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Background

From September to November 2014, and 
again in July and August 2015, ECHO Asia 
made and tested an alternative herbicide 
using locally-available ingredients at the 
ECHO Asia Seed Bank, in Mae Ai, Thai-
land (See ECHO Asia Note 26: “Making 
and Testing an Alternative Herbicide for 
Smallholder Applications”), which proved 
effective for controlling weeds in an exper-
imental area. The herbicide is composed 
of ripe papaya or pineapple, salt, and lye 
(which is quite alkaline). We wondered how 
the alkaline herbicide spray might affect 
soil pH, soil structure, plant health, and 
microbial population density. Other scien-
tists have found agricultural inputs such as 
herbicides and fungicides can alter microbe 
populations. Because stability in soil micro-
flora populations is crucial for processes 
such as nutrient cycling and soil aggrega-
tion, we wanted to monitor any potential 
changes to these beneficial organisms. 
However, because quantifying microbe 
populations is generally lab-intensive and 
expensive, ECHO Asia set about trying 
to re-create an appropriate, relevant, and 
useful protocol for determining changes to 
soil microbial population size.

Introduction

Microorganisms are defined as any living 
things too small for the eye to see; they 
include fungi, algae, and bacteria (Rao, 
1995). These small organisms can be found 
everywhere: in water, air, and in the soil. On 
a farm, microorganism numbers are espe-
cially high in compost, manure, and the juice 
from IM (Indigenous Microorganisms; or 
juice from EM, Effective Microorganisms). 
Microorganisms are an important compo-
nent of the soil; they help to decompose 
organic matter, while also making nutrients 
available to plants from rocks and air, and 
aiding in soil adhesion (Tisdall, 1994; Hayat 
et al., 2010). Soil microorganisms also play 

a critical role in keeping plants healthy, as 
they help with nutrient cycling, break down 
herbicides, and—if good microorganisms 
are in abundance—reduce bacterial plant 
diseases (Anderson, 1984; Mendes et al., 
2011).

Microorganisms’ health and populations are 
influenced by a variety of factors including: 
soil pH, soil moisture content, temperature, 
salinity, oxygen content, and organic matter 
(Schnürer et al., 1986; Matthias et al., 1995; 
Graeme et al., 2008; Tourna et al., 2008). 
Farm inputs such as manure, compost, IM 
juice, fertilizers, fungicides, and pesticides 
may also affect the population size and the 
type of microorganisms that are present 
(Bünemann et al., 2005). 

Microorganisms are most often found in the 
upper layers of soil, such as the topsoil and 
surface soil. This region is also the most 
likely to come into contact with herbicides, 
fertilizers, and pesticides, and with organic 
inputs like leaves, manure, compost, and 
IM juice. Most microorganisms prefer a pH 
of around 5-7 (a similar pH to water). Fluc-
tuations in soil pH can change the commu-
nity structure of soil microorganisms 
(Lauber et al., 2009). Tropical soils tend to 
be more acidic (a lower pH of 4-5 is typical), 
so organisms that prefer more acidic soils 
will colonize those areas. Microbes require 
carbon, oxygen, nitrogen, sulfur, potas-
sium, magnesium, manganese, iron, and 
other ions in smaller amounts. Most of the 
necessary nutrients are obtained when 
microorganisms decompose dead material 
or eat each other. Microorganisms prefer 
porous soils high in organic matter, so that 
there is adequate food, water, and oxygen 
(Hassink, 1993). 

Soil salinity is a measure of the quantity 
of salts in soil; these salts include sodium, 
magnesium, calcium, sulfate, and bicar-
bonate. Salt stress can lower a microbial 
population’s metabolic ability (Rietz & 
Haynes, 2003). Saltwater intrusion may 
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happen in regions close to salt water 
marshes, brackish water, or the ocean. 
Additional changes in soil salt content can 
result from changes to the water table and 
the application of some fertilizers, both of 
which may decrease microbe health and 
populations.

Historical land use may also have lasting 
impacts on soil microorganism populations. 
Certain factors such as pH level, salinity, 
and pesticide residues can persist in the 
soil and may be difficult to change. So many 
factors impact the health of microorganism 
communities that it’s often difficult to narrow 
down the exact problem. However, it is still 
important to monitor microorganism popu-
lations on the farm, especially when trying 
out new techniques and technologies. This 
article describes different options for moni-
toring the relative number of microorgan-
isms in the soil, as a lower-cost alternative 
to lab testing. 

Microbial population density has been 
correlated to decomposition and soil respi-
ration. The assumption is that a greater 
density of soil microbes, to a point, can 
cause the decomposition of organic matter 
more quickly than smaller populations of 
the same soil microbes. Previously, micro-
flora population quantification over a period 
of time has been used as an indicator of 
soil pollutants (Van Bruggen & Semenov, 
2000). Because nutrient cycling, which 
includes decomposition, is so important to 
soil quality, and these microorganisms aid 
in this process, we want to monitor changes 
in their population size in response to the 
new input. We are most concerned that 
the herbicide would harm the microorgan-
isms and reduce their populations. This 
proxy would show such a reduction if the 
filter paper in herbicide sprayed plots rotted 
more slowly than in plots sprayed with the 
water control.

[Eds.’ Note: ECHO Asia used the following 
methods in order to test the effects of home-
made natural herbicides. We compared 
pineapple herbicide, papaya herbicide, and 
used plain water as the control. For the 
readers’ reference, the experimental area 
was divided into nine 1m x 2m plots, the 
treatments (pineapple herbicide, papaya 
herbicide, or plain water) were randomized 
with 3 replications for a total of 9 experi-
mental units, that is: 3 treatments x 3 repli-
cations), and each treatment was applied 
to a plot of weeds for 1 minute at 500ml/m2. 
Please see ECHO Asia Note 26 for more 
information.]

Filter Paper Method

This first test method requires little 
hands-on time, but takes several weeks to 
run before results are obtained. It requires 
fewer resources than the second method, 
and can provide either qualitative or quan-
titative information. This filter paper method 
does not measure the number of microor-
ganisms themselves, but rather the decom-
position rate of organic matter by microor-
ganisms. Microorganisms are necessary 
for decomposition, so there is a positive 
relationship between microorganism popu-
lation and decomposition rate. As the popu-
lations of microorganisms responsible for 
decomposition increase, so does the rate at 
which the filter paper breaks down. (Other 
microhabitat factors such as temperature 
and soil moisture may also impact the 
decomposition rate.)

Materials:
 • Filter paper (coffee filter, or lab filter 

paper such as Whatman)

 • Litter bag or mesh bag (we used laundry 
bags intended for sock washing)

 • Shovel

 • Plot marker (this can be a flag, plastic 
ribbon, or even a simple stick)

 • Measuring tape

Method:
1. Start with clean hands and a clean litter 

bag.

2. Weigh 1 to 3 pieces of filter paper and 
place them in the bag, making sure they 
are 1 layer thick and that they do not 
overlap (additional filter papers in the 
bag only give you additional subsam-
ples) (Figure 1).

3. In each area or treatment plot you plan 
to monitor relative microbe populations, 
dig a hole that is roughly the size of the 
litter bag to a depth of 4-6 cm, making 
sure the bottom of the hole is flat. 

4. Place the litter bag, with filter paper in 
it, on the bottom of the hole and backfill 
with the dirt you removed so it is level 
with the rest of the soil.

5. Mark the location so that you can find 
it again.

6. Let it rest for 6 weeks.

7. After 6 weeks, dig up the litter bag and 
compare the decomposition of the filter 
paper to that in other plots (this can be 
done visually, by making a visual esti-

mate of which is most/least decom-
posed; for a more accurate measure 
see step 8).

8. For a more accurate measurement of 
decomposition rates, remove the filter 
paper from the litter bag and shake 
off the dirt (large clods of dirt stuck to 
the paper should be carefully scraped 
off). Dry the pieces of filter paper in an 
oven set to 60°C for 24 hours. Once 
completely dry, reweigh the filter paper. 
The following formula gives the final 
change in weight; a smaller percent 
decomposition indicates that less 
decomposition occurred, and a larger 
percent decomposition indicates that 
more decomposition occurred. We 
infer microbial health and populations 
from these numbers; a higher percent 
decomposition implies the presence of 
more microbes.

Bacterial Colony Count Method

Bacterial counts give numerical data in 
as little as 24 hours, and approximate the 
actual microorganism population present 
in a sample (Figure 2). In addition to plant 
roots, macroarthropods, and microar-
thropods, microorganisms are part of the 
biological components of a soil system. 
Many labs utilize this method to analyze 
soil microbe population size as one indi-
cator of changes to soil system health. This 

.  .  .  .  .  .  .2

Figure 1: (Top) The filter paper method in-
volves using filter paper inside a mesh bag, as 
photographed here. Figure 2: (Bottom) Creat-
ing agar plates and counting bacterial colonies 
is the second method discussed in this article to 
indicate changes in soil system health.

 Decomposition % = X 100
initial weight — final weight 

initial weight(           )
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method involves more preparation time and 
requires more resources, but the results 
can be more accurate. Maintenance of a 
sterile working environment is crucial to this 
method’s accuracy. 

Unlike most lab analysis, we made our own 
nutrient agar and incubated the petri dishes 
at a slightly lower temperature (27°C rather 
than the more standard 25°C or 30°C). This 
means that CFU counts from other labs or 
lab protocols would have slightly different 
CFU counts than what we obtained. 
However, the general patterns within the 
experiment over time—microbial popula-
tions increasing, decreasing or remaining 
neutral—should be similar to what other 
labs would find. Because bacteria and fungi 
are so diverse, their nutrient needs have 
different ideal proportions for each species 
and so no one type of nutrient agar can 
support all of the different types of micro-
organisms. Some species might need addi-
tional nutrients and other compounds to 
successfully multiply into a visible colony. 
Because of this, our nutrient agar can only 
support a fraction of the bacteria and fungi 
present in soil, but can still show general 
trends for the bacteria that can use it. 

Materials: 
 • Trowel

 • Jar/plastic sample bag

 • 5 ml pipette (x 2) 

 • 20 ml test tube/small glasses (x 7) 

 • Agar plates (can be made; see below) 

 • Stirring rod

 • Bacterial spreader

 • Alcohol/flame

[Note: The scientific equipment—agar 
plates, test tubes, stirring rod and bacte-
rial spreader—were purchased at Union 
Science, Suthep Rd., Chiang Mai, Thai-
land.]

Method: 
1. Label 7 test tubes and 7 agar plates with 

“1, 10-1,10-2, 10-3, 10-4, 10-5, 10-6.” Ster-
ilize them by soaking them in a solu-
tion containing 9 parts water and 1 part 
bleach for 24 hours, or place in a pres-
sure cooker for 20 minutes at 121°C at a 
pressure of 103.4 kilopascals.

2. Fill tube 1 with 10 ml sterile water and 
the rest of the tubes with 9 ml sterile 
water. 

3. Use a sterile 
trowel to collect a 
soil sample of at 
least 1 gram, and 
deposit into a sterile 
container.

4. Measure out 1 
gram of the soil and 
add it to the 10 ml 
of purified water in 
test tube 1.

5. Mix well (using ster-
ilized stirring rod if 
necessary, to break 
up clumps).

6. Use a sterile pipette 
to remove 1 ml of 
mud solution from 
test tube 1 and 
move it into test 
tube 10-1. Mix well.

7. Using the same 
pipette, remove 1 
ml of mud solution 
from 10-1 and move 
it into test tube 10-2. 
Mix well.

8. Move 1 ml of solution from test tube 10-2 
and transfer it to test tube 10-3. Continue 
in this manner, following the numerical 
order, until all the test tubes have a solu-
tion in them (Figure 3). 

9. Sterilize the bacterial spreader. You can 
pass it through a flame until it glows red 
and then allow it to cool, or wipe it down 
with 70% ethyl alcohol and allow it to 
dry.

10. Using the second sterilized pipette, 
move 0.5 ml of solution from test tube 
10-6 onto agar plate 10-6

11. Use a sterilized spreader to spread the 
solution across the surface of the plate 
from edge to edge, turn the plate 90 
degrees and keep spreading, turn two 
more times for full coverage (Figure 4). 
Immediately re-cover the plate.

12. Re-sterilize the spreader, and then 
move 0.5 ml of solution from test tube 
10-5 onto agar plate 10-5. Spread in the 
manner described in step 11.

13. Repeat steps 10 to 12 for the remaining 
test tubes/agar plates in numerical 
order, moving from 10-6 up to 10-1.

14. Stack all the agar plates upside down 
and put them in the warming chamber 
for 24 hours at 27°C (ECHO Asia uses a 
seed germination chamber that we built, 
see this link [https://www.youtube.com/

watch?v=k6lux5EVUuI]  to a YouTube 
video explaining the process).

15. After the 24-hour incubation period, look 
for plates that contain 30-300 colonies, 
make note of the dilution, and count the 
number of distinctive spots (colonies) 
which may vary in shape, size and color 
(Figure 2). It is important to note that 
if the “colony” is just a solid line where 
you streaked it or after only 24 hours a 
“colony” takes up a large portion of the 
plate, then either the solution was not 
diluted enough or the tools used may 
be contaminated. Instead of an original 
cell making a single colony, there would 
have been many colonies that have 
grown together making it impossible to 
count properly (Figure 5). 

Figure 3: Creating the solutions for the serial dilution for the bacterial 
colony count method. Photo credit: technologyinscience.blogspot.com.

Figure 4: Spreading method for adding bacteria to the agar plates.

Figure 5: Examples of common problems that 
occur when streaking the plates. Both indicate 
problems of contamination or concentrations of 
bacteria that are too high. The photo on the left 
has a solid streak which makes it uncountable. 
The photo on the right shows colonies probably 
merged together, which is why some of the spots 
are so large.

https://www.youtube.com/watch%3Fv%3Dk6lux5EVUuI
https://www.youtube.com/watch%3Fv%3Dk6lux5EVUuI
http://technologyinscience.blogspot.com/2011/11/cfu-colony-forming-unit-calculation.html%23.VvpBfOJ97IV


CFU is an estimate of the number of viable 
(healthy) microorganisms in a given volume 
of sample. Each bacterial or fungal cell can 
divide itself and makes a visible colony. 
The CFU is typically represented as CFU/
ml. A higher CFU indicates the presence of 
more microorganisms than samples with a 
low CFU. Most in-lab serial dilutions of soil 
microorganisms result in counts between 
104 - 1012 CFUs for a gram of soil, but what 
is considered normal varies widely. Please 
note that the method outlined here, although 
quantitative, does more to expose trends 
over time in one location than to provide a 
number that can be compared with soil from 
other locations. Also, note that the composi-
tion and population size of microorganisms 
in the soil varies by depth and location.

Regarding safety, it is important to note 
that it is possible to grow toxic/pathogenic 

bacteria/fungi using this method. To mini-
mize this likelihood, do not sustain colonies 
at temperatures much higher than room 
temperature during the incubation period 
(especially avoid the 36 to 38°C range, 
to prevent the survival and replication of 
bacteria that typically reside in mammals).

Making the Agar Plates 

Materials (Figure 6): 
 • 12 petri dishes

 • 2 cups water

 • 2 tablespoons agar powder

 • 2 bouillon cubes

 • 4 tsp sugar

 • 1 flask that can hold double the volume 
of the liquid (for sterilization)

 • 1 pressure cooker

 • 1 thermometer (sterilized with bleach)

 • Aluminum foil

Method:
1. Steam the plates in a pressure cooker 

for 20 minutes at 121°C and a pressure 
of 103.4 kilopascals, or soak in a bleach 

solution of 9 parts water and 1 part 
bleach for 24 hours.

2. Mix agar, bouillon, sugar, and water in a 
glass vessel that can hold double their 
volume. Microwave or heat over a stove 
until the mixture is completely dissolved. 
Swirl to make sure there is no undis-
solved solid left.

3. Cover the flask with aluminum foil and 
place it in the steam or pressure cooker. 
Following the manufacturer’s instruc-
tions, heat to 121°C and 103.4 kilopas-
cals for 20 minutes (Figure 7).

4. Remove the flask from pressure cooker 
and wait until the temperature reaches 
45°C.

5. Pour agar mixture into the bottom of 
each petri dish and ensure that the 
bottom is completely covered, but do 
not fill more than half full.

6. Immediately cover each petri dish with 
the lid and allow the agar to cool. Once 
the agar is solid, turn the plates upside 
down.

Alternative method if you don’t 
want to use the agar right away:
7. Follow steps 2 and 3 for the agar, but 

use a glass jar with a lid that has also 
been sterilized. After the agar has been 
sterilized, de-pressurize the pressure 
cooker and place the lid on the jar. The 
agar will solidify and can be stored for 
up to 1 week.

8. When you want to use it, place the jar 
full of agar in a bath of warm (not boiling 
water) until the 
agar melts/
reaches 45°C.

9. Follow steps 5 
& 6.

  

Step 1:  

Dilution Factor (DF) = inital volume
plate #         transfer volume               

transfer volume + water volume(           )
 

Step 2:   
Colony Forming Units (CFU) =          # colonies         

DF x plating volume

Example: If I counted 133 colonies on plate number 2.  
 

Step 1:       Step 2:  

DF = 0.5 x 
2    1ml      

1ml + 9ml(            )
  

     = 0.5 x 
2    1ml      

10ml(            )
 

     = 0.005
 

[Note: The values in the above example are from from the serial dilution done in ECHO Asia 
Note 26 to test the effects of a pineapple and papaya based herbicide on the soil. In that exper-
iment, the soil varied widely in moisture content so we measured and mixed by volume adding 
15mL of soil to 30mL of water to create the “initial solution”. In making the initial mixture for your 
own experimentation, you can adjust the amount of soil and water to meet your parameters. The 
amount of soil for the initial solution can be measured by volume (mL) or weight (g). You can 
alter your ratio of soil to water so that a pipette can easily pick up the solution, just ensure that 
you retain the same ratio and method of measurement throughout your experiment. The “transfer 
volume” is equal to the amount of solution you pipette from one test tube to the next which in our 
experiment was 1mL. While the “water volume” is the amount of water the initial solution is trans-
ferred into for each dilution. Finally the plate number would also be the number of times the 
solution has been transferred.]

.  .  .  .  .  .  .4

16. To Calculate Colony Forming Units (CFU):  

CFU =    133 colonies   
0.005 x 0.5ml

        = 133 colonies 
0.0025ml

        = 5.32 x 104 colonies/ml

   

 inital volume =    15ml soil    
30ml water = 0.5  

    transfer volume = 1ml

     water volume = 9ml

     plating volume = 0.5ml

Figure 6: Supplies used for making agar plates 
include sugar, bouillon cubes, agar powder, and 
water.

Figure 7: Stovetop pressure cooker used for 
sterilizing agar and other instruments. A trivet 
was placed into the pressure cooker and 2 to 3 
cm of water was added to the bottom of the pot 
(so that it didn’t touch the bottom of the jars). Jars 
covered with foil were placed in the center, leav-
ing at least 2 cm between the tops of the jars and 
the lid of the pressure cooker.
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Results

[Eds.’ Note: The primary purpose of this 
ECHO Asia Note is to present options for 
the ECHO Asia network to quantify and 
compare soil microbe populations to assess 
soil health, as a part of a larger experiment 
to test the effects of natural herbicides on 
weeds and soil health. We trialed these two 
methods to see how the trends in colony 
forming units in the ECHO Asia laboratory 
procedure compared to the filter paper 
microbial proxy and to CFU results from a 
professional soil analysis laboratory. ECHO 
Asia did not run enough replications on 
the trials to be statistically rigorous, only to 
see if in fact a resource-constrained NGO 
could utilize accepted laboratory proce-
dures at a lower cost, in order to use as a 
proxy for determining soil microbial health. 
Therefore, while the data included below is 
numeric, the results should be understood 
as qualitative rather than quantitative; they 
can be used to compare treatments within 
the same experiment but not across multiple 
experiments, as the results are localized to 
the certain environmental conditions of our 
test plots. We still chose to include these 
results from the trials in order to share what 
we learned with network members before 
they attempt these methods themselves. 
We would love to hear of any experiences 
you have with either of these methods.]

When testing the filter paper method, 
we found that the filter paper was more 
sensitive to how long it was left in the soil 
than we had expected. Depending on the 
climatic conditions and other soil variables, 
the decomposition rate may vary. If you 
are using this method to conduct compar-
ison trials or research for yourselves, we 
recommend that before trying to measure 
microorganisms in an experiment, you bury 
filter papers in your own soil and harvest 
them one by one over a period of weeks, 
to find out how long the papers last before 
completely disintegrating. You need to have 
something to measure and compare at the 
end so if it decomposes more that 90%, 
we suggest burying for a shorter amount 
of time. Once you get a framework for how 
long the filters will last in the soil, you can 
then conduct your trial or experiment.

Our experiments showed a slight discrep-
ancy: both showed much variation in the 
soil microbial populations, and differing 
patterns in terms of which soils’ microbial 
populations remained similar or declined. 
The filter paper test suggested that there 
was no significant difference in the health 
of soil microorganisms in soil that received 
a water treatment, a pineapple herbicide, 

or the papaya herbicide (Table 1). Variation 
was higher within the treatments than it was 
between the treatments, especially for the 
plots treated with pineapple herbicide and 
the control plots. Although the sample size 
is too small to run statistics on, we observed 
that the filter paper buried under the soil 
treated with the papaya herbicide appears 
to have lost the least weight and decom-
posed more slowly than the paper buried 
in other soil treatments. This suggests that 
the soil microorganism populations may 
have declined more in the soil treated with 
the papaya herbicide than in the other soils. 

In the CFU petri dish test, the variation of 
CFUs in the starting soil was just as great 
as the change in colony forming units, 
making a definite pattern difficult to distin-
guish. While microorganism populations 
declined with use of the pineapple treated 
herbicide, soil treated with papaya herbi-
cide or with the control actually increased 
in number of microorganism populations 
(Table 2). Literature suggests there would 
be a decline in CFUs of less than 1.0 x 
104 from the starting colony counts if the 
herbicides negatively affected soil micro-
bial health. We think the increase in CFUs 
for the papaya and control treatments 
may have been because the monsoon 
rains began during the trial, providing an 
increase in moisture. Further experimen-
tation with increased replications of the 
herbicide trial could reveal whether the lack 
of a repeated pattern resulted from wide 
variability between plots, or whether there 
really is no difference for the two herbicide 
treatments on soil microbial health.

Conclusions

These tests can potentially help you eval-
uate the population size of microorganisms 
in your soil. Each soil has different prop-
erties and will also have different microor-
ganism populations. These tests can be 
used before and after use of soil inputs 
or amendments, to evaluate their impact 
on soil health. They could also be used to 
compare soil from different locations on a 
farm, especially if you think something may 
be negatively affecting the microorganisms 
in a particular area. However, these tests 
can only tell whether or not there has been 
an impact; they cannot tell what factor(s) 
are causing the decline or increase in 
number of soil microorganisms. Typically, 
the healthier your soil, the more microor-
ganisms will be present, contributing to a 
healthier production system. 

[Note: Separate tests for soil moisture, soil 
texture, and pH can be found in ECHO Asia 
Note 15 “Soil Quality Assessment: Why and 
How” by Marcia  Croft.]
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Table 1: Results of the filter paper test in the pa-
paya herbicide treated soils (M), pineapple her-
bicide (P) treated soils, and water control treated 
soils (C) accross three replications. The decom-
position is the difference between the starting 
weight and ending weight; we take a higher num-
ber in the decomposition column to indicate more 
microbial activity in that soil.    

Treat-
ment

Starting 
Weight 

(g)

Ending 
Weight 

(g)

Decom-
position

M1 1.21 1.06 0.15

M2 1.21 0.96 0.25

M3 1.21 0.72 0.49

P1 1.21 0.15 1.06

P2 1.21 0.87 0.34

P3 1.21 0.56 0.65

C1 1.21 0.83 0.38

C2 1.21 0.41 0.80

C3 1.21 0.52 0.69

Table 2: Results of the petri dish colony count-
ing test in the papaya herbicide treated soils (M), 
pineapple herbicide (P) treated soils and water 
control treated soils (C). The change in CFU is 
the difference between the ending count and the 
starting count.  

Treat-
ment

Sarting 
CFU

Ending 
CFU

CFU 
Change

M 5.24 x 105 1.28 x 106 + 7.56 x 105

P 4.04 x 105 3.32 x 104 - 3.71 x 105

C 4.16 x 105 8.4 x 105 + 4.24 x 105

http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_15.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_15.pdf
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Principles of Seed Storage  
to Consider

When planning to construct a “Cold Room” 
or “Seed Storage Room” for the purpose 
of preserving seed viability, one must 
first consider principles for optimum seed 
storage. In ECHO Asia Note 14 (July 2012), 
we shared results from our comparison 
of vacuum sealing versus refrigeration, 
and highlighted the importance of mois-
ture control and temperature control in 
seed storage. We found moisture control 
(vacuum sealing) to be more effective in 
maintaining seed viability than temperature 
control (refrigeration). It is ECHO Asia’s 
experience that seeds are best stored in 
the tropics by first using vacuum sealing 
after drying (to preserve low seed moisture 
content), then storing the packaged seeds in 
cool temperatures. When designing a cold 
room for optimum seed storage conditions, 
good insulation and cooling are important; 
however, without a proper moisture barrier, 
the cooling process will draw moisture 
from the outside and create condensation, 
leading to increased moisture content. In 
cases where seeds are not also stored in 
vacuum sealed bags themselves, or when 
the seal on the vacuum-sealed bags breaks, 
this additional moisture can damage seeds.

Many different materials can be used to 
construct a cold room that will be both 
efficient and preserve seed viability. Ask 
yourself, “What locally available materials 
have a high insulation value and are not 
subject to moisture penetration?” In most 
circumstances, the answer to this question 
will include a combination of materials. For 
instance, if you know of a natural material 
that insulates well but is subject to moisture 
retention, mold, and/or decay, a moisture 
barrier (such as plastic) may be able to be 
used on both the inside and outside of the 
building. Consider also both floors and walls 
when thinking about moisture and insu-
lation; the floor is just important to protect 
from moisture retention and temperature 
loss as the walls.

Note that if you construct a cold room in a 
humid climate, it will be nearly impossible to 
keep all humidity out of your room. As you 
cool the room, humidity levels will increase 
and natural materials will absorb and retain 
the moisture. The percent relative humidity 
can be thought of as the actual amount of 

moisture in a given volume of air in propor-
tion to the amount of moisture a given 
volume of air could hold at a certain tempera-
ture in a given environment. Warm air can 
hold more moisture than cooler air. Percent 
relative humidity is typically inversely 
related to temperature; that is, as tempera-
ture decreases, the amount of moisture the 
ambient air could hold decreases, leading 
to increased relative humidity, because 
that volume of air is more saturated than 
at a higher temperature. This is why very 
cold storage containers, like refrigerators, 
have very high relative humidity, which can 
damage unprotected seeds. Seeds are 
living organisms and will equilibrate to the 
ambient relative humidity even after being 
dried to an optimum 3-10% seed moisture 
content. Storing seeds in a refrigerator is 
not good for seed viability, because of the 
high moisture content. Seeds stored in a 
vacuum-sealed container will fare better in 
a refrigerator, but such storage conditions 
are still not optimal because of the high 
relative humidity. 

[Note: For more information about relative 
humidity, see http://ocw.usu.edu/Forest__
Range__and_Wildlife_Sciences/Wild-
land_Fire_Management_and_Planning/
Unit_4__Temperature-Moisture_Relation-
ship_4.html]

If you build a cold room attached to or 
amongst other buildings, consider placing it 
in a location that will maximize its efficiency. 
In the Northern Hemisphere, the southwest 
corner of any building without shade trees 
will be the hottest part of the building. Like-
wise, the northwest corner in the Southern 
Hemisphere of any building without shade 
trees will be the hottest side of the building. 
It will be most efficient to build to the north-
east side of any existing building in the 
Northern Hemisphere, or the southeast 
side of any existing building in the Southern 
Hemisphere. Incorporating shade trees 
can also help moderate temperature. Avoid 
windows, because natural light encourages 
seeds to metabolize their nutrients in prepa-
ration for germination, reducing their shelf-
life.

The ECHO Asia Cold Room

ECHO Asia produces and distributes an 
increasing quantity and number of varieties 
of seeds. We recently had to modify our 
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Constructing an Improved Cold Room 
for Seed Storage

by Zachary Price, ECHO Asia Senior Technical Advisor

https://c.ymcdn.com/sites/echocommunity.site-ym.com/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://ocw.usu.edu/Forest__Range__and_Wildlife_Sciences/Wildland_Fire_Management_and_Planning/Unit_4__Temperature-Moisture_Relationship_4.html
http://ocw.usu.edu/Forest__Range__and_Wildlife_Sciences/Wildland_Fire_Management_and_Planning/Unit_4__Temperature-Moisture_Relationship_4.html
http://ocw.usu.edu/Forest__Range__and_Wildlife_Sciences/Wildland_Fire_Management_and_Planning/Unit_4__Temperature-Moisture_Relationship_4.html
http://ocw.usu.edu/Forest__Range__and_Wildlife_Sciences/Wildland_Fire_Management_and_Planning/Unit_4__Temperature-Moisture_Relationship_4.html
http://ocw.usu.edu/Forest__Range__and_Wildlife_Sciences/Wildland_Fire_Management_and_Planning/Unit_4__Temperature-Moisture_Relationship_4.html
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cold room and add a second room in order 
to boost our capacity and increase the effi-
ciency of the storage room.

The original seed storage room is located in 
a building with a metal roof and a drop-down 
tile ceiling. Because it is a corner room of a 
pre-existing purpose-built structure, it had 
two existing windows on two walls. We 
placed fiberglass insulation above the tile 
ceiling and lined the walls with 50mm thick 
Styrofoam sheets. The room was cooled 
with a 9265 BTU/h split air conditioner that 
we modified with a CoolBot purchased from 
Storeitcold.com. The CoolBot served as 
an easy do-it-yourself modification; it does 
not require expertise to install, nor does it 
negate the warranty of the air conditioner. 
A CoolBot overrides the internal thermo-
stat and allows an air conditioning machine 
to run colder. With the air conditioner and 
CoolBot together, we tend to keep our old 
seed storage room at about 10–16°C. 

We ran a dehumidifier in the room to 
help regulate the amount of condensa-
tion from the cold temperatures. This cold 
room worked well, but was not very effi-
cient (owing to the conversion of a regular 
purpose-built room), did not regularly cool 
the room below 15°C, and also had a 
tremendous amount of condensation that 
accumulated and dripped through the drop-
ceiling tile. We learned that the ceiling was 
not insulated enough to overcome the dew 
point of the ambient air in the ceiling space 
above the room, nor was the ceiling water-
tight. When water condensed on top of the 
drop-ceiling tiles, it pooled and found its 
way into the room, increasing the moisture 
content of the room. 

The new room was constructed adjacent to 
the existing cold room (Figure 1). It has a 
crushed gravel base topped with a plastic 
sheet to act as a vapor barrier. We placed 
2” (50mm) Styrofoam sheets over the 
plastic liner to act as a further vapor barrier, 
then poured a conventional cement slab (4” 
or 10cm deep) on top of the foam (Figure 

2). For the next layer we used autoclaved 
aerated concrete (AAC) (we used the trade 
marked Q-Con blocks), a precast product 
that is manufactured to be a light-weight 
highly-closed-cell aerated concrete block 
that is lightweight, provides insulation, 
and is mold-resistant. AAC is increasingly 
available in Thailand as a highly insulated, 
easy-to-use building material that is made 
from cement, aluminum, and other agents 
which undergo a chemical reaction to form 
hydrogen bubbles, which are trapped in the 
cement and lead to a very porous, highly 

insulated block. We laid a layer of these 
AAC blocks on top of the  concrete floor, 
finally topping all of this with plastic and 
plywood sheeting to diffuse weight (to avoid 
breaking the brittle AAC). The room uses a 
traditional post-and-wall construction with 
four load-bearing posts at the corners made 
from traditional reinforced cement. We used 
AAC blocks to construct the new walls of the 
cold room, and to line the preexisting walls 
where the cold room joined the existing 
building. A metal girder roof with asbestos 
tiles ties the walls and posts together. We 

Figure 1: The design for the new storage room, adjacent to the old room. 

Figure 2: The floor for the new room was constructed with layers of a plastic sheet, Styrofoam, ce-
ment, AAC blocks, and a sheet of plywood. 

(From Left to Right): The old cold room seed storage area, a close up of an AAC block, the new cold room under construction, and the new cold room once 
the walls had been built but before insulation. 

Old Seed Storage Room

Window converted into a 
door to connect the new 

and old seed rooms.

New Seed Storage Room

Seed Drying Room

http://storeitcold.com/


sprayed 25mm-thick spray foam insulation 
on all four walls and a 50mm spray on the 
bottom of the roof, rendering the walls and 
roof well-insulated and impermeable to 
moisture (in essence, a vapor barrier and 
insulation in one package). A 15,000 BTU/h 
split unit air conditioner with a CoolBot was 
installed to provide cooling capacity. This 
new room is kept around 4⁰C quite easily by 
the new air conditioning unit with CoolBot.

In order to create more efficient usable 
space, we also remodeled our original 
cold room during the construction of our 
new cold room.  We replaced the existing 
hollow plastic door with a solid core PVC 
(polyvinyl chloride) door in order to provide 
better insulation and a moisture barrier. We 
removed the windows; one became the 
doorway to our new cold room and the other 
was filled with concrete AAC blocks. We 
sprayed the ceiling with a 50mm thick spray 
foam insulation and the walls with a 25mm 
thick spray foam insulation to improve effi-
ciency and provide a moisture barrier. This 
renovated room is typically kept at 16⁰C. It 
acts as an airlock to the colder room and 
as a temporary inventory storage space. It 
also provides working space for Seed Bank 
staff to take inventory and to vacuum seal 
seeds.

Outcomes

Since the completion of this new seed 
storage room, ECHO Asia staff members 
have noted several differences between 
the old seed storage room and this new 
design. Despite now running two air condi-
tioning units rather than just one, there has 

been a negligible increase in the overall 
monthly cost of electricity at the Seed 
Bank. Since completing the new room and 
making changes to the old room, we have 
seen no sign of water from condensation. 
Lower humidity in the room means that staff 
members no longer have to run the dehu-
midifier in the seed storage space. Finally, 
because of the insulation, the new room is 
a much cooler storage space than the old 
room, and even the old room is now cooler 
than it had been previously – providing a 
safer space to protect ECHO Asia’s seeds. 

Costs

Table 1 contains information about the 
costs of building this new cold room. The 
most expensive specific items were the 
air conditioning unit, the foam insulation 
(including labor), and the cement AAC 
blocks. This cold room design is not meant 
to be promoted for individual farmers’ 
use, but could have some applications in 
nonprofit or larger settings. Locally avail-
able and more affordable substitutions for 
some items might also be available, such 
as using a wooden door and painting it with 
latex paint (so to prevent moisture), using 
foam sheets instead of spray foam insula-
tion, and using traditional brick and plaster 
instead of Q Con Blocks. 

Further Recommendations

A seed storage room of this capacity will 
not be appropriate for every situation. 
However, the principles, ideas, and mate-
rials mentioned in this article may offer 
starting points or solutions for nonprofit and 
community seed banks working in a similar 
context. If you would like to build a cold 
room, first consider the needs of your situ-
ation and what materials are readily avail-
able to you in your context. Then decide 

how you might best create a safe space for 
your seeds. 

To read more about ECHO Asia’s ongoing 
research into appropriate seed storage 
methods, please also see the following 
links:

 • ECHO Asia Note 14: Vacuum Sealing 
versus Refrigeration: http://c.ymcdn.
com/sites/members.echocommunity.
org/resource/collection/0ADF35ED-
72B3-44AA-92B5-D50F9B4A741D/
EAN_14_-_July_2012.pdf

 • Resources from the 2015 Cambodia 
Seed Saving Workshop: http://
w w w . e c h o c o m m u n i t y . o r g / e n /
resources/b3b28c0a-efbf-46fe-a63c-
2c223dc70a86 

 • Resources from the 2014 Thailand Seed 
Banking Workshop: https://echocommu-
nity.site-ym.com/?Asia_SeedWorkshop

 • A Low-Cost Germination Chamber 
and Earthbag House Seed Bank in NE 
Cambodia YouTube Video: https://www.
youtube.com/watch?v=Ao5M7OLsGTY 
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Table 1: Costs of the seed storage room in USD and THB. Materials used and price of materials may 
vary depending on local context.  

Construction Item THB USD

Spray Foam Insulation (Including Labor) 23,929.00 683.69

AAC Q-Con Blocks 7,800.00 222.86

Construction materials (Plywood, concrete, plastic, roof tiles, girders, etc.) 50,633.00 1,446.66

Electrical Wiring 1,527.00 43.63

Door for Cold Room 517.00 14.77

Air Conditioner 19,490.00 556.86

CoolBot 8,750.00 250.00

Painting New Cold Room 800.00 22.86

Drainage Ditch for Cold Room 31.00 0.89

TOTAL 113,477.00 3,242.22

(FromTop to Bottom): The cold room is run off of 
a single air conditioning unit and a Coolbot; the 
cold room was insulated with spray foam.

http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/EAN_14_-_July_2012.pdf
http://www.echocommunity.org/en/resources/b3b28c0a-efbf-46fe-a63c-2c223dc70a86%20
http://www.echocommunity.org/en/resources/b3b28c0a-efbf-46fe-a63c-2c223dc70a86%20
http://www.echocommunity.org/en/resources/b3b28c0a-efbf-46fe-a63c-2c223dc70a86%20
http://www.echocommunity.org/en/resources/b3b28c0a-efbf-46fe-a63c-2c223dc70a86%20
https://echocommunity.site-ym.com/%3FAsia_SeedWorkshop
https://echocommunity.site-ym.com/%3FAsia_SeedWorkshop
https://www.youtube.com/watch%3Fv%3DAo5M7OLsGTY
https://www.youtube.com/watch%3Fv%3DAo5M7OLsGTY
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0adf35ed-72b3-44aa-92b5-d50f9b4a741d/EAN_14_-_July_2012.pdf%3FhhSearchTerms%3D%2522vacuum%2Band%2Bsealing%2522
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0adf35ed-72b3-44aa-92b5-d50f9b4a741d/EAN_14_-_July_2012.pdf%3FhhSearchTerms%3D%2522vacuum%2Band%2Bsealing%2522
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0adf35ed-72b3-44aa-92b5-d50f9b4a741d/EAN_14_-_July_2012.pdf%3FhhSearchTerms%3D%2522vacuum%2Band%2Bsealing%2522
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0adf35ed-72b3-44aa-92b5-d50f9b4a741d/EAN_14_-_July_2012.pdf%3FhhSearchTerms%3D%2522vacuum%2Band%2Bsealing%2522
http://c.ymcdn.com/sites/members.echocommunity.org/resource/collection/0adf35ed-72b3-44aa-92b5-d50f9b4a741d/EAN_14_-_July_2012.pdf%3FhhSearchTerms%3D%2522vacuum%2Band%2Bsealing%2522
https://extension.ucdavis.edu/sites/default/files/auto_aerated_concrete.pdf
https://extension.ucdavis.edu/sites/default/files/auto_aerated_concrete.pdf
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[Editor’s Note: 
Reprinted with 
permission from 
Appropriate Tech-
nology and Craig 
Soderberg.] 

Eat Your Greens: The Surprising Power 
of Home Grown Leaf Crops, by David 
Kennedy. Published by New Society 
Publishers, www.newsociety.com, ISBN 
978-0-86571-751-0

With 277 pages of helpful information, this 
book is a great resource for agricultural tips. 
There are 16 chapters: (1) the power of the 
industrial food system, (2) the  promise of 
the local food system, (3) raising food, not 
money, (4) matching the parts of the food 
system to what they do best, (5) the potential 
of home grown greens, (6) creating healthy 

food gardens, (7) dynamic new leaf crops 
for the home garden, (8) growing multi-pur-
pose leaf crops, (9) growing fresh greens 
year-round, (10) growing vertical greens, 
(11) growing edible cover crops, (12) 
preserving the leaf harvest, (13) concen-
trating the nutrition of green leaves, (14) 
recipes, (15) a new way to share informa-
tion about food, and (16) held in light. There 
are also two appendices, one for seeds and 
supplies and one for useful websites.

In the introduction, the author states that 
leaf crops produce more nutrients per 
square foot of growing space and per day 
of growing season than any other crop and 
they also have more nutrient per calorie 
than any other food. The last page of the 
introduction provides a chart that shows 
that home grown leafy vegetables provide 
significantly more vitamin A and iron than 

factory produced crops like lettuce and 
cabbage.

In chapter one, the author discusses some 
of the problems with the industrial food 
system. For example, nearly 90 percent 
of all corn and soy in the US is now grown 
from genetically modified (GM) seed and 
corn and soy yields are fed to many different 
types of livestock in confined areas where 
their movement is limited.  Also, the food 
produced by the industrial food system may 
be more uniform but generally has much 
less flavor, less variety, and less nutritional 
value. Ultimately the most damning judg-
ment against the industrial food system is 
that it cannot be sustained. Critics state 
the obvious: complete dependence on 
non-renewable energy sources and topsoil 
is being eroded much faster than it can be 
rebuilt. And up to 98% of vegetable vari-
eties in the US have been permanently lost 
in the past 100 years and the industrial diet 
has been blamed for sharp increases in the 
rates of obestiy and diabetes.

Corrections from  
ECHO Asia Note 26

Photo Correction, Page 1

Please note that there is a correction to 
make in the first article of ECHO Asia 
Note 26 “Making and Testing an Alterna-
tive Herbicide for Smallholder Farmers,” in 
photo (2) of Figure 1 (located on the bottom 
of the first page). This photo was listed 
as Spagneticola tribuolata but is actually 
Euphorbia hirta. 

Euphorba hirta is a useful medicinal plant 
against diarrhoea and amoebic dysentery 
but can sometimes be both a pantropical 
weed anก invasive species. 

Table Correction, Page 2

Please also note that there is an error in 
Table 2, “Total herbicide cost” on the top 
right corner of the second page. Papaya 
and pineapple costs should be inverted so 
that the total cost of the pineapple spray 
should be 13.72 USD (0.686 USD per 
L) and the total cost of the papaya spray 
should be 8.12 USD (0.406 USD per L).

Apologies for the misinformation!

A Note from the Editors 
Regarding ECHO Asia Note 26

We received some feedback about the 
article on creating and testing a natural 
herbicide and wanted to share a few 
reminders about it that would also apply 
to other options in general that you may 
receive from ECHO and ECHO Asia. As a 
technical resourcing and networking organi-
zation, we are always trying to gather, verify, 
and disseminate options that may work well 
for your context in helping the poor. As all 
agriculture (and community development, 
for that matter) is based on both environ-
mental and cultural contexts and their 
complex interplay, not all options will work 
well across all contexts. In short, there is 
no silver bullet! Therefore, we as ECHO are 
looking to make options available that you 
can try, low risk to farmers, in your particular 
environmental and cultural contexts to see 
what works, what may be adopted, and how 
to adapt some of the options to improve 
their application and efficacy. We also 
hope that these options and their trial and 
demonstration are done in the community 
and with assets and needs assessments 
to participatorily guide the process. To that 
end, we value your feedback and candid 
sharing of your successes and failures with 
us so that we can better refine the options 
we share and give other network members 
better insight into what options work/don’t 
work in particular contexts.

To clear up a few things from the 
herbicide article: 

We are not opposed to the use of synthetic 
herbicides, but we recommend a system of 
Integrated Pest Management (IPM, or IWM, 
Integrated Weed Management) be used to 
improve sustainability and reduce costs 
for farmers. The use of herbicides is just 
one piece of a much larger successful IPM 
strategy. The herbicide that was tested at 
the seed bank was still much more expen-
sive than purchasing a synthetic herbicide. 
However, the costs that were included in the 
study included the purchase of papaya and 
pineapple to make the herbicide. If these 
were supplied on-farm, as is encouraged 
through of the use of natural farming, inte-
grated agriculture, and sustainable intensifi-
cation techniques, the cost can be reduced 
by up to 85% (bringing the costs down 
significantly). Also, the herbicide tested 
was not meant to be used as a large-area 
burn-down herbicide, like that which is often 
used in industrialized agriculture, but as a 
non-selective management tool for smaller 
weedy areas when other methods of IPM 
are not-effective in controlling weeds. For 
the purpose of the experiment, we broad-
sprayed our plot, testing the efficacy of 
the herbicide on grassy and broadleaf 
weeds in addition to gauging any impacts 
on soil health. The judicious use of herbi-
cides within a larger IPM stratefy can save 
a farmer money, improve soil health, and 
break the “pesticide treadmill” that results 
when pesticides are continuously used.

Corrections and Notes from AN 26

Book Review: Eat Your Greens
Review by Craig Soderberg

https://c.ymcdn.com/sites/echocommunity.site-ym.com/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/Asia_Notes_26.pdf
https://c.ymcdn.com/sites/echocommunity.site-ym.com/resource/collection/0ADF35ED-72B3-44AA-92B5-D50F9B4A741D/Asia_Notes_26.pdf
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In chapter two, the author discusses the 
advantages of the local food movement. 
There is nearly unanimous agreement 
within the local food movement that fresh, 
minimally processed food is healthier than 
highly processed food shipped from afar. 
There is also widespread support within the 
local food movement that organically grown 
food is more nutritious than its convention-
ally grown counterpart. 

After comparing the industrial food system 
(mass produced factory food) with the local 
food movement, in chapter three, the author 
discusses a third option - raising your own 
food with a humble home kitchen garden. 
The three out of the top four reasons for 
kitchen gardening are to grow food that 
tastes better, has better quality, and is safer. 
Safer gardening means we can grow and 
eat organic food that does not have the 
residue of herbicides, pesticides, and fungi-
cides. 

In chapter four, the author compared 
the global food production scale, indus-
trial scale, local scale and home scale in 
terms of ecology, efficiency, and diversity. 
The home scale definitely has the highest 
diversity potential. Diversity is an important 
component of a mature ecosystem.

In chapter five, the author explains why we 
should grow and eat our own leafy vege-
tables: they are low in calories and full of 
vitamins, minerals, and antioxidants.  He 
explains that the rate of diabetes is about 

20% higher in countries where high-fruc-
tose corn syrup (HFCS) is readily avail-
able than in countries where it is difficult to 
find. But the British Medical Journal found 
that an increase of 1.15 servings of leafy 
vegetables a day was associated with a 
14% decrease in the incidence of type 2 
diabetes (p.51). 

In chapter six, the author discusses how 
to create healthy food gardens. An inter-
esting observation from this chapter is that 
many weeds have edible leaves and they 
are often more nutritious than the vegetable 
crops that they threaten. Examples of edible 
leaves include: dandelion, lambsquarters, 
pigweed, purslane, dock, chickweed, plan-
tain, and stinging nettles.

Chapters seven and eight provide indepth 
discussions of 21 spectacular leafy crops, 
how to extend their harvest, and how to 
preserve them for year-round use. These 
include: (1) Chaya, tree spinach, (Cnidos-
colus aconitifolius) (2) Cranberry hibiscus 
(Hibiscus acetosella), (3) Garlic chives, 
chinese chives (Allium tuberosum), (4) 
Jute, molkhia (Corchorus olitorius), (5) 
Moringa, Horseradish tree, Drumstick tree, 
Malungay (Moringa oleifera, M. stenope-
tala), (6) Okinawa Spinach, Gunura (Gynura 
bicolor, Gynura crepioides), (7) Taioba, 
Tannia, Malanga, Yautia (Xanthosoma 
sagittifolium), Belembe, Tannier Spinach 
(Xanthosoma brasiliense); Taro (Colocasia 
esculenta), (8) Tampala, Leaf Amaranth, 
Joseph’s Coat (Amaranthus tricolor), (9) 

Toon, Chinese Mahogany, Fragrant Spring 
Tree, Red Toon, Chinese Cedar (Toona 
sinensis), (10) Vine Spinach, Malabar 
Spinach (Basella alba, B. rubra), (11) 
Walking Stick Kale (Brassica oleracea var. 
longata). The following additional species 
are discussed in chapter eight: (1) Grain 
Amaranth, (2) Quail Grass, (3) Roselle, (4) 
Sweet Potatoes, (5) Wolfberry. Another five 
species are discussed in chapter eleven as 
edible cover crops: (1) Alfalfa, (2) Austrian 
Winter Peas, (3) Barley, (4) Cowpeas, (5) 
Wheat.

Eight full color pages with several example 
photographs of various plants are included 
at the end of chapter seven.

Chapter nine discusses how to grow fresh 
greens year-round with greenhouses. 
Chapter ten discusses growning greens 
vertically. Chapter eleven discusses how 
we can grow and eat edible cover crops. 
Chapter twelve and thirteen discuss how to 
make leaf concentrate - perhaps the most 
nutritious food on the planet. Chapter four-
teen includes several recipes which use 
leafy greens as a primary ingredient.

I highly recommend this book for anyone 
with an interest in the ‘how to’ and ‘why’ of 
backyard gardening. The ideas from this 
book may also help those of us who support 
organic gardening to know how to respond 
to those who think ‘organic’ doesn’t really 
matter. 

The System of Rice Intensification (SRI) 
has been promoted by academics such 
as Norman Uphoff for several years. Many 
countries have adopted SRI as a way to 
reduce farmer-inputs and increase rice 
productivity. Several Thai farmers have 
learned and practiced SRI and are excited 
to share their experiences with others as a 
way to promote SRI adoption. Fah Mui is 
one such farmer. In addition to her environ-
mentally-friendly rice culture, she has also 
created a niche market through her farm 
and sells her value-added rice all over Thai-
land. 

Even though SRI has many benefits for 
farmers, it still has several limitations that 
need to be discussed in detail. Farmers 
also need to discuss the adaptation of SRI 
to their local paddies in order to identify 
and develop best SRI practices for specific 
contexts. Come learn and share with ECHO 
Asia, Fah Mui, and other participants about 
some of the lessons you have learned prac-
ticing SRI. This event is open to all and all 
are encouraged to attend!

Participants will be picked up on the afternoon and dropped off at the ECHO Asia Office 
in Chiang Mai, leaving on the afternoon of the 7th and returning the evening of the 9th.  

 

For more information, plase contact echoasia@echonet.org. 
To register for this event, please visit ECHOcommunity.org!

Upcoming: The Northern Thailand SRI Experience: 
Sharing, Practicing, and Niche Marketing 

June 8-9, 2016: Chiang Rai, Thailand

mailto:echoasia%40echonet.org?subject=SRI%20Event
http://www.echocommunity.org/en/resources/960d3216-25e7-41e5-af41-15b53590dbfe
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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. I 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 “Develop-
ment Worker” membership entitles you 
to 10 free trial packets of seed per year, 
so be sure to take advantage of this and 
visit the ECHO Asia Seed Bank online 
today! 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 on ECHOcommunity.org 
in Thai, Khmer, Burmese, Mandarin, 
Bahasa Indonesia, and Vietnamese 
languages. 

3. Don’t forget that 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 work-
shops. 

4. If you have never joined us for an event, 
please consider doing so- there is an 
upcoming SRI workshop happening in 
Thailand this June, and other upcoming 
events will be posted to ECHOcommu-
nity soon. 

In addition to using our information, we 
strongly encourage you to provide feed-
back to us in order to better know how 
to serve you and to help us to refine our 
resources and delivery. In the future, we 
hope to have an automated feedback 
system, seed evaluation system, and better 
monitoring and evaluation so that we can 
better equip workers. 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. Addi-
tionally, if you have any ideas or would like 
to write an article for an upcoming ECHO 
Asia Note, we invite you to do so! You can 
always contact us at echoasia@echonet.
org. Thank you for reading, and please do 
stay in touch!

Best regards,

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

Are you an ECHO Asia network member 
working with coffee and looking for further 
technical training in growing or processing, 
assistance in grading your coffee, or looking 
to network with similar organizations and 
individuals in Asia?

ECHO Asia would like to identify interested 
network members to become a part of an 
ECHO Asia Coffee Network. This network 

will be contacted for upcoming trainings and 
events, receive first notice of availability 
for coffee consultations from ECHO, and 
connect with organizations doing similar 
work and facing similar challenges.

To sign up for this network, please fill this 
form out today!

Announcing the ECHO Asia Coffee Network

Call for Articles and Insights

http://www.echocommunity.org/en/pages/echo_asia_seedbank_info
https://c.ymcdn.com/sites/echocommunity.site-ym.com/resource/collection/6DC6391C-3CD1-4F29-A460-02C079348514/2015_ECHO_Asia_Seed_Catalog.pdf
http://echocommunity.site-ym.com/%3FAsia_Notes_Languages
http://echocommunity.site-ym.com/%3FAsia_Notes_Languages
http://echocommunity.site-ym.com/%3FAsiaTech
http://echocommunity.site-ym.com/%3FAsiaTech
http://www.echocommunity.org/en/pages/event_resources_asia
http://www.echocommunity.org/en/pages/event_resources_asia
http://www.echocommunity.org/en/pages/event_resources_asia
http://www.echocommunity.org/en/resources/960d3216-25e7-41e5-af41-15b53590dbfe
http://www.echocommunity.org/en/resources/960d3216-25e7-41e5-af41-15b53590dbfe
http://www.echocommunity.org/events/region/Asia
http://www.echocommunity.org/events/region/Asia
mailto:echoasia%40echonet.org?subject=
mailto:echoasia%40echonet.org?subject=
https://docs.google.com/forms/d/10G3SLZ3eVH5yfTOxkcQfm3Nkhr8QXgOpXB2XmY4Nymk/viewform
https://docs.google.com/forms/d/10G3SLZ3eVH5yfTOxkcQfm3Nkhr8QXgOpXB2XmY4Nymk/viewform
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