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Abstract Animal-agriculture is an important eco-

nomic activity in the northern Peruvian Amazon

Regions of Amazonas and San Martı́n but it has

resulted in significant changes in land-use over time.

Managed silvopasture systems have potential to

improve degraded grasslands. However, to date, there

is limited information about silvopasture systems in

these regions, which limits an understanding of the

potential of silvopasture systems to provide ecosys-

tem services. Therefore, the objectives of this study

were to identify and assess prevalent silvopasture

systems as an initial and complementary step to study

biological and economic responses in these systems.

Land managers were surveyed in the three livestock-

producing areas of Molinopampa (n = 130), Huaya-

bamba (n = 89), and Moyobamba (n = 70). Our

results indicate that raising cattle activities in these

regions occur mainly in production units with area\
10 ha. Predominant silvopasture designs consisted of

trees in live fences and scattered trees. Understory

forage is mainly monoculture grass grazed by dual-

purpose cattle breeds. The common denominators of

the types of trees utilized in these systems are trees

pruned to obtain firewood, followed by timber trees,

followed by fruit trees. Cattle management consisted

mainly of continuous stocking, followed by rotational

stocking utilizing a rope, and also utilization of

electric fencing for rotational stocking. Our data

indicates that silvopasture systems in the Amazonas

and San Martı́n regions of Peru occurred sponta-

neously and benefits and tradeoffs of implementing

silvopastures remain largely unknown among

producers.
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Introduction

Agroforesty systems cover between 200 and 357 Mha

in Latin America, including 14–26 Mha in Central

America, and 88–315 Mha in South America. Com-

mercial silvopasture systems and shaded tree-crop

systems [i.e. coffee (Coffea spp.) and cacao (Theo-

broma cacao L.)] are the most prominent agroforestry

examples in the region (Sommariba et al. 2012). The

Peruvian Amazon region is the second largest forest
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area of the total Amazon Basin accounting for

approximately 11% of total Amazon Basin (74 million

ha) (Ichikawa et al. 2014). In the Peruvian Amazon,

77% of the population is exclusively dedicated to

agricultural activities, out of which 32 and 21% of the

population in the northern Peruvian departments of

Amazonas and San Martı́n, respectively, own cattle

(INEI 2015). Raising cattle in the rural areas of

Amazonas and San Martı́n departments is an econom-

ically important activity; however, this activity has

resulted in significant changes in land-use over time,

mainly due to deforestation and utilization of wood for

timber, fire, and charcoal, and subsequent establish-

ment of tree-less pastures to feed cattle. By 2015,

there were about 10 million ha deforested in the

Peruvian Amazon, with San Martı́n and Amazonas

departments accounting for the largest deforested area

during the 2010-2014 period (MINAM 2015).

Implementation of silvopasture sytems (SPS) in

Latin America has occurred empirically and it has

been based mainly on the spontaneous integration of

livestock with different forest species (Murgueitio

2009). Designs utilized for SPS include: scattered

trees in paddocks, trees in alleys, live fences, and SPS

with management of plant succession and cutting and

hauling systems (Murgueitio et al. 2012; Alegre et al.

2012). In recent years, work on SPS in the Peruvian

humid tropics of Yurimaguas, Loreto, has focused on

utilization of Bactris gasipaes and Centrosema

macrocarpum as protein banks, recovery of over-

grazed areas, and identification of appropriate grazing

management and rotationally stocking rates by imple-

menting electric fencing (Arévalo et al. 1998). In the

areas of Pucallpa, work on SPS has focused on

adaptation of trees and shrubs (Clavo and Chávez

2017). To date, there is limited information about the

prevalent SPS across the northern Peruvian Amazon.

Lack of published information describing SPS, and the

benefits and tradeoffs of SPS systems, can be a

potential stumbling block in the adoption of SPS

(Orefice et al. 2017).

Managed SPS, that is, the intentional integration of

trees and forages grown together and integrated with

grazing animals, are considered a sustainable agro-

forestry practice based on estimates of biodiversity,

economic returns, and environmental quality (Karki

et al. 2013). Specific documented benefits of SPS

include: provision of shade which can modify distri-

bution patterns of grazing livestock (Karki and

Goodman 2010), increased N cycling with arboreal

legumes (Apolinário et al. 2015, 2016), altered

microclimate and mitigation of heat stress for grazing

livestock (Karki and Goodman 2015), increased total

ecosystem carbon compared to native rangeland

(Sollenberger et al., 2019); and diversification of

earnings to landowners through facilitating the sale of

forest products, such as fuelwood, and agricultural

products such as milk and cheese from livestock

production (Cotta 2017). In addition, recent research

reports from work conducted in USA suggest that SPS

may have potential to reduce soil greenhouse emis-

sions by virtue of gas emissions being lower in soils

covered with trees than soils with crop and margin

canopy cover (Franzluebbers et al. 2017) and that SPS

may also have potential to support greater animal

responses (Pent and Fike 2018). Research reports from

Latin America pointed out mitigation of greenhouse

gas emission and C sequestration in SPS when

livestock is fed forages with greater digestibility and

tannin concentrations (Montgnini et al. 2013; Vil-

lanueva et al. 2018).

Managed SPS could play a particularly important

role in the Amazon Basin to improve degraded

grasslands, while also favoring the competitiveness

of the agricultural and forestry production chains of

the Amazon Basin, preventing spontaneous and

indiscriminate deforestation, favoring the adaptation

and mitigation of producers to the effects of climate

change, and favoring the environmental and economic

sustainability of the area. Implementation of SPS and

recovery of degraded soils in the Peruvian Amazon are

expected to contribute to reduction of greenhouse

grass emissions by about 30% by the year 2030 (INDC

2015). Information on SPS is needed to better

understand the potential of SPS in these regions to

provide ecosystem services. Therefore, the primary

objectives of this study were to identify and assess

prevalent SPS in the Amazonas and San Martı́n

political regions of the northern Peruvian Amazon as

an initial and complementary step to study biological

and economical (Chizmar et al. 2018) responses.
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Methods

Study area and community characteristics

The study was conducted in the Regions of Amazonas

and San Martı́n. Specifically, data were collected in

the three livestock-producing areas of: Molinopamba

and Huayabamba which are located in the Amazonas

Region, and Moyobamba which is located in the

Region of San Martı́n (Fig. 1); hereafter refer to as

Molinopampa, Huayabamba, and Moyobamba. Ele-

vation, rainfall, and Holdridge’s life zone

Fig. 1 Location of surveyed areas. Black dots within highlighted areas show the specific location of surveyed farms
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classification data for each location are presented in Table 1. Long-term (10-year) monthly rainfall and

Table 1 Site description

Region District Holdrige’s life zone Altitude (m.a.s.l.) Annual rainfall (mm)

Amazonas Molinopampa Dry forest lower montane tropical 2200–2600 910

Huayabamba Moisture forest premontane tropical 1500–2000 1010

San Martı́n Moyobamba Wet forest premontane tropical 830–1040 1305

Fig. 2 Long-term (10-year) average total and monthly rainfall, and average max. and min. temperatures
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temperatures are presented in Fig. 2 (Lavado et al.

2016). In general, environmental conditions are more

similar between Molinopampa and Huayabamba,

compared to Moyobamba which has greater overall

rainfall and temperatures.

Molinopampa en Huayabamba are connected by

the Rodriguez de Mendoza road and Moyobamba by

the Fernando Belaunde Terry road, both are main

roads within the Amazonas and San Martin regions,

respectively. Table 2 presents the total population,

population growth rate, and median yearly income of

the three communities. The Amazonas region area is

1.7 Mha and one of the most marginalized political

regions of Perú with higher levels of poverty and

malnutrition. The San Martı́n Region area is 5.1 Mha

and this region is characterized by a population influx

in search of active jobs from the neighboring regions

(Banco Central de Reserva del Perú 2008).

Sample size and data collection

A survey was designed to collect qualitative and

quantitative information from livestock managers in

order to identify and assess SPS. The survey was

written in Spanish language and consisted of open-

ended questions. One person per location, for a total of

three people, conducted the surveys from June to July

2016. The survey’s method of administration con-

sisted of site visits followed by oral interviews on the

same day and at the farm-sites. The interviews were

conducted in Spanish language and by personnel who

were native Spanish speakers. Questions were read to

the interviewees and their responses were recorded by

the interviewer in hard-copy survey formats. The

group of interviewers are part of a team collaborators

from Universidad Nacional Agraria La Molina, El

Porvenir Research Station (INIA), the Universidad

Nacional Toribio Rodrı́guez de Mendoza de Ama-

zonas, and North Carolina State University (NCSU),

who have been collaborating for the past 5 years with

private landowners to better understand the dynamics

of applied agroforestry systems (Gómez 2017). A total

of 289 interviews were completed; sample sizes were

n = 130 for Molinopampa, n = 89 for Huayabamba,

and n = 70 for Moyobamba. The sample was acquired

by randomly selecting livestock production sites that

displayed silvopasture systems accessible by roads

(Fig. 1), and based on the availability and willingness

of the landowners to provide information. A specific

site qualified as silvopasture system if, at the time of

the visit, the interviewer observed livestock actively

grazing understory forage in association with trees, or

areas with grass-trees associations that were part of a

grazing rotation were identified. For Huayabamba, it

is estimated that there exist approximately 6468

production-units and 778 for Molinopampa. We could

not obtain an accurate estimate of production-units for

Moyobamba. Participation was voluntary and partic-

ipants did not receive any economic incentive for their

participation. The responses were coded and tabulated

in Excel by one person. Based on the tabulated results,

the responses were grouped into categories by a single

researcher. Results were analyzed using descriptive

statistics using JMP software (SAS Institute 2017) and

are presented by location.

Results

Average total farm area size was predominantly lower

than 10 ha in Molinopampa (61%), while it was more

evenly distributed between sizes\ 10 ha and

10–30 ha for Huayabamba (43 and 42%, respectively)

and Moyobamba (47 and 35%, respectively)

(Table 3). Less than 18% of surveyed farms among

the three locations had land areas greater than 30 ha.

Producers retained land ownership of 85% of all

surveyed farms. Areas categorized as SPS were

Table 2 Total population (2015), growth rate, and media yearly income for the three locations surveyed

Region Location Population Growth rate from 2010 to 2015 (%) Average yearly income ($)

Amazonas Molinopampa 2740 0.7 1677

Huayabamba 5603 1.5

San Martin Moyobamba 61,310 2.6 2013

Source: INEI (2014)

123

Agroforest Syst



predominantly B 5 ha for approximately 91% of

surveyed farms in both Molinopampa and Moy-

obamba, with the exception of Huayabamba were

approximately 28% of the surveyed farms had SPS in

areas[ 20 ha (Table 3).

The predominant SPS designs, for at least 87% of

all of surveyed farms among all locations, were

scattered trees and tress in live fences. Table 4 shows

the most prevalent planted trees for each location and

their uses such us timber, firewood, and fruit trees.

Tree-pruning to obtain firewood was a consis-

tent common denominator for utilization of trees

among the three locations. The type of trees utilized

in SPS where more similar between Huayabamba and

Moyobamba compared to Molinopampa.

The most prevalent forage species growing in SPS

by regions are listed in Table 5. Forages grown in SPS

of Molinopampa are primarily cool-season C3-photo-

synthetic pathway plants, with the exception of

‘Kikuyo’ grass (Pennisetum clandestinum). ’Kikuyo’

grass is a C4-photosynthetic grass well adapted to

cool-season weather conditions (Marais 2001; Crush

and Rowarth 2007). Molinopampa was the only

location where surveyed farms reported clovers

Table 3 General

characteristics of

silvopasture systems (SPS)

in the Regions of Amazonas

and San Martı́n

Item Region/location

Amazonas San Martı́n

Molinopampa Huayabamba Moyobamba

(n = 130) (%) (n = 89) (%) (n = 70) (%)

Average total area (ha)

\ 10 61 43 47

10–30 28 42 35

[ 30 11 16 18

Area of SPS (ha)

\ 1 55 49 70

1–5 36 22 21

[ 5 8 28 9

Age of SPS (year)

\ 5 27 16 9

5–20 67 47 87

[ 20 6 37 4

SPS design

Tress in live fences and windbreaks 40 47 53

Trees in alleys 12 3 1

Scattered trees 47 49 46

Herd size (#)

\ 10 58 54 69

10–20 18 24 23

[ 20 24 22 8

Stocking method

Continuous 58 72 97

Rotational-rope 28 27 3

Rotational-electric fence 14 1 0

Main expansion activity

Slash and burn 94 77 6

Buy new land 5 19 26

Rent/mortgage 1 4 68

Producer retains land ownership 85 91 97
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Table 4 Most prevalent planted trees for silvopasture systems

Family Genus, species Common name Region/location Uses

Amazonas San Martı́n

Molinopampa Huayabamba Moyobamba

Betulaceae Alnus acuminata Aliso x b

Cupressaceae Cupressus macrocarpa Cipres x a, b

Pinaceae Pinus patula Pino x a, b

Arecaceae Ceroxylon quindiuense Pona x b

Salicaceae Salix sp. Alamo x b

Fabaceae Inga edulis Guaba x x b, c

Myrtaceae Eucalyptus sp. Eucalipto x x a, b

Fabaceae Ormosia coccinea Guayruro x x b

Myrtaceae Psidium sp. Guayaba x x b, c

Lauraceae Ocotea quixos Ishpingo x a, b

Fabaceae Cedrelinga catenaeformis Tornillo x a, b

Rhamnaceae Colubrina glandulosa Shaina x a, b

Anacardiaceae Mangifera indica Mango x b, c

(a) Timber, (b) pruning for firewood, (c) fruit tree

Table 5 Predominant forage species in silvopasture systems

Family Genus, species Common name Region/location Photosynthetic pathway

Amazonas San Martı́n

Molinopampa Huayabamba Moyobamba

Fabaceae Trifolium pratense Trébol rojo x C3

Fabaceae Trifolium repens Trébol blanco x C3

Poaceae Dactylis glomerata Ovillo x C3

Poaceae Lolium multiflorum Ryegrass x C3

Poaceae Pennisetum clandestinum Kikuyo x C3

Poaceae Phalaris arundinacea Phalaris x C3

Poaceae Setaria sphacelata Nicarion x x C4

Poaceae Brachiaria mutica Mutica x C4

Poaceae Pennisetum purpureum King grass morado x C4

Poaceae Pennisetum sp. Elefante x C4

Poaceae Digitaria Decumbens Pangola x x C4

Poaceae Brachiaria brizantha Brizantha x x C4

Fabaceae Arachis pintoi Manı́ forragero x x C3

Fabaceae Pueraria phaseoloides Kutzú x x C3

Poaceae Brachiaria decumbens Decumbens x C4

Poaceae Axonopus compressus Torourco x C4

Poaceae Paspalum dilatatum Pasto de agua x C4
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growing in mixtures with grasses in SPS. In contrast,

for Huayabamba and Moyobamba, C4- grasses dom-

inated the list of forages in SPS with several species in

the genus Brachiaria and Pennisetum.

Herd size distribution per farm among the three

categories was similar between Molinopampa and

Huayabamba. At least half of all surveyed farms

among the three locations had a total herd size lower

than 10 animals. For Molinopampa and Huayabamba,

herd sizes between 10 and 20 and[ 20 were approx-

imately equal distributed percentages; however, Moy-

obamba had the lowest percentage of farms in

the[ 20 herd size category and the highest percentage

of farms for the\ 10 herd size category (Table 3).

The predominant stocking method for livestock man-

agement among locations is continuous stocking,

followed by rotational stocking.

For Molinopampa, 81% of surveyed farms reported

growing livestock breed Brown Swiss, followed by

Simmental and the Criollo. For Huayabamba, pre-

dominant livestock breeds were Simmental (44%),

followed by hybrid-mixes among several breeds

(29%). For Moyobamba, predominant livestock types

were hybrid-mixes (36%) followed by Brown Swiss

(34%). Brown Swiss and Simmental cattle are dual-

purpose breeds for milk and meat production (Ander-

sen et al. 1977; Monsón et al. 2004).

The results indicated that expansion activities for

Molinopamba and Huayabamba were more similar

with slash and burn as the predominant expansion

plan, followed by buying new land, and followed by

rent/mortgage land. However, for Moyobamba in the

San Martı́n Region, the opposite trend for expansion

plans was reported by farmers.

Discussion

Smallholding, i.e.\ 10 ha, is the primary land own-

ership-type of agricultural production units in the

regions Amazonas and San Martin in Peru. Land

ownership and amount of area per production unit are

important factors to consider for programs that intent

to provide incentives, such as payments for ecosystem

(environmental) services, for forest management, or

for establishment of silvopastures, and where integra-

tion of trees have the potential to help sequester carbon

specially in degraded pastures (Montagnini and Nair

2004). Calle et al. (2013) indicated that government

incentives are usually inadequate for small and

medium holders that lack organization structure and

because access to those incentives entails stringent

requirements, complex paperwork, and high costs that

only that only the larger enterprises can meet.

Scattered tree design was the predominant design of

SPS, followed by trees in live fences and windbreaks.

Scattered tree design is the result of selective tree

thinning and pruning, for wood for fire or construction,

from original tree-only plantations. In contrast, trees in

live fences were intentionally planted as a strategy to

delineate paddocks, to provide shade to the grazing

livestock, and probably more importantly, as a strat-

egy to mark property rights among land owners.

Across locations, less than 30% of the interviewees

indicated to have some knowledge about SPS’s

benefits and tradeoffs and less than 15% indicated

that they have received some type of training about

developing SPS. Consequently, SPS in the areas of

Amazonas and San Martı́n have occurred sponta-

neously and benefits and tradeoffs of implementing

SPS remain largely unknown among producers.

Remaining scattered tree design for SPS could be a

considered a success-story in prevention of clear-cut

deforestation while transitioning from forest to agri-

culture use; likewise, the introduction of trees in live-

fences. However, it is not clear that producers will

maintain current SPS if direct benefits are not realized

in the shorter term. Slash and burn was cited as the

predominant practice for future expansion plans by

producers in Molinopampa and Huayabamba while it

was the least likely in Moyobamba. It is not clear the

reason for differences in terms of expansion plans

among sites; however, the fact that slash and burn

continues to be a predominant plan for expansion in

Molinopampa and Huayabamba, and that the majority

of SPS across locations were\ 20 year in age, reflects

that scattered-tree SPS are most likely an spontaneous

feature in the landscape rather than an intentional

strategy practiced in these regions. It is imperative that

future research focuses on describing and measuring

biological and economic benefits and tradeoffs of SPS

systems in these regions.

Continuous stocking is a method of grazing live-

stock on a specific unit of land where animals have

unrestricted and uninterrupted access throughout the

time when grazing is allowed (Allen et al. 2011).

Continuous stocking was the predominant method of

stocking livestock in the regions of Amazonas and San
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Martı́n and this method is generally a characteristic of

less intensive farm-management or extensive produc-

tion systems. Rotational stocking, is a method that

utilizes recurring periods of grazing and rest among

three or more paddocks (or areas of land) in a grazing

management unit throughout the time when grazing is

allowed (Allen et al. 2011). Rotational stocking with a

rope is typical of small-scale operations where live-

stock production and animal care is one of the most

important daily activities of the farm. Rotational

stocking with a rope consists of using a rope to tie the

livestock to one end of the rope and with the other end

tied to a grounded stake, with the purpose of limiting

the grazable area to a few square meters. Once the

animals have consumed the forage allocated in the

small area, then producers move the rope and ground

the stake to a different location. This practice usually

occurs at least 3 times per day. Rotational stocking

using a rope is the most intensive way of rotational

stocking, typical of small-scale farmers that own a

limited number of livestock and land, and it requires

almost full-day-long attention to livestock to move the

animals several times per day; leaving the producers

with very little time for other activities during the day.

Rotational stocking using electric fence is the least

utilized strategy cited for livestock management in

these regions; however, it is interesting to note that

utilization of electric fencing is increasing in popu-

larity in the region and as an alternative to using a rope

for rotational stocking.

Conclusions

Raising cattle is an economically important activity in

the rural areas of Amazonas and San Martı́n Regions

of the Peruvian Amazon that occurs mainly in

smallholding (\ 10 ha) production units. There are a

diversity of trees and forages currently utilized in

silvopasture systems of the northern Peruvian Ama-

zon. Predominant silvopasture designs consist of trees

in live fences and scattered trees, with understory

forage grazed by dual-purpose cattle breeds. The

common denominators of the types of trees utilized in

these systems are trees pruned to obtain firewood,

followed by timber trees, followed by fruit trees.

Understory forage consisted mainly of monoculture

grass species; however, there were a few instances

where we identified grass-legume mixtures, especially

in the higher altitude areas dominated by C3 forage

species. Cattle management consisted mainly of

continuous stocking, followed by rotational stocking

utilizing a rope, and also utilization of electric fencing

for rotational stocking. Our data suggests that sil-

vopasture systems in the areas of Amazonas and San

Martı́n have occurred spontaneously and benefits and

tradeoffs of implementing SPS remain largely

unknown among producers. It is imperative that future

research work focuses on describing and measuring

biological and economic benefits and tradeoffs of SPS

systems in these regions so that implementation of

new systems and retention of existing SPS be possible.
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