
[Editor’s Note: With the increasing popularity 
of alternative and renewable energy sources 
that are derived on-farm, we have had many 
inquiries into the applications of farm-derived 
biogas for powering small machinery. This 
article seeks to address one of the possible 
uses of manure- derived biogas: powering a 
small diesel engine.]

Author’s Introduction

Many of the remote rural communities with 
which LIRE works live in ‘off grid’ locations, 
i.e. places with no access to electricity. My 
first introduction to development work was 
in such a community, in a rural hospital 
north of Vientiane, Lao People’s Demo-
cratic Republic. Although it was situated 
off-grid, the hospital had recently installed 
a 10 m³ fixed volume underground biogas 
digester to use for cooking in both the 
hospital and the doctor’s house. The 
feedstock used came from the 20 head of 
cattle owned by the hospital.  The hospital 
also had a small Chinese-made, 10 kW 
diesel engine, which had been hooked 
up to a single phase generator to provide 
lighting and to be used for charging mobile 
phones for a few hours in the evening.

My task was to use the gas from the 
biogas digester to run the diesel engine; 
this started a development program that 
was both frustrating and enlightening at 
the same time. These crude first attempts 
were further augmented with a similar 
project I undertook later during my time 
with the Laos Institute for Renewable 
Energy (LIRE) (http://lao-ire.org/) on behalf 
of FACT Foundation (http://www.fact-foun-
dation.com).

In this article, I share the lessons I have 
learned in this development process; it 
is by no means a definitive account and 
may not be 100% scientifically correct. 
But these are real lessons learned from 
running trials in remote locations with very 
limited resources. I have also attempted 
to keep it rudimentary and avoid technical 
jargon.

Summary

It IS completely possible to run a diesel 
engine on biogas; however, a number of 
considerations must be taken into account 
before it may be considered a serious 
option in a development program. This 
article will explore some key consider-
ations when attempting to burn biogas in a 
diesel engine. 

Basic Background Information

First, it is important to distinguish between 
different types of diesel engines. Diesel 
engines are pretty similar in operation and 
have been around since Rudolf Diesel 
first developed the engine in the 1800’s. 
They rely on compression ignition (CI) of a 
small amount of diesel fuel that is injected 
into the ignition chamber. Simultaneously, 
a valve is opened to allow air into the 
ignition chamber. The valve is closed and 
the piston compresses the mixture.  When 
the air/fuel mix reaches its ‘stoichiometric 
point’ (i.e. the point at which the ratio of 
fuel:air is enough to chemically combust), 
it ignites under the pressure created when 
the piston reaches Top Dead Centre 
(TDC), which is normally around a 17:1 
compression ratio. As the mixture ignites, 
the piston is forced downwards, driving 
the connecting rod and thus turning the 
engine. Modern diesel engine cars have 
sophisticated fuel systems and engine 
management systems that make the 
engine very efficient but more ‘highly 
strung’; the introduction of an impure gas 
(such as biogas) into the equation will 
result in problems. 

The small mechanical bull motors found 
throughout Asia, more commonly known 
as tok toks, are a simpler, cruder design 
and have a simple ‘common rail’ fuel injec-
tion system. Even simpler are the Lister-
style engines, which are built to withstand 
just about anything thrown at them. The 
stationary nature of a biogas digester 
means that the power generation will be 
stationary, so is more suited to a “tok tok” 

or Lister-type engine that can be mechani-
cally linked to the output (generator/pump/
machinery). 

Fuel Systems

Unlike gasoline engines, diesel engines 
do not have a throttle, and instead use a 
governor which regulates the speed of the 
engine. In more sophisticated engines, 
the governor can be electro/mechanical, 
electronic/mechanical or hydro/mechan-
ical. However, the tok tok engine uses 
a simple but effective rotating, purely 
mechanical governor. The function of this 
governor is to maintain the speed of the 
engine regardless of load (other governors 
can maintain load regardless of speed, but 
again, these are more sophisticated and 
more costly). The governor will regulate 
the fuel demand to maintain the pre-set 
speed. The engine speed is adjusted by 
the ‘rack,’ which is set by the operator to 
the desired speed. In effect, the operator 
uses the rack position as a throttle control, 
although its function differs from a gasoline 
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engine by regulating the fuel rather than 
the air, but the end result is similar.  This is 
important to know, because when we intro-
duce biogas into the system, we replace 
the ‘inert’ air with an explosive mixture, 
thus completely rearranging the physics 
involved in the combustion process. Fortu-
nately, we do not all have to be experts 
in thermodynamics to get it working; in 
reality, the systems tend to balance them-
selves out and ratios of explosive mixtures 
happen automatically.

Engine Types

Biogas does not self-ignite under compres-
sion, so a small amount of diesel fuel is 
still required for the ignition. From desktop 
research and my own experiments, the 
optimum ratio achievable using biogas as 
the main fuel seems to be 20% diesel fuel 
to 80% biogas. Adding a small amount of 
diesel fuel to the mixture is also important 
for lubricating the fuel injectors, which is a 
secondary function of the diesel fuel.  

If you require an engine to run on pure 
biogas, a ‘gas engine’ (not to be confused 
with a gasoline engine) is required. A gas 
engine is essentially a diesel engine with 
a spark ignition, as contrasted with a true 
diesel engine, which uses compression 
for ignition of the fuel/air mixture. Gas 
engines are available in relatively small 
sizes, but they tend to be more expensive 
and harder to source than regular diesel 
engines. Because gas engines have an 
ignition system, they tend to be more 
complex. The beauty of a diesel engine is 
its simplicity, relying on purely mechanical 
elements to function. The introduction 
of coils, spark plugs, ignition timing, etc. 
results in a complex system with increased 
maintenance and more possibilities for 
mechanical failure.  

Biogas Background Information

Biogas can be fed directly into the air 
intake of the diesel engine, and will be 
consumed. Because of the rack injection 
system, the rack will adjust automatically 
to the input (Figure 1). There may be a 
change in the engine’s ‘tone’ as it adjusts 
to the intake of the biogas. The engine 
may exhibit increasing and/or decreasing 
revolutions per minute, depending upon: 
a) the condition of the engine and b) the 
condition of the biogas. But the important 
thing is that whatever the tone and RPM, 
the engine should continue to run on its 
own.

Biogas is a combination of gases. 
Methane (CH4) is the most important 
for energy production, and consists of 
somewhere between 40% and 75% of the 
total gas volume. The other gases vary in 
quantity (Table 1).

Component Chemical 
Symbol 
(Units)

Amount

Methane CH4 (%vol) 60-75*

Carbon 
Dioxide

CO2 (%vol) 19-33

Nitrogen N2 (%vol) 0-1

Oxygen O2 (%vol) < 0.5

Water Vapour H2O (%vol) 6 (@40oC)

Sulphur 
Dioxide

H2S (mg/m3) 3,000-
10,000

Ammonia NH3 (mg/m3) 50-100

*seasonal variability

Long-term Effects of Biogas on 
Engines

Although the majority of biogas constitu-
ents are benign, the long-term exposure 
of the engine’s material components to 
hydrogen sulfide (H2S) will be detrimental 
to the mechanical elements of the engine. 
If the working life of the engine is a 
consideration, the H2S should be removed 
from the gas (scrubbed). Other major 

components of biogas, such as water 
vapor (H2O) and carbon dioxide (CO2), do 
not cause any irreparable damage to the 
engine. However, CO2 is a large compo-
nent of the gas and will make the ignition 
inefficient. Water vapor is also harmless, 
but if it condenses after use and is left for 
a long period of time, iron oxide (rust) will 
form on the cylinder components. 

Engine Condition

In my initial experiments at the hospital in 
Lao PDR, the engine was in a poor state 
of repair. Equipment was not available to 
measure the compression ratio, but I esti-
mated it to be as low as 13:1 or 12:1. The 
result of this was disappointing, as I was 
only able to achieve a maximum fuel ratio 
of 20:80 (20% biogas to 80% diesel). 

Biogas Consumption Tests 

I measured the ratio of the biogas:diesel 
consumption using a large syringe 
mounted in the fuel line (Figure 2). The 
syringe was filled with a known quantity 
of diesel fuel. The engine was run and 
the speed measured using a tachometer 
(commonly referred to as a tacho - Figure 
3). 

Tachos can be difficult to source in some 
countries, and it was impossible to get one 
in Laos. I bought a Chinese-made laser 
tacho on e-bay for $25, which seemed 
to work well. The consumption of the 
known quantity of diesel (in the syringe) is 
timed using 100% diesel at a set engine 
run speed. Then the test is repeated by 
feeding biogas into the engine in an effort 
to use as little diesel and as much biogas 
in the mix as possible.
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Figure 1. The diesel engine fuel system.

(Clockwise starting in the topleft corner)
Figure 2. Syringe for measuring diesel 
consumption, with ‘swirl chamber’ also shown. 
Figure 3. Chinese-made laser tachometer for 
$25 did the job well. Figure 4. Biogas connec-
tion to air inlet. Figure 5. Swirl chamber.

Table 1. Constituents of Biogas.
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In my early experiments, I modified the air 
filter by inserting an inlet with a valve and 
a hose connector into the air filter housing 
(Figure 4). The biogas was then connected 
directly from the biogas digester to the air 
intake by a flexible hose. The bigger the 
hose, the better; in our case we used a ¾” 
hose with a ¾” valve. The engine should 
be able to start on biogas but, for the sake 
of practicality, I found it easier to start the 
engine on pure diesel and then open the 
biogas valve on the air filter.

During my early experiments, I also 
created and tested a ‘swirl chamber’ 
(Figure 5) in order to better mix the 
oxygen and biogas before combus-
tion; I constructed this from a steel tube 
with a diffuser in the middle (Figure 5). 
The reason that you might use a ‘swirl 
chamber’ is that methane molecules are 
tiny compared to those of oxygen. In 
some online articles, a ‘swirl chamber’ is 
recommended, and they are used in some 
modern cars. In my latest experiments, I 
have not found them to make a difference 
in performance. However, they might help 
in some instances, and you might consider 
trying one if you are having problems with 
efficient combustion. 

The above experiments were undertaken 
using an old diesel engine in poor condi-
tion (Figure 6). Another test was under-
taken using a relatively new single cylinder 
Kubota engine (Figure 7). The results were 
more impressive using the new engine, 
because the engine ‘took off’ as soon as 
the biogas valve was opened. The rack 
was adjusted to a point where the engine 
tone (speed) was similar to that of the 
engine running pure diesel. The resultant 
smooth operation of the engine on biogas 
was obtained with a ratio of approximately 
80% biogas to 20% diesel fuel mixture. 

The biogas pressure to run the diesel 
engine does not need to be high, and 
the gauge we were using was not of high 
quality, but I estimated the biogas pressure 
to be at about 10 kPa (about 1.5 psi). The 
action of the engine will be enough to draw 
the fuel into the system, so a pressurized 
system is not required to run a diesel 
engine.

The engine was only run for a short period 
of time, because it was consuming an 
alarming amount of gas. 

Location of Gas Inlet

Be sure to introduce the gas into the 
engine at the correct location. In my 

experiments, I introduced the gas into the 
air filter. After trialing this several times 
and speaking to others who have under-
taken similar experiments, I realized that 
this was incorrect. The biogas inlet should 
be placed in the air intake manifold, just 
before it enters the engine (Figures 8 & 
9). You can attach the biogas feed to this 
intake by cutting a hole and welding a 
threaded socket onto the inlet pipe, as 
shown in Figure 9. 

The Lab at km 19 

I did another research project with LIRE, 
this one to calculate the amount of energy 
that could be generated from a known 
input of feedstock. The lab was located at 
a pig farm just outside Vientiane at km 19. 
The farm also distilled a local rice whiskey 
called ‘Laos Laos’. The biogas produced 
by the pig farm was used for cooking and 
to fire the stills. They then used the ‘mash’ 
to feed to the pigs. This almost created 
a complete cycle of inputs and outputs, 
although in reality there were more inputs 
than just mash and biogas.

By measuring both the inputs and the 
outputs of the biogas production, we could 
calculate how much manure (in this case 
pig manure) would be required per kWh 
of energy produced using a diesel engine 
running on a mixture of diesel and biogas. 
The ‘lab’ consisted of an 8 m3 fixed-volume 
underground biogas digester. After produc-
tion, biogas was fed into a 5 m3 biogas 
balloon for storage. For the power output, 
we used a small 4.8 kW single-cylinder 
Chinese-made engine. We measured 
output power using a ‘Prony brake’ 
mounted on the output shaft, a simple 
forerunner to the modern dynamometer.

[Note: Details of the Prony brake have 
not been included in this report. If more 
information on the ‘Prony Brake’ is desired, 
please contact the author.]

Figure 7. New kubota engine.

Figure 9. Modification for air inlet.

Figure 6. Old diesel engine in poor condition. 

Figure 8. Correct inlet point for biogas marked 
by white X on air inlet.



As part of our trials in Vientiane, we tested 
the effectiveness of ‘scrubbing’ the gas 
before it reached the engine. With the 
tests, we hoped to determine the most effi-
cient and practical method of scrubbing the 
gas in a rural context (Figures 10 & 11).

Biogas Scrubbing

I know of two effective and accessible 
ways of removing, or ‘scrubbing’, H2S 
(Hydrogen Sulfide), both of which can 
be applied using appropriate technology. 
Industrial scrubbers do exist, but their cost 
and availability would probably rule them 
out in a rural context.  For an acceptable 
quality of gas, you will want less than 
100 ppm (parts per million) of H2S in the 
biogas. Generally speaking, it will require 
more scrubbing than you might think.

Scrubbing Using Sodium Hydroxide

Sodium Hydroxide (NaOH), better known 
as ‘Caustic Soda’ or ‘Lye’, is a compre-
hensive scrubbing medium that will 
remove CO2 as well has H2S. Sodium 
hydroxide is widely available even in 
remote rural communities, and can usually 
be purchased at a local building supply 
store. In order to scrub biogas with sodium 
hydroxide, you will need to build a ‘water’ 
tower; this can be constructed from locally 
available materials (Figures 12-13). In the 
tower, the gas is bubbled through a solu-
tion of water and Sodium hydroxide at a 
ratio (by weight) of 3:1 water to NaOH. The 

gas is pumped through the water tower 
into a manifold that has a series of small 
holes (Figure 12). The idea is to create 
bubbles that are as small as possible, thus 
increasing the surface area of the gas as 
it is passed through the solution of water 
and sodium hydroxide. A chemical reaction 
occurs, causing the H2S and CO2 to precip-
itate out and form a slurry at the base of 
the tower. 

When using this approach, we became 
aware of serious drawbacks to the 
process:

 • The design of the water tower made it 
awkward and cumbersome, both to get 
the solution in and to get the dilute with the 
slurry out. Although in the end, the biogas 
was scrubbed of H2S and CO2, we were left 
with a toxic slurry of which to dispose.

 • Handling caustic soda is dangerous, and 
protective gear (gloves and glasses) MUST 
be worn (Figure 14). Safety equipment will 
be much harder to access than caustic 
soda. Also, there are potential cultural 
obstacles to overcome in the use of PPE 
(Personal Protective Equipment). Note: it is 
handy to have a bottle of vinegar on hand, 

.  .  .  .  .  .  .4

(Top) Figure 10. Biogas lab schematic. (Bottom 
left) Figure 11. The biogas ‘lab’. (Right) Figure 
12. Water tower schematic. (Botom middle) 
Figure 13. Water tower with gas pump and 
meter. (Bottom right) Figure 14. Filing the water 
tower. Note use of safety equipment.
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because vinegar is acidic; if caustic soda is 
spilled on the skin, vinegar can be applied 
to neutralize the strong alkaline.

 • The biogas must be pressurized enough to 
be able to push the gas through the water 
tower (i.e. there must be enough ‘head’ to 
do this). In normal operation, the pressure 
in the biogas balloon is likely insufficient to 
overcome the head; therefore, an additional 
gas pump must be added. In a rural location 
there might not be access to 240V mains 
power or a gas pump to add the extra pres-
sure needed to use the water tower.

In our experiments, we circulated the 5 
m3 of biogas through the tower and back 
into the storage balloon. Although final 
readings weren’t taken, we estimated that 
this would take 10 hours to complete the 
scrubbing cycle, and result in several kg of 
toxic slurry.

Scrubbing Using Iron Oxide (Rust)

An iron oxide (rust) scrubber is the usual 
‘appropriate’ method for scrubbing biogas, 
because this kind of scrubber is simple 
to create. Rust consists of hydrated iron 
oxides (Fe2O3•nH2O) and iron oxide-hy-
droxide (FeO(OH)•Fe(OH)3). As the gas is 
passed over the rust, a chemical reaction 
occurs, and the H2S precipitates out of 
the biogas (Figure 15). Unlike the sodium 
hydroxide scrubber, however, this method 
does not scrub the CO2.

The main challenge with this method is 
accessing steel or iron as a feedstock 
for the scrubber. Ideally, one would look 
for the shavings from a machine shop, 
often referred to as ‘swarf,’ ‘shavings,’ or 
‘filings.’ Old ball bearings are ideal, as 
they have a large surface area to volume 
ratio, but they may be difficult to acquire 
in any useful quantities. Fine particles of 
steel ‘filings’ are not useful because the 
gas must be able to pass through the tube 
packed with the filings. Once the swarf 
has been acquired, it must be allowed to 
rust, with two or three weeks of exposure 
to the elements. (It is quite possible that 
the swarf will have been oiled originally 
to prevent the base material from rusting, 
so any swarf that is acquired must first 
be thoroughly degreased using a soap 
solution). After a few weeks of exposure to 
the elements, there should be a generous 
coating of rust on the swarf. The swarf 
should then be packed into a PVC tube (I 
used a tube that was 1.4 m long with 75 
mm diameter) with an outlet and inlet at 
either end (Figures 16, 17). A couple of 
perforated plates helped with the assembly 
by creating a column of swarf in the PVC 

tube (Figure 18). The swarf in the column 
allowed the gas to pass freely, but had 
enough surface area for the iron oxide and 
the H2S to react. I suggest using remov-
able end caps, as they will need to be 
removed to change the swarf. 

The only real operating issue that I found 
with this method was the difficulty of 
making the tube air/gas tight. In the end, I 
concluded that, because of the low pres-
sure, very little of the gas would escape. 
Unlike the sodium hydroxide method, no 
gas pump was needed to force the biogas 
through the swarf. I measured the effec-
tiveness of the scrubbing afterward by 
bubbling the gas through a lead acetate 
solution, and measuring the amount of 
resulting lead sulfide (i.e. the sulfur not 
removed during the scrubbing) (*For 
details about the lead acetate test, please 
contact the author). Based on the lead 
acetate test, I concluded that four further 
stages of scrubbing would be required to 
remove all sulfur dioxide. Both approaches 
would require feasibility studies.

Scrubbing the Water Vapor

Although water vapor is not problematic 
for the ignition process, the introduction of 
water vapor into the cylinder could cause 

condensation and would promote rusting. 
Therefore, it is considered advantageous 
to add a ‘water trap’ before biogas enters 
the engine. 

A crude water trap can be made using a 
steel tube with an inlet at one end and an 
outlet at the other. The steel tube must be 
placed in a location that is cooler than the 
gas in the tube, thus causing the water 
vapor to condense onto the inside of the 
tube. How this will be achieved depends 
very much on locally available cooling 
sources. Cooling sources such as under-
ground thermal cooling, flowing water, 
etc. may be very difficult to find in rural 
situations. The tube needs to be about 6 
meters long and must also have a drain 
cock to remove the condensed water. In 
my experiments, no ‘cooling source’ was 
available, so I decided to not remove the 
water vapor. Even without water vapor 
removal, the biogas was combusted in the 
engine without problem. However, long-
term usage of un-scrubbed biogas in diesel 
engines may result in rusted cylinders and 
mechanical failure.

How Much Power can be Produced 
Using Biogas?

In many respects, the production of biogas 
is more of an art than a science. There are 
many variables to consider. When the gas 
is being used for cooking, the vagaries 
of biogas are mainly masked by its crude 
conversion (by combustion) to heat and 
light. When biogas is used as fuel for an 
engine, variations become more apparent 
and significant. Keep this in mind when 
reviewing results from tests of biogas as 
an engine fuel (as I have outlined below). 
In other circumstances, with other methods 
of biogas production and feedstock utiliza-
tion, a completely different set of results 
might be obtained. Use the following 
results only as a rough guide. 

Data from Tests and Empirical Results:

1 kg manure = 60 - 100 liters of biogas 

An estimated 550 liters of CH4 are required 
per kWh of power produced at engine 
output shaft

Typically, biogas contains 60% methane on 
average; meaning 900 liters of raw biogas 
would be needed per kWh of energy

So 9 - 15 kg of manure would be needed 
per kWh of electricity 

(From top to bottom) Figure 15. Schematic of 
iron oxide scrubber. Figure 16. Iron Oxide gas 
scrubber. (Bottom left) Figure 17. Packed with 
swarf. (Bottom right) Figure 18. Perforated 
plate in the scrubber.



In Real Terms

If you ran a 10 kW generator for 3 hours, 
the amount of energy produced would be 
30 kWh, requiring 270 - 450 kg of manure 
to be fed into the biogas digester as the 
feedstock.

Remember that this is the output from a 
diesel engine. For power generation, the 
output shaft needs to be hooked up to a 
generator via either a belt and pulley or 
chain and sprockets. Please be aware that 
electromagnetic resistance in the gener-
ator windings will also require energy input 
to overcome, again reducing the overall 
efficiency. For small generators (up to say 
50 kW), allow a further 15% reduction in 
usable power. 

Is Biogas Practical for Power 
Generation?

It is possible to use biogas for power 
generation. However, a number of prac-
tical considerations need to be addressed. 
Running an engine on biogas requires 
a lot of biogas, which requires a lot of 
feedstock, and hence a lot of labor and 
infrastructure. The technical requirements, 
materials needed for scrubbing, and other 
inputs require a significant technical and 
labor investment.

I conclude that using biogas to power a 
diesel engine for electrical generation and/
or mechanical work should be considered 
as a last resort rather than a first option, 
especially if grid power is available.

YouTube video: http://www.youtube.com/
watch?v=nKFe7N7Q4iE

[Gordon Hirst: Engineering consultant & 
appropriate technology specialist; Chief Engi-
neer, Maejo University School of Renewable 
Energy. gordon.e.hirst@gmail.com]

[Editor’s note: For the purpose of this ECHO 
Asia Note, this article has been condensed 
and shortened. If you are interested in 
obtaining a more complete version of this 
study, please contact echoasia@echonet.
org. Hannah Gray was a student volunteer 
from Kalamazoo College who conducted her 
Senior Independent Project at the ECHO 
Asia Seed Bank from June-August 2012. This 
ECHO Asia Note is the culmination of that 
research on potting mixtures for usage at the 
ECHO Asia Seed Bank. Brock Mashburn, 
current ECHO Asia Intern, will be contin-
uing Hannah’s work in an effort to refine the 
results and usable conclusions.]

Introduction 

In a tropical setting, growing seedlings can 
be a difficult task. A major factor of concern 
for nursery production is water-logging 
(Zhu, 2007). During the rainy season, over-
saturated soils can effectively suffocate 
root systems of a seedling by restricting 
flow of oxygen and other important 
minerals (Forcella, 2000). Nursery plants 
potted in dense soils are more prone to 
the negative effects of water-logging. 
Traditionally, the incorporation of materials 
such as perlite and vermiculite into potting 
mixtures helps to combat soil compaction 
and facilitate drainage. However, both 
perlite and vermiculite can be restrictively 
expensive for growers, especially resource 
constrained growers, like many of those 
with whom you work. 

Nursery research from recent years has 
focused on finding viable, sustainable, 
low-cost alternative materials for potting 
mixes, often utilizing waste products of 
other industries such as: wood shavings, 
municipal compost, rice hull, and coconut 
coir (Arenas, 2002; Meerow, 1994; Ahmad 
et al., 2012). Rice hulls and coconut 
coir, which are plentiful in Asia, have the 
potential to effectively minimize risk for 
water-logging while replacing an expensive 
input such as perlite or vermiculite. Coir 
material has a high water-holding capacity 
within its fibers and good drainage through 
the pore space it creates in a substrate. 
Rice hull is an abundant byproduct of 
the rice milling industry and ubiquitous in 
tropical settings. Like coir, it creates pore 
space in mixtures needed for appropriate 
drainage and does not degrade quickly 

over time. Together, these two materials 
are promising low-cost alternatives to peat 
in nursery potting mixtures. 

The purpose of this research was to inves-
tigate optimal potting mixtures, utilizing 
low-cost inputs available in Northern Thai-
land and in similar settings in Asia. In order 
to quantify success of a potting mixture, 
plant health and growth were evaluated by 
measures of chlorosis/necrosis, seedling 
length, and biomass, taken in the field and 
supported with measures of seed health 
and vigor in the lab through germination 
trials. This research was done to deter-
mine whether mixtures made from local 
materials can produce plants of a similar, 
or even better, quality than a commercial 
mixture. 

Experimental Design

We tested seven potting mixtures from 
the materials of interest across four seed 
varieties: ‘Chiang Dao’ lablab bean (Lablab 
purpurpeus), moringa (Moringa oleifera), 
pumpkin (Cucurbita moschata), and 
tomato (Solanum lycopersicum). These 
seed species were selected for importance 
to farmers in ECHO’s network, as well as 
to provide variety. 

Seed bank staff and ECHO Asia advisors 
determined the potting mix components 
and ratios based on previous experience, 
availability to farmers, and potential for 
being a viable commercial mix alterna-
tive (Table 1). Efficacy of potting mixture 
was measured by evaluating seedling 
emergence, growth, and percent chlo-
rosis/necrosis (estimate of the amount 
of yellowing/browning on a scale from 0 
[none] to 100 [complete]) over the 36-day 
growing period. To complement the 
emergence data from the potting mixture 
test, germination trials were conducted 
with eight replications of each of the four 
varieties over a 20-day period. This estab-
lished a baseline of seed vigor based on 
germination to compare to potting mixture 
emergence results. 

.  .  .  .  .  .  .6

Research Note: Creating an Optimum Potting 
Mixture for Resource-Constrained Growers

by Hannah Gray, Kalamazoo College & 
Abram Bicksler, ECHO Asia Impact Center

http://www.youtube.com/watch?v=nKFe7N7Q4iE
http://www.youtube.com/watch?v=nKFe7N7Q4iE
mailto:gordon.e.hirst%40gmail.com?subject=
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Name Components Ratio
Commercial Commercial Potting 

Mix1 - inoculated 
mushroom compost

1

UHDP Soil, compost2, 
manure3

5:1:1

Marcia Rice hull, shredded 
coconut coir, compost

1:1:1

Modified 
Marcia

Rice hull, shredded 
coconut coir

1:1

Heavy Rice hull, soil, 
compost

1:1:1

Light Right hull, chunked 
coconut coir, shredded 
coconut coir

1:1:1

Biochar Burn rice hull4, rice 
hull, shredded coconut 
coir

1:1:1

1ECHO Asia staff purchased “Excellence Soil 
Brand Dr. Pornchai” commercial potting mix, a 
dark loamy material made with the addition of 
Trichoderma mushroom culture and the polysac-
charide chitosan, which acts as a biopesticide 
protection for seed, from the Kamtieng Plant 
Market in Chiang Mai. 
2Compost, made from commonly found farm 
materials such as vegetative matter, soil, and 
animal manure, is dense in nutrients and can be 
made on site (Menalled, 2005). 
3Manure was obtained from free-range cattle 
dung.
4Burnt rice hull has the potential to improve plant 
productivity in much the same way that wood-
based biochar has been shown to do (Graber, 
et al., 2010). However, upon further research, 
we realize that our charred rice hulls were not 
formally treated as biochar, because they were 
not mixed with compost and allowed to sit for 
several months (See ECHO Asia Note # 9 
Biochar: An Organic House for Soil Microbes. 
Available: http://goo.gl/cP9C4L).

Results
1. Emergence

There were no significant effects of 
species, potting mix, or the interaction 
between species and potting mix on overall 
emergence rate. However, the mean 
number of days to 50% emergence did 
vary significantly based on species. 

2. Seedling Growth

The significance of species, potting mix 
type, and their combined interaction upon 
seedling length changed distinctively over 
the course of the seedlings’ growth (Figure 

4). At 10 and 20 days after planting, there 
was no significant interaction between 
potting mixture type and species. By 30 
days after planting, species and potting 
mix treatments continued to exert signifi-
cant effects on seedling length as indepen-
dent factors, and the interaction between 
these two effects became moderately 
significant. Differences among potting mix 
types at 30 days of growth were more 
distinct, with commercial and UHDP mixes 
exhibiting the greatest seedling length. The 
interaction between species and potting 
mix type was significant at 30 days, with 
each individual species exhibiting a unique 
response to potting mix type, as opposed 
to generalized responses to potting mix 
at previous time intervals. While UHDP 
and commercial mix 
were among the top two 
performing mixes for each 
species, they varied by 
species as to the level 
of superiority over other 
mixes. For lablab seed-
lings, UHDP mix stood 
alone as yielding signifi-
cantly longer seedlings 
compared to all other 
mixes. Moringa seedlings 
were only significantly 
longer in UHDP mix when 
compared to those grown 
in heavy mix. Pumpkin 
seedlings grown in 
commercial mix were not 
significantly longer than 
those grown in UHDP 
mix, although they were 
significantly longer than 
seedlings grown in all 
other mixes. Pumpkin 
seedlings grown in UHDP 
mix were only significantly 
longer than those grown in 
biochar and heavy mixes. 
Tomato seedlings grown 
in UHDP and commercial 
mixes grew equally well 
and significantly better 
than all other mix treat-
ments. However, exam-
ining seedling length alone 
is not always indicative of 
plant health, as etiolation (elongation of 
plant stems) can often be a sign of other 
stressors, including lack of light.

3. Seedling Health

After 36 days of growth, harvested seed-
lings displayed significant differences 
between species and potting mix types for 
all dependent variables: seedling height, 

necrosis, chlorosis, wet mass, and dry 
mass. In addition, significant interactions 
occurred between seed species and 
potting mix type for all post-harvest depen-
dent variables. 

Seedling length at time of harvest varied 
significantly by the interaction of species 
and potting mix type. Lablabs grown in 
UHDP mix grew significantly longer than 
all other seedlings except lablabs grown in 
commercial mix. Tomatoes ranged greatly 
in final seedling length. Single potting mix 
types also displayed varied seedling length 
by species. In the UHDP potting mix, 
mean lablab seedlings were significantly 
longer than the other three species, which 
were not significantly different from each 

other. Modified mix supported 
lablabs of intermediate 
length for its species, while it 
produced the lowest level of 
tomato seedling growth.

Chlorosis and necrosis were 
used as measures of health 
before harvest. Seedlings 
varied significantly in chlo-
rosis and necrosis levels by 
species and potting mix and 
by the interaction of those 
two effects (Figure 5). For 
tomato and pumpkin, levels 
of necrosis and chlorosis 
appeared more varied than for 
moringa and lablab seedlings 
(Figure 5). Furthermore, on 
average, lablab and moringa 
plants never reached levels of 
necrosis higher than 10% or 
levels of chlorosis higher than 
25%. Pumpkin and tomato 
plants in certain potting mixes 
reached necrosis levels 
higher than 20% and levels of 
chlorosis higher than 40%. 

Seedling dry biomass varied 
significantly by species, 
potting mixture, and the inter-
action of species and potting 
mixture (Figure 6). Primary 
productivity of each species’ 
seedlings, as measured by 

dry biomass, varied noticeably for lablab 
and pumpkin specimens by potting mixture 
treatment (Figure 6). For moringa and 
tomato, the differences between potting 
mixture treatments were less dramatic 
(Figure 6). Grown in UHDP mix, lablab 
and pumpkin achieved the highest level of 
dry biomass at 4.6 ± 0.5 g and 4.6 ± 0.4 g. 
Conversely, moringa and tomato seedlings 
grown in UHDP mix gained much less dry 

Table 1. Potting mixtures and their component 
ratios used in the experiment.

(From top to bottom) Figure 1. 
Seedlings. Figure 2. Measuing 
seedling growth. Figure 3. 
Evaluating chlorosis/necrosis.

mailto:http://goo.gl/cP9C4L?subject=


biomass over the 36-day growing period 
(0.7 ± 0.4 g and 1.1 ± 0.4, respectively). 

Summary

In this study, we attempted to examine to 
what extent variation in potting mixture 
composition and species influenced emer-
gence and vigor of seedlings grown in a 
tropical nursery setting. Previous studies 
indicated that rice hull and coconut coir 
are appropriate additions or substitutions 
to traditional potting mixes with innocuous 
effects (Ahmed, 2012). Addition of rice 
hull and coconut coir to potting mixtures 
is thought to minimize risk of pathogens 
and growth of weeds as well as increase 
porosity and prevent water-logging due 
to their status as a soilless material and 
their physical properties. Burnt rice hull 
has been indicated as an enhanced form 
of soilless material and correlated with 
increased fertility of potting substrate 
(Graber et al., 2010). 

Although our results cannot support nor 
discredit these claims, they do suggest 
that nutritional qualities of soil-based 
substrates might be more important to 
overall plant growth than the relatively 
sterile environment and physical proper-
ties offered by soilless substrates that we 
used in the experiment. This is of particular 
consequence in resource-limited settings 
where additional fertilizer is economically 
restrictive. During the rainy season, poor 
drainage of a substrate can decrease 
seed germination rates, by increasing the 
chance of seed rot and hindering water 
balance in the seedling (Zhu, 2007).  In 
designing our mixes, we were most inter-
ested in the role that water status of the 
substrate plays in the growth of the plants, 
and therefore did not incorporate fertility 
status of the substrate into the experiment. 
The addition of rice hull and coconut coir 
to mixes was to increase drainage capacity 
and decrease the negative effects of 
oversaturation of water in the young plants. 
The data indicate that in this field study, 
drainage capacity played a lesser role in 
successful seedling growth than previ-
ously postulated. However, these results 
are grounded in the particular setting 
and needs of the ECHO Asia Seed Bank 
in northern Thailand and are ultimately 
primarily most applicable to this specific 
sub-tropical climate during rainy season.

The results from this study suggest that by 
day 30, nutrient status was a limiting factor 
to plant growth. Earlier in the study, potting 
mix type was not a significant determi-

Figure 4. The effect of potting mixture, species and date [10 (white), 20 (light grey), and 30 (dark grey) 
days after planting] on seedling length (mm). Different letters above bars denote the significant effect 
of species on overall germination rate, F = 5.99, p = 0.0041. Error bars represent ±1 SE of the mean.

Figure 5. The effect of seed species and potting mix on necrosis levels (%) at time of harvest, 36 
days after planting. Error bars represent ±1 SE of the mean.

Figure 6. The effect of seed species and potting mix on dry biomass (g) at time of harvest, 36 days 
after planting. Error bars represent ±1 SE of the mean.

.  .  .  .  .  .  .8
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nate of seedling growth. This implies that 
for plants potted for only a short-time, 
mixtures of a lower nutrient status might be 
a viable option for growers with restricted 
access to resources. Therefore, the 
planned time spent in a nursery setting 
is an important factor to consider when 
selecting a potting mixture.  

Although this study did not amend potting 
mixtures with any fertilizer, future studies 
should explore the effect of adding a 
slow-release or liquid fertilizer to the 
potting mixtures, whether organic or 
synthetic. Additionally, future studies 
could add drainage-improving materials 
(coir, and rice husk) to the UHDP mix to 
increase porosity. Use of osmocote or 
other nutritional supplements to potting 
mixtures is common practice in the 
nursery industry. While perhaps not ideal 
for resource-constrained settings, there 
are low-cost methods of fertilization, 
such as ground bone or blood meal, and 
fertilizer from drained fish ponds. Addition 
of a fertilizer would allow us to explore 
the effect of physical-chemical variation, 
without the confounding variable of nutri-
tion differences among mixtures. Financial 
resources allowing, a secondary study 
would benefit from measuring nutrient 
levels in the potting mix samples before, 
during, and after growth of a seedling. 
Obtaining a nutrient profile would allow 
us to better examine variation in nutrient 
status of different mixes and adjust for 
variation in soil-based materials from batch 
to batch. It would also be good to reuse 
the potting mixes in secondary and tertiary 
plantings to gauge the fertility of a mix over 
a longer time frame. 

The burnt rice husks were included in the 
study because of their availability and 
use in the nursery industry of Thailand; 
however, research related to biochar 
suggests that charred material is best 
utilized after that material has been 
thoroughly incorporated with nutrient- and 
microbially-rich substrates, kept moist, 
and allowed to age for several months. 
The bio-char material used in this study 
was not aged in this manner prior to 
incorporation with potting mixtures. When 
used appropriately, the use of biochar in 
a potting mix may have many benefits to 
plants including: water holding capacity, 
improved drainage, Cation Exchange 
Capacity (CEC) for holding nutrients, and 
improved habitat for microbial organ-
isms, all of which may contribute to an 
ideal potting mix in resource-constrained 
settings. Future research should focus 
on the incorporation of biochar (with and 

without substrate aging) into soilless mixes 
for use as a potting soil in nurseries.

The timing of this study was limited to the 
rainy season in Thailand and would benefit 
from replication in both the dry and rainy 
seasons. Mixtures that did poorly under the 
high moisture, relatively high temperatures 
of rainy season might fare better in the 
drier months of hot or cold season. Just 
as the ECHO Seed Bank grows different 
plants in the different seasons, methods for 
cultivation must also vary due to changing 
climatic patterns. Furthermore, the study 
would benefit from testing successful 
mixes in this study (such as UHDP mix) 
with a different variety of plant species. 
We attempted to provide a wide spectrum 
of plant types to establish a baseline of 
usefulness for each mix that would be 
broadly applicable. A follow-up study would 
focus on species that are specifically well-
suited for transplanting or that benefit from 
a longer grow-out period in the nursery. 
Tree species, such as moringa and acacia, 
which often have trouble starting from seed 
in the field, would benefit from a long-
term study of health and growth in potting 
mixtures. 

Grounding this study within the context 
of the ECHO Asia Regional Seed Bank 
presented a unique opportunity to explore 
alternatives appropriate for a specific 
set of resource-constrained farmers. 
Innovation at the seed bank is based on 
techniques applicable for ECHO’s partner 
communities and network partner NGOs. 
This study successfully demonstrated 
that a low-cost mix, using materials easily 
obtained from the local vicinity, could yield 
as healthy—or healthier—plants than 
those grown in expensive commercial 
potting mixes. Any smallholder farmer 
or backyard gardener can make UHDP 
mix with little extra cost or labor. In this 
particular study, we found that UHDP mix 
was optimal for Northern Thai growers in 
resource-constrained settings.
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ECHO Asia 
Seed Banking Workshop
January 21-23rd, 2014
Chiang Mai, Thailand

Appropriate seed saving techniques and solutions 
for small scale agriculture and community development organizations.

Program and Topics: The workshop will include plenary sessions offered by professional development workers, 
researchers, and business persons related to the following topics:

 • The importance of seed saving,

 • Community seed selection and improvement of local varieties,

 • How to conduct a community seed swap (workshop participants will also participate in a seed swap with one another during the 
event),

 • Seedbanking Practicum I: Planning, Production, Harvesting, Cleaning, and Drying, and

 • Seedbanking Practicum II: Storing, Inventory, Testing, Village Level Techniques.

Site Visits: Attendees will participate in two field trips during the workshop:

 • An afternoon visit to Mae Tha organic farming community to learn about their local seed selection and saving methods, and

 • An overnight trip to ECHO’s seed bank to learn about the operation of a small-scale seedbank, and about ECHO’s ongoing research 
geared towards community-level seed saving.

Fees: The cost of the training is 2,900 Thai Baht. Registration costs will cover training expenses, transportation to and from 
site visits, lunch and dinner on the 21st, lunch and dinner on the 22nd, and both breakfast and lunch on the 23rd, as well as 
snacks and coffee breaks during the workshop days. While this fee does include one night stay at the ECHO Seed Bank in the 
Fang/Mae Ai area of Thailand, it does not cover the cost of lodging for the first night, January 21st. ECHO Asia staff is happy 
to assist you in finding a relatively affordable place to stay during that first evening. Payment can be made either via Paypal or 
interbank transfer.

Registration: To register, please visit ECHOcommunity.org. To receive more information, contact echoasia@echonet.org.

http://www.echocommunity.org/?page=Asia_SeedWorkshop
mailto:echoasia%40echonet.org?subject=

