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Maize Production with Manure-Amended Compost

Introduction

Maize is a very important crop for farmers in many parts of the world and is the staple and preferred food 
crop for many subsistence farmers in the developing world. The nutrient demands of maize are very high 
especially for Nitrogen. Inorganic fertilizers are commonly used to provide maize crops with the required 
nutrients; however, mineral fertilizers are often expensive, and heavy reliance upon them (to the exclusion 
of organic inputs) can have adverse effects on soil biology, leading to degradation of soil and a loss in the 
long-term capacity of those soils to sustain food production.

An alternative to inorganic fertilizers is cow manure, which provides fertility as well as soil organic matter 
content. Many smallholder farmers, though, have few cattle and are therefore limited in the amount of 
manure they can generate for their maize crops. Compost can make that cow manure go further. It has 
been proposed by Daryl Edwards, an ECHO network member working in Zimbabwe, that quality com-
post made using 10% cow manure is equally as effective as using 100% cow manure in terms of final crop 
yield.

The significance of Edward’s observation, if replicable, would be that a small farmer with a limited amount 
of cow manure could extend their manure resource without sacrificing improved yields. This is important 
considering the realities subsistence farmers in many parts of the developing world face---such as small 
farm sizes, often between 1 and 2 ha and not owning much livestock. Compost can be cheaply made, 
as the components (e.g. weeds and crop residues) are often already available on the farm. Aside from a 
source of fertility, compost also improves soil structure, water- and nutrient-holding capacity, and help 

Abstract. Information from ECHO Network member Daryl Edwards from his work in Zimbabwe sug-

gested that using quality compost containing 10% cow manure results in a maize harvest similar to that 

obtained with 100% cow manure. This could be significant to farmers who have small farm sizes and 

limited livestock and manure resources. The proposition was tested in the field on ECHO’s demonstra-

tion farm in North Fort Myers, Florida. Four compost mixes (10%, 25%, and 100% cow manure, as well as 

25% Mucuna pruriens; remaining portions of each compost mix were made up of equal parts of woody 

and leafy green plant material) were applied as pre-plant fertilizers to maize planting stations established 

according to a conservation farming system called Foundations For Farming (FFF). The compost was 

made in September (2010), and the trial was carried out between May and September of 2011. Data were 

collected on seed germination, tasseling, number of ears per plant and yield (dried on-cob and shelled 

weights of the harvested corn). Maize grain yield ranged from 4.4 to 5.4 t/ha. During the same season, a 

non-fertilized maize plot on another section of the ECHO Global Farm yielded 2.2 t/ha. Compost treat-

ment had no effect on yield or any other crop growth parameter measured.   Results indicate that, with 

compost comprised of as little as 10% cow manure or 25% Mucuna pruriens, farmers can obtain similar 

maize yields as 100% composted cow manure.
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build up organic matter conducive to beneficial organisms that reduce pest and disease problems. These 
benefits, however, are likely to be observed over a longer period of time and not in just one growing 
season.

Generating enough compost to spread over an entire field is impractical. Thus, we tested Edward’s 
hypothesis by applying compost in maize planting stations (small holes dug with a hoe) established 
according to Foundations For Farming (FFF), a system of conservation agriculture developed by Brian 
Oldreive in Zimbabwe and currently being used successfully in many parts of Africa. FFF is a holistic 
system which aims to address spiritual issues as well as agricultural and is “an initiative aimed at bringing 
transformation to individuals, communities & nations through faithful and productive use of the land.” 
More information on this system is available online (www.foundationsforfarming.org/; www.farming- 
gods-way.org/). By applying the compost in small planting stations, fertility is concentrated near the maize 
plants. In this way, smaller amounts of manure can be used while still achieving yield increases. The FFF 
system also incorporates mulching and minimal tillage. Although we conducted this experiment using 
FFF, it should be noted that the zai pit system---that originated in Burkina Faso---also features the applica-
tion of organic matter in small planting basins (zai pits are typically larger than FFF planting stations).

Materials and Methods

• Seed of Zea mays ‘sol de manha’ (~2200
seeds)

• 75,000 ml 100% cow manure

• 75,000 ml sifted 25% composted cow manure

• 75,000 ml sifted 10% composted cow manure

• 75,000 ml sifted 25% composted mucuna

• BT spray

• Spray applicator

• NPK fertilizer (8%N-2%P-8%K)

• Trowel

• Soil Sample Testing Equipment

• Mower

Field History

The experimental field was located on the ECHO 
demonstration farm in southwest Florida (17391 
Durrance Rd. Ft Myers, FL 33917), north of the 
forage bank. The field was previously an area of 
grass and had been fallowed with Rye Grass during 
the Fall and Winter of 2010/11. The plot had to be 
cleared of several larger wooden scraps before 
planting could occur.

Experiment design

The 40 x 42 ft (25.5 x 14.4m) field was divided into 
12 plots to accommodate four treatments repli-
cated three times. A generalized randomized block 
design (Figure 1) was used in which there were 
three blocks, one for each replication. The blocks 
consisted of four plots, with each one measuring 5.4 
x 3 m. Treatments were randomly assigned to the 
plots within each block, resulting in a randomized 
complete block design.

Two guard rows were planted along all four edges 
of the experimental field plot in order to minimize 

Figure 1. The experiment was set up with a total 
of three replications, each replication consisting 
of four plots. These plots are categorized by the 
type of compost inputted into the 100 planting 
stations found within each plot. The diagram to 
the left shows an aria view of the experimental 
setup. The red, green, and blue square outlines 
represent the placement of the three replications 
and colored areas within each square represent 
the type of composted used. The placement of 
each plot was the result of a random selection.

https://foundationsforfarming.org/new/
https://www.farming-gods-way.org/
https://www.farming-gods-way.org/
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edge effect. The plots were marked out with PVC piping along the ground for easier management and 
more accurate recording of data.

Treatments

1. 100% cow manure

2. 25% Composted Cow Manure: Compost made from 25% cow manure, and equal parts green mate-
rials and brown woody materials

3. 10% Composted Cow Manure: Compost made from 10% cow manure, and equal parts green mate-
rials and brown woody materials.

4. 25% Composted Mucuna: Compost made from 25% mucuna, and equal parts green materials and
brown woody materials

The compost was made in September 2010 by farm staff and interns near the end of the rainy season 
here in Florida, which is a good time for making compost as the greens have high water content. The 
four treatments were 100% cow manure, compost with 25% cow manure content, compost with 10% cow 
manure content and compost with 25% velvet bean (Mucuna pruriens) content. The remainder of each 
compost treatment comprised of an equal part of green waste content and brown woody content, all 
from the same source. These treatments were chosen to directly test Daryl’s hypothesis and also see if 
there was a correlation of increasing the amount of cow manure content with the eventual maize harvest. 
The compost with 25% velvet bean content was added as an alternative to cow manure, as velvet bean 
has a high nitrogen content. Maize was used as the test crop due to its importance and because it is a 
very good indicator crop in terms of manifesting soil nutrient deficiencies.

Trial Establishment

The study was conducted during the rainy season of 2011 between May and September and the com-
post was started in September 2010. On May 12th the plot was laid out in FFF style and planting stations 
were dug at 75 cm between-row spacing and 60 cm in-row spacing. The stations were filled with 1/2 liter 
of compost. The guard rows had 1/8 cup (2 Tbsp) NPK (8%N-2%P-8%K) added. The stations were then 
planted with three seeds of Zea mays at a depth of 5 cm on May 17th. The plants were thinned to 2 plants 
per station on June 2nd and any losses/non germinated seeds were recorded.

Trial Management

Watering: The plot was watered twice with overhead irrigation in the week preceding planting. This was 
to simulate a pre-planting rain. For the duration of the trial the plot was rain-fed.

Weeding: An initial weeding of the plot was undertaken with hoes, machetes and a mower. There was 
high weed pressure through the trial particularly from nutsedges (Cyperus sp.). Weeds were removed by 
hand and the use of hoes every 2-3 weeks throughout the trial.

Pest and Disease Management: The maize crop was monitored for pest and disease presence. BT (Bascil-
lus thuringiensis) was sprayed every 7-14 days throughout the first three months of the trial for the control 
of the corn borer (Ostrinia nubialis) and this was effective to protect against damage to the maize crop.

Harvest: The maize was determined to be dry using the Black Layer method. When the corn is mature 
each grain is sealed off from the cob to stop the transfer of further nutrients and water, this can be seen 
by a black layer at the base of each grain. The plot was harvested on September 9th 2011 and the ears 
per plant were counted pre harvest with any underdeveloped ears being discarded. The cobs were then 
shucked and placed in a solar dehydrator for one week to accelerate field drying.

Timeline:

• September 2010: Made compost piles

• 10% Cow Manure, 25% Cow Manure, 100% Cow Manure, and 25% Mucuna

• April 8, 2011: Sifted 100% Cow Manure Pile

• April 15, 2011: Sifted 10% & 25% Cow Manure Piles

• April 21, 2011: Sift 25% Mucuna



Research Note 2011  Volume 2 •  Number 15

• April 28-May 5, 2011: Prepped the land using Princess, a small cow (Note: Not successful)

• May 5, 2011: Used 6 people with hoes, machetes, and sitting mower to cut down weeds. The hope
is that within a week the remaining rye grass will die back enough so that creating the stations won’t
be difficult.

• May 10, 2011: Begin laying out the experimental setup. Used statistically random method to select
placement of compost input for each of the 3 replications.

• May 12, 2011: Dig planting stations and fill with ½ liter of appropriate compost type. Continue with
land preparation, finish prepping planting stations and putting in compost amounts

• May 17, 2011: Planted three maize seeds per planting station in all stations May 26, 2011: Weeded

• June 2, 2011: Thinned and weeded June 9, 2011: Weeded and sprayed BT June 16, 2011: Light
weeding

• June 17, 2011: Replanted no-germ stations

• June 20, 2011:  Sprayed BT

• June 22, 2011: Longest Day of the Year, crop at full canopy September 9 2011: Harvested, shucked, 
and put into solar dehydrator September 16 2011: Weighed dried corn on the cob

• September 16-18 2011: Shelled maize and weighed corn without cob

Data collection

Different data were collected throughout the trial. An initial recording of plant mortality was recorded on 
June 17th. At two different times, the number of plants with tassels was recorded. The number of ears of 
corn per plant was recorded on September 9th the morning before the corn was harvested. The corn cobs 
were then dried in a solar dehydra-
tor for 1 week and then weighed 
on September 16th. The dried cobs 
were then shelled over the next three 
mornings using a corn sheller and 
the shelled weight was recorded. 
Weather data from a data logging 
weather station at ECHO are shown 
in Figure 2 and Table 1.

Results and Discussion

By June 17, one month after seeding, 
at least 78% of the seeds had germi-
nated (Table 2). Seed germination 
percentage and final plant popula-
tion (data not shown) were quite uni-
form and not influenced by compost 
treatment. As of July 24, nearly 10 
weeks after seeding, over 68% of the 
plants had tassled. Tassling was not 
affected by compost treatment.

Extrapolated grain yields ranged 
from 4.4 to 5.4 t/ha (Table 2). This 
shows what is possible with ½ L 
of compost per planting station. 
Although 4.4-5.4 t/ha is well under 
the maximum maize yield potential 
(over 10 t/ha are not uncommon), it is 
a significant improvement over the 2 
t/ha yields that are common in many 
parts of Africa.   During the same 
season, a non-fertilized maize (same Figure 2. Weather data over the duration of the trial. 
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variety as in the experiment) plot on another section of the ECHO Global Farm yielded 2.2 t/ha; this plot 
was not replicated, but it does give an indication of the benefit of manure/compost in comparison with no 
fertilizer. Higher yields would likely have occurred with more compost or with NPK fertilizer; however, the 
cost of higher inputs would also need to be considered.   Generally, ½ L per planting station is considered 
realistic for a smallholder farmer.

The rains were still heavy and frequent around the time of harvest (Figure 2), so yields might have actually 
been higher if the crop had been planted a bit later. The main objective in timing the planting of maize is 
to maximize the benefit from the sun. The websites on FFF contain more information on planting time.

The variables shown in Table 1, as well as other variables measured (data not shown for other variables), 
were not affected by treatment. Our results, therefore, are consistent with the observation by Daryl 
Edwards that it is not necessary for compost---applied to planting stations in the FFF system---to be 
comprised entirely of cow manure. Our results indicate that, in comparison to yield with 100% composted 
cow manure, similar maize yields can be obtained with 10% to 25% cow manure or 25% mucuna in plant- 
based compost piles.

We recognize that these data are from only one growing season. Future trials, at ECHO or by interested 
members of our international network, would benefit from: 

(1) conducting the experiment over at least two growing seasons to allow for the buildup of soil
organic matter and microbial life in the planting stations;

(2) if conducted over multiple seasons, leaving the maize stalks on the field as mulch; and (3) includ-
ing a non-treated control plot in each of the three replication blocks.

Table 1. Rainfall from seeding (17 May 2011) to harvest (16 Sept 2011) of 
maize.

Rainfall

Time period Inches Centimeters Millimeters

May 17-31 0.53 1 135

June 8.15 21 2070

July 6.83 17 1735

August 3.08 8 782

September 1-16 4.94 13 1255

Total 23.53 60 5977

Table 2. Effect of compost treatment on maize plant population, tassling and production of har-
vestable ears and grain (kernels shelled from cobs).

Compost Treat-
ment1

Seed germination 
on June 17 (%)

Plants with tassles on 
July 24 (%)

Ears harvested 
(no/plot)

Grain yield

Cow-10% 80 68 63 4.53

Cow-25% 82 79 65 4.43

Cow-100% 81 88 66 4.92

Mucuna-25% 78 83 71 5.39

P value2 0.800 0.147 0.836 0.369

1Compost treatments shown in this column depict the percentage of the compost that was cow 
manure or mucuna. For each treatment, the remainder of the compost was made up of equal 
parts of browns (woody plant material) and greens (fresh, leafy plant material). 
2Within a column, the effect of treatment on the corresponding measured variable is significant 
if P ≤ 0.05. The fact that all the P values exceeded 0.05 indicates that means did not differ with 
compost treatment.
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Research Note 

Low-Cost Natural Building Options for Storing Seed 
in Tropical Southeast Asia

Introduction

Given   the   proper   facilities   necessary to store seeds long-term, whereby low temperature and low 
humidity are kept stable over time, it is very possible to store most orthodox seeds for several years at 
a time in the tropics (Harrington, 1972). Unfortunately, implementation and maintenance of the proper 
facilities can be very costly and many existing seed bank and gene bank facility examples do not satisfy 
the needs of many smaller organizations or communities. Thankfully, many diverse options currently 
exist, with varying levels of investment for a wide range of 
facilities, from expensive, high-tech facilities down to low-cost, 
low-maintenance models. At ECHO, we operate our own range 
of seed storage facilities at our various seed banks around the 
world, from a high tech, walk-in climate-controlled cold storage 
room, to a retrofitted refrigerated shipping container, to a low-
cost, foam-insulated cold room cooled with a standard split-unit 
air conditioning system.

While each of these systems has proven to be effective in storing 
seeds for our needs over time (Motis, 2016), even our lower 
cost options do not adequately address the very real question 
of how seed storage facilities may be replicated at a farm or 
local community level. Though we have learned how to bring 
down costs considerably to establish low-budget facilities, these 
options remain out of reach for many communities and smaller 
organizations, and each example currently relies on the need for 
an uninterrupted supply of electricity, among other barriers. In an 

Editor’s Note: ECHO’s Network of Commu-
nity Level Seed Banks across Asia leads not 
only to the sharing of more seeds, but to 
the sharing of information as well. In 2018 
ECHO Asia partnered with the Kahelu 
Small Farm Resource Center in Myanmar’s 
Irrawaddy Delta to research the practicality 
of storing seeds in various low-cost earthen 
structures, with and without vacuum-seal-
ing. We are pleased to engage with part-
ners in the field to test and verify better the 
practices and technologies we promote, 
with the goal of sharing this infor- mation 
with the wider ECHO network.

Abstract. Keeping in mind the insulating qualities and low-cost of construction of natural building 
techniques, ECHO Asia began testing different methods at the Asia Impact. In 2018, ECHO conducted 
a small experiment in Thailand and Myanmar to test these hypotheses, specifically within the Southeast 
Asian context, where temperature and humidity are higher than the climates in which these facilities 
have previously been implemented. Lablab seeds were stored over the course of one year inside of 
three different natural building facilities: (1) an Earth Bag House, (2) a Hillside Bunker, and (3) a Buried 
Clay Cistern. Seeds were placed inside of each facility, with half of the seeds being sealed in jars using a 
modified Bicycle Vacuum Pump, while the other half remained unsealed in paper bags. The underground 
facilities, the buried cistern and the hillside bunker, recorded very high rates of humidity, while the 
freestanding earth bag house appears to have achieved lower overall humidity. In combination with 
vacuum-sealing, seed germination rates in each of the 3 storage facilities remained steady over the 
course of one year, maintaining germination rates above 90% at the end of the experiment.

Keywords: seed storage, seed saving, seed banking, earth bag, vacuum sealing, bicycle pump

http://edn.link/f72fjp
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attempt to address these ongoing questions, much of our recent effort at the ECHO Asia Seed Bank has 
shifted into improving the practicality and cost-effectiveness of seed storage options for small Community 
Level Seed Banks, and on down to the individual farm level.

Building on ideas observed in the field, and storage ideas passed onto us by ECHO network members 
(CRS, 2014), we attempted to verify the effectiveness and practicality of various options using natural 
earth-building techniques. A small research experiment was implemented over the course of 2018 
(Jan – Dec) at the ECHO Asia Seed Bank in Chiang Mai, Thailand, and was replicated by one of ECHO’s 
Community Level Seed Bank Network members in Myanmar.

Comparing Earth Bag Houses, Hill- side Bunkers, and Buried Cisterns

It has been suggested for many years now that various natural building facilities such as earth bag 
and rammed earth houses may serve as ideal sites for storing seeds, while in other places it has been 
suggested that storing seeds underground may be effec- tive as well. Keeping in mind the insulating 
qualities and low-cost of construction of natural building techniques (Build Abroad), we began testing 
different methods at the Asia Impact. In 2018, ECHO conducted a small experiment in Thailand and 
Myanmar to test these hypotheses, specifically within the Southeast Asian context, where temperature 
and humidity are higher than the climates in which these facilities have previously been implemented.

Materials and Methods

Using lablab - Lablab purpureus (L.) - seeds were stored over the course of one year inside of three 
different natural building facilities, including (1) an Earth Bag House, (2) a Hillside Bunker, and (3) a Buried 
Clay Cistern (Figure 1). Seeds were placed inside of each facility, with half of the seeds being (A) Sealed 
in jars using a modified Bicycle Vacuum Pump (Bicksler, 2015; Thompson, 2016), while the other half 
remained (B) Unsealed in Paper Bags. Four separate batches were placed in each storage facility in order 
to test seeds for Seed Moisture Content and Germination rates over the course of months 3, 6, 9, and 12, 
with containers remaining unopened until testing during their respective months.

In addition to testing and monitoring the viability of these seeds stored in these environments, data 
loggers were placed inside and outside of each of these facilities to track storage conditions over the 
course of one year, specifically temperature and relative humidity. Data loggers recorded temperature 
(oC) and relative humidity (%) every hour.

Results and Discussion

Climatic data collected from the Thailand site generally indicate a significant stabilization of temperate 
and humidity in the Earth Bag House and Buried Cistern compared to Outside Ambient conditions 
(Figure 2). Temperatures did not drop considerably on average in each of the storage facilities (~23ºC), 
but daily temperature swings were reduced substantially. For reference, our climate-controlled, walk-in 

Figure 1. Earth bag (left), hilliside bunker (middle) and buried clay cistern (right) seed storage facilities.  
Source: ECHO Asia Staff
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seed storage cold room in Florida main- tains an average temperature of 6ºC, with very little fluctuation, 
while our spray-foam insulated cold room using a standard split-unit air conditioning system maintains an 
average temperature of 15ºC.

Relative humidity inside of these natural building facilities was very high overall, even during the dry 
season (Figure 3). The underground facilities, the buried cistern and the hillside bunker, recorded very 
high rates of humidity, while the freestanding earth bag house appears to have achieved lower overall 
humidity. Conditions in the hillside bunker were so humid that our data logger shorted out within days, 
prohibiting us from recording conditions within.

Figure 2: Comparison of Temperature (ºC) and Relative Humidity (%) conditions - 
over a 6 month period - of outdoor ambient conditions and conditions inside of 
an Earth Bag House and a Buried Ceramic Cistern designed for seed storage in 
northern Thailand.

Figure 3: Seed quality of sealed and unseasled seed (moisture content and germination rate) after stor-
age inside Earth Bag Houses, Hillside Bunkers, and Buried Cisterns over one year
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Good News, if Sealed Properly

On their own, these natural earth-building facilities appear to be poor storage facilities for seeds, due 
to their high rates of relative humidity, which can quickly deteriorate seed quality. In both Thailand and 
Myanmar, seed germination rates of unsealed seeds plummeted from 94% to less than 50% within just 3 
months of storage (Figure 3). Measuring seed moisture content showed a rapid absorption of moisture 
in seeds, due to the high moisture content of the air within, rising from 12% seed moisture content to 
over 20% in just 4 months. Similar results were found when storing seed in vacuum-sealed and unsealed 
conditions in a refrigerator, where humidity is similarly high (Croft, 2012).

However, in combination with vacuum-sealing, seed germination rates in each of the 3 storage facilities 
remained steady over the course of one year, maintaining germination rates above 90% at the end of the 
experiment. Seed moisture content held constant for the most part as well, increasing less than 2% over 
the course of the year.

This combination of best practices, of sealing seeds with a vacuum and placing them within a stable 
storage environment, appears to offer an excellent and affordable option for storing seeds in the tropics. 
Without any use of electricity or external cooling systems, these techniques were successful in terms of 
storage and adequately maintained seed quality and viability for a full year. Certainly, work in this area 
needs to continue to seek answers to questions of how much longer seeds can be stored in this manner, 
and attempted with different seed types as well, but this is good news overall.

Economic Summary of ECHO Seed Storage Facilities

Over the years, ECHO has scaled its various seed banks around the world to the specific needs of the 
individual seed bank. Each has its appropriate scale and serves different purposes, from distributing 
thou- sands of seed packets a year, to serving the needs of a single community or region. Therefore, we 
deemed it pertinent to share with our network the costs of implementing these different options, to be 
used as reference points for various levels of seed storage facility options (Table 1). Note that these prices 
may vary considerably depending on your location and access to materials and/or labor, and existing 
structures that being retrofitted.

Table 1. Price and capacity comparision of current ECHO seed storage facility options.

Facility Location Details Size (m) Avg 
Temp (ºC)

Cost 
(USD)

Lo
ng

-T
er

m
 S

to
ra

g
e 

O
p

ti
o

ns

ECHO Global 
Farm Cold Room 
(large)

Florida, 
USA

High-tech, climate-controlled, 
walk-in cold room 6 x 3 x 2.5 5 35,000

ECHO Global 
Farm Shipping 
Containiner 
Cold Room

Florida, 
USA

Retrofitted refrigerated 
shipping container, single split-
unit A/C system with Cool-Bot 
sensor

2.5 x 3 x 2.5 - 10,000

ECHO Asia Cold 
Room (large)

Chiang 
Mai, 
Thailand

Foam insulated, double split-
unit A/C system with Cool-Bot 
sensor

8 x 5 x 2.5 15 5500

ECHO Asia Cold 
Room (small)

Mai Ai, 
Thailand

Foam insulated, single split-
unit A/C system with Cool-Bot 
sensor

5 x 3 x 2 6 3250

Ye
ar

-t
o

-Y
ea

r 
St

o
ra

g
e 

O
p

ti
o

ns

Earth Bag 
Storage House

Mai Ai, 
Thailand

Clay and rice hull filled bags, 
stacked walls with thatched roof

4 
(diameter) x 
1.7 (height)

23 750

Hillside Bunker Mae Ai, 
Thailand

Dug-out storage nook, in 
primarily clay-based hillside or 
sloping land

2 x 2 x 1.5 - 80

Buried Cistern Mae Ai, 
Thailand

Large glazed ceramic cistern 
designed for water storage, 
buried up to the rim in the 
ground

- 23 20



Research Note 2019  Volume 2 •  Number 211

It is important to note that the higher-cost options listed above are designed more for multi-year storage 
of seeds (such as in a seed bank or gene bank setting), while the lower-cost options are designed more 
for community or farm-level settings where seeds only need to be stored year to year, or 2 years at most.

Conclusions

While this data may speak more to the necessity of vacuum-sealing than to the efficacy of natural 
earth-building techniques for seed storage, it is important to note that in a recent ECHO seed storage 
experiment we found that vacuum-sealing on its own was not enough to maintain adequate seed viability 
over the course of one year in Thailand’s tropical conditions (unpublished work). Vacuum-sealed seeds 
stored on a hot outdoor porch did perform well compared to unsealed seeds, but germination rates still 
declined considerably. The ability to maintain high germination rates over the course of the entire year in 
this experiment leads us to believe that the combination of vacuum-sealing AND storage in a stabilized 
environment are what led to extremely effective seed storage practices in this experiment. ECHO will 
continue to build on this work to find low-cost, practical options for storing seeds in Community Level 
Seed bank settings, using practices that are simple and replicable.
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Research Note 

Making On-Farm Pig Feed:

Farm-Generated Formulas vs. Commercial Feeds

Introduction to Fermented 
Banana-Stem Feeds

The integration of livestock on the small-
holder farm is often a key component to 
the long-term sustaiability of the farm, 
specifically by means of critical nutrient 
cycling. Livestock play a unique and 
critical role on the farm, transforming 
plant and waste materials into important 
sources of energy, either for consumption 
on the farm, or for sale beyond it. As 
omnivores, pigs are one of the most 
efficient converters of on-farm ‘waste’, 
transforming materials unsuited for human 
consumption, into meat, manure, and 
income.

On the ECHO Asia Farm we seek to create 
our own ‘Farm-Generated Feeds’ for the 
purpose of leveraging the materials we 
have available to us, while bringing down our costs of livestock production. In addition to the meat and 
income produced through our cows, pigs, chickens, and fish, we also value them for their manure, which 
we compost and use in crop production among other things.

To make on-farm feeds we recommend utilizing locally available resources (on the farm or within the 
vicinity), with special attention to materials that could be considered ‘waste products’ or ‘under-valued’. At 
the ECHO Asia farm we use for our base ingredient our most readily abundant material, the banana tree. 
For the remainder of this article we will focus on the production and benefits of banana-based pig feeds, 
produced primarily from the stem of the banana tree (Figure 1). These stems are fermented to break 
down and increase digestibility and are subsequently mixed with various other low-cost raw materials that 

Abstract. For several months, the ECHO Asia Farm trialed fermented banana stem feeds with our local 
black pigs to see how they compare to commercial feeds in a small production system. The objective 
was to assess the overall price of producing our own feeds while maintaining comparable weight gains 
of pigs fed with commercial feed. One group of pigs was fed commercial feed, while the other group 
was fed the On-Farm Feed mix; all six pigs belonged to the same litter and were split evenly according 
to initial weight and gender. Pigs were weighed every 2 weeks. Although on-farm feeds were cheaper to 
produce per kilogram, these had to be fed at a higher rate (both daily and over the life of the pig), and 
therefore resulted in a higher overall cost to the producer. Results indicate at first glance that commercial 
feeds are the superior option, but we feel this farm-generated feed approach can be of great value to 
farmers living in remote areas where commercial feeds may be more difficult to obtain. 

Keywords: on-farm feed, banana silage, banana stems, hog feed, feeds, commercial feeds, cost analysis

Figure 1. ‘Fermented Banana-Based Feeds’ are made 
weekly here at the ECHO Asia Farm. ECHO Asia’s 
Agricultural Specialist, Chai, shows us the materials needed 
to make the banana stem base

http://edn.link/q3mcc9
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are locally available, including rice bran, corn meal, and fish meal, 
etc. (see Table 1.) This is not a new technique, having long been 
adopted on many smallholders farms in this region, but does have 
room for improvement.

Materials and Methods

1. Selecting the Banana Stem

Not all banana stems are equal in terms of nutritive value. We 
recommend harvesting younger stems for making feed when 
possible (Figure 2). At this stage of growth, stems have not yet  
diverted  their  energy and  nutrition into fruit production, and 
remain tender and digestible. We plant the ‘namwaa’ banana 
variety (Musa sapientum L.) for our feed purposes.

2. Chopping

Leaves are cut off from the stem (used for goats and cattle) and 
only the stem is utilized for pig feed. Using a chopping machine, 
stems are fed through to produce chopped pieces anywhere 
from 2-5cm in length (Figure 3). The smaller the piece, the more easily they will ferment and breakdown. 
This is helpful for pigs which are monogastric animals (single stomach), unlike ruminant animals like cows 
(multi-stomach), that are more efficient in breaking down plant fibers.

3. Fermentation

We employ a short fermentation; whereby chopped banana stems are fermented only 3-4 days (Figure 3). 
Molasses and mineral salt are mixed with chopped banana stems then packed and sealed into an airtight 
bin and left to ferment. Without fermentation, banana stems may not have much nutritional value, but this 
process can introduce beneficial microorganism populations that become a bypass protein source for the 
pigs (more research needed here).

4. Bulking Up with Other Ingredients

Fermented banana stems alone hold low nutritional value and must be mixed with other higher quality 
ingredients for a proper feed ration (Figure 3). Testing of our fermented banana stems resulted in a 
6% crude protein content. Table 1 summarizes the ingredients we mix. Note: these ingredients are the 
resources most available and affordable to us based on the location of our farm and may not be ideal in 
other locales.

Figure 3. (Left). Freshly chopped banana stems (the smaller the better), (Center) chopped banana stems 
after 3-4 days of anaerobic fermentation with mineral salt and molasses, (Right) fermented banana 
stems mixed with other high quality ingredients and ready for feeding.

Figure 2. Banana stems that have 
not yet fruited are ideal for making 
feed. Once fruited, stems become 
tough, difficult to digest, and 
nutritive content is lower.
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Research Trials: On-Farm Feed vs. Commercial Feed

For several months, the ECHO Asia Farm has been trialing our fermented banana stem feeds with 
our local black pigs to see how they compare to commercial feeds in a small production system. The 
objective was to assess the overall price of producing our own feeds while maintaining comparable 
weight gains of pigs fed with commercial feed. One group of pigs was fed commercial feed, while the 
other group was fed the On-Farm Feed mix; all six pigs belonged to the same litter and were split evenly 
according to initial weight and gender. Pigs were weighed every 2 weeks.

Table 1 is a summary of our Farm-Generated Feed rations based on three different protein targets for 
different growth stages. The goal was to produce a feed from on-farm and locally avail- able materials 
that might compare to a commercial feed in terms of nutritional composition and overall cost. Fermented 

Table 1. Summary table of banana based on-farm feed. Formulas below are for a 100 kg batch of feed 
and are protein target-based by growth stage of pigs.
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banana stems were used as the base ingredient while other materials were either harvested from the farm 
or purchased locally.

It is important to note that banana stems were assigned a value (despite being free on our farm), in order 
to account for the labor in- volved in their production. It is important to account for, and value, the added 
labor of any smallholder farmer that might adopt these practices.

The cost of making on-farm feeds with the above formulas were 
much cheaper to produce per kilogram (Table 2) when compared 
to purchased commercial feeds. However, due to the high moisture 
content of the fermented banana stem portion of the feeds, it was 
necessary to feed roughly 50% more of the On-Farm Feeds in order 
to retain comparable dry matter contents with that of the commercial 
feeds (Table 3). Note: moisture content of the fermented banana stems 
alone was roughly 90%, but the complete ration averaged closer to 
50% moisture content once banana stems were mixed with other 
ingredients.

Feed formulas were adjusted depending on growth-stage of the pigs, providing a higher protein feed as 
pigs were younger and faster growing, and lowered as pigs grew older. Table 3 summarizes the rates of 
feed provided to pigs at each stage, with rations increasing as pig grew older and protein contents were 
lowered.

Results and Discussion

Results from these trials showed that pigs raised on commercial feed will take approximately 147 days 
to reach market weight (70kg target) and will consume approximately 105 kg of feed (beginning when 
piglets are 9 weeks old). We calculated that the cost of feeding over this period to be 1733 THB per pig 
(see Table 4). Pigs raised on the farm-generated feeds gained weight more slowly (only reaching market 
weight after 159 days) and therefore consumed roughly 2 weeks more worth of feed, for an overall total 
of 189kg of feed per pig.

It is important to note that banana 
stems were assigned a value 
(despite being free on our farm), 
in order to account for the labor 
involved in their production. It is 
important to account for, and value, 
the added labor of any smallholder 
farmer that might adopt these 
practices.

Table 2. Cost comparison of On-Farm Feed formulas compared to commercial feed, 
based on decreasing protein contents.

Table 3. Summary feed schedule for On-Farm Feeds and Commercial Feed for the ECHO Asia Farm 
research trials.
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Although on-farm feeds were cheaper to produce per kilogram, these had to be fed at a higher rate (both 
daily and over the life of the pig), and therefore resulted in a higher overall cost to the producer, in this 
case 1930 THB. These results are a good reminder that not all feeds are created equal, and considerations 
need to be made based on nutritional value and not volume alone when comparing farm feeds to 
commercial feeds.

Feed Conversion Ratios

A Feed Conversion Ratio (FCR) is a method typically used to define how efficient an animal is at 
converting feed into body weight. For example, a cow might require 8 kg of feed to put on 1 kg of body 
weight, while a fish may only need 1.5 kg of feed to put on 1 kg of body weight. This ratio can also be 
used to determine the efficiency of a feed, when used across the same animal type, as was the case in our 
pig feeding trials.

Using the data collected during these trials we were able to estimate an average FCR of 2.7 for our 
commercial feeds, and an average FCR of 4.3 for the on-farm feed (Table 4). This highlights the fact that 
not all feeds are created equal and that the on-farm feeds, with a lower conversion ratio, must be fed in 
larger amounts in order to compare. Going forward the goal will be to improve the FCR of our on-farm 
feeds through the inclusion/substitution of other high quality ingredients.

Conclusions

These results indicate at first glance that commercial feeds are the superior option and that there will be 
a higher cost to farmers producing feeds on the farm, but we feel this farm-generated feed approach 
can be of great value to farmers living in remote areas where commercial feeds may be more difficult to 
obtain. There are also significant cost savings opportunities as additional ingredients can be identified 
and substituted for the purchased ingredients listed above.

There is significant potential for pig producers to begin substituting the ingredients listed with materials 
and resources located on the farm, thereby lowering costs. This is especially true for farmers already 
producing some of the ingredients listed, such as the rice bran, corn meal, and even fish waste. If any, or 
multiple, of these ingredients can be produced on farm at a lower cost than to purchase it, the overall 
savings can surpass a commercial feeding strategy and become more profitable.

Perhaps one of the largest possible areas for profit increase would be the potential of marketing pigs 
fed with on-farm feeds as ‘organic’ or ‘natural’. Assuming demand for such meat, there lies significant 
potential in increased profit margins should the production or certification requirements be met!

We acknowledge the location of our ECHO Asia Farm being on the outskirts of a major urban center, 
with ready access to products such as rice bran and fish meal and under- stand that small upland farmers 
may not easily obtain these ingredients. The formulas used on the ECHO Asia Farm are NOT prescriptive 
and should only be used as one example of an on-farm feed formula. We encourage you to seek out the 
unique resources available to you in your locale, and to experiment with what materials you can acquire. 
If one of the above listed materials is not available, or is too expensive, it can be substituted for another 
material of similar nutritional value. Numerous other high-protein options exist including, copra meal, 
soy meal, insect meal, bone meal, azolla (Azolla caroliniana), moringa (Moringa oleifera), fish amino acids 
(FAA), and more.

Table 4. Cost analysis summary of pigs fed On-Farm Feeds and Commercial Feeds, 
starting at age 9 weeks and ending at a 70kg ‘market weight’.
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Keep in mind also that a transition from commercial feeds to on-farm feeds may not be feasible, and a 
hybrid system may work best for your production system. It is not uncommon to employ both strategies 
simultaneously and to supplement either feed with the other. A 50-50 split between commercial feed 
and on-farm feed, or any combination of the two is a good option to consider in the beginning. However, 
adopting a stricter farm-generated feed strategy may provide additional options that may not have 
existed before, and marketing pigs to new markets as ‘organic’ or ‘natural’ may have potential to fetch a 
higher price.

The illustration on the previous page (Figure 4) summarizes more simply some of the ad- vantages and 
disadvantages of both feeding strategies:

Additional Resources

Mikkelson, O. 2019. Integrating Hogs into the Smallholder Farm and the Creation of Hog Feed. In: Animal 
Integration & Feeding Strat- egies on the Tropical Smallholder Farm. pp. 41-55. ECHO Asia Impact Center, 
Chiang Mai, Thailand

Figure 4. A summary of some of the advantages and disadvantages of adopting On-Farm Feeds as 
feeding strategy on the smallholder farm
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Research Note 

Production of Vegetable Fern (Diplazium esculentum Reytz.) 
Under Varying Levels of Shade

Introduction to Vegetable Fern

Several species of edible ferns exist around the world, ranging from the tropics to more temperate 
regions, and most commonly include the bracken ferns (Pteridium spp.), ostrich fern (Matteuccia 
struthiopteris), and the Stenochlaena spp. ferns.

However, the focus of this study is on the vegetable fern  (Diplazium esculentum Reytz.; Figure 1), a 
tropical perennial vegetable crop typically found growing in the Asia and Oceania regions. Sakai et.al. 
(2016) categorize this edible vegetable fern as a Non- Timber 
Forest Product or NTFP. It is a regionally significant vegetable 
crop in India, Bangladesh, Thailand, Malaysia, Philippines, and 
the US state of Hawaii (Lin et al., 2009). The young tender fronds 
of the fern (commonly referred to as ‘fiddleheads’) are typically 
eaten fresh, boiled, blanched, or cooked in curries, depending 
on the region in which they are consumed (Duncan, 2012).

Nutritional analysis of vegetable fern indicates several positive 
nutritional properties, being rich in beta-carotene, folic acid, 
along with calcium, iron, and

phosphorus minerals; while anti-nutritional properties such 
as phytic acids, tannins, and trypsin are present in non-toxic 
amounts (Archana et al., 2012; Junejo et al., 2015). Results 
of nutritional analysis of Diplazium esculentum undertaken 
at Kasetsart University in Bangkok shows a rich nutritional 
composition (Table1).

This topic of interest dates back a few years  
to when  Rick Burnette served as Director 
of ECHO Asia. Observing that local edible 
vegetable ferns were only being wild-har-
vested and made available at market 
certain times of the year, he rationalized 
that perhaps this  local Neglected  and  
Underutilized  Species  could  be cultivat-
ed  on- farm, using artificial shade, thus 
making it marketable in  the ‘off-season’ as  
well. Since that time, the experiment has 
been replicated and wrapped up (with the 
help of many hands), and the following 
article summarizes what we have learned.

Abstract. Local edible vegetable fern used to be only wild-harvested and therefore available only 

certain times of the year at market. Under managed cultivation with the appropriate shade, perhaps it 

could be made available year-round. Production of Diplazium esculentum was evaluated at varying levels 

of shade. Shade as well as moisture were determined to have significant effects on Diplazium esculentum 

yield. Researchers conslude that this neglected or underutilized crop has promise for smallholder farmer 

applications. 

Keywords: vegetable fern, shade trial, fiddleheads, underutilized crops, neglected species

http://edn.link/hk96zz
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Vegetable fern can be found 
seasonally in many Asian markets and 
are typically wild harvested from moist, 
shaded areas alongside riverbanks 
and within wooded areas. During the 
rainy season, bundles of vegetable 
fern are commonly observed in local 
markets in these regions but do not 
appear to be supplied in sufficient 
quantities to satisfy consumer demand 
during the dry months when market 
availability all but disappears.

To date, minimal research has 
been undertaken on the cultivation 
potential of vegetable fern, and its 
potential agronomic opportunities and 

limitations. Vegetable fern continues to be supplied to market in large part by wild harvested means but 
has yet to become widely cultivated as a managed crop species. Mertz (1999) compared the cultivation 
potential of Stenochlaena palustris (Burm.) and Diplazium esculentum (Retz.) in Malaysia and found the 
cultivation  of the latter  to  be unfeasible in unshaded growing conditions. Recent work at the ECHO 
Asia Regional Impact Center in northern Thailand indicates that it can be grown and may even thrive in a 
managed shaded production system.

Objectives of the Study

In order to verify and test this theory, a multi-year field experiment was established to: 1) evaluate the 
growth and marketable yield of vegetable fern in a managed production system using different shade 
regimes, and 2) to assess the potential for extending production beyond the typical rainy season growing 
period.

Growing vegetable fern beyond its typical seasonal availability could serve as a potential niche market for 
smallholder farmers seeking to enter new markets, making this experiment of potential interest to many 
within the ECHO network and beyond.

Figure 1. Edible Vegetable fern (Diplazium esculentum Reytz.) 
shoots. Edible shoots are sometimes called ‘fiddleheads’.

Table 1. Nutritional composition of Diplazium esculentum Reytz. Analysis was completed in 2017 in 
partnership with Kasetsart Univerity, Bangkok, Thailand.
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Materials and Methods

Location and Site Description

Field trials took place at the ECHO Asia Seed Bank during the 2011 and 2017/2018 growing seasons. 
Climatic conditions of the study site, located in the hills of northern Thailand (20° 1’N, 99° 17’E), are 
characterized by a distinct rainy season (May to October) and a distinct dry season (November to April) 
with temperatures typically ranging between 25ºC and 30ºC throughout the year (Table 2).

Set up of Experiment

Ferns were grown in full sun locations in raised beds under three different shade treatments: 1) no 
shade (0%) control, 2) low shade (50%), and 3) high shade (80%). The experiment was arranged as a 
Randomized Complete Block Design (RCBD) with four replications. Individual open-ended row covers 
of shade cloth were suspended 1.5m above raised beds depending on the treatment (Figure 2), and 
a system of micro sprinklers were put in place for irrigation purposes during the dry season months to 
mimic a moist condition similar to the local environment where it typically grows. Harvest intervals for 
both runs of the experiment spanned a 1 year period, allowing for the comparison of growth and yields 
according to season, wet or dry.

Experimental plots were 1m by 
1m and fern propagules were 
transplanted at approximately 30 
cm by 30 cm planting density, for a 
total of 9 plants per plot. Propagules 
were dug from an established bed of 
growing ferns which had previously 
been wild harvested locally and 
transplanted.

Ferns were transplanted into raised 
beds that previously received several 
years of organic soil amendments, 
including compost, cow manure, and 
rice straw mulch. For this experiment, 
no additional soil amendments were 

Table 1. Cumulative monthly rainfall (mm) and average monthly temperature (ºC) data for Mae Ai, Thai-
land, during runs 1 and 2 of experiment.

Figure 2. Data collection in the fern research plots at ECHO 
Asia, Mae Ai, northern Thailand
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added to the soil during the trial period. However, beds were mulched prior to each planting season with 
a generous layer of rice straw mulch at approximately 4 tonnes per hectare, proving to be an important 
step in retaining soil moisture and ensuring weed suppression during fern establishment.

Data Collection

Once transplants were established (3 months after transplanting), harvest data of marketable fern fronds 
(fiddleheads) were collected every 3 weeks from the middle row of each plot, the sampling area. Fern  
growth  data were continuously collected in 3-week intervals over one year, for a total of 14 sampling 
periods. Fronds were counted and weighed wet, while subsamples were oven-dried to calculate dry 
weight. Both plant height and percent necrosis (plant death) data were measured every 3 weeks in the 
sampling area of each plot. Plant height was calculated using the tallest outstretched fern leaf, while 
percent necrosis or death of plants was estimated using a visual ranking score of 0 (no necrosis/death) to 
100 (complete necrosis/death), outlined by Deadman et al. (2002).

At various points during the experiment, visits were made to the local market to purchase edible 
vegetable fern, in an attempt to monitor availability and market price depending on the time of the 
year. Fronds (fiddleheads) were purchased by the bundle and fresh weights were recorded, as were the 
number of individual fronds included. Market-bought ferns were acquired from a local rural market in the 
nearest town (Fang), and in the nearby city of Chiang Mai to evaluate differences in price.

Results and Discussion

Shade Matters, and Moisture Does Too!

Results from our field trials indicate that the cultivation of vegetable fern on farm can in fact be 
productive, both in the rainy and dry seasons. Production was higher during rainy season compared 
to dry season months, even  when  adequate irrigation was provided throughout the year. Our results 
indicate that shade does play an important role in a managed production system, with shaded plots 
out- performing those that were unshaded in almost every instance (Figure 3). Ferns grown under partial 
shade structures (50% shade) yielded more than those under higher shade (80%) in both trial runs, 
though differences between  the two were small compared to having shade and no shade in general.

Figure 3. Fresh weight of fern fronds harvested during the rainy and dry seasons of 
2 separate trial runs.
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Ferns grown without shade displayed higher rates of necrosis/plant death than those that had shade, 
in every instance. This death in vegetative parts indicates that the vegetable fern is highly sensitive to 
sunlight and therefore a major factor to consider in domesticating the plant. There was 1.5ºC average 
annual temperature difference between runs 1 and 2, which explains in part the additional growth, and 
subsequent necrosis without shade, in the second run compared to the first run.

In analyzing the results of this work, we noticed a large difference in the yield between the rainy seasons 
and the dry seasons of run 2 compared to run 1. This correlates to an extended rainy season and an 
above average amount of rainfall during the second run (2297mm compared to 1700mm in run 1). 
This seems to indicate that while shade does make a difference in yield and is a necessary factor in the 
production of vegetable fern, adequate moisture may be as equally important.

Though irrigation was provided every 3-4 days throughout the season, it may be necessary to have more 
moisture throughout, with no chance for water stress.

Conclusions: Prospects and Small-Scale Farm Application

While these results are by no means exhaustive, they do indicate that there is significant potential for 
the production of vegetable fern in managed settings. We believe that the small-scale production of 
vegetable fern can and should be integrated into small-scale farm operations, both as a cash crop and for 
household consumption. This Neglected & Underutilized Species (NUS) holds potential as a marketable 
niche crop, as well as a nutritionally rich supplemental vegetable for household dietary diversity. There 
remains great potential for vegetable fern as a niche crop, both locally in Southeast Asia and beyond. 
Further research is necessary to refine the cultivation practices for this vegetable fern, but there is 
promising potential for cultivation managed production settings.
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Figure 4. Percent necrosis of fern leaves grown during the rainy and dry season of 
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