local conditions? Examination of these questions

was followed by a discussion on the implications for

applied community-based agroforestry.

Study site

The pilot study for testing our analytical framework

took place in the Quechua-speaking indigenous com-

munity Tres Cruces (17�280–17�300 S, 66�270–66�290

W, *850 ha, 2,760–3,830 m a.s.l.), situated in the

municipality of Tapacarı́, Cochabamba, Bolivia. This

semiarid region receives an average of 600 mm of

annual precipitation, with [80% of the rainfall

occurring between November and March (Ramadas

No. 401-17, 1971–2003, Bolivian National Meteorol-

ogy and Hydrology Service, SENAMHI). Annual

mean temperature is about 11�C (Honorable Alcaldı́a

Municipal de Tapacarı́ 2003). According to Navarro

and Maldonado (2002), the study area extends over the

biogeographic Peruvian Puna Province (in transition

to Bolivian-Tucuman Province). Native woody veg-

etation consists of hedges and shrublands at field

margins, on waysides and stony terrace walls, in

ravines, and on fallow land.

The peasant population mainly depends on small-

scale subsistence farming based on the production of

tubers such as Solanum tuberosum, cereals (e.g., Zea

mays, Triticum sativum, Chenopodium quinoa),

legumes, vegetables, and fruits. The rearing of live-

stock (ovine, caprine, bovine) complements agricul-

tural activities. More than 60% of the communal

territory is affected by hydric soil erosion, which

endangers agro-pastoral productivity (Aguilar and

Bracamonte 2002). This led to the establishment of

soil conservation measures (e.g., terraces, dams)

complemented with agroforestry systems of native

and exotic trees and shrubs (e.g., Buddleja coriacea,

Spartium junceum) such as hedgerow intercropping

and barrier hedges, boundary plantings, and shelter-

belts in the course of a participatory rural development

project (1999–2002). Moreover, family fruit orchards
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with peach (Prunus persica) and exotic tree planta-

tions (Eucalyptus globulus, Pinus sp., Cupressus sp.;

[3,600 m a.s.l.; *15 ha) for timber and firewood

production were cultivated.

Methods

We constructed an analytical framework in order to

analyze the site-specific socio-ecological factors and

interactions related to local woody species. For this

purpose, we carried out vegetation surveys and

environmental studies, as well as ethnobotanical data

sampling and classification. The results provided the

basis for calculating the context-specific ecological,

economic, and socio-cultural plant values in order to

identify the most appropriate agroforestry species for

the study area. We concluded our analyses by

combining environmental site variables and plant

values to identify the significant factors controlling

local floristic compositions and plant uses (Fig. 1).

Vegetation surveys and environmental studies

In the first phase of our study, we determined the

distribution, dominance, height, and floristic composi-

tion of woody species growing in the community of Tres

Cruces. In addition, we analyzed environmental vari-

ables (see below) of the study plots. Vegetation surveys

were conducted in 42 plots ranging from 2,816 to

3,774 m a.s.l. between November 2005 and January

2006, during the rainy season. Sampling was spatially

organized according to three agro-ecological production

zones as defined by local peasants: ura, situated below

3,200 m a.s.l.; chawpi, situated at 3,200–3,500 m a.s.l.;

and pata, situated above 3,500 m a.s.l. In each zone, we

randomly selected 14 plots with woody vegetation. As

we focused on naturally growing species, exotic tree

Fig. 1 Analytical framework of woody plant-related socio-

ecological interactions for identifying promising agroforestry

species, based on ecological and ethnobotanical indices applied

in our study (in italics): EV ecological plant value, RI relative

importance, ICI identified cultural influence. Statistical methods

applied in our study (in italics): detrended correspondence

analysis (DCA) for analyzing significant environmental factors

for floristic composition of woody plants; principal component

analysis (PCA) and linear regression analysis for determining

significant species traits for usefulness of woody plants;

Spearman rank analysis for calculating correlations between

ecological apparency (Importance Value [IV]), usefulness (RI)

and cultural influence (ICI)
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plantations were not considered. In order to comply with

criteria of structural and floristic homogeneity of

vegetation units, we defined different plot sizes for

shrublands (30–100 m2) and hedges on terrace walls or

waysides (20–60 m2). Geographic position, altitude,

and exposition of plots were measured using a handheld

GPS device (GARMIN Geko 201); inclination was

estimated. A mixed topsoil sample of six subsamples

10 cm in depth was taken for each plot, except for plots

on stony terrace walls (n = 3). We identified woody

species (trees, shrubs, subshrubs, perennial herbs, and

vines with woody stems) with a height C0.5 m. For all

species surveyed, maximum height per plot was mea-

sured and dominance was estimated in terms of

percentage accuracy. For uncertain taxa, we collected

plant vouchers and identified them by comparison with

plant material from the herbarium of Cochabamba

(BOLV) and in consultation with specialists. Air-dried

soil samples were crushed and sieved (2-mm). We

measured soil pH in calcium chloride (20 g soil, 50 ml

0.1 mol/l KCl) and determined soil electrical conduc-

tivity (EC) in water (20 g soil, 50 ml H2O). Soil texture

was estimated by finger testing and by identifying

visible features of moist soil samples (Boden 1994).

Total carbon and nitrogen contents were analyzed using

a CN-analyzer (Vario EL, ELEMENTAR).

Ethnobotanical data sampling and classification

Furthermore, we analyzed and classified plant-related

economic and socio-cultural variables, such as the use

and valuation of plants, as a basis for comprehending

the knowledge of local people with regard to 60 woody

species that were either surveyed in the study plots

(n = 46 species of 58) or additionally mentioned as

useful plants by local informants (n = 14 species).

We chose a stepwise methodological procedure to

gather local plant knowledge of a representative group

of the community of Tres Cruces. In December 2005,

data sampling started with two ‘‘walks-in-the-woods’’

(Phillips and Gentry 1993a) next to our vegetation

survey plots. Each 3-h walk was guided by a local

peasant who explained vernacular names and uses of

local woody plants growing in their natural habitats.

As participants utilize numerous attributes for recog-

nizing plants, the walk-in-the-woods approach is

reliable but time-consuming, and it only allows for a

small number of participants (Thomas et al. 2007). For

these reasons, we complemented our data sampling

with ten semi-structured individual interviews about

vernacular names and uses of woody plants with local

peasants and three group interviews (n = 7–12 par-

ticipants). Fresh plant specimens were used to opti-

mize plant recognition. In addition, we conducted

‘‘freelisting interviews’’ (Quinlan 2005) with local

families between December 2007 and January 2008

about actual uses and the cultural importance of plants.

Freelisting is a well-established ethnographic method

defined as ‘‘listing things in a domain in whatever

order they come to mind’’ (Quinlan 2005, p 1), and

thus allows for identifying the informants’ most

salient items. It was thus considered a suitable method

for discovering plants that were frequently used by the

informants, but not detected in our vegetation survey

plots because they grew rarely or not at all in the study

area. The freelisting interviews were accompanied by

participatory mapping of the communal territory and

participatory observation of families’ plant uses (e.g.,

construction materials, medicinal plants in home

gardens). The languages employed were either Span-

ish or Quechua (support of interpreter). The interviews

were taped, translated (Quechua to Spanish), and

transcribed. Vernacular plant names were related to

scientific names in accordance to IPNI (2011), and

some unknown plant terms were identified in the

herbarium of Cochabamba (BOLV).

We then registered the plant uses of the given

woody species. Based on local taxonomy, we regarded

the varieties of Cestrum parqui with different pheno-

types (flower colors) and chemical-pharmacological

properties (toxicity) as distinctive species. On the

basis of local plant use categorization and considering

the plant use classification of Cook (1995), we

grouped all plant uses into eleven use categories: (1)

construction, (2) tools, (3) fuel, (4) food (incl.

beverage), (5) fodder, (6) medicine (incl. spiritual

healing), (7) environmental use (e.g., soil manage-

ment), (8) field tools (e.g., fence, shelter), (9) domestic

use (e.g., kitchenware, furniture), (10) social/spiritual

use (rituals, ornaments) and (11) commercialization.

Within each use category, different use types per plant

were registered, resulting in open lists (e.g., food-

specific use types of Clinopodium bolivianum: herbal

tea, spice). A classification developed by Arrázola

et al. (2002) supported categorizing of medicinal use

types.

Data on perceived negative plant attributes, such as

toxicity or weediness, were registered as well, and
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were considered as additional information in the final

discussion of the evaluation of most suitable agrofor-

estry plants.

Ecological, economic, and socio-cultural plant

values

Based on our data recorded in vegetation studies, we

calculated the ecological apparency for each of the

woody species surveyed (n = 58 species) by using the

index ‘‘Importance Value’’ (IV), which is frequently

applied in phytosociological (e.g., Boom 1986) and

ethnobotanical studies (e.g., Lucena et al. 2007). IV is

usually measured in terms of relative frequency (RtF),

relative dominance (RtDo), and relative density (RtD)

(e.g., Boom 1986; Lucena et al. 2007). As we

considered different life-forms, RtD was not regarded

as meaningful. Instead, relative height (RtH) contrib-

utes to ecological apparency (Phillips and Gentry

1993b). Thus, we calculated IV by using the modified

formula IV = RtDo ? RtF ? RtH, in which RtF was

the plant occurrence number divided by the total

number of occurrences. RtDo was calculated as

species basal area divided by the total basal area;

RtH was calculated as species average maximum

height divided by the total number of average

maximum heights for all species. IV values were

between 0 (not ecologically apparent) and 300 (most

ecologically apparent).

After that, we calculated ecological values for each

of the woody plants considered in the ethnobotanical

data sampling (n = 60 species) in order to predict

their potential positive and negative ecological effects

on soil and biodiversity in agroforestry systems. For

this purpose, we developed and applied the ‘‘Ecolog-

ical Plant Value’’ (EV) approach by using data from

secondary sources (Fjeldså and Kessler 1996; ISSG

2011; Killeen et al. 1993; Mahboubi et al. 1997; MBG

2011; Reynel and Léon 1990; Torrico et al. 1994).

Being (1) native to and (2) characteristic of natural

woodlands, as well as the potentials for contributing to

(3) soil fertility and (4) erosion and wind control were

classified as species attributes with positive effects on

biodiversity and soil conservation. In contrast, being a

(5) exotic and probably invasive species or (6)

allelopathic or soil-degrading species were evaluated

as attributes with potential negative effects. Per

species, EV was calculated and categorized according

to Table 1.

In order to assess social plant values, ethnobotany

provides suitable indices for collecting relevant qual-

itative information and translating it into quantifiable

data (Phillips and Gentry 1993a). For each of the

woody plants considered in ethnobotanical data sam-

pling (n = 60 species), we calculated the economic

(subsistence and commercial) value by using the

Relative Importance (RI) index (Bennett and Prance

2000, modified by Albuquerque et al. 2006). RI

measures plant use numbers independently of the level

of agreement among informants (‘‘informant consen-

sus’’, e.g., Phillips and Gentry 1993a), and can

therefore be applied to data sampled by using different

ethnobotanical methods, as was done in our study. As

a first step, we identified the sum of use categories and

use types of each species. RI was then calculated based

on the formula RI = NUC ? NT, in which NUC was

Table 1 Calculation of ecological plant value (EV) (n = 60 species)

Index Elements Rating of

elements

Index

group

Index value Definition

EV Beneficial attributes: 0–1 Ecological plant value:

(1) Native; (2) characteristic of woodlands;

(3) contribution to soil fertility;

(4) contribution to erosion and wind control

1 4 Highly beneficial

Risky attributes: 2 2–3 Moderately beneficial

3 0–1 Low/no beneficial effects

(5) Invasive; (6) allelopathic or soil degrading 4 \0 Risky

EV is composed of six elements: four beneficial and two risky plant attributes. Each attribute was rated from 0 (no) to 1 (yes). Based

on benefits per species added up and risks subtracted, EV ranges from -2 (risky) to 4 (highly beneficial). On this basis, species were

categorized into four EV groups

6 Agroforest Syst (2012) 86:1–16
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the number of use categories of a species divided by

the total number of use categories of the most useful

species and NT was the number of use types attributed

to a species divided by the total number of use types of

the most useful species. RI values ranged from 0 (not

useful) to 2 (most useful) (Albuquerque et al. 2006).

As RI is based on plant use numbers and is

independent of informant consensus, the index does

not consider socio-cultural functions of plants (Albu-

querque et al. 2006). For this reason, we additionally

calculated socio-cultural values for each of the woody

plants considered in ethnobotanical data sampling

(n = 60 species) by using the ‘‘Identified Cultural

Influence’’ (ICI) index (Garibaldi and Turner 2004).

Based on our own ethnobotanical data complemented

by data from Aguilar (1997) and Ponce (2003), ICI

was calculated considering species’ (1) intensity of

use, (2) multiplicity of use, (3) use in language or as

indicator, (4) role in narratives and ceremonies or

symbolism, (5) persistence of use, (6) irreplaceability,

and (7) use as a trade item (see Table 2). The higher

the ICI rating (maximum 35) of a species, the more

likely it was to represent a local cultural keystone

species.

Taking account of ecological, economic, and socio-

cultural plant values, these indicators provided the

basis for an integrated assessment of most promising

agroforestry species.

Statistical analyses

Statistical analyses were performed using the R

software (R Foundation 2010, version 2.11.1). In

order to identify significant environmental site vari-

ables that determine floristic compositions of woody

species, we applied detrended correspondence analy-

sis (DCA) (R package ‘‘vegan’’, function ‘‘decorana’’)

on all plots except for two with deficient samples and

those on stony terrace walls, since soil data for the

latter were not available (n = 37 plots of 42; n = 54

species).

Furthermore, we linked environmental, human, and

plant-related data. To analyze which phytosociologi-

cal factors and species traits were correlated with RI,

we applied principal component analysis (PCA) (R-

package ‘‘vegan’’, function ‘‘prcomp’’) with previ-

ously logarithmized data (RtDo, RtF, RtH, RI) for 46

woody species. PCA was complemented by linear

regression analyses to estimate the extent to which RI

was determined by correlating factors. Spearman rank

correlations were used to examine whether RI was

linked to IV (n = 46 species) or ICI (n = 60 species),

respectively. Underlying species numbers differed

because not all species considered in ethnobotanical

data sampling were surveyed in vegetation plots, and

vice versa.

Results

Socio-ecological features of local woody

vegetation

In our study plots, we surveyed 58 woody species

belonging to 15 families (Leguminosae was consid-

ered as one family). Asteraceae was the most domi-

nant family, representing 31% of taxa. Solanum (six

species, Solanaceae) and Baccharis (five species,

Asteraceae) were the most diverse genera. Shrubs

(47%) were the most dominant life-form. Most species

Table 2 Calculation of Identified Cultural Influence (ICI) (n = 60 species)

Index Elements Rating of

elements

Index

group

Index value Definition

ICI (1) Intensity of use; (2) multiplicity of use;

(3) use in language, as indicator;

(4) role in narratives and ceremonies,

symbolism; (5) persistence of use;

(6) irreplaceability; (7) trade item

Identified cultural influence:

0–5 1 28–35 Very high

2 21–27 High

3 14–20 Moderate

4 7–13 Low

5 0–6 No

ICI is composed of seven elements, each of which is rated from 0 (no) to 5 (yes, very high). Added up, ICI ranges from 0 (no) to 35

(very high) per species. On this basis, species were categorized into five ICI groups
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were naturally growing native species (91%), of which

32% grew exclusively in the agro-ecological produc-

tion zone ura, 13% grew in chawpi, 28% occurred

exclusively in pata, and 27% were distributed across

two or all agro-ecological production zones. Four

percent were cultivated native species (e.g., Buddleja

coriacea) not locally grown, but originating from

Bolivia, and 5% were exotic. Baccharis dracunculi-

folia, Cestrum parqui, and Lepechinia graveolens

were among the most dominant and frequent woody

species and had the highest IV. Exotic trees such as

Eucalyptus globulus had the highest RtH, but the

native Polylepis subtusalbida and Schinus molle

reached high RtH values as well (Table A.5 in

Appendix Supplementary material).

Results from the DCA showed a high eigenvalue

(0.82) for axis 1, which indicated good species

dispersion along the axis and explained 49.7% of

total variance. Axis 2 showed an eigenvalue of 0.39

and explained 23.2% of variance. Altitude (r =

-0.999, p B 0.001) and soil pHKCl (r = 0.998,

p B 0.001) correlated most with axis 1. Hence, they

were the most determining environmental factors for

species distribution. C/N ratios correlated significantly

(p B 0.01) more with axis 1 (r = -0.776) than with

axis 2 (r = 0.630). Soil EC correlated with axis 2

(r = 0.936, p B 0.05). Inclination showed a weak

tendency towards axis 2 (r = 0.846, p = 0.058), and

soil texture and exposition did not correlate signifi-

cantly (p [ 0.05) with axis 1 or axis 2 (Fig. 2).

Peasants in the study site assessed most plants as

useful (95.0%, n = 57 species of 60). Table 3 shows a

rather uniform distribution of species citations among

use categories, except for the less cited social/spiritual

use and commercialization. The most cited uses were

for medicine, fodder, fuel, and environmental uses.

Fodder and fuel were also most diverse in species.

Within the use categories, 68 use types were regis-

tered. The most diverse use categories in terms of

numbers of use types were domestic uses (n = 16) and

medicine (n = 11). Fifty percent of use types were

based on timber use, 45% on the use of leaves, flowers,

and fruits, and 5% on tree crown use (Table A.6 in

Appendix Supplementary material). Besides their

material uses, plants had cultural roles, such as in

naming places (e.g., Prosopis laevigata: ‘‘thaqo

loma’’), as phenological indicators (e.g., Prosopis

laevigata: fructification indicates corn productivity),

in rituals (e.g., Schinus molle: spiritual healing), or in

narratives and beliefs (e.g., Schinus molle: death after

planting).

In addition to the numerous beneficial functions of

plants, peasants also mentioned negative plant attri-

butes, such as leaf toxicity to livestock (Cestrum

parqui, Kageneckia lanceolata), and attributes such as

thorns and spines (e.g.,, Prosopis laevigata), which

were perceived controversially, as they were benefi-

cial in fences, but could also cause injuries and

decreased the plant’s palatability (Table A.5 in

Appendix Supplementary material).

Plant values and factors controlling usefulness

Polylepis subtusalbida was ecologically most benefi-

cial, because this endemic and vulnerable tree is

Fig. 2 Detrended correspondence analysis (DCA) of woody

species (n = 54) and site variables of 37 plots (only signif-

icantly correlated variables and those with weak tendencies

towards axes were plotted). Vectors: Altit: altitude [m a.s.l.],

CN: total soil carbon [%]/nitrogen [%], EC: soil EC [ls], Incl:

inclination [�], pH: soil acidity (pHKCl). Data points of

multifunctional species with RI [ 0.5 labelled by abbreviated

names (algr: Aloysia gratissima, amar: Ambrosia arborescens,

babu: Baccharis buxifolia, badr: Baccharis dracunculifolia,

bapa: Baccharis papillosa, bape: Baccharis pentlandii, beco:

Berberis commutata, buco: Buddleja coriacea, caen: Calceo-
laria engleriana, cepa: Cestrum parqui, clbo: Clinopodium
bolivianum, eugl: Eucalyptus globulus, gyps: Gynoxys psilo-
phylla, kasa: Kaunia saltensis, legr: Lepechinia graveolens,

miov: Minthostachys ovata, posu: Polylepis subtusalbida, prcu:

Proustia cuneifolia, prla: Prosopis laevigata, prpe: Prunus
persica, saha: Salvia haenkei, sape: Sambucus peruviana, satr:

Salpichroa tristis, scmo: Schinus molle, seay: Senna aymara,

secl: Senecio clivicolus)
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characteristic of high-Andean woodlands and has

beneficial soil-related attributes. Alnus acuminata,

Schinus molle, and Prosopis laevigata were also

ecologically valuable. In contrast, Eucalyptus globu-

lus was assessed as most unsuitable for use in

agroforestry systems due to its high absorption rate

of soil nutrients and moisture, its allelopathic effects

on crops, and its potential to invading the natural

vegetation (Tables 4, A.5 in Appendix Supplementary

material).

Based on the high numbers of use categories and

use types, Schinus molle, Prunus persica, Eucalyptus

globulus, Prosopis laevigata, and Baccharis dracun-

culifolia had the highest RI values, and except for

Prunus persica also the highest ICI values. They were

not easily replaceable due to their multifunctionality

(e.g., Schinus molle: 31 use types), use quality (e.g.,

Prosopis laevigata: tools, Eucalyptus globulus: con-

struction) and intensity of use (e.g., Baccharis dra-

cunculifolia: field uses). Schinus molle and Prosopis

laevigata had unique cultural roles, and timber of

Prosopis laevigata was even bartered with neighbor-

ing peasant communities. However, only exotic tree

timber (e.g., Eucalyptus globulus) provided monetary

value. Despite their lower socio-cultural values,

Berberis commutata, Buddleja coriacea, Polylepis

subtusalbida and Sambucus peruviana also provided

multiple uses (Table 4). In general, culturally influ-

ential species also demonstrated high numbers of

use categories and use types, and consequently,

high RI values (Table A.7a–b in Appendix Supple-

mentary material). This resulted in a highly significant

strong correlation between RI and ICI (R = 0.87,

p \ 0.001).

Table 3 Numbers of relative citation (# citation) of use categories [%], and species attributed (# species) to use categories [%]

(n = 60 species)

Use category all com con dom env fie fod food fuel med soc tool

# Citation [%] 100.0 1.7 8.0 9.9 11.1 10.8 12.7 6.4 11.6 15.7 1.9 10.2

# Species [%] 95.0 10.0 36.7 43.3 55.0 40.0 70.0 25.0 66.7 50.0 10.0 25.0

Use categories: all all uses, com commercialization, con construction material, dom domestic use, env environmental use, fie field

use, fod fodder, food, fuel, med medicine, soc social/spiritual use, tool

Table 4 Woody species with highest ecological (EV), economic (RI), and socio-cultural (ICI) values

# Species EV # Species RI # Species ICI

1 Alnus acuminata 4 1 Schinus molle 2.00 1 Prosopis laevigata 24

2 Escallonia resinosa 4 2 Prunus persica 1.42 2 Schinus molle 23

3 Polylepis subtusalbida 4 3 Eucalyptus globulus 1.41 3 Eucalyptus globulus 18

4 Prosopis laevigata 4 4 Prosopis laevigata 1.41 4 Baccharis dracunculifolia 17

5 Schinus molle 4 5 Baccharis dracunculifolia 1.38 5 Clinopodium bolivianum 13

6 Acacia visco 3 6 Berberis commutata 1.19 6 Lepechinia graveolens 13

7 Baccharis dracunculifolia 3 7 Buddleja coriacea 1.15 7 Polylepis subtusalbida 13

8 Berberis commutata 3 8 Polylepis subtusalbida 1.15 8 Prunus persica 13

9 Buddleja coriacea 3 9 Sambucus peruviana 1.15 9 Kageneckia lanceolata 11

10 Dodonaea viscosa 3 10 Clinopodium bolivianum 1.05 10 Sambucus peruviana 10

11 Gynoxys psilophylla 3 11 Pinus sp. 1.02 11 Calceolaria engleriana 9

12 Kageneckia lanceolata 3 12 Gynoxys psilophylla 0.96 12 Cestrum parqui (amarillo) 9

13 Kenthrothamnus weddelianus 3 13 Lepechinia graveolens 0.95 13 Kenthrothamnus weddellianus 9

14 Plazia daphnoides 3 14 Baccharis papillosa 0.93 14 Pinus sp. 9

15 Proustia cuneifolia 3 15 Kaunia saltensis 0.93 15 Salvia haenkei 9

16 Salix humboldtiana 3 16 Proustia cuneifolia 0.93 16 Spartium junceum 9

17 Senna aymara 3 17 Senna weddelliana 0.93 17 Passiflora spp. 8

The most promising agroforestry species were identified based on high integrated plant values (bold)
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Economically and culturally influential woody

plants were also among the most apparent, reflected

by highly significant correlations between ICI and IV

(R = 0.76, p \ 0.001) as well as between RI and IV

(R = 0.71, p \ 0.001). Culturally most influential

plants occurred exclusively in the agro-ecological

production zone ura, but moderately culturally influ-

ential plants were also surveyed in chawpi and pata.

Trees and shrubs showed moderate and high cultural

influence, whereas subshrubs and perennial herbs had

lower socio-cultural values on average (Table A.7b in

Appendix Supplementary material). This corre-

sponded with the results of PCA for determining

whether phytosociological factors (RtF, RtDo) or

species traits (RtH, life-form) correlated with useful-

ness and economical value (RI) and, consequently,

with cultural influence. The analyses resulted in 37.4%

of variance for the first axis (highest rotation:

RI = 0.56, RtH = 0.51), and 30.0% for the second

axis (highest rotation: RtF = -0.58, RtDo = -0.53).

High correlations were shown between RtH and the

life-form ‘‘tree’’, as well as between RtF and RtDo

(Fig. 3). Post hoc linear regression analyses resulted in

a higher relationship of RI with RtH (R2 = 0.53) than

with RtDo (R2 = 0.34) (adjusted values, p \ 0.001).

Hence, economic and socio-cultural value of woody

plants increased with rising plant height and timber

availability. In comparison, phytosociological factors

such as RtF and RtDo played a minor, but still

significant, role in plant valuation.

In summary, the species with the highest integrated

values, assessed as being the most promising agrofor-

estry plants, were Schinus molle, Prosopis laevigata,

Polylepis subtusalbida, and Baccharis dracunculifolia

(Table 4).

Discussion

Woody vegetation shaped by altitude, agro-

pastoral land use, and subsistence plant use

Floristic compositions reflected around five times

higher RtF and RtDo values for (sub-) shrubs than for

trees. This was in line with the low frequency and

dominance determined for Polylepis subtusalbida

trees characteristic of high-Andean woodlands, which

were mostly replaced by seral stages of grass- and

shrublands due to human-induced processes such as

grazing, burning, and timber use (Hensen 2002;

Navarro et al. 2005; Thomas et al. 2010a). This is

why Baccharis papillosa and Clinopodium bolivia-

num were frequently present in our study plots of the

agro-ecological production zone pata, as they are

characteristic species of grasslands situated above

3,500 m a.s.l. (Navarro and Maldonado 2002), along

with Gynoxys psilophylla, which is representative for

field edges and fallows (Hensen 2002). A mosaic of

degraded forest relicts and seral grass- and shrublands

also characterized the vegetation of our study area in

chawpi and ura that refers to the upper part of Andean

dry valleys. Schinus molle and Prosopis laevigata

were the only characteristic woodland taxa surveyed,

while the most dominant species were Kentrothamnus

weddellianus and Baccharis dracunculifolia, which

are characteristic of seral shrublands situated below

3,500 m a.s.l. (Navarro and Maldonado 2002). The

dominant and frequently growing woody species

surveyed in our study area represent plant types

adapted to local traditional agro-pastoral land use, as

they are characterized by specific survival strategies,

such as quickly developing extensive roots (e.g.,

Baccharis sp.) or production of plant toxins (e.g.,

Cestrum parqui) (Ruthsatz and Fisel 1984). We

conclude that cultivating woody plants that are well-

suited to agro-pastoral land use may advance the

Fig. 3 Principal component analysis (PCA) of usefulness (RI),

phytosociological data (RtF, RtDo) and traits (RtH, life-form) of

local woody species (n = 46). Life-form: tree (T), shrub (Sh),

subshrubs/herbs (Su/H). Data points of multifunctional species

with RI [ 0.5 labelled by abbreviated names (see Caption of

Fig. 2)
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successful establishment and maintenance of Andean

agroforestry systems—provided that they are not

perceived negatively in ecological (e.g., poisonous)

or socio-cultural terms (e.g., Schinus molle: belief in

death after planting, see above)—and should therefore

be considered in all activities. In particular the

potential use of native shrubs is worth considering

more closely.

Apart from human-induced factors, altitude was

shown to be a most significant factor for floristic

composition as well, not only in our study area but also

in an adjacent region (Thomas et al. 2010a). In

addition, soil pHKCl (acidity) inversely and highly

significantly correlated with altitude. This was possi-

bly an effect of decreasing temperature (e.g., Alexan-

der et al. 1993) and thus decreasing decomposition

rates and higher leaching intensities based on lower

evapotranspiration rates at higher altitudes. C/N

showed rising ratios with increasing altitude, possibly

due to decelerating organic C turnover. However,

plant litter quality and quantity also played crucial

roles in regulating C/N ratios (Dahlgren et al. 1997).

Our data therefore reflected that climatic factors

strongly controlled soil properties and vegetation

types, which in turn were also shaped by mutual

soil-vegetation interactions. With regard to Andean

agroforestry, our results emphasize that selecting

species suited to altitude-dependent climatic and

edaphic conditions is a crucial factor of successful

management.

Regarding local plant-related livelihood needs and

uses, as much as 95% of plant use types registered in

our study area focused on meeting domestic (e.g., fuel,

construction) and agro-pastoral subsistence needs

(e.g., fodder, tools), which is characteristic of small-

holder farming systems that usually focus on multi-

functional production (Wiersum 2004). In contrast,

only 5% of plant use types represented commercial

uses. Especially Eucalyptus had promising commer-

cial values due to its dominance in Andean timber

markets (Chepstow-Lusty and Winfield 2000). Along

with high subsistence values (e.g., construction, fuel,

medicine), these commercial values accounted for

Eucalyptus’ high local economic and socio-cultural

values. By contrast, in spite of the promising charac-

teristics of some species such as the fast-growing

Alnus acuminata, the timber of native trees does not

provide monetary values (Ibisch 2002). The main

reason for this is the dominant role of exotic trees in

timber markets (Chepstow-Lusty and Winfield 2000).

Due to this absence of promising monetary returns, we

concluded that time- and labor-intensive establish-

ment and management of native agroforestry trees

would hardly be adopted and refined by local land

users, especially in view of continuously declining soil

productivity and the unfavorable macroeconomic

conditions that force Andean peasants to increasingly

spend labor on non-farming activities in order to earn

additional income (Zimmerer 1993). The lack of

markets for agroforestry timber and non-timber prod-

ucts is not only a Bolivian but a common problem

(Langenberger et al. 2009), and successful commer-

cialization also depends on peasants’ capacity to

participate in local and regional trading activities. For

all these reasons, we conclude that achieving eco-

nomic sustainability of Andean agroforestry systems

using native species is a key problem, and gaining

commercial benefits from native species is quite

impossible for peasants without long-term external

support. In our view, therefore, under the current

conditions it is more feasible to implement less time-

and labor-consuming types of agroforestry systems

that aim mainly at meeting multifunctional subsis-

tence needs such as fuelwood and fodder plants,

described in more detail below. Such agroforestry

systems should be given particular consideration.

Approximately 70% of local woody plants supplied

fuel and fodder, respectively. These use categories

were thus highly unspecific in terms of the species

concerned, but the species utilized were not equally

valued. For instance, Baccharis dracunculifolia was

favored for use as fuel based on high heating values,

and Lepechinia graveolens was appreciated as a

highly palatable fodder plant. Apart from the quality

of use, peasants also cited plant availability as crucial

to preference, which was in line with the ecological

apparency hypothesis (Phillips and Gentry 1993b),

and was also confirmed by correlating RI and IV in our

study. Due to the absence of external energy sources,

peasants depend heavily on using fuel plants in order

to sustain their livelihoods. At the same time,

fuelwood harvesting has been identified as a driving

factor for continuing Andean woodland destruction

(Thomas et al. 2010b). Similarly, while livestock

rearing is an integral part of local agro-pastoral land

use, livestock grazing can reduce natural fodder plant

regeneration (e.g., Polylepis sp., see Hensen 2002) and

may result in soil surface compaction and reduced
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water infiltration (Ruthsatz and Fisel 1984). Fuelwood

and livestock grazing are thus important plant uses but

conflict with environmental agroforestry goals. Agro-

forestry systems should therefore focus on providing

additional fuelwood and fodder resources in order to

reduce the pressure on natural woodlands. Further-

more, we suggest using agroforestry species adapted

to livestock grazing (e.g., re-shooting ability), and

motivating peasants to apply community-based norms

and control mechanisms in order to regulate fuelwood

harvesting and livestock grazing and thereby balance

use and conservation of fuel and fodder plants.

Not all plant uses are per se plant-destructive. For

instance, peasants perceived more than half of local

woody species as beneficial to soil productivity; this

was especially the case for Lepechinia graveolens,

which grows along field margins, as well as Polylepis

subtusalbida and Schinus molle, which can even be

found in cultivated plots. The organic matter of these

species is used as organic fertilizer, in addition to

livestock dung. Furthermore, immaterial values (aes-

thetical, emotional, and spiritual) of the vegetation as a

whole were locally recognized. In accordance with

Andean beliefs that life is a dynamic interplay of

natural-material, social, and spiritual aspects (Rist and

Dahdouh-Guebas 2006), woody plants such as Schinus

molle were used in rituals, such as q’owa (giving to

eat) and ch’alla (giving to drink), in order to maintain

positive relationships with Pachamama (Mother

Earth) and thereby ensure (re)production and well-

being. Spiritual beliefs are rooted in the principle of

reciprocity (Mathez-Stiefel et al. 2007); accordingly,

psychosomatic disorders are believed to be caused by

disturbed social or spiritual interrelations. Spiritual

healing rituals thus aim at restoring these imbalances

(Vandebroek et al. 2004). According to local beliefs,

mostly native medicinal woody plants (e.g., Schinus

molle, Lepechinia graveolens) possessed beneficial

spirits for curing, but cultivated exotic plants (e.g.,

Eucalyptus globulus, Sambucus peruviana) were

assimilated in spiritual healing as well. Half of the

local woody species were used as medicinal plants,

with most medicinal uses (*90%) directed towards

treating somatic diseases such as pains, infections, and

gastrointestinal and dermatological disorders. Possi-

bly, emphasizing non-destructive plant uses (e.g.,

environmental, medicine) and recognizing immaterial

plant values (e.g., spiritual) in community-based

agroforestry science and practice may motivate local

people to manage natural vegetation in a more

sustainable way. Moreover, recognizing traditional

medicinal knowledge may improve rural health care

(Mathez-Stiefel and Vandebroek 2012).

Promising species and implications

for agroforestry

The importance of Polylepis trees and woodlands for

preserving biological diversity and their unique envi-

ronmental services, such as absorbing and storing air

moisture at high altitudes where no other trees can

grow, is widely recognized (Fjeldså and Kessler 1996;

Gareca et al. 2010). Alnus acuminata—not surveyed in

our study plots—is another high-Andean tree which is

well-known as being ecologically valuable. It hosts

nitrogen-fixing actinomycetes (Frankia) in its root

nodules and therefore improves soil-fertility (Russo

1990). In our study area, Schinus molle and Prosopis

laevigata contributed to environmental services in the

agro-ecological production zone ura, while Baccharis

dracunculifolia was the most widely distributed

pioneer and soil-enriching species on fallow plots in

all zones. However, rather than specific species,

peasants recognized woody species as whole as

essential landscape elements which—with the excep-

tion of Eucalyptus globulus—improve climatic, soil,

and water conditions and, accordingly, ensure suc-

cessful agro-pastoral production. Summarized, the EV

index developed in our study provides useful data for

evaluating species’ ecological effects. However, it is

based on secondary information which is still incom-

plete. Further experimental ecological studies and data

of promising native and exotic agroforestry plants of

the Bolivian Andes are therefore needed to improve

these insights.

Eucalyptus globulus, Schinus molle, Prosopis lae-

vigata, and Baccharis dracunculifolia were among the

species with the highest economic and socio-cultural

values due to their beneficial traits (e.g., timber) and

high ecological apparency. In contrast, Berberis

commutata and Buddleja coriacea also provided high

economic values, but exhibited low socio-cultural

values. Buddleja coriacea is a recognized native

agroforestry tree (e.g., Chepstow-Lusty and Winfield

2000) and has been promoted by rural development

initiatives. Local knowledge regarding the use of

Buddleja is thus a result of external knowledge

transfer. However, the short time period since
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implementation (*10 years) possibly induced low

active species uses and cultural assimilation. In

contrast, knowledge regarding the use of locally

grown Berberis commutata is locally rooted. Low

abundance and accessibility, unfavorable spines, and

out-dated use types (e.g., coloration of wool) were

among the factors responsible for low use intensities

of Berberis. RI and ICI values correlated significantly

based on usefulness as a shared crucial plant attribute.

Nevertheless, in our study Buddleja and Berberis

demonstrated that using RI and ICI was complemen-

tary, because plant valuation considered use numbers

combined with use quality, use intensity, and socio-

cultural values of plants.

Schinus molle, Prosopis laevigata, Polylepis sub-

tusalbida, and Baccharis dracunculifolia were iden-

tified as the most promising agroforestry species based

on high integrated plant values within the given socio-

ecological context. In comparison, Escallonia resin-

osa and Alnus acuminata provide high ecological

values and potential usefulness as well (e.g., Chep-

stow-Lusty and Winfield 2000; Torrico et al. 1994),

but only received low economic and socio-cultural

values as they were sparsely distributed in our study

area. Their importance would perhaps increase if they

were promoted, but—as already shown by Buddleja

and Berberis—this is highly dependent on how much

their plant uses effectively contribute to livelihoods.

On the contrary, both Eucalyptus globulus and Prunus

persica received high economic and socio-cultural

values but low ecological values as they were exotic

species and, in the case of Eucalyptus, soil- and

biodiversity-degrading. The negative attributes of

plants were not quantified in our study, but must also

be considered in plant assessment; this becomes

apparent in the case of Kageneckia lanceolata, which

is a promising agroforestry tree but locally known to

possess leaves that induce poisonous effects to live-

stock. Overall, plant indices provide useful estima-

tions of plant values (Turner 1988). Integrated in our

analytical framework, the plant indices were therefore

shown to be suited not only to assess and rank

promising agroforestry species, but also to detect

ecological and biological plant attributes (e.g., life-

form, dominance) that determined the usefulness of

plants in the peasants’ perception (Lawrence et al.

2005). This in turn leads to a better understanding of

environment-human-plant relationships, which is the

basis for identifying most promising plant traits and

species in accordance with peasants’ needs and

environmental adaptation.

In summary, using our analytical framework helped

to identify the most promising agroforestry species.

However, as shown by the example described further

below, relying exclusively on quantitative assessment

as expressed in the analytical framework discussed

here bears the risk of any model, in the sense that it can

represent part, but never the full range of socio-

ecological complexities involved in issues of sustain-

able development. A careful re-contextualization of

quantitative data achieved using an analytical frame-

work with complementary qualitative data is therefore

recommended. The need for such re-contextualization

is evident in the case of the use of Polylepis in agro-

pastoral systems, which is controversial despite this

species’ high integrated values. Indeed, agricultural

production benefits from Polylepis based on the fertile

organic matter produced by its foliage or on its ability

to create more favorable microclimatic conditions

(e.g., Fjeldså 2002). On the other hand, however,

Hensen (2002) reported that Polylepis can also have

negative effects on crops due to light or root compe-

tition. Moreover, livestock grazing is in conflict with

the natural regeneration of Polylepis.

In our study area, Polylepis trees were rare and

grew in places distant from inhabited and cultivated

areas. Their high ecological plant values from a

scientific perspective (e.g., Fjeldså 2002) were there-

fore hardly recognized by peasants, who additionally

reported that previous efforts of Polylepis cultivation

had not succeeded. However, peasants also stated that

Polylepis had recently regenerated in uncultivated

ravines and slopes due to reduced harvesting pressure

since the establishment of exotic trees. From this

perspective, even Eucalyptus plantations may con-

tribute to preserving natural woodlands, as they help to

reduce the exploitation of native species. However,

great care must be taken as to how and where they are

planted in order to prevent soil degradation (Fjeldså

2002). Moreover, if native species are less used and

replaced by cultivated trees, this also decreases their

perceived value (Lawrence et al. 2005), which in turn

may affect local tree conservation. In our study area,

only access to useful woody plants was restricted by

community-based norms and rules, which are impor-

tant tools for regulating native tree timber uses

(Mariscal and Rist 1999). By using Polylepis as an

example, our study also showed that the decline in
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timber harvest due to alternative fuel sources may also

support woody species’ natural succession, especially

when associated with communal regulations of live-

stock grazing and fire control. Furthermore, natural

succession of valuable species can be stimulated by

enhancing their reproductive potential through spe-

cific management practices (e.g., weeding, mulching)

or by dispersing their seeds and seedlings (Wiersum

2004). In our study area, controlled plant regeneration

of Schinus molle was already being practised by local

peasants because they particularly appreciate this

species for storing fodder in its crown and for its

providing shade. Nonetheless, it was only rarely

cultivated. One reason for this was that local knowl-

edge of native plant propagation was generally low in

the study area; an additional reason probably was that

spiritual beliefs hold the planting of Schinus molle

responsible for causing death. In view of this example,

we suggest that making use of the successional

processes in agroforestry is an effective alternative

to tree cultivation.

Conclusion

This paper presents an analytical framework for

integrated socio-ecological assessment of agroforestry

species and describes how this framework was

empirically tested, helping to identify most promising

agroforestry species within the locally existing range

of woody species in an indigenous peasant community

of the Andean highlands of Bolivia. Emphasis was

placed on integrating ecological, socio-economic, and

cultural aspects as well as on considering scientific and

indigenous knowledge alike. Application of the ana-

lytical model to evaluate 60 woody species occurring

in the study area showed that Schinus molle, Prosopis

laevigata, Polylepis subtusalbida, and Baccharis

dracunculifolia can be considered as the most prom-

ising agroforestry species in this area. However,

interview data and participatory observations also

indicated that economic, technical, practical, and

socio-cultural obstacles impede the cultivation of

these native species in agroforestry systems. As

complementary or alternative practices to cultivation,

enhancing the reproductive potentials of natural

woody vegetation and selected valuable species

should therefore be considered. Numerous species—

especially shrubs (e.g., Lepechinia graveolens,

Kaunia saltensis) and subshrubs (e.g., Minthostachys

ovata, Clinopodium bolivianum)—contribute to meet-

ing subsistence needs, offer environmental benefits,

and foster emotional and spiritual well-being; some

even have commercial potentials (e.g., Alnus acumi-

nata). Agroforestry should therefore pay attention to

the management of all adapted interstitial species and

vegetation types that grow along with agro-pastoral

systems (Backes 2001) rather than focusing only on

the cultivation of selected woody species. Further-

more, our work shows that it is necessary to break

conceptual barriers, not only between social and

natural sciences but also between the local knowledge

of peasants and the external knowledge of scientists

and development experts. This requires an intimate

understanding of the realities of peasants’ livelihoods

and recognition of their ecological knowledge, as well

as their integration as equal partners into horizontal

dialogues based on mutual learning between science-

based and local knowledge and practices. Further-

more, such a transdisciplinary approach allows for

recognizing and making more systematic use of

previously unknown local potentials, such as local

norms and plant management techniques, as well as

the often-ignored cultural and spiritual plant values,

for improving community-based agroforestry science

and practice.
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