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Carbon Farming: Building Soils
and Stabilizing the Climate
Excerpted from the forthcoming Carbon Farming: Stabilizing the Climate
with Perennial Crops and Regenerative Agricultural Practices by Eric Toensmeier
Climate change will have a huge
impact on the world’s poorest
people. Crop yields have already
gone down in the tropics and are
projected to drop by 15-30% by
2080 in Africa, South Asia, and
Central America (Hoffman 2013).
Some countries could reach a
50% loss of agricultural productivity; in fact, in some regions,
agriculture will likely become
impossible (Hoffman 2013). The
poorest and most food-insecure
countries face the worst impacts
of climate change to their farming
systems (Oxfam 2009). Oxfam
International’s Suffering the
Science reports that 26 million
people are already displaced
from their homes due to climate
change, and the World Health
Organization estimates 150,000
lives are being lost every year
due to climate change (Oxfam
2009).
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organic matter. Soil organic matter is
58% carbon (dry weight), and represents
another long-term sequestration opportunity (USDA NRCS). If the soil is not tilled,
carbon can be held in organic matter for at
least a century (USDA NRCS).
Soil organic matter does more than
sequester carbon. It can improve crop
yields, moderate acidic or alkaline soils,
prevent plant diseases, and improve soil
water holding capacity (Lal 2014). Indeed,
Courtney White writes in Grass, Soil
and Hope: A Journey Through Carbon
Country, “You can’t increase soil carbon
with a practice that degrades the land”
(White 2013). What is good for the climate
is good for the farmer too.

Figure 1*: Carbon farming practices on display at the Las Ca-

ñadas farmer cooperative and agroecology center in Veracruz,
Mexico. This aerial photo shows improved annual cropping
(organic, crop rotation, cover crops), annual-perennial integration (alley cropping, contour hedgerows), livestock practices
(livestock integration, managed grazing, fodder banks, living
fences), and perennial cropping systems (tree crops, multistrata
agroforestry, coppiced firewood plots).

Climate change is happening because too
much carbon dioxide is being released
into the atmosphere, due to burning of
fossil fuels, deforestation, and degradation of farmland. To make our climate
stable again, we must drastically reduce
emissions of carbon dioxide and other
greenhouse gases, while also drawing
down the excess carbon in the atmosphere
and safely storing it. Many agricultural
practices can do this. In fact, if these
techniques were widely used, they could
remove and store enough carbon to return
the atmosphere to 350 parts per million
(ppm) of carbon dioxide, which is the
amount scientists think is safe (Lal 2014).
However, such techniques will only be
successful if emissions are also dramatically reduced.
Carbon sequestration is the act of
moving excess carbon dioxide from the
atmosphere into long-lived storage. In
agriculture, this means storing it in the soil
and in perennial plants like trees (Nair et

al. 2010). Carbon farming is a term that
describes these carbon-sequestering
practices (Fig. 1).
Here’s how it works. During photosynthesis, plants take carbon dioxide out of the
atmosphere and turn it into carbohydrates
inside their cells. Some of this carbon stays
in the biomass of the plant, like the trunks,
roots, and branches of trees. About 50%
of the dry weight of plants is carbon (Nair
2011). Carbon can be stored for decades
or even centuries in perennial plants like
fruit and nut trees.
Carbon from photosynthesis also makes
its way into the soil. Remarkably, within
one hour of photosynthesis, 10-40% of
these carbohydrates are exuded through
the roots into the soil to feed soil organisms
(Kumar et al 2006). More carbon becomes
part of the soil over time through decomposition of leaves, roots, and other
plant parts (Kumar et al 2006). As this
material decomposes, some of the carbon
becomes carbon dioxide and returns
to the atmosphere, but much becomes

* This and remaining images in this article are open source from Creative Commons.

Somewhere between one third and
three quarters of the world’s farmland
is degraded, meaning much of the soil
carbon is gone and yields are reduced
(FAO). Most agricultural soils have lost
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30-40 metric tons* of carbon per hectare,
which is 25-75% of what was there before
the land was cleared and farmed (Lal 2014).
The rate and amount of carbon loss varies
widely with original ecosystem, soil type,
and farming practice. For example, soil
loses 30-50% of its organic carbon after 50
years of cultivation in temperate climates,
but such loss takes only 10 years of cultivation in tropical regions (Lal 2014). The
rate of loss is much worse in easily eroded
or degraded soils (Lal 2014). Carbon
farming techniques can help restore these
lands to productivity while fighting climate
change. As we shall see, the reality of
climate change may also lead to funding
opportunities to bring these lands back to
health.

Improved Annual Cropping
Systems

Figure 2: Cambodian farmer Sin Chhukrath
harvesting SRI rice. Image: Oxfam International.

Improved annual cropping systems include
the following practices: crop rotations,
green manures, and cover crops; mulching,
Carbon farming techniques fall into five
reduced bare fallows, and reduced tillage;
broad groups: improved annual cropping
the System of Rice Intensification (Fig. 2)
systems; integrating annuals with perenand improved rice paddy management;
nials; livestock systems; fully perennial
nutrient
management;
and
organic
systems; and other techniques. Most of
production. These can sequester low but
these have been promoted by ECHO for
significant amounts of carbon, typically 2
decades, and each has its pros and cons.
tons per hectare per year or less (SeebergFor example, systems that produce foods
Elverfeldt and Tapio-Bistrom 2012).
we know and love (like cereal grains and
Organic systems range from 0.7-2.3 t/ha/
meat) sequester less carbon, and some
yr (Seebert-Elverfeldt and Tapio-Bistrom
result in methane emissions. Perennial
2012; Hepperly et al. 2009). Conservation
systems sequester large amounts of
agriculture is estimated to sequester
carbon, but may require a substantial
0.1-1 t/ha/yr (Lal 2014). Improved annual
change in diet. Each broad group of carbon
cropping systems have many advantages:
farming techniques is described below.
they allow us to keep the crops we
Table 1. Annual Carbon Sequestration Rates Comknow and love; they don’t require big
pared. Some of the data shown here is from studies
on individual farms, while others are global averages changes in production, harvesting, or
from scholarly reviews. Though research has not been processing machinery; and they can
sufficient, clearly some practices sequester far more be implemented at a wide scale on the
world’s vast annual croplands.
carbon than others.
Practice
Multistrata agroforestry systems
Intensive silvopasture plus
timber trees
Perennial crop monocultures
Intensive silvopasture
Silvopasture

Sequestration Rate:
Tons of Carbon per
Hectare per Year
3-40
26
1-20
8
1-6

Poplar intercropping

0.2-4.6

Alley cropping

2.5-3.4

Farmer Managed Natural
Regeneration

2-4

Faidherbia evergreen
agriculture

2-4

Organic annual cropping with
cover crops

2.3

Managed grazing
Conservation agriculture
Perennial cereal grains (under
development)

2.1
0.1-1
0.5

Integrated Annuals and
Perennials
Perennial-annual integration systems
combine annual cropping systems
with a perennial element or elements,
as in many agroforestry and vetiver
systems. The perennials may be intercropped with annuals, but they can
also be randomly scattered, leaf out in
different seasons, or be planted in rows
or strips. This carbon farming category
includes windbreaks and living fences;
strip intercropping and alley cropping;
Sloping Agricultural Land Technology
and contour hedgerows; riparian
buffers; FMNR; evergreen agriculture
with Faidherbia albida (Fig. 3); long
swidden rotations; and improved
fallows.
Carbon sequestration by perennialannual integrated systems is generally

*Note that all tons referred to in this article are metric tons.
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low, but higher than that of improved
annuals alone. Annual sequestration rates
have been found as follows: 2-4 t/ha/
yr for Farmer Managed Natural Regeneration (FMNR) (Garrity et al. 2010), 2-4 t/
ha/yr for Faidherbia evergreen agriculture
(Garrity et al. 2010), 0.3-4.6 t/ha/yr for
poplar intercropping (Seebert-Elverfeldt
and Tapio-Bistrom 2012), and 2.5-3.4 t/ha/
yr for alley cropping (Udawatta and Jose
2011). Systems that integrate annuals and
perennials allow consumption of the annual
crops with which people are familiar, with
supplementation from tree crops.

. . . . . . .

Figure 3: Evergreen agriculture: Faidherbia

with annual crops beneath, Zambia. Image:
World Agroforestry Center.

Livestock Systems
Carbon-friendly livestock systems generally
pair perennial pastures with livestock,
and have their best climate impact when
woody plants are incorporated. Carbon
sequestration of managed grazing systems
varies and is countered by the impact of
methane emissions from ruminant livestock
like cattle (O’Brien et al. 2014). In some
grazing examples, the impact of methane
emissions can almost completely negate
carbon gains – though this is not the case
in silvopastures (trees in pastures; Fig. 4).
Managed grazing and improved pasture
management sequester a global average
of 2.1 tons of carbon per hectare per year
(Tennigkeit and Wilkes 2008). Silvopastures sequester 1-6 t/ha/yr (Udawatta and
Jose 2011). A remarkable new practice
called intensive silvopasture includes a very
high density of trees and can sequester
8-26 tons of carbon per hectare per year
in the humid tropics, even when accounting
for methane impacts (while also producing
2-10 times more meat per hectare) (Cuartas
et al. 2014). Other carbon-friendly livestock
practices include integrating livestock with
crops; establishment of fodder banks; and
use of perennial feeds. Livestock are less
picky than people, and are usually happy
to eat perennial feeds and fodders. This
makes high-carbon perennial systems

possible without changing the human diet
very much; the livestock taste the same
whether they eat annual or perennial foods.

multi-layered ‘food forests’ have been
found to sequester 3-40 t/ha/yr (Schroth
et al. 2002; Seebert-Elverfeldt and TapioBistrom 2012). Perennial versions of staple
grains like rice are under development.
These are predicted to sequester a much
more modest 0.5 t/ha/yr, but don’t require
a difficult change in staple foods (Rumsey
2014).
Additional tools exist to sequester more
carbon in the landscape. These include:
rainwater harvesting, terracing, biochar,
and restoration of productive traditional
indigenous land management practices.

Figure 4: Silvopasture area with cattle under
trees in restored traditional Ngitili system, Tanzania. Image: World Agroforestry Center.

Fully Perennial Systems
Fully perennial systems tend to have the
highest carbon impact. They can require a
serious change in diet, particularly the use
of perennial staple crops. Both the crops
and production systems are well-developed
in the humid tropics but need development
for drier and colder regions. Perennial
crops in monocultures can sequester from
1-20 tons per hectare annually according to
my review of multiple studies on individual
crops (Lamade and Bouillet 2005; Geesing,
Felker and Bingham 2000; Schroth et al.
2002; Brakas and Aune 2011). Woody
species tend to sequester more than herbaceous perennials. Multistrata agroforestry
systems like shade cacao, shade coffee
(Fig. 5), tropical homegardens, and other

Funding Opportunities
ECHO network members know that
farmers face many barriers when implementing new crops and practices. Typically
it takes several years to recover the costs
of transition. (McCarthy et al. 2011). There
are efforts underway to provide funds to
farmers, farmer associations, and groups
that serve farmers to support increased
adoption of carbon farming practices (Fig.
6).
Carbon offsets allow companies and
individuals to counterbalance their carbon
emissions by financing mitigation efforts
like tree planting. Only a small percentage
of this money goes to agriculture and
forestry, though in 2013 carbon offsets
funds for these practices was over $6 billion
(Buchner et al. 2011). Unfortunately these
funds are currently difficult for smallholders
and smallholder associations to access
(De Pinto et al. 2012). Many practices are
currently ineligible for funding (Havemann
2011).
Private foundations, online ‘crowd-sourced’
fundraising, green investing groups, and
large foundations and universities that are
divesting from fossil fuels are all candidates
for financing widespread adoption of carbon
farming. This alternative financing sector
has become very significant to farmers in
countries like the US, and could potentially
be extended globally (Ü 2013).

Figure 5: Multistrata systems involve different
layers of vegetation. In this case, avocadoes and
macadamias are grown above bananas, which in
turn provide shade for coffee. Veracruz, Mexico.
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Market- and consumer-driven strategies
are also underway. For example, the
Sustainable Agriculture Network (SAN) is
an international body that certifies organic
and other practices on farms. SAN has
developed a Climate Module to certify
climate-friendly agriculture. Over 200,000
farmers on 1 million hectares in Latin
America and Africa have received the
certification (Rainforest Alliance). Though
there is not yet a market for carbon-

. . . . . . .

Figure 6: Women farmers in a village in Senegal

discuss a contract with the AROLMOM carbon
project under a large mango tree. Image: World
Agroforestry Center.

certified products, and the Climate Module
looks more at reduced emissions than
carbon sequestration, this is a hopeful
step. Premium prices for carbon-farmed
products, analogous to organic certification,
could help make wide conversion possible.
National policies can also have a positive
impact, through models like Payment for
Environmental Services (Lal 2014). India’s
visionary new national agroforestry policy,
that mandates an increase in national forest
cover from 25% to 33% through increased
agroforestry, is a powerful example
(Kapsoot 2014).
Though large-scale financial support for
carbon farming is not yet here, it is very
likely to be at the heart of future mitigation
efforts. The International Panel on Climate
Change recommends carbon farming
practices as an important component of
climate change mitigation (IPCC 2014).
Project Drawdown is a new effort, led by
famous environmentalist Paul Hawken, to
promote one hundred climate solutions.
Fully one third of their strategies are biosequestration strategies (carbon farming and
forestry) (Project Drawdown).
There is recognition that climate mitigation
efforts that have additional social and
environmental benefits can amplify the
impact of such funds, while drawing in
greater support (Lal 2014). Carbon farming
is also noted to be a very cost-effective
mitigation strategy (IPCC 2014). International support for carbon farming may
represent a new reason for the world to
recognize the hard work of ECHO network
members and the farmers they work with.
Development workers can begin by keeping
records on the carbon farming practices
already being implemented in the communities they serve. They can also be keeping
their eyes out for carbon farming funding
sources, as they emerge.

References (listed separately)
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Farmer Engagement in Agriculture Extension
MEAS Tips and Facts Sheets summarized by Brian Flanagan
In EDN 127, we mentioned that a number of
MEAS (Modernizing Extension and Advisory
Services) documents were being summarized
and distilled for ECHO’s audience. This article
on effective ways to engage with farmers is one
of the write-ups from that project. Other ECHO
summaries of MEAS docs can be found on
ECHOcommunity.org.

Introduction
Good intentions and viable solutions will
have little impact unless we engage with
farmers in ways that are meaningful to them.
Farmers put a great deal of confidence in
what they learn from fellow farmers’ experiences, and they are more likely to trust
what they see over what they hear. Interacting with peers (Fig. 7) also helps farmers
to learn from and share with each other.
This document, drawn from three MEAS
Tips and Facts Sheets (Farmer Meetings,
Test Strips for On-Farm Demonstrations,
and The Farm Walk Farm-Led Demonstrations), discusses practical agriculture
extension methods that development
workers can use to more effectively engage
with farmers and foster the kind of farmerto-farmer interaction that leads to positive
change.

Farmer Meetings
Farmer meetings are conducted to promote
farmer-to-farmer learning; provide training
related to new technologies; and gather
input on needs, challenges, solutions, and
technologies. When conducting a farmer
meeting, be sure you understand the
audience and make sure their interests
are addressed. Keys to a good farmers’
meeting are the ability to analyze the
audience, facilitate the meeting and ensure
that the meeting is beneficial to the participants.

Analyze your audience
• Ensure relevance. Cover topics in the
meeting that are relevant and of interest
to the group.
• Factor cultural norms into planning.
Hold meetings at times and places that
are culturally appropriate and politically,
socially and religiously neutral. Consider
gender dynamics and equity; decide what
mix of men, women or both is appropriate.

Meeting facilitation
• Articulate objectives. State and realize a
desired output (e.g., collect information on
problems and possible solutions or teach
a technique).
• Be open-minded. Demonstrate a genuine
interest in what the farmers do and think.
Listen to what they have to say. It is okay
to highlight a technology or practice you
are promoting, but do not push your own
agenda.
• Schedule breaks. Have breaks so people
stay fresh and engaged.
• Gather feedback. Farmers’ meetings
are opportunities to learn about their
needs and ideas. Farmers have valuable
knowledge and experience that can help
direct agriculture development projects.
• Engage with the audience. As much as
possible, encourage group discussion and
participation rather than relying on lecture.
Use visuals to explain points and tables.
• Build trust. Trust between you and a
farmer will give the farmer more confidence in trying a new technology. Engage
the farmer participants in conversation,
empathize with their needs, and get to
know them better. Spend time on their
farms and sharing food with them.
• Be Clear. Use language the audience can
understand.

Offer something that benefits and
motivates farmers
Figure 7: Haitian rice farmers meeting to discuss irrigation issues with an international NGO’s
staff. Source: Brian Flanagan
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Often farmers are giving freely of their time,
so it is important that the meeting provides
them with something in return. Meetings
should provide extension information or
training that relates to a major issue that

. . . . . . .

farmers are concerned about. At times, it
may be appropriate to provide food at the
meeting or something to return home with
such as a cap or a shirt.

Test strips for on-farm
demonstrations
A test strip is a narrow band of land running
across a farmer’s field in which:
1. Typically one treatment is applied
(examples of treatments are: a factor
added [e.g., herbicide], omitted [e.g.,
no early spray] or modified [e.g., a different variety]; and
2. The farmer manages the test strip
along with the rest of the field.
Test strips have limitations. They only
highlight the effects of one treatment at
a time, and conclusions may be incorrect
or misleading if a field is used that is not
typical of the rest of the region. However,
test strips are easy to implement and
offer a simple way to assess and demonstrate a treatment under farmers’ current
practices. To maximize their impact, plan
and implement test strips with the following
characteristics:
• Representative. The test area should be
representative of the majority of land on
the farm and in the district so that results
can be duplicated elsewhere.
• Believable. Have a test strip area
wide enough so that the results will be
believable (a width of 4 to 10 meters is
generally adequate).
• Visible. Test strips should be located in
areas of high visibility (e.g., near a road)
and placed so that easy, side-by-side
comparison can be made with current
farmers’ practices.
• Collaborative. The test strip should
be established in collaboration with the
farmer and extension worker. This is
especially important when a treatment is
being applied (e.g., different variety being
planted, herbicide application).
• Farmer-managed. Except for the factor
being demonstrated, the farmer manages
the whole field, including the test strip,
using the same practices.
• Well-marked. Use a sign to indicate the
treatment and whom to contact for more
information.

Farm walk farmer-led demonstrations
The farm walk is a chance for farmers to
present their experiences in their own fields
to other farmers (Fig. 8). While solutions
to farmers’ problems can be validated and
demonstrated in researcher-led settings (to
help minimize risk), farmer-led demonstrations are more likely to lead to change. The
first step to planning a farm walk should be
to make certain that farmers’ major needs
are addressed and that the solutions being
tested are viable and relate to true causes
of the problems farmers face. Once felt
needs and viable solutions are identified,
farmers are invited to choose a technology,
treatment or practice they want to test for
their own on-farm “walk” or demonstration.
Demonstration plots can then be established in preparation for the farm walk.

so the results can be trusted, while not so
large as to expose the farmer to undue
risk. Suggested minimum dimensions are
4-10 m wide x 10 m long. Arranging plots
to show the new technique side-by-side
with the old method is an effective way
for farmers to compare and contrast the
practices. For the sake of simplicity and
ease of management, it is advisable to
have as few plots as possible.
• Mark and monitor the plot(s). Use a
sign in the field to identify what is being
tested and who can be contacted for more
information. With the farmer present, visit
the farm during the season to check on
plant growth, assess the farmer’s understanding of what is happening in the plot,
note any suggestions the farmer may have
and address any problems that may be
occurring.

Conducting the farm walk
• Inform and invite. Use local community
channels to promote farm walk events.

Figure 8: Ugandan farmers visiting a local citrus

• Ensure host-farmer understanding.
Make sure the farmer who conducted the
demonstration plot(s) is ready to explain
what he or she has learned or observed
to farm-walk participants. Discuss the
effects of the plot treatments with the
farmer before the farm walk.

Establishing on-farm demonstration
plots

• Handle logistics. Make transport arrangements for farmers if they will be traveling
between farms, and consider providing
refreshments or food for the participants.

nursery to learn about proper tree nursery care.
Source: Brian Flanagan

• Determine field placement. New
practices are tried in just part of the farmers’
field (e.g., test strips). As mentioned in
the previous section, demonstration plots
should be close to roads for easy access
and good visibility. Plots should also be
representative of other field conditions in
the area.
• Determine plot size and arrangement.
Size matters. Plots must be large enough

• Allow the farmer to lead. Although the
extension or development worker can
be available for support, the farmer who
carried out the demonstration plot should
lead the field walk and explain the plots.
• Accept feedback. Be willing to accept
criticism of the technology and use
feedback to improve the technology and/
or how to present it.

• Assess efficacy. Informally (and in a
non-threatening manner), by mingling and
talking with the farmers in attendance, try to
understand how they view the technology,
whether or not they will put it into practice,
and what other farming needs they have.
As appropriate, accept questions or
suggestions related to technologies other
than those featured in the farm walk.
• Ensure comfort of attendees. Hold
general discussions where all the participants can hear, see and be comfortable
(e.g., in a shaded area). If it is a large
group, a portable megaphone may be
appropriate.

Conclusion
Farmer meetings, farmer managed test
strips, and farmer walks are strategies that
extension and agriculture development
workers can utilize to better engage with
farmers and promote farmer-to-farmer
interaction. Each approach can be effective
in helping agricultural workers to learn from
farmers and promote improvements in
ways that are more likely to lead to positive
change. Foundational to these methods is
that interactions are guided by the farmers’
needs and interests.
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ECHOES FROM OUR NETWORK
Negotiating two seemingly
contradictory understandings of
co-operatives
By Joel Matthews
In EDN 127, Dick Tinsley and David Headley
appear to offer somewhat contradictory
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visions regarding the value of farmers’
co-operatives. When such contradictory
advice appears, it often points to an area of
underappreciated complexity. Thus, rather
than throw our hands up in frustration,
we should take the time to understand. In
fact, this is a good time to acknowledge
that intervening in a community is complex

. . . . . . .

and potentially risky (for the end users).
We must tread carefully when we propose
changing others’ lives.
Actually, the problem faced here is exacerbated by the tendency of western-educated
thinkers (most of us who read EDN) to
rely too heavily on models. Models assist
analysis of complex situations by presenting
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a simplified picture of reality, for example
by reducing the number of variables that
impact any particular outcome. Models can
be very powerful, but their champions tend
to want to universalize their applicability.
Let’s take another look at the two perspectives on co-operatives. David Headley
has collected some positive experiences
regarding the utility of farmers’ co-operatives; these should not be discounted.
However, it would be a mistake to universalize these positive experiences in order
to recommend co-operatives for all farmers.
Dick Tinsley rightly points out the tendency
to dismiss negative aspects of co-operatives
in order to promote the model. Tinsley also
suggests conducting a detailed analysis of
indigenous practices for comparison with
the proposed model (the co-operative). This
is certainly a valid suggestion, but unless
there is a functioning co-operative already
operating nearby in a similar cultural and
economic environment, it would be like
comparing apples and oranges: comparing
data collected from an existing indigenous
system to the imagined data of the proposed
non-existing system. This would leave too
much room for interpretation based on the
particular bias of the researcher. But there
is another problem with such analysis; it
tends to focus on researchers’ conclusions
rather than the farmers’ conclusions.
My experience working and researching
among West African smallholders suggests
that not enough attention is paid to
pre-existing institutions and systems. In
many cases, development facilitators enter
a community without sufficient knowledge of
the existing practices and preferences. No
doubt, the smallholders in question already
utilize the services of private business
men and women to carry out practices that
the co-operative will assume. Thus, the

business owners will very likely resist the
formation of a co-operative. But more importantly, we must ask if the farmers already
cooperate on a small scale, such as pooling
money to purchase bulk fertilizer and then
dividing it among themselves. If the farmers
that live and work together are not cooperating on this level, then large-scale cooperation may have insurmountable problems.
I discovered that many rural communities
suffer from low levels of mutual trust that
hamper the potential for cooperation. In
such communities, even if a co-operative
were established, it would disintegrate once
support was withdrawn by the agency.
In addition, development facilitators often
erroneously assume that communities
exist as a cohesive and cooperating whole.
In fact, many rural Hausa villages, for
example, exist as a collection of competing
sub-communities composed of multiple
men’s and women’s groups. In such a
context it is a mistake to offer a single village
co-operative, because the village is not a
single entity. Men’s groups differ in terms of
relative power and access to resources, and
of course they tend to dominate women’s
groups. Thus, a single co-operative will
probably benefit the strongest men’s group
to the exclusion of others. In this case it may
be advisable to work with each sub-group
individually. On the other hand, there may
be a significant difference between the
ability of some groups to work together for
a common goal. I have found that women’s
groups often have a much higher level of
trust among members than do comparable
men’s groups, and many women’s groups
already operate savings co-operatives. In
these cases, it may be advisable to facilitate
farmers’ co-operatives among women’s
pre-existing groups, and not try to include
other men and women that do not share a
high level of interpersonal trust.

This complexity may be sobering, especially
for Americans who want to quickly fix
things and move on. However, reality is
always more complex than the models we
create. Rather than being discouraged by
such complexity, we can see it as a call for
deeper understanding of the communities
where we intervene. This requires a heavy
time commitment, a humility that acknowledges our ignorance, and a willingness to
work with farmers to create the world they
envision. This is far preferable to working
for our vision of the world, and in the end far
more sustainable. Christians, of all people,
should recognize that God deliberately
created a diverse world. Cultural differences
are an expression of God’s multifaceted
glory, and should be celebrated rather than
homogenized. If this is true, then we will
want to work with each community seeking
to understand their peculiar vision of the
world and helping to bring that about. This
is a slow and complex process, but I believe
that God asks nothing less of Christian
community development workers.

Deep-rooted Crops and Hard-pan
Soils from Dan Hemenway [Barking Frogs
Permaculture]:

In the EDN 127 article entitled, “Conservation Agriculture in Areas with High
Rainfall,” deep-rooted crops were discussed
as a possible means to improve water infiltration on hard-pan soils. Dan Hemenway
pointed out that daikon radish and other
long-rooted plants do not typically grow well
under waterlogged conditions. With that
in mind, the height of planting structures
above a hard pan, as well as planting time
in relation to the rains, would be important
factors in the success of deep-rooted crops
where both constraints (hard pan and
heavy rain) exist.

FROM ECHO’S SEED BANK
Introduction

tropical flavor that tastes like a blend of
pineapple and lemon. It is also used in ice
cream, sherbets, jellies and jams.

Naranjilla (pronounced na-ran-hee-ya)
means ‘little orange’ in Spanish, but it is
not a citrus crop. It is actually a relative
of tomato, eggplant and pepper, being a
member of the Solanaceae (also known as
‘nightshade’) family. Grown for its yellow to
orange fruits (Fig. 9), it has been described
as “the golden fruit of the Andes.” Naranjilla
is high in vitamin C (31-84 mg of ascorbic
acid/100 g of fresh fruit) and makes
excellent juice with a unique and delicious

Though protected by a covering of brown
hairs, naranjilla fruit can be eaten raw by
rubbing off the hairs (easily done with
ripe fruit), cutting the fruit in half and then
squeezing the juice—along with the edible
pulp and seeds—into the mouth. Inside,
green and yellow sections of flesh are partitioned by thin membranous walls. The fruits
reach about 5 cm in diameter and are borne
in clusters on perennial shrubs reaching up
to 2.4 m (8 ft) in height. Depending on the

Naranjilla (Solanum quitoense)
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variety, the large purple leaves can be spiny
(wild types) or spineless (cultivated types).
The stems become somewhat woody as
the plants mature.
Where does it grow best?
Originating from northern portions of South
America, naranjilla prefers cooler areas of
the tropics and is a good crop to consider
for higher elevations (900-2400 m [30007900 ft]). It grows best with temperatures
below 30°C (86°F) and is intolerant of
frost. Naranjilla grows under full sun but
may benefit from partial shade, especially

at lower altitudes where temperatures
can rise above 30°C. The plant shown
in figure 9 is growing near sea-level,
on ECHO’s Global Demonstration
Farm, with sunlight filtered through the
canopy of surrounding trees.

cloth. This is particularly important
for people with sensitive skin. For
household consumption of fresh fruit,
pick the fruits when they are fully ripe,
at which time the fruit will be a dark
orange color and the hairy fuzz can
easily be rubbed off on the ground (in
Naranjilla prefers fertile, moist, and
the grass) or with a cloth. Fully ripe
well-drained soil. The plants do not
fruits soften quickly and are susceptolerate flooded conditions.
Annual
tible to bruising and discoloration,
rainfall of 1500 mm (60 in), distributed
which makes it difficult to ship them
evenly throughout the year, is optimal.
long distances. By harvesting and
cleaning before they are fully ripe, the
How is it grown?
fruits can be stored for up to eight days
without refrigeration.
Figure
9:
Foliage
and
fruit
of
a
naranjilla
(Solanum
quitoense
Although it can be grown from
cuttings, naranjilla is propagated most ‘Julio Rivera’) plant transplanted on 14 August 2014 into the Does ECHO have seeds?
commonly by seeds. Seeds collected rainforest section of the ECHO Farm in southwest Florida. Phofrom mature fruit can be processed tos taken on 2 July 2015 by Tim Motis.
ECHO’s seed bank currently carries
similarly as one would for eggplant. In
onto rootstock of other closely-related,
two naranjilla varieties, one an
Latin America, naranjilla seeds are allowed nematode-resistant species (e.g., Solanum unnamed variety and the other a variety
to ferment in the shade, after which they macranthum rootstock has succeeded in from Puerto Rico called ‘Julio Rivera’ that
are washed with water (to remove the pulp Florida; S. torvum in parts of Africa). For has relatively spineless leaves. Members
from around the seeds) and air dried. At household plants, a more practical option of ECHO’s network who are active develECHO’s seed bank in Florida, the seeds for avoiding nematodes is to grow a few opment workers may request a compleare simply rinsed and then air dried.
plants in containers filled with nematode- mentary, sample packet of seed. If you
free soil or other clean planting media; have not already done so and would like to,
At planting time, the seeds are sown in a large containers are best considering the please see www.ECHOcommunity.org for
shaded nursery area, either on a raised size of the plants and their high demand information on how to register and receive
bed or in plastic bags. When the seedlings for moisture. Other pests include scale on seeds. If you obtain seed from ECHO,
reach 10 to 15 cm (4 to 6 in) in height, two to the fruits and stem rots caused by bacteria. be sure to fill out a seed harvest report,
three months after sowing, they are trans- Wild forms, though spiny, are said to be which will give us a more accurate idea of
planted into planting holes dug 30 cm wide more tolerant of pests and diseases than how well this crop performs under varying
X 30 cm deep (12 X 12 in) and enriched domesticated varieties.
conditions.
with liberal amounts (up to 4 kg [8.8 lbs])
of organic compost. Dig planting holes How long does it take to produce fruit?
References:
about 2 m (7 ft) apart, within and between
rows, to give the shrubs plenty of growing Fruiting begins 10 to 12 months after seed Morton J. 1987. “Naranjilla.” In: Fruits of warm climates,
edited by Curtis F. Dowling, Jr., 425-528. Julia F.
space. Naranjilla is a heavy feeder and will sowing, continuing for as long as three or
Morton. URL: https://www.hort.purdue.edu/newcrop/
grow most rapidly if supplied with monthly four years before the plants begin to decline.
morton/naranjilla_ars.html [NOTE: this reference
contains more detailed information on the nutritional
applications of NPK fertilizer or manure tea. In Florida, fruit production continues for
properties of naranjilla fruit]
two years before the plants are replaced.
Water the plants during dry periods.
A healthy plant produces 100 to 150 fruits
National Research Council. 1989. In: Lost Crops of the
What are some pests to watch for?
each year. Harvest the fruits every seven
Incas: Little-Known Plants of the Andes with Promise
for Worldwide Cultivation, 267. National Academy
to 10 days.
of Sciences. URL: http://books.nap.edu/openbook.
Rootknot nematode (Meloidogyne sp.) is
php?isbn=030904264X&page=267
the main pest of naranjilla. Damaged roots How are the fruits harvested?
result in stunted and chlorotic (nutrient
Tindall, H.D. 1983. In: Vegetables in the Tropics,
deficient) plants that may only produce When picking the fruits, protect hands from
371-372. The MacMillan Press Ltd.
fruit for one year. Naranjilla can be grafted the sharp, fuzzy hairs by using gloves or

UPCOMING EVENTS
22nd Annual ECHO International
Agriculture Conference

November 17 – 19, 2015
Crowne Plaza Hotel and ECHO Global Farm,
Fort Myers, Florida
Regenerative Grazing. This year’s conference
will feature a plenary talk by Tré Cates, COO/
CFO of the Savory Institute, called “The restoration of grasslands through holistic management
by which properly managed livestock heal the
land.” Andre Houssney will be offering a post-
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conference workshop on the same topic, on
Friday, November 20.
Holistic management, also referred to as regenerative grazing, is a way of managing land and
grazing animals that is patterned after natural
ecosystems. Counterintuitively, with regenerative
grazing, high densities of grazing animals are
kept without overgrazing the land.

described regenerative grazing: “Restoring
grazing land involves bunching livestock together
in tight herds. Flocks and herds must be confined
to areas small enough to apply sufficient grazing
pressure on plant communities to achieve even
grazing (where all species [of plant] are affected
through grazing and trampling). Grazing stock
must also be excluded from grazed land for an
adequate recovery interval.”

At last year’s IAC, Steven Kluck and Andre
Houssney gave a workshop during which they

While an intern at ECHO, Kluck helped to
implement regenerative grazing at the ECHO

. . . . . . .
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Global Farm, where we had previously demonstrated cut-and-carry forage feeding systems
for our goats and cattle (Fig. 10). Since implementing the regenerative grazing system, labor
to care for the goats has been reduced by a third,
and the pasture has responded well to the cycle
of intensive grazing followed by rest/recovery.
The conference will provide an opportunity
to learn about regenerative grazing, see an
example of it, and ask questions of people with a
great deal of experience. We hope you are able
to join us for this unique opportunity!

Phil Reasons, Executive Director of Morning
Star Fishermen, “Aquaponics for Community
Development.”
Susan Stewart, veterinarian with Christian
Veterinary Mission, “From Chaos to Positive
Community Development: The agricultural
worker’s role as change agent.”
Mark Hare, Haiti, “FONDAMA Yard Garden
Program.”
Christy Hanson, Dean of the Institute for Global
Citizenship and a Distinguished Lecturer in International Studies, “Growing our Way to Health:
The intricate links between global health and
agricultural development.”
Andre Houssney, Fair Trade business promoter,
“Sambah Naturals and Zambeezi: Agricultural
missional business in Zambia.”

Figure 10: An example of regenerative grazing

used at ECHO. Animals are confined to the pasture on the left, leaving the right pasture to regenerate after previous grazing. Photo: Tim Watkins.
Reminder about Poster Session. ECHO’s
November International Agriculture conference
in Florida will be our first time hosting a poster
session. Follow the link(s) for information about
preparing and printing a poster.

Stephan Lutz, agricultural development worker
with World Renew, “The Cheers and Challenges
of Conservation Agriculture Programs Implemented with Small-scale Farmers in Identified
Drier/Drought and Food Relief-prone Pocket
Areas of Central Kenya.”
Other Upcoming Events:

5 Biennial ECHO Asia Agriculture and
Community Development Conference
th

October 06 - 09, 2015
Holiday Garden Hotel, Thailand
Presented By: ECHO Asia

Sample Poster: http://goo.gl/nGLBxl

The conference theme is “Equipping Workers.”
Participants will hear from experts in the fields
of agriculture and community development, learn
practical techniques for smallholder farmers
and gardeners, and receive hands-on training
in sustainable agriculture and community development. In an effort to help more people attend,
we have substantially reduced the cost and are
changing venues!

Sample PowerPoint for Oral Poster Presentation:
https://www.echocommunity.org/resources/
a4e9f1bc-d59e-460d-96b5-8fcb4000a764

All morning plenary sessions will be in English
but simultaneously translated into Thai and
Mandarin. Plenary speakers include the following:

Other speakers at this year’s IAC include the
following:

Samuel Gurel, CEO of Torch Coffee, “The WHY
Behind Coffee Development.”

Peter Marks, President/CEO of Seed Programs
International, “Vegetable Gardening as Crisis
Response - Selecting Seeds, Selecting Strategies.”

Keith Mikkelson, Executive Director and
co-founder of Aloha House and Natural Farm,
“Natural Farming: A key to higher production with
reduced inputs.”

Poster Categories and Guidelines: https://www.
echocommunity.org/pages/eiac_poster_presentation_guidelines
Poster Submission Form: http://members.
echocommunity.org/?EIAC_Poster_Form

Siem Sun, manager of the Improved Indigenous
Livelihoods program for International Cooperation Cambodia, “Community Solutions to the
Changing Context of Livelihoods in Northeastern
Cambodia of Indigenous Minorities.”
Dr. Paul McNamara, Director of the Modernizing Extension and Advisory Services (MEAS) at
the University of Illinois, sharing about lessons
learned from agriculture extension best practices.
Dr. Peter Quesenberry, Christian Veterinary
Mission and the Mekong Minority Foundation,
“Livestock Bridges to Community Development
and Livestock Emergency Guidelines and
Standards.”
Mother and daughter Wanpen Channarod and
Phicharinee Suksree, innovative farmers from
Nakhon Sawan, Thailand, sharing about recent
innovations in the System of Rice Intensification
(SRI) and lessons learned.
Dr. Sabine Schuerer, botanist and horticultural
therapist, sharing her research on culinary herbs,
specialty greens, and high value fruits as an
alternative for small-scale farming in the tropics
and sub-tropics.
The conference registration fee includes a
one-day post-conference tour on Friday, the 9th of
October, to one of eight sites around Chiang Mai.
This year’s conference will include a Poster
Session; posters will be presented the second
evening of the conference, on October 7th.
More information is available on www.
ECHOcommunity.org. A reduced conference rate
is available until August 31.

Health, Agriculture, Culture and
Community Course
October 12 - 16, 2015
ECHO Campus, United States
Presented By: MedSend

Best Practices in Areas of Conflict
November 03 - 06, 2015
Christus Center - Arua, Uganda
Presented By: ECHO East Africa

First International Symposium on
Moringa

November 15 - November 18, 2015
Philippines
Presented By: International Society for Horticultural Science

Tom Love, Agriculture Advisor at USAID, “The
Mystery of Value.”

This issue is copyrighted 2015. Selected material from EDN 1-100 is featured in the book Agricultural Options for the Poor, available from
our bookstore (www.echobooks.org) at a cost of $19.95 plus postage. Individual issues of EDN may be downloaded from our website
(www.ECHOcommunity.org) as pdf documents in English (51-128), French (91-127) and Spanish (47-127). Recent issues (101-128) can
be purchased as a group from our bookstore (www.echobooks.org). Earlier issues (1-51 in English) are compiled in the book, Amaranth
to Zai Holes, also available on our website. ECHO is a non-profit, Christian organization that helps you help the poor to grow food.
PLEASE NOTE: At ECHO we are always striving to be more effective. Do you have ideas that could help others, or have you
experimented with an idea you read about in EDN? What did or did not work for you? Please let us know the results!
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