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forwArd

The 12th North American Agroforestry Conference - Agroforestry: A Profitable Land Use con-
tinues the efforts over two decades by the Association for Temperate Agroforestry (AFTA) to 
foster adoption of agroforestry practices in North America.  The 2011 biennial conference high-
lights agroforestry research, implementation, policy, education, and entrepreneurial opportunities 
across North America.  Keynote speakers, Kathleen Merrigan, Deputy Secretary of Agriculture, 
U.S. Department of Agriculture, Jamshed Merchant, Assistant Deputy Minister Agriculture and 
Agri-Food Canada, and Dennis Garrity, Director General, World Agroforestry Centre, all provide 
key insights into how agroforestry can be part of a sustainable cooperative land management 
approach across North America.   Highlights of this conference include a forum for individuals 
practicing or working with agroforestry throughout North America and other regions to share 
their experiences in technical sessions featuring Environmental quality, Production systems, 
Policy, Economics and Marketing, Bioenergy, Social and Cultural issues, and Education and 
Certification.  In addition, participants can view first hand temperate agroforestry research, dem-
onstrations and landowner-based practices across the state of Georgia. The conference organizers 
and sponsors welcome you to Georgia!

Sarah Workman  
and David Moorhead
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Agroforestry systems And ClimAte CHAnge :  
CoUld Afs mitigAte Adverse effeCts of ClimAte CHAnge 

on CroPs  in temPerAte AreAs?

Christian Dupraz1, Grégoire Talbot1, Aurélie Metay1, Sébastien Roux1,  
and David Grandgirard2

1INRA, UMR System, Montpellier, France 
2Institut Polytechnique LaSalle Beauvais, Beauvais, France 

Contact: dupraz@supagro.inra.fr

Abstract: Large concerns over the impact of climate change on agriculture in temperate countries 
have been raised recently. The current stagnation of agricultural yields for most of the major crops 
in Europe, but also in other temperate areas of the world, has been evidenced. Climate change 
may be a major explanation for this. Excess heat in spring and increased water stresses seem to 
be involved in the process. We discuss how alley-cropping systems may cope with such climate 
changes. We used the Hi-sAFe process-based agroforestry model to analyse the behaviour of some 
agroforestry systems with various climate change scenarii. The model integrates light, water and 
nitrogen competition in 3D at the day time step, and allows for adaptive rooting patterns of trees 
and crops to cope with water and nitrogen heterogeneity in the soil. Walnut and poplar systems 
were simulated. The long-term resilience of the system was assessed by calculating indicators of 
the sustainability of crop yields. Intercrops exhibited a lower yield variability over time than pure 
crops. The Land Equivalent Ratio of the system was significantly increased with climate change. 
The model indicated that several processes were responsible for this : the reduction of heat shocks 
on cereal flowering and grain filling in the shade was expected, but the reduction of nitrogen 
stresses was more a surprise. However, the model would need to be upgraded to include several 
processes that are not implemented yet such as the windbreak effect. The model may also allow to 
optimise the sustainability of the system by adjusting the choice of tree and crop varieties.

keywords:  climate change, crop protection, crop model, heat stress, wheat yield
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AnAlysis of tHe stAte And trend of trees  
in tHe AgriCUltUrAl lAndsCAPe of AlbertA  

over 60 yeArs

Gary Bank1, John Kort2 and Steve Javorek3

1Agriculture and Agri-Food Canada, Agroforestry Development Centre, Calgary, Alberta 
2Agriculture and Agri-Food Canada, Agroforestry Development Centre, Indian Head, Saskatchewan 

3Agriculture and Agri-Food Canada, Research Branch, Kentville, Nova Scotia 
Contact: Gary.Bank@agr.gc.ca

Abstract: Trees in the agricultural landscape contribute to sustainable agriculture by providing many 
ecological and provisioning functions. Some trees come as agroforestry configurations, such as field 
shelterbelt and alley cropping, but it is likely that the majority trees in the Alberta agricultural land-
scape would not be considered agroforestry trees in a strict definition. Despite the positive contribu-
tion of trees we know little about their current state - if we are losing or gaining various kinds of 
tree cover - and where tree trends are of significant concern. A study in the agricultural area of the 
province of Alberta was recently undertaken to determine the current state of trees as well as the 
trend in various kinds of tree cover over the past 60 years.  The agricultural area of Alberta was bro-
ken into three smaller analysis areas that reflected relative tree cover densities. Within each smaller 
study area, twelve randomly selected study sites were analyzed. The state of trees was determined 
using relatively recent georeferenced digital air photos, and two other set of photos were used to 
determine the trend over roughly the past 60 years. A computer program called Feature Analyst 
was used to find and map all kinds of tree features. These tree features were then manually classi-
fied into six kinds of planted and natural tree types.  Earlier photo sets were compared to the most 
recent photos sets to determine tree trends. Once all tree types were mapped and classified, another 
program, Fragstats, was used to determine the spatial relationships between tree types as well as a 
number of ecologically significant parameters such as size, edge-to-area ratios and distance to the 
nearest neighbour.

keywords:  tree trends, tree types, agroforestry, landscape mapping
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CAnAdiAn/Us UPdAte: tHe emerging visibility And role  
of Agroforestry in nAtionAl And internAtionAl  

ClimAte CHAnge strAtegies

Henry deGooijer1, Michele Schoeneberger2, William (Bill) Schroeder1, Thomas 
Sauer3 and James Brandle4

1AAFC-AES Agroforestry Development Centre 
2USDA FS/NRCS National Agroforestry Center 

3USDA-ARS National Laboratory for Agriculture and The Environment 
4University of Nebraska-Lincoln 

Contact: mschoeneberger@fs.fed.us

Abstract: U.S. and Canadian agricultural lands are being targeted to provide more environmental 
and economic services while at the same time their continued capability to provide these services 
under potential climate change (CC) is being questioned. Addressing both concerns requires a 
broader approach of designing multifunctional land management practices on landscapes to incor-
porate ‘CC-integrated’ conservation strategies.  Agroforestry practices provide public and private 
benefits that are shared across land ownerships, political boundaries and programs.  It provides a 
means for improving wildlife habitat and soil, water and air quality, while supporting sustainable 
production of food, feed, fiber, and energy. In addition, it can mitigate greenhouse gases (GHG) by 
1) reducing GHGs through carbon sequestration, 2) decreasing emissions of GHGs via energy sav-
ings and reduced fertilizer and fuel use, and 3) being integrated into renewable bioenergy produc-
tion.  Agroforestry can also provide adaptation to CC impacts by building landscape connectivity 
to facilitate species migration, creating refuges for a diversity of organisms, modifying micro-
climate to manage production under CC, and diversifying income streams; all working to confer 
greater ecological and economic resiliency to agricultural lands under shifting climate.  The scien-
tific community now recognizes the potential of agroforestry as a tool to achieve ‘CC-integrated’ 
production and environmental services.  Several recent national and international CC activities 
have explicitly identified and included agroforestry within the mix of options for management of 
agricultural lands, including the Global Research Alliance for Agricultural Greenhouse Emissions, 
established out of the 2009 climate change meetings in Copenhagen. While the scientific under-
standing of agroforestry required to develop reliable accounting tools and guidelines is progress-
ing, much work is yet needed for effective implementation of agroforestry as a ‘CC-integrated’ 
landscape management strategy.

keywords:  climate change, greenhouse gases, multifunctional practices, bioenergy, adaptation
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Agroforestry is in tHe ClimAte CHAnge tool box  
now wHAt? An AftA roUndtAble disCUssion

Michele Schoeneberger1 and Henry deGooijer2 

1USDA FS/NRCS National Agroforestry Center 
2AAFC - AES Agroforestry Development Centre 

 Contact: mschoeneberger@fs.fed.us

Abstract: This session will follow the presentation: Canadian/US Update: The Emerging Vis-
ibility and Role of Agroforestry in National and International Climate Change Strategies. The 
purpose is to initiate discussion on strategies and actions AFTA might take to better advance the 
science, tools and education/communication of agroforestry’s potential for climate change (CC) 
mitigation and adaptation in temperate North America.  As the professional society for temperate 
agroforestry science, delivery and practice, AFTA members need to be prepared to engage in local, 
national and international discussions that will be informing agricultural CC policy and program 
decisions.  There are many gaps in our understanding of the numerous land management options 
being considered for inclusion in the agricultural CC toolbox; even more so for temperate agrofor-
estry that lacks the level of research investment the other land management practices have received 
for decades.  Implementation for CC management options on agricultural lands should be based 
on sound science.  It is imperative that we, in AFTA, work strategically to identify and initiate 
coordinated efforts that can best address the key research, technology, and communications needs.  
So, come to this session ready to address this very urgent question - - What does AFTA need to be 
doing now that agroforestry is in the Climate Change tool box?

keywords:  climate change, greenhouse house gases, bioenergy, carbon sequestration
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tHe Use of definiens objeCt bAsed ClAssifiCAtion And 
HigH resolUtion sAtellite imAgery for tHe estimAtion 

of sHelterbelt CArbon seQUestrAtion

Joey Pankiw1, Joseph Piwowar1 and John Kort2

1Department of Geography, University of Regina 
2Agroforestry Development Centre, AAFC Agri-Environment Services Branch   

Contact: pankiw2j@uregina.ca

Abstract: The Prairie Shelterbelt Program of Agriculture and Agri-Food Canada, has had many 
benefits to farmers and the prairie landscape: reducing soil erosion, protecting crops, controlling 
snow drifting over highways and roads and providing wildlife habitat. Due to growing concerns of 
about rising levels of carbon dioxide in the atmosphere, the ability of shelterbelts to sequester car-
bon dioxide is also of importance. Although the Prairie Shelterbelt Program has been in effect for 
more than 100 years, and records of trees distributed have been kept, the current number of trees 
that exists and their location on the landscape is not known. Estimates of shelterbelts derived from 
these records need to be independently corroborated. The use of high resolution satellite imagery 
along with Definiens object-based image classification software was shown to be an effective way 
to create such a large inventory. Object-based classification differs from traditional pixel-based 
classification by examining the spatial characteristics of features rather than their spectral proper-
ties. While pixel-based classification compares the spectral values of each individual pixel to a 
known area of pixels in the image, object-based image classification makes inferences about ob-
jects by looking at them in context to the surrounding objects (Definiens 2007). Shelterbelts with 
their distinct spatial composition of shape, texture and relationship to other objects within the land-
scape, fit naturally with the strengths of object based classification methods. These classification 
methods proved to be able to find location of shelterbelts at a high accuracy of over 80%, while 
in terms of the classification of the total area of shelterbelts it did not perform to the same level. 
The objective of this research was to determine classification accuracy of Definiens object based 
classification for the use in estimating the amount of carbon being sequestered by shelterbelts in 
the Province of Saskatchewan.

keywords: object based classification, remote sensing, high resoultion imagery
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oPtimizAtion of CArbon seQUestrAtion in silvoPAstorAl 
systems witH PinUs PonderosA And trifoliUm sPP.  

on degrAded Andisols in PAtAgoniA, CHile

Francis Dube1, Miguel Espinosa1, Erick Zagal2, Neal Stolpe2, Andrew Gordon3  
and Naresh V. Thevathasan3

1Faculty of Forest Sciences, University of Concepcion 
2Faculty of Agronomy, University of Concepcion 

3University of Guelph 
Contact: fdube@udec.cl

Abstract: Several studies have shown that agroforestry systems contribute to improve the produc-
tivity of the land and have greater C sequestration potential than sole cropping systems. However, 
few of them have measured in situ all C inputs and outputs, which are important when modeling 
C balance at the system level. In the remote region of Patagonia, which is characterized by an 
inhospitable climate, degraded prairies and large extensions of eroded volcanic soils, ranchers 
increasingly face more difficulties to maintain cattle-raising productivity, a traditional activity that 
is often the only source of income. This study aimed to investigate the potential to sequester C in 
a Ponderosa pine-based silvopastoral system (SPS), a plantation (PPP) and a natural prairie (PST) 
in the Chilean Patagonia. The weight of tree and pasture components was determined by destruc-
tive sampling and their C contents obtained by dry combustion. Litterbags were used to measure 
decomposition of organic material. Soil respiration was measured following the soda-lime tech-
nique. The C concentrations in leachates were obtained with tension lysimeters. The C contents in 
grass and tree biomass in SPS exceeded that of PST and PPP, respectively. At 0-40 cm depth, SOC 
decreased in the order SPS>PST>PPP, showing that land-uses affected substantially SOC stocks. 
There was more C in soil than corresponding plant biomass. Total carbon pools ranged between 
175-225 t C ha-1 in the agroecosystems, being highest in SPS and lowest in PST. Net C fluxes were 
positive for SPS and PPP but negative for PST. The silvopastoral system is an excellent option for 
C sequestration, erosion control and plant growth. Considering the number of cows in the Chilean 
Patagonia, less than 0.5% of the territory using the SPS approach would be needed to offset all C 
losses from cattle raising activities and attain carbon neutrality.

keywords: C sequestration, leguminous pasture, SOC, soil respiration, volcanic soils
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tHe eConomiCs And eCology of Alley CroPPing in tHe 
mid-western United stAtes

W.T. Stamps1, J. Houx1, L. Godsey2 and T.L. Woods1

1Division of Plant Sciences, University of Missouri, Columbia, MO, USA 
2Center for Agroforestry, University of Missouri, Columbia, MO, USA 

Contact: stampst@missouri.edu

Abstract: Our research involved examining the effects of alley cropping on insect biodiversity, 
crop yields, and small farm economics. We have investigated two alley cropping practices: a sum-
mer crop of alfalfa with black walnut and a winter crop rotation of canola and wheat with heartnut.  
We compared both practices at two alley widths to conventionally grown crops to determine which 
arrangement of crop and tree species produced the greatest return while providing the maximum 
ecological benefits. In the first practice with alfalfa, we found that alfalfa weevil mortality was sig-
nificantly higher in alley cropped alfalfa compared to monocropped alfalfa, and that arthropod di-
versity was greater in alley cropped crops compared to conventionally grown crops.  Alfalfa yield 
from wider alleyways was not significantly different from monocropped alfalfa. In the second 
practice with canola and wheat, alley cropping winter crops provided less competition with trees 
for water, nutrients and light while providing many of the same benefits found in the alfalfa-walnut 
system. Wheat yield was greater in monoculture than in wide or narrow alleyways, and greater in 
wide alleyways than in narrow alleyways the first rotation but not the second. All wheat treatments 
in both years produced economically significant returns.  Canola yields were not significantly dif-
ferent between the alley cropped and monocropped treatments the first rotation. All canola treat-
ments produced significant economic returns. Insect numbers in canola followed a similar pattern 
as those found in the alfalfa walnut practice, with more predators and greater diversity in the alley 
crops compared to the conventional crops. Our data suggest growing winter crops with nut trees 
can be a viable agronomic practice that provides ecological benefits as well.

keywords: biodiversity, alfalfa, canola, wheat, insects
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INTRODUCTION

The potential economic and ecological benefits of an agroforestry practice such as alley cropping 
are numerous. Alley cropping has the potential to diversify and stabilize income streams over short- 
and long-term time frames as well as increase biodiversity and reduce pest populations (Peng et al., 
1993; Stamps et al 2002; Thevathasan and Gordon, 2004).

The basis for both improved economics and ecology lies in the diversification of plant material 
over that of traditional monoculture.  Income from a yearly crop in combination with long-term 
returns from the trees can provide a profitable, stable income stream.  Potential ecological benefits 
can be derived from the theories developed from crop polyculture studies (Baliddawa, 1985).  Sev-
eral mechanisms have been proposed for reduced herbivory by pest insects in diverse systems: (1) 
decreased host plant apparency; (2) increased interspecific competition among pest and non-pest 
species; and (3) improved natural enemy communities (Root, 1973; Risch et al., 1983; Baliddawa, 
1985; Andow, 1991). Trees grown in association with agricultural crops have the potential to in-
crease parasitization of some important agricultural insect pests. Middleton (2001) found a signifi-
cant increase in the number of parasitoids and a significant increase in the ratio of parasitoids to 
herbivores in an alley crop compared to a monocrop. 

One difficulty in designing an appropriate and profitable alley cropping practice is pairing compat-
ible trees and crops. Numerous factors come into play, including competition between trees and 
crops for water, light, and nutrients, allelopathy, and practical management questions such as use 
and timing of equipment for crop and nut harvests.

Highly profitable crops such as alfalfa are summer, sun-loving crops, while wheat and canola, as 
grown in the Midwest, are considered “winter” crops, grown in the fall and spring. Alfalfa is one 
of the few crops grown in every state, and there is an interest in growing alfalfa in an alley crop 
configuration (Barnes and Sheaffer, 1995). However, little information is available on how alfalfa 
responds to shade environments that exist under trees (Lin et al., 1999), or how alfalfa pests re-
spond to alley cropped alfalfa. A similar situation exists for wheat and canola; there is interest in 
alley cropping these crops but little is known about their response to the practice. We compared 
summer and winter crops because trees may present less competition to winter crops with reduced 
overlap of growing periods.

In a number of studies, we have examined both the ecology and economics of alfalfa, wheat and 
canola alley cropping. Our objectives were: (1) to determine the effect of nut alley cropping at 
wide and narrow alley spacings on field grown alfalfa, wheat and canola yield and quality; (2) to 
compare biodiversity and natural enemy communities between alley cropped and conventional 
crops; and (3) to evaluate and compare the economics of conventional monocrop practices with 
monocrop practices. 
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METHODS AND MATERIALS

Experiments were carried out at two sites, Hammonds Products near Stockton, MO (South East 
MO), and Shepherd Farms, Clifton Hill, MO (North Central MO).  The Stockton site was black 
walnut at two alley widths (12.2 and 24.4 m) and intercropped with alfalfa and the Clifton Hill site 
was heartnuts intercropped with a rotation of wheat and canola at the same alley widths. Both sites 
had adjacent monoculture fields for controls.

Arthropods were sampled throughout the growing seasons of the crops with sweep netting every 
10-14 days and, in the heartnuts, ground dwelling arthropods were sampled with pitfall traps in ad-
dition to sweep netting. Arthropods were sorted and identified in the laboratory to species or mor-
phospecies. Yield quality and quantity was determined by sampling 1 m2 plots within the dripline 
of the trees and near the center of plots and appropriate metrics were determined for each crop type. 
Financial models were used to estimate the economic viability of alley cropping. Readily available 
alfalfa, canola and wheat budgets were used to determine the financials of the crops. 

RESULTS

 Alfalfa yield in general did not differ significantly between the monoculture and the 24 m wide 
alleyways although there was a linear decrease in yield from the center of the alleyway towards the 
tree lines (Table 1). Alfalfa yield from 12 m wide alleyways was significantly less than from the 
wider alleyways and the monoculture field. Wheat yield over two years did not differ significantly 
among wide alleyways, narrow alleyways or conventional monoculture (Table 2). Canola yield the 
first year did not differ significantly among the three treatments (Table 3).

table 1. Economics of alfalfa in an alley cropping practice; establishment and production in 
Southern Missouri by Brees and Carpenter (2006). 

T/acre Costs/acre Returns/acre1 Profit/(loss)
Monoculture 3.9 $302 $390  $88

Establishment 24 m alley 3.0 $293 $300 $7
12 m alley 2.0 $282 $200 ($82)

Monoculture 4.1 $260 $410  $150
Production 24 m alley 2.9 $254 $280  $26

12 m alley 1.9 $250 $190  ($60)
1alfalfa price calculated at an average $100/ton or $3 per 60 lb bale.
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table 2.  Economics of wheat in an alley cropping practice; based on the enterprise budget by 
FAPRI, University of Missouri.

bu/acre Costs/acre Returns/acre1 Profit/(loss)
Monoculture 64.4 $208 $386  $178

2006 24 m alley 57.3 $196 $344 $148
12 m alley 47.6 $186 $286 $100

Monoculture 50.0 $208 $300  $92
2008 24 m alley 48.6 $196 $292  $96

12 m alley 46.3 $186 $278  $92
1wheat calculated at an average $6/bushel.

table 3.  Economics of canola in 2007 in an alley cropping practice; based on the cost-return 
budget by the Jefferson Institute, Columbia, MO, and the Kansas State University Canola Farm 
Management Guide.

lbs/acre Costs/acre Returns/acre1 Profit/(loss)

Jefferson 
Institute 

(birdseed)

Monoculture 1515 $119 $182 $63
24 m alley 1476 $114 $177 $63
12 m alley 1493 $109 $179 $70

K-State
Monoculture 1515 $191 $220  $59

24 m alley 1476 $179 $214  $65
12 m alley 1493 $168 $217  $79

1canola seed calculated at an average at $0.12/lb for birdseed (Jefferson Institute) and $14.50/cwt 
($0.145/lb, K-State).

The economics of alfalfa in alley cropping indicates narrow alleyways would not be profitable and 
that wider alleyways would result in close to a break-even scenario (Table 1). Economic analysis 
of the wheat data indicated that growing wheat would be profitable enterprise in either narrow or 
wide alleyways (Table 2). Economic analysis of the canola indicated canola would be a profitable 
crop in either width alleyway (Table 3), similar to the wheat scenario.

Insect diversity was twice as great in alley cropped alfalfa than in monocropped alfalfa, and there 
were a greater number and variety of predators and parasites in both alley cropped alfalfa treat-
ments compared to monocropped alfalfa (Table 4). There were no differences in numbers of taxa 
or individual arthropods for any category between 12 M and 24 M alleyways. Predator numbers 
and parasitic hymenoptera numbers were significantly higher in both the 12 and 24 m alleyways 
compared to the monoculture alfalfa on most sampling dates over all three years of the study. Data 
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analysis of the pitfall data in the canola/wheat alley cropping practice confirm the findings in the 
alfalfa practice; there were more individuals, more species, and more predators in both ally crop-
ping practices (narrow and wide alleyways) compared to the conventional monocrop, and there 
were no differences in arthropod populations between the wide and narrow alleyways (Table 5). 
Significantly more carabid beetles were found in the alley cropped winter crops compared to the 
monoculture crops.

table 4. Species richness in alley cropped and monoculture alfalfa. Means in a row with different 
letters are significantly different from one another at α = 0.05. 

Area
Variable Open 12 M 24 M
# Species 15.0 a 22.3 b 18.9 b
# Individuals 63.8 a 84.1 b 83.9 b
# Predator taxa   3.8 a   7.9 b   6.7 b
# Herbivore taxa   6.5 a   8.0 a   6.8 a
# Hymenoptera taxa   1.5 a   3.8 b   3.6 b
Total predators   4.8 a 10.2 b   9.1 b
Total herbivores 37.8 a 45.0 a 42.7 a
Total Hymenoptera   1.5 a   4.9 b   4.9 b

table 5.  Species richness in alley cropped and monoculture wheat. Means in a row with differ-
ent letters are significantly different from one another at α = 0.05. 

Area
Variable Open 12 M 24 M
# Species   6.7 a   8.9 a   8.3 a
# Individuals 10.2 a 16.4 b 16.8 b
# Predator taxa   3.0 a   4.0 a   4.2 a
# Herbivore taxa   1.2 a   1.1 a   1.0 a
# Hymenoptera taxa   0.2 a   0.3 a   0.3 a

DISCUSSION

Growing alfalfa in alleyways reduced overall yields compared to monoculture, although yields 
from wide alleyways and monoculture were similar at the first harvest date of each year. Narrow 
alleyways significantly reduced yield over the other treatments possibly because of competition 
for light or water. Consequently, the profitability of growing alfalfa as an alley crop with mature 
black walnut trees is reduced. On the other hand, the wheat and canola rotation produced signifi-
cant yields that were profitable, though the first year yields and profits from alley cropped wheat 
was not as high as that of monoculture wheat. Canola profits were comparable among treatments, 
indicating growing canola in alley ways could be a viable production practice along with wheat. 



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
13

Pairing crops and trees that are phenologically separate in an alley cropping practice appears to 
provide yields and profits comparable to monoculture, especially when adding the value to the tree 
crop.

Alley cropping improves arthropod diversity over traditional monoculture for both summer and 
winter crops.   There were more species and individuals in both alley widths of alfalfa compared 
to the monoculture.  Also, arthropod numbers were not significantly different between the narrow 
and wide alleyways, indicating that the benefits of alley cropping translate to wider widths and 
are not diluted with distance. Arthropod numbers and species richness was also greater in alley 
cropped wheat than in monoculture, paralleling the results of the alfalfa alley-cropping. 

Parasitic hymenoptera and predators in general were more numerous and speciose in the alleys 
in walnut-alfalfa alley cropping over monoculture, and there was a tendency toward more ground 
dwelling predators in heartnut-wheat alley cropping over monoculture, as well. This indicates that 
the practice of alley cropping bestows a benefit to the arthropod community regardless of the com-
position of the crop/tree species combination. The two study sites were in widely different parts of 
the state, with differing soil types, elevations, weather patterns, crop compositions, and tree spe-
cies and age, yet, the resulting benefits of an alley crop over monoculture in terms of the arthropod 
communities were strikingly similar between sites. 

Our results indicate a common positive response by arthropods to the practice of alley cropping 
and not a response predicated on the individual plant components or design, suggesting alley 
cropping as a practice could be promoted as an environmentally sound practice regardless of site-
specific considerations. Also, the combination of winter crops and trees appears to be a profitable 
enterprise above and beyond the positive environmental benefits.
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CHArCoAl - AnCient bio-energy:  teCHnology,  
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Abstract: Charcoal making played an important role in the industrial history of America, and its 
wide-scale impacts on our landscape can still be seen.  When people think of charcoal today, it is 
most likely for back-yard grilling, not the iron-smelting use of over a century ago.  While most 
grillers think of Henry Ford’s patented briquette-style charcoal as the fuel on their charcoal grill, 
natural lump charcoal is enjoying resurgence among backyard grilling enthusiasts who demand 
its superior qualities to those of briquettes.  Small-scale production and local marketing of natural 
lump charcoal presents a niche opportunity  for landowners with an agro-forestry mindset of high 
resource utilization and local marketing.  A ‘Local Fuel for Local Food’ initiative has been branded 
by the Commonwealth Collier Team in Virginia and has developed new producers and markets 
for this ancient form of bio-energy.  The team has conducted applied research on the production 
side and recently focused charcoal making demonstrations throughout the state.  A brief history, 
technology review, and methods overview will be presented in the context of the opportunities and 
barriers to local natural charcoal production.

keywords: charcoal, bio-energy, utilization, wood, landowner
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Abstract: Silvopasture systems combine trees, forage and livestock in a variety of different species 
and management regimes, depending on the biophysical, economic, and social factors in a region. 
In some regions, culture and tradition cause producers to primarily focus on management of either 
the livestock and forage or the trees, while in other regions, the focus is on joint production. We 
describe and compare silvopastoral systems in six regions within five countries of the world: Mi-
siones and Corrientes provinces, Argentina, La Pampa province, Argentina, the Southeast United 
States, the North Island of New Zealand, Paraguay and Uruguay. This summarizes the biological 
and social factors that have led to their adoption by farmers and the current status of these systems 
in each country. 

keywords: silvopasture, adoption, South America, USA, New Zealand



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
17

SELECTED SILVOPASTORAL REGIONS

Silvopastoral systems represent a form of land use where tree, forage, and livestock components 
occupy the same plot of land.  They form a varied class of production practices.  Silvopastoral 
systems can have different objectives, management practices, and strengths and weaknesses. A 
systematic review of different practices around the world is one important way that farmers, exten-
sion agents, and researchers in one region can learn from the practices in other regions.  

The objective of this paper is to present a brief comparison of silvopastoral systems in six regions 
of the world, based on our research and experience in those regions.  We have performed research, 
worked with various silvopasture parcels, and interviewed the managers and researchers and ex-
tension agents of silvopasture systems in each country.  The overview for this conference draws 
from previous research by Frey et al. (2009), and will hopefully provide the basis for a thorough 
synthesis in subsequent review article.  

The location and climate of the researched regions appears in Table 1.  Most of the regions we 
review have warm temperate (subtropical) humid climates, which are denoted by Cf (Cfa and Cfb) 
in the Köppen-Geiger climate classification system (Kottek et al. 2006).  Only the Western Region 
of Paraguay and the province of La Pampa, Argentina have semi-arid climates.
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table 1. Location and Climate of the Selected Regions and Silvicultural Systems

Region Loca-
tion

Area (km2) Topo-gra-
phy

Climate  
Köppen-Gei-
ger classifica-
tion 

Mean 
annual 
precip. 
(mm)

Mean 
Jan. 
temp.

(˚C)

Mean 
July 
temp. 
(˚C)

Misiones & 
Corr-ientes, 
Argentina

25-30˚ 
S, 

53-60˚ 
W

118,000

North: hilly

South: roll-
ing plain

Humid sub-
tropical (Cfa)

1,800 27 15

La Pampa, 
Argentina

35-39˚ 
S,

63-68˚ 
W

143,000
Rolling 
plain

Mid-latitude 
steppe (BSk)

500 24 8

Southeast 
USA

26-39˚ 
N,

75-96˚ 
W

1,500,000
Flat to 
mountain-
ous

Humid sub-
tropical (Cfa)

1,200 2-16 28

North Island, 
New Zea-
land

34-42˚ 
S, 172-
179˚ E

114,000

Mountain-
ous with 
volcanic 
peaks

Temperate 
maritime (Cfb)

1,200 18 10

Paraguay

19-27˚ 
S,

54-63˚ 
W

407,000
Flat with 
some hill 
ranges

Tropical savan-
nah (Aw) & 
humid sub-
tropical (Cfa)

400 – 
1,700

28 17

Uruguay
30-35˚ 
S,

53-58˚ 
W

176,000
Rolling 
plain

Humid sub-
tropical (Cfa)

1,100 24 12

MANAGEMENT REGIMES AND FARM CHARACTERISTICS

Typical silvopastoral system management regimes for each region are summarized in Table 2.  
These are the systems that farmers utilize, which sometimes may not coincide with recommenda-
tions made by research and extension.  In addition, some farmers have systems with other species, 
higher or lower density of planting, and more or fewer thinnings and prunings, but these are the 
most typical regimes in each region.
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misiones and northern Corrientes, Argentina

Silvopastoral systems in Misiones and Corrientes generally involve exotic tree species planted 
in natural grasslands, or with exotic pasture species.  The Argentine northeastern provinces of 
Misiones and northern Corrientes have experienced moderate adoption of silvopasture systems in 
recent years among farms of all scales.  Silvopasture implementation had reached an extent of ap-
proximately 20,000 hectares by 2007, and by 2010, 28,500 hectares in Misiones and nearly 40,000 
hectares in Corrientes, or 10% of the tree plantation surface.  In general, these systems integrate a 
tree component (mainly Pinus spp., and in lesser degree, Eucalyptus spp. and other exotics such 
as Grevillea robusta, or the native Araucaria angustifolia) with a forage component (mainly the 
native Axonopus compressus and Hypoginium vigatum or exotic Brachiaria spp. and Axonopus 
catarinensis and secondarily Cynodon spp. and Pennisetum purpureum) as forage species, and 
usually cattle cross-breeds of Braford and Brangus.

A diversity of farm types exist in Misiones and Corrientes. Silvopastoral systems are common, but 
not pervasive.  Northern Corrientes and southern Misiones are relatively flat prairie land, where the 
larger ranches often include a cattle component, stemming from the grazing heritage in the region.  
Central and northern Misiones consists of the Upper Parana Atlantic Forest eco-region, which has 
been settled for agriculture, with some of the more remote areas still relatively undisturbed. This 
area is utilized mostly by small and medium-scale cash-crop farmers (PyMES) and micro and 
small enterprises (MYPEs), some of whom include silvopastoral systems in their management, 
with primarily focus on Pinus spp.  Larger forest-product firms exist, who also plant mainly Pinus 
spp.

The benefits that farmers report from silvopastoral systems include: higher profit because the tree 
and livestock components each produce a comparable level of output to what they would produce 
in a single component system; improved microclimate for cattle and pasture such as protection 
from frost and sun; favorable cash flow including a long-term investment and short-term returns; 
reduced risk of forest fire; and fewer weeds, pests, and pathogens.  Farmers’ chief perceived dis-
advantages of the silvopastoral system are the competition between the tree and forage component, 
and the complex management that this creates.  

la Pampa, Argentina

The mesquite, or caldén, woodlands, commonly known as the Caldenal, stretch to the west of the 
provincial capital, Santa Rosa.  Low intensity wildfires are a natural part of this ecosystem.  Cattle 
were introduced into the Caldenal over 100 years ago, as in many of Argentina’s forests.  Typi-
cally, livestock are managed in a relatively extensive manner on large properties, allowing cattle 
to roam through the woodland grazing the understory and occasionally consuming tree leaves and 
seed pods.  Trees also provide much-needed shade in the hot summer months.  However, cattle can 
create a problem by spreading mesquite seeds during browsing, leading to a proliferation of small 
brush instead of larger trees and pasture.

The Caldenal/cattle system provides ecosystem benefits, but is at risk of conversion to crop lands 
with continued high soybean and wheat prices.  The tree component is generally not managed for 
timber production, although caldén and other species are often used for firewood and posts and the 
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dense wood has potential for flooring and furniture.  In fact, part of the streets of Buenos Aires in 
the 19th and early 20th century were cobbled with the hard wood of the caldén.

southeast United states

 Silvopastoral systems in the Southeast USA generally include pines with a combination of warm-
season and cool-season grasses and cattle.  Trees are planted in groups of two or three rows, com-
monly leaving an “alley” of about 40 ft (12 m) between the row groups to allow greater light pen-
etration.  Native Pinus spp. are the most common trees, but natural hardwood stands may be used 
for unplanned or planned agroforestry systems.

While there are a few long-term practitioners, silvopastoral systems in the southeastern United 
States as an intensive land use practice has not seen widespread adoption thus far.  Both farmers 
and forestland owners have introduced silvopasture onto their land. While there are no size limita-
tions for production, typical operations are at least 16 ha (40 acres) in size due to economies of 
scale required for cattle especially, although small tracts are used with goats at times.  Several 
studies that have been undertaken in the South reveal that silvopasture can lead to moderate rates 
of returns relative to alternative production systems.  

Southern silvopastoral systems can also include intentional grazing under hardwoods and nut or-
chards.  Pecan (Carya illinoinensis) plantations in the southern coastal plains and river floodplains 
of Alabama, Arkansas, Georgia, Louisiana, and Mississippi often integrate cattle grazing. How-
ever, timber production is not the objective with growers using this system.

north island, new zealand

Farmers on the North Island of New Zealand practice what they refer to as “farm forestry”, which 
include livestock and tree components managed on the same farm.  The North Island has the chal-
lenge of continuous winter rains in an area with highly erodible volcanic soils.  

Although both livestock and timber production are managed on the same farms, the systems gener-
ally are kept separated, with livestock fenced in certain areas and the plantation timber of Pinus 
radiata grown on sites too steep for livestock.  There are, however, a few exceptions.  Occasionally, 
farmers allow sheep to find shelter in the timber stands when they were freshly shorn, or if strong 
storms arise.  Some landowners allow sheep in timber plantations to mow down the grass beneath 
the trees.  Also, tree species such as Cryptomeria japonica are utilized as shelterbelts to protect 
pasture and livestock.

Paraguay

Silvopasture is not commonly practiced in any region of Paraguay, but there are some systems 
combining cattle and trees that may have potential.  In the Upper Paraná Atlantic Forest of Para-
guay’s Eastern Region, some landowners have thinned out existing native forest stands and planted 
exotic pastures underneath.  This system, called “parquizado”, is practiced in other regions, such 
as Misiones, but is not common.  The initial timber thinning can provide income, but the tree 
component would generally not be managed for any other forest product from that point forward.  
Trees help to prevent frost from killing back the grass; however, other warm-season grasses may 
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perform better in the summer in full sun.  This system has the disadvantage of a relatively high 
likelihood of falling trees which can crush fences or even livestock, because the trees originally 
grew in a dense stand.

The Humid Chaco eco-region consists of native grassland interspersed with woodlands of 
palms and other species.  Cattle-raising on native grasses has been a traditional source of in-
come in this region, on relatively extensive ranches.  Some large-scale landowners have 
begun planting exotic tree species of Pinus spp. and Eucalyptus spp., mostly to access a 
cost-share payment that was enacted as law, but was never fully funded.  Cattle are main-
tained, primarily to reduce the likelihood of forest fire and to provide some short-term returns.   
 
table 2. Typical Silvopastoral System Farmer Profile and Typical Management Regimes by Coun-
try and Region

Region

Typical silvopastoral system  
farmer profile

Typical tree species Re-
gene-
ration

Plant-ing 
density 
(trees/ 
ha)

Final 
density 
(trees/ 
ha)

Prun-
ing

Typical forage species Grazing 
Typical

Misiones 
and  Corri-
entes, 
Argen-tina

Corrientes & south Misiones: 
extensive cattle-ranchers (>1000 
ha). Central and north Misiones: 
farmers (<200 ha) and forest 
owners (>100) 

Pinus taeda, P. elliottii, 
P. elliottii x caribaea; 
Euclyptus spp., Arau-
caria angustifolia

Planta-
tion

700-
1,600

150-400

(recom-
mend 
fewer: 
80-225)

Yes:

3-4 
time to 
6.5m

Natives (Axonopus 
compressus, Hypoginium 
vigatum) or exotics (A. 
catarinensis, Brachiaria 
spp., Cynodon spp., Pen-
nisetum purpureum)

Cattle 
Bra-
ford & 
Brangus 
crosses 

La Pampa, 
Argen-
tina 

Extensive cattle-ranchers.

Prosopis caldenia y 
P. flexuosa; Schinus 
fasciculatus; Condalia 
microphylla

Nat-
ural

n.a. n.a. No
Piptochaetium napos-
taense, Digitaria califór-
nica, and other annuals

Cattle

South-
east, USA

Farmers and forest owners.  

Large-scale innovators who own 
larger tracts of both timber and 
pastureland (total >50 ha).

Limited-resource farmers (<20 
ha) are less common.

Pinus elliottii & P. taeda 
have a shorter rota-
tion, but timber from 
P. palustris is viewed 
as more valuable and 
there is interest in its 
restoration.

Sometimes nut or-
chards of Carya illi-
noinesis or hardwoods.

Planta-
tion

Pines: 
370-
1,000 in 
groups 
of 2 or 3 
rows.

Nut 
orchards: 
45

No data
Some-
times

Warm-season: Paspalum 
spp. y Cynodon spp. 
Cool-season: Secale 
cereale, Trifolium spp., 
Festuca spp. y Lolium 
spp., between tree rows. 
Because of seasonal 
temperature variability, 
warm and cool season 
forage choices are im-
portant

Cattle, 
occa-
sional 
sheep or 
goats
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table 2. Typical Silvopastoral System Farmer Profile and Typical Management Regimes by Coun-
try and Region, Continued

Region

Typical silvopastoral system  
farmer profile

Typical tree species Re-
gene-
ration

Plant-
ing 
density 
(trees/ 
ha)

Final 
density 
(trees/ 
ha)

Prun-
ing

Typical forage species Grazing 
Typical

New 
Zealand

Experienced farmers as well as 
the children of farmers who 
were carrying on the family farm.  
Average about  500 ha.

Pinus radiata; Cryptom-
eria japonica; Eucalyp-
tus spp.; Acacia spp.; 
Populus alba

Planta-
tion

1,600 300-350
Yes (3  
times)

Lolium spp., with N 
fertilization de N and 
herbicide

Sheep

Para-guay

East – parquizado

Farmers of various scales.

Tabebuia spp. & Ce-
drela spp.

Nat-
ural

50-100 No Brachiaria spp. Cattle

Humid Chaco

Farmers of various scales

Pinus spp.; Eucalyptus 
grandis & E. camaldu-
lensis, others

Planta-
tion

1,333 530 No
Natives (Axonopus 
compressus, Hypoginium 
vigatum)

Cattle

Western Central Dry Chaco

Farmers of various scales

Prosopis alba & P. 
nigra; Leucaena leuco-
cephala

Nat-
ural

45 45 Yes Natives Cattle

Uruguay
Large-scale forest industry in 
conjunction with local cattle-
ranchers.

Pinus taeda; Eucalyptus 
grandis & E. globulus

Planta-
tion

1,000-
1,100

150-250 Yes

Paspalum notatum, 
Paspalum plicatulum 
, Paspalum dilatatum, 
Stipa sp, Briza sp, Ad-
esmia muricata, Axono-
pus affinis,

Bromus auleticus, Bro-
mus unioloides, Poa 
lanigera

Hereford 
(mainly), 
Aberdeen, 
Angus. 
Some 
Sheep 

There also some small-scale landowners experimenting with silvopastoral systems, with support 
from nongovernmental organizations.

In the western Central Chaco, INTTAS (Sustainable Agricultural Technology Research and Exten-
sion Initiative) has been working with several local landowners with silvopastoral systems.  The 
Prosopis spp. would be allowed to naturally regenerate on previously deforested cattle pastures.  
The goal of these systems would be to maintain the productive life of the pastures, generate high-
quality timber and fuelwood, and possibly to sequester carbon.  Potentially Prosopis spp. could 
generate seed pods for sale as on the local market or as feed for the livestock in winter months.  It 
has been shown that grass growth below the canopy of Prosopis spp. in open stands can be greater 
than farther from trees.

Uruguay

More than 70% of Uruguay’s land is covered with natural grasslands, which is used mostly for 
cattle raising, and sheep to a lesser extent.  Silvopasture systems in Uruguay are extremely com-
mon, and are practiced on most of the lands with forest plantations, as well as many pasture lands 
that have isolated woodlots or trees on fence lines.  Some history helps explain these systems.  
Traditional Uruguayan pasture practices focused on grazing cattle and sheep, and the country had 
few trees except in stream and river drains and corridors.  Land owners might have up to 1000 ha, 
but could see most of their holdings in one day by riding throughout them on horseback, with an 
un-obscured viewshed.  About 80 to 50 years ago, farmers began to plant trees—usually exotic 
Eucalyptus tereticornis and E. camaldulensis—in small blocks or on fence rows, which were use-
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ful to provide shade for livestock, especially cattle, and fuelwood. They also provided good wood 
for rural use, such as posts and slats for fences.

Uruguay offered incentives that attracted many major foreign forest industry investors beginning 
in the late 1980s and 1990s.  Uruguay now has about 970,000 ha of exotic forest plantations of 
mostly Pinus spp. and Eucalyptus spp.  These plantations usually include grazing by cattle as part 
of the system.  Although pasture production between trees is limited, the system allows moder-
ate grass production because usually about 30% to 40% of land is not forested, mainly due to soil 
restrictions (lowlands and natural drainages) as well as roads and requirements of distance from 
fences and electric lines.  The roads also serve as firebreaks.  

Forestry companies usually lease their plantations for grazing to local Uruguayans, who manage 
the livestock on the land. This provides lease income and better local relations for the companies, 
and cattle forage and income for local Uruguayan producers.  More recently forest companies are 
trying to promote joint venture with cattle producers holders of the land and the company brings 
the genetically improved  planting stock, site preparation, plantation and harvest operations.  This 
can include from annual payments to share the profits at the final cutting and other combinations. 
The main advantage for the cattle farmer is to provide shade and shelter for livestock.

CONCLUSIONS

While they have many common characteristics, silvopasture systems in Misiones and Corrientes, 
Argentina; La Pampa, Argentina; the US Southeast; North Island, New Zealand; Paraguay and 
Uruguay are variable.  First, it is obvious that there are differences in (1) the use of native forest 
species (La Pampa, USA, sometimes in Paraguay and Misiones) versus exotic trees (Uruguay, 
New Zealand, commonly in Misiones/Corrientes), and (2) plantation forests (Misiones/Corrientes, 
USA, N. Zealand, Uruguay) versus natural regeneration (La Pampa, western Paraguay).  In some 
regions, native or naturally regenerated grasses are used (La Pampa, Corrientes and southern Mis-
iones, western Paraguay, Uruguay) while in other regions pastures are planted (northern Misiones, 
eastern Paraguay, USA).

More profound than the differences in species are the differences in the driving motivation behind 
the silvopastoral systems. In Uruguay, the principal reasons for keeping cattle in the forests is to 
reduce the risk of wildfire and to maintain good  relationships with local farmers.  In La Pampa, 
landowners release livestock into the caldén forest because it is a low-cost means to generate 
livestock returns.  In New Zealand, farmers use forestry and agroforestry systems mostly to have 
productive systems in steep land that reduce erosion.  In the USA, some farmers use silvopastoral 
systems to diversify their income, and in Argentina many are seeking profit maximization.

Increased silvopasture systems will require some changes in thinking and culture about whether 
trees help or hurt the animals and forage.  Low intensity forest plantations affect viewsheds and 
traditional ranching cultures, but may offer grazing and financial advantages that can provide 
diverse benefits.  Forests and shade often provide shelter, reduce frost damage, foster good warm 
season grass growth, provide timber income, and reduce erosion.  
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In summary, while we only observed six distinct regions, we note some differences between sil-
vopasture systems worldwide.  We hope that gaining knowledge about the differences and similari-
ties between the systems helps improve the understanding and application of different technolo-
gies and extension in these and other countries. 
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miCroClimAtiC differenCes between yoUng  
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Abstract: Creation of milder microclimatic conditions can be one of the major environmental 
benefits of open-pasture (no trees present) to silvopasture conversion.  This research tested the 
hypothesis that microclimatic conditions would vary between young pine silvopasture and open-
pasture. The research was conducted in a longleaf-pine (Pinus palustris Mill.)-bahiagrass (Paspal-
um notatum Flugge) silvopasture and adjacent open bahiagrass pasture at Americus, Georgia. Pine 
trees were planted in the bahiagrass pasture in December 2000, and were not pruned or thinned 
until the study was completed. Microclimatic parameters (air temperature, soil temperatures at 
5-cm and 10-cm depths, wind speed, gust speed, wind direction, humidity, dew point, rainfall, 
soil moisture content, total solar radiation, and photosynthetically active radiation) were collected 
from November 2005 to October 2008 using HOBO© weather stations, with one station located 
in each pasture.  Data were analyzed to determine overall, as well as seasonal, monthly, and daily 
differences between pastures. Evapotranspiration was calculated from air temperature, wind speed, 
relative humidity, and total solar radiation.  Except rainfall, average values for all microclimatic 
parameters were different between the pasture types.  Silvopasture had lower average values for 
all microclimatic parameters for which differences were detected between pasture types, except 
soil moisture content, which was higher in silvopasture.   Seasonal, monthly, and daily differences 
between pasture types were also detected for several parameters. The results suggested that signifi-
cantly milder microclimatic conditions can be created by open-pasture to longleaf-pine silvopas-
ture conversion in the Southeastern USA, and these modifications can occur by the time the trees 
are five years old.

keywords:  evapotranspiration, solar radiation, Southeastern USA, temperature, wind speed
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Utility of tHe PenmAn-monteitH CombinAtion eQUAtion 
for estimAting evAPotrAnsPirAtion by silvoPAstUre  

forAges in APPAlACHiA

Charlie Feldhake

USDA ARS Appalachian Farming Systems Research Center   
Contact: charlie.feldhake@ars.usda.gov

Abstract: Predicting the water required by forages for good growth relative to tree position can al-
low better planning of silvopasture utilization by grazing animals.  Small (25 cm diameter) weigh-
able lysimeters in which tall fescue (Schedonorus phoenix (Scop.) Holub) was grown, were used 
to measure actual evapotranspiration (ET

M
) at a wide range of daily shading amounts and timing 

by deciduous trees.  The energy evaporative potential of net radiation (R
n
) alone (ET

Rn
), consid-

ered a good surrogate for potential ET in humid climates, was better at estimating ET
M

 than the 
Penman-Monteith combination equation (ET

PM
). At an open field site ET

Rn
 on the average, accu-

rately predicted daily ET
M

 while ET
PM

 resulted in an under estimation by one third.  As daily Rn 
decreased as a result of shading by trees, both estimation methods increasingly under estimated 
relative ET

M
 although the absolute value of both estimation method differences decreased since 

ET
M

 decreased.  A large number of factors may have contributed to the sizable difference between 
predicted and measured ET in response to shading by trees .  First, trees contribute to disruption of 
a stable boundary layer that often forms over open pastures.  This results in lower humidity at the 
forage leaf surface and higher advective energy for transpiration to partially offset lower radiation 
energy.  Second, on clear nights dew is suppressed when open sky view is obstructed and forage 
leaf radiation cooling required for dew deposition restricted.  At open field sites in Appalachia, dew 
deposition often provides water for ET well into late morning hours following clear nights.  Third, 
cool season (C3) forages such as tall fescue may experience photoinhibition during midday in full 
sun which results in decreased stomatal conductance and therefore decreased water loss.  Fourth, 
shaded forages elongate more rapidly than under full sun thus increasing the exposure to advective 
energy.

keywords:  advection, lysimeter, net radiation, shade, tall fescue
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soil QUAlity PArAmeters for row-CroP systems 
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Abstract: Incorporation of trees and establishment of buffer are believed to enhance soil quality.  
Soil enzyme activities and water stable aggregates have been identified as good indices for as-
sessing soil quality to evaluate early responses to changes in soil management.  However, studies 
comparing these parameters for grazing pastures and row crop systems are limited.  The objective 
of this study is to examine the activities of selected enzymes (fluorescein diacetate (FDA) hydro-
lase, dehydrogenase, α-glucosidase and α-glucosaminidase), the percentage of water stable aggre-
gates (WSA), and soil organic carbon and nitrogen as soil quality parameters for grazed pasture 
and row-crop systems.  The study consisted of four management treatments: grazed pasture (GP), 
agroforestry buffer (AgB), grass buffer (GB) and row-crop (RC). Soil organic carbon (SOC), total 
nitrogen (TN) contents and soil bulk density were also determined.  Two soil depths (0-10 and 10-
20 cm) were analyzed for all treatments for two consecutive years, 2009 and 2010.  The row-crop 
treatment showed significantly lower α-glucosidase and α-glucosaminidase activity and significant-
ly lower WSA compared to all other treatments.  The FDA hydrolase activities were not significant 
in 2009 but were significant in 2010. There were numerical variations of parameters in two years 
but the pattern was consistent. Surface soil revealed higher enzyme activities and higher WSA than 
the sub-surface soil.  The treatment by depth interactions were significant for α-glucosidase and 
α-glucosaminidase enzymes in 2009 but the interactions were significant for dehydrogenase and 
α-glucosaminidase enzymes in 2010.  Implications can be made that permanent vegetation will im-
prove soil quality by enhancing organic matter accumulation in the soil and increasing microbial 
activity with minimum soil disturbance which will have a positive effect on the ecosystems.

keywords: ecosystem, microbial activity, perennial vegetation, soil enzymes, soil organic carbon.
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INTRODUCTION

The interactions between soil biological parameters and management practices and consequential 
effects on environmental quality are of great agricultural and ecological significance (Watt et al., 
2006).  Despite the important roles of the soil microbiota in agroecosystem functions (Verhoef and 
Brussaard, 1990), very little is known of their activities, composition, and abundance under graz-
ing pasture systems.  

According to Doran and Parkin (1994), soil quality is the capacity of a soil to function within eco-
system boundaries to sustain biological productivity, maintain environmental quality, and promote 
plant and animal health.  Periodic assessments of soil quality with known indicators and thresholds 
help to assess the capacity of land for a particular function.  Selection of soil quality indicators de-
pend on soil characteristics, land use and management goals, and environmental protection (Stott 
et al., 2010). 

Enzyme activities have been identified as possible indicators of the quality of soil because of their 
relatively rapid responses to changes in soil management (Dick, 1994; Bandick and Dick, 1999).  
Soil enzymes play key biochemical functions in the overall process of organic matter decomposi-
tion in the soil system (Burns, 1983; Sinsabaugh et al., 1991).  While these studies have typically 
dealt with differences in soil enzyme activities, it is also possible with these assays to develop 
specific measures of functional diversity. 

Silvopasture is a type of agroforestry management system that is believed to provide environ-
mental, economical and social benefits.  In silvopasture systems, grazing and stocking rates affect 
animals, affect utilization of nutrients by soil plant systems, and enhance soil microbial activities 
and thereby soil ecology of pasture soils (Haynes and William, 1993; Sigua, 2003).  Thus, incor-
poration of agroforestry into pastures is believed to improve soil quality.

Information on grazing systems with agroforestry and grass buffer interactions within the temper-
ate agroforestry zone on soil quality and conservation is limited; therefore research designed to 
explore new species and management combinations is needed to optimize production and sustain-
ability of these systems (Jose et al., 2004).  The objectives of this study were to evaluate the effects 
of agroforestry and grass buffers on soil parameters in grazed pasture and row-crop systems and 
compare temporal variations of parameters.  We hypothesized that there is an effect of grazed pas-
ture with buffers and row-crop management on soil quality parameters and that parameter values 
vary annually due to variation in soil characteristics. 

MATERIALS AND METHODS
study Area

The study was carried out at the Horticulture and Agroforestry Research Center (HARC) of the 
University of Missouri in New Franklin, MO (92°74´ W and 37°2´ N; 195 m above sea level).  Four 
small watersheds under grazed pasture (GP) were used for the study, which include replicate wa-
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tersheds with agroforestry buffers (AgB) (tree-grass buffers) and grass buffers (GB).  The size of 
each watershed with buffers is about 0.8 ha. The grazed pasture area was divided into six paddocks.  
The cattle were introduced in 2005 and were rotationally grazed (Kumar et al., 2008).  The land 
was under tall fescue grass (Festuca arundinacea Schreb.) without grazing before the establish-
ment of watersheds.  The GB buffer areas were reseeded with tall fescue (Festuca arundinacea; 
Kentucky 31) in 2000. Pastures were seeded with red clover (Trifolium pratense L.) and lespedeza 
(Kummerowia stipulacea L.) in 2003.   The AgB buffers consisted of eastern cottonwood trees 
(Populus deltoides Bortr. ex Marsh.).   Soils for the row-crop (RC) treatment were sampled from an 
adjacent field on the north side of the pasture areas.  The crop was corn in 2009 and it was soybean 
in 2010.  Soils at the study site were classified as Menfro silt loam (fine-silty, mixed, superactive, 
mesic Typic Hapludalfs). 
 
experimental design and sampling

The management treatments were GP, AgB, GB, and RC.  The AgB and GB treatments were in the 
buffer areas of the small watersheds with respective buffer type and the GP treatment was in the 
rotationally grazed area in the watersheds.  The experimental design was completely randomized 
with a split plot for soil depths (0-10 and 10-20 cm).  There were two replicates for treatments and 
three sampling locations per treatment plot.

Soil sampling was conducted during June of two consecutive years, 2009 and 2010. There were 
three sampling positions per treatment plot and two replications.  For GP and RC treatments, 
samples were taken from middle landscape positions only. The soil samples for the GB buffer 
treatment were taken from the center of the buffer.  Samples for the AgB buffer treatment were 
sampled about 40 cm from the base of a tree trunk.  Hence, treatments consisted of six sample 
locations (three sub-samples and two replications).  Soils were collected from two depths (0-10 
and 10-20 cm).  The sampling bags were sealed and transported to the laboratory in a cooler.  All 
samples were maintained at field moist condition and were stored at 4αC until analyzed. 

laboratory Analyses

Water stable aggregates were determined from a 10-g air-dried soil sample using the wet-
sieving method on aggregates > 250 µm diameter (Angers and Mehuys, 1993).  All enzymes 
were colorimetrically quantified in laboratory assays following the standard procedure (Table 1).  
Soil organic carbon (SOC) and total nitrogen (TN) contents were determined by dry combustion 
analysis at 950°C using LECO TruSpec CN analyzer as described by Nelson and Sommers (1996).  
The water stable aggregates (WSA) and enzyme activities were analyzed in duplicate for each 
sample. 

statistical Analyses

The data were analyzed as a completely randomized design with a split plot for soil depth using 
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Proc GLM in Statistical Software Package SAS version 9.2 (SAS, 2008).  Data collected in each 
of two years were analyzed separately to determine the treatment effects and the interactions with 
depth.  The parameters measured were analyzed taking into account the four management treat-
ments and two depths.  The main effects consisted of treatment effects (management) and the split 
plot consisted of depth effects.  The least significant difference tests (Duncan’s LSD) were used 
for pair-wise comparisons of treatment means. Differences were declared significant at the five 
percent level of significance (p≤0.05).

RESULTS
water stable aggregates

Water stable aggregate (WSA) percentages ranged from 24.8% to 68% among the study treatments.  
The RC treatment had the lowest WSA level and it was significantly lower than all other treatments 
(Table 2).  The GB treatment had the highest WSA percentage in both years.  Variation in WSA 
levels within perennial vegetation treatments for two years was not significant.  There were signifi-
cant depth effects in both years (Table 3; Fig. 1).

soil bulk density

The differences in bulk density among treatments were not significant but the row crop treatment 
had the highest value (1.42 g cm-3) and AgB had the lowest value (1.31 g cm-3; Table 2).  The bulk 
density values decreased in the order RC>GP>GB>AgB.  Although there were no significant dif-
ferences, values were in expected range; differences did not exist possibly due to the low number 
of replications (two).

soil Carbon and nitrogen

Soil organic carbon (SOC) and total nitrogen (TN) contents varied slightly between the two years.  
The SOC content ranged 1.26% in RC treatment 1.92% in AgB treatment. Similarly TN content 
ranged between 0.16 to 0.22%, lowest in RC treatment and the highest in AgB treatment (Table 
2).  The variation among treatments was not significant possibly due to low number of replications. 
There were significant depth effects in SOC and TN (Fig. 2).  The perennial vegetation treatments 
showed a greater decrease in SOC and TN contents from surface to sub-surface compared to row 
crop agriculture.

enzyme activities

β-glucosidase and β-glucosaminidase enzyme activities.  

Analysis of α-glucosidase and α-glucosaminidase activity revealed significant differences between 
the RC treatment and all other treatments in both years (Table 2).  The α-glucosidase activities were 
consistent in two years in the perennial vegetation treatments.  However, the year to year variation 
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in α-glucosidase activity in the RC treatment was greater. There were comparatively higher activi-
ties of α-glucosaminidase enzyme in the second year than first year for all treatments.   Among all 
treatments and years, the RC treatment had the significantly lower activities.  The treatment by 
depth interaction was significant for α-glucosaminidase enzyme (Fig. 3.). 

flurorescein diacetate(fdA) hydrolase activity.  

The FDA activities were slightly decreased in all treatments except the GB treatment in 2010 
compared to 2009.  The RC treatment was not significantly different as compared to the GP and 
AgB treatments but was significantly lower compared to the GB treatment in 2010 (Table 2).  The 
differences in activities among the perennial vegetation treatments were not significant.

dehydrogenase enzyme activity.  

Dehydrogenase activities differed significantly among treatments (Table 2).  All perennial vegeta-
tion treatments showed significantly higher activity than the RC treatment.  The activities were 
relatively higher in 2010 compared to 2009 for all treatments. 
 
The depth effect was significant for all enzyme activities in both years (Table 3).  There were no 
significant treatment by depth interactions in 2009; however, these interactions were significant in 
2010 (Fig. 4).  The difference in activities between the surface and sub-surface soil was significant 
for both years.

DISCUSSION

The results showed that WSA percentages within soils under RC management were significantly 
lower as compared to the GP, AgB, and GB treatments which closely parallel previous findings.  
Studies demonstrate that water stable aggregates in natural grassland, agroforestry, prairies, and 
managed natural vegetation were found to be significantly higher compared to cultivated areas 
with row crop management (Kremer and Li, 2003; Mungai et al., 2005; Udawatta et al., 2008; 
2009; Guo et al., 2010; Kremer and Kussman, 2011).
   
Water stable aggregates are highly dependent on soil organic matter and biological activity in soil.  
In the RC treatment, physical disturbance and tillage operations accelerate organic matter decom-
position, and destroy fungal hyphae and soil aggregates (Frey et al., 2003; Green et al., 2005).  In 
contrast, perennial vegetation systems improve soil aggregation and organic matter accumulation 
(Franzluebbers et al., 2000).  Grass can act as a cover crop, improve particulate organic matter 
content, and aggregation by providing continuous grass and root residues (Franzluebbers and Stue-
demann, 2005; Handayani et al., 2008).  

The soil organic matter pools (C and N) were affected by management practices.  The higher 
root activity, microbial decomposition and continuous vegetative cover might have contributed 
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to greater carbon and nitrogen accumulation compared to row crop where tillage and cultivation 
practices caused losses of carbon and nitrogen.  Accumulation of soil organic matter within mac-
roaggregates leads to greater water stable aggregates. The greater stability of aggregates protects 
soil carbon from faunal action and microbial consumption (Beare et al., 1994; Six et al., 2000).   As 
organic matter increases, soil biological activity increases.  This enhances the diversity of organ-
isms and the ecosystem functions they perform.

Following the dynamics of WSA and organic matter, the study showed significant differences in 
selected enzyme activities.  The α-glucosidase and α-glucosaminidase enzyme activities were most 
consistent between the two years.  These activities were significantly higher in perennial vegeta-
tion treatments compared to row crop management in both years and these findings agree with 
results from related research (Acosta-Martinez et al., 2003; Dick et al., 1996; Kremer and Li, 2003; 
Mungai et al., 2005; Udawatta et al., 2008, 2009; Kremer and Kussman, 2011).  In a study by Ek-
enler and Tabatabai (2003), significantly reduced enzyme activity, specifically α-glucosaminidase 
has been attributed to soil disturbance and conventional tillage.  The higher activities of these 
enzymes can also be attributed to the increased organic matter and greater activities of roots com-
pared to conventionally cultivated crop areas (Myers et al., 2001; Kremer and Li, 2003; Mungai et 
al., 2005; Table 4). 

CONCLUSIONS

The nature of enzyme activities observed in this study support the hypothesis that perennial vegeta-
tion provides favorable conditions for greater enzyme activities and microbial diversity compared 
with soils under row crop management.  Results hold that permanent vegetation leads to carbon 
accumulation and consequently increases in selected soil quality parameters compared to row crop 
areas.  Most soil quality indicators were significantly greater in perennial vegetation areas com-
pared to row crop agriculture and the parameters were consistent during two measurement years. 
Based on water stable aggregates and enzyme activities, it is obvious that regular disturbance has 
significantly reduced soil quality in row crop agriculture.  The study showed that establishment 
of agroforestry and grass buffers in grazed pasture areas has a significant effect on measured soil 
quality indicators and enhances soil quality and helps maintain ecosystem sustainability. 
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table 1. Standard methods of enzyme assays.

Enzymes Weight Substrate
Incubation
/shaking

Spectrophotom-
eter
Wavelength Unit Reference

Dehydrogenase 6g TTC 37◦C, 24 h 485 nm µg TPF g-1 dry soil Tabatabai, 1994

β-glucosidase 1g PNG 37◦C, 1 h 410 nm µg PNP g-1 dry soil Dick et al., 1996

1g PNNG 37◦C, 1h 405 nm µg PNP g-1 dry soil Parham and Deng, 2000
FDA 1g FDA Shaking, 105 min 490 nm µg F g-1 dry soil Dick et al., 1996

Abbreviations: 
TTC:  2, 3, 5-triphenyltetrazolium chloride TPF: triphenyl formazan PNG: p-nitrophenyl-α-D-glucoside
PNNG: p-nitrophenyl-N-acetyl-α-D-glucosaminide PNP: p-nitrophenol FDA: Fluorescein diacetate F: fluorescein 

table 2.  Water stable aggregates (WSA), bulk density (Db), soil organic carbon (SOC), Total 
Nitrogen (TN), α-glucosaminidase (GS), α-glucosidase (GC), dehydrogenase (DH) and Fluorescein 
Diacetate (FDA) hydrolase enzyme activities for grazed pasture (GP), agroforestry buffer (AgB), 
grass buffer (GB) and row crop (RC) treatments (year 2010, n=12).

Treatment WSA Db SOC TN GS GC DH FDA
  ---%--- -g cm-3- ----------%----------- --------------------------µg g-1 dry soil--------------------

GP 55.6b 1.38a 1.60a 0.18a 170.8a 240.7a 323.8a 759.7ab

AgB 59.2b 1.31a 1.92a 0.22a 166.5a 246.2a 310.2a 804.6ab

GB 65.5a 1.32a 1.88a 0.20a 177.0a 236.6a 337.9a 811.4a

RC 31.4c 1.42a 1.26a 0.16a   92.2b 165.3b 174.6b 705.4b

Data followed by the same letter within a column were not significantly different at p≤0.05
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table 3.  Variation of water stable aggregates and enzymes activities with depth for agroforestry 
buffer (AgB), grass buffer (GB), grazed pasture (GP) and row crop (RC) treatments (year 2010).

Treatment     Depth  WSA  FDA Dehydroge-
nase

β-glucosidase β-glucosaminidase

    -cm-           --%--       -----------------------------µg g-1 soil----------------------------

GP 0-10
10-20

68.0a
43.0b

935.1a
584.4b

452.0a
195.7b

324.3a
157.2b

234.6a
107.1b

AgB    0-10 71.4a 1006.1a 416.2a 342.1a 229.5a

          10-20 47.0b 603.0b 204.2b 150.2b 103.6b

GB    0-10 76.2a 1005.2a 471.8a 319.4a 247.2a

          10-20 55.0b 617.7b 204.1b 153.8b 106.8b

RC     0-10 40.0a 930.6a 213.0a 198.8a 106.7a

         10-20 23.0b 480.2b 136.3b 131.8b   77.6b

Data followed by different letters within a column within a treatment were significantly different 
at p≤0.05.

table 4. Correlation coefficients (r) of α-glucosidase, α-glucosaminidase, dehydrogenase and FDA 
enzyme activities, with soil organic carbon and total nitrogen content in 2010.

Parameters β-glucosidase β-glucosaminidase Dehydrogenase FDA

Soil organic 
Carbon

0.86 
(p<0.0001)

0.88
(p<0.0001)

0.89
(p<0.0001)

0.84
(p<0.0001)

Total Nitro-
gen

0.84
(p<0.0001)

0.84
(p<0.0001)

0.85
(p<0.0001)

0.82
(p<0.0001)



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
37

figure 1.  Water stable aggregate levels (WSA, %) for the grazed pasture (GP), agroforestry buffer 
(AgB), grass buffer (GB) and row crop (RC) management treatments.  Samples were from the 0 to 
20 cm soil depth and data presented were the average of sampling years, 2009 and 2010.
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a.

b.

figure 2. Soil bulk density (a.) and soil organic carbon (b.) as a function of depth for the four study 
treatments, grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB), and row crop (RC) 
for the year 2010.  Samples were from the 0 to 10 and 10 to 20 cm soil depths.
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figure 3. α-glucosaminidase enzyme activity as a function of depth in 2010 for the four study treat-
ments, grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB), and row crop (RC) for 
the year 2009. The bar indicates the LSD value (29.2).

 

figure 4.  Dehydrogenase enzyme activity as a function of depth for the four study treatments, 
grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB), and row crop (RC) for the year 
2010.  The bar indicates the LSD value (77.3). 
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PlAnt-CommUnity CHArACteristiCs of bAHiAgrAss PAstUre 
dUring Conversion to longleAf-Pine silvoPAstUre 

Uma Karki1, Mary Goodman2 and Susan Sladden2

1Tuskegee University 
2Auburn University 

Contact: karkiu@mytu.tuskegee.edu

Abstract: Silvopasture is considered a sustainable agroforestry practice as a result of benefits 
the system offers for biodiversity, economic returns, and environmental quality. However, little is 
known about temporal and spatial dynamics of forage species composition in pastures being con-
verted to silvopasture. This research tested hypotheses that in young longleaf pine (Pinus palustris 
Mill.)-bahiagrass (Paspalum notatum Flugge) silvopasture, forage species composition would vary 
1) between silvopasture and open-pasture (no trees present), and 2) among alley positions relative 
to trees in silvopasture. The research was conducted in a randomized complete block design with 
three replications from 2003 to 2007 at Americus, Georgia, USA in a longleaf-pine silvopasture 
established in 2000 in an existing bahiagrass pasture and an adjoining bahiagrass open-pasture. 
Silvopasture forage-species composition was measured within alleys.  A point projection device 
was used to measure forage-species composition, and indices for diversity, evenness, and similar-
ity were calculated. Plant community diversity was higher in the silvopasture versus open-pasture 
early in the growing season, but open-pasture had higher diversity during the later growing season. 
This study indicates that conversion of bahiagrass pasture to longleaf-pine silvopasture in the 
Southern Coastal Plain can influence forage-species composition.

keywords:  diversity index, evenness index, similarity index, forage-species composition  
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silvoPAstUre And Alley CroPPing oPPUrtUnities  
in nortHern AlbertA, CAnAdA

Doug Macaulay1, Gary Bank2, Nora Paulovich3 and Florence Niemi4

1Agroforestry and Woodlot Extension Society  
2Agri-Environmet Services Branch  

3North Peace Applied Research Association  
4Daishowa-Marubeni International Ltd  

Contact: doug.macaulay@gov.ab.ca

Abstract: Intercropping and silvopasture has the potential to provide Alberta farmers with many 
benefits from moisture trapping to increased crop production. In the Peace River Region of Alberta 
many farmers raise cattle and grow forage crops. But farmers in the region continue to clear land 
and remove trees so they can farm every acre. However, with the loss of wooded areas exposed 
forage crops dry out quickly in the summer and cattle are exposed to nasty winter winds. This field 
demonstration was designed back in 2002 to show landowners the potential benefits of combin-
ing tree crops with traditional agricultural practices. In 2009 a team of extension specialists and 
researchers setup a grazing experiment to explore cattle, tree and forage interactions. The project 
planted to 17 000 hybrid poplar trees is setup in three different blocks with one consisting of for-
age only, the second with forage and trees and the other with trees only and these are repeated 
three times over 60 acres. In 2009 the area was cross fenced into separate pastures such that half 
of all treatments were grazed once per season. Over the past two seasons we have measured snow 
depths, soil moisture and compaction, forage and tree production and cattle behavior. Results to 
date have been promising and data is beginning to show that grazing is possible in hybrid poplar 
stands when appropriate management and grazing schemes are followed. We are also observing 
that forage benefits from the presence of trees. 

keywords:  agroforestry, silvopasture, alley cropping, cattle grazing, forage production
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silvoPAstUre develoPment in britisH ColUmbiA

George Powell1, David Trotter2 and Lisa Zabek2

1AgForInsight.com 
2BC Ministry of Agriculture   

Contact: gpowell@agforinsight.com

Abstract: The rationale for developing and adopting silvopasture systems in British Columbia 
(BC) has strengthened in recent years.  There is a clear need for additional economic development 
options in the agriculture and forestry sectors, and management systems that can simultaneously 
address the economic, social and environmental land use challenges in BC.  Economically, live-
stock and timber industries are challenged by historic market weakness.  Many forest resource 
dependent communities are struggling to find viable development opportunities to offset the im-
pacts of the mountain pine beetle infestation.  The environmental and social risks from interface 
fires are increasing and restoration of fire-maintained forest ecosystems represents a large financial 
and technical challenge.  And watershed issues revolving around improving riparian stewardship 
are creating forage supply deficits for the livestock industry that cannot be offset through clearing 
large areas of forestland.  The BC Ministry of Agriculture, through its Agroforestry and Riparian 
Management Program, is leading a partnership of government, industry and community groups 
working to expand the capacity of producers, land managers and technical transfer personnel to 
adopt silvopasture practices, and to support the integration of silvopasture and related beneficial 
management practices into land use options in BC.  This work follows the recommendations of 
many initiatives including the Beetle Action Coalitions, the Premier’s Ranching Task Force, the 
BC Agriculture Plan and province’s Ecosystem Restoration Provincial Strategic Plan.  Support 
has included the formation of a Silvopasture Steering Committee, a review and synthesis of sil-
vopasture information and resources, creation of a silvopasture suitability planning framework 
to identify and include silvopasture opportunities in higher-level land-use planning, cataloging 
silvopasture and silvopasture - related research, trials and demonstrations, developing operational 
field pilot projects to address high priority applications of silvopasture which will support prescrib-
ing regional beneficial management practices and supporting other silvopasture-related research.

keywords: silvopasture, development, British Columbia
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mUltiPle CroPs, sAme ACre - A CAse stUdy of Agroforestry

Janet Hawkes 
 HD1, LLC   

Contact: janethawkes@gmail.com

Abstract: Establishing and managing cropping and grazing systems on the farm are often mutu-
ally exclusive activities, or minimally integrated. Over ten years ago, an environmental education 
center and Land Grant university teamed up to demonstrate systems that increased the diversity, 
productivity, profitability, and overall health of the farm. This session reports on a production sys-
tem that successfully integrated several tree crops, forage crops, and multiple livestock species on 
a Northeast farm. Originally only marginal pastureland, the demonstration site was transformed 
first into an alley-cropping system and later into a silvopasture agroforestry system that employed 
rotational grazing. The succession from a single land use to multiple land uses on the same acreage 
will be highlighted.  

keywords:  silvopasture, production system, grazing, green manure, nut production
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introdUCing biologiCAl Agents  
to enHAnCe rHizodegrAdAtion of AtrAzine  

in vegetAtive bUffer striPs

Chung-Ho Lin1, Brian Thompson2, Hsieh-Yeh Hsieh2, Robert Lerch3 and Harold Garrett1

1Center for Agroforestry, University of Missouri  
2Department Veterinary Pathobiology, University of Missouri  

3USDA-ARS, Cropping Systems and Water Quality Research Unit 
Contact: Linchu@missouri.edu

Abstract: Vegetative buffer strips (VBS) has been proven to be one of the most cost-effective miti-
gation practices for removing atrazine (ATR) from surface runoff derived from agronomic opera-
tions.  However, the mineralization of ATR and its chlorinated metabolites or complete cleavage of 
the triazine ring in the rhizosphere was limited to less than 2-10% under both laboratory and field 
conditions.  Despite the persistence of ATR and its degradates, a few biological agents including 
Pseudomonas sp. ADP containing a series of degradation genes could rapidly mineralize ATR and 
its degradates into CO2. The addition of ATR biodegrading agents into established VBS to degrade 
the entrapped ATR is a promising mitigation approach.  We investigated the synergistic effect of 
introducing these biological agents to enhance the rhizodegradation of ATR. The results suggested 
that the rhizodegradation activities can be sustained by specific plant species.   

keywords: vegetative buffer strips (VBS), Atrazine
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riPAriAn bUffers for HAbitAt enHAnCement of beAver-
lodge wAtersHed - AlbertA, western CAnAdA

Doug Macaulay1, Jill Henry2 and John Hallet2

1Agroforestry And Woodlot Extension Society  
2County of Grande Prairie 

Contact: doug.macaulay@gov.ab.ca

Abstract: Prior to European agricultural settlement of the Beaverlodge River watershed (Alberta, 
Canada) at the turn of the last century, the area contained extensive woodlands and wetlands. 
However, over the last hundred years, this area has experienced extensive deforestation, wetland 
drainage, and general habitat degradation. After the deforestation and wetland draining, increased 
agriculture (including cereal crops and cattle farms); and oil wells, has led to poor water quality, 
significant riverbank erosion, higher water temperatures and the loss of many native fish species 
such as the Arctic Grayling (Thymallus arcticus). This species is considered a sensitive species 
in the Alberta Sustainable Resource Development (2005) report. The project built awareness of 
how habitat adjacent to the Beaverlodge River and its tributaries can be restored through tree and 
shrub plantings and fencing to improve riparian health and wildlife or fish habitat. This three-year 
project was initiated in 2008 by the Agroforestry and Woodlot Extension Society (AWES) with 
support from the County of Grande Prairie and the West County Watershed Group, and funding 
from the Alberta Conservation Association and Environment Canada.  The goal was to improve 
degraded woodlands bordering creeks and rivers in the Beaverlodge River watershed on private 
lands. The project attempted to show that agroforestry systems such as riparian buffers along with 
riparian protection can be used as a tool to help improve water quality and fish and wildlife habitat, 
and reduce the erosion of banks within the Beaverlodge River Watershed. The project worked with 
landowners in this watershed to replant degraded riparian buffer zones. Overgrazed pastures and 
cultivated farmland with no trees along these waterways were the primary focus of this work. So 
far, after three years of funding were acquired, 24 private landowners have participated, and 90 000 
trees on 300 acres were planted. 

keywords:  riparian buffers, beneneficial management practice (BMP) adoption, water quality
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innovAtive Agroforestry designs: eCobUffers

Bill Schroeder1, Dan Walker1, Garth Inouye1, Laura Poppy1 and Janna Lutz1

1Agriculture and Agri-Food Canada (AAFC), Agroforestry Development Centre, Indian Head, 
Saskatchewan, Canada  

Contact: laura.poppy@agr.gc.ca

Abstract: The predominance of large scale agriculture on the Canadian prairies and the introduc-
tion of precision farming technology has led to a noticeable reduction in habitat of marginal lands 
adjacent to agricultural fields.  Removal of existing shelterbelts and a reduction in the number of 
new shelterbelt plantings is also partially a product of increased field and farm implement size.  
While improved land management techniques such as zero tillage can help mitigate the negative 
impact of the loss of shelterbelts, the positive functionality of agroforestry systems cannot be ad-
equately replaced by monocultural farming practices. It is therefore important to target research 
and development on new agroforestry designs that will fit into modern farming practices.  The 
AAFC Agroforestry Development Centre is conducting research and development on new multi-
functional tree planting designs, particularly along field boundaries and riparian zones. The func-
tion of the new designs is for multiple purposes including enhancing biodiversity and water quality, 
conserving soil, biomass production, sequestering carbon and providing economic returns.  Three 
alternative planting designs are being evaluated and demonstrated for their ability to be success-
fully integrated into current farming systems; ecological buffers (ECOBUFFERS), forest belts 
and willow buffers.  Ecobuffers are a narrow, densely mixed shelterbelt that use native species to 
mimic natural hedgerows in design and function.   Forest Belts are multi species in design, based 
on traditional plant spacings and willow buffers consist of multiple linear rows of willow cuttings 
planted in a dense arrangement along riparian areas acting as effective interceptors of nutrients and 
a source of renewable on farm bio-energy. Only ecobuffers will be addressed in this paper.

keywords: ecological buffer, new shelterbelt designs, multi-functional, native species, natural 
hedgerows, habitat, biodiversity, agroforestry design

BACKGROUND

The predominance of large scale agriculture and the introduction of precision farming technology 
has led to increased field size and a noticeable reduction in marginal habitats within and adja-
cent to agricultural fields. This has occurred mainly at the expense naturally occurring hedgerows, 
woodlots and wetlands. In some regions where conservation tillage has reduced the threat of wind 
erosion there has been removal of planted shelterbelts with the objective of increasing field size to 
facilitate the use of large equipment. An impact of the implementation of these production system 
changes is that the role of shelterbelts and hedgerows in agricultural may need to be re-defined 
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with a conversion to a multi-purpose function that considers carbon sequestration, land and water 
protection and biodiversity enhancement.

It is well documented in the literature that woody hedgerows, wetlands and small wooded areas 
present important refuge for native flora and fauna. In Canada three types of woody field bound-
aries can be found 1) planted shelterbelts, normally consisting of a single row of one species, that 
were primarily planted for wind erosion control 2) natural woody hedgerows such as those remain-
ing from larger cleared woodlands and left to grow naturally between fields and 3) herbaceous 
fencerows with few trees and scattered shrubs. The third type is the most commonly found field 
edge feature found in agricultural landscapes. In the Canadian prairies over 160,000 hectares of 
shelterbelts, predominately the species caragana and green ash, have been planted since the early 
1900’s (Schroeder et al. 2008). 

The AAFC Agroforestry Development Centre has been conducting research to develop alternative 
tree planting designs particularly for field boundary planting with the purpose of enhancing biodi-
versity, conserving soil, protecting water quality and sequestering carbon. Multi-species/row shel-
terbelts have been used in the United States (Baer 1986) and Europe (Schroeder and Kort 1989) 
with success. The goal of these plantings was to establish a narrow, dense shelterbelt that captured 
the site quickly reducing the need for long term weed control. Considering the advantages pre-
sented by mixed species shelterbelt designs used in other regions, our goal was to develop a design 
that resembles natural hedgerows and establishes quickly and will develop into a biologically di-
verse buffer. The field boundary design being researched by the Centre has been given the descrip-
tive name of Ecological Buffer (Ecobuffer). Ecobuffers are multiple rows of a variety of trees and 
shrubs in a mixed planting arrangement of trees and shrubs. Ecobuffers could be located anywhere 
a traditional shelterbelt would be planted or a natural hedgerow may have existed. They can also be 
used to supplement or rehabilitate existing natural hedgerows or to connect natural habitats such 
as a wetlands, riparian zones or wooded area. In addition to their ecological function, Ecobuffers 
could provide a source of wood and non- timber forest products (i.e. fruit, mushrooms).

The fundamental design considerations of Ecobuffers are:

Consists of a variety of species with different characteristics i.e. thorns, suckering, fast and •	

slow growth, fruiting production, varying flowering periods;

Trees and shrubs have variable tree and shrub heights to create a layered structure;•	

Includes both fast and slow growing trees;•	

Includes a minimum of 4-5 shrub species.•	

Every 6•	 th plant is a long-lived tree

A variety of tree and shrub species can be used in Ecobuffers, species choice depends on the 
region and what grows naturally in the area. 
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     Trees 

Mature height greater than 10-20 meters– 

A mixture of long an moderate lived species – 

Comprises 30 percent of plants in the buffer– 

Possible species include: ash, spruce, maple, oak, hackberry, basswood, pin cherry, pop-– 
lar, aspen, willow, alder, mountain ash

Shrubs

Mature height of 1 to 5 meters– 

Form future understory of the Ecobuffer– 

Comprises 70 percent of plants in buffer– 

Possible species include: choke cherry, buffaloberry, dogwood, hawthorn, highbush cran-– 
berry, native plum, American plum, red elder, willow, nannyberry, hazelnut, snowberry, 
rose, wolf willow, potentilla, spiraea

Shorter flowering species are planted on outer rows– 

– 

PROJECT OBJECTIVES

1. Compare environmental impact of multi-species Ecobuffer design to traditional multi-row 
shelterbelt design

2. Determine growth and development of tree and shrub species planted in Ecobuffers

3. Provide guidelines for species composition and arrangement in an Ecobuffer design.

METHODS

In the spring of 2004, an Ecobuffer was established using a variety of species arranged in five rows 
spaced 2.5 meters apart and with 1 meter spacing within the row. Every sixth tree in each row was 
a tall, long-lived tree. The two outer rows included small shrubs and tall trees, whereas the three 
inner rows were comprised of tall trees, pioneer trees and tall shrubs. Species were selected for the 
Ecobuffer based on trees and shrubs found naturally in parkland, boreal or grassland ecoregions. 
For comparison, a conventional design with three species (caragana, green ash and white spruce) 
was included. The planting was arranged in a randomized complete block design with four 36 
meter long plots per replication.

Prior to planting, a pre-plant herbicide (trifluralin/metribuzin) was applied to the site. Trees and 
shrubs were machine planted. Weeds were controlled in year one using glyphosate applied with a 
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shrouded sprayer. At the end of the first growing season linuron was applied as an overall applica-
tion. No weed control was applied from year two onward.

After five growing seasons, six meter wide transects were set up across each buffer design treat-
ment. Height of all trees and shrubs in the plot were measured and the number of suckering plants 
with a root collar diameter greater than 7mm were counted.

RESULTS

Species characteristics, after five years is shown in Table 1. Three species rose, choke cherry and 
especially pin cherry showed strong root suckering tendencies. This characteristic has resulted 
in dense under story plant communities that have completely captured the buffer floor. Tree and 
shrub height varied according to species, however height differences of species between designs 
was not significant. The main difference between the traditional design and ecobuffer designs was 
species diversity woody plants density (Table 2). This is due to extensive suckering by shrubs in 
the ecobuffer designs. The ecobuffer designs averaged between 5,059 and 5584 plants per 100 
meters of buffer compared to 350 plants per 100 meters for the traditional design. The high density 
of plants in the ecobuffer did not affect growth or survival of the individual species.

table 1. Growth characteristics of trees and shrubs

 

 

Species

 

 

 Category

Design
Parkland Boreal Grassland Traditional

Height1 Suckers2 Suckers Suckers Suckers
Rose shrub 136 74 139 46 143 78 NP
Dogwood Shrub 151 0 152 0 NP3 NP
Buffaloberry shrub NP NP 222 4 NP
Hawthorn shrub 144 2 170 1 152 2 NP
Caragana shrub NP NP NP 181 0
Choke Cherry shrub 218 42 214 50 212 38 NP
Pincherry tree 250 153 257 181 230 186 NP
Aspen tree 230 4 248 1 215 2 NP
Green Ash tree 205 0 NP 201 0 187 0
Manitoba 
Maple tree 244 0 NP NP NP
White Spruce tree NP 49 0 NP 42 0

1 Height - centimetres 
2 Suckers – number 
3 NP – not planted 
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table 2. Plant density in buffer designs

Ecobuffer Design Trees/Shrubs planted 
per 100m (0.12 ha)

Trees/Shrubs present 
per 100m (0.12 ha)

Parkland 500 5059
Boreal 500 5084
Grassland 500 5584
Traditional 350 350

figure 1. Five year old Ecobuffer

 
 
 
 

KEY FINDINGS

Ecobuffers are structurally more complex than traditional multi-row shelterbelt designs. These 	
buffers provide superior habitat for birds, mammals and pollinating insects (Figure 1).

Tree and shrub growth and survival were not affected by the narrow spacings within the buffer 	
design.

The traditional shelterbelt design had a higher density of weeds than ecobuffers.	

Ecobuffers resulted in quick site capture eliminating the need for long term weed control	
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long-term Assessment of rUnoff And sediment trAnsPort 
from grAss And Agroforestry bUffers in Corn/soybeAn 

wAtersHeds Using APex

Anoma Senaviratne1, Ranjith P. Udawatta2, Stephen H. Anderson1  
and Claire Baffaut3

1Department of Soil, Environment and Atmospheric Science, University of Missouri  
2Center For Agroforestry, University of Missouri  

3USDA-ARS Cropping Systems and Water Quality Research Unit, University of Missouri   
Contact: gs2n8@mail.missouri.edu

Abstract: Existence of a claypan layer in soils at depths ranging from 4 to 37 cm restricts vertical 
water movement and has contributed significantly to high rates of runoff, sediment transport, and 
other non-point source loadings from croplands in watersheds.  The deposition of these pollutants 
in rivers, streams, and lakes has left more than half of them impaired with degraded water and 
damaged eco-systems.  A study conducted evaluating grass and agroforestry buffers in corn (Zea 
mays)-soybean (Glycine max) watersheds over a period of 19 years has shown significant reduc-
tions in runoff, sediment, and nutrient loadings compared to the control watershed.  The present 
study aimed to investigate the specific effects of grass and agroforestry buffers for optimum ben-
efits in runoff and sediment reductions from the watersheds through simulations using Agricultural 
Policy Environmental eXtender (APEX) model.  The APEX model was calibrated and validated 
for runoff with measured data with coefficients of determinations (r2) ranging from 0.84 to 0.89, 
respectively. The r2 values for calibration and validation of the model for sediment transport were 
0.65 and 0.66, respectively. The calibrated and validated model was used to simulate 20 years of 
runoff and sediment transport.  The inclusion of agroforestry buffers showed a 25% reduction in 
sediment yield and an 8% reduction in runoff compared with the control watershed.  The APEX 
model appears to reasonably simulate the watersheds with agroforestry and grass buffers; however, 
there is a need to upgrade for specific tree species within the buffers which is currently absent in 
the model.  The upgraded model is anticipated to predict long-term benefits, buffer configurations, 
and placement of buffers for maximum reductions of runoff, sediments, and nutrients.

keywords: APEX model, watershed, agroforestry buffers, grass buffers NPSP
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seCtion 2

Bioenergy
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switCHgrAss estAblisHment sUCCess And PHotosyntHetiC 
PerformAnCe in An interCroPPed forestry system 

 on tHe lower CoAstAl PlAin of nortH CArolinA

Janine Albaugh1, John King2, Eric Sucre3 and Zakiya Leggett3

1North Carolina State University  
2North Carolina State University and University of Antwerp 

3Weyerhaeuser Company 
Contact: Janine_Albaugh@ncsu.edu

Abstract: There is growing interest in the use of switchgrass (Panicum virgatum L.) as a biofuel 
crop; however, there are limited data on the establishment success and photosynthetic rates of 
this species when grown as an intercrop on the Lower Coastal Plain of North Carolina. A long-
term bioenergy study was established in this region to determine the effect of intercropping with 
switchgrass on site productivity and sustainability in a loblolly pine plantation. Treatments con-
sisted of pure switchgrass plots and those where switchgrass was intercropped with pines. Pine 
trees were planted in the winter of 2008, and the switchgrass was planted in the summer of 2009. 
Light-saturated photosynthetic rates (Asat) and establishment success of the switchgrass were 
measured over the growing season from May to October 2010. Maximum leaf-level Asat across 
all treatments occurred in July (32 µmol m-2 s-1), and declined to a minimum in October (18 µmol 
m-2 s-1). Establishment success of the switchgrass was quantified in terms of height, biomass and 
leaf area index. Measurements in the pine-switchgrass intercrop treatments were based on a strati-
fied random sampling design, where the distance of each measurement point from the nearest pine 
row was recorded. There was no significant effect of distance from the pine row on any of the 
switchgrass growth parameters measured. However, we anticipate a shading effect over time that 
may limit switchgrass growth as the pines grow taller. The pure switchgrass plots performed bet-
ter than the intercropped treatments, possibly due to differences in site preparation: intercropped 
treatments were V-sheared, whereas the switchgrass-only plots were V-sheared and root raked. At 
the end of the growing season, the pure switchgrass was taller than the intercropped treatments 
(114 cm versus 97 cm, respectively), had the highest leaf area index (3.3) and had accumulated the 
most biomass (5.2 Mg ha-1).

keywords: panicum virgatum, biofuels, bioenergy, intercropping
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estAblisHing Alley CroPPing systems for ProdUCing 
switCHgrAss And Cottonwood As biofUel feedstoCks  

on mArginAl AgriCUltUrAl soils of tHe lower 
 mississiPPi AllUviAl vAlley

Michael Blazier1, Hal Leichty2, Matthew Pelkki3, Chuck West3 and Wink Alison1

1Louisiana State University AgCenter  
2University of Arkansas Monticello;  

3University of Arkansas;  
Contact: mblazier@agcenter.lsu.edu

Abstract: In winter 2009, a research and extension project was initiated to explore the potential 
of eastern cottonwood (Populus deltoides) and switchgrass (Panicum virgatum) for producing cel-
lulosic biofuel feedstocks on marginal soils in the Lower Mississippi Alluvial Valley.  Pure plant-
ings of cottonwood and switchgrass were compared to alley cropping systems (composed of 67% 
cottonwood+33% switchgrass or 33% cottonwood+67% switchgrass) and conventional cropping 
rotations for the region (soybean-sorghum).  These cropping systems were established on retired 
agricultural fields in northeast Arkansas, southeast Arkansas, and northeast Louisiana.  Switch-
grass has been established at two of these locations, but soil conditions have limited establishment 
success at the southeast Arkansas location.  Cottonwood has been established at all locations, but 
drought and soil conditions have substantially reduced its productivity at the northeast Louisiana 
site.  First-year average cottonwood biomass ranged from 11.7 to 249.7 kg/ha among the sites, 
with cottonwood clones from east Texas and Louisiana having generally higher average biomass 
than a clone from Mississippi.  Switchgrass biomass yield (at a 15-cm cutting height) ranged from 
2,625 kg/ha in Louisiana to 4,858 kg/ha in northeast Arkansas.   Carbon and nitrogen contents of 
soil and biomass were evaluated in 2009; in 2010 nitrogen concentrations of soil water and small 
mammal abundance were assessed for each vegetation type.  Results of these assessments will be 
presented in addition to a discussion of the site factors that inhibited establishment and productiv-
ity of cottonwood and switchgrass at these sites with marginal soil quality.

keywords: carbon, nitrogen, cellulosic biofuel
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loblolly Pine-switCHgrAss Alley CroPPing system  
for biofUel feedstoCk ProdUCtion in loUisiAnA

Terry Clason1 and Michael Blazier2

1USDA / NRCS 
2Louisiana State University Agricultural Center 

Contact: terry.clason@la.usda.gov

Abstract: Establishing switchgrass as the ground-cover component of pine plantations can enhance 
land productivity by conserving natural resources and providing an expanded array of marketable 
commodities.  Ground-cover vegetation alters surface water flow patterns, increases soil infiltra-
tion rates, reduces soil erosion and enhances water quality.  Vigorous switchgrass ground- cover, 
which can be maintained with minimum nutrient supplementation, could create a carbon sink 
resulting in biofuel production, soil carbon sequestration, potential livestock forage, and wildlife 
habitat.  In Louisiana, five-year annual dry biomass yield for switchgrass in a thinned 20-year-old 
loblolly pine plantation averaged 700 kg/ha, and root mass increased significantly to a 30 cm soil 
depth. Cropping switchgrass in pine plantations could result in carbon sinks capable of sequester-
ing 2,210 kg/ha, annually.  In Louisiana, annual biomass yields are being evaluated in juvenile, 
mid- and late-rotation loblolly pine stands planted in retired pastures.  Treatments established in 
each stand were  (1) a low density pine overstory with switchgrass in tree-row alleys, (2) a high 
density pine overstory with switchgrass in alleys, (3) switchgrass without pine overstory, and (4) a 
low density pine with no ground cover.  The juvenile stand was planted in January 2007 at densities 
of 560 and 1,120 TPH, mid-rotation stand (age 11) averaged 570 TPH and the late-rotation stand 
(age 21) averaged 127 TPH.  The mid- and late-rotation stands were thinned in 2007 to create 
the appropriate overstory stocking.   Existing ground-cover was removed in the fall of 2007, and 
Alamo switchgrass broadcast seeded at 11.2 kg/ha in spring 2008. Average stem wood removed 
during the thinning operation was 5,250 kg/ha and the harvest residue was 1,600 kg/ha.  Two-year 
annual residual stand stem-wood growth for all overstory treatments was 2,760 kg/ha.  Switch-
grass yields in 2009 varied by treatment, averaging 410, 500 and 410 kg/ha for treatments 1, 2, and 
3, respectively.

keywords: switchgrass, alleycropping, biofuel, loblolly pine
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wAter QUAlity imPliCAtions of ProdUCing  
biomAss CroPs in riPAriAn bUffers

Michael Dosskey

USDA Forest Service  
Contact: mdosskey@fs.fed.us

Abstract: Scientists have suggested that biomass crop production in riparian buffers can simul-
taneously produce biofuel feedstock and improve water quality performance. This win-win hy-
pothesis, however, hinges on whether the landowner chooses to maximize biomass yield or not. 
Biomass harvesting can enhance the nutrient trapping function of the buffer by exporting nutrients 
contained in the biomass and restoring vigorous nutrient-accumulating plant growth. However, 
nutrient scavenging by the biomass crop will be diminished if fertilizer is applied for increasing 
biomass yield. Maximum yield of herbaceous biomass crops is indicated when fertilizer N is ap-
plied at rates as high as 200 kg N/ha/yr beyond the amount of N that would be exported in the 
biomass crop. Woody crops appear to respond similarly. Excess nutrients are likely to leach and 
further degrade water quality. Pesticide application to buffers for controlling insects and diseases 
carry additional water quality risks. Water quality benefits from growing biomass crops in riparian 
zones will not accrue without constraints placed on production practices.

keywords:  biofuel feedstock, riparian forest buffer, water quality,
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ProdUCing liQUid trAnsPortAtion fUels  
from lignoCellUlosiC biomAss

Roger Hilten, Richard Speir, Jim Kastner and K.C. Das

Biological and Agricultural Engineering, University of Georgia 
Contact: rog@uga.edu

Abstract: Fast pyrolysis, anoxic heating of materials at heating rates approaching 1000 °C s-1, 
is a commonly-used process to generate bio-oil, a combustible liquid fuel, from lignocellulosic 
biomass.  However, bio-oil is unsuitable as transportation fuel due to poor fuel properties (e.g. 
high water content, low energy density, high acidity) and instability during storage.  In this study, 
bio-oils were initially generated in circulating fluidized bed (CFB) reactor at 400, 500, and 600 

°C using pine wood biomass as the feedstock.  Various upgrading techniques were used in attempt 
to improve bio-oil quality and stability including reactive condensation, ex-situ catalytic cracking, 
and hydrotreatment.  Oil quality was assessed in terms of energy density, water content, acidity 
and viscosity relative to conventional hydrocarbon fuels.  An accelerated aging procedures was 
used in the study to quickly assess oxidative stability of bio-oils.   In each upgrading scenario, 
bio-oil showed significant improvement in stability relative to untreated fast pyrolysis bio-oil. In 
addition, high heating value, water content, and acidity were all improved after processing.

keywords: fast pyrolysis, bio-oil, catalytic cracking, hydrotreatment, stability
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gAsifiCAtion of torrefied forest biomAss

Sudhagar Mani1, Brian Bibens2, KC Das1 and Jim Kastner1

1Biological & Agricultural Engineering, University of Georgia  
2KiOR Inc., Pasadena, TX 

Contact: smani@engr.uga.edu

Abstract: Torrefaction is a process of thermally pre-treating biomass at temperatures ranging from 
200-300oC under anoxic condition. During this process, most of the hemi-cellulose and other 
highly reactive compounds present in the biomass were decomposed and resulted in a brittle and 
coal like energy dense material. The torrefied biomass can potentially be used to cofire with coal 
and gasify to produce power and liquid fuels efficiently. In this study, we have investigated the 
impact of biomass torrefaction on the syngas yield (carbon monoxide & hydrogen) and tar com-
positions during gasification using a pilot scale fixed bed gasifier (10 kg/h). Torrefied biomass 
generated at various temperatures (250, 275 & 300oC) was used to gasify under controlled operat-
ing conditions to measure syngas yield and tar compositions. The experimental investigation on 
gasification of torrefied biomass showed significant reduction in concentration of tar in the syngas 
and varied syngas composition. Gasification of torrefied forest biomass has a potential to produce 
high quality clean syngas that can be directly used for thermal energy generation or for generating 
liquid transportation fuels through catalytic conversion or fermentation platforms.

keywords:  pilot scale testing, syngas yield, torrefied wood chips, tar composition
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growing woody biomAss for bioenergy in soUtHern  
ontArio, CAnAdA - A CAse stUdy Using  

tree-bAsed interCroPPing

Rémi Cardinael1,  Naresh Thevathasan2, Andrew Gordon2, Rachelle Clinch3  
and Idris Mohammed2 

1AgroParisTech, Paris, France
2School of Environmental Sciences, University of Guelph, ON, Canada

3Golder Associates Ltd., Mississauga, ON, Canada
Contact: Naresh.Thevathasan@uoguelph.ca

Abstract: During the spring of 2006, three willow varieties from SUNY-ESF (SV1, SX67 and 
9882-41) were established on a marginal land in an agroforestry tree-intercropping arrangement 
where plots of short rotation willow were planted between rows (spaced 15 m apart) of 20-year-old 
mixed tree species.  As a control, the same varieties were established on an adjacent piece of land 
without established tree rows. The study investigated the distribution of carbon and nitrogen pools, 
fine root biomass and clone yields in both tree-based intercropping (agroforestry) and  convention-
al monocropping systems. Willow biomass yield was significantly higher in the agroforestry field, 
4.86 and 3.02 odt ha-1 y-1 for the agroforestry and control fields, respectively. SV1 and SX67 had 
the highest yields and 9882-41 had the lowest. Willow fine root biomass in the top 20 cm of soil 
was significantly higher in the intercropping system (3000 kg ha-1) than in the conventional system 
(2500 kg ha-1). Differences in fine root biomass between clones followed the same order that was 
observed for differences in biomass yield: SV1>SX67>9882-41. Leaf input was higher in the in-
tercropping system (1900 kg ha-1) than in the monocrop system (1700 kg ha-1). Clonal differences 
in leaf inputs followed the same trends as those for root biomass and yield: SV1>SX67>9882-41. 
Soil organic carbon was significantly higher in the agroforestry field (1.94%) than in the control 
field (1.82%). A significant difference was found between the three clones; 9882-41 had the lowest 
soil organic carbon of 1.80%. In December 2009, both fields were harvested (1st cycle) with An-
derson bio-baler harvester. Harvesting process and bale yield data, harvest moisture content, field 
drying and loss of moisture etc. will also be discussed.

keywords: Willow, woody biomass, bioenergy, agroforestry

INTRODUCTION

A general principle of tree-crop complementarity is to grow trees with crops that each takes advan-
tage of spatially- or temporally-separated resources (Gordon and Newman 1997, Ong and Huxley 
1996). Given the potential for competition between intercropped tree rows and crop plants, it is 
important to maximize complementary interactions and minimize any competitive interactions 
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(Thevathasan et al., 2004). One way to achieve this is by understanding parameters such as the 
minimal distance required between intercropped tree rows and crop plants to avoid significant 
competition for light and nutrients. 

Results from experiments conducted at the University of Guelph Agroforestry Research Station 
(GARS) over the last 24 years suggest two distinct zones across a 15 m wide tree-intercropping 
alley with temperate mixed species. The first zone – the competitive zone – is the area within 2 
m of tree rows. The second zone – the complementary zone – is the remaining area in the centre 
of the alley, which is 11 m wide. The competitive zone is characterized by direct competition 
for nutrients, moisture and light. The complementary zone is characterized by favorable growing 
conditions, where the following processes are enhanced: nutrient cycling, nitrogen mineralization, 
soil organic carbon addition, earthworm activity, low soil temperature, higher moisture availability 
through less evapotranspiration and carbon assimilation (Reynolds et al. 2007, Thevathasan and 
Gordon 2004, Clinch et al., 2009). The two zones are depicted in Figure 1.

The Ontario greenhouse industry, worth about US$ 2.3 billion per year, is seeking alternative en-
ergy sources to oil and natural gas since about 25% of the operating costs for greenhouses are for 
heating (Picchi et al., 2006). Emissions from greenhouses are currently unregulated, but if emis-
sion standards and/or carbon trading strategies come into play, a move towards cleaner bioenergy 
from Short Rotation Woody Crops (SRWC) and other wood residues would become economically 
attractive. Given this recent demand for alternative green energy source by the Ontario greenhouse 
industry, this study was design to investigate the potentials and possibilities of growing hybrid 
willow crops in the complementary zone in order to maximize woody biomass production for bio-
energy in a tree-based intercropping system in southern Ontario, Canada.  

	  

Competitive Zone  Complementary Zone  
  nitrogen availability 
  soil organic carbon 
  earthworm activity 
  soil temperature 
  evapotranspiration 

  soil moisture 
  light 
  nutrient availability 

15 m 
Competitive  Zone 

Competitive  Zone 

Complementary Zone 
2 m 

11 m 

Figure 1.Schematic showing the competitive and the complementary zones in the tree-based 
intercropping field at the GARS, Guelph, Ontario, Canada 
	  

figure 1.
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MATRIALS AND METHODS

field location and design
The experimental field sites were located at the University of Guelph’s Agroforestry Research 
Station in Guelph, Ontario (latitude 43° 32’ 28” N, longitude 80° 12’ 32” W).  The soils were 
classified as Gray Brown Luvisols with a fine sandy loam texture. Willow plots were located in 
two fields, one with tree-based intercropping (agroforestry field), and one without trees (the con-
trol/monocrop field). The area of the agroforestry field used for this study consisted of 20-year-
old mixed tree species (predominantly Juglans nigra L. with some Quercus rubra L., Fraximus 
Americana L. and Robinia pseudoacacia L.) planted in 370 m long rows with 6 m spacing 
between trees in a row, and 15 m width between tree rows (the crop alley or alleyway). Tree rows 
were oriented northwest to southeast. Willow plots were located within the alleyways between 
the large tree rows with a 2 m buffer on either side, placing them in the central 11 m of the al-
leyways (within the 11 m – wide complementary zone). The control field had no established tree 
rows, and plots were separated by at least a 2 m buffer.  
Plots of three willow varieties (Salix dasyclados SV1, S. miyabeana SX67 and S. purpurea 9882-
41), from SUNY-ESF, Syracuse, New York, were randomly arranged with four replications within 
each field, for a total of 12 plots in each field.  Plot dimensions were 10 m x 50 m with 5 double 
rows and alternating inter-row distances of 0.75 m and 1.5 m.  Spacing between cuttings in a row 
was 0.55 m, resulting in a planting density of approximately 20 000 stools ha-1.

soil characteristics

table 1. Summary of soil characteristics (0-20 cm depth) at the two field sites, Guelph, Ontario, 
Canada. [None of the measured soil parameters were significantly different between the two 
fields (t-test, p>0.05)]. Soil density was about 1.2g cm-3.

Field

Texture

Sand, Silt, Clay 
(%)

Carbon

Tot., In.org., Org (%) pH

Electrical Con-
ductivity (mS.m-1)

Agroforestry 51.1, 34.7, 14.2 3.15, 1.84,    1.31 7.4 95.8

Control 53.4, 33.0, 13.6 3.29, 1.86,    1.43 7.5 89.9

willow biomass yield
Two samples of four trees per plot were harvested, at about 10 cm above soil. The location was 
determined through randomization. The sample area was 3.105 m2. Willow biomass samples were 
oven dried at 65 0C for 5 days in order to obtain dry biomass yields.

willow root biomass
Four randomized core samples per plot were taken out in June, 2009 : two in the large inter-row 
(1.5 m) and two in the smaller inter-row (0.75 m). Each sample was divided in to four subsamples, 
in order to study the root distribution: 0-5cm, 5-10cm, 10-15cm, 15-20cm. Soil samples were 
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stored at 4°C until washing, in order to prevent root decomposition. Roots were washed out from 
soil manually using sieves and tweezers, and then dried in an oven at 65°C for 2 days.

willow leaf input
Forty-eight leaf litter traps were manufactured and put in the two fields. Two traps per plot were 
used, one in the larger inter-row and one in the smaller inter-row. The location was determined 
through randomization. The trap diameter was 30cm, and they were 50cm high. Leaves were col-
lected every two weeks, from June to November. Leaves collected from June 5th to September 11th 
corresponded to a leaf turnover during the growing season, whereas leaves collected from Septem-
ber 11th to November 20th corresponded to leaf drop during the fall season.

soil C determination
Soil samples were collected from 0 to 20cm depth and were analyzed for total C, inorganic and 
organic C using Leco CR-12 carbon analyzer. Sample preparation was done by adopting stan-
dard procedures as outlined in Carter and Gregorich, 2008.

statistical analysis
Analysis of variance  was conducted using PROC MIXED in SAS v.9.1 (SAS Institute, Cary NC, 
USA) with a Type I Error rate of α=0.05. 

RESULTS
willow biomass yield
ANOVA on willow biomass yield (Table 2) was significant between the two fields (Agroforestry > 
Control), and also between the three clones (SV1=SX67 > 9882-41), when both fields were ana-
lyzed together.

table 2.  Biomass yields of three willow clones, three years after coppice. Values represent least 
squares means. Same letters are not significantly different based on Tukey’s HSD test (p>0.05). * 
Field averages are significantly different (p<0.05).

field and Clone
willow biomass (odt ha-1 y-1)

(odt = oven dry ton)
Agroforestry 4.86  *
9882-41 2.82  b
SV1 5.64  ac
SX67 6.12  a
Control 3.02  *
9882-41 2.24  b
SV1 4.50  c
SX67 2.31  b
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willow root biomass
ANOVA on root biomass (Figure 2) was significantly different between the two fields (p<0.05). In 
the top 20cm of soil, root biomass was 3000 kg ha-1 in the agroforestry field, and 2500 kg ha-1 in 
the control field (planting density was about 20 000 stools ha-1).

Root biomass in SRWCs

kg/ha
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Agroforestry Field
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figure 2.  Willow root biomass distribution in the agroforestry field and monocropping field, 
three years after coppice in 2009, GARS, Ontario, Canada.

leaf biomass inputs to soil
ANOVA on leaf litter inputs (Figure 3) throughout the season was found significantly different 
(p<0.05) between the tested fields.  In the agroforestry field, willow leaf input was about 2000kg 
ha-1, and was about 1700kg ha-1 in the control field, from June to November. But in the agroforestry 
field, there was also a leaf input from the larger intercropped trees, estimated at about 450kg ha-1 
y-1 (this estimation does not represent the total leaf input from these trees, but represents leaf input 
collected within the sample plots, 2m to 6m from the tree row).
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figure 4. Anderson biobaler harvester in operation, GARS, southern Ontario, Canada

The average wet bale weight was around 350 kg with moisture content of 52%. The bales were left 
in the field for winter drying during the winter of 2010 and were transported to a pelletizing plant 
in May 2010. At the time of transportation the bales were at about 10 to 12% moisture content. 
The bale harvest rate was about 31 bales per hour. The biobaler should be operated with a tractor 
having a minimum power of 100 kW. 

DISCUSSION

Tree-based intercropping is one of the temperate agroforestry land-use systems. During the early 
stages of temperate intercropping, annual crops are grown in the alleys. As the trees mature and 
light become a limiting factor due to shading, shade-tolerant crops should be introduced in the 
alleys. Due to the current interest in biomass for bioenergy, in this study, we introduced and pro-
moted willow as an alternative crop to be successfully grown in the alleys of mature (25 years) 
tree-based intercropping systems. This is also a new temperate agroforestry concept - trees within 
trees - but willow is considered as a crop due to the short harvest cycle of three years.

As discussed in the introduction, past studies (Thevathasan and Gordon, 2004, Reynolds et al., 
2007, Clinch et al., 2009) in the agroforestry test site clearly demonstrated complementary growth 
promoting interactions in the middle of cropping alleys as influenced by the presence of mature 
trees along the tree rows (Figure 1). It appears that these growth promoting interactions or pro-
cesses have positively enhanced willow biomass yield in the agroforestry site when compared to 
monocropping site (Table 2). Significantly higher biomass yield in the agroforestry has also pro-
portionally resulted in significantly higher root and leaf biomass inputs to the soil (Figures 2 and 
3) in the agroforestry than recorded in the monocropping or control site. This enhanced addition 
of biomasses in the agroforestry did significantly increase the soil organic carbon by 48% in the 
agroforestry site but only 27% in the monocropping site when compared with baseline soil organic 
carbon values for both sites (Table 1). 

Given the current political will and climate change mitigation strategies promoting bioenergy, 
Short Rotation Woody Crops (SRWC) production in mature tree-based intercropping systems in 
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the temperate region could be a viable option. In order to scale-up such SRWC systems in the tem-
perate region, infrastructure (planters, harvesters, conversion technologies etc.) needed to support 
such systems in the temperate region should be developed. In this context, it is encouraging that 
Canada has now produced its first commercial willow harvester.
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sHort rotAtion CoPPiCe in Post-mining lAndsCAPes–  
A Promising lAnd Use system for biomAss ProdUCtion  

in mArginAl regions
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1Brandenburg University of Technology  
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Abstract: In the European Union the challenge of climate change and dwindling fossil energy 
resources has resulted in serious efforts to promote renewable energy sources. A promising option 
of biomass production for bioenergy generation are short rotation coppices (SRC) of fast growing 
trees such as willow (Salix spp.), poplar (Populus spp.) or black locust (Robinia pseudoacacia L.). 
Typically, the trees in SRC are planted at high densities of up to 12000 trees per hectare and are 
harvested every 3-6 years. The utilized plants are able to resprout what allows SRC to be run for 
20-30 years till yields decline. In the opencast lignite mining district of Lower Lusatia in northeast 
Germany large areas of marginal soils are produced by the ongoing mining activities. Establishing 
short rotation coppices on these sites seems to be a promising option to support site reclamation by 
improving soil quality, to produce woody biomass for bioenergy production and, simultaneously, 
enabling the farmers to get some more benefit from these post-mining areas where crop yield is 
generally low and conventional land use systems often fail in terms of reliable and efficient crop 
production. Field studies conducted on reclaimed mine sites with different clones of willow, poplar 
and provenances of R. pseudoacacia in the Lusatian mining district resulted in highest average 
above ground dry matter productivities of up to 10 Mg ha-1 yr-1 for R. pseudoacacia. The presented 
results show that R. pseudoacacia being best adapted to the low-fertile sandy substrates and the 
prevailing low precipitation regime, concluding, that SRC with this tree species may be beneficial 
land use systems for marginal post-mining landscapes for both biomass production and improving 
soil quality due to humus accumulation.

keywords: agroforestry, short rotation coppice, Robinia pseudoacacia L., carbon sequestration, 
Land reclamation, soil quality, open cast lignite mining, bioenergy
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lAndowner ConstrAints to tHe AdoPtion  
of PerenniAl biofUel CroPs

Candi Schulman1, David Smith2, Dean Current3, Linda Meschke4  
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Abstract: With the growing interest in renewable energy and biomass crops for energy production, 
a number of perennial biomass crops have been proposed that have the capacity to improve water 
quality, wildlife habitat and sequester carbon providing viable feedstocks for energy production 
while delivering ecosystem services.  Although many such systems including innovative new agro-
forestry systems hold promise for promoting more sustainable landscape level change, that change 
will not occur unless landowners are willing to adopt these new systems. Currently most rural land-
owners make a livelihood by producing commodity crops which they are well trained to produce 
and that have a buiit in government support system.  Landowners adopting perennial crops often 
need training to be able to manage those crops, face uncertain markets and, until recently had little 
government support to try these alternative crops.  The University of Minnesota is undertaking a 
survey of landowners - owner operators as well as landowners who rent their cropland to others 
to try to understand what constraints they perceive to adopting alternative woody and herbaceous 
biomass crops.  Surveys will be sent out to roughly 1,000 landowners in a largely agricultural 9 
county area in the Minnesota River Basin.  This presentation will include the preliminary results 
of the landowner survey.

keywords:  biomass, bioenergy, adoption, landowners, absentee, owner-operator, constraints
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ComPArison of Agroforestry sPeCies for woody  
biomAss ProdUCtion

John Kort, Camille Herouard and Chris Stefner

Agroforestry Development Centre, Agriculture and Agri-Food Canada, Indian Head,  
Saskatchewan, Canada.  

Contact e-mail:John.Kort@agr.gc.ca.

Abstract: The use of woody biomass is increasing in North America as the economics of fossil 
fuels change and concerns about climate change grow.  Salix spp. and Populus spp. have been 
considered to be best for biomass production in temperate regions because of their fast growth. 
However, there exists little information about other temperate tree and shrub species, including 
those that are commonly used in western Canada for agroforestry. To determine the potential of 
such species for biomass production, eighteen commonly used agroforestry species were studied, 
including Salix and Populus clones for comparison. Characteristics that were analyzed included 
leaf and shade development, drought and cold tolerance, timing of growth, ability to regenerate 
after coppice and the frequency of harvest. Nine of the most promising species were further stud-
ied in 2010 for photosynthetic rate, light interception and carbon partitioning. This work was con-
ducted by Camille Herouard as a Master’s project for the École Supérieure d’Agriculture of An-
gers, France. Results will be presented, with a particular focus on the most promising species. For 
example, red elder (Sambucus racemosa) was found to re-grow very quickly in the year after cop-
pice, with aboveground biomass production comparable to acute willow (Salix acutifolia). How-
ever, biomass growth was less in the second year, partly due to heavy fruit production, suggesting 
annual coppicing would be advisable. Buffaloberry (Shepherdia argentea) and pincherry (Prunus 
pensylvanica) also performed well when harvested at longer intervals. It was not the purpose of 
this work to identify the fastest-crowing species, as it is clear that willows and poplars have the 
greatest potential for dedicated woody biomass plantations. Rather, the purpose was to understand 
the productivity of adapted native, multi-purpose woody species, with a view to developing recom-
mendations for their sustainable use as woody biomass sources in agroforestry systems.

keywords: coppice, LAI, photosynthesis
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INTRODUCTION

In Canada, the Program of Energy Research and Development (PERD) is a federal, interdepart-
mental program operated by Natural Resources Canada (NRCan), whose aim is to fund research 
and development for a sustainable energy future for Canada. One of its research themes concerns 

“purpose-grown woody biomass production”.

 The purpose of the research described here is to evaluate the potential of different species to grow 
woody biomass in order to develop agroforestry systems for biomass production and to focus on 
woody species that are native to the Canadian prairies. The species were evaluated in terms of 
the physiological and phonological characteristics that contribute to their suitability for biomass 
production. Seven species have been identified, all native from the prairies, useful in agroforestry 
systems, and fast-growing. Their potential to grow and produce woody biomass will be studied 
and compare with willow and poplar, two genus often used in biomass production systems. As 
biomass production is closely related to photosynthesis rate and efficiency, photosynthesis of each 
of these species will be carefully analysed.

One of the important characteristics measured in 2010 was photosynthetic capacity. Photosyn-
thetic rate varies among tree species, individuals, and provenances (Pallardy, 2008). The efficiency 
of photosynthesis is closely related to physiological and genetic characteristics of leaves: their 
efficiency of using light to produce carbohydrates, their biochemical composition, their stomatal 
behaviour, their structure, quantity, distribution, duration, etc. These factors are different among 
species but can also vary within species, between individuals or clones (Pallardy, 2008). These 
characteristics are mostly genetic but also depend on environmental conditions, which ultimately 
determine the plant’s ability to convert light into carbohydrates (Green et al., 2001; Cannell et al., 
1987). 

Biomass production was one of the critical characteristics considered. The carbon allocation pat-
tern differs for different species – the distribution of carbohydrates for different processes such 
as respiration, growth and reproduction, and between various structures of the plants – the roots, 
leaves, stems and reproductive organs (Kozlowski et al., 1991) and the movement of carbon from 

“sources” to “sinks” (Pearcy et al., 1991). In trees, age and time of year influence dry matter par-
titioning. In young trees, a very high proportion of photosynthates are used in leaf production. In 
older trees, the dry weight is mostly concentrated in the main stem and proportionally less in the 
crown and root system. New roots and new leaves are the main sinks for photosynthates in spring, 
but the development of fruits and seeds become stronger sinks later in the year (Kozlowski et 
al., 1991). For wood production, the maximum of carbohydrates should gather in wood avoiding 
losses in others organs.

 Coppicing or periodic cutting of the tree crown is a harvest practice of importance in woody 
biomass production because it permits rapid regrowth from established roots without the need 
for costly field preparation and replanting. Trees can be coppiced at predetermined intervals, de-
pending on species ability to withstand repeated harvests. Species or clones with good or excellent 
coppicing ability are found within Salix, Populus, Robinia, Eucalyptus, Alnus and Betula (Mitch-
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ell et al., 1992). Willow, one of the main species used in short rotation forestry, can be coppiced 
repeatedly in a rotation of 3 to 5 years, during 20 to 25 years (Mitchell et al., 1992). Its average 
biomass production is in between 10 to 12 tDM.ha-1.yr-1, and for poplar it is in a range between 10 
and 15 tDM.ha-1.yr-1 (Vande Walle et al., 2007).

Combining the concepts of canopy development – its leaf area and duration – with the question 
of photosynthetic efficiency we set out two basic hypotheses: 1) That a good canopy development 
and long canopy duration will improve light interception and result in more biomass production 
and 2) That species with high photosynthetic rates have a greater potential to produce biomass. 

Through these two hypotheses, we assumed that high biomass potential would be represented 
by: high Leaf Area Index (LAI), high Leaf Area Duration (LAD), high CO

2
 uptake rate and high 

aboveground wood allocation (compared to other components). The objective was not to identify 
the only one best species. All of them have potential under different conditions. The objective of 
this study is therefore to identify the conditions and management under which these species may 
be suitable.

Allometric relationships that relate biomass to an easily measured parameter such as height or stem 
diameter are important in order to facilitate quick, non-destructive ways of determining plant bio-
mass. For straight and single-stemmed trees, height and stem diameter are both closely correlated 
with stem volume (Stewart et al., 1992). For shrubs, diameter measurements are preferred since 
the correlation between tree height and biomass is often poor. Good correlation has been shown 
between biomass and diameters at 15, 55, 85 or 105 cm height (Roussopoulos et al. 1979; Nordh 
et al. 2003).  The simplest allometric equation used to predict biomass (W) from stem diameter 
(D) is: W=aDb. In this equation, a and b are parameters related to clone or species and age (Smith 
et al., 1983).

MATERIALS AND METHODS

species and site

The nine species in Table 1 are all well adapted and suitable to use in agroforestry systems in the 
Canadian prairies and were evaluated in this study. The trees/shrubs for the study were in two sites 
at the AAFC-AESB Agroforestry Development Centre in Indian Head, Saskatchewan. 

table 1. List of species evaluated for biomass production

Common Name Abbr. Latin Name

Manitoba maple MM Acer negundo L.
Red-osier dogwood DW Cornus sericea L.
Green ash GA Fraxinus pennsylvanica Marsh.
Walker poplar WP Populus hybrid ‘Walker’
Pincherry PC Prunus pensylvanica L.
Choke cherry CC Prunus virginiana L.
Acute willow AW Salix acutifolia Willd.
Red elder RE Sambucus racemosa L.
Silver buffaloberry BB Shepherdia argentea Nutt.
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At the Horsman Site, green ash (GA), Walker poplar (WP), Manitoba maple (MM), pincherry (PC), 
choke cherry (CC), buffaloberry (BB) and dogwood (DW) were established in the spring of 2003 
and have been used since then for coppice trials. As the last harvest was done in the fall of 2007, 
the plants in 2010 were in their third growing season. The species are closely spaced (0.5 m) in 
5-plant plots in 20 rows with 2.5 m between-row spacing. The species are randomly replicated 
throughout the site. The soil is a medium-textured, slightly saline loam.

At the V5 Site, red elder (RE) and acute willow (AW) were planted in 2008 for this biomass study. 
They were in their third years of growth, and had not been coppiced before. They are in square 
5-plant by 5-plant plots with 1 m X 1 m spacing. Ten individual plants were selected in two of the 
most successful plots for evaluation. The soil is a moderately fine-textured clay loam.

monitoring phenology

Budburst, flowering and fruit development was monitored on ten individual tree/shrubs of the nine 
species. The observations were done three times per week from April to August. For budburst, the 
stages were: dormant (0) > activated (1) > green tip (2) > budburst (3) > leaf emergence (4). For 
flowering and fruit development, the stages used were similar to those of Sherry et al., (2007):  no 
flowers (0) > early flowering (1) > full bloom (2) > petal fall (3) > early fruit (4) > fruit enlargement 
and ripening (5) > fruit senescence (6). One branch per tree was selected and tagged for repeated 
monitoring. 

Photosynthetic capacity 

In order to analyse species’ photosynthetic capacity, canopy structure, photosynthetic rate and 
duration were assessed. This consisted of monitoring the Leaf Area Index (LAI) and Leaf Area 
Duration (LAD) over the growing season and measuring photosynthetic rates and Light Use Ef-
ficiency (LUE) with an ADC LCPro gas exchange (CO

2
 and H

2
O) meter for all species at selected 

times of the growing season.

For relative assessment of LAI and LAD, measurements of PAR interception by the canopy were 
done weekly between April and June for 10 individuals of each species. A SunScan Analyzer was 
used (Delta-T_UK, type SS1) which is a 1 metre long wand with 64 equally spaced photodiodes, as 
well as a Beam Fraction Sensor (Delta-T_UK, type BF3). Radiation was measured on sunny days 
by placing the probe beneath the canopy, on the north side of the tree/shrub, sometime between 10 
am and 3 pm. Monitoring was discontinued by June 29th, when the canopies were fully developed 
and Photosynthetically Active Radiation (PAR) interceptions had become constant. The percent 
intercepted PAR was calculated by dividing the transmitted PAR by the total PAR, as measured by 
the BFS, subtracting from 1, and then multiplying by 100.

LAI was sampled at full canopy development on three trees per species by erecting a frame of 21 
cm x 21 cm x the tree/shrub height and then all leaves present inside the frame were harvested. The 
frame was erected at three positions (south, middle, north) inside the canopy of each tree/shrub. 
The total leaf area was determined for each location by feeding the leaves through the LI-3100 
Leaf Area Meter (LI-COR_Lincoln, USA, type LI-3100C) (i.e. 3 harvests x 3 trees x 9 species = 
81 harvests). For each species, the average of these nine measurements was calculated and divided 
by the area of the frame (441 cm2) to determine LAI.
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Photosynthetic rate was determined for ten leaves of each species at the beginning of July, using a 
portable infrared gas analyser (ADC_UK, type LCpro) to determine gas exchange (CO

2
 and H

2
O) 

rates. Measurements were done on 10 different individuals per species. Measurements were done 
during sunny days, when the temperature was between 25 and 30°C. 

biomass production

All stems at 55 cm above the shoot base were counted and harvested at the end of the growing 
season for five individual plants of each species. The diameters of the fifteen biggest stems were 
measured and their fresh weights were determined for allometric analysis (see below). The re-
maining shoots were weighed in bulk just after harvest. It was therefore possible to know the total 
fresh weight of each plant.  The fresh weight to dry weight ratio was determined from the drying 
of fifteen stems per species and this ratio was used in calculating the dry weight from the measured 
fresh weight.. 

Allometric relationships

As allometric coefficients were difficult to find in the literature for the species used in this study, it 
was decided to construct our own allometric relationships between stem diameters and shoot dry 
weight. The methodology reflects that used by Nordh and Verwijst (2004). The diameters of the 
fifteen biggest stems were measured at 55 cm above the shoot base and their fresh weights were 
determined. In this way, an allometric relationship of stem diameter to stem biomass could be de-
termined for each species. All remaining stems were counted and harvested and weighed in bulk. 

To assess carbon allocation between fruit, wood and leaves, and to determine the relation between 
fresh and dry wood, three stems were selected from the fifteen biggest ones (a large one, a medium 
one and a small one). Fruits/seeds were detached from the shoots, and weighed separately (fresh 
weight). Bags containing 1) wood and leaves and 2) fruits or seeds were dried for one week at 
35°C, and then re-weighed. Leaves were removed from the stem and weighed separately. Dry 
weight of fruits/seeds, woods and leaves were therefore known.

RESULTS AND DISCUSSION

monitoring phenology

Budburst – Results of leaf development monitoring are presented in Figure 1.  According to these 
results, pincherry was the first species to break bud, although other species such as red elder, Mani-
toba maple, chokecherry and acute willow broke bud soon afterward. Green ash was the last species 
to develop leaves, almost a month behind the pincherry. The relative rate of leaf development could 
be an important determinant of growth, especially for the pincherry, which started early, and the 
green ash, which started late.  For red elder and green ash, leaves developed very quickly, as it took 
only four days between the beginning of the green tip stage and the beginning of the leaf emergence 
stage. They are therefore fast to reach a high level of photosynthetic activity.
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Leaf development
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figure 1. Leaf development of nine species rated by five stages

Flowering and fruit development (Figure 2) – Results were few for this component of the study 
as only five species had reached their sexual maturity and developed flowers and fruits. For buf-
faloberry, pincherry and chokecherry, only four or five trees had fruit. Buffaloberry flowered early 
but fruit development took a long time. Red elder had a large amount of fruit production. Dogwood 
was unusual because flowering was continuous throughout the summer. Fruit were developing and 
maturing while new flowers were appearing constantly, making it impossible to assign a particular 
stage to it. 
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Reproductive phenology
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No flowers Early flowering Full bloom
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figure 2. Flowering/fruiting stages for five species. The other species did not produce flowers/
fruit.

Photosynthetic capacity 

Leaf Area Index (LAI) was significantly different among species, as determined by the frame 
sampling method (Figure 3). Buffaloberry had a lower LAI than the other species, while red 
elder, chokecherry and green ash had higher LAI’s. The early leaf development of red elder and 
chokecherry (Figure 1) might combine with higher LAI’s, as found here, to suggest the possibility 
of efficient light capture by these two species.
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figure 3. Leaf Area Index, as determined by leaves destructively sampled  
in a vertical frame.

PAR intercepted by the plant canopies increased at different rates, as expected from the leaf de-
velopment observations (Figure 4). Increases in light interception were noticeable by May 4, 2010, 
in chokecherry, buffaloberry and acute willow, while all the other species had developed signifi-
cantly by May 17th, with the exception of green ash, which began leafing out immediately afterward. 
The greatest differences among species were seen on May 17th, with chokecherry at the top and 
green ash at the bottom. The canopy development of green ash lagged behind that of chokecherry 
by approximately three weeks. The early leaf development observed for pincherry did not translate 
into a more rapid increase in PAR interception, perhaps due to differences in leaf expansion rates 
between it and other species like chokecherry. 
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figure 4. Time course of PAR interception by nine agroforestry species.

Gas exchange rates by leaves were coupled for all nine species. The species that had the highest 
CO

2
 uptake rates also had the highest transpiration rates (Figure 5). The CO

2
 uptake rates were 

of the most interest and showed little difference for the five lowest species. Pincherry and Walker 
poplar showed significantly higher rates than the five lowest species, with dogwood and acute 
willow showing just slightly lower uptake rates. As Poplars and willows are the most used species 
for rapid woody biomass production, these results perhaps show an important reason why, as the 
CO

2
 uptake rate of Walker poplar was approximately 50% higher than that of the lowest five species. 

These results are of particular interest with respect to the high CO
2
 uptake rate of pincherry.
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figure 5. Carbon dioxide and water vapour exchange rates for nine species averaged over all 
sampling periods.

biomass production

Some species vigorously re-grow from coppice harvesting. The ability to produce new shoots 
from adventitious buds, the proximity of roots to shoots and the retention of large parental root 
system with abundant reserve substances promote this re-growth.  However, some species lack the 
ability to re-sprout quickly and the root systems may not store the reserves necessary for vigorous 
re-growth. Some shrub species that do not produce a lot of biomass after annual coppicing may 
produce significantly large amounts of biomass when harvested at longer intervals.

A comparison of aboveground growth after coppice (Figure 6) showed that red elder and acute wil-
low produced the greatest average biomass when coppiced annually, while coppice harvesting was 
delayed until the third year favoured Walker poplar, which produced more biomass than other spe-
cies, even more than acute willow after four years. Some shrub species that did not produce a lot of 
biomass after annual coppicing, produced significantly large amounts of biomass when harvested 
at longer intervals. These included pincherry, sea buckthorn and buffaloberry.
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figure 6. Woody biomass production aboveground for different species after different coppice 
harvest intervals. Note that some data are missing due to the lack of trees/shrubs to harvest in that 
age category (e.g.  Year 3 for acute willow and Year 4 for Walker poplar).

Dry weight was calculated from measured fresh weight, based on the conversion factors in Table 2, 
which were determined from the drying of 15 stems per species. Some species, like green ash and 
chokecherry, had greater dry weight – to – fresh weight ratios than others, like acute willow. The 
harvested dry biomass varied greatly among species with pincherry, buffaloberry, chokecherry and 
green ash at the low end and acute willow, red elder and Walker poplar at the high end (Figure 7). 

table 2. Fresh weight to dry weight conversion factors.

Species Equations

(y = dry weight, x = fresh weight)

R²

AW y = 0.3565x 0.9714
BB y = 0.3986x 0.999
CC y = 0.5363x 0.9972
DW y = 0.44x 0.948
GA y = 0.5471x 0.9969

MM y = 0.4315x 0.9989
PC y = 0.4728x 0.997
RE y = 0.427x 0.9865
WP y = 0.499x 0.999
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figure 7.  Average biomass of  harvested  plants for nine species.

Carbon was partitioned differently between species (Figure 8). Only dogwood and red elder 
had a significant amount of fruit. This perhaps could change over time as fruiting species like 
chokecherry and pincherry divert more of their resources into fruit. Generally, around 60% of 
the carbon was allocated into the wood, except for dogwood (46%), which was the lowest, and 
Walker poplar (78%), the highest.
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figure 8. Partitioning of biomass into wood, leaves and fruit.

Allometric relationships

A power regression analysis was done to establish the allometric relations (W=aD55b) between 
the diameter of the stem in mm and its dry weight in grams (Table 3). The R2 values tended to be 
higher for those species having fewer stems and fewer branchings above 55 cm (green ash, Walker 
poplar) than those with many stems (acute willow, red elder).

table 3. Results of regression of dry biomass on stem diameter at 55 cm height for nine species

Species

Equations

(y = W = dry weight in g)

(x = D55 =diameter in mm) 

R²

AW y = 0.1572x2.5245 0.8697
BB y = 0.1034x2.7751 0.9591
CC y = 0.1576x2.543 0.9591
DW y = 0.2358x2.384 0.91
GA y = 0.0494x3.0052 0.9681

MM y = 0.0437x2.9041 0.9613
PC y = 0.0882x2.8021 0.9476
RE y = 0.1727x2.5283 0.674
WP y = 0.0669x2.7078 0.9895
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Analysis per species 

The nine agroforestry species were assessed for characteristics that were thought to relate to their 
suitability to biomass production, including canopy development that allows good light intercep-
tion and a high photosynthetic rate, coupled with a high degree of partitioning of carbon to wood. 
Table 4 synthesizes the results of every species. Desirable characteristics are represented by “+” 
and less desirable characteristics by “-”. Species were separated in three groups. The first group 
includes the species that had more than 5kg of biomass per plant – acute willow, Walker poplar and 
red elder. The second group – Manitoba maple and dogwood – produced an intermediate amount 
of biomass. The last group consisted of buffaloberry, green ash, pincherry and chokecherry, which 
produced less than 2kg of biomass. Among this group, pincherry and chokecherry produced more 
biomass than green ash and buffaloberry.

table 4. Summary chart of species characteristics. Desirable characteristics are represented by “+”, 
“++” and “+++” - increasing desirability and “-”, “--” and “---” – decreasing desirability.

Group 1 Group 2 Group 3
WP AW RE MM DW PC CC BB GA

Canopy de-
velopment and 
light intercep-
tion

Phenology - ++ ++ ---

S u n s c a n 
(start date)

++ ++ ---

S u n s c a n 
(%)

--- +++ + +++ -

LAI - +++ + + - +++ --- +++

Photosynthetic 
rate

Gas ex-
change

+++ + - - + +++ - -

Biomass Dry bio-
mass

+ +++ +++ - --- --- --- ---

Carbon al-
location

+++ -- -- --

In the high biomass Group 1, the fastest growing species, acute willow and Walker poplar had 
no advantages in crop development, but had higher-than-average CO

2
 uptake rates, and Walker 

poplar allocated a larger portion of its aboveground biomass to wood that the other species. The 
high biomass accumulation of red elder, the third species in the group, could be attributed to rapid 
canopy development and high LAI at mid-season. The species in Group 2, Manitoba maple and 
dogwood, both had advantages in early canopy development and somewhat higher LAI. Of the 
species in Group 3, pincherry and chokecherry both had advantages in early canopy development 
and chokecherry had a high LAI, while pincherry had a high gas exchange rate. Despite this, nei-
ther species developed a large amount of woody biomass in 2010. The low biomass production of 
green ash could be attributed to its late leaf development, which was about three weeks behind that 
of the earliest species.  
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Coppicing ability varied among species. Surprisingly, species that normally grow into trees (green 
ash, Manitoba maple, acute willow, Walker poplar) re-grew quite well after coppice harvesting. 
Red elder and acute willow seem quite well adapted to annual coppicing, while acute willow 
gave high biomass when harvested in any year from one to four. Performance of red elder started 
to decrease after the second year. Because of precocious fruiting in red elder in the second year 
after coppicing, it appears that annual coppicing would be the best choice for this species. It is not 
known for how many years this practice could continue without replanting. Walker poplar re-grew 
best when the cutting cycle was three years between harvests.

Root systems should be also analysed as it contains significant biomass. Pincherry, chokecherry 
and buffaloberry are suckering species and underground growth may explain some of the lack of 
aboveground growth of these species. Thus, there may be other important factors that explain the 
variability in biomass production. The use of growth models or plant architecture representation 
software such as AMPAmod may help to explain the relative growth of the species. 

Agroforestry systems and their adaptation for biomass production 

Agroforestry buffers are normally understood to have multiple functions. Even though they may 
be established for one reason, such as wind protection, for riparian protection or for wildlife 
habitat, their other benefits may be substantial. The carbon sequestration role of agroforestry buf-
fers has long been appreciated, but the planned harvesting of such buffers has generally not been 
done.

Recent, deliberate multi-functional “ecobuffers” designs that have been developed by the Agro-
forestry Development Centre, represent an opportunity to integrate a biomass function into agro-
forestry buffers. Coppice harvesting of such buffers at appropriate intervals could also help to 
prolong the useful lifespan of such a buffer, as many older shelterbelts that were planted in the 
last century have decayed or begun to decay because of their age and the lack of maintenance. 
Including coppiceable suckering species such as buffaloberry, chokecherry and pincherry, even if 
they are not the highest biomass-producing species may give such “ecobuffers” the longevity and 
continued usefulness that may not accrue to more traditional buffer designs. 

If rotational coppicing can be practiced, the wildlife habitat value of a buffer will remain intact and 
the domination of the buffer by a single species may be prevented or delayed. 

CONCLUSION 

The objective of this study was to understand the growth habit of different native species, in order 
to develop, in the next years, multi-functional agroforestry systems, both with environmental, so-
cial and economical values. The characteristics that have been observed this year are interesting, 
but more work is needed to explain or assess the biomass production potential of these species. 
Utilisation of plant architecture software or plant growth models could be useful to reach this 
objective. ADC plans to continue this species evaluation using the model AMAPmod or another 
appropriate model. 
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At the same time multi-species, multi-functional “ecobuffers” are being established in various 
sites and one of their characteristics that will be monitored over time will be their biomass. More 
species evaluations could then be carried out, to study their adaptation and resistance to repeated 
coppice harvest. 

The development of a carbon market and the growing interest for bioenergy seem to ensure a 
favourable future for trees in the fight against climate change, either by acting as a carbon sink or 
as a source or renewable and green energy.
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seCtion 3

Social and Cultural
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UnrAveling ComPlexity: evAlUAtion  
of An Agroforestry tool

Gary Bentrup1, Mary Emery2, Stephanie D’Adamo2 and Cornelia Flora2
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Contact: gbentrup@fs.fed.us

Abstract: The planning and designing of agroforestry systems is a complex task because it requires 
integrating knowledge from a wide variety of scientific and technical disciplines. Unfortunately, 
agroforestry practices and systems are not readily adopted and promoted by resource profession-
als because this inherent complexity seems overwhelming. Resource professionals need tools to 
unravel this complexity in order to communicate and design agroforestry systems with farmers and 
ranchers. Recognizing this dilemma, the USDA National Agroforestry Center (NAC) developed 
a research synthesis method for distilling diverse scientific information into easy-to-understand 
design principles. The method was applied to the knowledge base of conservation buffers, and over 
1400 research publications were synthesized into user-friendly guidelines. Conservation Buffers: 
Design Guidelines for Buffers, Corridors, and Greenways provides rules-of-thumb for designing 
buffers to improve air and water quality, protect soil, enhance habitat, increase economic produc-
tivity, provide recreation opportunities, and beautify the landscape. The guide offers a simplified 
means for identifying potential benefits and trade-offs a buffer might have on different resource 
concerns and, therefore, a basis for better buffer design. To determine if this tool was effective in 
increasing resource planners’ comfort level and ability to plan and design multifunctional agrofor-
estry practices, an evaluation of the Guide was conducted using interviews and a web-based survey 
of those who had received the Guide.  As a result of using the Guide, 70% of the respondents felt 
more comfortable communicating buffer design options with clients and designing a multifunc-
tional buffer.  Over half of the respondents requested additional training to enhance use of the 
Guide, and 75% wanted regional plant guides based on purposes and functions.  Other lessons 
learned from this evaluation will be presented as a basis for discussing future directions for better 
equipping resource professionals to promote and deliver agroforestry assistance.

keywords: agroforestry, conservation buffers, multifunctional, design, tool evaluation
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nAtive woody edible riPAriAn bUffers:   
PotentiAl to merge ConservAtion And ProdUCtion  

in 3 virginiA wAtersHeds 

Katie Trozzo1, John Munsell1, James Chamberlain2, Kim Thurlow3  
and Christy Gabbard3  

 
1Virginia Tech 

2National Agroforestry Center 
3VT Catawba Sustainability Center 
Contact: katie.trozzo@gmail.com 

Abstract: Riparian corridors, or streamside zones, are often farmed or grazed because they are 
typically productive and offer a much-needed water supply for livestock. These areas are also criti-
cal in terms of water quality, soil retention, and aquatic and terrestrial wildlife habitat.  Incentive 
programs are in place to help landowners establish riparian forest buffers.  These programs are 
beneficial for the watershed as a whole, but often do not fully account for a landowner’s potential 
loss of productive land.  Native woody edible species are native trees and shrubs that produce fruits 
and nuts.   Agroforestry riparian buffers with native woody edible components could help integrate 
conservation and production in this valuable space by giving landowners the opportunity to pro-
vide beneficial environmental services, while also enhancing their opportunities for revenue. With 
this in mind, we are using a combination of social science, visualization, and geospatial technol-
ogy to:  1) determine which mechanisms may positively affect adoption of native woody edible 
systems among family landowners; 2) segment the population of family landowners and describe 
the groupings to inform relevant education and outreach; and 3) estimate possible biophysical im-
plications of landowner adoption.  The three sub watersheds vary by degree and type of conserva-
tion efforts including:  an NRCS designated showcase sub-watershed within the Chesapeake Bay 
Watershed, a sub-watershed within the Chesapeake Bay Watershed that has an active conservation 
oriented community, and a sub-watershed outside of the Chesapeake Bay Watershed with less 
formalized conservation initiatives. The research is supported by the National Agroforestry Center 
and supplemented by the establishment of native woody edible agroforestry riparian buffer dem-
onstrations at Virginia Tech’s 377-acre Catawba Sustainability Center in Catawba, VA.  

keywords: riparian buffer, edible plants, water quality, family landowners, outreach
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CHArACterizing PotentiAl Agroforestry AdoPters

Ritchie Vaughan1, John Munsell1 and Jim Chamberlain2,  
 

1Virginia Tech 
2National Agroforestry Center 

Contact: inatree@vt.edu

Abstract: Grassroots land-stewardship groups are popular outlets for educational presentations 
and outreach about agroforestry. We surveyed four local stewardship groups in Southwestern Vir-
ginia to determine membership demographics, landholdings, management practices, and promi-
nent group advertising outlets. Member characteristics will be compared with statewide results 
from the National Woodland Owner Survey, extant non-industrial private landowner classifica-
tions, and Rogers (2003) innovation adopter categories. We will use the results to (1) offer recom-
mendations for tailoring educational programs and reaching potential agroforestry adopters, (2) to 
describe the characteristics of natural resources community networks, and (3) to explain how these 
groups attract members.

keywords: diffusion of innovation, National Woodland Owner Survey, adoption, landowner de-
mographics, network
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role of PAst PerformAnCe in sHAPing intentions  
to Perform fArm forestry

Muhammad Zubair1, Chris Garforth2, Din Muhammad Zahid Khan1, Mohammad 
Safdar Baloch3 and Fazal ur Rahman Shah4

1Department of Forestry, University College of Agriculture, Bahauddin Zakariya University,  
Multan, PUNJAB, PAKISTAN  

2Institute of Policy and Environment, University of Reading, UK  
3Department of Agronomy, Faculty of Agriculture, Gomal University,  

Dera Ismail Khan, KPK, PAKISTAN  
4Punjab Forest Department, Bahawalpur, Punjab, PAKISTAN  

Contact: dikhan2000@hotmail.com

Abstract: It has been witnessed that frequency of attempting an endeavor in the past may result 
in future performance. In view of dismal forest area (only 4.8%) and pathetic economic growth 
coupled with prevalent poverty makes it mandatory to increase tree cover in Pakistan. The identi-
fied feasible outcome in the country remained the farm forestry. Empirical evidence suggested 
that farmers’ willingness to grow trees on their farm is a function of variables included in Theory 
of Planned Behavior (TPB) and frequency of past behavior has moderated the components of 
TPB (attitude, subjective norm and perceived behavioral control) in shaping intention to perform 
farm level tree planting. The approach has both extension reorientation as well as policy implica-
tions.

keywords: farm forestry, past behaviour, Theory of Planned Behaviour, intentions
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lAndowner ConstrAints to tHe AdoPtion  
of living snow fenCes

Dean Current1, Sierra Schroeder2, Dinesh Paudel3, Gary Wyatt4,  
Diomy Zamora4 and David Smith5

1University of Minnesota/CINRAM/Forest Resources 
2UMN Conservation Biology 

3UMN Geography 
4UMN Extension 

5UMN Applied Economics  
Contact: curre002@umn.edu

Abstract: Living snowfences (LSF) are used by the Minnesota Department of Transportation (Mn-
DOT) to mitigate problems of blowing and drifting snow and have the potential to lower the costs 
of road maintenance, traffic accidents and the time required to clear roads.  Due to the benefits of 
LSF, MnDOT has implemented a program promoting living snowfences and standing corn rows by 
providing payments to landowners to install them.  Despite their efforts, adoption has been limited 
and spotty.  The University of Minnesota carried out a series of focus group discussions followed 
by individual interviews of selected landowners during the winter of 2009-2010 to identify atti-
tudes towards and constraints to adoption of living snow fences in areas of Minnesota with blow-
ing and drifting snow problems. Constraint identified by the focus groups and individuals included 
risks in establishing living snow fences, fixed payments that did not keep up with changing land 
rents, the nuisance caused by having to operate around the fences using equipment that has gotten 
larger over the years and the reluctance to give up cropland to install the fences. This study also 
quantified the opportunity costs of LSF and standing corn rows and developed a payment calcu-
lator tool for MnDOT. Minimum payment recommendatons included lump sum payments in the 
three years to cover intial maintenance costs and an inflation adjusted payment schedule over the 
15 year agreement. We will present the results of the focus groups, interviews, and payment calcu-
lator and discuss options identified to help address the constraints identified by landowners.

keywords:  living snow fence, adoption, constraints, landowners
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Abstract: On the Canadian Prairies, snow is an important component of annual precipitation and 
an important source of water. But there is much annual variability in the amount and timing of 
snowfall and its fate. On the prairie landscape, much of the snow is moved by wind, resulting in 
large sublimation losses. Any obstacles or topographic changes that reduce wind flow cause snow 
deposition and reduce snow movement. Agroforestry configurations on the landscape reduce the 
fetch distance and therefore the amount of snow that is moved across the landscape and the amount 
of trapped snow is increased. By reducing snow movement, agroforestry systems have a major ef-
fect on the amount of moisture lost to sublimation. By trapping blowing snow, trees and shrubs on 
the landscape affect the distribution of the snow. Agroforestry is therefore an important landscape 
feature for snow management and planning of agroforestry measures should take into account 
its effects on snow hydrology. The effects of shelterbelts on snow quantity and distribution are 
shown over multiple years, including a number of locations in Manitoba and Saskatchewan. Site-
specific snow was also used in the Prairie Blowing Snow Model, now a component of the Cold 
Regions Hydrological Model, to estimate the effects of agroforestry configurations on snow water 
conservation.  By means of known information about snow occurrence and snow dynamics for the 
prairies, these effects are presented at a landscape level.

INTRODUCTION

Snow is an important part of annual precipitation in many northern agricultural landscapes. On 
average, it represents from 20% to 39% of annual precipitation in the northern Great Plains of the 
US and the central prairies of Canada (Aase et al. 1976; Pomeroy and Gray, 1995), a percentage 
that varies from year to year and from region to region (Table 1). Throughout the prairie region, a 
great deal of this snow is redistributed by wind.
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Table 1. Snowfall variability in three prairie locations (Environment Canada - http://www.climate.
weatheroffice.ec.gc.ca).

 2000 snowfall (% 
of total annual 
precip.)

2000 snowfall (% 
of total annual 
precip.)

30-year average (1971-
2000) snowfall (% of total 
annual precip.)

Medicine Hat, Alberta 92.3 cm (36%) 154.5 cm (46%) 95.2 cm (25%)
Saskatoon, Saskatchewan 96.2 cm (21%) 68.2 cm (19%) 84.8 mm (24%)
Winnipeg, Manitoba 102.9 cm (11%) 105 cm (26%) 110.6 cm (19%)

Newly fallen snow is considered to have a density of 10% while the average density is 24% for 
snow banks that are 60 cm deep or less and about 30% for snow banks over 60 cm deep (Pomeroy 
and Gray, 1995). The density is seldom as much as 40%. The density of snow increases after it 
falls, due to melting, packing and blowing. 

Although snow still on the ground in the spring infiltrates into the soil or runs off, a large amount 
can be lost to sublimation during the winter. Sublimation, the phase change from snow to water 
vapour, depends exponentially on wind speed (Pomeroy and Gray, 1995), and therefore a large 
majority of it occurs while it is being transported. Pomeroy and Gray (1995) estimated the amount 
lost to sublimation to be over 2.6 times the amount redistributed. In Saskatchewan agricultural 
fields, 15 to 41% of annual snowfall is lost to sublimation (25% median) (Pomeroy and Gray, 
1995). This represents about 10% of total annual precipitation.

Among the factors that reduce snow movement or trap snow (topography, surface roughness and 
obstacles) on the prairies, shelterbelts are significant barriers, so that the last snow to melt in the 
spring is usually seen behind tree rows. Snow trapping is a major reason that shelterbelts are 
planted around farmyards, along laneways and farm roads, as well as along major highways (Shaw, 
1988). Trapped snow is also an important contributor to improved crop yields near shelterbelts 
(Kort, 1988). 

The results reported here represent a compilation of snowdrift data collected adjacent to Canadian 
prairie shelterbelts over multiple years from which the effect of fetch on snow trapping was de-
termined and the effects of shelterbelts in reducing sublimation losses was deduced. Regional and 
annual variability in snow movement, as well as shelterbelt design factors (species and porosity) 
were also considered as factors that influence the degree to which sublimation affects snow ac-
cumulation across the prairies.
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MATERIALS AND METHODS

Snow depth measurements were made leeward of a variety of shelterbelts in Saskatchewan and 
Manitoba according to the summary list in Table 2. The measurements consisted of snow depths 
measured at intervals of 3 m along transects perpendicular to selected shelterbelts (Figure 1). In 
most cases, three transects were measured, but in some, more in-depth comparisons, five transects 
were measured. The transects included measurements as far as 15 m windward of the shelterbelts 
and as far as 42 m leeward. This resulted in snowdrift profiles from which snow depth, width and 
cross-sectional area could be determined. 

table 2. Dates and locations for snowdrift measurements 1986 to 2011

Index # Year Region
86-1 to 86-7 11-Feb-86 Carman/Winkler, MB
88-1 to 88-6 04-Feb-88 Conquest, SK
90-1 to 90-8 06-Feb-90 Lipton, SK
90-9 to 90-19 14-Feb-90 Carberry, MB
91-1 to 91-3 07-Feb-91 Weyburn, SK
92-1 to 92-2 22-Jan-92 Hargrave, MB
92-3 to 92-8 22-Jan-92 Carberry, MB
92-9 to 92-14 23-Jan-92 Carman/Morden, MB
92-15 to 92-19 24-Jan-92 Lyleton, MB
92-20 to 92-24 28-Jan-92 Indian Head, SK
92-25 to 92-32 05-Feb-92 Lipton, SK
92-33 to 92-46 17-Feb-92 Conquest, SK
94-1 to 94-10 03-Feb-94 Conquest, SK
11-1 to 11-42 23-Feb-11 Conquest, SK

  

In February, 1989, a snow load (i.e. snow inventory) study was conducted to determine if increased 
snow quantity due to the reduction of sublimation could be measured directly. In this study, two 
sections of land (each 259 ha) were chosen near Conquest, Saskatchewan, with a distance of ap-
proximately 10 km between them, in which one had no shelterbelts so that snowdrifts occurred 
only in ditches and a few depressions. The other section was fully sheltered with multiple caragana 
field shelterbelts on all four quarter sections. The unsheltered section was bordered by other un-
sheltered fields, while the sheltered section was bordered by other sheltered sections. 
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figure 1. Pre-equilibrium snowdrift at Conquest, Saskatchewan measured February 23, 2011.

Snow distribution has been studied for over 20 years to show various aspects of snow relationship 
to shelterbelt design and arrangement. The results of these studies were compared to the outputs of 
the Cold Regions Hydrological Model (CRHM)

RESULTS AND DISCUSSION

distance between shelterbelts, fetch and sublimation

The distance windward of a shelterbelt is called the “fetch”. When it is large, snow moves freely 
across the field, resulting in large snowdrifts leeward of the shelterbelt. Fetch effect on the amount 
of snow trapped was determined for a number of years and locations. 

Two shelterbelts with the same design, that were on the same parcel of land near Winkler, Mani-
toba, were measured in February, 1986, and showed the difference between 800 m and 100 m 
fetches (Figure 2). The cross-sectional areas, assuming a 20 cm open-field snow depth, were 34.4 
m2 and 13.8 m2, respectively. 
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figure 2. Depth of snow trapped (February 12, 1986) by two similar (ash/elm/caragana), adjacent 
shelterbelts with different fetches. Mid-field average snow depth was 20 cm.

At Conquest, Saskatchewan, average snowdrifts were measured in February, 1992, for nine similar 
caragana shelterbelts that included five with narrow fetches (<300 m) and four with wide fetches 
(>300 m). The average depths were significantly less for narrow fetches (Figure 3). The cross 
sectional areas, assuming a 25 cm open-field snow depth, were 9.1 m2 for the narrow fetches and 
13.0 m2 for the wide fetches.
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figure 3. Average snow depths adjacent to caragana shelterbelts measured Februray 17 & 18, 
1992 for fetches of less than 300m (n=5) and greater than 300m (n=4). The error bars represent the 
Standard Errors of the Mean for each individual point. Mid-field average snow depth was 25 cm.

These same data were analyzed as individual fields using regression analysis in which the snow-
drift cross-sectional areas were regressed on the fetches for the nine fields (Figure 4). The snow-
drift cross-sectional areas were taken as 35 m2 for the largest fetches. The data and regression lines 
showed that, for 1992 at Conquest, large snowdrifts were found, even when the fetches were as 
small as 200 m, although the largest snowdrifts occurred when the fetches were 400 m or 800 m. 

. 
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figure 4. Regression equation for the total snow trapped by nine caragana shelterbelts as affected 
by fetch at Conquest, SK February 17-18, 1992.

Pomeroy and Gray (1995) (Figure 5) concluded that, when the fetch is greater than 500 m (more 
or less, depending on conditions), snow transport is stable – the snow picked up by the wind is bal-
anced by the snow that is deposited and/or sublimated. These values (400 m in Figure 4 and 500 m 
in Figure 5) were smaller than the maximum transport distance for snow of 3000 m suggested by 
Tabler (1994) and emphasize the importance of sublimation losses over relatively short distances. 

effect of fetch distance on snow trapped by caragana at Conquest, 1992
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figure 5. Variation in mean annual snow transport with fetch distance at four Saskatchewan sta-
tions on fallow fields. (page 90 from Pomeroy and Gray, 1995).

The effect of fetch on snowdrift size can clearly be seen in Figure 6, an aerial photo of Lyleton, 
Manitoba, in which a series of shelterbelts of similar design, shape and size clearly show the effect 
of fetch for snow that was transported from the lower left of the photo, with the shelterbelts in the 
foreground having much larger snowdrifts when the fetch was large (i.e. the field is unsheltered to 
the left) compared to those in which the fields were narrower.  
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figure 6. Snowdrift size related to fetch at Lyleton, Manitoba

The occurrence, then, of large snowdrifts, implies that the occurrence of significant sublimation, 
and the amount of snow trapped, when larger, signals that there has been an even greater amount 
of snow lost. Following this logic, it was hypothesized that two parcels of land in the same region, 
one sheltered and one unsheltered, would have a difference in the amount of snow water equivalent 
on the land, the sheltered parcel having a greater snow load than the unsheltered parcel, due to an 
expected reduction in sublimation. Two sections of land, for which the total snow load was inven-
toried in 1989, showed that the sheltered section had 29% more snow water equivalent (Figure 7). 
Because crop residue stubble was similar for both parcels, the average midfield (unsheltered) snow 
depth was the same (14.0 cm) for both parcels. The difference in total water was therefore to be 
found in the snowdrifts that were adjacent to the shelterbelts.  

These results clearly demonstrate the importance of reducing snow movement on the prairies, 
especially during years of drought. Whether this increased water from snow contributes to soil 
moisture availability in the plant root zone or recharges groundwater, the reduction of snow drift-
ing by agroforestry represents a way to drought-proof the prairie region in the face of the possible 
effects of a changing climate.
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figure 7. Total water measured in snow on two fully surveyed, nearby sections of land (one 
“section” is 640 acres or 259 hectares and one “quarter” is 160 acres or 65 ha). The error bars on the 
average bars represent the Standard Errors of the total water in snow for the four quarter sections.

other variables affecting snowdrifts adjacent to shelterbelts

In the same way that constructed windbreaks vary in their efficiency (Tabler, 1994), shelterbelt 
design factors have found by researchers to affect their snow-trapping properties. 

Shelterbelt height is likely not one of the important factors since the snowdrifts that were measured 
leeward of prairie shelterbelts in this study never approached equilibrium, as described for wind-
breaks by Tabler (1994). A 5 m high caragana shelterbelt, assuming a porosity of 50%, accord-
ing to Tabler’s design criteria, would have equilibrium snowdrifts of 75 m in length and 90 m2 in 
cross-sectional area. Rather, the largest snowdrifts adjacent to shelterbelts, including those on the 
windward side, had cross-sectional areas of slightly more than 30 m2. Additionally, the typically 
sharp cornices of shelterbelt snowdrifts show them to be in a pre-equilibrium stage. 

Dense shelterbelts often have narrow deep snowdrifts and trap more snow than porous shelterbelts 
(Scholten, 1988). Shelterbelt porosity can be controlled through shelterbelt design, such as species 
selection, and tree spacing and management, such as pruning. Snowdrift measurements made in 
1992 for shelterbelts of different species that had been established on the same quarter section at 
Lipton, Saskatchewan, showed that the denser species – caragana and Siberian elm – had larger 
snowdrifts than the green ash shelterbelts (Figure 8).  When green ash/American elm/caragana 
shelterbelts at Carman, Manitoba, were thinned in 1985, by removing the caragana and leaving 
only the alternating green ash and American elm at a 2 m spacing,  the snowdrifts were greatly 
different (Figure 9). The caragana had prevented persistence of the lower branches of the trees, so 
that the resulting trees-only windbreak had very little resistance to the wind and very little snow-
trapping resulted.
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figure 8. Snowdrifts adjacent to eight shelterbelts of three shelterbelt species at Lipton, 
Saskatchewan, February 5, 1992. Mid-field snow depth was 25 cm.
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figure 9. Snowdrifts adjacent to green ash/American elm shelterbelts at Carman, Manitoba, with 
and without caragana, as measured February 11, 1986 and January 23, 1992. 
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In February, 1992, snowdrifts adjacent to similar caragana shelterbelts at Conquest, Saskatchewan 
and near Indian Head, Saskatchewan, which are about 300 km distant from each other, were sub-
stantially different in depth (Figure 10). Regional differences occur in most years and snowdrifts 
can vary, not only in size but also in orientation, because snowstorms that result in snow drifting 
are frequently very localized.
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figure 10.  Snowdrifts adjacent to caragana shelterbelts in two Saskatchewan locations in February, 
1992.

Field conditions for snow drifting are greatly influenced by crop residue management since pre-
serving a tall stubble cover on the field over the winter ensures that much of the snow will remain 
on the field, while short stubble or fall tillage results in the snow being far more easily transported. 
Snowdrifts adjacent to caragana shelterbelts at Conquest, Saskatchewan, that were measured in 
February, 1992 showed that snow depths were substantially less when the field that was the shel-
terbelt’s fetch was in stubble than when it was fallow (i.e. the field had been cultivated prior to 
winter (Figure 11).

The results presented in this paper do not include more recent (February, 2011) data, which is cur-
rently being analyzed. Neither does it include outputs from the Cold Regions Hydrological Model 
(CRHM) model which is currently being run for meteorological data for the Conquest, Saskatch-
ewan area. It is intended that these results will be available in time for the conference and will be 
presented there. 
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figure 11. Snowdrifts adjacent to caragana shelterbelts at Conquest, Saskatchewan, for upwind 
fields that were either fallow (9 fields) or stubble (3 fields), measured February 17-18, 1992.

figure 12. Snow that has fallen in a sheltered fallow field at Conquest, Saskatchewan, remains 
on the field while snow more distant from the shelterbelt has been transported into the next shel-
terbelt.
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CONCLUSIONS

Snow is an important source of moisture but sublimation losses are large. Shelterbelts reduce 
sublimation losses. When they are closer together, sublimation losses are less and snowdrifts are 
smaller. Landscape-level planning of shelterbelts and other agroforestry options can be used to re-
duce sublimation losses and increase the overall snow retained on the local landscape, which may 
provide direct moisture for the following year’s crop or recharge groundwater or surface water.

Dense shelterbelts trap large amounts of snow and cause narrow, deep snowdrifts. This is useful 
for protecting roads and farmyards or for recharging groundwater or surface water reservoirs or 
wetlands. Landscape-level planning of agroforestry options can be used to manage snow distribu-
tion. Agroforestry can be used to keep snow where it is needed and prevent snow accumulations 
where it is not wanted.
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seCtion 4

Production Systems
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evergreen AgriCUltUre is trAnsforming troPiCAl  
fArming systems: CoUld it do tHe sAme  
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Abstract: What is the role of agroforestry in addressing the gathering storm of crises in energy, 
global food insecurity, and a warming planet? Is agroforestry in the temperate zones positioned 
to respond to these challenges and opportunities? Fortunately, the pattern is now becoming clear 
in the tropics. Major efforts are underway to reinvent tropical agriculture by creating Evergreen 
Agriculture systems. They sustain a green cover on the land throughout the year via a double-
story canopy of compatible trees and crops. The development community is mobilizing around 
this concept, building on the best of widespread farmer practice and the body of science that has 
accumulated during the past three decades. Many UN and other international organizations are 
engaged. National governments throughout the warmer parts of the world are taking serious notice 
and are reorienting their agricultural development and policy frameworks in line with it. Will the 
temperate zones now begin to follow suit?
 
The signs are cautiously positive. The European Union’s Common Agricultural Policy on agro-
forestry has turned the corner during the past few years. Until recently, the European policy en-
vironment discouraged trees on cropland, but the most recent policies on farm subsidies are ac-
tively encouraging the incorporation of trees into annual crop systems. How might North America 
respond? J Russell Smith laid out the vision as far back as 1929 in his classic monograph Tree 
Crops: A Permanent Agriculture, that argued for a fundamental rethinking of agriculture in the 20th 
Century. He comprehensively outlined how two-story agriculture consisting of ‘trees above and 
annual crops below’ could work in a wide range of American farm lands. So far, that vision has 
had little influence. The forces that dominated agriculture in the 20th Century had little serious in-
terest in farming that ‘fits the land’. However, today’s potent storm of intensifying crises in energy, 
global warming, environmental degradation, and food insecurity are poised to impact agriculture 
in fundamentally new ways. Will they be the trigger for temperate agroforestry to at last begin to 
realize its potential?
 
keywords:
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oPPortUnities And CHAllenges  
for forest fArming in APPAlACHiA 
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Abstract: Forest farming, the cultivation of understory plants and fungi with economic value, 
may be a way for landowners in Appalachia to realize greater benefits from their forests. The Ap-
palachian region, which runs from southern New York to northern Alabama, is host of an expan-
sive temperate hardwood forest that has a tremendous diversity of economically important plants. 
Much of the forest in the region is maturing timberland, with increasing stand and tree size, as 
well as stocking rate. Eighty percent of the land base is in private ownership, and the majority of 
this is in family forests. These holdings are typically small in size, and maintained for reasons 
other than timber production. A multitude of native plant species are harvested for their value in 
the medicinal, culinary, craft, and other product markets. Most of the plants used for their non-
timber values are harvested from the wild, with little or no consideration for the long-term impact 
on the natural resources. The market potential for many non-timber forest products is significant, 
but the economic viability of producing them through forest farming is a major challenge. Farm-
ing these valuable plants in a forest setting could reduce pressures on natural populations, increase 
biodiversity and forest health, while diversifying income portfolios. Yet, production methods and 
yield estimations are challenges that may thwart landowner efforts. Recent government initiatives, 
such as ‘Know-Your-Farmer, Know-Your-Food, could spur efforts to develop forest farming in the 
region. Efforts are needed to get forest farming recognized in future government programs, such 
as the next farm bill. This presentation examines opportunities for forest farming in the region, and 
challenges that could thwart efforts to diversify forest operations.

keywords: forest farming, markets, non-timber forest products, non-industrial private landowners
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Abstract: Hazelnut is an intriguing new crop for the Lake States, suited for use as an oilseed and 
as an edible nut.  Several researchers and hobby breeders have attempted to develop this crop for 
the Lake States with some current small-scale commercial adoption; however, the crop is still in 
its infancy.  A group of researchers, extension specialists and growers are assisting in the devel-

opment of a hazelnut industry in Wisconsin and Minnesota.  Activities include 1) aiding farmers 
in selecting plant material from existing plantings of seed origin hybrids for their use or broader 
adoption, 2) screening wild American hazelnut for high-performing plantsfor use by breeders or 
as potential crop plants, 3) developing clonal propagation methods and 4) providing outreach ac-
tivities to those currently growing and those interested in growing hazelnuts.  We plan to discuss 
our results to date emphasizing clonal propagation research and the protocols and results of the 

screening program for wild American hazelnuts. 
 

keywords:  Polycropping, multicropping, alley cropping, agroforestry

INTRODUCTION

Preliminary work with American and hybrid hazelnuts (Corylus spp.) has demonstrated the po-
tential of hazelnut as a perennial oil crop suitable for widescale production in the Upper Midwest 
and as a possible replacement for the input-intensive annual oilseed crops.  Average yields of the 
top producing accessions of hybrids have reached 1369 lbs kernel/ac on well-managed plantings 
in Minnesota (Fischbach et al., 2010a).  The highest yielding hybrid hazelnut selections in a 5200 
plant planting in Nebraska produced an equivalent of 3562 lbs/ac of in-shell nut (1175lbs kernel/
ac) (Hammond, 2006).  Oil yields from the top 25 producing plants yielded an equivalent of 892 lb 
oil/ac, nearly twice that of soybeans (Xu et at, 2007) and grown without supplemental fertilization 
or water. Hazelnut oil has numerous characteristics which make it better suited for oleochemical 
applications than soybean oil (Xu et al., 2007).  For these reasons, hazelnut has been identified as 
a preferred oilseed crop for development of cold-climate biofuels for use in engines such as jet 
airplanes (Lane, personal communication).

 
American hazelnut (Corylus americana) is native to Wisconsin and is a dominant shrub species 

Abstract: Hazelnut is an intriguing new crop for the Lake States, suited for use as an oilseed 
and as an edible nut.  Several researchers and hobby breeders have attempted to develop this 
crop for the Lake States with some current small-scale commercial adoption; however, the 
crop is still in its infancy.  A group of researchers, extension specialists and growers are assist-
ing in the development of a hazelnut industry in Wisconsin and Minnesota.  Activities include 
1) aiding farmers in selecting plant material from existing plantings of seed origin hybrids 
for their use or broader adoption, 2) screening wild American hazelnut for high-performing 
plantsfor use by breeders or as potential crop plants, 3) developing clonal propagation meth-
ods and 4) providing outreach activities to those currently growing and those interested in 
growing hazelnuts.  We plan to discuss our results to date emphasizing clonal propagation re-
search and the protocols and results of the screening program for wild American hazelnuts. 
 
keywords:  Polycropping, multicropping, alley cropping, agroforestry
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in much of Northwest Wisconsin. It is found on a wide range of soils, particularly on the sands 
of Central and Northwest Wisconsin.  Native American hazelnut populations at 24 unmanaged 
and wild locations were screened for high-yielding plants in 2010, with the top ten plants av-
eraging 607 lbs kernel/ac (Fischbach et al., 2010b).  The oil content of the kernel ranged from 
55-65% (Lane, personal communication), suggesting oil yields from top selections of Ameri-
can hazelnut, in naturally occurring stands can approach 395 lbs oil/ac, compared to average oil 
yields of 430, 690, and 740 lbs oil/ac for intensively managed soybean, canola, and sunflower. 
 
Domestication of American hazelnut through selection of high-yielding genotypes and production in 
hedge-row systems has the potential to provide a lower-input and higher-yielding oil crop for Wiscon-
sin with unique adaptation to the nutrient poor and excessively drained sandy soils of Northern, WI.   
 
For this project, we are using a fully integrated approach.  The objectives of this projects were to: 
1) aid farmers in selecting plant material from existing plantings of seed origin hybrids for their 
use or broader adoption, 2) screen wild American hazelnut for high-performing plants for use by 
breeders or as potential crop plants, 3) develop clonal propagation methods and 4) provide out-
reach activities to those currently growing and those interested in growing hazelnuts.  

METHODS

At the time of writing, this project is still being completed, so this article should serve as an “inter-
mediate report”.  We hope to present more complete information at a future conference.  

meeting objective 1: Currently, several breeders are producing hybrid hazelnuts in the Upper 
Midwest.  The majority of hybrid hazelnuts planted in Wisconsin are seed origin, and thus, highly 
genetically variable.  For existing hybrid plantings, an on-line data collection system was developed 
to allow growers to collect data on high-producing plants for potential future use in clonal propa-
gation.  This system was named the Hazelnut Improvement Program (HIP) and can be viewed at 
http://midwesthazelnuts.org/about-hip.html.  Additionally, ten of the largest hybrid hazelnut plant-
ings in Wisconsin were visited each year to estimate growth and production of hybrid hazelnuts.  

meeting objective 2: Wild American hazelnut sites were located across a wide area of Wiscon-
sin.  In total, 24 sites met qualifications for selection in year 2010.  On these sites, 100 plants were 
screened using visual selection criteria cards and the top 10 were selected.  All nuts were collected 
from these plants and yield of kernels was estimated from this sample.  The top yielding plant from 
each site was selected for future testing.

meeting objective 3:  Both mound layering (described at http://midwesthazelnuts.org/assets/
files/Research%20Bulletin%2015_stool%20bed%20layering%20American%20hazelnut.pdf) and 
micropropagation techniques were attempted with American hazelnut.  
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meeting objective 4:  The creation of an Annual Midwest Hazelnut Growers Conference, several 
extension publications and workshops has provided a wealth of information to potential and cur-
rent hazelnut growers.

RESULTS

 objective 1:  Use of the HIP website is increasing.  For two of the largest hybrid hazelnut plantings 
that we visit every year, we have collected yields and estimated current yield potential.  More in-
formation on potential yields is available at http://midwesthazelnuts.org/assets/files/Research%20
Bulletin%2017_hybrid%20hazelnut%20yields.pdf.  For the grower entered data and the other 
younger plantings, most of the plants are too young to allow for a strong selection effort yet. 
 
objective 2:  Using data from these wild sites, we have made selection of potentially high-
productivity hazelnuts.  We have used this data to estimate potential yields of these plants un-
der wild conditions.  More information on this assessment is available at http://midwestha-
zelnuts.org/assets/files/Research%20Bulletin%2016_American%20hazelnut%20yields.pdf.  
We would expect management in an orchard setting to significantly increase yield; howev-
er, we do not yet have any data for wild American hazelnut grown under managed conditions. 
 
objective 3:  We have had some initial success with both techniques (mound 
layering and micropropagation); however, we have not proven the poten-
tial in a commercial setting or with more than a few clones at this point. 
 
objective 4:  Both offerings of the Annual Midwest Hazelnut Growers conference have been 
well-attended.  Seven hazelnut extension publications have been prepared and are available at 
http://midwesthazelnuts.org/research.html.  Numerous grower workshops have also been deliv-

ered across the state.  

DISCUSSION

The development of woody perennial crops is a very slow process.  The use of participatory plant 
breeding techniques, where the growers select high-productivity plant materials from their own 
orchards has shown a great deal of potential.  As to whether this potential will result in new vari-
eties, we do not yet know.  Our wild selections show a great deal of promise.  However, until we 
propagate all of them and plant them in replicated field trials, we will not know their true potential.  
At this point, the potential yields look very exciting.

Our clonal propagation efforts demonstrate the potential for at least a percentage of the plants to be 
propagated conventionally.  Mound layering has produced clonal material from some genotypes of 

objective 3:  We have had some initial success with both techniques (mound layering and micro-
propagation); however, we have not proven the potential in a commercial setting or with more than 
a few clones at this point.
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both wild and hybrid hazelnuts.  There appears to be a great deal of genetic variability in the po-
tential of a plant for mound layering.  Micropropagation has worked for two initially tested clones 
at this point.   Current work for this 2011 growing season will test the field performance of such 
micropropagules and how applicable these protocols are for a wider range of genotypes. As this 
project is still relatively new, we hope to report on additional findings at later conferences.
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Abstract: Log-grown Shiitake mushrooms are a non timber forest crop well suited for the North-
east. Oaks are generally considered one of the best hardwood substrate species, but its value for 
timber exceeds its value for mushroom production. Because many forest owners are reluctant to 
cut oak or do not have access to it, our objective was to evaluate other readily available species 
with little or no value as timber for their suitability for shiitake production. Since interspecific dif-
ferences in mushroom production among tree species may be related in part to differences in log 
moisture content (LMC) over time, we also looked at the effect of tree species on LMC and its rela-
tionship with mushroom yield.  In April of 2006, red oak, big tooth aspen, American beech, and red 
maple were inoculated with dowel spawn of the shiitake strain WR46, and incubated in a laying 
yard under a hemlock canopy. Mushrooms were harvested and weighed from summer 2007 until 
October 2009. LMC was measured gravimetrically several times throughout the four year experi-
ment. Mushroom production peaked in 2008. At that time, mushroom dry weight was as high on 
beech as it was on oak, and lowest on big tooth aspen. Initially LMC was higher for big tooth aspen 
compared to other substrate species. Average LMC for all species ranged from 37-47% initially, 
and declined by approximately 10% by Oct 2008. LMC was not correlated with mushroom yield 
for any substrate species. This experiment confirms that some low value tree species can be used 
as alternatives to oak for shiitake mushroom production in the NE, and that LMC is not a reliable 
predictor of mushroom yield.

keywords:  shiitake, mushrooms, forest farming, log moisture content, tree species



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
115

Using gis-bAsed sUitAbility Assessments to identify  
APProPriAte forest HAbitAt for edible forests ProdUCts: 
oPPortUnities to forest fArm rAmPs (AlliUm triCoCCUm)   
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Abstract: Many edible forest products have potential for forest farming including Allium tricoc-
cum (aka ramps, leeks) native to eastern North American mountains. A member of the onion fam-
ily, and closely related to leeks, ramps are primarily wild-harvested for personal consumption and 
for sale.  Community groups generate revenue by organizing annual ramp suppers and festivals 
while rural entrepreneurs dig ramps to supply farmers’ markets and restaurants, increasing demand 
for large consistent supplies of this wild forest plant. Forest farming of ramps is strongly encour-
aged to conserve native populations, meet rising demand, and provide economic opportunities for 
landowners. We conducted a study to develop a GIS-based suitability assessment map that would 
predict suitable locations where ramps might be found, or where they could be farmed under a 
forest canopy with little site modifications. Our goal was to develop a tool to aid landowners in 
deciding appropriate places to grow ramps. The study area was located in the Southern Blue Ridge 
Major Land Resource Area which is 46% private forestland and 23% federally-owned forestland. 
Based on a literature review and field data from 10 ramp patches in western North Carolina and 
southwest Virginia, we developed a preliminary assessment method using six variables that are 
important landscape and site factors for natural populations of wild ramps. Factors included as-
pect, elevation, forest community, organic matter, pH, and drainage. The assessment method was 
evaluated, and refined, by visiting locations indicated as possibly suitable on the GIS-based maps.  
Results from the ground-truthing exercise suggest that the GIS-based assessment method offers a 
viable and potentially valuable tool for guiding decisions on forest farming of ramps.

keywords: GIS, suitabillity assessment, ramps, Allium tricoccum, forest farming
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Abstract: ‘Root Production Method’ (RPM) technology significantly increases the development 
of root systems in containerized seedlings.  As an alternative to bare root seedlings, RPM seedlings 
have been promoted as a method to increase growth and survivability of hardwood trees.  However, 
few scientific studies have been conducted that would support these claims.  Three oak species 
(Quercus spp.) were the focus of this study.  Seed was collected from a single mother tree of black 
oak (Quercus velutina, Lam.), white oak (Quercus alba Linn.), and swamp white oak (Quercus 
bicolor Willd.). Half of the seed from each mother tree was used to produce RPM, the other half 
bare root stock, (i.e. half siblings) which were planted in the fall (RPM) of 1996 or spring (bare 
root) of 1997 at the Horticulture and Agroforestry Research Center, New Franklin, MO.  After 14 
years in the field, bare root and RPM trees were harvested for each species and total above ground 
weight was recorded.  Statistical analysis of the data was conducted using least-square means and a 
method of orthogonal contrasts to determine if significant differences existed between the biomass 
of bare root and RPM trees.  Results showed that the RPM trees had up to twice as much above-
ground biomass weight as the bare root trees of the same age. Implications of this study suggest 
that RPM trees could be used in agroforestry practices as a way of increasing carbon sequestration 
and biomass production. In addition, the significant increase in growth that was observed should 
serve to enhance interest in adopting agroforestry practices.

keywords: biomass, carbon sequestration, Root Production Method, oak 

INTRODUCTION
 

“Root Production Method” (RPMTM) is a registered trademark for a nursery cultural practice devel-
oped by the Forrest Keeling Nursery located in Elsberry, MO (Grossman et al., 2003).  This nursery 
cultural technique air prunes the roots of seedlings that are grown in open-bottomed containers as a 
way to increase lateral root growth and enhance the production of a dense, fibrous root system. In 
addition to air pruning, the RPM™ process incorporates a proprietary soil and fertilization regime 
that promotes extensive fibrous root growth prior to out-planting. Based on 50 years of research in 
container production and hardwood regeneration, the Forrest Keeling Nursery, through the use of 
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the RPMTM method, has developed a hardwood seedling in either a 3 or 5-gallon container that has 
an unusually large caliper, height, and a fibrous root system (Dey et al., 2004).  

For agroforestry applications, RPM™ seedlings have the potential to reduce the time it takes for a 
tree to reach an age where it provides either an economical or environmental benefit. For example, 
the ability of RPM™ trees to sequester carbon at a faster rate may impact both the economic and 
environmental benefits.  More specifically, RPM™ seedlings can reach greater heights and diam-
eters in a shorter time frame than bare root seedlings.  As a result of this faster growth, the envi-
ronmental impact of windbreaks or riparian buffers can be realized sooner than with conventional 
planting stock.  

More recently, with the focus on biomass for energy, the RPM™ technology is being looked at as 
a method of increasing biomass production for woody species.  The economic demands of biomass 
production require shorter rotations and higher yields in terms of tons per acre in order to be profit-
able for landowners.  Therefore, the use of RPM™ seedlings for biomass production would seem 
to be an economically viable management strategy. 

METHODS

Three oak species (Quercus spp.) were the focus of this study.  Seed was collected from a single 
mother tree of black oak (Quercus velutina, Lam.), white oak (Quercus alba Linn.), and swamp 
white oak (Quercus bicolor Willd.). Half of the seed from each mother tree was used to produce 
RPM, the other half bare root stock, (i.e. half siblings) which were planted in the fall (RPM) of 
1996 or spring (bare root) of 1997 at the Horticulture and Agroforestry Research Center (HARC), 
New Franklin, MO.  

After 14 years in the field, height and diameter at breast height (dbh) measurements were recorded 
for both the bare root and RPM trees.  The trees for each species were then harvested and total 
above ground weight was recorded using a load cell.  After total weight above ground was record-
ed, the limbs from each tree were removed and the stem was reweighed using the load cell.  

Statistical analysis of the data was conducted using several methods, including least-square means 
and a method of orthogonal contrasts to determine if significant differences existed between the 
dbh and height of bare root and RPM trees. Another approach compared the ratio of total weight to 
dbh using a method that plotted the total above ground tree weight by dbh data and then calculated 
a trendline using the trendline function in Excel™.  
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RESULTS

A total of 30 RPM™ and 23 bare root trees were harvested.  The number of trees for each species 
and seedling type are listed in Table 1, along with their average dbh, height, tree weight, and stem 
weight.   Based on the comparison of the means, the mean dbh for swamp white oak RPM and 
swamp white oak bare root were not significantly different (P=0.0664).  However, the remaining 
species did have a significant difference in dbh when RPM™ trees were compared to bare root 
trees.  Average heights, average tree weights, and average stem weights all show highly significant 
differences between RPM™ and bare root.  However, the differences between the swamp white 
oak RPM™ and bare root were only significant at the α=0.05 level.  

table 1: Average measurements from the RPM and bare root oaks harvested from the Horticulture 
and Agroforestry Research Center, New Franklin, MO 

Averages

n
dbh 
(in)

ht 
(ft)

tree wt 
(lbs)

stem wt (lbs)

Black Oak RPM 15 8.40 38.2 621.9 404.6

Black Oak Bare root 7 6.23 34.4 356.9 229.4

White Oak RPM 5 7.76 31.7 498.9 326.0

White Oak Bare root 6 5.85 25.2 231.0 160.8

Swamp White Oak RPM 10 7.66 34.0 462.1 299.0

Swamp White Oak Bare root 10 6.73 31.3 324.5 215.9

 All RPM 30 8.05 35.7 548.1 356.3

All Bare root 23 6.35 30.7 310.0 205.6

The average dbh, height and weight data indicated that the RPM™ trees were larger than the bare 
root trees of the same age.  The next step in this study was to compare the total above ground 
tree weight with dbh to determine if there was a difference in tree density.  More specifically, this 
comparison looks at the probability that RPM™ and bare root trees of the same dbh have different 
weights.  
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figure 1: Comparison of dbh to total above ground tree weight with trendline for black oak (Quercus 
velutina, Lam.) RPM™ and bare root grown at the Horticulture and Agroforestry Research Center, 
New Franklin, MO. 

Figure 1 shows the comparison of dbh and total above ground tree weight for black oak grown at 
the HARC farm.  Based on this figure and the data reported in Table 1, the RPM™ trees have a 
larger dbh and total weight at age 14, but the relationship of dbh to total above ground weight isn’t 
impacted by the type of seedling (RPM™ or bare root) initially planted.  In other words, a tree with 
an 8-inch dbh will have about the same total above ground weight regardless if it is an RPM™ or 
a bare root.  This trend is the same with the swamp white oak (Figure 2).  There is little difference 
in the comparison of dbh to total above ground tree weight between RPM™ and bare root.    

The results for white oak indicate that there may be a slight difference between the biomass poten-
tial based on the dbh to total above ground tree weight comparison.  Figure 3 shows a trendline that 
predicts total above ground tree weight to be nearly 50 lbs less for bare root at each dbh level.  
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figure 2: Comparison of dbh to total above ground tree weight with trendline for swamp white 
oak (Quercus bicolor Willd.) RPM™ and bare root grown at the Horticulture and Agroforestry 
Research Center, New Franklin, MO.

figure 3: Comparison of dbh to total above ground tree weight with trendline for white oak 
(Quercus alba Linn) RPM™ and bare root grown at the Horticulture and Agroforestry Research 
Center, New Franklin, MO.
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CONCLUSIONS
 
Although this study is a preliminary in nature, the results of the mean dbh, height, and weight com-
parisons indicate that the RPM™ trees are significantly larger than bare root trees of the same age.  
This supports the idea that RPM™ trees can decrease the time required for agroforestry plantings 
to reach economic maturity or achieve the desired environmental effect.  Moreover, our findings 
clearly illustrate the advantage of using RPM™ trees, rather than conventionally grown trees, to 
maximize carbon sequestration on a per acre basis. 
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Abstract: Fraser fir (Abies fraseri) is traditionally produced in high inputs intensively managed 
cropping system. We report on a project established to study the effect of intercropping three ground 
covers (alfafa [Medicago sativa], Dutch white clover [Trifolium repens] and perennial rye [Lolium 
perenne]) on the overall sustainability of this agroforestry production system. Intercropped ground 
covers were mowed every 21 days, and the vegetation returned to the ground as green mulch. Stan-
dard plant and soil analytical methods were used to determine changes in nitrogen, phosphorous, 
potassium, manganese, and magnesium concentrations for the various components of the system 
including Fraser fir trees, groundcover biomass, and soil mineral nutrient concentrations. Results 
obtained indicate that the species selection affected the amount of green manure produced and 
its total nitrogen and other organic macronutrient content. Soil organic carbon and nitrogen were 
stable in the upper soil profile due to the relatively small quantities of organic nutrients added with 
the cropping system compared to the total stock of soil C and N. Mineral nitrogen decreased over 
the season due to the synchrony of cover crop decomposition, mineralization and nutrient uptake 
by trees in the upper profile. Ground cover treatments did not affect foliar Mg and P concentrations 
significantly. However, lower Ca and K were found in ground cover treatments compared to bare 
ground treatments, probably due to competition between ground cover and trees. These results 
indicate that intercropping cover crops can improve soil nitrogen fertility and organic matter, how-
ever there is strong competition for other nutrients that need to be carefully considered.

keywords:  intercropping, groundcovers, nutrient dynamic, green manure
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in nortH CArolinA 
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Abstract: Agroforestry presents an opportunity to increase land productivity and improve cash 
flow by combining variable income streams from agriculture, forestry, and animal production on 
the same piece of land. This research assessed integrated goat and forest management for timber 
stand improvement; measured how browsing affects desired and undesired forest vegetation; mea-
sured browse quality; identified browse preference; and assessed goat health in a forest condition. 
The research site was located in Bahama, North Carolina. The area is a 17-acre, Loblolly pine 
(Pinus taeda) forest that was planted in 2000. One-half of the experimental site was treated with an 
early rotation herbicide and the other half was untreated.  Pre-treatment measurements included 
understory species identification index, DBH of crop tree species, nutrient values, biomass clip 
samples, and dry-weight sampling were sampled in July, August, and September, 2009. Sixteen 
yearling Boer goat weathers were used, eight goats per treatment. Pre-trial FAMACHA, body 
weight, and Fecal Egg Count, (FEC) were taken on each subject. For each treatment, four, equal 
sized plots (.25 ac) were hand-cut to reduce damage to tree crops, and were tagged and fenced with 
portable solar charged electric net-fencing. Post-treatment measurements included, cover density 
screening, densitometer readings and FAMACHA testing. Preliminary findings suggest that goats 
effectively removed unwanted brush to an acceptable level while maintaining healthy weight. Ac-
tive management of the goats occurred each day, and they were moved when shrub browse was 
reduced to the target level of <20% of original volume.  This prevented damage to large crop trees, 
and the treatment released the planted loblolly pine effectively, as well as large diameter volunteer 
hardwoods.  Browse preferences and browse composition differed between the treatment types, 
as did the amount of time that goats could remain in each block. The role of goats as biological 
control agents may become more important due to environmental concerns and elevated costs of 
other control methods such as mechanical cutting and herbicide application.  In addition, the forest 
setting was good for goats, helping promote health by (1) reducing intestinal problems, which are 
pervasive in pasture settings, by having them browse on vegetation with more vertical structure, 
more variety, and less fecal contaminants; and (2) providing a variety of browse and shrub forage 
with high protein content.   

keywords:  agroforestry, goats, Pinus taeda, loblolly
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bioPHysiCAl fACtors tHAt inflUenCe ProdUCtion  
of mediCinAl PlAnts in A forest fArming system

James Chamberlain1, Ritchie Vaughan2 and John Munsell2
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2College of Natural Resouces and Environment, Virginia Tech 

Contact: jchamberlain@fs.fed.us

Abstract: The USDA Forest Service National Agroforestry Center established the Forest Farm-
ing Network in southwest Virginia in 2009 with private forest landowners to improve the potential 
for growing native medicinal plants. Forest farming, the intentional growing or management of 
understory forest plants with economic value, may be a way for landowners, who wish to keep 
their trees standing, to make extra income. The Appalachian region, in which southwest Virginia 
is located, is well suited for this type of production system. Forests of this region are prime habitat 
for many native plants that have economic value for food, medicines and other products. Most 
of the plant materials that are harvested for these non-timber values come from the wild. Forest 
farming may serve to reduce pressures on natural populations, while providing landowner viable 
enterprise options. The Forest Farming Network was established to determine ways to produce na-
tive medicinal plants for the herbal medicine industry, develop estimates of production functions 
for selected plants, and examine the biophysical factors that impact production. Replicated trials 
of five native plant species that are harvested for their medicinal values have been planted in more 
than a dozen locations. In partnership with the College of Natural Resource and Environment, Vir-
ginia Tech, we present an analysis of the effect biophysical factors have on production of native 
medicinal plants. We examine the correlations between site factors and establishment and produc-
tion of these species.  Preliminary results of this research will help to improve the understanding of 
factors that influence production of important medicinal plants and will aid in expansion of forest 
farming throughout the region. Over time, with further plant growth and data analysis, we should 
be able to develop a better production functions that will allow for estimations of growth and yield 
for these plants.
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CAse stUdy:  A HAyfield Conversion  
to A mUlti-lAyered PlAnting
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Abstract: In fall of 2006, a 2-acre hayfield on a tree farm in central Wisconsin was laid out into 
10-foot wide terraces/swales along contour lines.  The beds were strip sprayed with glyphosate and 
a two-bottom plow was used to create swales.  A total of 2400 linear feet of planting bed were cre-
ated.  Each terrace was planted to 2-3 rows of plants, with trees on 20-ft spacing and shrubs inter-
planted at 5-8 foot spacing.  This will create a multi-layer canopy with crops from each layer.  Over 
40 species/varieties were planted on the site in the spring of 2007 (240 trees, 480 shrubs, and 250 
perennials).  The entire site was electrically fenced.  Plants were mulched with either wood chips 
or fabric mulch and treatments of drip-irrigation or no irrigation were applied to the plants. After 
three growing seasons, no difference was found between treatments.  The swales and mulching was 
adequate to ensure survival and growth without the need of supplemental irrigation.  Growth and 
fruiting of individual species as well as other observations will be discussed in this presentation. 
 
keywords:  polycropping, multicropping, alley cropping, agroforestry

INTRODUCTION

Polycropping systems are quite common around the world (Wojtikowski 2006; Nair 1993) and 
have a long history in the Americas (Atran 1993; Nahban et al. 1982).  With our project, the range 
of potential crops that could have been used in the polyculture systems was very broad, but in-
cluded berry (Finn 1999), nut (Josiah 2001) and wood crops (Streed 2000).

Within the establishment of polycropping systems, the use of swales to concentrate water for tree/
crop plantings has a well-developed place in history (Critchley and Siergert 1991; Sandor et al. 
1990) with documented use going back at least 4000 years.  In a more modern context, numerous 
authors have shown various forms of in-situ rainwater harvesting to be viable methods to improve 
crop yield (Vohland 2009; Bruins et al.  1985; Critchley and Siergert 1991).  Indeed, the use of 
water harvesting techniques is intrinsic to the concept of permaculture (Mollison 1988).  These 
techniques have been shown to both increase growth of plants and allow establishment in areas 
where tree planting success is otherwise impossible.
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In addition to water accumulation techniques, water conservation and vegetation control with 
mulch has been shown by numerous authors to improve tree establishment.  Various types of 
wood chip mulch (Duryea et al. 1999) or landscape fabric (Geyer 2001) have both been shown to 
increase tree growth and/ or survival. 

Our goal of this project was to convert a hayfield into a multi-layer planting.  The objectives of 
the study were to monitor growth of these plants in an effort to determine viable candidate spe-
cies for similar systems in Central Wisconsin.  Additionally, we assessed whether mulch by itself 
was adequate to ensure establishment or whether additional irrigation during dry periods was also 
needed.  We also compared fabric mulch to wood chip mulch to determine which provided for 
superior establishment.

METHODS

The site selected was a 2 acre hayfield of Rosholt sandy loam soil (Coarse-loamy, mixed, superac-
tive Frigid Haplic Glossudalf) with a 1-6% slope in Portage County, Wisconsin.  Attempts at plant-
ing trees on this site had failed in the past.  In order to prepare the swales, 10 foot wide terraces 
were placed along mapped contour lines.  These were strip-sprayed with glyphosate in the fall of 
2006 and then a two-bottom mouldboard plow was used to create the swale.  Five main planting 
beds were created (as well as six smaller ones).  The combined length of the beds was 2400 feet.  
The alleys were maintained in existing sod cover.  The entire plot was fenced with a 10-strand 
electric fence powered by a solar charger.

The site was planted with a mix of species in spring of 2007.  These species included, hybrid poplar 
(Populus spp. hybrid), butternut (Juglans cinerea), black walnut (Juglans nigra), shagbark hickory 
(Carya ovata), burr and white oak (Quercus macrocarpa and alba) , American chestnut (Casta-
nea dentate), apple (Malus domestica), chokecherry (Prunus virginiana), American plum (Prunus 
americana), serviceberry (Amelanchier arborea), Saskatoon serviceberry (Amelanchier alnifolia), 
buffaloberry (Shepherdia canadensis), Nanking cherry (Prunus tomentosa), highbush cranberry 
(Viburnum trilobum), elderberry (Sambucus canadensis), false indigo (Amorpha fruticosa) and 
hybrid hazelnut (Corylus spp. hybrid).  The terraces were planted in two-three adjacent rows with 
trees spaced at 20 feet and 5-8 foot spacing for shrubs.  Additional crops (such as raspberries, 
blackberries, rhubarb, strawberries and others were also included; however, only data on survival 
was collected on these plants and it is not reported in this article.

Three of the planting beds were mulched with weed-barrier fabric and the remaining beds received 
mixed wood chips.

Half of two of the planting beds (those with weed barrier fabric) received irrigation water.  The 
irrigation was provided by a single ½ gallon per hour emitter for each tree/shrub.  The system was 
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run for 2 hours during any week in which there is not an inch of rainfall.  In each of the first three 
growing seasons, the rainfall was 23% below the 20-year average.  During each of those years, 
an average of 5900 gallons of rain water was collected from barn-roof runoff to provide approxi-
mately 12 gallons of additional water per plant through a gravity-flow drip system.

On June 30th for 2007, 2008, 2009 and 2010, the plants were measured for several parameters.  
Height growth is all that is reported in this article.

The data for this project is summarized using means and standard error.  All comparisons are made 
using one-way ANOVA.

RESULTS

The overall survival in June 2010 (three growing seasons) was 83% (excluding strawberries, as-
paragus, raspberries, and herbs, whose data is not included in this article).  Most species had close 
to 100% survival with high mortality (greater than 30%) in Buffaloberry, Saskatoon serviceberry, 
lingonberry, mulberry, Sand cherry, willow, hazel (M2 variety), and bur oak.   There was no differ-
ence in survival of tees and shrubs between irrigated and non-irrigated treatments.

Irrigation did not result in more growth than the control for American chestnut (65 vs 75 cm), 
chokecherry (151 vs 120 cm) or oak (104 vs 94 cm).  

The application of wood chips or landscaping fabric resulted in similar growth for highbush cran-
berry (98 vs 103 cm) and hybrid hazelnut (76 vs 85 cm).

As expected, hybrid poplar was much taller than all other species by 2010 (226±11 cm).  Butternut 
(109±8 cm), black walnut (131±20 cm) and oak (burr and white; 100±7 cm) were of similar height.  
Hickory (35±6 cm) and American chestnut (68±7) were much slower growing. 

For the smaller tree species, American plum was taller than the others (209±10 cm).  Apple (143+11 
cm) and chokecherry (148±9 cm) were of similar height and serviceberry was slower growing 
(79±2).

For the shrubs, elderberry outgrew the other species (143±9 cm).  Generally, the others were simi-
lar in growth:  Saskatoon serviceberry (66±13 cm),  buffaloberry (56±5 cm), Nanking cherry (76±5 
cm), highbush cranberry (101±6 cm), false indigo (90±3 cm) and hazelnut (78±4 cm).
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DISCUSSION

The lack of difference between types of mulch is not surprising.  Both provide reduced vegetation 
competition and therefore increase soil moisture.  Without suppression of the sod cover on this site, 
failure of plantations is likely for most hardwood species.  With either wood chips or fabric applied 
after glyphosate application and tillage, good vegetation control was attained.  

The lack of response to irrigation was surprising, however.  We had anticipated that additional 
application of water would increase tree growth.  Liebig’s law of the minimum states that the 
most limited resource is the one that limits growth.  It appears that on this site, the combination of 
swales and mulch results in a water supply which is adequate for growth.  Three of the four years 
reported (2007, 2008 and 2009) were drought years (2010 had consistently good soil moisture), 
so even during drought years, this combination appears to be sufficient for tree establishment and 
growth.

In many agroforestry plantings, the final “crop” for the site is usually the tall trees.  The inclusion 
of short trees and shrubs is often promoted to “fill in the site first and then decline in health and 
vigor as the tall trees begin to dominate”.  For this site, the growth of the majority of the trees and 
shrubs (excluding the hybrid poplars) were surprisingly similar during the first four years.  At this 
point, some of the shrubs are beginning to produce fruit (especially the elderberries).  This product, 
combined with early senescense (which will allow the short and tall trees to permanently occupy 
the space), seems to justify their inclusion in plantings of this type.  The small trees are still ac-
tively adding height growth (and the plums began to produce fruit in 2010).  The productivity of 
the small trees in this system is not yet proven on this site.  

Overall, the combination of swales and mulch seems to be adequate to establish a mixed planting 
on similar sandy soils in Central Wisconsin.  While the use of landscaping fabric on high-value 
tree plantings (i.e, windbreaks, etc.) is becoming more common in Central Wisconsin, the inclu-
sion of swales for tree plantings is not very common place.  The application of these and other 
in-situ rainwater harvesting systems may have a role in farm forestry application.
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mUlCH Agroforestry in eAstern AmAzon, brAzil:  

PlAnt growtH And soil resPonses
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Abstract: In the Brazilian Amazon , manioc (Manihot esculenta) is a staple crop produced through 
slash-and-burn agriculture.   Fields are often abandoned after 2 yrs because nutrient losses during 
slash-and-burn can be large and nutrient demand by food crops can be large.  Recently, farmers 
have reduced the fallow phase from 20 to ~5 yr, limiting plant nutrient accumulation to sustain 
crop yields. Improved fallows through simultaneous planting of trees with food crops may accel-
erate nutrient re-accumulation.  In addition, slash-and-mulch technology may prevent loss of nu-
trients due to burning and slow-release of nutrients in mulch decomposition may also limit losses.  
This study in Pará, Brazil, in a 7-year-old secondary forest following slashing and mulching of the 
vegetation, involved two main plot treatments (with and without P and K fertilizers) and two sub-
plot treatments (with or without a N2-fixer Inga edulis).  A mixed-culture of trees and manioc was 
planted in all plots.  P and K fertilizer increased tree mortality due to weed competition but growth 
of surviving trees in four of the five tree species tested also increased as did biomass production of 
manioc.  In the N2-fixer treatment trends of greater growth and survival of four of five tree species 
and manioc biomass were also observed.  Fertilization increased the biomass of competing vegeta-
tion, but there was a fertilizer by N2-fixer interaction as I. edulis caused a reduction in competing 
biomass in the fertilized treatment.  After one year, fertilization increased decomposition of the 
mulch such that Ca, Mg, and N contents within the mulch all decreased.  In contrast, P and K con-
tents of mulch increased in all treatments.  No influence of the N2-fixer on 0-10 cm soil N contents 
was observed.  Two years after establishment, this agroforestry system succeeded in growing a 
manioc crop and leaving a well-maintained tree fallow after the crop harvest.
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Abstract: The agroforestry concept of combining crops and trees on the same land unit can  be 
extended to agrivoltaic systems mixing crops and photovoltaic panels (PVPs).  We compared the 
impact of a standard spacing of PVPs (Full Density, FD) and a  half density (HD) spacing on let-
tuce growth and yield. PVPs were maintained at 4  m above soil level to allow easy mechanical 
cultivation of the 820 m²  prototype. Two lettuce cultivars (capitata and acephala) were planted 
in rows,  along the East-West axis. Light distribution and lettuce growth were monitored  from 
plantation (20/07/2010) to harvest (06/09/2010). At maturity, the relative  above ground dry matter 
(DM) of capitata was 53% and 64% in FD and HD  respectively, but 65% and 88% for acephala. 
The reduced DM resulted from a  reduced number of leaves in the shade but also from changes in 
leaves shape. At  20 days after planting (DAP), we measured no difference in total foliar area,  but 
Specific Leaf area (SLA) was found to be smaller in HD than in FD and in FD  than in full sun. 
After 31 DAP, no difference in SLA could be found anymore . HD  lettuces appeared to have larger 
leaves than in other treatments. These results  suggest that lettuce responds in a non-monotonic 
pattern to light reduction to  mitigate the C assimilates reduction in the shade. Differences in let-
tuce DM  between planting rows were correlated to the radiation pattern along the  North-South 
direction. FD lettuce remained stable below 60% of relative DM from  plantation to harvest, but 
HD lettuce had a different behaviour : relative DM  increased steadily during the crop cycle. We 
suggest that the dynamic variations  of irradiation should be taken into account to explain this 
surprising  behaviour.

keywords:  agrivoltaic system, lettuce, growth, leaves
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seCtion 5

Policy, Economics and Marketing
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UsdA Agroforestry strAtegiC frAmework 
 

Andy Mason

USDA National Agroforestry Center   
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Abstract: There is a significant opportunity to expand the application of agroforestry across the 
U.S. and globally to address the priorities of the U.S. Department of Agriculture (USDA), which 
include:  assisting rural communities to create prosperity; ensuring that our working lands are 
conserved, restored and made more resilient to climate change, while enhancing water resources; 
and supporting sustainable agricultural production both in the U.S. and in food insecure nations.  
The science and practice of agroforestry has made significant advances in the past 10-20 years 
indicating that agroforestry as a technology has truly “come of age”.  To capitalize on this op-
portunity, an Interagency Agroforestry Team (IAT) was established in January 2010 to develop a 
USDA Agroforestry Strategic Framework.  IAT members represent five USDA agencies (Forest 
Service, Natural Resources Conservation Service, Agricultural Research Service, National Insti-
tute of Food and Agriculture, and the Farm Service Agency), and two key partners (National As-
sociation of State Foresters and the National Association of Conservation Districts).  There are 
two key purposes for the Strategic Framework:  1) Increase USDA and partner awareness and 
support for agroforestry as a means to implement the new USDA Strategic Plan (2010-2015); and 
2) Identify the most important future USDA emphasis areas for agroforestry research, develop-
ment, and technology transfer. The IAT is developing the Strategic Framework with input from 
a diverse group of stakeholders that participated in the Agroforestry Roundtable Workshop, May 
25-26, 2010.  The IAT considered stakeholder input and completed a Draft Strategic Framework in 
October 2010.   A final Strategic Framework is expected to be completed and released externally 
in May 2011.   Highlights of the final Strategic Framework will be presented, which is expected to 
include a USDA agroforestry vision and mission statements, a set of guiding principles, strategic 
goals and objectives, key strategies, and progress indicators.

keywords:  USDA, strategic, agroforestry
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from forest grAzing to silvoPAstUre, tHe evolUtion  
of integrAted Use in britisH ColUmbiA
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Abstract: British Columbia (BC) has one of the most extensive forest rangeland bases in the world 
that is managed for both livestock and timber production.  Over the past 150 years, integrated use, 
and the social motivations behind it, has evolved from passive integration, through multiple use 
systems designed to minimize conflicts, to fully-integrated agroforestry.  Forest grazing originated 
around pre-colonial fur trading posts and early settlements along the 1858 gold rush trail.  As 
agriculture expanded over the ensuing century, so too did forest grazing.  From the first ranches 
through modern times, forest grazing has been an important aspect of livestock husbandry in BC.  
Most early use was concentrated in the southern interior, utilizing natural and logged clearings in 
low-elevation forests.  In the early 1960s a large expansion of transient forest grazing use started 
on mid- and high-elevation forests.  This expansion coincided with the commercial use of lodge-
pole pine and a shift to clear cutting that greatly increased the area of regenerating forests and im-
proved access along the forest road network.  Forage seeding on forest land also expanded. These 
changes heightened concerns over tree damage by livestock and the impacts of seeded forages on 
forest regeneration which intensified into the early 1970s. By the mid 1980s, grazing was managed 
on over 11 million ha of Crown forest lands, accounting for 85% of the BC grazing resources, and 
integrated use guidelines were in force to minimize conflicts.  Also from the mid 1980s, BC has 
had one of the highest levels of prescribed livestock grazing for silvicultural site prep and vegeta-
tion management in the world.  Now, as traditional forest grazing and the silvicultural-focused 
use of prescribed grazing has been waning, interest is increasing in fully integrated silvopasture 
systems, designed and managed to create production synergies, and to provide economic, social 
and environmental benefits.

keywords:  silvopasture, history, social implications, British Columbia
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Abstract: During the last 10 years, agroforestry adoption has made significant steps forward in 
France. Four events opened the way to a wide-scale adoption of agroforestry (and especially alley-
cropping systems) in France. First, treed systems were fully accepted as agricultural systems, and 
clearly differentiated from forestry systems. As a consequence, intercrops in treed systems were 
recognised as fully eligible to the support schemes for crops of the European Common Agricultural 
Policy. Previously, intercrops were often considered as ineligible, which made them not commer-
cially profitable, and blocked any will to adopt agroforestry by farmers. Second, trees outside the 
forest were recognised as farm assets, resulting in a favourable tax regime. Third a European Regu-
lation was adopted in 2005 that includes the possibility to support farmers that want to plant trees 
in their fields. The French State implemented this regulation in 2010, allowing local communities 
to help farmers to plant trees. And finally, the specificity of agroforestry schemes was recognized 
by a specific French regulation that was published at the beginning of 2010. This regulation clears 
most of the fiscal and legal debates about agroforestry practices in France. As a consequence, the 
number of farmers involved in agroforestry plantation increased steadily over the last years, and 
prospects for planting half a million hectares of agroforestry systems in France during the next 25 
years are now considered. A key for succeeding in disseminating agroforestry technology in coun-
tries without any previous practice is the availability of convincing demonstration plots. Therefore, 
a network of demonstration plots was established since 2006 throughout France, with more than 
40 sites in almost all French Provinces. Similar processes are at their initial steps in some other 
European countries.

keywords:  innovation diffusion, on-farm trials, grants, farm policy, common agricultural policy
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ConQUest CAnAdA - A 75 yeAr legACy  
in Agroforestry PlAntings

Tricia Pollock and Henry deGooijer

Agriculture & Agri-Food Canada   
Contact: tricia.pollock@agr.gc.ca

Abstract: The agricultural lands surrounding Conquest, Saskatchewan Canada are the location to 
some of the most intensive shelterbelt plantings ever conducted in Western Canada.   Initiated in 
the early 1930’s as a result of severe drought and soil drifting, tree plantings in the form of field 
and farm shelterbelts, became an integral tool in the fight against soil erosion.  By 1935, a formal-
ized Field Shelterbelt Association had been formed with 91,000 trees planted in the initial year.   In 
1937, one of the most severe years for drought and soil erosion, nearly 1 million trees were planted.   
On average, 320,000 trees were planted each year until 1946.   By 1974, the association area of 
126 square miles held over 900 miles of field shelterbelts.  However 75 years later, the extensive 
field shelterbelts are under severe pressure.   Lack of maintenance and rejuvenation of the shelter-
belts, and changing farm structure including increased farm and equipment size are resulting in 
the removal of a significant number of shelterbelts.  This paper will examine the factors impacting 
the planting and progression of the Conquest  shelterbelts from planting to present day including 
the environmental conditions, changing farm tenure and demographics, role of government pro-
gramming, and social expectations.    The impacts and function of the original shelterbelts will 
be examined as well as the loss of the economic and environmental function within the Conquest 
study area.  Strategies will be considered for the implementation of future agroforestry designs in 
light of changing farming systems, land ownership, and societal expectations.  

keywords:  agroforestry, shelterbelt, Canada 
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finding Agroforestry treAsUres in tHe fArm bill

Douglas Wallace

USDA National Agroforestry Center; Natural Resources Conservation Service   
Contact: doug.wallace@ftw.usda.gov

Abstract: Agroforestry is a unique land management approach for people who care about working 
lands and natural resources. Agroforestry practices provide opportunities to integrate productivity 
and profitability with environmental stewardship resulting in healthy and sustainable agricultural 
systems. Agroforestry practices include windbreaks/shelterbelts, riparian forest buffers, silvopas-
ture systems, alley cropping, and forest farming. On June 18, 2008, Congress passed the Food, 
Conservation, and Energy Act of 2008 (2008 Farm Bill). In this bill are numerous opportunities for 
land users to get financial and technical support for agroforestry uses through a myriad of USDA 
programs - some time-tested and proven and some truly new.  The federal financial programs were 
developed as incentives for good stewardship and, to provide payment assistance for practices that 
when properly designed and managed, provide a means to treat pressing environmental issues. The 
Environmental Quality Incentives Program, Conservation Stewardship Program, Wildlife Habitat 
Incentives Program, Wetland Reserve Program Conservation Reserve Program, and Conservation 
Technical Assistance programs currently represent federal sources with the greatest usefulness and 
application potential for agroforestry on private lands.  Many other programs are also available that 
have potential for agroforestry application.  Based on data from the Farm Service Agency Con-
servation Reserve Program statistics, the NRCS Integrated Data for Enterprise Analysis (IDEA) 
system and the NRCS Performance Results System (PRS) agroforestry planning, application and 
funding is highly variable by practice, region and program year. For fiscal program years 2008-
2010, riparian forest buffers and windbreak/shelterbelt establishment had the highest application 
rates and multi-story cropping (forest farming) had the least. No national unified tracking system 
currently exists to capture agroforestry application in the US.

keywords:  agroforestry practices, Farm Bill, application, funding, USDA programs
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Agroforestry PrACtiCes to enHAnCe resoUrCe-Poor  
liveliHoods in gHAnA: wildfire mitigAtion strAtegies 

And lessons leArnt

Victor R. Barnes1, William Oduro1, Daniel Akoto-Sarfo2, Naresh V. Thevathasan3 
and Andrew Gordon3

1Faculty of Renewable Natural Resources, University of Science and Technology,  
Kumasi, Ghana 

2Faculty of Forest Resources Technology, University of Science and Technology,  
Sunyani Ghana  

3School of Environmental Sciences, University of Guelph, Guelph, Canada  
Contact: rexbee2000@yahoo.co.uk

Abstract: With regards to the possible contributions of effective wildfire management towards so-
cio-economic growth in fire-prone farming communities, this paper examines the effectiveness of 
fire prevention strategies employed by subsistent farmers to reduce wildfire incidence to promote 
Agroforestry Practices to Enhance Resource-poor Livelihoods (APERL) in three fire-prone farm-
ing communities in Ghana. The presentation also considers the lessons learnt during implementa-
tion of the strategies. APERL Project is funded by Canadian International Development Agency 
(CIDA) and implemented by the Kwame Nkrumah University of Science and Technology and 
University of Guelph. This presentation is based on project progress reports, wildfire prevention 
evaluation reports and field surveys. Wildfire prevention evaluation was carried out through par-
ticipatory appraisal after two years of introduction of wildfire prevention programmes by APERL 
led youth clubs in the three communities. The results indicate that frequency of annual fire inci-
dence in the three communities has reduced from average of 40 before 2008/2009 fire season to 0 
in 2009/2010 fire season and 2 in 2010/2011 fire season. The results also show that, following the 
reduction in fire incidence, the total area of APERL led agroforestry fields of food crops, fruit trees 
and timber species have increased from 4 ha established by 10 subsistent farmers before 2009 to 
77.2 ha established by 152 subsistent farmers by March 2011. The  lessons learnt are 1) sustained 
public education and awareness are very effective in preventing wildfires; 2) community wildfire 
prevention programme led  by members of that community is more effective than that led by non-
community members.

keywords:  agroforestry, food security, income security, wildlife, community education
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U.s. ConsUmers’ PreferenCes for CHestnUts:  
Post PUrCHAse evAlUAtion

Mihaela M. Cernusca, Francisco X. Aguilar and Michael A. Gold

The Center for Agroforestry, University of Missouri Columbia, MO  
Contact: cernuscam@missouri.edu

Abstract: A regional study of consumer satisfaction and preferences for various chestnut attributes 
was conducted in 2009. Surveys were distributed to five chestnut growers/sellers in Missouri, Iowa, 
Kansas, Ohio and Illinois to accompany chestnut sales to their individual customers. Returned 
surveys represented consumers from 18 states, mainly the U.S. Midwest but also from the East 
and West coasts. 

The survey measured consumer satisfaction with the chestnuts purchased (by using affective, cog-
nitive and behavioral constructs), assessed consumer’s general knowledge about chestnuts, fre-
quency of consumption and familiarity with cooking. The survey also included a choice-based 
conjoint analysis to evaluate the effects of origin, production process and price on consumer pref-
erences for chestnuts.

Statistical results indicate that high satisfaction with chestnuts purchased increases the likelihood 
of future purchase. Most consumers who are buying chestnuts know that chestnuts need to be 
refrigerated but more educational effort is needed regarding  the low fat content of chestnuts as 
compared to other nuts and the gluten free attribute of chestnut flour. 

Conjoint analysis of chestnut attributes (i.e., origin, production process and price) confirmed results 
of past studies conducted in Missouri. Holding other attributes constant, chestnut origin is the most 
important attribute influencing purchases, consumers strongly preferring locally grown chestnuts 
over U.S. grown or imported. Chestnuts grown organically or pesticide free were preferred over 
conventionally produced. Price has also a significant influence on the purchase decision but when 
used as part of the decision process together with the other attributes the relative influence of price 
on consumer choice is reduced. 

keywords:  conjoint analysis, consumer satisfaction ctudy, locally grown
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The Center for Agroforestry at the University of Missouri (UMCA) has developed a comprehensive 
program to stimulate both production and consumption of chestnuts and create a viable chestnut 
industry in the U.S. Midwest.  On the consumer side, activities were directed to increase consumer 
awareness about chestnuts through the Missouri Chestnut Roast Festival, spinoff festivals which 
include free samples of roasted chestnuts, and chestnut sales at multiple venues. Studies have 
been conducted at the UMCA regarding chestnut-related behavior, satisfaction and preferences for 
chestnut attributes.

Frequency of consumption and familiarity with cooking chestnuts have been monitored since 2003 
using a longitudinal study during the Missouri Chestnut Roast festival (Gold et al. 2004, 2005, 
Cernusca et al. 2008, Aguilar et al. 2010). The longitudinal study revealed an increase in chestnut 
consumption among festival participants from 2003 to 2009. The percentage of respondents that 
have never tasted a chestnut decreased, while the percentage of people that consume chestnuts 
more often increased. Similar results were obtained for familiarity with cooking chestnuts. 

Satisfaction with purchased chestnuts was assessed for customers that bought chestnuts in the city 
of Columbia (MO) Farmers Market and Clovers Natural Market in Columbia, Missouri. Consum-
ers that responded to the survey were very satisfied with the chestnuts purchased in terms of quality 
(appearance and taste) and price and would buy again. They prefer to buy locally grown, organic 
chestnuts from farmers markets and health food stores. Most respondents roasted the chestnuts but 
some tried the recipes provided or new recipes (Cernusca et. al. 2009).

Preferences for chestnut attributes were measured through a conjoint analysis (CA) technique 
used during the Missouri Chestnut Roast Festival in 2007 and 2009. The first study revealed that 
medium and large chestnuts were preferred over the small ones by consumers in Missouri (Agui-
lar et al. 2009). Both studies suggested a strong preference for locally and U.S. grown chestnuts 
compared with imports. Besides origin, organic certification was also found to be a major driver 
behind consumer preferences (Aguilar et al. 2009, 2010).

The present study combines previous studies (ie., chestnut-related behavior, satisfaction with pur-
chased chestnuts and preferences for chestnut attributes), explores preferences from consumers 
outside the state of Missouri and applied CA to people who actually purchased chestnuts as com-
pared with potential buyers attending the Missouri Chestnut Roast.

METHODS

survey development

The survey was comprised of three sections: questions assessing buyers’ experience with the chest-
nuts they purchased, CA to measure consumers’ preferences for various chestnut attributes (i.e., 
price per pound, production process and label of origin) and demographics. 

 
The first section evaluated:
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The type of purchase (first time or repeated); •	

The way chestnuts were cooked (boiled/microwaved, roasted, using recipes provided by seller, •	
using other recipes); 

Satisfaction with the purchase using cognitive satisfaction measures (i.e., evaluation of price •	
“The price of chestnuts was lower than expected, as expected, higher than expected”, visual ap-
pearance “ The visual appearance of chestnuts was very bad, bad, satisfactory, good, very good” 
and the taste of chestnuts  “The taste of chestnuts was very bad, bad, satisfactory, good, very 
good”), affective satisfaction measures (“I liked these chestnuts”) and behavioral satisfaction 
measures (“I would buy again and I would recommend to my friends”); 

Respondents’ familiarity with chestnuts: frequency of consumption (“How often do you con-•	
sume chestnuts”), familiarity with cooking (“How familiar are you with roasting chestnuts” 
and “preparing chestnuts using recipes”) and general knowledge about chestnuts (“Chestnuts 
need refrigeration – yes/no/I don’t know”,” Chestnuts’ fat content compared to walnuts – low-
er/higher/I don’t know”, “Chestnut flour is gluten free – yes/no/I don’t know”).

The CA used a choice-based method to obtain preferences for certain product attributes. The CA 
technique focused attention on trade-offs people make between the attributes of alternative goods 
and services. Product attributes selected for this study included price, production process and label 
of origin, the same attributes used in previous studies (Aguilar et al. 2010). Each attribute had three 
levels. Definition for each attribute level was provided in the survey:

Price in U.S. dollars per pound with three different levels ($4, $5.50 and $7). 

Production process:

Unknown – chestnuts may or may not use agrochemicals for fertilization and weed/pest •	
control

Pesticide free – chestnuts produced with minimal use of chemicals in the form of herbicides •	
and pesticides

Certified organic – chestnuts produced using methods that maintain and replenish the soil •	
fertility without the use of potentially toxic and persistent pesticides and fertilizers. Growers 
follow strict uniform standards that are verified by independent state or private organiza-
tions.

Origin label:

Local – chestnuts grown locally (within a 300-mile radius)•	

USA – chestnuts grown in the U.S.•	

Imported – chestnuts imported from outside the U.S.•	

The survey indicated that all products met the same standards of quality that guarantees freshness, 



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
142

good flavor and nuts free of fungal or bacterial damage.

A random combination of attributes and levels were produced to generate product profiles. The 
profiles were generated using the Bretton-Clark designer program following a fractional factorial 
design. Profiles were then paired to present choice-based questions to participants. Respondents 
were asked to review pairs of hypothetical chestnuts products and select one product (A or B) 
that they would be most likely to purchase. An opt-out option was included (neither) that allows 
the respondent to not choose any of the alternatives in the choice set. The Neither option in this 
study represented the status quo that corresponded to the average national market alternative for 
chestnuts:  $5.50 per pound, unknown production process and grown in the USA.  Each respondent 
reviewed nine pairs of hypothetical products and every comparison generated three choice obser-
vations (A, B or Neither) a complete questionnaire providing 27 observations per respondent. 

Demographic information collected in the study included age, level of education, household in-
come, gender, marital status, and rural or urban residence. 

data collection

Five chestnut growers/vendors were approached and asked to include a booklet that contained 
recipes and nutritional information about chestnuts plus a survey and a postage paid return en-
velope with each sale in the 2009 season. One hundred surveys were provided to each producer/
seller, for a total of 500 surveys.  Customers purchased chestnuts from the five producers/sellers, 
and received the booklet containing the survey. They completed the survey and returned it in the 
postage-paid envelope if they choose so. The unique survey methodology did not permit reminders 
to be sent out to respondents.

data analysis

PASW Statistics (SPSS) 17.0 was used to analyze the data. Frequencies, cross tabulation and linear 
regression analysis was used to analyze the first part of the survey. For the CA, data was analyzed 
using a conditional logit model. Since in SPSS the conditional logit model in not directly available, 
the Cox Proportional Hazard model with the same likelihood function was used.  

RESULTS

Fifty-nine surveys were returned in 2009. The response rate was low (~12%) likely due to  the 
particular format (no direct interaction with respondents) used to conduct the survey. Dillman 
(2000) suggests that response rates can be improved by offering tangible and intangible rewards, 
and sending reminder surveys or notices to non-respondents. The survey contained an incentive of 
$100 gas card for one lucky customer selected after a drawing. No follow up was possible because 
information about people that purchased the chestnuts was not available since most of the sellers 
sold their chestnuts in farmers markets or grocery stores.  Customers would buy chestnuts, get 
the booklet with the survey and choose to send the survey back or ignore the survey.  Information 
obtained is nonetheless valuable because it was the first time the research was extended beyond 
Missouri. In addition, people that actually purchased chestnuts were surveyed and not only poten-
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tial buyers attendees at the Missouri Chestnut Roast Festival.   However, due to the limited sample 
size available for analysis, this research is considered exploratory and no inferences can be made 
about a larger population. 

Profile of respondents

Table 1 presents the socio-demographic characteristics of respondents. Respondents were pre-
ponderantly over 45 years old (74.0%), female (60%) and married (75%). They were also highly 
educated, the vast majority (76.0%) with at least a college degree and almost half (44%) holding a 
graduate degree. The majority of respondents (66%) reported over $50,000 household income and 
about a third (36%) over $75,000. The majority of respondents live in or close (less than 30 miles) 
to an urbanized area (78%).

table 1. Demographics of consumers

Age %
  25 or less 0
  26-35 10
  36-45 16
  46-55 24
  56-65 21
  Over 65 29
Total household income %
  Less than $25,000 4
  $25,000 - $34,999 16
  $35,000 - $49,999 14
  $50,000 - $74,999 30
  $75,000 - $99,999 10
  $100,000 or more 26
Gender %
  Female 60
  Male 40
Level of education %
  High School 12
  Technical school 9
  College Degree 32
  Graduate degree 44
  Other 4
Marital status % continued on next page
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  Married 75
  Not married 25
Residence distance from an urbanized 
area of at least 50,000 people

%

  We are located in an urbanized area 51
  Less than 5 miles 9
  5-9 miles 5
  10-29 miles 13
  30-59 miles 13
  60 miles or more 9

Sellers who distributed the survey were from Missouri, Iowa, Kansas, Illinois and Ohio and re-
turned surveys represented consumers from 18 states, mainly the U.S. Midwest but also from the 
East and West coasts. 

familiarity with chestnuts

Sixty-nine percent of respondents had previously purchased chestnuts while 24% were first time 
buyers (7% did not answer). Five percent of respondents had never consumed chestnuts before, 
19% consumed less than once a year, 33% once a year, 12% two-three times a year, and 31% more 
than three times a year. Nineteen percent of respondents were not familiar with roasting chestnuts, 
7% had little familiarity, 17% were somewhat familiar, 24% were familiar and 33% were very 
familiar with roasting chestnuts. Thirty-nine percent of respondents were not at all familiar with 
cooking chestnuts using recipes, 18% had limited familiarity, 14% were somewhat familiar, 20% 
familiar and 9% very familiar with using recipes in cooking chestnuts.

A three-part question assessed respondents’ knowledge about chestnuts: what did they know about 
the need for chestnuts to be refrigerated, about the low fat content of chestnuts as compared to 
walnuts and about the gluten free characteristic of chestnut flour. 

Ninety percent of respondents knew that chestnut need refrigeration, 52% knew that chestnuts are 
low in fat and 40% knew that chestnut flour is gluten free. A small number of respondents gave 
incorrect answers (0%-7%), they preferred to choose the “I don’t know” option instead. 

Most respondents (65.5%) roasted chestnuts, 43% boiled or microwaved them, 24% used recipes 
provided in the booklet and 33% cooked the chestnuts using other recipes. 

By crosstabulating the ways of cooking with how familiar people are with chestnuts in terms of 
frequency of consumption, familiarity with roasting and familiarity with cooking using recipes, we 
observed that people with high familiarity of consumption, high familiarity with roasting and high 
familiarity with cooking preferred to roast the chestnuts.  Those with low frequency of consump-
tion were very innovative and roasted or cooked with recipes more than just boiling them. People 
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with low familiarity with roasting preferred to boil or use recipes more than to roast. All of the 
people with average familiarity with cooking cooked with recipes (Table 2).

table 2. Crosstabulation of way of cooking and familiarity with chestnuts

Frequency of con-
sumption Boiled Roasted

Cooked w/reci-
pes N

Low 48% 57% 57% 33
High 35% 77% 42% 26
    
Familiarity w. 
roasting    
Low 66% 27% 67% 15
Average 45% 64% 36% 11
High 30% 84% 48% 33
    
Familiarity w. 
cooking    
Low 44% 62% 37% 32
Average 44% 56% 100% 9
High 31% 81% 56% 16

satisfaction with chestnuts purchased

Satisfaction was measured using cognitive measures (evaluation of price, visual appearance and 
taste of chestnuts), affective (“I liked these chestnuts”) and behavioral (“I would buy again” and 

“I would recommend to my friends”). Price was considered as expected by 57% of respondents, 
higher than expected by 19% and lower than expected by 12%. Most respondents evaluated the 
taste and appearance of chestnuts as very good (74% for taste and 72% for appearance) while 19% 
of respondents evaluated taste and appearance as good. 

About half of respondents strongly agreed with the statements: “I liked the chestnuts”, “I will buy 
chestnuts again” and “I would recommend buying chestnuts to my friends”. Only 4-7 % of respon-
dents rated as neutral and none with disagree or strongly disagree.

A linear regression between “I would buy again” as dependent variable and “I liked the chestnuts” 
as independent variable indicate that high satisfaction with chestnuts purchased increases the like-
lihood of future purchase, t=7.29, p<0.001, accounting for about 50% of variance (R2=.501) . The 
analysis indicated that as the satisfaction with chestnuts (“I liked the chestnuts”) increases by one 
unit, the likelihood to buy chestnuts again increases by .67 (95% CI: .49, .86).
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Conjoint analysis of preferences for chestnut attributes

The estimated attribute coefficients of the conditional logit models, along with p-values and odds 
ratios, are presented in table 3. Odds ratio are interpreted as changes in the odds of a consumer 
choosing a product with a given attribute level over the base level, an odds ratio of one indicating 
that there is no difference in consumer preference between that level of the attribute and the base 
level while an odds ratio of “n” for example indicates that consumers prefer a given attribute level 

“n” times than the base level (with values less than 1 indicating a negative preference).

table 3. Conditional logit coefficients, p-values and odds ratio estimates of chestnut product at-
tributes derived from a conjoint study

Attributes
Fixed-effects model

Coefficient p>z Odds ratio
Price (continuous variable) -0.474 <.001 0.622

Conventional Base level
Organic 1.650 <0.001 5.206

Pesticide free 1.460 <0.001 4.307
Imported Base level

Produced locally 2.750 <0.001 15.650
Produced in the US 1.437 <0.001 4.209

Chi square = 227.27; p<0.0001

Results show that all product attributes were statistically significant at α<.001. The most salient 
product characteristic was label of origin. If price and production process were the same, the odds 
of consumers choosing locally produced chestnuts over imported are 15.6 times higher and the 
odds of choosing U.S. produced chestnuts over imported are 4.2 times higher. If price and origin 
were the same, the odds of consumers choosing organically grown chestnuts over conventionally 
grown are 5.2 times higher and the odds of choosing pesticide free chestnuts over conventionally 
grown are 4.3 times higher. Increasing the price by $1 for a given product decreases the odds of 
choosing that product by a factor of .622 (37%), holding the values of the other alternatives con-
stant. Results support previously reported results based on similar surveys conducted in Missouri 
during the Missouri Chestnut Roast festival (Aguilar et al. 2009, 2010).

Other models were tested and the interactions for which statistically significant differences were 
obtained are presented below: 

First time buyers were more price sensitive than repeat buyers. A unit increase in price, decreases 
the odds of purchasing the product for first time buyers by 33%, all others being equal (Odds=.67, 
p<.05). Repeat buyers valued local production more than first time buyers. The odds of purchasing 
a product that was locally produced as compared to imported is 2.3 times higher for customers that 
have purchased chestnuts before as compared to first time buyers (Odds=2.3, p<.1). With every 
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one year increase in age, people valued more local (Odds=1.6, p<.01) and US grown chestnuts 
(Odds=1.5, p<.01) as compared to imports. With every one unit increase in education, the odds 
of preferring organic over conventional increases 1.75 times if everything else is held constant 
(p<.01). With every one year increase in age, customers were more price sensitive, the odds of 
purchasing more expensive chestnuts decreasing by a factor of .85 (14%), p<.05. 

CONCLUSIONS

The majority of the respondents had purchased chestnuts in the past (69%), had a frequency of 
consumption on the low side (57% less than once a year), were familiar with roasting chestnuts 
(57% were highly familiar) but not so familiar with cooking them using recipes (29% highly famil-
iar).  In general, most of the respondents were very satisfied with the chestnuts they purchased and 
satisfaction increased the likelihood of future purchase. Conjoint analysis on price, place of origin 
and production process confirmed results of the previous studies performed in Missouri (Aguilar et 
al., 2009, 2010), and suggest that chestnuts grown locally are most likely preferred by consumers. 
Organic and pesticide free grown chestnuts are also preferred over conventionally produced ones. 
Since price has a lower impact on consumer choice compared to origin and production process, 
there is an opportunity to increase profits of local producers if they can effectively promote aware-
ness and loyalty towards locally produced chestnuts, especially if they use caution with regard to 
chemicals in the production process.
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determining tHe eConomiCs of mAnAging mAPle trees 
for sAwtimber or syrUP ProdUCtion

Michael Farrell

Cornell University 
Contact: mlf36@cornell.edu

Abstract: Maple syrup production is a traditional agroforestry practice in eastern North America.  
Maple trees are valued for both the quality of their lumber and the sap collected to produce maple 
syrup.  Many consider these qualities to be mutually exclusive since trees that are being tapped for 
syrup production cannot be harvested for lumber, and if/when they are eventually harvested, the ta-
pholes and staining reduce the commercial value of the butt log. There exists a long running debate 
about whether it is more profitable to utilize maples for syrup or timber production. A Net Present 
Value (NPV) calculator has been developed so that landowners can determine if they would earn 
greater profits by leasing an individual maple tree for syrup production or managing it for com-
mercial sawtimber production. It discusses the 36 variables that go into this analysis, highlighting 
the ones that have the greatest impact on NPVs, such as the initial tree size and growth rate, species 
(sugar or red maple), lease payments, stumpage rates, property taxes, discount rates, and the time 
horizon of the investment period.  The NPV calculator, Users Guide and associated documents are 
available for downloading on the Cornell Maple Program website at http://maple.dnr.cornell.edu/
produc/tvs/index.htm

keywords:  maple syrup, net present value, economics
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A PreliminAry eConomiC AnAlysis of A smAll-sCAle  
meCHAnized CHestnUt HArvester in missoUri

Larry Godsey1, Michele Warmund2 and Andrew Biggs2

1UM Center for Agroforestry 
2Division of Plant Sciences, University of Missouri-Columbia 

Contact: godseyl@missouri.edu

Abstract: For the past 10 years, the University of Missouri Center for Agroforestry has been pro-
moting the market potential of chestnut (Castanea mollisima) as an alternative crop for landown-
ers.   Chinese chestnut has the potential for high yields resulting in substantial economic returns.  
However, for those growers producing chestnuts on a small scale (less than 10 acres), harvesting 
can be a time consuming task.  The cost of commercially available mechanized harvesting equip-
ment can be substantial, and often the only affordable harvesting tool is the Nut-Wizard™ or a pair 
of leather gloves.  In 2009 a time-and -motion study was conducted to determine if  a ‘Paddock 
Vac’ vacuum system could be used as an affordable alternative to hand harvest or a Nut-Wizard™.   
The purpose of the study was to determine if the vacuum system was more efficient than the Nut-
Wizard™.  In addition to determining the differences in harvest times, an secondary objective was 
to determine if additional modifications were needed to improve the functionality of the vacuum 
system.   The assumption was that the investment in the vacuum system and any modifications 
would be recovered through harvest time reduction.  A statistical analysis using a cross-over design 
and a method of least square means was conducted to analyze the time it took to harvest with a 
Nut-Wizard™ compared to the ‘Paddock Vac.’  Preliminary results show that it took nearly twice 
as long to pick up the nuts with the Nut-Wizard™; however, sorting time was significantly longer 
with the ‘Paddock Vac’.  Future improvements included a low cost modification to the ‘Paddock 
Vac’ that improved sorting time.

keywords:  chestnut, harvesting, economics
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exPloring lAndowners’ ConneCtions to CArbon mArkets 
in rUrAl missoUri - interest, feAsibility,  

And trAnsACtion Costs

Jason Holderieath1, Corinne Valdivia2, Carla Barbieri3 and Larry Godsey4

1 Agricultural and Applied Economics, University of Missouri. 
2Associate Professor, Agricultural and Applied Economics, University of Missouri. 

3Assistant Professor, Parks Recreation and Tourism, University of Missouri. 
4Economist, Center for Agroforestry, University of Missouri 

Contact:  jjh635@mail.missouri.edu

Abstract: Global carbon trading may present a unique opportunity for landowners to make an 
environmental impact with financial incentives that may change the rural landscape.  By allowing 
point source polluters to trade to an optimal level of pollution by offsetting their emissions with 
compatible carbon reduction project, markets are able to facilitate a cleaner environment.  Agro-
forestry provides a set of practices that can sequester carbon with managed tree and crop plant-
ings.  However, the initial lack of financial resources has been an obstacle to its adoption in North 
America.  

This paper seeks to explore if carbon offset trading provides an added incentive to adopt agro-
forestry.  Specific landowner characteristics, related to planting trees.  Profiles of landowners are 
identified, and carbon offset trading is assessed in each context.  The most applicable carbon se-
questration project will be identified, and what actual Missouri landowners would need to do in 
terms of contracting and ownership to meet the requirements of this project.

Landowners in central Missouri and the Ozarks (330 individuals) will be used to determine con-
centration of interested landowners and potential adoption of agroforestry.  A model to evaluate 
agroforestry profitability scenarios is used to compare with and without carbon credit trading to 
traditional alternate uses for the property. 

keywords: carbon sequestration, landowner interest, transaction costs, agroforestry, landuse 
change

INTRODUCTION

The early negative and late positive cash flows from many agroforestry practices over a very long 
investment period is one of the major factors discouraging adoption.  By changing the timing of 
cash flows such that more income is realized earlier, landowners might be more willing to make 
the transition to agroforestry land use practices.  Carbon trading has been widely touted as a pos-
sible source of revenue for landowners and it has been suggested that combining agroforestry 
projects with carbon trading could change the dynamics of cash flows in favor of the landowner, 
encouraging adoption.
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The Chicago Climate Exchange (CCX) is nearly synonymous with carbon trading in the United 
States.  Most of the methods of access that Missouri landowners would have to the carbon markets 
would eventually lead to the CCX.  The CCX was established in 2003 as a platform for trading 
voluntary greenhouse gas reductions and offsets (CCX, 2011a).  In July 2010, the CCX was ac-
quired by IntercontinentalExchange (CCX, 2011a); however, the CCX is effectively no longer a 
functioning market (Crist, 2011).  Currently, two of the major aggregators, AgraGate and the North 
Dakota Farmers Union are not accepting new forestry contracts (AgraGate, 2011; NDFU, 2011).  
Current CCX trading prices will actually lose money in fees, and trading volume has decreased 
to nearly zero.  However, even with this loss, there were 3,764 contracts traded on March 3, 2011 
at $0.05 per metric ton (CCX, 2011b). No Missouri forestry project offsets were sold on the CCX 
(CCX, 2011b; Crist, 2011; Miller, 2011).  The CCX market failure has pushed Missouri landown-
ers wishing to market carbon credits to the California markets.  Tatanka Resources is currently 
contracting with landowners for sale of credits in the California voluntary and soon the California 
regulated markets (Crist, 2011).

LANDOWNER ACCESS TO CARBON MARKETS

In order to access the CCX (in the past) or California markets, landowners with eligible forestry 
projects need to contact an aggregator to initiate the process of listing the credits associated with 
the project.  Aggregators collect several projects until the group is large enough to be marketed.  
From this point it can take 18-24 months until the projects are ready to be traded on the exchange 
(Miller, 2011). Landowners will have considerable capital obligated to projects while waiting to 
market the credits.  Calculations in this paper do not take into account the opportunity cost of 
capital for this period.  

figure 1: CCX Market Prices minus trading costs - adapted from (CCX, 2011b)

✕ “eighteen month increments from 
April 21, 2006”

♦ “eighteen month increments from 
May 29, 2008 – Market Peak”
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The CCX is a market with considerable price uncertainty (see Figure 1). The trading price aver-
aged across vintages and the corresponding decrease in revenue after fees are paid to the CCX and 
aggregators are depicted.  The X and diamond marks show eighteen month intervals that reflect 
the minimum amount of time to bring credits to market.  For example, a landowner responding 
to prices on April 21, 2006 (left X mark on Figure 1) would have found much lower prices at the 
earliest time possible to sell, October 26, 2007 (right X mark on Figure 1).  The diamond marks 
reflect eighteen-month intervals from the market peak on May 29, 2008 to illustrate the volatility 
between points at which decisions are made and the earliest point that those decisions could be 
realized in the market. Landowners would have responded at one price and upon completion of the 
listing process been in an entirely different price environment, which reduces the incentive value 
of the market.

Fees and access to the CCX are relatively transparent.  There are two types of fees associated with 
trading exchange offsets on the CCX.  The first is a fee charged by the CCX for $0.20 per metric 
ton traded.  The second is the fee charged by the aggregator that varies between eight and ten per-
cent of the revenue received from the trade.

Access to the California markets is slightly less transparent.  From the landowner’s perspective, 
prices and fees are arrived at through a process of negotiation between the landowner and aggrega-
tor (Crist, 2011).  The standards of the California markets are more robust than the standards of 
the CCX and as a result forestry projects require a dense enough stand of trees to exclude use of 
the property for grazing or row crops (Crist, 2011).  The more robust standards also require a more 
mature stand of trees than the CCX market did in order to sell credits.  However, forest-farming 
techniques in compliance with the conservation easement required for Missouri landowners to 
participate in the market could be a source of additional revenue to replace crop and cattle revenue. 
The commitment period of the California markets is one hundred years compared to the fifteen-
year commitment period of the CCX.  The current level of carbon prices on the California market 
will provide incentives for a transition to a sustainable forest management plan, but likely not pro-
vide adequate incentives for afforestation (Crist, 2011).  Due to the negotiation-specific nature of 
trading in this market a California scenario will not be calculated.  However, landowners can use 
the model in this paper for their own calculations when they are considering a specific contract.  

AGROFORESTRY ADOPTION

Landowners are motivated by numerous factors including environmental and economic benefits 
(Barbieri and Valdivia, 2010a, b; Pattanayak et al., 2003).  Valdivia, et al. (2011) identified three 
different groups in a sample of 360 landowners in four Missouri counties.  A key difference was 
the level of concern that landowners had with profitability and transaction costs of planting trees.  
One group had low profitability concerns and moderate transaction cost concerns, a second group 
had moderate concerns for both, and the third had no concern.  

From the individual landowner’s perspective transaction costs are a function of existing markets 
beyond his or her control and access to quality and timely information, but profitability concerns 



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
154

can be addressed through cost sharing and land rental agreements.  Landowners can participate in 
several cost sharing and revenue programs from a variety of government and private sources.  De-
pending on the rules of these programs, many can be combined with carbon trading for maximum 
benefit (Godsey, 2005; Schoeneberger, 2009).  

Alavalapati, et al. (2004) report on Florida Ranchers’ willingness to accept payment for the adop-
tion of silvopasture without consideration of the different values landowners hold.  Shrestha and 
Alavalapati (2004) used a dichotomous choice contingent valuation approach to determine that 
given the ranchers’ existing characteristics, on average a price premium of $0.15 per pound of beef 
or a direct payment of $9.32 per acre per year was sufficient to induce adoption of silvopasture 
practices (Alavalapati et al., 2004).   A similar study is not available for Missouri. While use of the 
Shrestha and Alavalapati (2004) study is an attractive idea for a temporary benchmark until such a 
study can be conducted the authors stress the importance of locality in designing a survey instru-
ment indicating that application outside of Florida would be ill advised (Alavalapati et al., 2004).  
This is supported by the USDA National Agricultural Statistics Service 2007 census data (Table 
1), showing that operations are fundamentally different between these states. Missouri cattle farm-
ers appear to earn significantly more per acre and operation than Florida cattle farmers.  The size 
of the total agriculture sector across commodities in the two states is very similar; however, each 
Florida operation earns over double the earnings of Missouri operations (USDA/NASS, 2007). 

table 1. Florida and Missouri Agricultural Sectors
Florida Missouri

Cattle, Incl Calves – Sales, Measured in $ $436,193,000 $1,676,632,000
Ag Land, Pastureland (Excl Cropland & Woodland) Acres + Ag Land, Wood-
land, Pastured - Acres

4,529,017 8,730,728

Cattle, Incl Calves – Sales Per Acre $0.10 $192.04
Cattle, Calves, - Operations With Sales 10,145 26,933
Cattle, Incl Calves – Sales Per Operation $42,995.86 $62,251.96
Commodity Sales & Government Payments – Receipts, Measured in $ ($/
Operation)

$7,830,572,000 
($164,983)

$7,832,445,000 
($72,640)

Source:  adapted from USDA NASS 2007 Census of Agriculture

MODELING LAND USE SCENARIOS

Building on the work of Current, et al. (2007) and Godsey (2010a, b, c), a model for integrating 
carbon markets with landowner practices is developed.  Carbon trading is added as a revenue 
source for the first four years of the analysis. Working on the assumption that only four years of 
revenue would be received over the fifteen year CCX contract, carbon trading only scenarios were 
calculated with four years of revenue spread over fifteen years using an annual equivalent value 
formula.  In order to maintain compatibility with the Shrestha and Alavalapati (2004) study and 
any similar studies the unit of comparison between scenarios is the annual equivalent value (AEV).  
AEV formulas smooth uneven cash flows over time at a user-defined discount rate.  By building the 
calculations into a spreadsheet all of the inputs could be changed to fit a particular situation. 

Applying the carbon trading section of the model, if one were to accept that sequestration were 
either costless or its costs could be recovered through either silvopasture or alley cropping benefits, 
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and one were to further accept $9.32 as a willingness to accept value (Alavalapati et al., 2004) to 
both silvopasture and alley cropping, a value can be found at which trading carbon exchange off-
sets would be an incentive to adopt agroforestry.  A realistic hardwood sequestration rate of 1.425 
metric ton and an AEV of $9.32 over the fifteen-year contract period in Missouri is achievable if 
CCX exchange offset trading prices reach  $17.76/metric ton. This price has never been realized 
in the CCX (CCX, 2011b). 

Applying the model to capture Missouri conditions, the HARC and Wurdack Regions Landowners’ 
Survey data (Valdivia, 2006) is used to establish opportunity cost for the landowners.  CRP would 
provide opportunities for both income and conservation benefits from the property with minimal 
conversion costs and a shorter duration.  The duration of the contract is 66% of the CCX contract 
length and 10% of the California market contract requirements.  Across clusters of the Missouri 
landowners’ survey, CRP rental rates average $61.73/acre/year.

To build a silvopasture scenario, cattle enterprise budgets published by the University of Missouri 
were used for the cattle portion of the model (AgEbb, 2011). The costs and revenue associated 
with 1/3 head per acre stocking rate, 90% weaning rate, spring calving, and University of Missouri 
published cattle budget from southern Missouri are used.  With current cattle prices and input costs 
this mix results in a loss of $25.68/acre. Obviously, since farmers are still raising cattle something 
is not accounted for in the budget. 

Specifications for a 20-foot by 20-foot spaced black walnut (Juglan nigra L.) stand, without nut 
harvest were entered into the tree portion of the model.  Using a 4% discount rate without carbon 
trading (or at a break even carbon trading price of $0.22 / metric ton) the combined cattle budget 
and tree budget results in a loss of $3.54/acre/year, $21.94/acre/year better than the original cattle 
budget.  Choice of discount rate is important, a modestly higher discount rate of 6% will indicate 
the cattle farmer is $8.75/acre/year worse off than the initial cattle budget.  The discount rate needs 
to consider the farmer’s opportunity cost, inflation, risk preferences, and contract duration prefer-
ences.   The higher 6% discount rate can be countered with $32.36/MT carbon price as shown in 
Table 2.

table 2. Cattle Scenario Results
$/acre/year 4% Discount 

Rate
6% Discount 
Rate

Base -$25.68 -$25.68
Cattle, trees, no CO2 -$3.54 -$34.43
Cattle, trees, $32.36 
CO2

-$25.68

The survey data was able to provide more specific information for the crop rotation.  The survey 
questions instructed respondents to exclude interest, principle payments, and depreciation from 
the costs factored into their net returns.  An important note is that in 2011 corn is trading about 
three times higher than its 2005 levels and soybeans are trading about two times higher than 2005 
levels In order to keep the scenarios relevant to survey respondents the 2005 numbers (Table 3) are 
used in the illustrations.   Net income data from the group of survey respondents most concerned 
with both transaction costs and profitability was used to develop the simulation shown in Table 3 
(Barbieri and Valdivia, 2010b).  
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Table 3 shows the results of the row crop scenarios.  As with the cattle enterprise scenario, 
the discount rate is important. Depending on discount rate the scenarios could either show an 
improvement or a worsening of the landowner’s situation by adopting a black walnut (Juglan nigra 
L.) alley cropping practice.  Loblolly Pine scenarios show a clear improvement by adopting that 
alley cropping practice.  Table 3 scenarios per acre return do not discount for the reduced amount 
of tillable land the trees will be occupying.  This may reduce the positive impact of the agroforestry 
adoption scenarios below.  The one to four dollars per year per acre of possible carbon credit 
revenue could add up over a long period of time or over a large area of land, however on small 
acreage over four years it likely would not pay for the time spent with the aggregator. Softwoods 
were added to the hardwood row crop scenarios for their fast producing nature and ability to 
integrate into a row cropping system as shown in Table 3.  

table 3. Row Crop Scenario Parameters and Results
Unit: $/Acre/Year II
Mean 2005 Corn Net Returns Per Acre {StDev}

(Valdivia, 2006) 

$93.73 {12.548}

n=52
Mean 2005 Soybeans Net Returns Per Acre {StDev}

(Valdivia, 2006)

$91.20 {17.929}

n=60
AEV – No Trees (row crop opportunity cost) $92.44
AEV – Black Walnut, no nut harvest 20x20 spacing with 
soybean-corn rotation, 71YR

$114.38 (4% Disc. Rt.)

$83.68 (6% Disc. Rt.)
AEV - $7.29/MT (CCX Market Max) 1.425MT/YR Seques-
tration with Black Walnut, 71YR

$115.80 (4% Disc Rt.)

$85.61 (6% Disc Rt.)
AEV - $13.50/MT (California Carbon Allowance (Dec 
2012) weekly reported price March 18, 2011) 1.425MT/YR 
Sequestration with Black Walnut, 71YR 

$117.04 (4% Disc Rt.)

$87.30 (6% Disc. Rt.)

AEV Loblolly Pine 6x30 Foot Spacing, 60YR $213.72 (4% Disc. Rt.)

$151.13 (6% Disc. Rt.)

AEV - $7.29/MT (CCX Market Max) 1.0 MT/YR Sequestra-
tion with Loblolly Pine 60YR

$214.75 (4% Disc. Rt.)

$152.50 (6% Disc. Rt.)
AEV - $13.50/MT (California Carbon Allowance (Dec 2012) 
weekly reported price March 18, 2011) 1.0 MT/YR Seques-
tration with Loblolly Pine 60YR

$215.66 (4% Disc. Rt.)

$153.70 (6% Disc. Rt.)
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FOLLOW UP RESEARCH

In order to continue building our understanding of the drivers of agroforestry decision-making and 
the potential of integrating markets, more research is needed.  Future research should add forest 
farming alternatives to the cattle and row cropping scenarios and reduce assumptions in the model.  
Developing a better understanding of the California markets and running scenarios based on those 
markets will help evaluate the potential of those markets. Analysis that incorporates changes in 
prices due to biofuels can inform the types of shifts expected and the viability of the carbon mar-
kets for these landowners.   

CONCLUSION

The lack of actual trades and the low returns of the scenarios indicate clearly that carbon 
trading is not at present an effective (added) incentive for adoption of agroforestry in Mis-
souri.  Carbon trading does have potential to augment income as landowners consider sus-
tainable management practices.  As trading mechanisms and markets for timber and high val-
ue products become more transparent from the landowners’ perspective, and other markets 
for internalizing positive externalities are developed, these scenarios will continue to change. 
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CUltivAtion triAls of wild leek (AlliUm triCoCCUm)  
As A forest CroP  

Antoine Bernatchez and Line Lapointe

Université Laval, Center for Forest Research 
Contact: antoine.bernatchez.1@ulaval.ca

Abstract: Wild leek is a deciduous forest spring ephemeral plant that takes advantage of the short 
period of high light conditions between snowmelt and canopy closure to accumulate the carbon 
needed for its annual growth and seed production. In the province of Québec, this slow growing 
species has been subjected to strong harvesting pressures that eventually forced the provincial 
government to ban commercial harvest and sale in 1995. An illegal market has developed since 
and the plant is still under threat. Conservation issues have lead government agencies to discuss 
the possibility to allow commercial production of wild leek. They granted a first research project 
to begin characterizing optimal growth conditions for wild leek as a forest crop. We set up plots 
in four sugar maple forests where different levels of organic fertiliser (0, 550 or 1100 kg/ ha) and 
gypsum (0 or 3000 kg/ha) were tested along with wild leek variety and plantation season of bulbs. 
The two varieties, tricoccum and burdickii, despite morphological differences, are both suitable 
for cultivation. Plantation of bulb in the spring seems to be more advantageous than in the fall, but 
these results will need to be confirmed. Fertilised plants exhibited a better growth the year follow-
ing transplantation than non-fertilized plants. Belowground/aboveground biomass ratio indicated 
that the plants receiving more fertilizer produced larger bulbs. According to leaf nutrient concen-
trations, fertilizers would need to be applied each year whereas gypsum, as a calcium source, can 
be applied less frequently since calcium was released over at least two years. Our results indicated 
a good potential of wild leek from bulb as a forest crop. However, commercial production will 
need to be set up from seed. More work is needed to optimize the different steps of germination 
in this species.

keywords: wild leek, spring ephemeral, fertiliser, gypsum, forest crop
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sUstAinAble ProdUCtion of mediCinAl  
woodlAnd botAniCAls

Edward Fletcher

Strategic Sourcing, Inc. and American Herbal Products Association   
Contact: efletcher@strategicsourcinginc.net

Abstract: Medicinal Botanicals for use in the Dietary Supplement market is big business reaching 
sales of over $5 billion. This represents an increase of 5% during 2009, when most other markets 
were declining. This continues to put pressure on botanicals, also known as Non Timber Forest 
Products, that are wild crafted from our forests. I will show pictorial examples of both in situ & 
ex situ production systems as well as closed artifical propagation systems that help reduce the 
pressure on native populations. I will discuss the challenges we have ahead in both sustainable 
production and green marketing.
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Abstract: Trade in yerba mate (YM) (Ilex paraguariensis) is a lucrative business in Argentina, 
Paraguay, and Brazil. YM leaves are locally consumed as a tea with a market expanding to the 
USA, Europe and Asia, as it contains nearly twice the antioxidant levels of green tea and is ener-
gizing, making it an alternative to coffee. Approximately 5 percent of Misiones province, Argen-
tina is in YM production. Many small farmers do not reach acceptable production levels due to 
lack of adequate technology. Organic YM producers can get up to 20% price surplus and most YM 
cooperatives have organic YM as one of their products. Typically grown in monocultures, its man-
agement can cause erosion and soil exhaustion, however YM naturally grows in subtropical forest 
and is shade tolerant thus it is adequate for agroforestry systems (AFS). We examined organic AFS 
of YM with other native trees by conducting semi-structured interviews with farmers in Misiones, 
including smaller, family-operated farms as well as larger farms, private companies, and private 
reserves. We recorded a substantial number of individuals of native species. Many farmers have 
their own nurseries to produce seedlings to use with YM and to sell for additional income. The 
extra work involved in using the organic practices and planting and tending for the native species 
is compensated by higher YM prices. YM AFS with native trees improve soil fertility of degraded 
areas without relying on fertilizers, while providing additional income from the timber of native 
trees. We conclude that AFS that combine YM with indigenous trees can favor the spread of or-
ganic YM production and diversify income in Argentina and elsewhere. 

keywords: Atlantic forest, certification, native species, shade, soil management, sustainability 

INTRODUCTION

Trade in yerba mate (YM) (South American holly, Ilex paraguariensis Saint Hilaire, Aquifoliace-
ae) is a lucrative business in Argentina, Paraguay, and Brazil (Day et al. 2011), with an increasingly 
large market expanding to the USA, Europe and Asia, where it is attractive due to its high anti-
oxidant content and effect as a stimulant (Heck and Mejía 2007). Approximately 5% of Misiones 
province, Argentina (Fig. 1) is currently in YM production (INYM, Instituto Nacional de la Yerba 
Mate, National Institute for Yerba Mate, www.inym.org.ar). YM is grown by small or medium to 
large farmers in Misiones, as a family business, a farmers’ cooperative, or large-scale enterprise, 
both for local consumption and for export. YM (Fig. 2) is native to E Paraguay, NE Argentina, and 
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S Brazil. Argentina is the most important producer, currently with a total of 203,803 ha. The major-
ity of producers grow <10 ha of yerba mate in their farms, with almost 1/3 of the total area under 
cultivation but also with the lowest yields per hectare. This is because they are the poorest sector, 
with challenges incorporating technologies to maintain the productive capacity of the plantations 
and the soils (INYM 2006). 

In Misiones YM is grown on red soils of Ultisol and Alfisol orders with good physical conditions, 
slightly to strongly acid and of medium to good fertility. In its natural habitat YM occupies a me-
dium stratum and can reach 16 m high. It is tolerant to shade which makes it adapted for agrofor-
estry systems (AFS) (INYM 2006). In small farms, YM is planted in pure plots at 3 or 3.5 m x 1.5 
m (1,900 to 2,220 pl/ha). Weeds are controlled manually or with herbicides within the YM lines, 
while mechanical control is performed in the alleys between the lines. The Program for Assistance 
to YM Producers (Programa de Asistencia al Sector Yerbatero, PRACY) of INYM, encourages 
farmers to grow green winter and summer covers to improve soils and help control weeds and 
pests. Harvesting is done in April-September (fall to winter), and summer (December-February). 
A major factor in productivity decline of conventional monoculture YM is the gradual decrease of 
the productive capacity of soils driven by inadequate soil management practices (Fig. 3). 

Although due to price instabilities YM production may not be very attractive, organic YM produc-
ers can get substantial price surplus. The trend towards organic YM production can be encouraged 
when it is grown in combination with native trees. In this article we examine the use of organic 
AFS of YM grown in combination with other native tree species, their ecological and economic 
benefits, and provide recommendations for improving and expanding these practices. 

METHODS

The province of Misiones in NE Argentina is part of the Upper Paraná Atlantic Forest (Fig. 1). The 
climate is subtropical humid without a dry season, with mean annual precipitation of 2020 mm, 
uniformly distributed throughout the year, and mean annual temperature of 20oC. The main agri-
cultural crops are YM, tobacco, and tea. Tree plantations include exotic species such as pine (Pinus 
taeda and Pinus elliottii), eucalyptus (Eucalyptus spp.) and the native araucaria (Araucaria angus-
tifolia) (ILANY et al. 2010). We conducted semi-structured interviews with organic YM farmers 
including smaller, family-operated farms as well as larger farms, private companies, reserves and 
NGOs. We evaluated land-use history and allocation, the agricultural techniques employed, and 
the economy of YM production.
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figure 1. Misiones, Argentina, and localities visited (Map: Marcio López).

figure 2. (left). Young YM plant, photo: F. Montagnini. figure 3. (right). Soil erosion in conven-
tional YM plantation in Montecarlo, Misiones, photo: N. Pahr.

RESULTS AND DISCUSSION

guayakí

Guayakí was started in 1996 by partners from Buenos Aires, Argentina, and California, USA 
(www.guayaki.com). Their organic YM is certified by O.I.A. (Organización Internacional Agro-
pecuaria, International Agriculture Organization), accredited by the USDA. Farmers we visited 
near Andresito (Fig. 1) had relatively small YM plantations (< 20 ha), and YM production was a 
supplement to their income. To control weeds, farmers use a roller made of wood which is dragged 
by a small tractor between the YM lines. The roller pushes the weeds down and creates a layer of 
organic material that protects against erosion. The participating farmers annually conduct a census 
of native species in their parcels. They are expected to have about 2,000 individuals of about 30 
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native species per hectare, of any size, including all life forms, not just trees. Seed sources were 
apparently available since farmers had patches of natural forests on their properties. Guayakí has 
a nursery to produce native species to plant with YM, and some farmers have their own nurseries. 
The extra work involved in using organic practices is compensated by higher prices of YM paid by 
Guayakí, ~ 2-3 times the “normal” price (Raúl Kolln, pers. comm., May 2009).

kraus 

Kraus, S.A. is a small family enterprise near San Ignacio Miní, one of the most prominent Jesuit-
Guarani missions, a tourist attraction in Misiones (Fig. 1) (www.kraus.com.ar). They use a unique 
drying system that consists of flowing warm air produced by indirect heat that comes from a boiler 
and provides a smoke-free product which may be specially preferred in foreign markets. There are 
several patches of native forest within and around the periphery of their 400 hectare farm. Apart 
from YM (certified by O.I.A.), they grow organic tea, and beef cattle. They control weeds with 
machete and hoes and use a small tractor with a disk plow between the lines. There is no need for 
use of pesticides since their YM is healthy and incidence of pest is minimal (Milton Kraus, pers. 
comm., June 2007). They plant native tree seedlings at 3 m distance from each other, within the 
YM lines, in late winter after danger is frost has past. Their reforestation project is in collaboration 
with EcoTeas (www.ecoteas.com). 

roapipó

Roapipó is a 100 hectare farm in Santo Pipó, Department of San Ignacio (www.fundaroth.org) 
(Fig. 1). Roapipó has about 40 ha of YM, 15 ha of silvopastoral systems, 20 ha of slash pine, and 
27 ha of natural forest. YM is processed for local consumption or export at their farm, and it is mar-
keted by “Yerbatera ROAPIPÓ”, certified by O.I.A. We visited YM plantations, the YM processing 
plant, the native tree nursery, and the protected native forest. A 4 ha, 20-30 year old YM AFS had 
been planted with the native tree Cordia trichotoma (peteribí), with abundant natural regeneration 
of this species (Fig. 4). Weeding was done with machete, disk plow and roller between the YM 
lines. All trails and roads were planted with the native, shade-tolerant Jesuit grass (Axonopus com-
pressus) to avoid erosion. They do not have disease or pest problems in these AFS, since natural 
pest predators such as dragon flies and birds help control pests. The nearby forest contributes to 
maintaining a balance of pest-predator species. FAR is planting new YM clones produced by INTA 
to renew their old YM (H. R. Würgler and G. Netter, pers. comm., March 2010). 

barney family

This is a small family business with two farms of 75 has each located near Oberá and Campo 
Ramón (Fig. 1) (http://yerbamateannapark.blogspot.com). The Barney family uses green covers to 
keep the YM clean of weeds and to protect plants from summer weather. Additional weed control 
is done with machete and fuel-powered weed cutters around the individual YM plants (Eric Bar-
ney, pers. comm., March 2010). They have a small nursery with native tree and fruit species. Their 
YM is certified by O.I.A., sold locally and for export. They grow tea for additional income. Several 
native trees grow in the YM lines, both planted and from natural regeneration (Fig. 5).



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
165

figure 4. (left). YM AFS with planted native trees of Cordia trichotoma (peteribí), 20-30 years 
old, at Roapipó. Fig. 5 (right) Cedro (Cedrela fissilis) from natural regeneration at the Barney 
family farm. Photos: B. Eibl.

ruiz de montoya Cooperative

The Ruiz de Montoya agricultural cooperative was founded in 1953 and has 230 members (Fig. 1). 
They have a drying and packing YM facility that processes their brands “Tucanguá” and “Oroyé”, 
sold locally and exported as certified organic by ARGENCERT. They process approximately 
2,500,000 tons annually, of 14 different YM and tea products (www.yerbaytetucangua.com.ar). 
Farms that sell their YM leaves to Ruiz de Montoya cooperative receive technical assistance from 
the local INTA extension agency. Generally, these producers obtain YM price about 30% higher 
than that paid by INYM, although at times the cooperative cannot buy the whole volume produced. 
However, YM can remain in the fields without deterioration so they can delay harvesting to wait 
for favorable prices (M. Fernández Corda, INTA, pers. comm., March 2010). They do not use her-
bicides. They weed once or twice a year and just before harvest time using mechanical methods. 
They allow certain amount of weeds among the YM lines, as they help maintain soil cover and 
avoid high levels of pests. They promote the natural regeneration of trees in the yerba mate lines 
and plant some additional native species (Table 1). The farms are inspected twice a year by AR-
GENCERT representatives at the Cooperative’s expense.

ecological and economic advantages of organic ym Afs

Table 1 summarizes the species that we found associated with YM in our research and the main 
traits that make them desirable for combination with YM. Most individuals we found were from 
natural regeneration in the YM lines, while araucaria, palo rosa, guatambú, loro blanco, peteribí, 
anchico colorado, lapacho amarillo and lapacho negro had been planted from seedlings by the 
farmer (Table 1). Several of these species have demonstrated good growth and adaptability in ex-
perimental systems in Misiones (Eibl et al. 2000, Montagnini et al. 2006, Barth et al. 2008).
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  table 1. Native tree species found growing in AFS of organic YM in this study. Recommended 
species are marked with an asterisk. 

Scientific Name Common 
Name

Botanical 
Family Uses Farm Ecological characteristics

Acrocomia aculeata (Jaq)Lodd 
ex Mart acrocomia Arecaceae Oil, fuel, 

wildlife Barney Restoration, biological corridors
Albizia hasslerii (Chodat) 
Burkart anchico blanco Fabaceae Fuelwood Guayakí N fixation

Annona spp. Araticú Annonaceae Fruit Barney Restoration, wildlife
Apuleia leiocarpa (Vogel) 
J.F.Macbr. Grapia Fabaceae Timber Roapipó Restoration, wildlife, N fixation, 

slow growth
Araucaria angustifolia* 
(Bertol) Kuntze

araucaria, pino 
paraná Araucariaceae Timber Kraus Good timber, monopodic,  frost 

tolerant, sun loving

Arecastrum romanzoffianum Pindó Arecaceae Wildlife, 
honey All sites Restoration, biological corridors

Aspidosperma polyneuron 
Mull.Arg. palo rosa Apocinaceae Timber Guayakí Slow growing. monopodic 

growth, shade loving
Ateleia glazioviana Baill Timbó blanco Fabaceae Fuelwood Guayakí N fixation

Balfourodendron riedelianum* 
(Engl) Engl guatambú Rutaceae Timber Kraus Good timber, monopodic growth, 

slow growing
Bastardiopsis 
densiflora*(HooketArn.)Hassl. loro blanco Malvaceae Timber, honey Kraus Improves soils, semi-deciduous, 

self pruning; sun loving

Cabralea canjerana (Vell) Mart cancharana Meliaceae Timber, 
wildlife

All sites Fast growing, shade 

Cecropia pachystachya Trecul ambay Cecropiaceae Wildlife, 
medicinal Al sites Fast growing, pioneer, soil 

improvement, fauna.

Cedrela fissilis* Vell. Cedro Meliaceae Timber All sites Good timber, monopodic,  
deciduous, sun loving

Cordia trichotoma* (Vell.) 
Johnst. peteribí Boraginaceae Timber, honey Roa Pipó,

Kraus

Good timber, monopodic, 
deciduous, soil improver, sun 
loving

Enterolobium contortisiliquum* 
(Vell.) Timbó Fabaceae Timber N fixation, degraded lands, 

deciduous, sun

Euterpe edulis Mart. palmito Arecaceae
Palm heart, 
wildlife, 
honey

Guayakí Grows under shade

Holocalyx balansae alecrin Fabaceae Timber Guayakí Restoration, wildlife
Jacaranda semiserrata*, J. 
micrantha* Cham. caroba Bignoniaceae Timber All sites Fast growing, monopodic, 

deciduous
Lonchocarpus muehlbergianus 
Hassl. rabo molle Fabaceae Timber Barney N fixation, slow growing

Machaerium spp. Isapuy Fabaceae Timber, 
fuelwood Fast growth, degraded lands

Myrocarpus frondosus Allemao incienso Fabaceae Timber, honey Roa Pipó Good timber,  shade loving
Nectandra lanceolata* Nees et 
Mart. ex Nees laurel amarillo Lauraceae Timber fruit Guayakí Grows well in degraded land, self 

pruning
Nectandra megapotamica 
(Spreng) laurel negro Lauraceae Timber, fruit Grows in degraded land
Ocotea puberula (Rich) laurel guaicá Lauraceae Timber Guayakí Restoration, wildlife
Parapiptadenia rígida* 
(Benth.) Brenan

anchico 
colorado Fabaceaeae Fuelwood, 

Timber 
N fixation, open crown, 
deciduous, sun loving

Patagonula americana* L. guayubira Boraginaceae Timber Guayakí Monopodic, frost tolerant, sun 
loving

Peltophorum dubium* 
(Sprengel) Taub. cañafístola Fabaceae Timber, fuel, 

honey Kraus Good timber. Fast growth, 
degraded lands, deciduous

Solanum granulosum-leprosum 
Dunal fumo bravo Solanaceae Honey, 

wildlife All sites Fast growing, pioneer tree, soil 
improvement, fauna. 

Tabebuia spp.* lapacho 
amarillo Bignoniaceae Timber, fuel, 

honey
Kraus 
Barney

Good timber. Deciduous, fast 
growth, needs pruning

Tabebuia heptaphylla* (Vell.) 
Toledo lapacho negro Bignoniaceae

Timber, 
fuelwood, 
honey 

Kraus 
Barney

Good timber. Fast growth, 
deciduous, degraded sites, needs 
pruning

Trema micrantha (L.) Blume
Palo

pólvora

Fuelwood, 
honey All sites Small tree, semideciduous, good 

soil improvement.
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YM AFS incorporating native trees can improve soil fertility without relying on fertilizers. In a 
comparison of YM plantations in monoculture and intercropped with the native tree Araucaria 
angustifolia, it was found that soils in the monocultures had higher nutrient content than in the 
AFS but they were more susceptible to a decline in soil nutrients over time (Ilany  et al. 2010). In 
other research on AFS of YM with native tree species, YM in combination with the N-fixing En-
terolobium contortisiliquum (timbó) had higher soil P than yerba + Tabebuia heptaphylla (lapacho 
negro). In addition, yerba + timbó, and yerba + timbó and lapacho contained more soil Mg than 
the other treatments (Day et al. 2011). We have observed better growth and greener YM leaves in 
plants growing close to timbó trees than in plants growing close to eucalypts (Fig. 6).

Organic certification plays an important role in securing a premium price for an agricultural prod-
uct. Organic certification has allowed companies to charge double the price for conventional YM 
export products (Table 2). 

figure 6. Advantages of growing YM associated with the proper trees: YM growing under timbó 
(Enterolobium contortisiliquum, a native, nitrogen fixing tree of good timber) is greener than 
when growing under eucalypt trees (held by hand for comparison); José Zubczuk’s farm in Guar-
aní, Misiones. Photo: B. Eibl.
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table 2. Prices of YM products in stores in Connecticut, USA, October 2010.

Product brand type  Price in UsA dollars store

Guayakí
Organic Traditional mate 
loose tea

9.99 for a 454 gram pack
Thyme and Seasons Natural Food 
Store, Hamden, Connecticut

The Maté Factor Organic mate loose tea 9.45 for a 340 grampack
Thyme and Seasons Natural Food 
Store, Hamden, Connecticut

Wisdom of the Ancients Organic mate loose tea 10.99 for a 79.9 gram can
Thyme and Seasons Natural Food 
Store, Hamden, Connecticut

Rosamonte Loose tea, conventional 3.99 for a 1000 gram pack
CTown super market, Fair Ha-
ven, Connecticut

La Hoja Loose tea, conventional 3.49 for a 1000 gram pack
CTown super market, Fair Ha-
ven, Connecticut

Eco-Teas Organic tea bags 5.39 for 24 bags, 48 grams
Thyme and Seasons Natural Food 
Store, Hamden, Connecticut

The Maté Factor Organic tea bags 6.25 for 24 bags, 84 grams
Thyme and Seasons Natural Food 
Store, Hamden, Connecticut

Wisdom of the Ancients Organic tea bags 6.99 for 25 bags, 50 grams
Thyme and Seasons Natural Food 
Store, Hamden, Connecticut

CONCLUSIONS

Interest in organic YM cultivation under shade is rapidly increasing. Thus, there is a demand for 
appropriate knowledge to obtain better YM prices and other income from the trees, along with 
improved livelihoods and environmental quality. We recommend the following tree species for 
organic YM AFS: guatambú, peteribí, laurel amarillo, loro blanco, cedro, caroba, araucaria, laurel 
guaicá, due to their monopodic growth and self pruning ability; as well as lapacho negro, timbó, 
cañafístola, anchico colorado and curupay of broader crown, with good growth and high quality 
timber (Table 1). We also recommend other tree, herb or shrub species with fruit, medicinal or 
ornamental value to increase farm diversification.
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Abstract: Eastern redcedar (ERC) is one of the most widely distributed tree species in Missouri 
(about 500 millions of ERC trees in Missouri). The ERC is an important source of bioactive sec-
ondary metabolites, but very few of these biologically active compounds have been identified, pu-
rified or commercialized. An interdisciplinary collaboration between MU scientists was initiated 
in 2007 to identify and isolate biologically active phytochemicals from ERC tissues for possible 
commercial application. Our team has identified and purified biologically active compounds from 
leaves (needles) and fruit of the ERC. Many of these isolated diterpenoids not only have shown 
strong anti-microbial activities against a wide range of pathogenic bacteria, but also strong inhibi-
tory activities against melanin biosynthesis. Recently, the isolated tricyclic diterpenoids have been 
recognized as promising anti-inflammatory, anti-microbial, and skin whitening agents by cosmetic 
and pharmaceutical industries.  The objectives of the study are to:  1) isolate and characterize the 
biologically active phytochemicals, 2) elucidate chemical structures of active compounds and their 
associated mode of actions, and 3) evaluate the potential commercial application. The purified 
bioactive diterpenoids were found to have a significant inhibitory effect on the growth of all Gram 
positive pathogens tested. This inhibition of Gram positive bacteria is likely due to action on the 
cell division machinery, for affected cells elongate without proper separation.  Additional com-
pounds have activity on fungal agents, as well as potential anti-melanin activities. The knowledge 
generated from our research will provide the opportunities to turn abundant, low-value, renewable 
materials from the ERC into a lucrative, high technology industry in Missouri.

keywords:  eastern redcedar, phytochemicals
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Abstract: A 17 acre (6.9 ha) agroforestry research and extension alley cropping trial was estab-
lished at the Center for Environmental Farming Systems in Goldsboro, North Carolina in January 
2007, with a randomized block design with five replications.  The demonstration planted rows of 
loblolly pine (Pinus taeda), longleaf pine (Pinus palustris), and cherrybark oak (Quercus pagoda), 
with crop lands in alleys of 40 ft or 80 ft (12.2 to 24.4 m) wide between the tree rows.  Crops of 
soybeans (Glycine max) and corn (Zea mays) were planted in alternating years since establish-
ment.  As of 2011, survival rates were 93% for cherrybark oak, 88% for longleaf pine, and 97% 
for loblolly pine.  Average diameter at ground level was 1.0 in (2.5 cm) for cherrybark oak, 2.1 in 
(5.3 cm) for longleaf, and 3.2 in (8.1 cm) for loblolly.  Heights averaged 4.6 ft (1.4 m) for cherry-
bark oak, 5.2 ft (1.6 m) for longleaf, and 10.4 ft (3.2 m) for loblolly.  Growth, yield, and economic 
projections for traditional timber production indicated that species volumes and values tracked the 
current height and diameter relationships.  Loblolly pine had the largest projected internal rate of 
return, at 7.2%, followed by longleaf pine at 3.5%, and cherrybark oak at 2.9%.  There might be 
more loss in crop and silvopasture production with loblolly, however, and production of pine straw 
for longleaf or game mast for cherrybark oak may offer other benefits.  Crop yields on the sandy 
soils were very poor during the four years observed.
   
keywords: forests, crops, growth and yield, alley cropping, economic analyses

INTRODUCTION

The use of agroforestry systems is expanding throughout the world.  A broad literature about agro-
forestry documents its potential, which we paraphrase here, but do not cite due to space constraints.  
Tree and crop systems or tree and pasture systems may offer advantages to farm and forest owners 
in the United States by providing attractive farming returns while reducing financial risk; reducing 
risks from fire or other abiotic or biotic events; and helping adapt to climate change through better 
low-intensity management of site nutrients and shade for livestock.  Silvopasture and agroforestry 
systems may offer many benefits such as more biological diversity and risk reduction advantages 
than monoculture crops, as well as potential financial diversification at a small-to-medium scale.  
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While silvopasture systems are applied to some extent in Florida and the Gulf Coast, they are not 
implemented extensively in the U.S. Agroforestry systems, such as pecans and livestock, are more 
developed in the U.S. 

Researchers in Florida, Missouri, and Mississippi have examined silvopasture and agroforestry 
systems in the U.S. South.  However, little research or applications have occurred in the Carolinas 
and Virginia, so we can learn more from the integration of the common practices in the Deep South 
if they are coupled with demonstration and research projects in the Carolinas.  

Based on this perceived need, we began discussion of agroforestry projects in North Carolina 
in 2006.  In January of 2007, we established a 17 acre (6.9 ha) demonstration and research alley 
cropping system at the Center for Environmental Farming Systems (CEFS) in Goldsboro, North 
Carolina.  The objectives of this project were to: (1) provide a demonstration of the potential 
for agroforestry systems in North Carolina for landowners, farmers, natural resource profession-
als, and researchers; (2) establish a long-term research project that could be used to monitor the 
implementation of an alley cropping and eventually silvopasture system at the site; (3) measure the 
tradeoffs of trees on crops and eventually livestock production; and (4) provide a research site for 
graduate students and professors interested in agroforestry.    

METHODS

This paper describes the early results from our project to establish the agroforestry trial site, fo-
cusing on tree survival and growth, models of forest growth and yield, and estimates of economic 
returns for three tree species planted at the site. Subsequent research will provide more complete 
analyses of the interaction of timber and crop returns, based on crop yield data, plant competition 
effects, and input costs for both trees and crops.

Project establishment

The project was developed as an extension and research trial at the Center for Environmental 
Farming Systems (CEFS)/Cherry Farm Research site near Goldsboro, North Carolina, which is 
owned by the state and managed by the North Carolina Department of Agriculture and North 
Carolina State University.  The CEFS agroforestry site is a 17 acre (6.9 ha) alluvial river bottom 
in a bend of the Neuse River, one of the major tributaries from the Piedmont of North Carolina to 
the Atlantic Ocean.  The site has a mixture of soil types and drainage characteristics, ranging from 
sandy well drained soils at the upper, west end to deeper clays and organic soils at the lower east 
end closest to the Neuse River.  The trees were planted in an existing field that had been planted in 
crops of corn or soybeans for many years.  However, it tended to flood often, making it a good site 
for considering trees as an alternative crop.

We planted several tree species in an alley cropping system to assess their potential on the site: 
loblolly pine (Pinus taeda), longleaf pine (Pinus palustris), and cherrybark oak (Quercus pagoda).  
The design consisted of rows of trees with open land for crops—or eventually pasture—between 
them (Figure 1). The tree rows and crop alleys ran east to west, so that the sun could be on the 
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open land as much as possible as the trees grew larger.  The trees were planted in three lines per 
row, with a diamond spacing of 6 ft (1.83 m) between trees in each line, and 6 ft (1.83 m) between 
lines. The open areas for crop alleys were 40 ft (12.2 m) or 80 ft (24.4) wide.

The placement of the trees and crop rows was established in a randomized block design across the 
site, with 5 replications of each of the tree/crop variations extending down the field from the upper 
and drier end to the lower and wetter end.  The three tree species also were distributed randomly 
across each replication, in bands of loblolly, longleaf, or cherrybark.  Each band of trees in the 
replication was 140 ft (42.7 m) long, with 21 trees planted per row.  We also established 10 ft (3.05 
m) by 10 ft (3.05) check plots at the lower end of the field, adjacent to Replication 5 of the main 
trial.  In the check plots, each of the species were planted in square blocks to compare the growth 
of trees in the alleys with that of trees planted in a conventional forest plantation.   Roughly 1,950 
trees of each species were planted in the replications; 200 in the check blocks.

figure 1. Representation of Alley Cropping Project Layout, Goldsboro, NC
Three tree rows (6 ft by 6 ft ) in each row; each species in each replication (420 ft / 128 m) 
Trees established in replications (Rep) as noted at the bottom of the diagram were:    
LO-Loblolly pine; LL-Longleaf pine; CB-Cherrybark oak

           Rep 1           Rep 2                Rep 3              Rep 4                Rep 5
Crops  
Crops  
Crops  
Crops  
Crops  

     LL  LO  CB      CB  LO  LL     LO  LL  CB      LO  LL  CB       LL   LO   CB 

The site was laid out with tape measure, string, and flagging, and seedlings were planted in January 
2007 according to the randomized block design by a crew of professors, graduate students, and 
work release prisoners at the CEFS farm.  All seedlings were purchased from the North Carolina 
Division of Forest Resources (DFR) nursery nearby in Goldsboro.  The loblolly and cherrybark oak 
were provided as bare root seedlings, and the longleaf were containerized stock.  The cherrybark 
oak were graded by a DFR forester who assisted us on the site, and poor seedlings were discarded.  
Loblolly pine seedlings were planted by hand with a dibble bar, and cherrybark oaks were planted 
with Modified KBC bar with 6 inch blade to open a wide hole for broad roots.  Longleaf were planted 
with a “pottapooki” drop tube in the sandier soil, but needed a dibble in the muddy bottomland soil.  
After planting, when the field dried up enough later in the season, the crop rows were ripped up to 
the edge of each row to provide better drainage for the trees.

After establishment, in March of 2007 and 2008, Oust (Sulfometuron methyl) pre-emergent her-
bicide was sprayed over the top of the planted seedlings that still had hard closed buds. The treat-
ment was applied at 3 ounces per acre using a 20 ft boom, indicating a spraying distance of 5.7 ft 
on either side of the tree rows. In August 2007, the entire area of tree strips was weeded with hand 
hoes, especially to remove sicklepod (senna obtusifolia) and morning glory (Ipomoea purpurea), 
which were choking the seedlings.

N Crops   	   	  
Crops   	   	   	   	  
Crops   	   	   	   	  
Crops   	   	   	   	  
Crops   	   	   	   	  

	  

N	  
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Alternating crops of corn (Zea mays) and soybeans (Glycine max) have been planted each year 
since 2007, with soybeans in 2007, corn in 2008, soybeans in 2009, and corn in 2010.  In 2008, the 
second year after planting, a major flood inundated much of the site for about a month. The flood 
may have affected tree growth, and reduced crop yields greatly.  In 2010, a major drought occurred 
from June until August, which basically eliminated any crop yield as well.  Deer browsing was 
almost no problem for the pines and more common for the oaks, but only seemed to nip the lead 
apical stem growth, not reduce overall vigor.

timber growth, yield, and financial Analyses

In January 2011, after four years of growth, we measured the survival, diameter, and height of the 
trees.  Diameter was measured just above the root collar with calipers; height with an extension 
pole.  These data were used to calculate survival rates and growth rates used in timber growth and 
yield models.  At four years old, the trees are too young to be used directly in growth and yield 
models, but they do help inform the starting points for models that require older stands at initia-
tion.  

We then used various growth and yield models to project the growth of each species over time 
based on its growth in pure stands.  Since there are not models for growth for tree in alley systems, 
we used general equations and software packages for whole stands, and then compared them.  Sub-
sequently we will multiply the results from the whole stand models by the percentage of the area 
in tree rows to estimate effective timber yields per acre.  For this analysis, we simply compared 
the growth rates of different species for whole stand models based on the best available literature.  
We obtained the projected growth rates, input costs, projected timber yields by product class, and 
product prices.  These production functions, input costs, and output prices were used to estimate 
financial returns to each tree species.  We will add crop yields, costs, and prices into an integrated 
economic model as this demonstration progresses. 

Cherrybark Oak.—The basic information for the cherrybark analysis was generated using the 
NATYIELD program developed by Smith and Hafley (1986). The site index used at reference 
age 50 was 70 ft. Two different projections were made for stands that were planted under differ-
ent regimes. One projection used a stand that was planted using a typical hardwood 8 ft by 10 ft 
spacing and contained 540 trees per acre (TPA) initially.  The average basal area per acre at age 20 
was assumed to be 40 ft2.  The basic production data generated by NATYIELD were then used in 
another volume equation as a check to produce a second stream of volume projections under the 
same regime for comparison. 

The analysis used an 80 year rotation with a pre-commercial thinning in year 30 and a commercial 
thinning in year 55, with 1/3 of the basal area in the stand was removed each time.  In the com-
mercial thinning of 868 ft3/ac it was assumed that 2/3 of the harvested biomass would be used for 
pulpwood, and 1/3 would be used for sawtimber.  In the final harvest of 3918 ft3/ac, 100% of the 
harvested biomass was used for sawtimber.  The prices used in this analysis were taken from the 4th 
Quarter 2010 Timber Mart-South hardwood stumpage prices for the North Carolina Coastal Plain 
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region ($31.41 per ton for sawtimber, $4.29 per ton for pulpwood). 

For a capital budgeting analysis, an interest rate of 4% was used to calculate the present value of 
the two commercial harvests. Costs were $300 per acre for planting, $75 per acre chemical treat-
ment in year 1, and $5/acre/year in property taxes. 

Loblolly pine.—The loblolly pine volume equations and financial returns were based on prior 
research by Siry et al. (2001), which used the TAUYIELD computer program.  This assumed the 
planting rate was 600 TPA, with a site index of 60 ft at age 25.  Thinning volumes were 475 ft3/ac at 
age 17, with 75% pulpwood ($8.45/ton) and 25% chip-and-saw ($16.89/ton), also based on Timber 
Mart-South (2010) pine prices for eastern North Carolina.  Final harvest volumes were 2225 ft3/ac 
at a final harvest of age 25, with 23% chip-and-saw; 67% small sawtimber ($29.82/ton); and 10% 
large sawtimber ($61.92/ton).  Input costs were $400 per acre for site preparation and chemical 
release, and $5/acre/year in property taxes.

Longleaf Pine.—As with the cherrybark oak analysis, the underlying longleaf pine growth in vol-
ume was derived using the NATYIELD program developed by Smith and Hafley (1986). The base 
scenario was specified as 500 TPA, 70 ft2 of basal area per acre and a site index of 70 ft at year 50. 
For comparison, the production data (volume, average height, TPA and basal area) generated by 
NATYIELD were used as inputs for three other longleaf pine growth models from available lit-
erature. Each model produced very similar results, so the NATYIELD outputs were used to derive 
the financial calculations.  The analysis presented represents a simple timber production scenario. 
In most cases, management of longleaf pine will be more complex including considerations for 
pine straw, prescribed burning, and wildlife habitat benefits.  The simple timber production sce-
nario is more appropriate for this test site, where longleaf is intercropped with other species and 
agricultural crops and less likely to be intensively managed for pine straw with crops or livestock, 
although this may be possible. 

The financial scenario assumes a 40 year rotation with commercial thinning at age 25. During this 
thinning, basal area is reduced to 60 ft2 and approximately 10 tons of timber are harvested per acre. 
The material thinned is assumed to be 75% pulpwood ($8.45/ton) and 25% chip-and-saw ($16.89/
ton). Final harvest is treated as a clear cut, approximately 54 tons per acre, and consists of 20% 
chip-and-saw, 50% sawtimber ($29.82/ton) and 30% large sawtimber/poles ($61.92/ton). Longleaf 
pine prices were the same as for loblolly, from Timber Mart-South (2010).  Costs included site 
preparation and planting at $325/acre, chemical herbaceous release at year 1 for $75/acre, and an 
annual property tax of $5/acre.

RESULTS

Precipitation at the Goldsboro Cherry Farm Research Site varied widely in the four years since 
planting.  The first year of planting, 2007, was relatively dry at the site, with only 15 in of rain 
falling from March 1 to September 30.  The second year started out with flooding, as 13.3 in of 
rain fell between February, March, and April.  May, June, and July were dry, with 8.9 in of rain 
and high evapotranspiration rates.  August and September returned to flooding, with 14.6 in of 



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
176

rain.  Rainfall was distributed more evenly across the growing season in 2009, with 3.2 to 4.6 in 
per month.  Drought returned in the Spring of 2010, with only 5.37 in falling in April, May, and 
June, more in July and August (8.25 in), and a flood in September (12.7 in).  

The floods and droughts on a site with sandy soil on the high end and wetland soils on the low end 
produced acceptable crop yields in only two of the four years and virtually none in 2010.  The trees, 
on the other hand, grew relatively well.  The site averaged only 12 bushels per acre of soybeans in 
both 2007 and 2009; 51 bushels per acre of corn in 2008; and 20 bushels per acre in 2010.   The 
wet end of the field in Replication 5 was better for crops, at 30 bushels per acre of beans in both 
years; 112 bushels per acre of corn in 2008; and 52 bushels per acre in 2010.  Nevertheless, the 
crop yields were poor given the weather we experienced since 2007.

tree growth

The results from the tree survival and growth measurements at age 4 in 2011 are summarized in 
Table 1.  The survival rates were very consistent across all replications from the upper to lower 
end of the field.  There was better tree growth in the replications in the field at the lower, wetter 
eastern end by the Neuse River (Rep 5) than at the upper, drier western end (Rep 1). In fact, across 
all species the average height and diameter in replication 5 was statistically greater (α=0.01) than 
in the other replications. Thus we summarized the data for the totals of all replications 1-5; for 
replications 1-4; for replication 5; and for the check plots.

table 1. Survival, Diameter at Base, and Height of Trees in Goldsboro Alley Cropping Project at 
4 Years Old, by Replication and Control Plots, 2011

Characteristic1 Loblolly Pine Longleaf Pine Cherrybark Oak
Survival, All Replications (%) 97% 88% 93%
Diameter (in)
   All Replications 3.2 2.1 1.0
   Replications 1-4 2.9 2.0 1.0
   Replication 512 4.6 2.3 1.4
   Check Plots 4.3 2.0 1.7
Height (ft)
   All Replications 10.4 5.2 4.6
   Replications 1-4 9.3 4.9 4.2
   Replication 53 15.7 6.3 6.6
   Check Plots 14.3 4.7 8.0

1All diameters and heights between species were statistically significant (α=0.01). 

2For longleaf pine and cherrybark oak, the mean diameter in Rep 5 is statistically different from 
the mean of the check plots (α=0.01).  For loblolly this difference was significant at α=0.10.
3 The mean height in Rep 5 is statistically different from the mean of the check plots for all species 
(α=0.01).

Survival rates were 93% for cherrybark oak, 88% for longleaf pine, and 97% for loblolly pine.  
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These were very consistent across the entire field.  These survival rates were very good, with 
almost all of the trees performing well.  The loblolly grew fast, as expected.  The longleaf did 
well, usually coming out of the grass stage by the second year.  The hardwoods looked the poorest 
among the annual weeds, especially at the dry end of the field, but were surviving.   
Across all replications, average diameter at ground level was 1.0 in for cherrybark oak, 2.1 in for 
longleaf, and 3.2 in for loblolly.  Heights averaged 4.6 ft for cherrybark oak, 5.2 ft for longleaf pine, 
and 10.4 ft for loblolly pine.  All the differences among the diameter and height among species 
were significantly different (α=0.01).

Note that the results did vary by location in the drier or wetter ends of the field. Longleaf grew 
about the same regardless of location in the field, and performed comparatively better on the 
sandier sites, but still fared relatively well on the wetter, somewhat more organic replications, al-
though all the soils were sandy or rocky alluvial mixtures.  Longleaf had the shortest height growth 
on the very wet check plots, which were saturated with water during much of the early growing 
season.  Loblolly and cherrybark oak grew better as the field retained more moisture, with the best 
growth in loblolly pine being in replication 5, and the best for cherrybark being in the very wet 
check plots.

growth, yield, and financial returns

Table 2 summarizes the management regimes, growth, and harvests, as well as the financial results 
for the three tree species, based on a pure timber production regime for each.  Loblolly pine grew 
the fastest according to the growth and yield equations, at an average of 108 ft3/ac/yr.  Longleaf 
grew at an average of 71 ft3/ac/yr, and cherrybark oak at 61 ft3/ac/yr.  These growth rates and 
shorter rotations favor loblolly, then longleaf, then oak.

table 2.  Growth and Capital Budgeting Results for Three Species for Timber Production Manage-
ment Regime at a Discount Rate of 4%

Species Rotation 
Age

Harvest 
Years

Total Vol-
ume Cut 
(ft3/ac)

Net Pres-
ent Value 
($/ac)

Land 
Expecta-
tion Value 
($/ac)

Annual 
Equivalent 
Value ($/ac)

Internal 
Rate of 
Return 
(%)

Cherrybark 
Oak 80 55&80 4,846 -360 -376 -15 1.9

Longleaf 
Pine

40 25&40 2,826 -49 -61 -2 3.7

Loblolly 
Pine 25 17&25 2,700 493 789 32 7.2

Loblolly pine had the best timber returns at a 4% discount rate, earning a Land Expectation Value 
(LEV) of $789 per acre, and Internal Rate of Return (IRR) of 7.2%.  Longleaf pine and cherrybark 
oak had negative Net Present Values and LEVs at the 4% discount rate, given the initial costs of 
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$300 to $400 per acre.  The IRRs were 3.7% for the longleaf stand and 1.9% for the cherrybark oak.  
Costs should be less for planting on open agricultural fields than the generic averages we used, so 
returns for all species could be slightly greater.  

These pure timber production financial differences among species may be reduced by agrofor-
estry factors.  They may differ somewhat at the denser planting rates represented by the rows of 
trees—1280 trees per acre, but on only a portion of the area.  The results also may vary when lon-
gleaf pine straw potential is considered, at least in the early crop years.  And the cherrybark oaks 
will offer greater mast and wildlife advantages.  Furthermore, as noted on our soils, while loblolly 
grew better everywhere, its advantage was much less on the drier, sandier sites, and cherrybark 
grew very well in the wet, frequently flooded end of the field.  Furthermore, the interaction of the 
growing trees on the adjacent agricultural land use has yet to be determined.  There will be impacts 
from increasing weather variations year-to-year, increasing shade, reduced wind, increased habitat 
for biodiversity (some good, some bad for the crops), reduced soil compaction over many years 
from less area being frequently trafficked, etc.  

CONCLUSIONS

This agroforestry alley cropping system in North Carolina in a Neuse River bottom with sandy 
to wetland soils has been successful at establishing a forest stand of three species, and with high 
survival rates.  The trees averaged survival rates of 88% for longleaf pine to 97% for loblolly pine 
after four years of floods and droughts.  In fact, the trees prospered more than the crops, which 
were almost failures two of the four years on the poor sandy soils common on the site.  This might 
suggest that a silvopasture system would be better on the poor soils than crops.

We could not yet use the tree survival rates to populate forest growth and yield models directly, but 
they at least indicated that plantation models are representative.  They also indicated that the trees 
in the rows still grew like trees in the check plots.  The plots had higher diameters and heights, but 
this seemed to be largely a function of the better, wetter sites, not the type of planting pattern.  So 
we used conventional growth and yield models, with checks on those projections for each species.  
These results showed that relatively faster growth rates for loblolly pine yielded greater financial 
returns for pure timber production management regimes, followed by longleaf pine and then cher-
rybark oak.  However, both longleaf and cherrybark have more potential for other products, which 
could reduce this financial advantage for loblolly.  

In addition, the alley crop and livestock interactions will make this agroforestry trial and financial 
results more complex.  Loblolly pine grows well and fast, but shades the crops faster, and has a 
wide spread and bushier crown than longleaf at least.  The cherrybark oak starts slow, but may be 
very productive on deep red river bottom sites in the longer run, and be hardier as an alley cropping 
system moves from trees and crops to trees and livestock.  The longleaf may be able to produce 
some pine straw in its rows if it is not grazed.  It also may provide better habitat for wildlife species 
for hunting as well as for livestock.  Furthermore, longleaf can grow to a much longer rotations 
of about 80 years, and can be used as habitat for red-cockaded woodpeckers, which may at least 
be environmentally important, and may offer opportunities to receive payments for those environ-
mental services. 



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
179

We will measure the crop yields and perform those financial calculations based on actual timber 
growth and yield as this project progresses and the trees mature.  We will look forward to more 
demonstration, research, and education about these systems as we manage and monitor one of the 
first specifically planned and implemented agroforestry systems in North Carolina.

ACKNOWLEDGEMENTS

Thanks to the USDA NRCS for funds for this project; managers and staff at the NC Department 
of Agriculture/NC State University Cherry Research Farm; and NC State University graduate stu-
dents who helped to plant and measure the trees.

LITERATURE CITED

Schumacher, F. X., and T. S. Coile. 1960.  Growth and Yields of Natural Stands of the Southern 
Pines. Durham, NC: School of Forestry and Environmental Sciences, Duke University.

Siry, Jacek, Frederick W. Cubbage, and Andy Malmquist.  2001.  Growth, yield and returns for 
southern pine forestry investments.  Forest Products Journal 51(3):42-48.

Smith, Wiliam and William Hafley.  1986.  North Carolina State University, Natural Stand Growth 
and Yield Model (NATYIELD), by W.D. Smith & W.L. Hafley, 1986. Bill Smith, personal 
comm., 26 February 2011: NATYIELD (based on Schumacher and Coile 1960). 

Timber Mart-South.  2010.  North Carolina Timber Report, Southeast North Carolina Stumpage 
Prices, 4th Quarter.



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
180

Using non-timber forest ProdUCt mArkets to drive  
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Abstract: Non timber forest product harvest and commercialization has been promoted as a means 
to add value to remaining forest areas and avoid having those areas from being converted to alter-
nate land uses such as agriculture and livestock production.  Despite that, many efforts to sustain-
ably harvest and market NTFP’s have met with limited success.  This presentaion will report on 
an effort in natural forest areas in Mexico and Guatemala that has helped develop a market for 
sustainably harvested and fairly traded palm fronds used in international floral markets and present 
a model for developing NTFP markets in Minnesota and Nepal for both conservation and com-
munity development outcomes.

keywords:  non-timber forest products, Chamaedorea, conservation, sustainable harvest, markets, 
bioprospecting
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Abstract: Increased production of the North American Elderberry (Sambucus canadensis) for 
its use in value-added specialty products is a prime example of the growth and potential of non-
traditional agroforestry product markets. A consumer survey was conducted at the 2010 Mis-
souri Chestnut Roast Festival to evaluate the importance of elderberry product attributes based on 
consumer segmentation and evaluated existing consumer knowledge and opinions of elderberry 
products.  Using a cluster analysis respondents were classified into two clearly defined market 
segments.  The first cluster was composed of individuals who identify themselves as being very 
health conscious in their life style and consumption habits.  These individuals were found to be 
more likely to be female and on average significantly older with ages ranging between 46 and 55.  
The second cluster was composed of individuals that identified themselves as being less health 
conscious than cluster one.  These individuals were more likely male and on average significantly 
younger than the first cluster being between 36 and 45.  Both market segments identified the price 
of the product and organic certification as being the most important attributes in making elderberry 
juice purchasing decisions.  This information was used to develop a more extensive conjoint analy-
sis survey to evaluate national and niche markets for elderberry juice.  

keywords: marketing, agroforestry, Missouri

INTRODUCTION

The potential for the elderberry industry is stippled by a lack of information on the local and 
national market for elderberry products.  McKay (2001, p. 2) of the New York State Horticulture 
Society wrote, “Many say the elderberry will replace Echinacea as the top cold and flu remedy”.  
Greater local production of elderberry could be stimulated with a better understanding of the mar-
kets in which they are sold.  Consumer research provides information to firms currently producing 
elderberry products to develop successful marketing strategies and allows new firms to strategize 
on the ideal products and channels to implement during market entry (Dolan 2001). 

This study aims to gain a better understanding of the elderberry market not only regionally the 
states of Kansas and Missouri but throughout the entire United States.  Ultimately, the goal of the 
study is to create an even greater demand for elderberry products by identifying profiles for par-
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ticular market niches.  Information gathered will be used to develop strategies to target these select 
markets with elderberry products that maximize consumer utility.  

Specific objectives of this study include to, (1) Measure consumer valued importance of attributes 
when purchasing an elderberry product and (2) analyze demographic information on the sampled 
consumers in order to compare their valued attribute importance.

A preliminary survey gathered information on the perceived importance of several products attri-
butes when making an elderberry purchasing decision.  The survey also asked respondents ques-
tions based on how healthy they evaluate of their own lifestyles for the purpose of creating con-
sumer market segments.  The information gathered from the survey was used as a preliminary 
stage to gain a better understanding of consumer preference for elderberry products.  Results from 
the preliminary survey were used to create a more effective conjoint analysis (CA) survey to be 
implemented on a national sample of consumers.

METHODS

During the 2010 Chestnut Roast Festival conducted New Franklin, Missouri; a preliminary elder-
berry consumer preference survey was implemented.  The survey instrument was developed based 
on a full literature review of elderberry production and prior to its implementation it was approved 
by the University of Missouri’s Institutional Review Board (IRB).  

The first two sections on the survey asked respondents what came to their mind when they thought 
of elderberries and what types of elderberry products they have tasted or purchased in the past.  In 
both questions there was a list of possible options for the respondent to select as well as an option 
for other, where the respondent could choose to specify an additional selection.  The third section 
of the survey asked respondent how much they value certain attributes when purchasing elderberry 
juice products.  Possible attributes included the size of the bottle, the price, whether it was pesti-
cide free, whether it was organic certified, whether it had a claim of being natural, whether it was 
blended with other juices, whether it had a health claim and whether it was sweetened or not.  For 
this question all of the attributes were evaluated on a 5-point Likert scale, (1= Not Important, 5 = 
Very Important).  

The fourth section asked respondents to evaluate their own lifestyles based on health.  Health based 
questions were designed to segment the consumers based on their responses in order to compare 
how they value the various attributes in section three.  These health questions were adapted from 
a similar study performed by Teratanavat and Hooker (2006, p. 573).  “I am knowledgeable of the 
health benefits of foods I eat”, “I consider myself health conscious” and “I believe my eating habits 
are healthier than other people I know”.  For this section all three questions were evaluated based 
on a 5-point Likert scale, (1= Totally disagree, 5 = Totally agree).  The fifth section was another 
health based question adapted from Teratanavat and Hooker (2006 p. 573).  In this section respon-
dents were asked “How often do you purchase food that provides health promoting or disease 
fighting benefits beyond basic nutrition” Teratanavat and Hooker (2006 p. 573).  This section was 
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evaluated based on a 4-point Likert scale, (1= Never, 4 = Frequently).  The questions in section 
six-ten measured the demographic characteristics of the respondents.  Questions included gender, 
age, with whom they live, how far they live from an urban area of at least 50, 000 people and what 
state they live in.

A cluster analysis was performed on the results of question asked in sections four and five to di-
vide the total sample of respondents into separate market segments.  Cluster analysis is a method 
of finding similarities in what may appear to be a diverse spread of information.  The technique 
creates groupings or clusters based on shared commonalities of the sampled population of respon-
dents (Sharma 1996). Similar methods in the use of cluster analysis in consumer preference stud-
ies in marketing can be seen in such examples as (Slama and Tashchain 1985; Lopes et al. 2009; 
Aguilar et al. 2009).  The cluster analysis divided the sample into two groups relative to how they 
evaluated their life styles in section five of the survey.  The cluster analysis was performed using 
Stata 10 and created using a “k means” distance between individuals and their clusters average 
mean response.  Market segments were identified by using t-tests to compare the means of how 
individuals in the two clusters responded to questions on their lifestyle in section five as well as 
demographic information in sections six through ten.  Elderberry attribute importance was then 
compared between the two clusters using t-tests based on response to questions asked in section 
three of the survey.

EXPLORATORY SURVEY RESULTS

The survey received 250 responses.  Of the 250 responses two thirds of the consumers sampled 
were female.  The majority of respondents were over 46 years old with over a quarter of respondents 
between the ages of 46 and 55 years old.  The ratios of rural to urban respondents were relatively 
balanced with slightly over half of the respondents living within nine miles of an urban area with at 
least 50,000 residents.  Forty percent of respondents identified themselves as living with a spouse 
and fewer than 15 percent identified themselves as living alone.  Although the survey received a 
total of 250 responses not all respondents answered all of the questions asked on the survey.  In or-
der to perform the cluster analysis and t-tests a common sample of respondents were identified by 
selecting only those respondents that provided answers to all questions being asked on the survey.  
After identifying the common sample the total number of respondents came to 221.
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table 1. Summary statistics for survey population sample

Total Survey Respondents = 250 Percent 
Gender (female) 69%

Age:
Under 25 10.3%
26-35 13.8%
36-45 15.5%
46-55 28.5%
56-65 20.3%
Over 65 11.6%

How far do you live from an 
urbanized area of at least 50,000 
people:
Reside within 9 miles from an 
urban area 55.9%

With whom do you live with:
Alone 14.8%
With my spouse 41.2%
With children 6 years old 4.8%
With children 7-12 years old 8.0%
With children 13-17 years old 10.0%
With others 16.0%
Currently residing in Missouri  92.4%

market segmentation

Based on the calculations in Table 1 the first market segment Cluster 1 is identified as the “Health 
Conscious” market segment because of the importance that these individuals put on being health 
conscious in their life style and consumption habits.  The mean of the responses of the health 
conscious individuals in Cluster 1 were found to be significantly in greater agreement with state-
ments in section four using a ninety nine percent confidence interval.  Cluster 1’s health conscious 
individuals were on average females and significantly older with ages ranging being between 46 
and 55.  Cluster 2 was identified as the “Less Health Conscious” market segment.  Based on their 
responses to statements in section four of the survey individuals grouped into the less health con-
scious market segment.  The less health conscious individuals in cluster 2 were more likely to be 
male and between the ages of 36 and 45.
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table 2. Mean of demographic and self evaluated health conscious characteristics clusters and total sample

Characteristic

Health Con-
scious 

Cluster 1 
n= 67

Less Health Con-
scious 

Cluster 2 
n= 154

Total 
n=221

 M S.D. M S.D. M S.D.
I am knowledgeable of the health benefits of foods I eat*** 4.6 0.58 3.8 0.72 4.04 0.77
I consider myself health conscious*** 4.82 0.39 3.78 0.55 4.10 0.70
I believe my eating habits are healthier than other people I 
know*** 4.67 0.53 3.35 0.75 3.75 0.92

How often do you purchase foods that provide health promot-
ing or disease-fighting benefits beyond basic nutrition*** 3.55 0.61 3.00 0.76 3.17 0.76

Gender* 1.77 0.43 1.66 0.47 1.69 0.46
Urban resident 1.40 0.49 1.46 0.50 1.44 0.50
Age** 3.88 1.45 3.51 1.47 3.62 1.47

*** p<0.01, ** p<0.05, * p<0.1

After defining clusters these segments were compared based on their mean responses to ques-
tions in section three of the survey.  Both market segments identified the price of the product and 
organic certification as being the most important attributes in making elderberry juice purchasing 
decisions.  Health conscious individuals in cluster 1 on average placed a higher importance on the 
origin of cultivation and whether the juice was blended or pure.  The less health conscious indi-
viduals in Cluster 2 placed a greater value in whether the product had a health claim and whether it 
was blended with other juices or pure.  Health conscious individuals on average also placed more 
importance on whether the product was advertised as having a origin of cultivation claim, a natural 
product claim, whether it was blended with other juices and if it was sweetened.  All four product 
attributes were on average more important among the first cluster’s health conscious consumers at 
a p-value of 0.05. 

table 3. Mean valuation of elderberry juice product attributes by cluster and total sample

Product Attribute

Health Conscious Less Health Conscious
Total 
n=221Cluster 1 Cluster 2

n= 67 n= 154
 M S.D. M S.D. M S.D.
Size of the bottle 3.27 1.12 3.16 1.12 3.19 1.12
Price 4.18 0.95 4.16 0.99 4.17 0.98
With organic certification 4.15 1.03 4.01 1.12 4.05 1.09
Origin of cultivation* 4.13 0.9 3.90 1.06 3.97 1.01
Claim of natural product** 4.07 0.91 3.81 1.08 3.89 1.04
Blended with other juices or pure** 4.12 0.95 3.90 1.03 3.96 1.01
Claim of health benefits 4.01 0.95 3.98 1.08 3.99 1.04
Sweetened or no sugar added** 4.10 1.06 3.83 1.10 3.91 1.09

** p<0.05, * p<0.1
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FOCUS GROUP

Based on the results of the preliminary survey the attributes that consumers valued most when 
purchasing elderberry juice will be used in a CA survey tested with a national sample of consumer.  
CA is a well established method used to measure the utility or satisfaction generated from products 
with multivariable attributes (Green and Srinivasan 1990, Aguilar et al. 2009, Lonial et al. 2000, 
Teratanavat and Hooker 2005).  

Prior to implementing the survey we conducted a focus group to gauge the effectiveness of the 
survey before its release.  Participants for the focus group were selected during the Chestnut Roast 
festival when they provided their names and contact information on a contact sheet of consumers 
interested in participating in future elderberry research.  Present at the focus group were five local 
consumers and four researchers to moderate the event.  Of the five focus group participants there 
was a near balance between men and women with women having a 60% majority.  All of the par-
ticipants lived in the state of Missouri, within 30 miles of an urban area.

The focus group was held for one hour and thirty minutes and was recorded for detailed review.  
During the focus group participants and moderators sat facing each other for discussion.  The focus 
group began with each participant completing a paper copy of the survey.  Participants were then 
asked to comment, section by section on the survey they had moments ago completed.  Summary 
results are presented in Table 4.

Table 4. Elderberry juice focus group questions
  Percent/Average
Which of the following are you most 
likely to purchase instead of elderberry 
juice:
Pomegranate Juice 25.0%
Cranberry Juice 50.0%
Other: Grape Juice 25.0%
What types of elderberry products have 
you purchased in the past:
Juice 20.0%
Concentrate 20.0%
Syrup 20.0%
Jelly 60.0%
Rank based on how expensive these 
products are.  
(1= Most Expensive and 7 = Least Ex-
pensive)
Pomegranate Juice 2
Apple Juice 4.5
Cranberry Juice 3.25

continued on next page
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Elderberry Juice 1
Bottled Water 7
Grapefruit Juice 4.5
Green Tea 5.75
Rank based on how healthy these prod-
ucts are.  
(1= Most Healthy and 7 = Least 
Healthy)
Pomegranate Juice 1.75
Apple Juice 5.25
Cranberry Juice 2.75
Elderberry Juice 1.75
Bottled Water 6.75
Grapefruit Juice 5.5
Green Tea 4.25

CONJOINT ANALYSIS ATTRIBUTES AND LEVELS  
BASED ON SURVEY AND FOCUS GROUP

elderberry juice Attributes and levels

Based on the focus group the consumers familiarity with elderly jelly products, jelly was included 
in the study (Table 4).  Elderberry juice attributes were selected as a result of data collected during 
the preliminary survey and was then substantiated by participants during the focus group discus-
sion. The results of the survey and focus group were then compared to a similar marketing study 
of U.S. juice consumption conducted by the Mintel market research firm.  The attributes of price, 
origin of cultivation and health claim were among the most important attributes identified by con-
sumers during the preliminary survey (Table 3).  These findings are supported by a Mintel market-
ing study in January of 2011 that found that 60% or consumers identify price as the most important 
attribute in selecting a 100% natural juice product.  After identifying the attributes to include, a 
range of levels for each attribute was determined.

Price levels were selected roughly based on the actual range of prices for similar specialty juice 
products found on the market.  The levels for origin were also selected based on the full range of 
possibilities a consumer would find on the market and was a specific characteristic of juice prod-
ucts aimed at evaluating for the purpose of the study.  In their study Mintel (2011) also found health 
claims to be an important attribute in juice purchasing decisions.  According to Mintel (2010) 36 
percent of consumers look for antioxidants while 41 percent find it important for their juice to be 
vitamin enhanced.  The levels for the health claim represent two possibilities.  The product may 
claim to have ingredients high in antioxidants or be absent of any such claim.  

Possibly the most important attribute but difficult to define was the type of juice to compare el-
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derberry against.  The attribute for type of juice includes three levels.  The first and most obvious 
choice is elderberry.  The other two types of juice include one juice type that is most similar to how 
elderberry is currently perceived on the market.  The third type of juice is a status quo option, or the 
most popular juice flavor on the market and the closest known competitor to elderberry.  The status 
quo option is added to the fractional factorial design similar to its use in a similar study (Aguilar 
2010).  According to Mintel (2010) cranberry juice is the most popular juice product on the market, 
excluding orange and apple with over 40 percent of sample Americans over 18 having purchased 
cranberry for house hold consumption.  Cranberry juice was also identified in the focus group dis-
cussion as being the most popular health juice drink consumed by participants (Table 4).

table 5. Elderberry Juice Attributes and Levels

Attributes Levels
Type of Juice Pomegranate (Competition) Elderberry Cranberry (Status Quo)
Price 5$ 6$ 7$
Origin Grown Locally Grown in the USA Foreign Import

Health Claim With health claim Without health claim

For the most similar and closest competitor of elderberry juice the study implements pomegranate 
juice.  Pomegranate juice is not mentioned in the Mintel (2010) study but only included as other in 
their category of juices consumed by 17 percent of American adult over 18.  Although pomegran-
ate juice is not consumed with as much frequency as cranberry juice it was selected as the second 
most popular product currently on the market that is similar to elderberry juice during the focus 
group discussion (Table 4).

elderberry jelly Attributes and levels

The selection of elderberry jelly attributes and levels was more difficult than the selection of the 
juice attributes and level because the decision to include jelly in the study occurred as a result of 
the focus group discussion and after careful review of the results of the preliminary survey data. 
The attributes used for jelly include the type of jelly, the price, origin and whether or not the prod-
uct provides a health claim.  Similar to the selection of juice price selection the price levels for 
jelly were selected based on the actual range of prices for similar specialty jelly products found on 
the market.  These are for a 12 oz glass jar of jelly.  The prices include a three, four and five dollar 
range of options.  The origins of the product and health claim are a vital component of the research 
and were also implemented for the jelly analysis.  The decision to include these attributes in the 
study of jelly product preferences is supported by a Mintel (2011) marketing study.  In their study 
they sampled 1,773 Americans consumers over the age of 18 based on the attributes important to 
them when purchasing jelly.  Of the 1,773 respondents 57 percent identified health claims and 38 
percent identified being made locally as being important attributes for jelly products.

The selection of jelly type to include in the study was similar to the methods for juice.  The levels 
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for jelly type include three options, a status quo option, elderberry jelly and the closest competitor 
to elderberry jelly.  Grape jelly was selected for the status quo option because other than strawberry 
jelly, grape jelly is the most popular jelly flavor on the market (Mintel 2011).  Blackberry jelly was 
selected for the closest competitor to elderberry jelly based on its relatively small market share as 
identified by Mintel (2011).

table 9. Elderberry Jelly Attributes and Levels

Attributes Levels
Type of Jelly Blackberry (Competition) Elderberry Grape (Status Quo)
Price 3$ 4$ 5$
Origin Grown Locally Grown in the USA Foreign Import

Health Claim With Health Claim Without Health Claim

CONCLUSION

The survey was designed to gain a better understanding of elderberry juice product attributes that 
consumers value when making purchasing decisions.  From the results of the survey it appears that 
when dividing the consumers into segments based on how healthy they evaluate their lifestyles 
both segments place the highest values on the price of the product and whether the product claim 
an organic certification.  Following the first two attributes in order of importance, individuals in 
cluster Cluster 1 perceived the importance of the origin of the product and whether it is blended 
with other juices or pure.  This evidence could reflect the consumer market for elderberry juice as 
a specialty product.  Currently the majority of elderberry juice is sold as specialty products and as 
a result, targets small niche local markets, while charging higher prices associated with specialty 
products. The less health conscious individuals in cluster 2, after identifying the attributes of price 
and organic certification, placed the third and fourth highest importance on the product having a 
health claim and whether or not the juice is pure or blended with other juices.  These attributes 
could indicate a preference for elderberry juice as a commodity product with a marketing strategy 
similar to cranberry or pomegranate juice.  Currently elderberry juice is not sold in mass distribu-
tion and further research is required to better evaluate the opportunities for market entry. Further 
information will be gathered from the future survey on consumer preferences for elderberry juice 
and jelly products. 
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Abstract: Elderberry, a perennial shrub native to North America with a variety of uses and benefits, 
is neither well known nor widely utilized as a specialty crop in the U.S. Up-to-date information is 
lacking with regard to the elderberry market or market potential. This research identifies the mar-
ket participants along the value chain, the current status of the industry, direction, and future trends, 
elderberry market limitations as well as risks and potential opportunities for elderberry producers 
and processors.

A combination of quantitative (mail survey) and qualitative (phone interview) methods have been 
used. The theoretical model used for the survey and interview development and analysis is based 
on the Porter Five Forces Model (PFFM) which describes the competitive forces that coordinate 
and control the market. The PFFM has been used previously to shed light on the chestnut and shii-
take mushroom specialty crop markets.  

Seventy-four mail survey responses and 20 follow up phone interviews provided information on 
the market participants, challenges, opportunities and competitive forces in the elderberry indus-
try.   

Results show a nascent industry with mostly small scale participants poised for growth. Demand 
trends are favorable and prices are good across the value chain. Challenges include a limited do-
mestic supply of fruit, few regionally adapted varieties suitable for commercial production, and 
high labor costs.  Additionally, the absence of existing mechanical harvesting equipment limits 
future production potential and industry growth.  Respondents identified low levels of competition 
within the industry at the present time. Based on identified market size and demand, opportunities 
exist to increase the domestic elderberry industry across the value chain.

keywords: market analysis, specialty crops, quantitative and qualitative research
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INTRODUCTION 

Elderberry (Sambucus canadensis) is a shrub native to eastern North America, from Nova Scotia to 
Florida and west to Minnesota and Texas. The shrub produces small white flowers in June which 
form umbrella-shaped clusters of purple-black berries 4-6 mm in diameter. Elderberry is both a 
nutritionally-rich fruit and a concentrated source of very healthy phytochemicals (Charlebois et 
al. 2010).

The Porter Five Forces Model (PFFM) framework (Porter 1980, 2008) has been applied to describe 
the red cedar, chestnut and shiitake mushroom market (Gold et al. 2005, 2006, 2008). The PFFM 
looks at five areas of competition that market participants face including 1) barriers to entry (threat 
of new entrants), 2) bargaining power of suppliers, 3) bargaining power of buyers, 4) substitute 
products and 5) rivalry among existing firms. 

This study applied the PFFM approach in order to broadly define the elderberry market, identify 
potential for growth and identify risks and potential opportunities for producers and processors in 
the United States.

LITERATURE REVIEW

In contrast to Europe (Charlebois et al. 2010) elderberry is neither well known nor widely utilized 
in the U.S. The literature on elderberry production and marketing in the U.S. is scarce. An elder-
berry improvement project was initiated in Missouri in 1997 (Byers and Thomas 2005). The proj-
ect had three components: 1) collection of native elderberry germplasm and study of phenology 
and plant growth, harvest date, yield, panicle size, berry size, fruit quality, and disease and insect 
problems, 2) replicated evaluation of superior native germplasm to identify elderberry cultivars 
with sufficient merit for release and commercial planting and 3) cultural studies (i.e., pruning, and 
leaf foliar nutritive content) (Thomas & Byers 2004). The research team that conducted these stud-
ies also performed elderberry antioxidant and DNA studies. A comprehensive horticultural review 
was published in 2010 (Charlebois et al. 2010) which compiled literature from around the world 
about elderberry botany, horticulture, propagation, and uses.

On the marketing side, Weeder-Einspahr (2001) conducted a Midwest regional market assessment 
for small fruits, including elderberries. The study found that many of the jam and jelly compa-
nies in the Midwestern U.S. are small, often pick their own fruit from wild sources and process 
it themselves. However, several larger jam and jelly manufacturers do purchase large amounts of 
fresh fruit from growers, often under a verbal contract. Most wineries purchase concentrate from 
national suppliers, but also purchase fresh fruit when available. Smaller growers of fresh fruits for 
jam, jelly and wine markets have the best potential for success if they partner with these companies 
to produce fruit under contract. Juice processors require larger quantities and subsequent greater 
production investments by the grower. The possibility of addressing these markets in combina-
tion with others (e.g., nutraceuticals, organic colorings, etc.), and expansion of sales to small to 
medium processors could provide a market of sufficient size for a number of producers (Weeder-
Einspahr 2001).
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According to Byers and Thomas (2005), most of the elderberries grown in the Midwest are har-
vested for processing markets. Several wineries produce elderberry wines from the fruit, while the 
flowers and panicles are used to flavor wines. Elderberry juice or fruit are used for jam and jelly. 
Elderberry juice and concentrates are marketed as nutraceuticals. The pigments in elderberry juice 
are suitable for colorant use.

RESEARCH METHODS

Because little is known about the elderberry market and market participants (i.e., uncertainty about 
the number of elderberry growers and processors, no database for businesses involved in the elder-
berry industry, lack of official private, state or federal  information about the industry)  a combined 
quantitative and qualitative approach was used to obtain baseline information about the market and 
the industry. 

The theoretical model used for the survey and interview script development and analysis is based 
on the Porter Five Forces Model (PFFM) (Porter 1980, 2008) which describes the competitive 
forces that coordinate and control the market. According to Porter, competition for profits in a 
given industry goes beyond regular competitors to include four other forces: customers, suppliers, 
potential entrants and substitute products. The interaction between all these forces defines an in-
dustry’s structure and shapes the nature of the competitive interaction within that industry. While 
many factors can influence profitability in the short run, industry structure revealed in the competi-
tive forces, establishes industry profitability in the medium- and long-run (Porter 2008).

The mail survey collected general information about market participants (e.g., position in the el-
derberry chain, products purchased, products sold, approximate annual gross sales figure derived 
from elderberry, percentage of elderberry in the business, length of time in the elderberry business, 
description and trends of supply and demand, and competition). A final question in the survey 
asked respondents if they would agree to participate in a follow up phone interview. 

PASW Statistics (SPSS) 17.0 was used to analyze the data.

The mail survey was followed by interviews with people who agreed to participate in the second 
part of the research. A responsive interviewing approach of was used. Open-ended questions guid-
ed the conversation. The main questions followed the theoretical model, addressing all forces that 
influence competition based on PFFM. All interviews were transcribed verbatim and all records 
were maintained taking precaution to respect anonymity and confidentiality. During data analysis, 
concepts, themes and events were identified, refined, elaborated and integrated. Codes were as-
signed to the main concepts and themes, and information was sorted, summarized and analyzed. 
QSR NVivo 8 (QSR 2010) was used for data sorting, coding and categorizing. 
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RESULTS

mail survey results

Out of 159 surveys sent to companies with any involvement in the elderberry value chain identi-
fied through Internet search and referral, 74 responses were obtained. Of the 74 respondents, 36% 
were primarily plant growers, 26% elderberry growers, 38% value-added producers (16% wineries, 
6% nutraceutical companies, 16% value-added producers other than wineries and nutraceuticals). 
Most survey respondents were involved in more than one activity in the value chain. Surveys were 
received from all over the US: AR, CA, FL, IA, ID, IL, IN, KS, KY, LA, MA, ME, MI, MO, MT, 
NC, ND, NE, NH, NY, NV, OH, OK, OR, PA, SC, SD, TN, TX, UT and VA.

Respondents sell plants (42%), flowers (8%), berries (22%), juice (11%), concentrate (8%), wine 
(18%), and nutraceutical products (4%). Other value added products sold included frozen/dried 
fruit, juice, concentrate, jelly, preserves, sauce, jam, yogurt, ice cream, fudge, colorant. Out of 25 
nurseries, 6 sell to elderberry growers, 2 supply to wineries, 5 to wholesalers, and 8 to retailers. 
Eleven nurseries supply to individual customers (e.g., home owners) and to agencies for restora-
tion, reforestation and reclamation. Out of 16 elderberry growers, 3 sell elderberries to wineries, 
one to nutraceutical companies, one to other value-added producers and two to retailers. Twelve 
growers sell directly to consumers. 

Elderberry fruit requires processing. Growers who sell directly to consumers produce value added 
products for sale or sell berries to consumers who make wine or jelly. Wineries (12) sell directly 
to consumers (6), to retailers (4), to other wineries (3). Value added producers (other than winer-
ies and nutraceuticals) (10) sell to individual consumers (7), to retailers (7), distributors (2) and 
wholesalers (2). Nutraceutical producers (4) sell to other nutraceutical companies (1), value added 
producers (1), retailers (1) and health practitioners (1). Fifty-seven percent of respondents sell to a 
local market, 40% sell regionally, and 43% sell nationally. Most respondents sell to a combination 
of areas. Of those that sell locally, 29% sell 100% to a local market, 20% sell over 50% locally and 
37% sell under 50% locally. Of those that sell regionally, 14% sell 100% regionally, 7% sell more 
than 50% regionally and 52% sell less than 50% regionally. Of those that sell nationally, 31% sell 
100% nationally, 28% sell more than 50% nationally, and 36% less than 50% nationally. 

Regarding trends in demand, 54% indicated that demand has increased in the past 5 years, 19% 
that demand remained stable, 1% that demand decreased and 26% had no opinion. Present demand 
is steady according to 47% of respondents, strong according to 24% and weak according to 13%; 
59% think demand is going to increase in the next 5 years, 19% that demand will remain stable and 
1% that demand will decrease while 21% don’t know.  Forty-one percent of respondents declare 
that the elderberry industry is non competitive, 21% moderately competitive while 38% don’t have 
any opinion. Forty seven percent of respondents noted that present demand is steady, 24% felt that 
demand is strong and 13% that demand is weak.
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interview results

Twenty follow up phone interviews were conducted with people from the following states: AR, 
CA, IL, KS, MO, NC, NY, OK, SC, SD, VA and VT, comprising 6 growers, 4 value-added pro-
ducers, 6 wine producers, 3 nutraceuticals and one plant grower. A respondent was considered a 
grower as his/her main position in the chain if he/she sells elderberries as the main product sold. 
Wild harvesters who pick and sell elderberry were also classified as growers. If an interviewee 
grows elderberry but use them exclusively to produce value added products, he/she was considered 
a value added producer. 

Respondents varied from businesses that are predominantly elderberry based (4), to those that 
have a significant proportion of products that are elderberry based (8) along with others where is 
a minor component in their business (7). Four respondents are new elderberry producers, produc-
ing elderberry for less than five years. Six respondents have produced elderberry for 6-10 years, 5 
respondents for 11-20 years and two respondents have produced elderberry for over 20 years. 

Analysis of Porter’s five forces

Threat of New Entrants: New entrants to an industry raise the level of competition, thereby reduc-
ing its attractiveness. The threat of new entrants depends on both the height of entry barriers and 
the reaction new entrants can expect from incumbents. To date, there are not many big players in 
the elderberry industry. However, bigger players can more easily access the limited product supply 
(e.g., fruit, juice, concentrate). The result is a higher price paid for supply by a potential newcomer 
and limited production because of limited supply. Entry into the elderberry industry requires some 
investment, depending on the position in the value chain. Buildings, freezers, and equipment are 
some of the necessary investments required to start an elderberry business. When new entrants are 
diversifying from other markets, they can leverage existing capabilities and cash flow. Presently, 
obtaining financing is a challenge because banks lack detailed financial information concerning 
the elderberry industry and are therefore reluctant to finance. Information about growing elderber-
ry is lacking. In a few areas, universities, experienced growers or processors lower this barrier by 
organizing workshops and providing the necessary information to get started. The laws regarding 
alcohol create barriers in the wine industry. Different laws in different states are a major problem 
for wineries trying to get wine to the people that want it. Some states don’t allow shipping wine out 
of the state, other states don’t allow shipping wine into the state. FDA regulations limit the market 
because producers are not allowed to promote the medicinal values of elderberry unless clinical 
trials support the claims. 

Bargaining Power of Suppliers: Most respondents indicated that domestic fruit supply is limited 
therefore they either supplement fruit with imported concentrate or limit their production. Im-
port prices have increased over the past few years and imported concentrate is becoming harder 
to obtain. Most respondents prefer locally produced elderberry over imports. Some value added 
producers, including wineries, grow their own elderberry, others grow and purchase berries as a 
supplement, while some producers purchase their entire supply. Imports come from Germany or 
Poland but finding the right quality and a reliable supplier pose challenges to U.S. producers.  One 
producer used a Canadian supplier. One nutraceutical company strongly preferred European elder-
berry varieties because more research has been done on European elderberry. Plant supply is also 
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limited. Some growers purchase plants (domestic or imports) and propagate. Challenges include 
1) large quantities of plants for commercial production are not available, 2) locally proven variet-
ies are hard to find, and 3) supply is not always reliable. Some respondents are pleased with the 
available supply, others mentioned shortages. Successful value added producers will draw more 
people into production. Additional plant and fruit supply is needed for the existing industry players 
to operate at full capacity or to grow. 

Bargaining Power of Buyers: Buyers are the people/organizations who create demand in an indus-
try. There are a variety of elderberry products sold by the interview respondents: plants - plants in 
pots, cuttings, seeds (dry berries); fruit - fresh elderberries by the pound, de-stemmed elderberries 
to winery, dry flower, dry fruit and fresh fruit to medicinal companies, de-stemmed elderberries 
for pies or jams, frozen berries; wine - different elderberry wines ranging from dry to sweet, pure 
and blended; nutraceuticals - juice, concentrate, extract, syrup;  pure elderberry or in mixes; other 
value added - jelly, syrup, vinegar, fudge, barbeque sauces, salad dressing, carbonated beverages, 
cordial, juice blends, yogurt, jam, pie. 

Wine is sold primarily at wineries and retail outlets.  Some states allow wine shipment, others do 
not. Distributors have power in the wine industry making it difficult for wine producers to enter 
distribution channels and obtain grocer shelf space. Because the wine industry is tightly regulated, 
most elderberry wine is sold inside state borders. Wine prices are good, selling between $10 and 
$14 a bottle. According to interview respondents, demand for elderberry wine is increasing and 
it’s driven by increased consumer interest in their health. Respondents report many repeat custom-
ers. The Internet is also helping to increase sales. Even if state laws prohibit shipping, potential 
customers find out about the wine on the Internet and travel to the winery. 

Many value added products are sold by respondents - jelly, syrup, vinegar, fudge, barbeque sauces, 
salad dressing, carbonated beverages, cordial, juice blends, yogurt, jam, pie. Demand for value-
added elderberry is not increasing for all respondents. They sold out or increased their sales in gen-
eral but do not know if this is an upward trend. Demand for jelly is lacking in some states because 
other fruits are preferred by consumers. 

Nutraceuticals sold include juice, concentrate, extract, syrup, pure elderberry or in mixes. Nutra-
ceuticals are mostly sold nation-wide, direct to health food stores and to health food store distribu-
tors.  Syrup and concentrate are also sold directly to the consumer. Fresh or frozen elderberries are 
sold through different outlets for various uses: to wineries for wine making for prices ranging from 
$0.50 (with stems) to $5 a pound (destemmed), in farmers markets or online to individuals ($3 to 
$5 a pound), and to nutraceutical manufacturers for $11 a pound. Respondents stated that demand 
for elderberry fruit is high. Wineries are seeking more local supply. Chefs are increasingly inter-
ested in elderberries. The “buy local” trend supports the increase in elderberry demand.  Plants 
are sold regionally and nationally. Demand for elderberry plants has greatly increased. As more 
people experiment and get into commercial production, demand for tested varieties is increasing.

Threat of Substitutes: A substitute performs the same or a similar function as an existing product. 
There are many substitutes for elderberry and elderberry products. Grape and fruit wines substitute 
for elderberry wine, other fruit/berry jellies substitute for elderberry jelly, and many juice, syrup 
or concentrates substitute for elderberry juice, syrup or concentrate. Capsule, tablets, extracts rich 
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in flavonoids, antiviral or antihistamine properties substitute for similar elderberry products. How-
ever, elderberry has distinctive properties that puts it in a class by itself. Even where no medical 
claims can be made, people perceive elderberry’s unique health benefits. According to respondents, 
their customers recognize the health benefits of elderberry. Flavor and taste also differentiate el-
derberry from similar fruit/berries/products. Respondents describe the flavor of elderberry wine 
as complex and rich with a finish that provides a unique flavor. While elderberry appears to be a 
new product on the market it has a long history and tradition. It has been used for centuries as a 
natural remedy and to improve the taste of grape wine. Memories of grandpa’s elderberry wine or 
grandma’s elderberry pie are unique to elderberry. While elderberry can be substituted with other 
products, the exclusive properties make it a specific choice for many customers.

Rivalry among existing competitors: Rivalry can take many forms including price discounting, 
new product introductions, advertising, and service improvements. In this embryonic stage of the 
industry, competition is low but differs for different players in the market. Because of high demand 
and few growers, growers indicated no competition. Most grower respondents are the only growers 
in their region or if there are more growers, each has his/her own niche.   For value added produc-
ers, because of the limited number of producers and limited supply, each elderberry producer has 
created his/her own niche market. Respondents that sell in grocery or health food stores compete 
for shelf space. Wineries also mentioned no competition and often cooperate for their collective 
benefit. For nutraceuticals the situation is different. There is competition from Europe and from 
leading brands (e.g., Sambucol). Regardless, respondents do not consider the industry to be com-
petitive. Their products are differentiated by quality. According to one respondent, the European 
products which are the leading sellers, are inferior in quality and this provides domestic compa-
nies an advantage and the opportunity to offer high quality products without artificial ingredients, 
without sugar and without fillers. 

CONCLUSION

The five competitive forces provided a framework for identifying the most important industry 
developments and for anticipating their impact on industry attractiveness.  Elderberry is a nascent 
industry with high growth potential. As an industry still under development, there are only a few 
important entrepreneurs and innovators along with small scale participants. They sell to early 
adopter customers and focus their efforts on introducing the product and its uses to consumers 
creating product and industry awareness. 

The industry is vertically integrated and most participate in multiple stages of the value chain: 
propagate their own plants, grow elderberry, and produce value added products (wine, juice or 
jelly). There is room for new entrants that differentiate through innovation, product features and 
brand, service or price. Entry into the elderberry industry requires investment, depending on the 
position in the value chain. When new entrants are diversifying from other markets, they can 
leverage existing capabilities and cash flow (e.g., vegetable producers, wine makers). Attracting 
institutional financing is difficult. If industry returns prove attractive, investors will provide new 
entrants with funding. Information about growing elderberry is lacking and requires trial and error 
to solve their problems. There is no dedicated equipment for fruit harvesting making the process 
labor intensive. People need to be trained to pick quality fruit. Respondents have to deal with little 
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known pests and non-labeled pesticides. The lack of quality standards at the industry level creates 
challenges for growers and producers alike. 

The supply of tested varieties is limited and growers must purchase whatever is available and 
propagate their own plants. Processors face fruit shortages. Some value added producers produce 
their own fruit, others compensate with imported concentrate while others pay more to get the 
needed supply. 

Demand trends are favorable. A variety of elderberry products are sold. Prices are good across the 
value chain. It is difficult to gain entrance into distribution channels because of low volumes and 
limited demand for elderberry wine. Farmers markets, tasting rooms, farm stores, local groceries 
or health food stores and Internet are the most widely used market outlets.  Competition is low or 
non-existent with each firm creating its own niche. Firms need to establish perceptions of product 
quality, service superiority, or advantageous relationships with customers to develop a competitive 
advantage.

The industry is poised for growth but remains a high risk investment due to the multiple uncertain-
ties revealed in this research. Industry leaders can play a critical role in helping to grow the in-
dustry for the benefit of all market participants. Expanding the overall profit pool creates win-win 
opportunities for all industry participants.   
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seCtion 6

Education and Certification
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Abstract:  Within a context of rapid technological change and shifting market conditions, the 
American education system is challenged with providing increased educational opportunities for 
students and non-traditional clients often at lower cost than in campus-based degree programs.  
Many educational institutions are answering this challenge by developing distance education grad-
uate programs.  These programs can provide working professionals with a chance at a graduate 
education, reach those disadvantaged by limited time or distance, and update the knowledge base 
of workers at their places of employment.

Agroforestry, as a farming system that integrates crops and/or livestock with trees and shrubs, is 
gaining recognition as an integral component of a multifunctional working landscape.  While agro-
forestry has been gradually gaining attention, the need for a cadre of well trained professionals in 
agroforestry is essential to support its continued growth.  Short courses and workshops are helpful, 
but professionals and landowners alike across the U.S., Canada and overseas are seeking more 
comprehensive graduate degree or certificate programs.  A web-based, asynchronous M.S. degree 
and/or a graduate Certificate will help to fill this void.  Presently, there are no comparable compre-
hensive graduate programs in agroforestry elsewhere in the U.S.  To meet the current and future 
needs of the agroforestry profession, The Center for Agroforestry at the University of Missouri is 
creating an online graduate certificate and masters degree program in agroforestry.  The Center for 
Agroforestry will begin admitting students and offering online courses beginning Spring semester 
2011.  The certificate and masters will be fully implemented by the summer of 2013.  

keywords:   distance learning, web-based asynchronous courses, agroforestry education
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BACKGROUND

Within a context of rapid technological change and shifting market conditions, the American educa-
tion system is challenged with providing increased educational opportunities for students and non-
traditional clients often at lower cost than in campus-based degree programs.  Many educational 
institutions are answering this challenge by developing distance education graduate programs.  
Curran (2008) defines online education as a process by which students and teachers communicate 
with one another and interact with course content via Internet-based learning technologies. These 
types of programs can provide working professionals with a chance at a graduate education, reach 
those disadvantaged by limited time or distance, and update the knowledge base of workers at their 
places of employment.  Also, these programs serve as a means to increase enrollment and make 
more efficient use of internal resources and existing facilities.  

Online education offers the ability to decentralize education and offer courses throughout the state, 
region, nation or internationally without sacrificing quality.  The quality of distance learning has 
greatly improved in the past few years, as both students and educators have become more comfort-
able with the technology and as stories of best practices have been shared and duplicated.  

Although demand for graduate education is at an all-time high, many colleges and universities are 
faced with limited budgets or capacity to expand facilities or faculty.  Barriers to the adoption of 
online courses include the lack of faculty acceptance and high costs associated with online devel-
opment and delivery (Allen and Seaman 2007).  

With funding support from the University of Missouri (UM) System, the MU College of Agricul-
ture, Food and Natural Resources and the MU School of Natural Resources, The Center for Agro-
forestry is developing eight online courses to create an Interdisciplinary Online Graduate Program 
in Agroforestry. As part of the UM System funding, all faculty attended a two-day eLearning 
workshop which consisted of presentations, illustrations and demonstrations of the fundamental 
principles of online course design and development.  Instructional designers from all four UM 
campuses attended to assist in online course design. Ten eMentors, representing the four UM cam-
puses shared ideas and demonstrated the tools they use in their courses to enhance student learn-
ing. The eLearning workshop helped faculty develop relationships with the instructional designers 
and eMentors so that continued assistance would be available as the courses are developed.  All eL-
earning workshop participants were given a copy of “The Faculty Guide to Teaching and Learning 
with Technology” to help guide course development (http://etatmo.missouri.edu/toolbox/index.
php).  The online M.S. degree is being implemented under the umbrella of an existing non-thesis 
M.S. in Forestry within the MU School of Natural Resources.  In addition, a graduate certificate in 
agroforestry is also being established.
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WHY AN ONLINE GRADUATE PROGRAM IN AGROFORESTRY?

Agroforestry, as a farming system that integrates crops and/or livestock with trees and shrubs, 
is gaining recognition as an integral component of a multifunctional working landscape (Garrett 
2009).  Economic returns from the farming enterprise have been decreasing steadily over the years 
(Dimitri et al. 2005) while environmental problems due to intensive agriculture have been well 
documented (Udawatta et al. 2011). Reduced biodiversity, increased erosion, lower soil fertility, 
greenhouse gas emission, and non-point source pollution of ground water and streams have all 
been identified as problems associated with intensive monoculture systems.  Small- and medium-
sized farms are fast disappearing from the agricultural landscape leaving a legacy of failing rural 
communities.  Agroforestry offers promise as an alternative land-use practice with potential for 
alleviating some of these environmental and economic problems.  Agroforestry is gaining atten-
tion in the U.S. through the efforts of University of Missouri Center for Agroforestry, CINRAM 
at the University of Minnesota, Agroecology Issue Team at Iowa State University, MidAmerica 
Agroforestry Working Group, USDA National Agroforestry Center, USDA ARS, USDA NRCS, 
USDA Forest Service, Association for Temperate Agroforestry, three new online courses at various 
land-grant universities, and non-profit organizations (e.g., Trees for the Future).  Federal incentive 
programs are being implemented through the Farm Bill to help landowners establish trees on their 
farmlands for carbon sequestration, biomass and biofuel along with other conservation benefits.  

While agroforestry has been gaining attention, the need for trained professionals in agroforestry 
has also been expanding (Gold 2007, Lassoie et al. 2009).  Short-term courses and workshops have 
been helpful (Gold et al. 2006), but professionals across the U.S., Canada and overseas have been 
looking for graduate degree or certificate programs in agroforestry.  Traditional graduate programs 
offer limited options for working professionals.  A web-based M.S. degree and a graduate Cer-
tificate will address this void to a certain extent as proven in natural resources (http://www.iddl.
vt.edu/domains/cnr/index.php) and other disciplines such as business, pharmacy and allied health 
sciences.  Lacking any similar online program in agroforestry elsewhere in either the U.S. or glob-
ally, notwithstanding an undergraduate online regional agroforestry course at the University of 
Florida, The Center for Agroforestry at MU has decided to fill the void and is developing an online 
M.S. curriculum and graduate certificate in agroforestry that will be delivered via the Internet.

CURRICULUM

The M.S. curriculum will be a 30 credit non-thesis degree (using an existing M.S. in Forestry) 
with a 15 credit required core, a professional paper (up to 6 credits) and elective course work.  The 
Graduate Certificate will be a 12 credit curriculum requiring four core courses (Table 1).  A 3 credit 
field internship will be required to complete the non-thesis master’s degree.  The details of the in-
ternship will be developed in discussions with the major advisor and masters committee; however, 
a final report approved by the major advisor or internship supervisor will be required.  Electives 
can be chosen from relevant online course offerings from other units across campus (Table 1).
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Table 1.  Required Core and Elective Courses for Online Masters in Agroforestry
Core Courses
1.      FOREST 4385/7385 Agroforestry Theory, Practice and Adoption 
2.      FOREST 8385 Ecological Principles of Agroforestry
3.      FOREST 4000/7000 Agroforestry Economics and Policy
4.      SOIL 8000 Agroforestry for Watershed Restoration 
Other required core course
5.      FOREST 8050 Research in Forestry/Professional Paper ( 3 - 6 credits)
Electives
6.      NATR 7325 Introduction to Geographic Information Systems  
7.      SOIL 4000/7000  Resources and Their Management
8.      FOREST 4390/7390 Watershed Management and Water Quality 
9.      SOIL 4000/7000 Soil Fertility and Nutrition

TECHNOLOGICAL REQUIREMENTS

Distance education courses can be delivered synchronously (e.g., video conferencing) or asynchro-
nously (e.g., web-based course material).  Students can perform all course functions at a distance, 
or they can be required to do some activities in the field or on campus.  The proposed program will 
by a hybrid of all these because of the overriding necessity of providing students with the best sci-
entific training possible.  All courses will have a web home page using the MU Blackboard course 
management system, which provides email, asynchronous discussion groups, chat sessions, and a 
place to view all course material posted by the instructor.  From this Blackboard base, the instruc-
tors will develop lectures, field trips, labs, exercises, and examinations that best fit the demands of 
the course (explained in course descriptions).  Some of these may be completely asynchronous, for 
example lectures recorded as narrated PowerPoint presentations viewed directly from the course 
web site (i.e., Tegrity).  Others may be synchronous (the students login and listen to a live lecture 
with Adobe Connect or use a webcam to communicate with the instructor).  Instructor lectures and 
presentations by outside experts may also be captured and video streamed for later viewing, by 
posting a link on the course web site.  If students require CD/DVDs due to slow Internet connec-
tion, they will be mailed to them.   Most of the courses will incorporate videotaped case studies, 
virtual labs using various interactive and animated techniques with lab packets sent to students, 
and field exercises followed by videoconference sessions or Chat rooms where students share their 
findings.  The best mix of techniques will be chosen by the respective faculty instructors in consul-
tation with the instructional designers and the Director of Academic Technology at the College of 
Agriculture, Food and Natural Resources.



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
205

ENROLLMENT PROJECTIONS

Admission to the new graduate certificate and degree program will begin in fall 2011.  Enrollment 
of 15 new graduate students in the master’s degree and 10 students in the graduate certificate is 
anticipated in the first year.  Once the masters and certificate programs are marketed worldwide, 
enrollment is expected to increase to ~50 students over the next five years.  In addition to the stu-
dents admitted to the specific agroforestry certificate or degree, we expect students from a number 
of colleges/universities to enroll in the individual online courses.

EVALUATION PLAN

Products

Once the online masters and graduate certificate are fully up and running products will include: 1) 
eight integrated online courses, 2) a program website with supplemental course materials for all 
the core courses, 3) virtual CD-ROM field tours for one of the courses, 4) course packets with nec-
essary reading materials for all courses, 5) an online masters degree in agroforestry, 6) an online 
graduate certificate in agroforestry and 7) “society ready graduates”, who are capable of making 
a positive changes in the agriculture, natural resources, and environmental sectors in the U.S. and 
elsewhere in the world.  

outcome/impacts

The expected results of the online masters and graduate certificate programs will include: 1) an in-
crease in enrollment of graduate students in courses related to agroforestry, 2) increased number of 
optional graduate level courses available for graduate students across many disciplines, 3) oppor-
tunity for place bound students and professionals (including school teachers) to obtain a Masters 
degree or graduate certificate in agroforestry, and 4) a competent workforce ready to take on the 
challenging task of balancing the “production vs. conservation” paradigm.  Related by-products 
include the opportunity for students to pursue a traditional on-campus Masters degree (thesis op-
tion) with specialization in agroforestry.  Further, students enrolled in other specializations or other 
Masters programs can also obtain a Graduate Certificate in agroforestry if they desire to do so.  The 
ultimate outcome will be “society ready graduates”.  This program will have a direct impact on the 
professional workforce in agriculture, forestry and natural resources and environmental manage-
ment.  In addition, the University of Missouri will reach a large number of non-traditional as well 
as traditional students in the U.S. and overseas.

evaluation Plans

A formal evaluation strategy is a central component of the online masters program.  According to 
Spector (2009), distance education courses are currently held to different and significantly higher 
standards than face-to-face courses. He goes on to state “While this may seem unfair to distance 
educators, in the long run this is probably a good thing –especially if it results in raising quality 
expectations and outcomes with regard to all learning and instruction”. A project advisory commit-
tee consisting of the Director and Associate Director of the School of Natural Resources, Director 
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of Educational Technology at the College of Agriculture, Food and Natural Resources, Director of 
The Center for Agroforestry, and online instructor faculty are responsible for the overall “quality 
control” of the project.  

Overall evaluation of the online masters and certification programs activities will be undertaken 
in two phases: formative and summative.  The formative evaluation will include pilot testing and 
technical and peer review of all lectures, lecture notes, CD-ROM virtual field tour and the website 
that are developed.  The review process will enhance the clarity, appropriateness and accuracy of 
each product.  For the teaching part, a “teaching peer evaluation committee” consisting of a multi-
disciplinary team of five professors will assess technology, teaching style, methodology, adequacy 
of exams, student participation and student evaluation for each course using Quality Matters Ru-
bric Standards.  Quality Matters is a nationally recognized, faculty-centered, peer review process 
designed to certify the quality of online courses and online components. Colleges and Universities 
across the country use the tools in developing, maintaining and reviewing their online courses and 
in training their faculty (http://www.qmprogram.org).  In addition to the final course evaluations, 
students will use an online “mid-course correction” feedback sheet that will allow improvements 
in the current as well as future course offerings.  

The summative evaluation will tell us the effectiveness and impact of the graduate program on 
students.  The ultimate success of this project lies in: 1) increasing the quality of graduate students 
in terms of their skill set and molding them into competent professionals and leaders in the field 
and 2) increasing the number of graduates with technical skills in agroforestry.   The methods 
employed will include standard exams administered during the course of the program, observa-
tions and analysis of student writings and informal and in-depth interviews (over the phone) with 
the students at the conclusion of the program.  Follow-up surveys to assess job performance (em-
ployer ratings of employee performance) will be conducted using online surveys.  A comparative 
study will be conducted to compare students who will be graduating from the online program in 
2013 with those students graduating from the on-campus program.  As pointed out by Rossi and 
Freeman (1993), determining impact requires comparing, with as much vigor as possible, the 
conditions of targets who have experienced an intervention with those of equivalent targets who 
have experienced something else.  The treatment group (online graduates) will be compared to the 
control group (on-campus graduates) for their level of understanding of agroforestry, skill set, at-
titude towards agriculture and natural resources, confidence in applying for an agroforestry related 
job, job offers, and admission to further graduate programs among other criteria.  Evaluation find-
ings will be will be used in the preparation of manuscripts for submission to appropriate academic 
journals.
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Agroforestry extension in United stAtes And CAnAdA:  
A PreliminAry review

Michael Jacobson

Penn State  
Contact: mgj2@psu.edu

Abstract: The purpose of this paper is to examine the role and effectiveness of different agrofor-
estry extension approaches in the United States and Canada.  The paper will review agroforestry 
extension systems, structures and programs in different states (United States) and provinces (Can-
ada). The countries have very different models and delivery of extension, but similar objectives. 
A survey of key people in each state or province will assess the past, current and expected future 
of their agroforestry extension activities. By comparing extension programs across regions, one 
can infer what makes one program more successful than others. The results should be useful for 
developing and strengthening agroforestry extension.

keywords:  extension, country comparison, universities, governments, adoption
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refleCtions on Agroforestry serviCe sCHolArsHiP  
in soUtHwestern virginiA

John Munsell1, Ritchie Vaughan1, Katie Trozzo1, James Chamberlain2, Tom Ham-
mett3, Jay Sullivan1, Christy Gabbard4 and Kim Thurlow4

1Virginia Tech, Department of Forest Resources and Environmental Conservation 
2USDA Forest Service, National Agroforestry Center 

3Virginia Tech, Department of Wood Science and Forest Products 
4Virginia Tech, Office of International Affairs and Development  

Contact: jfmunsel@vt.edu

Abstract: For the past 3 years, graduate and undergraduate students have participated in numer-
ous agroforestry service scholarship initiatives in Southwestern Virginia. This presentation will 
present several programs in detail and reflect on lessons learned and plans for the future.  Virginia 
Tech’s agroforestry course combines technical instruction with shared learning partnerships be-
tween landowners, students, and stakeholder groups to develop agroforestry whole-farm plans for 
properties in the region.  The experience enhances awareness and demonstrates agroforestry’s use-
fulness in solving landuse problems.  To date, 42 undergraduate students have developed 14 plans 
for over 1,800 acres in Virginia’s Catawba and Ellet Valleys.  Examples of implementation include 
forest farming of ginseng, goldenseal, and black cohosh, riparian systems using native edible and 
timber and nut producing trees, multi-species windbreaks, and a variety of whole-farm and per-
maculture practices.  Several of these undergraduate students went on to particiate in independent 
service projects aimed at advancing agroforestry at the Catawba Sustainability Center, a 377-acre 
property owned by Virginia Tech in Catawba, VA.  The Center is a hub for rural land management 
and community viability initiatives, to include the Earthworks rural landuse business incubator, 
Catawba Landcare, and native edible and floral and windbreak agroforestry demonstrations spon-
sored by the National Agroforestry Center.  One undergraduate participant was awarded a CASE 
scholarship from the Jimmy and Rosalyn Carter Foundation for her work.  Lastly, 2 Virginia Tech 
graduate students are conducting service-based agroforestry research projects in the region.  One 
project seeks to work with and describe the formative evolution of voluntary regional landowner 
networks and describe how observed dynamics may relate to the expansion of a forest farming net-
work in Southern Appalachia.  The other is designed to study and map potential adoption of native 
edible riparian buffers among landowners with stream frontage in the Chesapeake Bay Watershed.  
Both projects are sponsored in part by the USDA Forest Service and include ongoing outreach and 
technology transfer components. 

keywords:  service learning, instruction, social science, demonstration
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Agroforestry reseArCH, teACHing, And oUtreACH At 1890 
Agroforestry ConsortiUm institUtions 

Rao Mentreddy1, Uma Kirki2, Oghenekome Onokpise3, Joshua Idassi4 

 and Gwendolyn Boyd5

1Alabama A&M University 
2Tuskegee University 

3Florida A&M UnIversity 
4North Carolina A&T State University 

5Alcorn State University  
Contact: srinivasa.mentreddy@aamu.edu

Abstract: A consortium of 1890 landgrant Universities have leveraged their institutional resources 
and capabilities to serve traditionally underserved, limited resource farmers and woodland owners. 
Through their teaching, research, and outreach activities they are introducing these landowners 
to alternative, multi-use, agroforestry systems which are opening new market opportunities for 
the agricultural products obtained from improved land stewardship. The recommended practices 
are enabling (farm) income diversification while maintaining environmental, ecological, and eco-
nomic health of forested areas.  AAMU is developing and evaluating silvopasture systems for the 
simultaneous production of pine sawlogs, forage, and meat goats for landowners in Alabama’s 
Black Belt. At the same time, AAMU is offering workshops to limited resource landowners in 
the surveying, mapping, and unraveling the mysteries of land and estate management. In this 
new project, Intensive Southeastern Training Expansion Program (InSTEP), AAMU will continue 
its ongoing collaboration with other consortium members in providing landowners (in over 20 
African-American communities in six southeastern states) the contacts, technical assistance, and 
training to produce forest (land) management plans so they could: apply for state and federal cost-
share programs, or approach funding/lending agencies. TU has secured NIFA funding to study 
pine-meat goat silvopasture systems and to continue its landowners silvopasture training program. 
FAMU is continuing its study of (Boer x Spanish goats) stocking rates in the loblolly pine forests 
of North Florida. NCA&T is introducing farmers and landowners with small holdings to four 
agroforestry practices: alley cropping (high value vegetable, forage, biofuel, and pollinator cash 
crops) between rows of hybrid eastern black walnut. ASU continues research and outreach efforts 
with nontimber forest products while offering an introductory courses in agroforestry to students 
and landowners. In all of these efforts, faculty from the five schools meet and discuss their efforts, 
assist each other, and plan further collaborative teaching, outreach and research activities.

keywords:  agroforestry, silvopasture, woodland owner, environmental, sustainable, training, con-
sortium, boar X spanish goats, Black Belt
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develoPing lAndowner orgAnizAtions  
to enHAnCe Agroforestry AdoPtion

Ritchie Vaughan1, John Munsell1 and Jim Chamberlain2 

1Virginia Tech 

2National Agroforestry Center

Contact: Ritchie Vaughan; inatree@vt.edu

Abstract: Previous studies have documented the need for agroforestry knowledge transfer among non-
industrial private forest landowners. Grassroots landowner organizations serve as prime outlets for this 
agroforestry technology transfer. The USDA Forest Service and the National Agroforestry Center, for ex-
ample, developed a fifteen-member landowner organization dedicated to forest farming by presenting to 
and recruiting members from other local landowner organizations. This presentation will discuss several 
key resources and developmental patterns of landowner organizations, including the aforementioned for-
est farming network. Results come from inductive method-of-agreement research with key informants and 
secondary data from seven landowner organizations in southwestern Virginia. Preliminary results point to 
the importance of strong leadership, social capital, legitimacy, stable funding, flexibility, member engage-
ment, and appropriate labor in maintaining these groups. These resources show input disproportionality 
and temporal cycles of high and low activity. Understanding the resource needs of these groups can help 
agroforestry professionals connect with existing landowner associations or coordinate their own landowner 
groups to enhance agroforestry adoption.

keywords: landowner organization, group development, technology transfer, forest farming
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Agroforestry extension: CommUnity of interest  
And CommUnity of PrACtiCe 

Sarah Workman1, Diomy Zamora2 and Gary Wyatt2

1Warnell School and CAES Office of Global Programs, University of Georgia 
2University of Minnesota 

Contact: sworkman@uga.edu

Abstract: A group of collaborators has outlined a concept paper and is pursuing steps in develop-
ment of an Agroforestry Community of Practice (CoP) for eXtension, an online delivery system to 
inform and assist extension personnel in delivery of extension and outreach programs.  Communi-
ties of Practice collaboratively generate educational products to serve their designated Communi-
ties of Interest. Formation of the Agroforestry Community of Practice will allow a group of active 
extension personnel to compile, develop, and share online materials about agroforestry practices 
and programs.  The CoP network for agroforestry will draw from existing resources, expertise, and 
programs at CoP partner and other institutions (public and private) to provide state-of-knowledge 
information as well as an educational environment, or forum, for exchange of ideas, discovery, and 
addressing current questions from the field.  Our goal is to develop a learning community with the 
ability to post products of our best day-to-day work that will serve interested land owners, educa-
tors, and agricultural clients looking at web-based information for guidelines about agroforestry 
and integrated farming systems.  The idea is to compliment other online resources, to reach new 
audiences, and provide a place for shared links and information useful to extension and education 
programs.   

keywords: outreach,  extension materials,  online resources, web-based education 
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riPAriAn forest bUffers for troUt HAbitAt imProvement 

Gary Wyatt1, Phyllis Bongard1, Dean Current2, Diomy Zamora1  
and Brian Nerbonne3

1University of Minnesota Extension; 2University of Minnesota - Center For Integrated Natural 
Resource and Agricultural Management 

3Minnesota Department of Natural Resources  
Contact: wyatt@umn.edu

Abstract: Minnesota is home to over 450 miles of state designated trout streams.  Some of these 
streams are experiencing warmer temperatures affecting trout habitat and populations.  Trees in 
a riparian buffer can improve trout habitat by moderating stream temperatures, providing woody 
debris, improving water quality and stabilizing stream banks.  A collaborative educational pro-
gram was developed to promote riparian forest buffers.  It included developing a set of fact sheets 
and related website based on a literature review, offering educational outreach meetings/tours and 
establishing a permanent riparian forest buffer demonstration planting on the Vermillion River, a 
Minnesota Department of Natural Resources (DNR) designated trout stream in Dakota County. 

keywords: riparian forest buffers, trout habitat improvement, buffer systems, agroforestry, aquatic 
water quality
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Agroforestry And gis: meeting environmentAl, soCiAl, 
And eConomiC demAnds

Todd Kellerman, Gary Bentrup and Mike Dosskey

USFS National Agroforestry Center 
Contact:  tkellerman@fs.fed.us

Abstract: Agroforestry practices such as riparian forest buffers, forest farming,  silvopasture, alley 
cropping, and windbreaks can address many social,  environmental, and economic issues facing 
our landscape today. Incorporating GIS  technology gives planners a tool to locate where agrofor-
estry can be  implemented effectively. Readily available data layers such as soils, slope, and  land 
cover can be used to solve issues of water quality, loss of habitat, and  economic diversification. 
This poster highlights four GIS landscape assessments  conducted in various geographic locations:  
1)effective placement of riparian  buffers to improve water quality which uses two models based 
primarily on soil  survey attributes that calculate efficiency of buffers to trap sediment and  dis-
solved pollutants, as well as groundwater interaction;  2)riparian  connectivity to enhance wildlife 
habitat and movement which uses NLCD land cover  data to calculate gaps in riparian areas;  3)for-
est farming suitability  assessment for ramps combines a variety of spatial data to identify public 
and  private lands that may be suitable for ramp harvesting and production; and  4)woody florals 
suitability for economic diversity based on land cover and soil  characteristics to identify areas 
favorable for woody floral production.  Ultimately, by combining these suitability assessments in a 
GIS locations can be  identified where multiple objectives might be simultaneously achieved.  For  
example, locations on the landscape are identified where we can improve water  quality, benefit 
wildlife, and provide a marketable product for the landowner by  implementing agroforestry prac-
tices.

keywords:  agroforestry, GIS
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tHe Use of flowering Agroforestry sPeCies by bees

John Kort1 and Michelle Strekies2

1Agroforestry Development Centre, Agriculture and Agri-Food Canada,  
Indian Head, Saskatchewan 

2University of Alberta, Edmonton, Alberta 
Contact:  john.kort@agr.gc.ca

Abstract: Field boundaries and buffers are known to constitute important habitat for  pollinating 
bees. The flowers of the woody species that occur in these buffers  were hypothesized to be an 
important component of that habitat. In 2010, data  was collected in which the flowering dates 
of eight shrub species were monitored  and the use of these species by bees, when in flower, was 
quantified by  sweep-netting, observation plots and pan traps throughout the flowering period.  
Bees were categorized into six categories (i.e. bumblebees, honeybees leafcutter  bees, metallic 
bees, medium-sized bees and small bees). Of the last three  categories, representative individuals 
were pinned and identified by species.  Bee/shrub interactions were found, suggesting that some 
bees prefer certain  flower species. These relationships will be shown as well as their implications  
for agroforestry buffer designs that provide important flower resources for  pollinating bees.

keywords:  biodiversity, pollinators, habitat
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jAtroPHA CUrCAs ProdUCtion in gHAnA:  
A look At tHe trAditonAl eCologiCAl knowledge  

And metHods of sCAling-UP AdoPtion

Eric Owusu Danquah1, S. J. Quashie-Sam1, William Oduro2,   
N. V. Thevathasan3 and A. M Gordon3

1Department of Agroforestry, FRNR, Kwame Nkrumah University  
of Science and Technology,  Kumasi-Ghana 

2Department of Range and Wildlife Management, FRNR, Kwame Nkrumah  
University of Science and  Technology, Kumasi-Ghana 

3School of Environmental Sciences,  
University of Guelph, Ontario, Canada 

Contact:  ericdany7@gmail.com

Abstract: With the recent increasing prices of crude oil in Ghana, there is a growing  interest by 
both government and individuals in Jatropha curcas for bio-diesel  production to mitigate the fuel 
crises. According to the draft Bioenergy policy  of Ghana, the government is collaborating with 
the private sector to develop  about one (1) million hectares of Jatropha plantation throughout the 
country in  the next 5-6 years. The main objective of the study was to assess the importance  farm-
ers give to J. curcas compared with other indigenous tree species and  identify the indigenous uses 
and niches of J. curcas in the ten regions of  Ghana.  Three farming communities were selected 
from each of the ten regions. A  total of six hundred (600) farmers, consisting of twenty (20) 
farmers were  selected at random and interviewed with a semi-structured questionnaire in each  
of the selected farming communities. J. curcas was identified as one of the most  important tree 
species in nine out of the ten regions of Ghana.  Majority (56%)  of the respondents indicated it 
is mainly used for medicinal purpose.  Also 60%  of the respondents indicated it is mostly found 
around homesteads. The farmers  were aware the plant can be used for bio-diesel production and 
showed interest  to produce for sale on condition of market for their produce.  However the study  
observed that J. curcas is underexploited species in spite of the promising  biofuel potential of 
the plant. Therefore research attention on a wide arranges  of topics ranging from integration into 
agricultural lands, germplasm  collection, genetic improvement and marketing trends are required. 
Answers to  these will encourage and boost production of the plant in Ghana for the nation  to relies 
her dream of alternative fuel from the plant.

keywords: Jatropha curcas, indigenous knowledge, uses and niches, scaling-up adoption, ghana
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A design Aid for sizing vegetAtive filters  
for wAter QUAlity ProteCtion

Michael Dosskey1, Matthew Helmers2 and Dean Eisenhauer3

1USDA Forest Service 
2Iowa State Univesity 

3University of Nebraska   
Contact:  mdosskey@fs.fed.us

Abstract: Width is often the key parameter for designing vegetative filter strips like  riparian forest 
buffers and grass filter strips. However, size of the buffer  relative to the size of the contributing 
field area (i.e., buffer area ratio) is  a better design parameter because it can account for patterns of 
runoff flow  that converge and diverge along pathways toward streams. A graphical design aid  was 
developed for sizing vegetative filters based on buffer area ratio and  desired trapping efficiency. It 
was developed from results of simulation  modeling using the Vegetative Filter Strip Model (VFS-
MOD). The design aid  consists of a graph showing several possible relationships between buffer 
area  ratio and pollutant trapping efficiency. Simple rules guide the selection of the  one line that 
best describes a given field situation by considering slope, soil  texture, field cover management, 
and pollutant type (i.e., sediment,  sediment-bound, dissolved). The design aid is easy to use and 
is based on a  validated, process-based, mathematical model. Use of this design aid can improve  
the water quality performance of buffer installations by sizing them to be  larger along segments 
of field margin where runoff loads are greater and smaller  along segments where runoff loads are 
minor.

keywords:  riparian forest buffer, water quality, planning and design
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gis-bAsed indexes for tArgeting PlACement  
of vegetAtive filter striPs in  wAtersHeds

Michael Dosskey1, Zeyuan Qiu2, Todd Kellerman1, Matthew Helmers3  
and Dean Eisenhauer4

1USDA Forest Service 
2New Jersey Institute of Technology 

3Iowa State University 
4University of Nebraska  

Contact:  mdosskey@fs.fed.us

Abstract: Riparian and other vegetative buffers can produce greater reduction of  agricultural 
pollution when placed in some locations than in others.  Spatially-distributed indexes were devel-
oped for identifying better locations in  watersheds for placing buffers that filter infiltration-excess 
(Hortonian)  runoff. The indexes combine data from soil surveys (SSURGO) and digital  elevation 
models (DEM) into a model that rates the relative capability of sites  to support sediment and water 
retention by vegetative buffers. The indexes are  scaled and calibrated using the process-based Veg-
etative Filter Strip Model  (VFSMOD) for a standard buffer design, upland management scheme, 
and design  storm. All data processing and computations are performed in ArcGIS. The indexes  
are demonstrated on a 67 km2 watershed in northwestern Missouri at a 10-m x  10-m resolution. 
Results show the high importance of spatial distribution of  runoff flow on site capabilities for 
trapping sediment and runoff water with a  buffer. Conservation planners can use these indexes to 
guide them to locations  where buffers are likely to have a greater impact on water quality than at  
others.

keywords:  riparian forest buffer,nonpoint source pollution, planning and design
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Using vegetAtive environmentAl bUffers to mitigAte tHe 
environmentAl And  eConomiC effeCts of odor emission

Chung-Ho Lin1, Dusty Walter1, Harold Garrett1, Robert Lerch2 and Robert He1 

1Center for Agroforestry, University of Missouri 
2USDA-ARS, Cropping Systems and Water Quality Research Unit 

Contact:  Linchu@missouri.edu

Abstract: Animal feeding operations (AFOs) face the major challenge of reducing emissions  of 
malodorous compounds to meet more stringent environmental regulations. Use of  vegetative en-
vironmental buffers (VEBs) is recommended as one of the potential  best management practices 
for odor abatement and the science in support of using  VEBs is still limited. The objectives of this 
study are to increase  science-based knowledge of VEB effects on mitigating the emission of odor-
ous  pollutants, including ammonia (NH3), hydrogen sulfide (H2S), and major volatile  organic 
compounds (VOCs). A 3-row multi-species VEB configuration was  established in areas surround-
ing AFOs swine facilities during 2007. Air samples  are being taken at varying distances from 
the facility (up to a mile radius) to  monitor the concentrations of odorous gasses including NH3, 
hydrogen sulfide  (H2S), VOCs and particulates. Data sets collected through June 28, 2010 for the  
most part, represent “baseline” information only. The effect from the VEBs on  the dispersion of 
the VOCs, NH3 and H2S was minimal during the establishment  phase. The season of the year has 
profound effects not only on the composition  and concentrations of VOCs, but also dispersion of 
NH3 and H2S, which is  presumably related to microbial activity or the seasonal facility operation  
activities. It is also noted that in the case of this CAFO operation, odor  creating compounds have 
so far been primarily observed within a radius of  approximately one half mile of the facility.  The 
spatial distribution and  temporal variation in concentrations of these malodorous compounds have 
been  characterized and mapped. This baseline monitoring information will be used for  evaluating 
the impact of the VEBs on odor dispersion over time.

keywords:  vegetative environmental buffers (VEBs),  ammonia (NH3),  hydrogen sulfide (H2S), 
volatile organic compounds (VOCs)



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
221

redUCing orgAniC PollUtAnt losses from  
AgroeCosystems Using vegetAtive bUffers

Chung-Ho Lin1, Robert Lerch2, Keith Goyne3 and Harold Garrett4 

1Center for Agroforestry, University of Missouri 
2USDA-ARS, Cropping Systems and Water Quality Research Unit 

3Department of Soil, Environmental and Atmospheric Sciences, University of  Missouri 
4Center for Agroforestry, University of Missouri   

Contact:  Linchu@missouri.edu

Abstract: Multiple species vegetative buffer strips (VBS) have been recommended as a  cost-
effective approach to mitigate agrochemical transport in surface runoff  derived from agronomic 
operations, while at the same time offering a broader  range of long-term ecological and environ-
mental benefits. However, the effect of  VBS designs and species composition on reducing herbi-
cide and veterinary  antibiotic transport has not been well documented. An experiment consisting 
of  three VBS designs and one cultivated fallow control replicated in triplicate was  conducted 
to assess effectiveness in reducing herbicide and antibiotic  transport for claypan soils. The four 
VBS treatments include: (1) continuous  cultivated fallow (control), (2) tall fescue, (3) tall fescue 
with a switchgrass  hedge barrier, and (4) native vegetation (largely eastern gamagrass). Rainfall  
simulation was used to create uniform antecedent soil moisture content in the  plots and to gener-
ate runoff. Our results suggested that all VBS significantly  reduced the transport of both dissolved 
and sediment-bound atrazine, metolachlor  and glyphosate in surface runoff by 58 to 72%. Four to 
eight meters of any  tested VBS reduced dissolved sulfamethazine transport in the surface runoff 
by  more than 70%. The tall fescue VBS was overall most effective at reducing  dissolved tylosin 
and enrofloxacin transport in the runoff (>75%). The developed  exponential regression models 
can be used to predict expected field-scale  results and provide design criteria for effective field 
implementation of grass  buffers. Our study has demonstrated that an optimized VBS design may 
achieve  desired agrochemical reductions and minimize acreage removed from crop  production.

keywords:  vegetative buffer strips (VBS),  herbicide,  antibiotic
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willow bUffers for biomAss ProdUCtion  
And riPAriAn ProteCtion

Henry deGooijer, Chris Pharo and William Schroeder

Agriculture and Agri-Food Canada 
Contact:  bill.schroeder@agr.gc.ca

Abstract: Traditionally willows for biomass feedstock are grown in monoculture plantation  
style production systems. We hypothesized that willow established between  riparian areas (open 
streams) and agriculture production fields as vegetation  filters decreases movement of nutrients 
from agricultural fields to riparian  zones and that biomass removal on 3 to 4 year intervals would 
increase nutrient  interception and facilitate nutrient removal from the system. The principle  is  
based on the theory that nutrient retention by vegetation uptake and  de-nitrification by micro-
organisms is increased by longer water transmit times  and is mainly confined to upper soil profiles, 
thus affecting surface water and  shallow groundwater. The multiple benefits derived from produc-
ing willow biomass  in riparian buffers would increase the value of buffers to landowners while 
at  the same time providing a valuable environmental role in protecting riparian  areas. This poster 
presents results from four years of research in Prince Edward  Island, Canada.

keywords:  riparian, buffer, willow, biomass, nutrient removal
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reforestAtion efforts Along tHe red river  
in nortH dAkotA 

Craig Stange and Dwight Tober

USDA - NRCS 
Contact: craig.stange@nd.usda.gov

Abstract: Craig Stange,  Forester Dwight Tober, Plant Materials Specialist   In the spring of 1997, 
the  Red River of the North and tributaries experienced the flood of the century.  Damage was 
extensive and 13,000 acres were entered into perpetual floodplain  easements.  Since much of the 
easement area had been forested, agency guidelines  called for extensive reforestation.  A wide 
assortment of planting stock types  and designs were used.  Maintenance after planting included 
tillage, herbicide,  mowing, and abandonment.  Establishment failures and costs diminished tree  
planting efforts by year three.  Subsequent easements were seeded with native  and introduced 
forbs and grasses.  Forest cover, estimated at 3,000-5,000 acres,  resulted primarily from natural 
regeneration in the grass and forb seeding.  Though the elevation changes along the Red River 
were quite small, the effects  were quite pronounced.  Slight changes in elevation (as little as 2 feet)  
resulted in completely different vegetation.  Other factors that have impacted  the vegetation estab-
lishment include:  time of flooding, duration of flooding,  existing ground cover, previous land use, 
time at which seeding or planting  efforts were initiated, weed pressure and deer.  Though there are 
similarities  in existing cover types 10 years after the ‘97 flood, each property has a unique  set of 
characteristics that is reflected in the species mix and health and  vigor of the permanent vegetation 
currently growing. To date, it appears that  forest vegetation establishes in very small dense stands 
of two to five species  while adjacent stands will be just as dense, but contain a different species  
mix.  The many variables within this riparian zone make statistical analysis of  the reforestation 
efforts problematic.  This paper is a collection of  observations concerning the success and failure 
of reforestation attempts by  different methods.    

keywords:  riparian, forest, reforestation, floods, deer
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innovAtive Agroforestry systems for biofUel  
ProdUCtion And more sUstAinAble  lAndsCAPes:  

green lAnds, blUe wAters in minnesotA

Dean Current1, Linda Meschke2, Ken Brooks1, Craig Sheaffer3 and Don Wyse3

1University of Minnesota/CINRAM/Forest Resources 
2Rural Advantage 

3UMN CINRAM/Agronomy and Plant Genetics 
Contact:  curre002@umn.edu

Abstract: As interest grows in renewable energy systems and using perennial crops to  provide 
feedstocks for energy with the potential to provide an array of  environmental services, agrofor-
estry systems offer an option that can provide a  combination of woody and herbaceous feedstocks 
configured to improve both  productivity and environmental performance.  In the Minnesota River 
Basin and,  as part of the Green Lands, Blue Waters Initiative, the University of Minnesota  and 
public and private sector partners are working to combine research,  outreach, market and policy 
initiatives to promote and facilitate the adoption  of agroforestry systems in multifunctional land-
scapes.  This effort includes  research into production aspects of agroforestry/perennial cropping 
systems,  working with and helping identify and develop markets for biomass and supportive  
public policies.  This is being carried out through collaboration between  environmental NGO’s, 
state agencies charged with regulating and managing natural  resources, private businesses using 
biomass for energy and commodity groups  creating stakeholder groups to pool resources and sup-
port behind the promotion  of biomass crops for renewable energy. We will present the framework 
we are  using to promote this effort and progress to date.

keywords:  renewable energy, biofuels
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Agroforestry bUffers effeCts on non Point soUrCe  
PollUtion redUCtions from  row-CroP wAtersHeds:  

A PAired wAtersHed APProACH   

Ranjith Udawatta1, Harold Garrett2 and Shibu Jose2 

 

1Department of Soil, Environmental and Atmospheric Sciences 
2Center for Agroforestry 

Contact:  UdawattaR@missouri.edu

Abstract: Although agroforestry practices could be a part of the solution for  environmental prob-
lems associated with water, air, and soil quality, rigorous  long-term scientific studies confirming 
environmental benefits from the use of  agroforestry practices are limited.  The objective of this 
study was to examine  agroforestry and grass buffer effects on non point source pollution (NPSP)  
reduction from watersheds under row crop management.  The study consists of  three adjacent 
north facing watersheds under corn (Zea mays L.)-soybean [Glycine  max (L.) Merr.] rotation in 
a paired watershed design.  Watersheds were  instrumented with water sampling and monitoring 
devises in 1991.  Grass and  agroforestry buffer treatments were established on two watersheds in 
1997 after  a 7-year calibration period.  Runoff water samples were analyzed for sediment,  total 
nitrogen (TN), total phosphorus (TP), nitrate, and dissolved P.  Previously developed calibration 
relationships were used to compare treatment  effects on NPSP reduction.  This paper presents 
results for the last five years.  Results indicate that agroforestry and grass buffers on row crop 
management  watersheds significantly reduce runoff, sediment, TN, and TP losses to streams.  
Sediment loss was decreased by 30% and 18% due to establishment of agroforestry  and grass 
buffers, respectively.  On average, buffers reduced total phosphorus  loss by 24% during the study 
period.  These differences could in part be  attributed to the differences in soils, management, and 
landscape features.  Results from this study can be used to design improved agroforestry practices  
for ecosystem services by minimizing the amount of land taken out of production.  

keywords:  corn-soybean, nitrogen loss, phosphorus loss, runoff, sediment  
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miCrobiAl CommUnity diversity in Agroforestry  
And grAss bUffer systems

Irene Unger1, Keith Goyne2, Robert Kremer3 and Ann Kennedy4

1Westminster College 
2University of Missouri, Department of Soil, Environmental and Atmospheric Sciences 

3USDA-ARS, Cropping Systems and Water Quality Unit & University of Missouri 
4USDA-ARS, Land Management and Water Conservation Unit &  

Washington State University 
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Abstract: Agroforesty and grass buffer systems have long been promoted as a soil  conservation 
practice that yields many environmental benefits.  Previous  research has described the ability of 
buffer systems to retain nutrients, slow  water flow and soil erosion, or mitigate the potentially 
harmful effects of  excess fertilizers or pesticides.  These studies focused primarily on the role  of 
vegetation and/or soil properties in these ecosystem services.  Few studies  have investigated the 
soil microbial community of buffer systems.  We wished to  determine potential differences in 
soil microbial community characteristics  among agroforestry and grass buffers, and traditional 
cropping (i.e., soybean)  systems.  Soils were collected (0-10 cm depth) from agroforestry and 
grass  buffers, and cropped areas located at the University of Missouri’s Greenley  Memorial 
Research Center, Novelty MO (40°01’N, 92°11’W).  Samples were tested  for soil microbial 
function using Biolog ECO microplates and dehydrogenase and  fluorescein diacetate hydrolysis 
enzyme assays.  Microbial community structure  was determined using phospholipid fatty acid 
(PLFA) analysis.  Most measurements  based on the ECO microplate assay (i.e., average well 
color development,  richness, diversity and evenness) failed to show any differences in micro-
bial  community physiological characteristics.  However, a principle component  analysis of 
the substrate utilization data from the ECO microplate assay  suggests that the grass buffer soil 
microbial community is different from the  agroforestry buffer or cropping system soil microbial 
communities. Enzyme  activities differed between the three systems, with the grass buffer system  
showing the greatest activity level.  PLFA analysis revealed community  structural differences 
underlying the functional differences.  While there is  great functional redundancy in the soil mi-
crobial community, the differences  observed in this study may help explain some of the differ-
ences in buffer  ecosystem services observed in other studies.  Further investigations of the  soil 
microbial community will advance our understanding of these complex  agroecosystems.

keywords:  buffer systems, veterinary antibiotics, soil microbial community
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tHe role of Agroforestry in fUelwood for domestiC  
And inCome generAtion ACtivities- A CAse stUdy  

of tHree CommUnities in tHe sUnyAni distriCt  
of brong AHAfo region gHAnA.

Nana Esi Egyirba H. Amuah, James S. Quashie-Sam  

Department of Agroforestry, Kwame Nkrumah University  
of Science and Technology, Kumasi ,Ghana 

Contact: zikajj@gmail.com 

Abstract: Residents of the Tain II forest fringe communities of Sunyani district located in the for-
est transition zone continually  experience forest fires and fuelwood shortages. There is tendency 
to  depend on neighboring towns for cooking energy supplies.  

Using survey data from 240 respondents; the study’s objective was to identify and investigate the 
forms, sources of and constraints to fuelwood supply and income generation; and why they tend 
to be so. 

Evidence showed that availability and price are the most important determinants of fuelwood 
choice. Distance and transport challenges constrain gathering readily available forest floor prun-
ings to meet the rising household demands. This stimulates the fuelwood  business.

Sawmill waste from Sunyani  and charcoal from Wenchi and Kintampo is heavily relied on in 
time of shortages. Sunyani charcoal burners loose the market due to tree species preferences for 
charcoal. Nonetheless, many fuel based businesses stifle due to high cost of fuelwood among other 
factors.

Average weekly expenditure on fuelwood was found to be 27.7 percent of cash income. 14.5% of 
respondents were found to be engaged in the fuelwood supply business.     Celtis zenkeri was the 
most prefered fuelwood  tree species. Tectonia grandis was considered a must have component of 
woodlots for timber cash. 

The study concludes that the fuelwood supply business opportunity is underexploited in these 
communities. It consequently recommends agroforestry interventions such as privately managed 
woodlots and home gardens to suitably supplement and ensure a sustainable year round fuelwood 
supply and help  improve rural incomes. 

keywords: fuelwood, income, availability, forest, sustainability
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INTRODUCTION

Agriculture, including forestry, is the backbone of the Ghanaian economy. It provides 43% of the 
Gross Domestic Product, 50% of export earnings and 70% of total employment. Forestry as a sub-
sector accounts for 6% of the GDP, 11% of export earnings and employs a labour force of 100,000 
people (FOSA 2003). According to the Ghana Living Standards Survey in 2000, over 84 percent of 
household cooking fuel is fuelwood (fig.1). supply and overdependence on fuelwood has created 
conditions such as increasing difficulty in harnessing fuelwood and escalating prices of fuelwood 
(Abakah 2011).

Firewood (55%)

Charcoal (28%)

Crop residue (7%)

LPG (6%) Electricity 1%

Kerosene 3%

figure 1. Household cooking fuel share Ghana.  

Source GLSS (2000)

The popular charcoal production is concentrated in the transition zones between the forest and the 
savanna woodlands. Most of the wood comes from drought and fire resistant trees species, which 
are felled for this purpose, and also from logging residues. (FOSA Ghana). For most country stud-
ies, data show that trees outside forests appear to supply a large share of overall fuelwood output, 
highlighting the importance of non-forest resources (Arnold and Persson 2003). The depletion of 
the woodlands combined with the persistent dependency on fuelwood will eventually pose a seri-
ous problem for household energy provision Brouwer (1997).

 

figure 2. Energy consumption in Ghana (2000)

Source: Ahiataku-Togobo, 2002
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Charcoal 812.9 5.0 
Fuelwood 2.5 

table 1. Projections of fuel consumption (‘000 tonnes) 1995-2000 

Despite LPG having the highest growth rate, the share of the LPG consumers in Ghana is far less 
than 10% (fig 1). Fuelwood availability for the lion share of consumers can therefore not be under-
estimated. Various widespread misconceptions hamper the development of the wood energy sector. 
These include: “fuelwood has little value”,

“only poor and rural households use fuelwood”,  “Most fuelwood originates from forest lands”, 
“fuelwood is collected for free”, “wood energy cannot be planned because of lack of data” and 
“fuelwood production is a marginal sub-sector”. Fuelwood supply is a thriving business though 
production is hardly accurately documented especially in developing countries. Cheaper fuelwood 
implies reduced cost of living and production for both rural and urban users. There is the need for 
sustainably renewable, easily managed and environmentally friendly but cheap production of fuel-
wood in rural areas to meet the needs of a largely fuelwood dependent populace. 

Agroforestry has the potential to contribute to exploiting the opportunities of fuelwood production 
and supply business in these communities.  It is thus the aim of this study to stimulate interest 
among stakeholders towards possible intensification of alternative approaches such as agroforestry 
to improve and sustain fuelwood supply and consequently, a better socio-economic well-being of 
the inhabitants.  The main objective of this study was to explore and describe the nature of the 
forest fringe communities’ domestic and income generation activities’ fuelwood needs and fuel-
wood supply. First, it sought to identify the sources and constraints of fuelwood availability for 
domestic and fuelwood based income generation activities and secondly to identify the sources 
and constraints of fuelwood supply business and subsequently how it could be improved through 
agroforestry. 

METHODOLOGY

study area

The study areas are all located within the Sunyani district of Brong Ahafo region of Ghana. The 
region is considered the bread basket of the country. It lies within the middle belt of Ghana and is 
in the forest savannah transition zone. It has a population of 1.8 million people (Census 2000) and 
the second largest region in Ghana, with a territorial area of 39, 557, 08 sq kms.  The economy of 
Sunyani is predominantly agrarian (48%) with 24%, 15% and 13% of active population engaged 
in service sector, commerce and industry, respectively. The district has a population density of 
24.9 persons per square kilometer and an average annual growth rate of 3.1%. It has several for-

(Ampadu-Agyei et al. 1994) projections of fuel consumption in Ghana (table 1)  shows the growth 
rate of fuelwood needs over the years whereas energy consumption of the year 2000 (fig.2) shows 
consumption to be far more than projections.

Fuel 1995 2000 
LPG 6 11.55 22.24 14.0 
Kerosene 168.6 170.3 0.6 
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est reserves including the Tain I, Tain II, Yaya, Sawsaw and Nsemere reserves which are sources 
of timber mainly constituted of T.grandis. These experience frequent fire outbreaks razing trees 
and crops. The Tain II forest reserve, a government gazetted forest reserve is currently part of the 
implementation of a government forest rehabilitation plan, based on the active participation of 
the communities. According to the national timber inventory (2002) the Tain II Forest Reserve is 
the largest area of forest reserve and the most degraded reserve in the Brong-Ahafo Region. The 
benefit sharing agreement stipulates that at least 5% of trees planted must be indigenous (FC 2002: 
4.9). The Tain II forest fringe communities surveyed include three villages namely, Ayakomaso, 
Dumasua and Fiapre. These villages have populations of about 300, 600 and 2500 respectively 
(census 2000) and are 0.12km, 1km and 5km respectively from the Tain II forest reserve. Fiapre, 
Dumasua have one sawmill each whereas Ayakomaso has seven.  Sunyani is the capital of the 
region and also the district capital. Fiapre is the closest to Sunyani and is quickly growing into an 
urban community.

data collection and analysis

Simple random sampling was used for households whereas purposive sampling was used for fu-
elwood based income generating activities. Data sources include questionnaire interviews, field 
notes of observations and focus group discussions from a total of 240 respondents including char-
coal burners and suppliers, domestic users of fuelwood, Forestry Services Division - FSD staff, 
sawmill operators and village heads. Data was processed and analyzed using Microsoft Excel and 
the SPSS software version 15. 

RESULTS AND DISCUSSION

Fi-
apre

Du-
masua

Ayakomaso

Male 10 3.3 5.4
Female 48.3 22.5 10.4
Education
Nil 8.3 5.8 3.8
Basic 37.9 16.7 9.2
Secondary 9.6 2.9 2.5
Tertiary 2.5 0.4 0.4
Age range
<36

31.3 22.9 4.2
36-53 14.6 6.3 5
>53 8.75 10 2.1

table 2. Demographics of communities (%)

Respondents were found to be largely very young and have at least basic education but several 
drop outs.    Many respondents did not enjoy the current free basic education while others regret 
not taking advantage of the opportunity of basic and secondary education which has denied them 
various better job opportunities. Table 2 shows northerners to be the second largest among respon-
dents. These are migrants in search of a better living and are particularly skilled and popular in 
charcoal burning.  
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income generation activities and constraints 

Many respondents were found to have multiple sources of income. 31.7% of respondents were 
found to be casual labourers of the FSD.  40.7% of respondents see the Modified Taungya System 
(MTS) as a reliable source of income, hence a major livelihood option, whereas 59.70% (n=54) 
saw it as a safety net. Many farmers expressed concern that although at present the MTS is a main 
source of income, they worry about available plots in the future once almost all degraded portions 
of the reserves close to them are planted with trees. Respondent’s income activities are diversified 
and dependent on the seasons and what pays.  Cash incomes were found to be generally low (table 
3) although it was difficult to tap the real cash incomes of respondents. These were mostly quotes 
for market days.  Most respondents were commonly involved in at least two different income 
activities. However, Abakah (2011) asserts that quantity of fuelwood consumed in Ghana nega-
tively and positively correlates to real incomes and inflation levels respectively. Higher bracket of 
incomes earned is majorly by fuelwood dealers, food vendors and a few processors. It is important 
to note that these higher bracket income earners were not included in the computation of the aver-
ages of incomes earned. Salaries were also not included. 

9.6
7.5 8.3

4.2

15

27.1

3.3
1.7
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5.8
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figure 3. Distribution of income activities

Food vendors and agric produce processing activities had the highest percentage of respondents 
especially in Fiapre (fig.3). This seems to be obvious since many buy breakfast and lunch for 
themselves and their school going children.  Most of these which have immense fuel needs are 
run by women especially agro processing for popular staple meals, medicine etc.  14.5 percent of 
respondents deal in fuelwood production (charcoal burning) and supply. It is important to note that 
whereas some of these serve as principal income source, others serve as a safety net. For instance, 
125000 people were found to produce or sell charcoal for use in the city of Dares Salaam, Tanzania 
in the 1990s (SEI 2002)
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fuelwood sources, expenditure and Constraints 

Fuelwood supply sources were found to include Tain II forest floor pruning (fig. 4), Wenchi and 
Kintampo suppliers of charcoal and firewood. Other sources include the farm, open vegetation of 
schools and homes. The MTS and fuelwood business is a major contributor to migration of north-
erners into these communities. It is said that the pattern of migration changed from rural–urban to 
relatively permanent rural-rural in the Brong-Ahafo regionas they farm lands and burn charcoal 
which puts pressure on the natural resource base increasing deforestation  with increasing energy 
demands of the ever increasing population. (Abdul-Korah 94).

table 3. Weekly average income  earned.

figure 4. Kia truck load of forest pruning

	  

 Minimum Maximum Average. 
Fiapre  4.5 30 4 
Dumasua  3.0 20 3.7 
Ayakomaso  3.0 15 3.2 
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figure 5. Fuelwood supply business dotted all over.

Fuelwood business including its production and sales (fig 5) was found to be a flourishing income 
generation activity that has a lot of potential but seems to be underexploited. 12 charcoal burners 
burn at least once a month, whereas 7 fuelwood suppliers delivered once a week from Kintampo 
and Wenchi districts on market days. A sawmill worker sold a minimum of 2truckloads a month at 
the time of survey. Fuelwood wholesalers sold averagely 30 bags weekly. 
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figure 6. Cooking energy among respondents 

It is obvious that firewood and charcoal is still dominantly used for cooking by 62.1 and 42.5 per-
cent respectively of respondents (Fig 6). Fiapre in particular seemed to be using more of charcoal 
than fuelwood. Focus group discussions revealed that charcoal is most preferred because it is 
cleaner, more convenient to use, easily relit

but rather more expensive. This is confirmed by Kammen and Lew(2005) assertion of charcoal 
preference over other biomass fuels because charcoal has a higher energy density than other bio-
mass fuels and can be stored without fear of insect problems. Several multipurpose trees for fuel-
wood are
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figure 7. Respondents’ dominant source of fuelwood 

preferred among respondents for several reasons depending on the activity it is used for.  Top prior-
ity if firewood is used at all is the ease of split. For instance, C. M is one of the favorite firewood 
species but really tough to split. Cassia spp (S.siamea)

is  favorite for charcoal in Sunyani because of its clean, intense and elongated heat. Taxes paid for 
charcoal supply on market days.  T.grandis pruning is used for cooking but disliked because the 
ash flares and makes cooking a dirty and choking experience. 

It is only a natural misconception that people of forest fringe communities do not have problems 
with fuelwood supplies. This was not the case in the communities surveyed. 79% were found to 
purchase fuelwood (figure 7). Permit fee is charged by the FSD to allow access to fuelwood dealers 
to clear the forest floor of pruning. Access roads are also very bad especially in the rainy season 
contributing to shortages in fuelwood supply and thus higher priced fuelwood.
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figure 8. Average weekly expenditure on fuelwood in GHc

It should be noted that exchange rate is USD1.0 = GHc1.45. Expenditure on household fuelwood 
is shown in fig 8. It is important to note that fuelwood is supplemented by supplies from other free 
sources due to cash constraints. A majority of households used charcoal alongside firewood for 
cooking and heating but not on a daily basis especially because it is more expensive. Demonstrat-
ing the relationship between household income and energy use, charcoal is often the main and first 
‘transition’ fuel shifted to first from firewood (Barnes et al. 2002). Firewood is often used by food 
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vendors for commercial cooking and heating purposes. Bread bakers for instance need much larger 
sizes and quantities of firewood to heat their clay ovens and as such depend on T.grandis which 
is the most abundant of fuelwood. Price is not the only, or even the major factor of consideration 
in household fuel choices. In many cases, the availability of fuel supplies determines preferences. 
(Ribot,1993).  Some who use LPG use it only as backup when there is an acute shortage, cash 
constraints or thee is an emergency. 

Though urban demand usually is much larger, rural demand for purchased fuelwood is also grow-
ing. For instance, in Ghana, in 1991-92, 27% of all fuelwood was purchased by households and 
13% of charcoal was bought by households in rural areas (Townson, 1995). A Kia truck load 
(Fig.4) of saw mill waste costs sixty Ghana

Cedi (GH¢ 60). Also, a Kia truck load of deadwood other than teak (especially indigenous species) 
costs GH¢ 100 whereas a Kia truck load of fuelwood from the forest floors which constitutes main-
ly of teak costs seventy Ghana Cedi (GH¢ 70). C.milbraedii is sold for GHc 120 per kia truck load. 
Also, a push truck load of firewood costs four Ghana Cedi (GHc 4). Smaller bundles of firewood 
are sold for GHc1.0 and GHc 0.50. A bag of charcoal (jute bag ) costs six Ghana Cedi (GH¢  6.0) 
and GH¢ 2.8  for a 25kg rice bag full which is almost half of the jute bag. Generally, the price of 
fuelwood has been consistently on the rise due to inflation and makes it more difficult for a switch. 
A common coping strategy is dependence on sawmill waste wood. The challenge that comes with 
the use of sawmill waste is splitting to fit the tripod stands and its unusual length. This is easier to 
use at the Notre Damn Secondary School boarding house that use extra large tripod stands. 

Fuelwood wholesalers have a profit margin of GHc1.0 per jute bag and complain of cash to pay 
up for the full truck load of charcoal. Credit sales are not reliable anymore and so suppliers want 
cash payments for their supplies instead.  The ability to buy enough bags of charcoal for a week’s 
supply is almost impossible.  It was observed that many are not bank clients but credit scheme 
members. Though this helps especially with no other alternative, interest rates are quite high. 

In attempt to find out the degree of awareness among respondents, it was noted to be quite positive 
(fig 9). The term however is not familiar to them but on explanation they identified with biomass 
transfer, green fences, woodlot, taungya etc.
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Respondents identified cash and fuelwood most as tree benefits among others (fig 10) due to 
awareness of the value of   the T.grandis tree plus premium and commercial tree species of Ghana. 
No wonder cash was rated a tree benefit by 76.7% of respondents. 

Preferred fuel 
species source Quality Challenge

Celtis zenkeri Savanna Burns clean Tough to split

Ceiba petandra sunyani Burns clean Scarce

Tectonia grandis  Tain II Intense heat Distance 

Magaritaria dis-
coidea 

Savanna
Intense heat

 
Scarce 

S.siamea Fences fast coppice Sheds leaves 

Magnifera indica Homes clean burn Sheds leaves

Antiaris toxicaria savanna Burns clean Scarce

table 4. List of some preferred tree species 

In line with this, it was reported by a few respondents and confirmed by FSD staff that the queen 
mother of Abesim – a neighboring community has developed 8 acres of S.siamea plantings pri-
vately which is harvested within 2-3years rotation and is gradually expanding. 

Also, it was noted that fuelwood was rated of value among respondents because preferred wood 
species for fuelwood are hardly available. Middle men suppliers are an indication that fuelwood 
constraints is hitting harder and thus a good business opportunity.  Fire was generally feared to 
destroy even basic farm trees and woodlot trees due to history of frequent occurrence.
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This conforms to Arnold and Dewees’ 1998 conclusion that trees in farming systems are not seen 
as a part of forest resource, but rather in terms of how they contribute to their livelihood needs 
and survival strategies. Some commonly utilized tree species for firewood include the above listed 
(Table 4) but the most preferred for firewood were the Celtis species specifically C.zenkeri, and the 
most preferred indigenous specie for charcoal was identified to be Magaritaria discoidea. 

summary 

Although communities are forest fringe communities, fuelwood is not free but is purchased by as 
many as 79% of respondents as the main source of cooking energy. Fiapre is noted the heaviest 
consumer of charcoal.  Fuelwood supply employs a fair share of community respondents-up to 
14.5 %.  Many farmer respondents were noted to have tree management skills. Woodlots effort is 
likely to expand towards supplying other communities and urban areas if they are successful at 
expanding their capacity in the fuelwood production business. 

CONCLUSION

Since increasing population, urbanization and rates of consumption of fuelwood exceeds replen-
ishing rates, fuelwood needs

especially charcoal is on the increase within these communities and constraints of accessing fuel-
wood and inflation is steadily escalating prices.

Access to free fuelwood from open vegetation and forest pruning is increasingly difficult due to 
distances travelled, bad roads and increasing transport due to rapid rates of inflation. These esca-
late fuelwood prices. 

Agroforestry interventions for fuelwood production have the potential to improve and even salvage 
the situation. 

RECOMMENDATION

Home gardens including several multipurpose trees should be encouraged to help meet several 
needs of inhabitants. 

Fire resistant and fast growing tree woodlots could be established and commercialized to help sup-
ply the growing fuelwood needs of the communities especially charcoal.
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inflUenCe of estAblisHing switCHgrAss-loblolly Pine 
Alley CroPPing systems in  loUisiAnA And nortH CArolinA 

on soil sUstAinAbility
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Abstract: Switchgrass has favorable characteristics for biofuels production (high growth  poten-
tial, low nutrient and water demand, high heat energy output), and it grows  well under moderate 
shading.  These characteristics make switchgrass a viable  possibility for incorporating into an 
alley cropping system for producing an  annual biofuel crop in tandem with conventional forest 
products.  Switchgrass is  also characterized by a dense, deep root system, which can alter the 
soil  carbon dynamics and sequestration when established as part of an alley cropping  system.  In 
Louisiana and North Carolina, trials have been established to assess  the influence of establishing 
switchgrass in loblolly pine stands.  In the  Louisiana trial, treatments consisted of loblolly pine 
age (juvenile,  mid-rotation, late-rotation) and stand density (no pine, low density pine, high  den-
sity pine).  In the North Carolina trial, treatments conducted were retention  or removal of logging 
debris prior to establishing switchgrass in alleys  between juvenile loblolly pine.  In Louisiana, 
switchgrass in alleys in the  first year after establishment was associated with greater labile C and  
microbial activity in soil relative to loblolly pine without an understory,  which suggests switch-
grass in alleys promoted soil quality.  Total soil C is  being assessed for both sites from soils col-
lected in 2010, and soil labile C,  soil microbial biomass C, soil microbial activity, and potential 
N  mineralization are being assessed in 2011.  Results of these evaluations will be  discussed to 
address the impacts of switchgrass establishment, stand  characteristics, and organic matter reten-
tion on key indicators of soil  sustainability.

keywords:  stand density, organic matter, carbon
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estAblisHment of PerenniAl Alley CroPPing systems 
 on riPAriAn AgriCUltUrAl soils  for biomAss ProdUCtion 

And eCosystem serviCes
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Abstract: When planted in alley cropping systems, perennial biomass crops may provide  feed-
stocks that support the development of alternative energy industries while  also providing ecosys-
tem services and creating sustainable agroecosystems.  However, optimizing establishment and 
growth of these crops is essential to  realizing highly productive agroecosystems and expanding 
possibilities for  landowner adoption. The objective of this study is to determine establishment  
and yield parameters associated with the production of perennial biomass crops  in an alley crop-
ping system over a two-year period.  In May 2010, two short  rotation woody crops and four 
herbaceous biomass crops were established in  replicated alley cropping systems at three riparian 
sites in central and south  central Minnesota, U.S.A.  Systems established include switchgrass 
(Panicum  virgatum L.), prairie cordgrass (Spartina pectinata), an alfalfa (Medicago  sativa L.) and 
intermediate wheatgrass (Thinopyrum intermedium) mixture and a  native tallgrass-forb-legume 
prairie polyculture planted in blocks between  multi-row strips of poplar clone NM6 (Populus 
maximowiczii x P. nigra) and  willow clone 9882-42 ‘Fish Creek’ (Salix purpurea x S. purpurea).  
Crop plant  establishment and growth will be characterized for each species in each year.  Dry 
matter production will be evaluated by harvesting herbage each fall or by  estimating yield of 
woody species by measuring stem height and diameter.  Biomass production along the tree-crop 
interface will be compared to a control  to test for effects of competition between the herbaceous 
and woody components.  Preliminary observations suggest plant establishment can be a challenge 
in these  systems, especially for herbaceous crops.  Severe flooding in the Minnesota  River basin 
in fall 2010 resulted in field plots that were submerged for up to  two weeks at two of three research 
sites. This will provide an excellent  opportunity to evaluate the flood tolerance of these crops after 
spring 2011  plant emergence.

keywords: alley cropping, biomass, riparian
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Abstract: There is a growing interest in the production of dedicated biomass crops to be utilized as 
feedstock for bioenergy production.  Perrennial grasses have been identified as attractive feedstock.  
Wide row spacing of loblolly pine plantations allows dedicated energy crops to be planted between 
tree rows through a practice known as intercropping.  Utilizing between-row growing space for 
bioenergy feedstock production may maximize economic and biomass output from the land early 
in the rotation while still maintaining the long term production of traditional forest products. 

keywords: bioenergy, biomass, feedstock, forest management, forest products, perrennial grass.

BACKGROUND

There is a growing interest in production of dedicated biomass crops to be utilized as feedstock 
for bioenergy production. Giant miscanthus (Miscanthus × giganteus), a perennial, warm season 
grass related to the sugarcane family, is one potential high yielding, bio-energy crop. (Heaton, 
2004, Lewandowski 200, and Lewandowski et al., 2003). The wide row spacing of loblolly pine 
(Pinus taeda) plantations allows the planting of dedicated energy crops between tree rows through 
a practice known as intercropping. Utilizing between-row growing space for bio-fuel feedstock 
production may maximize economic and biomass output from the land early in the rotation while 
still maintaining the long term production of saw timber.

GOAL

The goal of this project is to investigate how the long-term site productivity and sustainability is 
affected when intercropping miscanthus in a loblolly pine plantation.  A detailed investigation into 
this method of feedstock production will facilitate the development of sustainable forest manage-
ment strategies for intercropping.
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objectives

Quantify the potential miscanthus biomass yield and pine growth early in the rotation · 
of intercropped stands of miscanthus-loblolly pine.

Examine the effect diminishing light levels caused by tree shading will have on pho· to-
synthetic rates and subsequent biomass yield of miscanthus.
Examine the effect of soil pH and liming on miscanthus biomass yield.· 

METHODS

site description

The study site is a loblolly pine plantation located in Lenoir County near Dover, NC.  The previ-
ous stand was a 1974 plantation with a site index (age 25) of 70.  The soils are mapped as Pantego 
(Umbric Paleaquults) and Rains (Typic Paleaquults) soil series.  

site Preperation

Three rows of miscanthus plugs were planted May 2010 in the 20 ft of space between rows of trees 
in a one-year old loblolly pine plantation. Between-row planting preparation involved v-shearing 
the debris in between pine rows, as well as fertilization and herbicide treatment after miscanthus 
was planted. Treatments include intercropped miscanthus-pine plots (PM), pine only plots (P) 
without v-shear or herbicide treatment, and miscanthus only plots (M) with no planted pine and 
full v-shear of all debris and beds.  

biomass Assessment

Soil and pine/miscanthus tissue samples will be collected and nutrient analysis completed each 
year of the study. Miscanthus biomass yields will be measured by weight at intended harvest time 
(Fall) and tree height and ground-line diameter measurements will be collected at the end of each 
growing season (Winter). Tree data and miscanthus biomass yield, as well as soil and tissue nutri-
ent status will be compared between treatments and throughout the stand rotation.

shade tolerance

Miscanthus shade tolerance will be investigated in a greenhouse study. Enclosures constructed 
using shade cloth of varying opacity will cover potted miscanthus throughout the 2011 growing 
season (March-October). Average photosynthetic active radiation (PAR) measurements of peak 
summer months will be collected for each shading treatment using permanent sensors connected 
to data loggers (HOBO products, Onset Computer Corportation, Bourne, MA). Plant stress due to 
shading will be measured by collecting data on CO

2
 exchange, transpiration and stomatal conduc-

tance of miscanthus under each shade treatment. At the end of the growing season average biomass 
yield per plant by weight will be measured and compared between treatments.



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
244

liming

The pH values in the soils of loblolly pine plantation are much lower than the typical values of 
current miscanthus research trials (i.e. the pH at the study site was 3.9). A liming rate study was 
installed at the same study site to examine the effects that varying lime rates might have on mis-
canthus yields. Liming may increase the prospective biomass yields of miscanthus when planting 
in acidic soil conditions.

POTENTIAL CONCLUSIONS

This study will examine the feasibility and overall practicality of a miscanthus-loblolly pine inter-
cropped system as a means of sustainable bio-energy production. 
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Abstract: Jatropha curcas (L) has gained popularity as a biodiesel plant to serve as an  alterna-
tive fuel source and generate income to small landholders. The success of  these depends on the 
identification of genetically divergent materials of the  plant and developing superior planting 
stocks for farmers. This paper presents  genetic diversity assessment of forty (40) representa-
tive accessions drawn from  ninety (90) accessions collected from ten regions of Ghana based 
on the seed  yield performance. Random Amplified Polymorphic DNA (RAPD) analysis on the 
forty  (40) accessions with ten primers revealed an average polymorphism of 24.99%.  Genotype 
Genotype*Environmental (GGE) biplot analysis which incorporates  divergence effects due to 
genotype (PC1) and interactions between genotype and  field parameters (PC2) was 44.7%. Hence 
the RAPD information indicate narrow  genetic diversity among the accessions used in the study 
and J. curcas germplasm  in the country. It is therefore recommended that local germplasm of J. 
curcas  should be officially conserved and immediate efforts be made to widen the  genetic base 
through research and introduction from other regions. This will  provide good quality planting 
material to both farmers and individuals to boost  the production of the plant in the country to meet 
the government’s  aspiration  of bio-diesel production from J. curcas seeds as an alternative source 
of fuel.

keywords:  Jatropha curcas, RAPD, genetic diversity, introduction of genetic resources, ghana
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Abstract: To meet federal and state biofuel mandates in the US, production of crops used  as bio-
fuel feedstock must dramatically increased. Agroforestry systems and  practices are recognized 
as approaches in producing feedstock for energy.  Agroforestry systems provide key ecosystem 
services such as an increased carbon  sequestration, reduced nitrogen pollution of waterways, and 
increased wildlife  diversity while producing biofuels. Hybrid poplar is a common agroforestry  
species in Minnesota and often planted along with native perennial grasses to  maximize produc-
tion. Hybrid poplar and native perennials grasses are being grown  as biomass feedstock in Min-
nesota. In recent years, much research has focused  on clonal production of hybrid poplar, and 
information is insufficient on  productivity and energy value content of such species and so as for 
native  perennial grasses. Minnesota has abundant land that has been retired from  agricultural 
production due to changing economic and social trends and most of  these lands are now enrolled 
in Conservation Reserve Program (CRP). Producing  biofuels on such lands can enhance environ-
mental services currently provided by  such land while increasing regional biofuel production. We 
conducted a study to  determine productivity and energy content of various hybrid poplar clones 
and  native perennial grasses which are commonly used as components of agroforestry  systems in 
Minnesota. This presentation will focus on the productivity and  energy value of hybrid poplar and 
native grasses that can be planted in marginal  lands in the context of agroforestry systems. Our 
study aimed to provide  recommendations about appropriate species for agroforestry systems to 
landowners  wishing to practice agroforestry that could provide greater productivity. It  also pro-
vides recommendations regarding appropriate agroforestry species that  have high energy values 
suited to biorefinery industries.

keywords:  bioenergy, short rotation crops, energy value, native perennial grasses
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Abstract: The agroforestry concept of combining trees and crops on the same land unit can  be ex-
tended to agrivoltaic systems (AV) mixing crop and electricity production  by photovoltaic panels 
(PVPs). We built an 820 m² agrivoltaic prototype  comparing a standard spacing of PVPs (defined 
as Full Density, FD) and a Half  Density (HD) spacing. PVPs were maintained at 4 m above soil 
level to allow easy  mechanical cultivation. Light patterns and plant growth were measured under 
the  prototype and in full sun controls. A numerical simulation of the system was  achieved by cou-
pling a radiation model based on a ray tracing algorithm and the  STICS crop model. We studied 
3 plant species so far : lettuce and French beans  (field measurements) and durum wheat (model 
simulation only, field measurements  on-going). Radiation simulations showed that the annual 
available radiation at  crop level was only 46 and 71% in FD and HD respectively. Pyranometers 
running  on the field from august 2010 to October 2010 validated the model predictions.  We mea-
sured and modelled surprisingly high yields of plants in the shade of  solar panels. The simulated 
relative yield of durum wheat in the shade was 0.73  and 0.83 for FD and HD respectively. We mea-
sured relative yields under FD equal  to 0.53 (Lettuce var. capitata), 0.65 (Lettuce var. acephala) 
and 0.51 (beans),  and equal to 0.74, 0.88 and 0.64 under HD respectively. Lettuce and beans are  
summer crops and may benefit from the protection against high radiation levels  to avoid thermal 
or water stresses. However, we evidenced a high spatial  variability of both light availability and 
plant yield (strip pattern of the  shade under PVPs) for the short-lived summer crops. This hetero-
geneity must be  taken into account to assess the economic profitability of such systems.

keywords:  agrivoltaic system, shade, lettuce, wheat
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biodiversity in Agroforestry HomegArdens:  
A stUdy ACross vArioUs AgroeCologiCAl regions  

of bAnglAdesH

Mahbubul Alam1 and Yasushi Furukawa2

1The United Graduate School of Agricultural Sciences, Ehime University 
2Faculty of Agriculture, Kochi University 

Contact:  malam.ku@gmail.com

Abstract: Cultivation of different plants around homestead for subsistence and cash income  has a 
long tradition in Bangladesh. Because of high species richness and  diversity, these homegardens 
are often referred to as ‘Biodiversity Islands’ of  the country. This study, conducted across six 
regions of the country and  representing different agroecological zones, is about species compo-
sition and  biodiversity of agroforestry homegardens. The study also explored factors  affecting 
homegarden biodiversity and how species composition varies with  varying farm size. Structured 
questionnaire survey, key informants interviews,  vegetation survey and focus groups (FGDs) were 
principal methods employed. The  findings showed that homegarden biodiversity provides a wide 
array of  provisioning, regulating, supporting and cultural services and contribute to a  great ex-
tent towards homegarden sustainability. Specific need of the farmers was  found to be principal 
determinant of richness of biodiversity. The study  confirmed that the farmers had strong prefer-
ence for fruit species over timber  yielding one and because of better growth performance natives 
were preferred  over exotics. Beside traditional techniques, scientific management interventions  
and provision of improved planting materials were recommended to improve  overall homegarden 
productivity.

keywords:  homegarden, biodiversity, sustainability
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ProdUCing mAPle syrUP As A CottAge indUstry  
in kentUCky

Deborah Hill

Department of Forestry, University of Kentucky   
Contact:  dbhill@uky.edu

Abstract: With decades of less-than-optimal forest management in the forests of Kentucky,  there 
is a large cohort of red maple (Acer rubrum) trees in the second growth  forest.  The native forest 
also includes sugar maple (Acer saccharum) and other  species of the genus Acer.  In the past year 
or two, there has been increasing  interest by the public, especially in the Appalachian region, in 
possibly  producing maple syrup from these trees, as a shelf stable, high end, value added  prod-
uct.  A syrup producer in south central Kentucky is interested in working  with individuals and/
or groups to tap trees for sap that he would then process  into syrup.  An extension agent in far 
eastern Kentucky is interested in  developing a syrup-producing demonstration at his extension 
office. Maple  sugaring is a short term (4-6 week) activity in the middle of winter when people  
may have more discretionary time available. Processing sap into syrup is the  expensive part of 
the operation; basic tapping supplies are relatively  inexpensive, and people are looking for ways 
to gain economically from their  woodlands.  Developing one or more cooperatives to tap for cen-
tralized  processing facilities would be a benefit to all. Challenges include collecting  the sap in a 
timely fashion, evaluating its sugar content, keeping it cold until  processing, and transporting sap 
to centralized processing locations.
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forest fArming ProdUCtion of lion’s mAne mUsHrooms

Kenneth Mudge, Jeanne Grace and Rachel Brinkman  

Department of Horticulture, Cornell University 
Contact:  kwm2@cornell.edu

Abstract: The only mushroom widely cultivated as a non timber forest crop for forest  farming is 
shiitake. Lions mane (Hericium.sp.) is another candidate gourmet  mushroom that has potential 
for forest farming. Lions mane is indigenous to  Northern hardwood forests and is often found 
growing on beech. Aside from minor  commercial production indoors on sawdust substrate, there 
is little or no  commercial forest cultivation.  Our goals were to compare indoor sawdust bag  pro-
duction with log-grown forest production, and to test the hypothesis that  locally adapted isolates 
would perform better on log substrate than an exotic  isolate.  In 2008, 5 different isolates of Heri-
cium americanum (He1-He5 ) were  collected from within a 15 mile radius of Ithaca, NY, isolated 
on PDA and used  to prepare sawdust spawn either for indoor production in polypropylene bags or  
to inoculate 12 in. diameter x 24 in. tall, vertical beech log totems under  under a forest canopy. In 
each experiment, three of the wild strains were  compared to a commercial strain of H. erinaceous 
(FP33 from Field and Forest  Products, Inc ).  For the indoor production system, total sporocarp 
dry weight  was not significantly different among the local isolates and the commercial  isolate. In 
the forest cultivation system, mushroom production began 18 months  after inoculation and more 
than doubled from 2009 to 2010. The local isolates,  He3 and He5 produced significantly more 
mushroom dry weight than the commercial  isolate. This research demonstrates that under outdoor 
forest farming  conditions, some locally adapted isolates may be more productive than isolates  
from exotic sources, and that the totem log production system is well suited for  forest production 
of Lions mane mushrooms.

keywords:  forest farming, mushroom, lion’s mane, hericium sp.
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nAtive mediCinAl PlAnts: forest fArming,  
ConservAtion And biodiversity

Sarah Workman1, Jim Chamberlain2, Dan Markewitz1, Larry Morris1 and Raina 
Sheridan1

1University of Georgia, Warnell School of Forestry and Natural Resources 
 2USFS-NAC, Virgina Tech 

Contact:  sworkman@uga.edu

Abstract: To investigate and compare cultivation methods for native medicinal plants, and  to 
make better production recommendations to forest landowners in Piedmont  habitats, trials were 
established in 2009 with four species native to  Southeastern US forests that suffer from over-har-
vest in the wild:  black cohosh  (Actaea racemosa), fairywand (Chamaelirium luteum), goldenseal 
(Hydrastis  canadensis), and American ginseng (Panax quinquefolius). The idea is  conservation 
and income generation can result from demonstrating the economic  value of genetic traits pres-
ent in wild varieties for medicines, cosmetics and  the food industry. At present there is lack of 
data correlating growing  conditions on bioactive compounds and market value. The experimental 
area has  mixed hardwood forest (Quercus-Carya-Pinus) and soils (water pH 5.3; C:N 26:1;  mean 
base saturation 54% to 95%) common in the Piedmont physiographic province.  Three treatments 
(undisturbed planting, raking surface litter, or  raking litter  and clipping small diameter woody 
vegetation plus rotocultivation to 15 cm) are  used to compare soil preparation and labor input 
for yield of above and below  ground biomass (primary marketable product). Soil chemical char-
acteristics  indicate a significant difference in fertility between our experimental plots  and the 
interaction of species and location was found significant. Differences  in site treatments, i.e. raking 
away litter, or reducing competition through  sapling removal plus soil tillage did not influence 
plant establishment for the  selected species. Fairywand had the highest establishment of 49.3%, 
followed by  20% establishment of goldenseal (both planted as root cuttings). Ginseng planted  
as seed had 4.4% establishment at the end of Year 1. Though we report black  cohosh planted as 
seed had 0% establishment, counts were late in the season and  we suspect were too late for co-
hosh seedling detection. Biomass sampling will  begin in Year 2 (2011). Experimental goals are to 
quantify 4-year change in  biomass production over time in order to model production projections; 
develop  an above ground metric that will allow for estimating below ground biomass;  correlate 
any differences in bioactive chemical constituents with growing  conditions, and establish if there 
are significant differences in production  methods for each of the wild species.

keywords:  NTFPs, nontimber forest products, native plants, secondary forest products, soil  and 
site preparation



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
252

effeCt of rootstoCk on nUtrient UPtAke  
in yoUng grAfted blACk wAlnUt trees

Andrew Thomas1 and Mark Coggeshall2

1University of Missouri, Southwest Research Center, Mt. Vernon, MO 
2University of Missouri, Center for Agroforestry, Columbia, MO

Contact:  thomasal@missouri.edu

Abstract: Rootstocks are an economically-significant component of nearly all grafted  horticultur-
al crops.  They can significantly impact growth and production due to  their vigor, inherent disease 
resistance, suitability to particular soils and  environments, and nutrient uptake efficiency.  While 
rootstocks have been  well-developed for Persian walnut (Juglans regia), little research has been  
conducted toward the development of rootstocks for black walnut (J. nigra).  At  this early stage 
in the development of black walnut as a commercial crop, the  best-available rootstock sources 
are open-pollinated seedlings from specific  improved cultivars.  For example, seedlings from the 
cultivar ‘Kwik-Krop’ have  shown promise as a vigorous rootstock with good graft compatibility  
characteristics.  A black walnut rootstock evaluation consisting of 120 trees  was established in 
southwest Missouri in 2001 on a deep, alluvial soil using  potted, nursery-grafted trees.  The study 
included all combinations of four  rootstock seedling sources (‘Kwik-Krop’, ‘Sparrow’, ‘Thomas’, 
and unimproved  nursery-run) grafted to five scion cultivars (‘Kwik-Krop’, ‘Sparrow’, ‘Thomas’,  

‘Emma K’, and ‘Surprise’).  Leaf tissue samples from 45 trees encompassing all  graft combina-
tions were collected July, 2006 and analyzed for 10 macro- and  micro-nutrients (N, P, K, Ca, Mg, 
Zn, Fe, Mn, Cu, and B).  Results were  evaluated to determine if a particular rootstock source 
showed superiority in  nutrient uptake across multiple scion genotypes.  Nutrient status among 
scion  cultivars, regardless of rootstock, was also studied.  No differences in leaf  nutrient status 
were attributable to rootstock.  Scions differed significantly  in levels of Ca and Mn (P ≤ 0.05), 
and N and Cu (P ≤ 0.10) in leaf tissues.  ‘Thomas’ scions had higher levels of Ca (3.01 %) com-
pared with ‘Emma K’ (1.89  %), and higher levels of Mn (250.5 ppm) compared with ‘Kwik-Krop’ 
(173.9 ppm).  Otherwise, consistent patterns in leaf nutrient status did not emerge among  cultivars 
used as rootstock sources or scions in this limited sampling.

keywords:  black walnut, rootstock, scion, nutrient, graft
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grAss ProdUCtion in An Alley-CroPPing ConfigUrAtion

Wayne Geyer

Kansas State University  
Contact:  wgeyer@ksu.edu

Abstract: Combining hardwood trees and agriculture crops in an alley-cropping system has  the 
potential of increasing total biomass  and financial yields.In central  Kansas black walnut trees 
planted rows and smooth brome grass with mixed grasses  planted in alleys after 10 years has 
shown grass yield decreases on the edges  of the alleys.Yield reductions were about 24%.  

keywords:  alley-cropping, smooth brome grass, black walnut,
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belowgroUnd ComPetition And nitrogen fixAtion  
in A novel temPerAte Agroforestry  system

Donald Hagan1 and Shibu Jose2  

1School of Forest Resources and Conservation, University of Florida, Gainesville  FL 
2Center for Agroforestry, University of Missouri, Columbia MO   

Contact:  donhagan@ufl.edu

Abstract: The cultivation of ornamentals to produce woody floral products – the fresh or  dried 
stems that are used for decorative purposes – may be an attractive option  for southeastern land-
owners looking to generate income from small landholdings.  Since many shrubs native to the 
understory of the longleaf pine (Pinus palustris  Mill.) ecosystem have market potential, one pos-
sibility is the intercropping of  select species in the between-row spacing of young longleaf pine 
plantations.  In temperate agroforestry systems, however, the establishment of understory  crops 
is often strongly linked to their ability to compete for belowground  resources. In this study, we 
provide isotopic and morphological evidence for  competition-induced increases in nitrogen fixa-
tion by Morella cerifera (L.)  Small (wax myrtle) when planted with Pinus palustris Mill (longleaf 
pine).  Compared to a competition-free treatment, we found no significant differences in  tissue N 
concentrations for M. cerifera. However, 15N enrichment in leaves,  stems and roots, as well as 
whole-plant values for nitrogen derived from  fertilizer, were significantly lower when the plants 
were subject to  interspecific competition from P. palustris. Plants in the competition treatment  
also allocated a significantly greater percentage of belowground biomass to  root nodules than 
those in the competition-free treatment (0.65 vs. 0.41%). This  strongly suggests that M. cerifera is 
capable of upregulating nitrogen fixation  in response to interspecific competition. This may help 
explain why M. cerifera  outperformed non-nitrogen-fixing shrubs planted in the same site.

keywords:  competition, nitrogen fixation, stable isotopes, woody florals
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Alley CroPPing in tHe soUtHeAst

Carl F. Jordan1, Krista Jacobsen2 and Yolima Carrillo3

1Odum School of Ecology, University of Georgia, Athens, Georgia 
2Department of Horticulture, University of Kentucky, Lexington, Kentucky 

3Department of Botany, University of Wyoming, Laramie, Wyoming   
Contact:  CFJordan@uga.edu

Abstract: Economic crops planted between hedgerows of leguminous shrubs make up  an ally  
cropping system sometimes  used in humid tropical environments.   This system  may also  be  
suitable in the Southeastern United States for environmental  reasons:

The subtropical  humid climate of the Southeast causes rapid decomposition of  soil or-•	
ganic matter.  Leguminous hedgerows can help sustain and replenish soil  organic matter, 
and can be useful for restoring degraded land, common in the  Southeast.

Because of the long growing season, insect pests are a particular problem in  the Southeast.  •	
Hedgerows provide a refuge for beneficial insects that prey upon  pest insects.

Hedgerows help prevent erosion in the hilly clay soils of the Southeastern  Piedmont.  •	

Research on alley cropping has been carried out at by the Agroforestry  Laboratory , Odum School 
of Ecology, University of Georgia for the past seven  years.   False indigo (Amorpha fruticosa), a 
leguminous shrub native to the  Southeast, is a particularly desirable hedgerow species.   It con-
tributes to  soil organic matter through sloughing of fine root hairs.  It must be pruned  back once 
or twice during the growing season to prevent competition with crops.  However, pruning does not 
decrease the amount of sloughing that naturally takes  place.  

Other factors to consider:

Because cultivation of crops can interfere with establishment of shrub  seedlings, the seed-•	
lings should be planted in a field that will remain fallow  for one or two years.

Hedgerows can occupy up to 25 percent of cultivatable land, and are not  suitable for large •	
scale, highly intensive agriculture.   Since organic farming  in the Southeast  is often of 
a small scale and is less energy  and chemical  intensive than industrial agriculture, alley 
cropping may be particularly useful  for organic farmers.    

keywords:  alley cropping, southeastern U.S., organic agriculture
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introdUCing Alley CroPPing on tHe CAnAdiAn PrAiries

Shannon Poppy 

Saskatchewan Research Council  

Contact:  poppy@src.sk.ca

Abstract: The agroforestry practice known as alley cropping has long been valued in  agricultural 
systems throughout the world.  Unfortunately, little effort has  been made to explore the potential 
benefits on the Canadian landscape.  To  address this gap, the Saskatchewan Research Council 
has partnered with others to  establish the first alley cropping demonstration in the Boreal Plains 
Ecozone  of Canada.  This land use practice will not be practical for conventional large  scale agri-
cultural producers on the Prairies but a specialized set of growers  who are often overlooked could 
significantly benefit.  These beneficiaries would  include First Nations, horticulturalists, organic, 
specialty crop and biomass  growers.  The site was established on a research and demonstration 
farm in  northeast Saskatchewan which provides an ideal place for farmers, students,  research-
ers and the public to see firsthand the demonstration.  The information  presented will highlight 
the experiences encountered while planning and  establishing the site in 2010 and in early 2011. 
As well, there will be a  discussion of future crops to be planted in the alleys and how they fit the  
needs of the small scale producer.

keywords:  biomass, establishment, alley cropping, first nations, demonstration
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effeCt of switCHgrAss on sHortleAf Pine growtH 
in west-CentrAl ArkAnsAs 

Ray Stoner1, David Burner2, Randy King1, Eddie Pratt1 and Joel Douglas1 

1USDA - Natural Resources Conservation Service 
2USDA - Agricultural Research Service 

Contact:  ray.stoner@ftw.usda.gov 

Abstract: Growing switchgrass (Panicum virgatum L.) between rows of shortleaf pine (Pinus  
echinata Mill.) for biofuel may have potential as an agroforestry practice for  landowners in west-
central Arkansas.  However, there is limited information on  the growth and production of shortleaf 
pine from competition of switchgrass  interplanted between the rows in subsequent years follow-
ing tree establishment.  Objective of our study is to determine the effect of switchgrass on growth 
and  survival of shortleaf pine. The study is conducted at the USDA-Natural Resources  Conserva-
tion Service Plant Materials Center in Booneville, AR on a Leadvale  silt loam.  Shortleaf pine was 
established in a rectangular (14’ x14’), double  row (8’ x 8’) and single row (8’ x 24’) tree designs 
in January 2006.  Tree  designs were planted as a randomized complete block with three replica-
tions.  Length and width of rectangular, double row, and single row planting were 154’ x  378’, 152’ 
x 376’ and 120’ x 376’, respectively.  The stocking rates for  rectangular, double row, and single 
row tree designs were 222, 227, and 226  trees/acre, respectively.  Switchgrass (cv. Alamo) was 
interplanted between rows  of each tree design at a rate of 5 lb PLS/acre on 13 April 2006.  Above 
average  precipitation during the late fall and early spring in 2007-2009 prevented  extensive data 
collection.  Effect of switchgrass biomass production on growth  and survival of shortleaf pine will 
be measured in November 2010.

keywords:  switchgrass, pines, biofuels
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soil wAter resPonse to sloPe AsPeCt And grAzing  
in silvoPAstUre dUring droUgHt

Douglas Boyer and James Neel  

USDA-ARS 
Contact:  doug.boyer@ars.usda.gov

Abstract: Silvopasture is receiving increasing attention as a robust management system for  pro-
duction of forage for livestock grazing on the diverse landscapes of the  Appalachian region. Little 
knowledge about soil water response to slope aspect  and grazing pressure in silvopasture systems 
of the Region is available. The  summer to fall climatological drought experienced in central Appa-
lachia in 2010  provided an opportunity to study drought effects on soil water variations on  various 
slope aspects under two different grazing pressures. Soil water was also  monitored in conventional 
pasture at the same time. Soil water content was  continuously monitored at soil depths of 15 and 
30 cm. Soil water recession  curves for the nearly rainless period running from mid-August to end 
of  September were developed and analyzed. Few differences were found in soil water  contents 
or the recession curve coefficients between any of the studied factors  (aspect, grazing pressure, 
management system) at the two soil depths. There was  no evidence that competition between trees 
and forage in silvopasture had any  effect on soil water content. Silvopasture might be moderating 
the slope aspect  effect on soil water content that is often reported for conventional pasture.

keywords:  silvopasture, soil, water, drought, slope, aspect
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CAttle inClUsion: A silvoPAstorAl strAtegy  
for restoring eroding streAmbAnks

Cristina Lopez-Barrios1, Ralph Lentz2 and Joe Magner3

1Universidad de Extremadura, Badajoz, SPAIN 
2Lake City, Minnesota, USA 

3University of Minnesota, St. Paul, MN. USA   
Contact:  magne027@umn.edu

Abstract: For decades, cattle exclusion from USA riparian corridors has been a government  rec-
ommended practice. Continuous cattle grazing of riparian areas have lead to  degraded stream 
channel geometry and water quality over time. In an undisturbed  watershed, continuous grazing 
management will disturb the sediment balance and  impair habitat. However, channel sediment 
discontinuity can also occur without  grazing if climate or land-use change in the watershed pro-
duces increased stream  discharge leading to channel enlargement. We evaluated the silvopastoral  
influence and geomorphic response of a disturbed stream in southeastern  Minnesota with varying 
riparian agroforestry management practices.    Results indicated that lacustrine sediments eroded, 
destroyed fish habitat and  evolved to an unstable form in an un-managed wooded riparian regime 
compared to  a managed wooded/grass/forb grazed regime. In 2005, the original un-managed  
wooded riparian reach was subdivided to allow for intensive animal and  vegetative management 
in the lower half of the reach. 2010 re-survey results  showed the lower reach to have better chan-
nel vegetative cover of streambanks  along with a decreased channel width/depth ratio. We con-
clude that cattle  competing for space and food can break down incised cohesive streambanks and  
increase the resistance to near-bank boundary shear stress from hydraulic forces  via mechanical 
hoof soil compaction. Along with increased riparian vegetative  streambank cover was a concor-
dant increase in root density that resisted  near-bank shear stress and subsequent sediment pollu-
tion of the stream.    

keywords:  silvopastoral, grazing, streambank, sedimentation
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tHe APPliCAtion of CroP simUlAtion models And PestiCide 
leACHing models on A  regionAl sCAle

Afsaneh Soltani Largani

Land Dynamics Group, Wageningen University, Netherlands   
Contact:  afsaneh.soltanilargani@wur.nl

Abstract: Although crop simulation models and pesticide leaching models have generally  been 
developed for application at the field scale, a need exists to apply the  models at a regional scale 
that are relevant to agronomic decision makers and  are economically useful. We are facing a main 
challenge how to assess production  and environmental impact at the regional level. To a large 
extent this depends  on the question that is being asked. Are we interested in aggregated results or  
do we need to identify hot-spots of specific local conditions (e.g. pollution).  This paper reviews 
issues and approaches related to applying crop simulation  models and pesticide leaching models 
at regional scale. We mainly based our  analysis on case studies using the concept that the models 
are kept unchanged,  and the scale change concerns mainly the input and/ or output. At the simplest  
level, results for representative sites are aggregated to a regional value.  More spatially explicit ap-
proaches involve applying a site model to input data  sets which are spatially interpolated to regular 
grids and/or coherent polygons,  then, upscalling by weighting the results of each grid or polygon. 
They best  apply to variables that exhibit stationary and continuous spatial variations.  But in the 
case of discontinuous spatial variations, more quantitative  methodologies rely on relating the site 
characteristics to its spatial domain  using remotely sensed and other environmental data sets. We 
were able to  demonstrate that the models performance at a regional scale was closely linked  to 
the quality of  the model itself, but also from the quality of the methods of  acquisition of the input 
data, of the choice of the simulation units, and  accounting the spatial interactions between fields.

keywords:  representative site, upscaling, aggregated, simulation unit, spatial interaction
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Agroforestry APPliCAtion And ProgrAm Use  
witH tHe 2008 fArm bill

Douglas Wallace and Todd Kellerman  

USDA National Agroforestry Center, Lincoln, NE  
Contact:  doug.wallace@ftw.usda.gov

Abstract: On June 18, 2008, Congress passed the Food, Conservation, and Energy Act of 2008  
(2008 Farm Bill).  In this bill are numerous opportunities for land users to  get financial and tech-
nical support for agroforestry uses through a myriad of  USDA programs.  The federal funding 
programs were developed as incentives for  good stewardship and, to provide payment assistance 
for practices that when  properly designed and managed, provide a means to treat pressing envi-
ronmental  issues. This poster presents agroforestry application and program data for the  Environ-
mental Quality Incentives Program (EQIP), Conservation Stewardship  Program (CSP), Conser-
vation Reserve Program (CRP), and Wildlife Habitat  Incentives Program (WHIP) for the period 
2008 through 2010.  Agroforestry  planning and application metrics are based on reports from the 
Natural Resources  Conservation Service (NRCS) Integrated Data for Enterprise Analysis (IDEA)  
system and Farm Service Agency (FSA) CRP reports.  Results are displayed in  tabular, graphical, 
and spatial distribution formats.

keywords:  agroforestry, USDA, application, federal programs, farm bill
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living snow fenCe PAyment CAlCUlAtor:  
 reseArCH And Assess tHe fArmer And mn-dot  eConomiC 

And environmentAl Costs And benefits of living  
snow fenCes inClUding CArbon imPACts

Gary Wyatt1, Diomy Zamora1, Dean Current2, Dinesh Paudel1, David Smith1, Dan 
Gullickson3, Joe Knight1, Don Kilberg1 and Sierra Schroeder1  

1University of Minnesota 
2University of Minnesota - Center for Integrated Natural Resource  

and Agricultural Management; Minnesota Department of Transportation 
Contact: wyatt@umn.edu

Abstract: Blowing and drifting snow on Minnesota’s roadways is a transportation efficiency and 
safety concern.  Establishing standing corn rows and living snow fences  improves driver visibility, 
road surface conditions, and has the potential to  lower costs of road maintenance as well as ac-
cidents attributed to blowing and  drifting snow; and sequester carbon and avoid the carbon emis-
sions of snow  removal operations.  In recent years the Minnesota Department of Transportation  
(Mn/DOT) has paid farmers to leave standing corn rows to protect identified snow  problem road-
ways.  They have paid farmers $1.50 per bushel above market rate.  With increasing demand for 
corn to fuel the ethanol industry, paying $1.50 per  bushel above market rate may not be sufficient 
incentive for leaving standing  corn rows.  Also, with Mn/DOT’s memorandum of understanding 
with USDA to plant  living snow fences through the Conservation Reserve Program (CRP), now is 
an  opportune time to review Mn/DOT’s annual payment structure to farmers and  prepare a new 
one.  This project will: 1) develop a calculator to estimate  payments for farmers that will include 
consideration of safety and snow removal  cost savings; 2) estimate potential income from carbon 
payments; 3) working  closely with Mn/DOT engineers and plow operators, estimate the safety 
and snow  removal costs and carbon emissions avoided by Mn/DOT through establishing living  
snow fences; and 4) evaluate farmers’ willingness to establish living snow  fences and identify 
farmers/landowners constraints to adoption.  This data will  be provided to Mn/DOT to assist them 
in their decision making related to their  Living Snow Fence Program.

keywords:  living snow fence, carbon footprints
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silvoPAstUre As PArt of A diverse grAzing system  
on tHe soUtHern CoAstAl PlAin

Dennis Chessman1, Philip Brown1, Allen Hubbard1 and Mary Goodman2 

1USDA-Natural Resources Conservation Service 
2Auburn University   

Contact:  dennis.chessman@ga.usda.gov

Abstract: In October 2007, a long-term demonstration project was started on approximately  18 
ha of diverse forages that include a 4.5 ha longleaf pine silvopasture, and  native grass species at 
the USDA-Jimmy Carter Plant Materials Center (JCPMC),  Americus, GA.  The primary goals of 
the project are to explore the potential for  year-round grazing on the southern Coastal Plain, and 
demonstrate  non-traditional forages and systems, including silvopasture.  The grazing area  of di-
verse forages is divided into seven pastures with permanent fence which are  further divided with 
poly-wire.  Eighteen to 22 Angus beef cows have been on  the system since March 2008, and two 
100 percent calf crops have been produced.  Calf average daily gain was approximately 1 kg during 
the first year, and 1.3 kg  during the second.  Cow body condition score has never been below 4 at 
any time  during the demonstration.  Forage availability is closely monitored and the  herd moved 
as needed.  During the winter of 2009 - 2010, stockpiled bermudagrass  and tall fescue, in addition 
to improved utilization of cool-season annuals by  increasing stocking density reduced hay feeding 
36% compared to the previous  winter.   Crude protein has ranged from 9 to 23 percent, and digest-
ible organic  matter from 63 to 70 percent.  The results of the first two winters indicate  that hay 
feeding by the average cow-calf producer in the Coastal Plain can be  significantly reduced, and 
alternative forages and silvopasture can contribute  to the overall sustainability of grazing systems 
in the region.

keywords:  silvopasture, native warm-season grasses, grazing management
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Pine strAw yields And eConomiC benefits wHen Added  
to trAditionAl wood ProdUCts in loblolly,  

longleAf And slAsH Pine stAnds

E. David Dickens1, David J. Moorhead1, Charles T. Bargeron1, 
and Bryan C. McElvany2 

 
1Warnell School of Forestry & Natural Resources 

2College of Agriculture & Environmental Sciences,  
The University of Georgia, Statesboro, Tifton, and Soperton, GA

contact: ddickens@uga.edu

Abstract: Many forest landowners have the opportunity to manage their loblolly, longleaf and 
slash pine stands for pine straw (fresh undecomposed needles; the litter layer) for additional rev-
enues. Pine straw is used primarily as mulch in landscaping and has grown in revenues paid to 
landowners from $15.5 million in 1999 to $81 million in 2009 in Georgia. Pine straw is typically 
sold by the acre or by the bale. Selling pine straw by the acre is advantageous for absentee land-
owners. Selling pine straw by the bale can generate more annual income but bale counts need to be 
accurate and bale size must be clearly defined. Recent (2005-09) per acre revenues range from $50 
to $125/year. Rectangular (13x13x28 inches) bale prices range from $0.25 to $0.40 for loblolly, 
$0.50 to $1.25 for longleaf, and $0.50 to $0.65 for slash pine in Georgia. Per rake yields from lob-
lolly stands tend to be 15 to 30% greater (150 to 425 bales/acre) than slash (120 to 375 bales/acre) 
and longleaf pine (100 to 350 bales/acre). Pine straw raking starts at canopy closure continuing to 
the first thinning, generating from $300/acre to over $1000/acre in new income.

keywords:

INTRODUCTION

Pine straw, the uppermost forest floor layer of undecayed needles, is raked, baled, and sold as land-
scaping mulch in the southeastern U.S. The value of pine straw as a forest product has increased in 
Georgia, North Carolina, and South Carolina. Pine straw income received by forest landowners i 
has increased by five-fold in the last ten years (2000 through 2009, Boatright and McKissick 2001-
2010), conversely annual timber revenues in have declined by over 40% during this same period 
in Georgia. Pine straw revenues have helped many landowners maintain reasonable cash flows to 
achieve attractive rates of return on their forestland. Rates of return can be increased, from 5.5 to 
9.8% without pine straw production, to 8.8 to 16.2 % with annual pine straw income in loblolly, 
longleaf, and slash pine stands (Dickens et al. 2007). Pine straw can be sold by the bale or by the 
acre. Current per acre reported prices in the Southeastern US range from $50 to $125 per acre per 
year. Revenues for a single rake have been as high as $300 to $400 per acre in high quality longleaf 
pine stands. Pine straw can also be sold by the bale. Per bale prices range from $0.25 to $0.40 
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per bale for loblolly, from $0.50 to $0.65 per bale for slash, and from $0.50 to $1.25 per bale for 
longleaf paid to the forest landowner in Georgia. Selling pine straw by the bale can generate more 
annual income but bale counts need to be accurate and bale size must be clearly defined. 

PINE STRAW PRODUCTION FACTORS AND RATES

A number of factors affect pine straw production rates. These factors are: species, site productiv-
ity, stand density (basal area), age, hand versus mechanical baling (packing density), hand versus 
mechanical raking (mechanical raking often leaves pine straw in the rows), percent rakeable stand 
(level and type of competing vegetation), raking intensity (semi-annual, annual, or periodic) and 
interval between rakes,  competition control, and the use of fertilizers.

All the above factors affect pine straw production rates with the most intensively managed stands 
and best sites producing the most straw and the poor sites (deep sands of the Sand Hills or shallow 
soils of the Piedmont with low fertility) with low or no inputs producing the least straw. Competi-
tion control (the use of forest herbicides and mowing) and fertilization are two commonly used 
forest management tools to improve (1) stand conditions for raking, (2) increase the acreage of a 
stand that can be raked, and (3) increase pine straw production (on low fertility sites). Pine straw 
yields are somewhat closely related to stand basal area. Pine straw yields tend to peak in the early- 
to mid-teens for slash and loblolly pine (Morris et al. 1992, Gholz et al. 1985) and the late teens for 
longleaf pine (Dickens et al. 2010). Table 1 lists pine straw bale/acre production rates by species. 
Pine straw yields from loblolly pine stands tend to be 15 to 30% greater than yields from slash and 
longleaf stands.

table 1. Common annual pine straw production rates based on fourteen studies and operational 
raking in the Southeastern U.S. 
 

	  

Species Low bales/acre High bales/acre 5- to 10-yr average/acre 
Loblolly* 100 to 120 275 to 450 175 to 275 
Longleaf* 60 to 80 150 to 350 100 to 250 

Slash* 80 to 100 250 to 400 150 to 250 

*Bale weights range from 16 lbs to 19 lbs on an oven dry basis (Morris et al. 1992, Dickens 
and McElvany 2010 unpublished data), the approximate weight of common rectangular bales 
(13x13x28 or 13x13x30 inches). There are currently no standard bale sizes in Georgia. 

PINE STRAW YIELDS AND ECONOMICS

Figures 1a and b illustrate loblolly pine straw yield estimates from two sites in the Coastal Plain of 
Georgia. The single NPK fertilizer application (200N+50P+50K lbs/ac) at the cut-over Louisville 
and Rincon loblolly pine sites improved yields by an average of 30 and 50 bales/ac/yr, respectively 
(Ogden and Morris 2004). The pine straw income estimates (@ $0.40/bale) are as follows: the 



In Ashton, S. F., S.W. Workman, W.G. Hubbard and D.J. Moorhead, eds. Agroforestry: A Profitable Land Use. Proceedings, 

12th  North American Agroforestry Conference, Athens, GA, June 4-9, 2011. 
266

Rincon unfertilized value was $412/acre, the Rincon fertilized value was $472/acre (less the fertil-
izer cost), the Louisville unfertilized value was $619/acre and the Louisville fertilized value was 
$795/acre (less the fertilizer cost). Pine straw income would have added from $412 to $795/acre at 
these two sites in the first 21 years prior to the stands’ first thinning. 
 
Fertilization (150N+65P+124K lbs/ac) at the two Sand Hills State Forest, South Carolina longleaf 
pine sites on deep, excessively well drained, low fertility soils, improved yields over the unfertil-
ized plot trees by 43 (144 vs 187 bales/ac/yr average) in the unthinned, younger stand and 53 
bales/ac/yr (114 vs 167 bales/ac/yr average) in the older thinned stand over the four and five year 
study periods (Figures 2a and b). The single NPK fertilizer application benefit lasted three to four 
years on these soils (Dickens 2000). Pine straw income estimates (@ $0.80/bale) for the young 
longleaf stand are $461/acre without fertilization and $576/acre with fertilization (less the fertil-
izer cost) from age 9- through age 13-years and $456/acre without fertilization and $668/acre with 
fertilization (less the fertilizer cost) in the older thinned longleaf stand from age 32- through age 
36-years.   

	   	  

figure 1 a & b. Cut-over loblolly pine straw estimated/modeled yields from the Louisville (graph 
a on left; Dothan and Faceville soils) and Rincon, Georgia (graph b on right; Rigdon and Olustee 
soils) sites without (control) and with (single NPK dose) fertilization (Ogden and Morris 2004). 
One bale equals 17 lbs dry weight.

	   	  

figure 2 a & b. Sand Hills State Forest, South Carolina unthinned (graph a on left) and thinned 
(graph b on right; 2nd thinning at age 31-years) longleaf pine straw yield study area means (Alpin 
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soil series) without (control) and a single NPK fertilizer application (NPK) on low fertility sites 
(bale = 17 lbs dry weight). Stands were fertilized at ages 9- (graph a) and 32-years (graph b) (Dick-
ens 2000).

Pine straw yields from two moderate to high fertility old-field longleaf stands averaged 247 and 
209 bales/ac/yr at the Screven and Tift County, Georgia sites, respectively (Figures 3 a and b) with-
out fertilization. The ½ + ½ dose of NPK fertilization (65N+25P+25K lbs/ac at age 17- and again 
at age 20-years) improved yields by an average of 30 bales/ac/yr at both sites or 277 and 240 bales/
ac/yr at the Screven and Tift County sites, respectively (Dickens et al. 2010). Pine straw income 
estimates for the Screven County site are $986/ac without fertilization and $1109/acre with fer-
tilization (less fertilization costs) for the five rakes from age 15- through age 23-years. Pine straw 
income estimates for the Tift County site are $1172/acre without fertilization and $1346/acre with 
fertilization for the seven rakes from age 17- through age 23-years; these incomes occurring prior 
to the first thinning.  

	          	  

figure 3 a & b. Old-field (moderate to high fertility), unthinned longleaf pine straw study area 
mean yields without (control) and with a split application of NPK (two ½ doses three years apart; 
½+ ½NPK; applied at both sites at age 17- and 20-years). Graph a on the left are yields from the 
Screven County, Georgia study site (Bonneau and Blanton soils; no raking in years 16, 17, 21, 
and 22) and graph b on the right are yields from the Tift County, Georgia study site (Albany and 
Leefield soils). One bale equals 17 lbs dry weight (Dickens et al 2010).

Slash pine straw yields from two old-field sites in Bulloch and Wheeler County, Georgia averaged 
260 and 215 bales/ac/yr, respectively (Figures 4 a and b) without fertilization. The peak yields 
occurred at age 13-years at the Bulloch County site (294 bales/acre) and 15-years at the Wheeler 
County site (385 bales/acre). Slash pine straw income estimates (@ $0.60/bale) from the Bulloch 
County site is $936/acre from age 9- through age 14- years and $1288/acre from the Wheeler 
County site from age 10- through age 19-years. Pine straw yields were more variable at the Wheel-
er County site as the slash pine stand was raked semi-annually in some years and annually (age 
10-, 16- and 19-years) in others (Hayes et al. 2009).
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figure 4a & b. Old-field (moderate to high fertility) slash pine straw yields without fertilization 
at a Bulloch County (graph a on left; Leefield and Albany soils) and Wheeler County, Georgia site 
(graph b on right; Fuquay, Cowarts and Troup soils). One bale was approximately 13x13x 28 to 30 
inches or approximately 17 lbs dry weight.

Adding pine straw income and a higher level of management to modeled wood flow yields of slash 
and loblolly pine on a relatively short 24-year rotation improved net revenues by $350 to  $1600/
acre (Tables 2 and 3) and rates of return (RORs) from 5.5 - 9.8% to 8.8 without pine straw to 
16.2% with pine straw (Dickens et al. 2007). Old-field longleaf pine straw yield values after five 
rakes at the Screven and Tift County, Georgia sites were 35% ($815/acre in pine straw) of the gross 
wood+straw values/acre ($2300/acre for wood+straw) by age 21-years (Dickens et al. 2010).  

SPECIES PREFERENCE, RAKING PERIODS, AND STAND CONDITIONS  
IN SOUTHERN PINE STANDS

Loblolly, longleaf, and slash pine stands are commonly raked in the southeastern U.S. The order 
of preference in Georgia is longleaf, then slash, and then loblolly straw. Pine species differences 
in longer needle length, better color retention, and slower rate of deterioration are factors for this 
order of reference. 

Southern pine stands that are clean of understory vegetation and debris (dead stems, branches, and 
cones), good road access (all weather roads, graveled roads, wide roads, good turn-around areas), 
and proximity to local markets are important factors in making pine straw harvesting attractive to 
pine straw buyers or contractors. Longleaf, slash and loblolly pine stands that are suitable to rake 
are commonly raked starting at canopy closure (age 6- to 10-years-old depending on stocking, spe-
cies, and growth rate) until the first thinning. If the stand is attractive to a contractor, the contractor 
may negotiate a 3- to 7-year (5-years is common) written agreement with the landowner to rake the 
stand. If a pine stand is under a Conservation Reserve Program (CRP) contract, it cannot be raked 
until the contract has expired. 

Site factors that may preclude intensive annual raking include: slopes greater than 4 to 8% (exces-
sive erosion) and marginal soils. Excessively well drained deep sands may be best to be raked on a 
three year cycle to conserve soil moisture, organic matter, nutrients, and to minimize soil erosion. 
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In general, thinned stands are less attractive due to new understory growth and reduced needle 
production. Thinned stands are sometimes raked once crowns rebuild and understory vegetation is 
controlled. 

PROS AND CONS OF PINE STRAW RAKING IN SOUTHERN PINE STANDS
 
The pros of pine straw raking include: (1) an annual income for a period of 5 to 10 or more years, 
(2) an initial income 5 to 10 or more years prior to the first income from a thinning (the traditional 
first income from pine stands), (3) an earlier return on one’s investment in site preparation and 
planting, (4) a higher net revenue ($300 to over $1000 per acre) and rate of return (from three to 
over six percentage points, Tables 2 and 3), and (5) the pine stand is easier to walk through and may 
be more aesthetically pleasing to some. 

The cons of pine straw raking include: (1) reduced soil moisture due to increased evaporation rates, 
(2) increased soil erosion under intensive raking regimes (no cover on the bare soil after frequent 
repeated rakings), (3) nutrient removals with annual pine straw raking may reduce site productiv-
ity if performed for a prolonged period of time, (4) reduced near-term diameter growth due to 
intensive raking in some cases without ameliorative treatments, and (5) minimal cover and food 
for wildlife species. 

MARKETING PINE STRAW

Demand for pine straw raking will vary by location. Get a list of pine straw vendors from your lo-
cal County Extension office or State Forestry Commission or ask neighbors who have pine straw 
raked for their contractor name and contact information. If a landowner’s pine stand is producing 
a lot of straw, has a clean understory for easy raking, a good road system, and is in an area of con-
tractor demand, his/her pine acreage should be easy to sell. Make sure the contract clearly states 
type of payment (by the bale with bale specifications clearly defined or by the acre), frequency/
time of payment (100% at completion of each rake, 50% every ½ year, etc.), contract length with 
start and end time, who is responsible for herbicide and fertilizer application (where needed) and 
mowing, and that road, fence, and other property items are found in the same condition after the 
last rake as prior to the first rake.

SUMMARY

The addition of pine straw management to traditional forest management can greatly improve 
overall financial performance and give many landowners early annual incomes from their pine 
stands. Managing for pine straw along with wood products entails good road access, getting the 
stands clean for raking (the use of herbicides and mowing where needed), finding local straw 
contractors and entering into a contract (either selling by the acre or by the bale with bale specifi-
cations clearly defined in the contract), and fertilizing those low fertility sites that would respond 
dramatically to fertilization for a number or years. Pine straw is typically raked starting at canopy 
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closure (age 6- to 10-years) until the first thinning, offering an annual income for a period of 3- to 
10-years or more. Pine straw yields tend to increase with basal area growth peaking in the early- to 
mid-teens for loblolly and slash pine and late teens for longleaf pine. Annual pine straw average 
yields from 14 study sites in Georgia and South Carolina range from 172 to 290 bales/ac/yr for 
loblolly with a mean of 240 bales/ac/yr (Ogden and Morris 2004, Dickens et al. 2005), from 148 
to 260 bales/ac for slash pine with a mean of 202 bales/ac/yr, (Ogden and Morris 2004, Hayes et 
al. 2009, Dickens 2011 unpublished data) and from 114 to 277 bales/ac/yr for longleaf pine with 
a mean of 198 bales/ac/yr (Dickens 2000, Dickens et al. 2010). Pine straw income can range from 
$300/ac to over $1200/ac depending on the species, age, basal area, number of raking years, site 
productivity, and price per bale or price per acre.   

	  

Table 3.  A comparison of slash pine plantation management scenarios1 under a 24-year rotation and their effect on net  
revenue and rate of return (ROR), with site prep and plant (SP&PL) cost of $250 and $375/acre (from Dickens et al 2007). 

Treatment SP&PL @ $250 SP&PL @ $375 
Scenario # 
Fert. @ Yr. 

Thin 
yr 15 

Pine straw 
($/ac) 

% 
PW 

MIA2 

Tons/Cords 
Net Revenue 3 

($/ac) 
ROR4 
(%) 

Net Revenue 3 
($/ac) 

ROR4 
(%) 

1   N N 60 5.77, 2.09 1312 6.96 1187 5.48 
2   N Y 

N 
46 5.55, 2.01 1662 8.28 1537 6.67 

3   Y, 16 N 48 1787 7.96 1662 6.53 
4   Y, 6 505 52 

6.28, 2.28 
2480 10.95 2355 8.77 

5   Y, 6, 16 
N 

1005 43 6.82, 2.48 3561 15.71 3436 12.27 
6   Y, 16 N 40 2037 9.00 1912 7.43 
7   Y, 6 50 & 06 2322 10.46 2197 8.53 
8   Y, 6 100 & 06 

43 
6.16, 2.23 

2672 12.87 2547 10.31 
9   Y, 6, 16 

Y 

100 & 507 38 6.57, 2.38 3177 13.80 3052 11.12 
 

Table 3.  A comparison of loblolly pine plantation management scenarios1 under a 24-year rotation and their effect on net  
revenue and rate of return (ROR), with site prep and plant (SP&PL) cost of  $250 and $375/acre (from Dickens et al 2007). 

Treatments SP&PL @ $250 SP&PL @ $375 
Scenario # 
Fert. @ Yr. 

Thin 
yr 15 

Pine straw 
($/ac) 

% 
PW 

MIA2 

Tons/Cords 
Net Revenue3 

($/ac) 
ROR4 
(%) 

Net Revenue3 
($/ac) 

ROR4 
(%) 

1    N N 60 6.48, 2.35 1576 7.66 1451 6.16 
2    N Y 

N 
46 6.24, 2.26 1985 9.18 1860 7.51 

3   Y, 16 N 48 2048 8.50 1923 7.05 
4   Y, 6 505  52 

7.15, 2.59 
2746 11.42 2621 9.24 

5   Y, 6, 16 
N 

1005  43 7.94, 2.88 4046 16.24 3921 12.85 
6   Y, 16 N 40 2356 9.81 2231 8.17 
7   Y, 6 50 & 06 2626 11.16 2501 9.18 
8   Y, 6 100 & 06 

43 
6.99, 2.53 

2976 13.51 2851 10.91 
9   Y, 6, 16 

Y 

100 & 507  38 7.68, 2.78 3706 14.83 3581 12.08 
1  Uninflated, 8% discount rate, before income taxes,  GaPPS v 4.20; 
   Pulpwood @ $4.51 and $5.75/ton net, Chip-n-saw @ $19.12 and 
   $23.09/ton, and Sawtimber @ $32.14 and $36.51/ton thin and clear-cut prices. 
2  MAI = Mean Annual Increment of wood growth, Tons & Cords/A/yr. 
3  Net Revenue = Harvest revenue(s) – SP+PL cost – (annual cost x 24 yrs) 
 – fert cost(s) – clean up cost + pine straw revenues (today’s $). 
 
 
 

4  ROR =  Rate of Return (percent). 
5 With no thinning, pinestraw raked years 8-23. 
6 With thinning, pinestraw raked years 8-14.  
7 With thinning, pinestraw raked years 8-14 and 17-23. 
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PlAnning frAmework
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Abstract: The silvopasture suitability planning framework is a structured set of  socio-economic 
and biophysical criteria created to identify and include  silvopasture opportunities in higher-level 
land-use planning in British Columbia  (BC).  The framework is designed to be used in mapping 
and planning activities  where silvopasture might enhance the productivity and profitability of  
operations, provide desired ecological goods and services, or address other  community or land 
management needs.  The framework components are hierarchical  with biophysical components 
nested within socio-economic components, and they  are linked to existing geographic and/or 
biogeoclimatic ecological  classification (BEC) boundaries for BC.  At the highest level, socio-
economic  ratings are defined for BEC zones, and some variables are separated into Coastal  and 
Interior geographic zones.  At the secondary level, biophysical ratings are  defined within BEC 
subzones and variants.  A third tier in the preliminary  hierarchy was proposed for operational con-
siderations, but has yet to be  developed.  More detailed regional and objective-specific targeted 
models that  can be built around the ecological, economic and social variables considered  could 
also be formulated into a practical decision-aid tool.  The framework  outlines three management 
options focused on production (with an emphasis on  timber, forage or Christmas trees) and three 
management options focused on other  goods and services (fuel management, ecosystem restora-
tion and land use  buffers).

keywords:  silvopasture, British Columbia, planning, economics, land use
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new And forgotten sCienCe delivery PrinCiPles  
for effeCtive Agroforestry  PUbliCAtions

Gary Bentrup1 and Rod Kindlund2 

1USDA National Agroforestry Center - Lincoln, NE 
2USFS Southern Research Station - Asheville, NC   

Contact:  gbentrup@fs.fed.us

Abstract: Effectively communicating agroforestry information is challenging due to the  com-
plexity and amount of information that needs to be conveyed. Research from  psychology and 
other related fields, along with centuries-old concepts of book  design, can be gleaned for science 
delivery principles that can be used to  create effective publications on agroforestry. Several of 
these principles were  used in developing Conservation Buffers: Design Guidelines for Buffers,  
Corridors, and Greenways (Guide), which synthesizes over 1400 research articles  into easy-
to-understand rules-of-thumb for planning and designing buffers and  other linear agroforestry 
practices. A few of the science delivery principles  and techniques used in this publication in-
cluded 1) historical canons of page  construction; 2) modular graphic conventions for flexibility 
and consistency; 3)  information grouped into distinct assemblages based on mental spotlight 
theory;  4) five to seven bulleted key considerations based on the maximum number of  items for 
cognitive processing; and 5) innovative tab system to facilitate use  and prevent tabs from becom-
ing worn. To determine if these communication  strategies resulted in an effective publication, an 
evaluation of the Guide was  conducted using interviews and a web-based survey of those who 
had received the  Guide.  The majority (79%) of respondents indicated that they found the Guide 
to  be a useful and effective resource, with more than half (59%) stating that they  would recom-
mend the Guide to others. Respondents appreciated the layout of the  Guide, with 79-86% agree-
ing that the Guide was the right size, the tabs were  useful, the illustrations were clear and effec-
tive, and that it was well  organized and appropriately concise. The evaluation also revealed a few  
additional scientific delivery principles that should be considered for the next  edition, which 
may further enhance the Guide’s effectiveness.

keywords:  science delivery, agroforestry, publication design, buffers
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Agroforestry edUCAtion At oregon stAte University

Badege Bishaw and Steven Sharrow

Oregon State University   
Contact:  badege.bishaw@oregonstate.edu

Abstract: Oregon State University (OSU) has a long history of involvement in agroforestry  educa-
tion, research and development. Joint silvopastoral research projects  involving College of Forestry 
silviculturalists and College of Agriculture Range  Managers began in 1952. Foothills for Food 
and Forest, one of the first  international  agroforestry conferences held in the U.S., was hosted 
by OSU in  1982 as a mechanism to focus extension and development efforts on silvopastoral  ap-
plications for western Oregon hill lands. This set the stage for the offering  of the first formal un-
dergraduate agroforestry course ‘Agroforestry’ in 1984.  This course went on to be included in the 
OSU general education requirements  ‘Baccalaureate Core’ in 1986, thus ensuring a campus-wide 
audience for  agroforestry. Undergraduate students can currently study agroforestry as an  option 
under the Natural Resources Degree, and graduate students can emphasize  agroforestry within 
Horticulture, Range Management, and Forestry M.S. and PhD  degree programs. There are two 
on-campus agroforestry courses at OSU: RNG  477/577 Agroforestry and FS 432/532 Planning 
Agroforestry Projects.  Efforts are  underway to include agroforestry in the OSU Extended campus 
degree programs and  currently there is one online agroforestry course SNR 432/532 Planning  
Agroforestry Projects.  The primary purpose of our courses is to acquaint  students with major 
types of Agroforestry systems used by people in both  developed and developing countries, and to 
increase understanding of the  interplay of biological, economic, social and political issues  which 
underlie  the application of agroforestry technology. The general approach of these  courses fol-
lows the three principles of agroforestry: [1] A good system (course)  is more than the sum of its 
parts, [2] any successful system must be  biologically possible, economically feasible, socially ac-
ceptable, and  environmentally sustainable, and [3] human creativity is the basis for  agroforestry. 
Specific ‘how to’ application of these principles to current  undergraduate and graduate teaching 
will be discussed.

keywords:  agroforestry courses, baccalaureate core, agroforestry emphasis, principles of  agro-
forestry teaching
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extension ProgrAmming to foster AwAreness 
 of emerging Agroforestry metHods for  ProdUCing 

 biofUels in tHe western gUlf region 

Michael Blazier1, Hal Liechty2, Eric Taylor3, Richard Vlosky1 and Matthew Pelkki2 

1Louisiana State University AgCenter 
2 University of Arkansas Monticello;  

3Texas AgriLife Extension 
Contact:  mblazier@agcenter.lsu.edu 

Abstract: The Western Gulf region is well-suited to biofuels production due to its long  grow-
ing season, high biomass supply, central location in the U.S., and  well-developed agricultural 
and energy infrastructure.  Research is underway in  the region to develop agroforestry systems 
for combining annually harvested  biofuel feedstocks, notably switchgrass, with trees (loblolly 
pine, cottonwood)  harvested for conventional forest products and biofuels.  In tandem with this  
research effort is a multi-state, multi-media extension programming effort to  increase awareness 
of the potential to produce biofuels with agroforestry  management.  This extension program-
ming is targeted to natural resource  management professionals, forest owners, farmers, biofuel 
industry, and elected  officials at the local, state, and federal levels.  In Louisiana and Arkansas, a  
series of field days at agroforestry research sites have been conducted.  Surveys reveal that field 
day attendees increased their receptiveness to  managing switchgrass and cottonwood in an alley 
cropping system based on  information presented, but attendees felt more research devoted to 
improving  management was needed before escalating extension programming efforts.  A series  
of focus groups hosted in Louisiana and Mississippi revealed that landowners  are more receptive 
to growing native species like cottonwood, loblolly pine, and  switchgrass as biofuel feedstocks 
than non-native species such as eucalyptus.  However, some forest landowners expressed concern 
about impacts on wildlife  habitat of converting forest understory to switchgrass grown as part of 
an alley  cropping system.  Farmers in these focus groups expressed greater receptiveness  to con-
verting land to systems that included crops such as switchgrass that  could be harvested annually 
rather than systems that consisted solely of trees,  unless annual land payments for growing woody 
biomass for biofuel were  developed.  In Texas, a series of webinars and seminars devoted to forest- 
and  agroforest-based biofuels was initiated in fall 2010.  Survey results from this  programming 
will be discussed as well.
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tHe ConCePt of orgAniC AgriCUltUrAl fArming And tHe 
ContribUtion of Agroforestry trees

Biryomumaisho Bruno Mugisha, 

Social Services And Development/CARITAS Kabale Diocese 
Contact: bmugishaonline@yahoo.com

Abstract: The origins of organic agricultural farming developed from differing systems of thought, 
philosophies of life and agro-political motivations. One thing they all have in common is the desire 
to form a method of production capable of generating healthful foodstuffs, while limiting any dam-
aging effects on the natural ecosystem. It has in the meantime been scientifically proven beyond 
doubt that organic farming systems are the most environmentally-friendly, and thus sustainable, 
agricultural methods. This method of production actively assists in preserving eco-systems and the 
variety of species, protecting the soil, keeping the water clean and reducing the impact of agricul-
ture on the atmosphere. It is concerned not only with leaving out technical production aids, such 
as pesticides or synthetically-produced chemical, mineral fertilizers, or simply replacing them 
with aids permitted in an organic farming system. But is rather more a holistic cultivation system 
whereby an agricultural site is viewed as an organism. It has been also widely documented that the 
traditional farming system of shifting cultivation contributes to huge annual losses of forest cover, 
altering the structure and distribution of species resulting in loss of biodiversity. On the other hand, 
formal institutional approaches to natural forest biodiversity conservation focused on protecting 
the tree species in parks and reserves while neglecting their conservation in farming systems. Or-
ganic agriculture and agro forestry systems in general:

Improved agro forestry systems such as improved fallows that mimic shifting cultivation and other 
agro forestry systems provide benefits that contribute to rural livelihoods, improved socioeconom-
ic status and ecosystem functioning of land use systems. This paper/poster discusses the concept of 
organic agricultural farming and the contribution of agro forestry to the improvement of the socio-
economic livelihoods of smallholder farmers and the promotion of the conservation of biodiversity 
drawing on evidence from research conducted in Uganda.

keywords: Organic agriculture, agroforestry systems, biodiversity, ecosystem, livelihoods, socio-
economic

•	
•	
•	
•	
•	
•	


