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Livestock Integration on the Tropical Smallholder Farm
by Keith Mikkelson
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Puerto Princesa, Philippines

Editors’ Note: This article marks the fifth and final installment (ok- we said that for the
fourth article :)) of a series of articles about on-farm animal feed creation, written by Keith
Mikkelson at Aloha House Orphanage and Sustainable Farm in Puerto Princesa, Palawan,
Philippines.
Keith has practiced sustainable farming at the Aloha House Orphanage in Puerto Princesa
for 15 years, producing nutritionally dense, farm-derived food that is consumed both at
the orphanage and by local customers. ECHO Asia staff members have visited Keith and
his family at Aloha House on different occasions, including during the first two ECHO Asia
Philippines Sustainable Food Production Workshops, which they co-hosted. The Aloha
House property produces an impressive amount of food in a small area, with very few
off-farm inputs.
Keith’s prior articles include AN #20 Fish Feed, AN #25 Hog Feed, AN #28 Poultry Feed
and AN #31 Ruminant Feeds. These articles have shown how utilizing on-farm products for animal feed can reduce dependency on external (often costly) inputs, increasing
sustainability and profitability.

Introduction
One of the best things that you can do to
complete your sustainable farm or garden
is to balance it with a small livestock unit.
Livestock integration is fundamental #10
in my book Sustainable Agriculture in
the Tropics. If you read ECHO Asia
Notes, chances are good that you are
involved in some way in farming or
gardening. Live-stock will produce low
cost, high quality fertilizer, while also
yielding food to eat or
clothing
material to wear. Although scientists
have attempted to replicate the benefits
of traditional integrated livestock

systems, the quantified results are not
always easy to show in field trials.
On the Aloha Farm in Puerto Princesa,
Philippines, we calculate that our hogs
typically bring in a net profit of $30-40 USD
per head. With 12 to 15 units in a staggered harvest, they have the potential of
bringing in 200-300 USD profit per quarter.
In addition, we started using 20-liter pails
to measure the volume of manure from the
hogs, and found that manure production
was over 25 m³/quarter for a batch of 12
to 15 hogs. The manure composts down to
10 m³/quarter, which is enough to fertilize
a hectare of sweet
corn—earning
us
$300 USD profit.

Beyond that, we
found that the crop
residue from the
corn stover could be
made into biochar,
fed to goats, or
composted
with
more hog manure to
continue the cycle.
We are much more
diverse than most
farms, but I hope
this example helps
you begin to see
the value associFigure 1: A drought tolerant bovine grazes humidicola grass ated with an inte(Brachiaria humidicola) under well-spaced coconut in the Philip- grated crop-livestock
pines. Integrating cows in this way saves on grass cutting chores model. The animals
and other costs common in the industry.
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on your farm have tremendous potential to
increase the fertility of the overall system
without the need for expensive external
inputs (Figure 1).

Traditional Integrated Systems
According to the Food and Fertilizer Technology Center (1999): “Farmers tend to
integrate livestock and crop production
better than most scientists do!” We can
learn a lot from these existing systems
and their years of trial and error (FFTC
1999). Sajise points out that “Traditional
systems already combine various mixtures
of livestock species and crops. The challenge is to increase the productivity of
traditional systems, so they may produce
higher [amounts of] usable biomass while
conserving the natural resources on which
the whole agricultural system depends”
(FFTC 1999). According to the International
Rice Research Institute (IRRI), in regions
such as Asia, mixed crop-livestock systems
can probably be regarded as the foundation

for the production increases that improved
food security and helped alleviate poverty
(Sombilla and Hardy 2005).
Paris (1992), summarizing the results of
rice-based crop- livestock farming systems
research in the Philippines and other Asian
countries, enumerated crop-animal interactions as follows:
1.

Use of animal power in crop production, transportation, and processing;
and use of crop by-products (straw,
bran, and residues) by livestock and
poultry.

2.

Use of animal manure to improve land
productivity and cut input costs.

3.

Minimizing production risks by
combining crop and livestock enterprises.

4.

Small-farm household consumption of
milk, meat, and eggs, thus substantially improving human nutrition and
health.
5. Sale of livestock and
poultry and their products to
improve and stabilize farm
income for the purchase of
cash inputs and to offset
household
expenditures,
such as school fees, social
obligations, and health care.
However, the main issue
in crop-animal interactions
is the lack of methodology
for measuring the benefits
derived from them.

Getting Creative with

Figure 2: Efficient daily harvest of cut-and-carry legumes for Integrated Cropgoats, cows, and hogs will reduce feed costs.

Livestock Options

Figure 3: Gliricidia and leucaena fed on racks to goats.

Properly managed livestock
can bring the tropical farmer
higher profits than some
market vegetables and most
grains. In permaculture, we
say “integrate instead of
segregate!” An example
of this is the way farmers
integrate their grazing livestock into seasonal cropping patterns. In traditional
upland farmland systems,
cattle and goats are left to
graze in the forest or taken
up onto higher ground away
from the cropland during the
growing season. When the
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harvest is over, the animals are brought
back to the village to graze on the fallow
croplands during the dry season (FFTC
1999). At the Aloha House Farm, we raise
and integrate goats, chickens, ducks,
cattle, and hogs (Figure 2). For example,
our goats graze pasture and browse as well
as feed on legume shrubs, and we feed
some crop residues to the goats. With the
integrated system, we are able to eliminate
many feed costs and (with the manure we
collect) also eliminate many fertilizer costs
(Figure 3). We cut and carry fresh feed
stock for goats, cows, chickens, and hogs;
it requires labor, but we are able to minimize inputs.
At the Aloha House Farm we recommend
that you allow animals to graze, if space
allows. However, this is not always feasible
in smallholder settings or urban environments. Where grazing is not an option, you
can use various grains as supplemental
feed. Consider fermenting the grains
with beneficial microbes to increase feed
conversion; we find that the fermented
grains also act as probiotics, minimizing the
need for medications.
Omnivores such as hogs, chickens, and
ducks also do well with some silage sources
(we use Effective Microorganisms (EM) to
initiate our fermented feeds). The live microorganisms in EM synthesize natural vitamins and make available health-enhancing
components that can protect livestock. For
us, the EM costs are far less expensive
than antibiotics and vitamin shots would be;
and have even enabled us to remove the
need for any antibiotics in our system. We
spray all pens and barns weekly with EM to
minimize odors and flies. The high number
of beneficial bacteria begin to exclude
pathogens through competition. According
to Higa and Parr (1994) EM-1 is a commercially available blend that contains three
types of microorganisms:
1.

Lactic Acid Bacteria - This family of
bacteria are also used to make yogurt
and cheese. The bacteria convert
sugars into lactic acid. In the process,
they lower the pH, inhibiting the growth
of pathogenic microbes and make it
difficult for methane-producing microorganisms to survive.

2.

Yeasts - These are single-celled fungi
such as those used in making bread
and alcohol. They kick off the process
of fermentation.

3.

Photosynthetic Bacteria - These
bacteria allow the other microbes in

Figure 4: In this aquaponics system, fish and plants are reared

rumen when goats graze
on wet grasses. We feed
the bucks, kids, and does
from our established fodder
banks and contour hedgerows of Tick-trefoil (Desmodium rensonii), Malabalatong (Flemingia congesta),
(Indigofera), Kakawate or
Madre de Cacao (Gliricidia
sepium), Ipil-ipil (Leucaena
leucocephala), and Acacia
(Mangium acacia). Sometimes our goats even eat
some of the bark. Please
refer to AN #31 Ruminant
Feeds for more information.

separately but are linked together in a closed loop water recirculat- As they eat, a small herd
ing system. With the help of beneficial microorganisms and proper of goats can create huge
design, the fish fertilize the plants and the plants filter the water for piles of leftover sticks and
the fish.

branches that can be dried
and used for cooking fuel.
This practice of cut and carry
combines gathering feed
for the goats with the daily
chore of scavenging for fuel,
demonstrating another great
benefit of integrating livestock on the farm. Although
it can be difficult to quantify
the economic value of feed
and fuel, you will find your
labor time reduced by acting
in intentional ways.

By properly composting
biomass on the farm, we
Figure 5: Top Harvest Vermicasts – weekly castings are top har- increase our production
vested until ½ of the composted manures are depleted. Then, two- of grains, vegetables, and
week old hot EM composted manures are added to the vermicul- herbs, reducing fertilizer
costs and increasing yields.
ture bed.
This is the main benefit in
our system in the Philippines, but we will
the mix to coexist. They use photons
explore other benefits as well, including the
to metabolize organic and inorganic
production of biochar from waste.
substances. According to Drs Higa
and Parr, (1994) the photosynthetic
bacteria “perform incomplete photoIntegrated Aquaculture and Plants
synthesis anaerobically” (i.e. in the
absence of oxygen). Since the process
In addition to the cut-and-carry systems we
of photosynthesis yields oxygen as a
use for our larger livestock, we have experbyproduct, these bacteria help provide
imented heavily with a scaled down monooxygen to plant roots. Photosynthetic
gastric fish production system adapted for
bacteria are also beneficial for their
aquaponics where we raise tilapia. Ducks
ability to detoxify soils, for example by
also participate in the aquatic system by
transforming substances like hydrogen
swimming, foraging, and bathing in desigsulfide into useful compounds, and for
nated ponds linked via plumbing and recirtheir ability to fix nitrogen.
culating water but not containing the fish
crop. We use the wastewater for simultaAs part of our animal feeding system, we
neous vegetable production (Figure 4).
cut and carry daily. We feed the goats
Please see ECHO Asia Note 20 for
in their enclosures until the sun dries more information. Not all farmers
the pasture, making it safer for them to succeed with this kind of system, so if
graze; in our area, parasites infect the
you experiment,
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begin with caution and on a small scale. For
example, Little and Edwards (2003) warn of
the failure of scaled-down modern systems
integrated with aquaculture. “Small-scale,
feedlot monogastric-fish systems have been
shown to be technically viable in on-station
and researcher-managed, on-farm trials.
However, sustained adoption of these
types of systems by farmers has been rare”
(Little and Edwards 2003). You can think of
any livestock system that is confined and
dependent on mainly purchased input as a
“feedlot” regardless of size. The economy
of scale can make small operations unsustainable because of the low profit margins
and cost of purchased inputs.

Vermicompost Production
Using manure from our animals, we have
integrated the production of vermicompost
into our agricultural system (Figure 5). Our
worms are fed pure composted manure
from the cattle, goats, and hogs. The
resulting vermicasts are mixed into potting
soil for use in our nursery (our potting soil
is made with 20-25% pure vermicasts).
This critical part of our herb and vegetable
production has always been worth the
added management. We can harvest 6-10
liters of vermicast per m² using African night
crawler worms (Mikkelson 2015). Other
projects throughout the tropics have also
integrated this manure-vermicomposting
approach, including the Mindanao Baptist
Rural Life Center in the Philippines (Tacio
2014; Capuno 2010).

Managing Nutrient Cycles
When farmers begin to integrate livestock
with crop production, the animals’ waste will
increase yields the most. In our system, only
manure in barns and night-time enclosures
is gathered and mixed with other materials
for compost. Manure from penned animals
is easy to collect. For grazed livestock, any
manure in our rotational grazing systems
stays in the field to fertilize the pasture and
contribute to the ecosystem stability. The
manure will be incorporated by microorganisms, beetles, earthworms etc. without
any further human intervention. We have
copious amounts of manure available from
our barns, and need not spend the additional time and effort in the field gathering
manure. If you are just getting started and
in need of manure for composting, you may
decide to gather what you can. However,
in the future you will want to find a way to
collect manure in the livestock enclosures,
in order to conserve time and labor.
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Table 1: Common Livestock Manure Sources and Nutrient Estimates (NRCS 1995).
Livestock Type

Total Manure

Nitrogen

Phosphorus

lbs/day/1000 lb animal unit

Beef (high forage diet)

59.1

0.31

0.11

Dairy (lactating cow)

80.0

0.45

0.07

Hogs (grower)

63.1

0.42

0.16

Chickens (layers)

60.5

0.83

0.31

Chickens (broilers)

80.0

1.10

0.34

Turkeys

43.6

0.74

0.28

If you want to convert a feed-lot type enterprise into something more sustainable
and you wish to use more of the on-farm
resources, you will need to find ways to
use the waste stream (Figure 6). Above
are some estimates of manure production
for several types of systems. Heifer Thailand has a well-designed biogas unit that
can use liquid manure to produce methane
for heating/cooking (Meyers 2012; Figure
7). ECHO has other options for biogas
digesters,
available
on
www.echocom-munity.org. For example,
see a presenta-tion by Wilkie (2016) and
other
resources
at
https://
www.echocommunity.org/en/search?
q=biodigesters
On our farm, we always compost
our manures aerobically to generate the
heat that eliminates pathogens and
diseases. Aerobic composting, or “hot
composting,” allows certain universal
thermophilic micro-organisms to break
down the organic waste into usable, stable
compost. Temperatures above 60ºC in
your compost pile will kill weed seeds
and
pathogens
(Richard
1992).
Monitor the temperature daily until you
get a feel for it. Place a machete or
metal rod (Figure 8A) into the core of the

compost pile for 10 minutes. After you pull
it out, use an infrared thermometer to read
the temperature of the metal (if you use
your hands, it should be uncomfortably
warm to the touch) (Figure 8B). We turn
our compost piles once a week for a total
of three weeks. You can read more about
compost in my book, in the chapter on
Fundamental #4: Composting.

The Added Step of Biochar
Production

ized pit (Figure 9). When the sticks are
adequately dried of water vapor, we top
light the pile. Place your kindling and dry
paper or grass on the top of your stack and
light from the top. Airflow will be drawn in
from the bottom of the pile and preheat on
the way up through the coals as they burn
downward. This increases efficiency and
gives a higher yeild of biochar. If the sticks
are compressed, the pit will not allow airflow
from below and block air from the bottom.
We use dried Cogon imperica grass as an
accelerant to ignite the top of the pile, thus
igniting the Top Lit Up Draft (TLUD) biochar
system in the pit. The TLUD process burns
the combustible oils and gases while minimizing smoke and producing a clean burn.
A migratory pyrolytic front efficiently works
its way down the pile and is doused with
water to harvest the char before allowing it
to become ash (Figure 10). Some trial and
error is required before you know when to
stop the burn—you need to stop it before
all of the wood is converted, and not allow
it to burn to ash. We have a permanent
pit surrounded by various piles of sticks
drying at different stages (the leftovers of

To take your soil management to
the next level, consider utilizing
woody waste materials and
husks for biochar production.
Through a controlled process
called pyrolization (from the
Greek, meaning fire separating)
you can convert the woody
carbon matter (lignin) into a
highly porous, nutrient-holding,
biologic powerhouse and soil
conditioner. We dry the sticks
and branches from our cut and Figure 8A: When hot composting tropical manure, crop resicarry goat feed waste, and pile due, and weeds, temperatures should rise from 25-30º C in the
them in a circle around a central- beginning of the composting cycle to >60º C, in order to safely
eliminate pathogens and disease.

Figure 6: This Heifer Thailand biogas unit at Alo- Figure 7: In Thailand, dairy cattle co-op mem- Figure 8B: Measuring temperature inside a
ha House, Philippines, is a floating drum digester. bers share resources and grow napier grass and working compost pile.
legumes and also sell silage to each other. The
manure is used for fertilizer.
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Figure 9: Cut and carry sticks and branches are
dried after the goats eat the leaves. Once dried,
the woody material is efficiently converted into biochar by top lighting the pile.
our cut and carry for our goats; Figure 11),
and have found that we require no clunky,
rusting metal retorts or machines.
Biochar can also be made from other
forage crop residues, such as corn stover or
napier grass (Pennisetum purpureum), but
stacking is difficult without a cage. We use
steel matting formed into a cylinder to form
a TLUD pyrolizing cage. We also pyrolize
old coconut husks into a nice crumbly
biochar that works well in our raised beds
for herbs and vegetables.

Activating and Charging Biochar

Figure 10: To minimize water consumption Figure 11: Sticks are piled in weekly batches to

during the dry season, water is already in position ensure uniform drying. They are TLUD pyrolized
to douse and “activate” the corn stover in a pyroliz- when moisture content is 20-30%. When there is
ing cage over an earthen pit.
moisture content of 20-30%, sticks will be brittle
or crisp, when you bend them they crack and look
establish, develop and grow in the maturing dry with no green layers. Also if you see the stick
biochar compounds.
bark blistering and bubbling on the end when you
pyrolized them, they are too high in water content.
We also add biological and nutrient inputs, At 20-30% MC the residual moisture is mainly
so that the biochar will not lock up the soil comprised of oils, not water, which aids in the connutrients when we add it to the soil. We version of the lignin, cellulose, and hemicellulose
charge biochar with EM, compost tea, rich from the woody material into char without becompond water, or fish silage. When needed, ing ash.

we also add mineral rock powders to
supply trace elements and limestone for
calcium. For more information, please see
McLaughlin (2016).

There is some debate as to how long you
should age biochar before use. Ranges
from days to years are discussed but more
research is needed. One researcher actually tested samples over a 15 month range
and found higher CEC (Cation Exchange
Capacity) in biochar after 15 months of fieldaging. Overall, the 15 month field aging
only had a significant effect on biochar
pH and nanopore surface area, both of
which decreased, while CEC increased
(Mukherjee et al. 2014). We have found

that, after activating and charging biochar,
you can utilize it within days, but you may
also bag it and stack it for future use; it can
store for years. Don’t be alarmed if you
find various visible white molds colonizing
the char. They should all be beneficial, if
you used good quality compost or EM1 to
charge your biochar. Check out my
slide show on Biochar Options if you
want to learn more (Mikkelson 2010).

Biochar can be made through many different
methods, but the farmers we work with are
most concerned with ease of operation
and efficiency. However you make it, you
Making Use of Locally Available
should “activate” the biochar, and charge
Waste By-Products
it with nutrients and microbes. We activate
biochar by dousing it with water at the end
To fully integrate your agricultural system,
of the production cycle. Water saturation
and to increase production and lower the
activates the charcoal by attaching eleccosts of purchased inputs, look for ways
trons so as to prevent
the biochar from tying
up nutrients in the soil.
According to Craggs
(2017), for biochar to
have an immediate
beneficial effect it must
first be subjected to a
process of “activation”
(also termed inoculating or charging).
Once activated, and
subsequently charged
with high levels of
essential nitrogen and
phosphorus, the many
micro-fauna naturally Figure 12: Eco-tourists are always surprised to visit our Figure 13: Pond water from our duckponics system is used to
no-wash, odorless hog pens. Most people do not know that grow feed for other livestock.
hog production can be an enjoyable, environmentally healthy
practice.
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Figure 14: Chickens find shade while scratching Figure 15: Chickens eagerly forage for maggots
and grazing the grasses in a papaya orchard.

to transform waste products into usable
by-products. To fatten hogs, we feed
them rice bran, fishmeal, and copra meal
fermented in EM. Feeding crop residue
to swine lowers our feed costs—a great
benefit of livestock integration. We use
sawdust beddings, to minimize stress and
to allow natural rooting instincts that cannot
be practiced on conventional cement
flooring; the EM-treated sawdust bedding
also helps minimize odors and flies (Figure
12). Our system is a no-wash operation;
hogs maintain cleanliness when allowed 2
m² each at the finishing stage (50 kg and
up). There is no need to waste water or
labor by hosing the hogs down twice a day.
We also avoid smelly lagoons of effluent
this way.
The hogs’ manure production is plentiful,
and it makes great fertilizer when properly
composted. We harvest the manure daily
and never remove the bedding, so the
bedding gets more stable over time as the
beneficial microbes colonize the bedding
material. We do need to top up the bedding
from time to time, because a small amount
decays or leaves the system when we
harvest the manure. Our hog fattening has
been the most profitable of all our livestock
units but we still maintain biodiversity within
other livestock units (Figure 13).
Our free-range chickens eat small amounts
of corn, sorghum, rice bran, copra meal,
azolla, and duckweed, all fermented with
EM1. The laying hens get crushed limestone as well as a calcium supplement. We
give our chickens plenty of room to graze
and scratch, and water is always available
(Figures 14 and 15). The chicken enclosure
has a bedding made from natural components, similar to the sawdust bedding of
our swine systems. However, we use up
to 50% rice hull and about 5% charcoal to
stabilize the manure. We inoculate (spray)
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the bedding with EM1; the beneficial microorganisms keep the environment healthy
for livestock, reduce odors and minimize
the number of flies. We never completely
empty the bedding from poultry. At most we
harvest 50% of the bedding and then mix
in more fresh bedding materials. A mature
bed is biologically stable and will provide a
safe indoor habitat indefinitely if managed
properly. If we removed all the bedding,
the beneficial microorganism populations
would have to start populating the bedding
all over again. We have found that fresh
bedding is not stable, and disease can be
an issue in the beginning.

from the fallon over-ripe fruits underdragon fruit
plants, eliminating fly problems.

Table 2: Profits from Animal Integration into Agroecosystems (Carpenter-Boggs et al. 2013).
Agroecosystem

Profits (USD) from animals
(excludes profits from crops)

Source

Cattle grazing winter
ryegrass cover crop

$170-$560/ha

Bransby, 1999

Cattle grazing winter
ryegrass cover crop

$227-$323/ha

Hill et al., 2004

Sheep and broilers grazing
for five months during
spring-fall growing season

$2,077/ha

Lowy, 2009

Cattle grazing winter
ryegrass or oat cover crop

$200/ha

Siri-Prieta et al., 2007

Table 3: A Summary Table of Some of the Many Benefits of Crop-Livestock Integration (Kersbergen
2008).

1.

A source of nutrients that can be used for direct application and/or composting. By
combining livestock and vegetable production, the whole farm nutrient balance of
imports and exports becomes more even.

2.

Along with nutrients, manure and compost applications tend to improve soil organic
matter, biological activity, and potential disease suppression. This improved soil
health will manifest itself quickly and include improved soil nutrient cycling, improved
soil structure, better water holding capacity in droughty soils, and improved drainage
in heavy soils.

3.

Livestock operations improve the potential for profit in lands that are in a “sod” rotation.
Sod crops help to build soil structure (grass roots) and soil drainage (legumes/alfalfa).
Sod crops high in legume content will also provide a source of nitrogen when those
fields are returned to row crop production.

4.

Livestock provide a use for crop residue and waste or cull vegetable crops. This can
help reduce disease while providing a “cheap” source of feed for livestock. Cows turned
into a field of pumpkins in November utilize great feed and help vegetable producers
clean up a field!

5.

Grain crops used by vegetable operators as cover crops can fit well into livestock rations.
Winter grain crops provide fall nutrient, catch weed control in both fall and spring, and
can be undersown with clover or other legumes to provide nitrogen in subsequent rotations and a sod crop establishment with minimum tillage.

6.

Adding livestock products to the marketing mix can help improve cash flow in the winter
and add a new aspect to CSA operations.

7.

While not always discussed, successful “coupled” animal/vegetable operations can also
help to build community within a farm region. Coupled operations also have the
option of sharing machinery resources and labor during busy periods.

. . . . . . .

Conclusions
Integrated livestock systems can provide
many benefits (Tables 2 and 3). With
careful planning and by starting small, most
farmers will be able to incorporate cows,
goats, chickens, or hogs and improve the
stability of their farm. Crop residues can

reduce feed costs, and manure can reduce
fertilizer costs. Manure can also be used to
produce biogas for cooking or heating, to
reduce costs on the farm. Grazing livestock
can help manage weeds and improve soil
health. With efficient management, you can
turn even the waste stream from cut and
carry feeds into the useful by-product of

biochar. The key is to take on one appropriate technology at a time and to look for
ways to minimize labor. Soon you will be
able to safely expand as you adapt and
apply lessons learned. Then you will be
able to share with other farmers in your
area!
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Putting Biochar to Use at the Edge: Quality, Soils
and Measurement
by Dr. D. Michael Shafer
Warm Heart Foundation
A. Phrao, Chiang Mai, Thailand

Dr. Michael Shafer is a retired Professor of Political Science from Rutgers University in the
USA who founded the Warm Heart Foundation in 2008. After first learning about biochar
at an ECHO conference in 2013, Warm Heart began to design and test improved low-cost,
low-tech biochar-making equipment for smallholder farmers. In 2017, the Warm Heart
Biochar Team won the World Energy Globe Award (Thailand) for the development of a
model, village-scale biochar social enterprise. The Team has just launched a social
enter-prise to sell farmers’ biochar products under the brand name “Rak Din.”
In this article, Dr. Shafer shares his experience with the actual use of biochar in the developing world. He aims to refocus the study of biochar, moving it from academic laboratories
to the messy context of farms in the developing world. He hopes to reassure “boots-in
the-mud” development practitioners that they can make, use and even test biochar in the
field.

Introduction

What to do?

A huge body of experimental literature
describes biochar and how well it works.
Many good reports have also resulted from
field tests in the developing world.1

Don’t throw out the science. Biochar is a
great material; don’t be intimidated by
experts who tell you that you can’t use
biochar “unless you use this feedstock,
pyrolyzed at this temperature, added to this
soil, etc…”

However, if you work in the developing
world, with smallholder farmers, you should
take all of the reported benefits of biochar
with a grain of salt. I do not mean to imply
that the data are not good. They are excellent (although skewed, like most scientific
results, by the non-publication of bad and
null findings). Rather, you must temper
your excitement by never losing sight of
where you work and with whom you work.

The World of Experimentation and
You
Three characteristics of biochar laboratory
experiments set them apart from trials you
might conduct as a development practitioner. Those who conduct experiments
for the purposes of publication in scientific
journals must know: (1) the exact characteristics of the biochar; (2) the exact chemistry of the soil; and (3) the exact measurements of ingredients such as biochar,
compost, manure and clays. In the context
of a farm in the developing world, you and
the farmers with whom you work do not and
cannot know any of these things.

Biochar can do amazing things for the
farmers with whom you work. However,
the time you spend learning about and
introducing biochar will be more effective
if you learn to think clearly about what
you are trying to accomplish with biochar;
understand the requirements of good
testing; and keep in mind the real limitations under which you work. In this article, I
share suggestions for how to manage your
work with biochar, based on our experience
around Phrao in the Chiang Mai highlands
of Thailand. I base these recommendations on four years of experience on the
Warm Heart Experimental Farm, a 35-plot
test field. Since 2015, we have tested
biochar-based fertilizer variations against
synthetic fertilizers, both on our farm and in
field experiments conducted with farmers.
Both kinds of tests have demonstrated
that in local soils, biochar-based fertilizers
made and applied by farmers outperform
synthetic fertilizers as typically applied in
this area.

Biochar quality, soil types, the
utility of biochar, and measuring
biochar in the field
When working with smallholder farmers to
make biochar, you need to consider three
factors: (1) the quality of the biochar you
can teach farmers to make; (2) the characteristics of the soils they farm; and (3) how
to measure biochar as you prepare it for
use. (These are the very same factors that
lab scientists fret over!) You have probably
heard many explanations about why each
of these factors is critically important, and
why neither you nor the farmers with whom
you work can be trusted to deal with them.
Pay no attention.
At Warm Heart, we have designed and
tested simple, low-tech biochar machines
(now called “flame cap ovens” and “modified JRo’s”); commissioned broad-gauge
soil studies; and experimented with field
measurement systems. We are convinced
that you can teach any smallholder farmer
how to make quality biochar and use it
successfully, provided you pay attention to
what you are doing, where, for whom and
why.

The Oft-Perplexing “Quality of
Biochar” Problem
What is good or excellent biochar? If you
don’t know, you are not alone. No one in
the biochar community has figured this
one out. The answer will depend on “for
what” you intend to use the biochar and
“for whom” you intend to make it. What is
“good” in one application may not be so
great in another.2 In this article, I consider
“quality biochar” to be “biochar that delivers
good yield increases and soil improvement
for smallholder farmers.³ I also only discuss
biochar-making methods that are used by
the smallholder farmers who constitute the
world’s poorest people.
The character and presumed quality of
biochar will be determined differently in the
lab than in the field. With the lab method,
a researcher identifies one or more characteristics of biochar that are believed or
known to be associated with, for example,

1
The single best source of information about biochar, from bibliographic references to scientific papers, press releases from biochar companies or field reports, is the International Biochar Initiative (IBI), http://www.biochar-international.org/. IBI also publishes a series of excellent short papers about research methodology. In this article, I will
argue that these are largely overkill for you, who are working in the field with farmers. What is essential about them, however, is that they make absolutely clear the core rules
of the scientific method, the reasons why we do science as we do. In what follows, I will not sound as if I am a lab coat kind of guy – and I am not. But make no mistake about
it, when I do studies I do science.

² Take a moment to scan the internet for companies that sell biochar. How much product differentiation do you find? If you are like me, I don’t see any differentiation.
³ At Warm Heart, we are currently testing the ability of the biochar produced by our TLUDs and troughs to remove heavy metals, pesticides, and other contaminants from the soil
and runoff water from fields. The research is ongoing and the results will be the subject of a future paper. There is ample scientific evidence that biochar does this well. See, for
example, Hilber and Bucheli (2010) and Rongjun et al. (2014).
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improved yield. The experimenter establishes ways to test samples of different
biochars, to identify which has more of
the desired characteristic and is therefore “better.” In contrast, the field method
involves putting different types of biochar
in plots in farmers’ fields and measuring
the resulting yields/soil improvements, to
see which biochar had a greater positive
impact. The former method produces a
wealth of useful information, and offers
the possibility of understanding the causal
mechanisms by which biochar works its
magic. However, the latter method tells you
all you need to know about whether the
biochar you are making is of a quality to
do the job. (Though what “doing the job” is,
is an ambiguous target: e.g. So you have
achieved an extra 10% in yield gain, but
can that be considered successful or not?
If you made higher quality biochar, could
you achieve 20%? This empirical question
keeps some of us up at night.)
At Warm Heart, we have no scientists
and we have no lab. We can do Hugh
McLaughlin’s low-impact tests of biochar
quality (McLaughlin 2010), but no more.
The single most important test we do is
the “look, mom, clean hands” test. That is,
we handle the biochar and then wash our
hands with water. If the biochar washes off
with water, the production temperature was
high enough to produce the critical layers
of carbon rings that characterize good
biochar. If our hands are still a greasy black,
the temperature was too low and the char
still contains oils, tars and other aromatics,
indicating that the charring process did
not proceed far enough. Our audience –
local farmers – do not care about “real” lab
results. They care about tangible results.
They want to know three things in particular: Does our biochar increase yields?
Is the crop visibly healthier? Is the soil
healthier in terms of the basic measures
of look, feel, and the presence of worms?
To be able to draw any conclusions from
a biochar test, whether in a lab or in the
field, the raw material must be clearly specified. Without a baseline, the results of
an experiment are basically worthless. In
the field, an important question is, “Given
the ways that farmers are likely to make
biochar, what kind of stuff are they putting

Table 1: Tests conducted in 2016 by Warm Heart with 10 smallholder farmers comparing yields from
plots treated with biochar and plots using synthetic fertilizer and other mix.

Averages

Biochar Plot
Yields
(kg/m2)

NPK Plot
Yields
(kg/m2)

+/- Increase in
Biochar Yields
(kg/m²)

% +/- Increase in
Biochar Yields

Ave Tr 1

.2125

.1956

.0169

8.8%

Ave Tr 2

.3638

.3338

.03

9.1%

Ave Tr 3

.4238

.395

.0288

7.3%

Ave SanPaTong Tr 1

N/A

N/A

N/A

N/A

Ave SanPaTong Tr 2

.5625

.4688

.0937

20.0%

Ave SanPaTong Tr 3

.5738

.525

.0488

11.6%

Ave Mali 105 Tr 1

.225

.2031

.0219

10.8%

Ave Mali 105 Tr 2

.1419

.1419

0

0.0%

Ave Mali 105 Tr 3

.2813

.2581

.0232

9.1%

in the ground?” Farmers will use a variety
of crop residues to make biochar; you can
run your trainings in a place where people
grow corn, for example, but if you are lucky,
those folks will engage relatives who grow
rice at home and so will make rice straw
char. Farmers will also use a wide variety
of methods to make biochar. You can teach
farmers a very specific method for making
biochar, but you can be certain that twenty-five teaching iterations down the line,
very little of the methodology will be left
as they share and change the method. A
second important question is: “Does the
use of homemade biochar make results
worthwhile for farmers?”
The biggest question, in my mind, is: “Can
you in good conscience tell farmers that
they will improve their crops if they take the
time and effort to make biochar and put it
into their fields?4

Short answer: Yes.
How do I know?
I know because we at Warm Heart have
taught farmers how to use TLUD (Top Lit
Up Draft) barrel ovens and “flame cap”
troughs to make biochar, then sent them
off to make their own biochar. Next we set
up paired test plots – plots immediately

next to each other with previous records
of similar yields – and asked farmers to
fertilize one with the synthetic fertilizer
mix they would normally use and the other
with the biochar they made, either plain or
amended with manure, pig urine, EM and/
or clay as we requested. We require all test
plots to be adjacent to well-trafficked roads,
so that community members can see them.
We hang large banners over each plot to
identify the treatment. We replicate these
tests with biochars made with a variety of
feedstocks, because farmers will use whatever feedstock they have available and it
is important to know whether results vary
appreciably by feedstock in a particular
location.
The yield results are consistent – and positive. Table 1 shows the results of 2016 tests:
10 farmers growing Mali 105 (jasmine) and
SanPaTong (sticky) rice.⁵ Note: the Mali
105 and SanPaTong species yield differently. The data reflects inter-species variation as well as inter-treatment variation.
Measures are kilograms of yield per square
meter. The treatments were as follows:
Treatment 1: 400 kg biochar saturated with
pig urine. Treatment 2: 15 kg 50:50 mix of
16-20-0 and 46-0-0 synthetic fertilizer with
6 kg biochar. Treatment 3: 400 kg compost
and 400 kg of biochar saturated with pig

⁴ It is important to emphasize this point. There are two, separate worlds of research. There are those for whom the research itself is the point of the exercise; then there are those
for whom the potential of biochar to improve lives is the point of the exercise. This article is for the latter, although it is an effort to make the methods of the former applicable in
the “real” world to ensure that “first, we do no harm” and “second, we do all the good we can.” I want to do this in an effort to escape the current situation aptly described to me
by Hugh McLaughlin in a personal communication. “The researchers of the biochar world advocate making the perfect the enemy of the good - principally, and on principle, to
promote the cause of “more research is necessary before we let go of this intellectual welfare pipeline. The salvation of mankind can wait and the suffering of the little people
should persist until I get promoted to full Professor, or even emeritus if you are dumb enough to let me get away with it....”
⁵ According to the metadata reported in Jeffrey, et al. (2015), rice responds poorly to biochar. The global average response seems to be around 15%; the first year response in
these fields was approximately 11%. Missing data in the table and the outsized response of SanPaTong to Treatment 2 reflect that several Treatment 2 farmers dropped out too
late for us to rearrange the distribution of treatments and that a farmer growing Mali 105 with Treatment 2 suffered an early infestation of aphids that destroyed much of the rice
in the biochar test plot.
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urine. All biochar plots were given biochar
at the rate of 250 g biochar/m².
In videotaped interviews with participating
farmers conducted during this test program
(Warm Heart 2017), farmers routinely
commented that the plants in the biochar
plots appeared healthier, and that the soil
in the biochar plots improved noticeably
over the course of the growing season.
(Farmers were particularly happy with
biochar’s impact on plant and soil health
and on several occasions told us that this
was more important to them than yield
improvements. Because biochar could do
these things that NPK obviously could not,
they strongly preferred biochar.) Soil tests
(table 2) taken immediately after harvesting
from one pair of biochar/NPK plots from Mai
105 (Treatment 1) confirmed the impact of
biochar on soil quality.⁶

Soil Types and Biochar
There are two ways of thinking about soil.
In most developed world agricultural applications, discussions of soil focus on the
specific characteristics of the soil in a particular field, or even in a portion of a field.⁸ In
most of the developing world, such information is unavailable. However, biochar
can offer huge potential gains (especially
as a soil amendment) relative to what you
can know about the soils that your farmers
work.
On a broad scale, scientists classify soils
by type, each with general characteristics
that frame its overall agricultural potential.
Maps of soil types are available for most
of the developing world. You can help the
farmers with whom you work by identifying
the primary soil type or types where you
are, and by making related recommendations. If you work with smallholders in the
developing world, the basic soil type they
farm is most likely deficient in ways that
biochar will rectify.
How do we know?
Prior to committing to promote biochar,
Warm
Heart
commissioned
soil
scientist Peter Elstner to prepare an
overview of soil types in Southeast Asia.
We then asked him to overlay the key
characteristics of
6

Table 2: Soil tests taken immediately after harvesting from one pair of biochar/NPK plots
from Mai 105.7
Plot

pH

%OM

%N

Phosphorous
mg/kg

Potassium
mg/kg

Iron
Cmol(+)/kg

Biochar (400 kg
biochar with pig
urine)

5.00

8.62

0.18

4.25

96.30

14.54

NPK

4.89

8.43

0.18

4.20

88.30

13.41

each soil type with the known benefits of
biochar. From this, we could generalize
about the expected high effectiveness of
biochar as a soil amendment based on
the global (largely tropical) distribution of
particular soils.

Soil Types
If you work with developing world smallholder farmers, you are most likely in a hot
area where the most common soil types
are Acrisols, Lithosols or Nitosols (in mainland Southeast Asia, for example, these
three soil types comprise more than 60%
of total surface area. If you view all three
world maps below, you will see how much
of the developing world’s soils are Acrisols,
Lithosols or Nitosols.)⁹ Acrisols, truly poor
soils, are extremely common. Lithosols
and Nitosols are preferable to Acrisols, but
neither is promising for sustainable agriculture. However, the characteristics that
make Acrisols terrible soils make them
a perfect match for biochar. Biochar can
help compensate well for many of the most
important deficiencies of Lithosols and
Nitosols.
Acrisols (figure 1 page 11) suffer “a general
paucity of plant nutrients, aluminum toxicity,
strong phosphorus sorption, slaking/
crusting and high susceptibility to erosion
[that] impose severe restrictions on arable
land uses…. As biological activity is low
in Acrisols, natural regeneration, e.g. of
surface soil that was degraded by mechanical operations, is very slow” (FAO 2001).
Farming Lithosols (figure 2 page 11)
“requires recurrent inputs of fertilizers and/
or lime” and their “unstable surface soil
structure makes Lithosols prone to slaking
and erosion in sloping land.” They do “have
higher base saturation and accordingly

somewhat stronger structure than normally
found in Acrisols [their] moisture holding
properties…are slightly better than [those]
of…Acrisols with the same contents of clay
and organic matter….Lithosols are strongly
weathered soils with low levels of available nutrients and low nutrient reserves.
However, the chemical properties of Lithosols are generally better than [those] of…
Acrisols because of their higher soil pH
and the absence of serious Al-toxicity. The
absolute amount of exchangeable bases
is generally not more than 2 cmol(+) kg-1
fine earth on account of the low cation
exchange capacity of Lithosols….The low
absolute level of plant nutrients and the
low cation retention by Lithosols makes
recurrent inputs of fertilizers and/or lime
a precondition for continuous cultivation.
Chemically and/or physically deteriorated
Lithosols regenerate very slowly if not
actively reclaimed” (FAO 2001).
Nitosols (figure 3 page 11) are considered
good soils in the humid tropics because
they are stable and erosion resistant, and
because they permit deep rooting, drain
well and retain water. They contain more
organic matter and chemical nutrients
than Acrisols and Lithosols, but are still not
very fertile so they are best used for undemanding plantation crops such as coffee,
cocoa and rubber (FAO 2001).

Biochar and Soil Types
In the original version of “Soils of Mainland
Southeast Asia,” Elstner (2017- available
upon request) summarizes the primary
benefits ascribed to biochar and then
compares the pattern of benefits to the
characteristics associated with each major
soil type. His useful summary of biochar’s
benefits notes that biochar:

The These results lack even the most basic statistical references (e.g., standard deviations), because these are not supplied by government labs. The OM figures will seem high

to anyone familiar with northern Thai soils. This is a rice paddy in which the farmer plows in stubble and roots and produces two-three crops per year.
⁷Copy of lab report available from Warm Heart upon request. info@warmheartonline.org.
⁸It is increasingly common for GPS guided machinery to change fertilizer applications while it moves across a field to adjust for minor soil variations.
⁹All specific references to the soils of Southeast Asia and the soil/biochar comparison tables below come from Elstner 2017.
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•

Reduces soil acidity by raising soil pH

•

Increases cation exchange capacity
(CEC)

•

Reduces leaching of nutrients

•

Improves soil tilth and reduces soil
bulk density

•

Increases soil water holding capacity

•

Reduces aluminum toxicity

•

Supports soil microbial life

When he then summarizes the characteristics of each soil type as actually tested
in Southeast Asia, it is clear that biochar is
not a panacea in all places with all soils.
However, when you examine the chemical
and agronomic properties of the soil types
(Table 3), it is clear that Acrisols, Nitosols
and Lithosols (Lixisols) can all benefit from
the use of biochar (Table 4).

Figure 1: Map of the Global Distribution of Acrisols

To summarize, if you work with smallholder
farmers in tropical or semi-tropical areas,
you may not be able to fine-tune the type
of biochar you use to the particular soil in
each farmer’s field, but you can assess with
some certainty whether biochar will have
an impact. If your soils are Acrisols, you
can expect biochar to have a big effect; if
they are Lithosols, a good effect; and if they
are Nitosols, a reasonable to good effect.
You may achieve higher-than-expected
results, but never overpromise and be sure
to first test the production, application, and
use of biochar yourself before you extend
it to farmers!
(International data suggests that this article’s assessment of biochar’s likely efficacy
is too conservative. Trial data from experiments even in prime soils in the US and
Europe show excellent results. However,
since you and the farmers you work with
cannot know soil specifics, the main takeaway is that, most likely, your soil is bad in
ways that biochar is good at fixing.)

Figure 2: Map of the Global Distribution of Lithosols

Measurement
You will find it tricky to use and communicate standard measurements when
working with smallholder farmers to make
biochar-based fertilizer. In a lab setting,
it is possible to work from absolutes,
the best of which is dry matter or “dm”;
to determine exactly how much biochar
or compost you are using, you dry it out
entirely and then you weigh it. Also in the
lab, you can analyze the chemical content
of wet ingredients like pig urine (which we
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use to charge biochar), and know exactly
what you are putting onto/into your biochar
per liter. However, these techniques are
not available in the field. You might briefly
consider that biochar does not expand
when wet, so that volume might serve as a
consistent way to measure – but then you
will remember that every feedstock (and
every method of pyrolysis and temperature
at which it is produced) produces a different
consistency of biochar—each of which
packs to a different density, and crumbles
differently over time.
So what to do?
First, remind yourself why you are
measuring the biochar in the first place.
You are not measuring for the purposes of
precise scientific experimentation. You are
measuring to achieve a degree of replicability. You want to know: if I do this, what
will I get? If I do that what will I get? You
want to know what impact a specific mix of
biochar will have on yield, plant health, and/
or soil quality. You need a way to measure
that will allow you to compare treatment

against treatment within tolerances that
make relative sense, given the tools that
your farmers will actually use.
And those tools are – buckets.
The farmers with whom you work will
almost surely have access to a scale for
weighing their rice or other crops, so they
will be able to weigh their biochar recipe
ingredients. However, without an idea of
the moisture content of the ingredients,
the weight measurements will not communicate much. For example, biochar made
in a JRo will almost certainly have a lower
moisture content than biochar made in an
FC trough.
We at Warm Heart cannot measure moisture content with accuracy. However, international standards for biochar application
are set in tons per hectare (without specifying a moisture content), which requires
that we estimate grams/kilograms applied
by square meter. Estimating a rate of
application is hard enough when a farmer
broadcasts biochar by hand; without a

Table 3: Characteristics associated with seven soil types in Mainland Southeast Asia. (Elstner 2017).
Soil
Water
Structure Holding

Drainage

Fauna
Activity

low

slow

low

NA

NA

saturation
with water

low

medium

stable

good

well-drained

high

low

weakly acid medium
to neutral

stable

low

welldrained

low

Luvisols

good

weakly acid
to neutral

medium

stable

good

well-drained

NA

Fluvisols

good

neutral

medium

stable

NA

stagnating
groundwater

NA

Nitisols

low

acid

low

stable

good

welldrained

high

RSGs

Fertility

pH

CEC

Acrisols

low

acid

low

low
stability

Gleysols

good

weakly acid
to neutral

high

Cambisols

good

weakly acid
to neutral

Lithosols

Table 4: The impact of biochar on the three most common and most problematic soils: Acrisols,
Lithosols (Lixisols) and Nitosols. In the tropical developing world, these soils cover almost two-thirds
of total land surface. .
Soil
Water
Structure Holding

Drainage

Fauna
Activity

improves

improves

improves

neutral

improves

neutral

improves

neutral

improves

neutral

neutral

RSGs

Fertility

pH

CEC

Acrisols

improves

raises

raises

improves

Lithosols

to
improves improves
neutral

neutral

improves

raises

Nitisols
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standard definition of moisture content – or
the capacity to measure it – it is a farce to
try to do so. The “international standard”
for biochar application (based on studies
around the world) is 10 tons per hectare
or 1 kilogram per square meter. Scientific
literature suggests that the better the soil,
the more biochar will be required to achieve
a given increase in performance. At Warm
Heart, we have found the inverse to also be
true; the worse soils are (eroded Acrisols,
for example), the less biochar that is
required to increase yields. We have never
used more than 250 grams per square
meter in our experiments, yet we have
seen large increases, as we have sought
to improve yields but minimize extra work
for poor farmers who are often old and/or
malnourished.
With moisture content so difficult to
measure, we need a way to be able to
compare between batches of biochar,
compost, clay, or other materials, to determine if those variations result in yield differences in the field.
Rather than measuring by weight, it is far
simpler to use buckets to measure the
volume of ingredients. Start with a large
amount of biochar and any other additives
you plan to use. Mix all of your treatments
at the same time, using the same materials and the same buckets. To the best of
your ability, add the ingredients in constant
proportions. If your farmers take the same
approach—and you do the same over
time—you will get about as close as you
can to relative comparability.
Bucket tests will not allow you to say
anything definitive outside of your own
localized context (which can include soil
type, method of char pyrolysis, feedstock,
charging amendments, length of time the
biochar sat, etc.). However, provided that
you structure your tests properly – i.e.
you manage your treatments carefully in
this fashion and apply them in a proper,
randomized and replicated plot pattern
with consistency – you will be able to make
strong claims about the value of each treatment relative to the others in your particular,
local context. Note that this approach is not
meant to be unscientific. Rather, it takes
into account the real limits within which
you must work and still meets the basic
requirements of the scientific method. Your
experiments may not generate publishable
results, but they can generate meaningful,
relative comparisons among treatments
within your particular context, which can
provide guidance to others like you operating in similar contexts. If you proceed in

this way, you will be able to make confident
statements to farmers that if they make
biochar like this and mix it like that, they
can expect to achieve a certain result.

The bottom line
Do not be misled by people’s claims about
what constitutes “quality biochar.” Similarly,
do not get hung up on “the right biochar

for the right use” or on “the right way to
measure.” Look for methods and materials
that are “good enough” given your particular context, what you are attempting to
achieve, and the resources that are available to you. Already in ancient times, Aristotle said something to the same effect:
seek a “degree of precision in each kind
of study which the nature of the subject
permits” (Aristotle, trans. 1962).
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New Publications Available From ECHO Asia

Many of you are already familiar with our publication,
Agricultural Options For Small-Scale Farmers. As the
contents of this book are diverse and it is rather large,
we have made all chapters available as stand-alone
publications addressing these specific needs:
•• Fundamentals of Agricultural Development (Chapter 1)
•• Options for Restoring Unproductive Soils (Chapter 2)
•• Options Where Water is Scarce (Chapter 3)
•• Crop Options to Improve Human Nutrition (Chapter 4)
•• Ways to Diversify the Smallholder Farm (Chapter 5)
•• Options for Coping with Crop or Animal Pests (Chapter 6)
•• Seed Saving and Multiplication Techniques (Chapter 7)

Available in hard copy at the ECHO Asia office.
Come pick one (or more) up today!
Also available in Kindle format on Amazon.com!

•• Understanding and Coping with Human Health Issues (Chapter 8)

Opportunities from the Network
Participating in last year’s event, ECHO Asia’s Seed
Bank manager, Wah, shared about her experience:
“I think it is very good for organizations to work with
the community. I learned about tools I can use when
working with the communities. The group talked a
lot of about preservation of local languages in the
community. We spent time sharing and studying
case studies in table groups. Although there were
varying language abilities in the groups, I still learned
so much!”
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Announcement to the Network from our Director
We are delighted that you receive and read
our ECHO Asia Notes. We hope that the
information contained here within is useful
to you and most importantly, useful to those
whom you serve.
This edition of ECHO Asia Notes marks the
35th installment of the Notes since they
started running in April of 2009. Mr. Rick
Burnette, ECHO Asia’s first director, started
us down the path of discovery to provide
useful, relevant, and verified information
about options for smallholder farmers
located in Asia. It has been my mission to
provide the same editorial oversight to articles and useful write-ups that show promise
to our diverse network of 3,600 community
change agents working in Asia.
Now, after having served in this role for
the past 5 years, I am stepping down from
my role as Director in order to start a new
journey with the Food and Agriculture Organization (FAO) in Rome to bring sound

agroecological practices to the smallholder
farmers of the world and those working with
them. It has been a wonderful five years of
discovery, networking, learning, verification,
and dissemination of best practices and
useful “options” for our expanding network.
I have met many of you in person and have
many fond memories of sharing, learning,
and exploring together.
Even though I am leaving, our dedicated
team remains here to serve you and to
continue to equip you with options that are
relevant and useful for Asia. Please correspond with echoasia@echonet.org; Mr.
Boonsong Thansrithong (Agriculture Operations Manager) boonsong@echonet.org;
Ms. Daniela Riley (Office Manager) driley@
echonet.org; Mr. Patrick Trail (Research and
Technical Associate) ptrail@echonet.org;
and/or Ms. Rattakarn Arttawuttikun (Seed
Bank Manager) wah@echonet.org for any
needs you many have going forward.

It has been an incredible joy to lead such
a dedicated group of talented individuals in
the ECHO Asia Staff and to network with
such a diverse group of community change
agents throughout Asia. I have learned
much from you and with you. Thank you for
journeying with me on this adventure for the
past 5 years, and please do stay engaged
and in touch!

Best regards

Abram J. Bicksler, Ph.D.
Director, ECHO Asia Impact Center

Call for Articles & Insights
If you are new to the ECHO Asia network,
we wanted to highlight a few things that you
may find add value to your free membership to ECHOcommunity.org and can
help you be more effective.
1. Please do remember that a “Development Worker” membership entitles you
to 10 free trial packets of seed per year!
If you would like more seed packets or
larger quantities of some seeds (especially green manure/cover crops), we
do have additional seed packets and
bulk seeds for sale, and our seed bank
catalog is available online.
2. Please also know that besides being
written in English, our ECHO Asia Notes
are translated and available for free
download in Thai, Khmer, Burmese,
Mandarin, Bahasa Indonesia, Vietnamese, and Hindi languages.
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3. Additionally, we have a special place in
the Asia section of ECHOcommunity for
additional technical resources, free book
downloads, and presentations from past
ECHO Asia events and workshops.
4. If you have never joined us for an event,
please consider doing so- there are
several events happening this summer
and we would love for you to join! Please
go to the events page of ECHOcommunity.org to learn more.

Additionally, if you have any ideas or would
like to write an article for an upcoming
ECHO Asia Note, we invite you to do so!
Thank you for reading, and please do stay
in touch!

In addition to using our information, we
strongly encourage you to provide feedback
to us in order to better know how to serve
you and help us to refine our resources and
delivery.

Patrick Trail, M.S., CCA
Research & Technical Associate

We encourage you to share success
stories,
lessons
learned,
insights,
Facebook posts, etc. with us to keep us
abreast about what you are trying and
what is working in your context.

. . . . . . .

Sincerely,

Daniela K. Riley, MBA
Office Manager

