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Drip irrigation and its associated practices allow farmers to supply 
water to crop roots according to plant needs. Technicians promote 

drip irrigation for water conservation, weed control, plant disease 
reduction, and erosion control. Drip irrigation can be implemented in 
various locations on field (Figure 1) and household scales. You may ask, 
however, “Is drip right for me?” This article outlines factors to help you 
decide if drip irrigation is an appropriate technology for your context 
and summarizes alternative irrigation methods.

Benefits of drip Irrigation 
Drip irrigation has many benefits, the principal being water 
conservation. Drip irrigation focuses small flows of water on 
the root zone of crops. In comparison to irrigation methods 
like overhead watering, drip systems can irrigate more 
plants with the same amount of water. The localized and 
slow application of irrigation has other benefits as well. 

With drip irrigation, water can be delivered to the crops, 
not weeds. The weeds won’t grow if they don’t get water. 
Controlling weeds by localized watering is labor-saving 
and desired by farmers and gardeners alike. You can also 
use drip irrigation systems to deliver nutrients to crops, a 
practice called fertigation. Fertigation allows you to apply 
liquid fertilizers, including manure and compost teas, 
directly to the root zone of crop plants. 

Supplying water to the root zone keeps leaves dry, 
preventing wet conditions that many plant diseases need 
to develop. Thus, drip irrigation helps control diseases that 
spread under wet conditions (Café-Filho et al., 2018). 

Drip irrigation can also be combined with complementary 
practices. Mulching, for instance, can be combined with 

drip irrigation for further conservation of water and reduced weed 
growth (Figure 2). Mulches block weeds from sunlight and protect the 
soil surface from erosion caused by the splashing of water droplets from 
rain or overhead irrigation. 2  It is easy to see that drip irrigation and 
associated practices have many benefits for crop production.

Tradeoffs of drip irrigation
More equipment is needed for drip than other types of irrigation. Water 
must be distributed under pressure through specialized tubing called 
drip tape (Figure 1), flowing out of the tubing through small holes in 
the tape called emitters. Filtration is needed to avoid the most common 
problem with drip irrigation, the clogging of emitters. Filters, fittings, 
and connectors may or may not be available. You may need technical 
help for installation, depending on the complexity of the system. 

With water delivered through drip tape, drip irrigation is best suited 
for planting in rows. In low-resource contexts, or with irrigation kits, 
you will not have much choice in drip tape emitters. There may be 
only one spacing of emitters available. This could be a problem where 
farmers and gardeners are not accustomed to planting in rows or being 
constrained to uniform plant spacing. 
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Is Drip 
Irrigation 

Right for Me?
by Robert Walle

      You can also direct water to the soil 
surface using furrows, soaker hoses, and 
watering cans. 
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       The type of mulch placed over drip 
tubing influences soil temperature. The 
most common mulch in commercial 
agriculture is dark plastic. Black plastic 
mulch helps moderate soil temperatures 
in cooler climates. Organic mulches (straw, 
leaves, and crop residues) are common 
for smaller plantings where they do not 
compete with other uses, such as animal 
feed. Organic mulches moderate soil 
temperature, creating favorable conditions 
for earthworms and other beneficial soil 
organisms. 
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Figure 1. Drip irrigation on a field scale.  
Source: Robert Walle
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While drip irrigation conserves water, success requires 
consistency. The system needs to be regularly 
maintained and checked for leaks (Figure 3). Leaks need 
to be repaired in a timely way, as delays in watering 
could quickly result in drying out of the plant root zone. 

A promising context
Drip irrigation can be implemented in rural areas; 
however, materials for drip systems will likely be easier 
to find in urban settings. People in urban and peri-urban 
environments are looking to produce more of their own 
food because of rising food prices and other concerns. 
The Food and Agriculture Organization (FAO) refers to 
peri-urban agriculture as “agriculture practices within 
and around cities…” (FAO, 2015). 

Most people living in cities and peri-urban areas 
have never grown their own food. They will need both irrigation and 
extension services for year-round crop production. In city, community, 
or peri-urban gardens, available land is scarce, but we can still produce 
food given enough sunlight and water. 

Foundational concepts
No matter which irrigation method is used, first evaluate your soil and 
the water source.

Know your soil
Effective irrigation requires you to know your soil texture, and how this 
affects water infiltration. Water infiltration rates for clayey soils are slower 
than for sandy soils. Sandy soils need more frequent irrigation than clays 
do. 

Make sure, regardless of your irrigation method, that the water you 
apply reaches the root zone. The soil surface may look dry (or wet), but 
that may be just how it looks. Not knowing how water moves in soil can 
cause you to over or under water your garden. 

Use a machete or a shovel to inspect the soil profile 
and get to know your specific conditions. See how 
long it takes for irrigation water to reach just below 
the roots of your crops. A two- to three-hour drip 
irrigation event may wet the surface as well as the 
root zone of a sandy soil. With clayey soil, the same 
application may cause puddling, without reaching 
the roots. 

By learning your soil texture, you can make a better 
choice on which irrigation system is best for you. Soil 
erosion is most likely to occur when the rate of water 
being applied to the soil surface exceeds the rate at 
which water can move downwards into the soil. With 
its slow rate of water application, drip irrigation is a 
good choice for avoiding surface runoff on clay soils. 
On sandy soils, the slow rate of application with drip 
irrigation minimizes the loss of water —and any liquid 

Figure 2. Drip irrigation combined with plastic (left) and 
organic (right) mulch. Source: Robert Walle

Figure 3. Water leaking from 
ruptured drip tape.  
Source: Robert Walle

Clay Loam Sand

Figure 4. Illustration of the effect of soil type on the wetting 
zone around a plant receiving water from a drip irrigation 
emitter. Source: Stacy Swartz, adapted from DripWorks

https://www.dripworks.com/blog/tips-for-gardeners-and-growers-irrigation-tips-for-clay-soil-sandy-soil-and-loam
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fertilizer being applied—  to downward movement past the root zone. 
On sandy soil, shorter and more frequent watering is advisable to keep 
water from moving straight down past plant roots (Figure 4). 

Do you have enough water? 
Before irrigating, we need to ensure there is enough water. The Sphere 
Association humanitarian guidelines consider 15 L as the least water 
usage —for drinking and cleanliness— per person per day (Sphere, 2018). 
As peri-urban agriculture becomes more necessary and popular, water 
conflicts are likely to arise if we cannot meet this basic need, making 
water conservation a necessity. Where water boards charge users in a 
community water system a flat fee, any added use for irrigation may not 
increase their bill but may lead to water conflicts. Water meters (Figure 
5) can help people irrigating pay their fair share and give a basis for 
calculating water rates. People hesitate to install water meters, because 
some meters are inaccurate and water users are reluctant to have their 
water use measured.  

The Sphere humanitarian guidelines do not consider agriculture 
but recognize water reuse for gardening in urban and peri-urban 
environments. Reused water is suitable for use on forage crops and 
ornamentals. If you have enough water, and the water is of acceptable 
quality, 3  you can use it for irrigation.

Technical Details for Small-Scale Drip Irrigation
A typical drip tape system has emitters spaced 30 cm apart with each 
emitter supplying water at a rate of 1 L per hour. Below are additional 
details to be aware of.

Water Pressure
Drip irrigation requires pressure to work. For small systems (< 600 m of 
rows for up to 500 m2), drip irrigation can operate at very low pressures. 
It is common for an elevated barrel or tank to provide water pressure 
and limited water storage (Figure 6). The tank can serve as a place to 
mix in fertilizer or manure tea with irrigation water. It is unnecessary to 
pressurize small irrigation systems with pumps. There is a risk of fittings 
blowing out and of leaks at weak points if the pressure is too high. Too 
little pressure will cause problems with air and water in the lines. 

New advances in materials are allowing drip irrigation, especially 
smaller systems, to work at lower pressures, 0.1 bar (1.45 pounds per 
square inch) or less. Some emitters will “auto compensate” for use on 
slopes —for equal pressure along the slope. Check the manufacturer’s 
specifications before you buy any drip equipment. 

Filtration
Filtering irrigation water removes small solids, sand, and silt found in 
many water sources. Small irrigation systems often use rudimentary 
cloth filters to remove small particles, but drip irrigation requires better 
filtration. Typical filters are made of fine metallic mesh, or corrugated 
plastic disks to retain small solids (Figure 7). As materials improve to 
compensate for low pressures, the system needs to deliver clean water 
to each emitter. 

      See Water Quality for Agriculture 
(Ayers and Westcot, 1994) for information 
on water quality factors such as salinity, 
calcium (too much can lead to clogging of 
emitters), and pH.
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Figure 5. Example of a water meter.  
Source: Robert Walle

Figure 6. An elevated tank used 
to supply water for drip irrigation.  
Source: Robert Walle
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Drip irrigators must remember filtration, 
as particles and precipitates will clog drip 
systems. Use of grey water (household 
wastewater), which is likely high in sodium and 
potassium salts and alkaline in pH, leads to 
greater precipitation and possible clogging of 
systems.

Maintenance in Drip Systems
Drip systems need more maintenance 
than hoses and sprinklers. The first step of 
maintenance is cleaning the filter. Cleaning 
the filter supports proper water flow. Pay 
attention to what you are cleaning from the 
filter. The presence of slime, caused by algae 
or bacteria, or mineral deposits will give you insights about your water 
quality (Figure 8). 

Flushing
When installing low pressure systems, each terminal end of the drip tape 
rows is bent backwards three cm. A small section of drip tape is used 
to cover and hold the fold. Open the line to flush the system and then 
close it again by repeating the process. This works well with low pressure 
systems and shorter runs of drip tape. Larger and high-pressure systems 
use small valves for flushing the lines. Tying or closing the drip tape will 
not allow flushing.

Vinegar (acetic acid) dissolves small amounts of precipitates from the 
drip tape surface, but crop growth limits access to individual emitters. 
Largeer amounts of precipitates around emitters are dissolved by 
adding phosphoric acid to the irrigation water at a concentration of 
0.6% for 15 minutes. 

Repairs
Besides maintenance, irrigation systems need repairs from time to 
time. As we grow crops and work in our gardens and farms, we need 
to inspect the drip irrigation tubing. We should make sure that the drip 
system is working to supply water. As we weed, we can puncture drip 
lines and water transmission lines can get broken, in addition to animal 
damage. We need to be ready to repair lines whenever they break. 
Familiarity with PVC tubing, and having connectors and extra lines and 
drip tape for replacement is necessary.

Alternatives to drip irrigation
In addition to drip irrigation, there are a number of other irrigation 
methods to consider. Here we summarize a few of those, with benefits 
and tradeoffs shown in Table 1 at the end of this section. 

Small-scale, low-volume Innovations
Some innovations include perforated hoses, single emitters on tubing 
for small applications, porous hoses, and wicks (Figure 9) and buckets 
with small holes (Berkelaar, 2012). All these supply water to plants at 
low flow rates and are simplifications of “drip” technology. A very simple 
irrigation system consists of a 5 gallon (18.9 L) bucket and two, 4.6 m 

Figure 7. Example of a mesh (left) and disk (right) filter.  
Source: Robert Walle

Figure 8. Slime in an irrigation pipe. 
Source: Robert Walle

Figure 9. A wick garden in which 
water and/or liquid fertilizer is 
distributed through underlying 
carpet to plants (Price, 1996). 
Source: ECHO staff
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sections of drip tape (ECHO Staff, 1996). Watering of individual trees 
is also possible with simple pans or any container with small holes 
perforated in them as described by Berkelaar (2007). 

With these individual innovations, soil texture and water source 
principles still apply. You may need emitters to be further apart in clay 
soils than in sandy ones. For sandy soils, you will use more frequent, 
shorter applications than for clay soils. If the garden is very small  
(< 20m2), watering with simple perforated hoses, wicks (Berkelaar, 2012) 
or by hand is sufficient, and drip irrigation tape may not be the best 
choice. 

Hand Watering
Hand watering applies to the smallest garden plots, containers or 
individual plants. Watering plants by hand is manageable in small areas, 
using a cup, bottle, bucket, watering can, or hose. Watering by hand 
brings an intimacy with plants. Simple and inexpensive, one can adjust 
the flow of water to control application. Best irrigation practices place 
water where available to plant roots and allow water to soak into the 
soil without puddling. This keeps leaves dry to avoid spreading plant 
diseases. Hand watering becomes more difficult as the cultivation 
size increases. For larger-scale production, watering by hand is labor 
intensive and one looks for more efficient ways to irrigate.

Sprinkler Systems
Available, inexpensive, and easy-to-use, sprinkler irrigation is a frequent 
choice (Figure 10). Water from a source with enough elevation gives the 
pressure to run the sprinkler. Water and pressure losses depend on the 
quality of the connections and friction through the hose. 

Sprinkler irrigation can cover sizeable areas with little effort or 
investment. Farmers can connect one or more sprinklers to hoses and 
move them to cover the production area. Sprinkler irrigation helps 
establish crops that will not need later irrigation, such as cover crops. 
Outside of the cultivated area, sprinklers will increase water use and 
weed growth. Micro-sprinkler use is increasing and helps improve water 
use efficiency, by concentrating irrigation around the base of trees in 
fruit orchards.

Furrow Irrigation
Furrow irrigation supplies water to small channels (furrows) formed on 
the soil surface, supplying water to crops planted on the ridges. This 
irrigation method requires low slopes and a finer-textured soil than 
coarse sands. Furrow irrigation requires topographical studies for larger 
scale applications but is possible on small plots. Row spacing, planting 
patterns, crop densities, and erosion control are necessary design 
elements. Preparing the furrows to avoid overtopping (of water from the 
tops of the furrows) during water application reduces erosion and crop 
loss. Erosion management is essential in design and operation because 
of the irrigation water’s higher volumes and velocity. 

The large amounts of water used in furrow irrigation necessitates 
planning to avoid waste and conflict between different community uses. 
Furrow irrigation is common on riverside plots where the water source is 
close, and pumps can supply large volumes of water to crops. Growers 
use furrow irrigation on larger plantings (> 500 m2).

Figure 10. Example of sprinkler 
irrigation. Source: Robert Walle
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Conclusion
Smallholders can produce much food on small farms and gardens year-
round with the proper irrigation system. The most important criteria are 
the water source and production of food. Depending on the size of the 
area, the water source, and the crops grown, drip irrigation can help 
conserve water and control weeds. New materials are available to run 
drip irrigation at low pressures. This article aims to help novice growers 
get started with irrigated agriculture and avoid water conflicts while 
producing food year-round. 

Good urban agriculture depends crucially on producers being 

granted proper agricultural extension and advice, including 

assistance for selecting crops.

— Mayor Iga of Kampala (FAO, 2015)

If drip irrigation looks promising for you and/or farmers you work 
with, consider trying it on a small area. This will help you gain firsthand 
experience and evaluate its effectiveness under your conditions. ECHO’s 
bookstore carries a simple gravity-based system using a 20-L bucket, 
as well as larger 132-L kit [http://edn.link/dripkit]. Kits like these are an 
excellent way to get started with drip irrigation.
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Spoilage of stored grain is a major obstacle for smallholder farmers 
around the world (Figure 11). FAO (2022) reported cereal and pulse 
losses in storage of up to 60% (maize in Uganda), and 50% (cowpea in 
Zimbabwe). This article leans on the expertise of Dr. Floyd Dowell (an 
Agricultural Engineer retired from USDA Center for Grain and Animal 
Health Research) and highlights some of the options covered in previous 
ECHO publications for grain storage in low-resource settings. Preventing 
pest and moisture damage to stored commodities takes time, but also 
saves labor and reduces risks related to post-harvest losses.

Foundational principles
We will use the term grain to refer to seeds that are harvested dry, 
whether they are from cereal or pulse (dry beans) crops. Before deciding 
on a storage method, consider a few principles for mitigating grain 
damage in storage.

Store it dry and cool
Putting grain into storage before it is sufficiently dry leads to mold that 
can cause spoilage and the production of toxins that can affect humans 
and animals. Grain can be allowed to dry naturally in the field before 
harvest, as well as by exposing newly harvested grain to air movement in 
sun or shade. 4  If you plan to mill grain after storage, do not over-dry the 
seed as this can cause cracking during the milling process. You can also 
use simple tests, such as the jar test (Figure 12; Reader and Motis, 2017) 
to determine if grain is dry enough for storage.

Recap of     
Options for 

Storing Grains   
Stacy Swartz, Tim Motis,  

and Floyd Dowell 

Figure 11. Maize seeds damaged 
by lesser grain borer weevils 
(Rhyzopertha dominica).
Source: Tim Motis

http://dx.doi.org/10.5772/intechopen.78253
https://www.fao.org/unfao/bodies/coag/coag15/x0076e.htm
https://www.fao.org/unfao/bodies/coag/coag15/x0076e.htm
https://help.dripdepot.com/support/home
https://help.dripdepot.com/support/home
https://help.dripdepot.com/support/
https://www.worldagroforestry.org/publication/drip-irrigation-options-smallholder-farmers-eastern-and-southern-africa
https://www.worldagroforestry.org/publication/drip-irrigation-options-smallholder-farmers-eastern-and-southern-africa
https://www.worldagroforestry.org/publication/drip-irrigation-options-smallholder-farmers-eastern-and-southern-africa
http://edn.link/drip
http://edn.link/drip
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Once grain is placed in storage, it needs to be kept dry. Safe 
moisture content of grain in storage varies with temperature of the air 
surrounding the grain. Higher temperatures require lower moisture 
contents. Seed moisture content will reach equilibrium (stabilize) based 
on grain type and the temperature of the surrounding air (Table 2).

Store grain and pulses in a cool, dry location off the ground (Figure 13). 
Keep stored grain from getting wet by keeping them indoors, creating 
protective structures, or using impermeable material to cover them.

Store it clean
Thoroughly winnow grains and pulses before storage so that they 
are free of debris which can host pests and diseases and takes up 
storage space. Winnowing grain helps remove high-moisture debris 
that can contribute to grain spoilage. Removal of the debris improves 
air flow through grain to aid the drying process. Remove damaged 
seed especially if insect eggs are on the outside of the seed (Figure 
14). Unless you are working on a small seed bank level, you will not 
have time to inspect every seed. Instead, take a sample of 20-50 seeds 
randomly during your threshing or storing process and inspect each 
sample thoroughly. If you notice more damage, pest presence, or eggs, 
slow down and separate those seeds to either clean more thoroughly or 
consume soon.

Storage options
There certainly is no best storage method for all grain under all conditions 
and for all insects. Various factors influence what option may be 
appropriate for your specific needs. For a detailed list and explanation 

Table 2. Equilibrium moisture content for common agricultural commodities at 
27°C and 70% relative humidity (maximum levels for grain storage; FAO 2011).

Common Name Scientific Name Equilibrium Moisture Content (%)

Maize/Corn Zea mays 13.5

Sorghum Sorghum bicolor 13.5

Rice Oryza sativa 15.0

Millet Pennisetum glaucum 16.0

Wheat Triticum spp. 13.5

Common beans Phaseolus vulgaris 15.0

Cowpea Vigna unguiculata 15.0

      Choice of a drying method should 
account for grain use and prevailing 
conditions. Drying in the sun is often done 
for grain to be used for food; it may not 
be the best option for grain kept for seed, 
since too much heat can reduce seed 
germination (Mobolade et al., 2019). With 
regards to sun-drying of seed for later 
planting, Kugbei et al. (2018) suggest 
moving seeds to a cooler location if the 
temperature exceeds 35°C. If the humidity 
is high at harvest time, seeds may need 
to be dried using heat (see Kugbei et al., 
2018 for more information).

4

Figure 13. Cistern for storing 
seeds placed in the corner of an 
enclosure. Source: Stacy Swartz

Figure 12. Salt jars with subsamples 
of maize seed; salt at bottom of jar 
indicates dry seed (left) and salt 
sticking to glass jar indicates wet 
seed (right). Source: Tim Motis

Figure 14. Cowpea bruchid (Callasobruchus maculatus) eggs (left) and adults 
(right). On the cowpea seed, you can also see a hole where one of the larva 
emerged. Source: Tim Motis
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of factors, see ECHO Best Practice Note 5: Seed Storage in the Tropics. 
Storage methods are specific to the crop, local climate, local pests, 
length of storage time, and quantity to be stored. Practices for minimizing 
damage and spoilage of stored grain are hermetic sealing, use of 
synthetic pesticides or pesticide products, natural pesticide products, 
reduced temperature storage, and modified atmosphere storage.

Hermetic sealing
Hermetic sealing involves restricting air transfer between the inside and 
outside of a container overviewed by Motis (2022) in EDN 146. Each 
time the container is opened, oxygen is re-introduced so this method 
is not convenient for seed banks distributing seed but has applications 
for grains and pulses that are stored before consumption or later 
sale. Results of an ECHO trial indicated a benefit, in terms of reduced 
maize weevil (Sitophilus zeamais) damage, of filling sealed containers 
completely full to displace as much oxygen as possible in the container 
(Dareus, 2021). Hermetic sealing requires that seed be dry before 
storage to prevent spoilage. In the “Echoes From our Network” article 
in this issue of EDN, Clint Bower shares his experiences with hermetic 
sealing in Haiti. 

Vacuum sealing is an effective control method for sealable containers. 
Motis (2019) summarizes this in ECHO Technical Note #93. ECHO Asia 
regularly vacuum seals large containers of seeds with an improved 
bicycle vacuum sealer (Figure 15).

Synthetic pesticides or treated products
Synthetic pesticides and pesticide-treated products can control pests 
in stored commodities. Synthetic pesticides come in gaseous, granular, 
liquid, and powdered forms. 5  Dowell and Dowell (2017) stored grain 
in bags made of bed nets treated with deltamethrin (a mosquito- 
controlling agent) as well as containers with all openings covered with 
the commercially treated bed nets. After one month of storage, both 
methods of storing grain using commercially treated bed nets effectively 
prevented lesser grain borers from entering the stored grain.

Proper handling, use, and disposal of pesticides is important. If you 
are using pesticides, whether natural or synthetic, always follow safety 
instructions printed on the label. If there are no safety instructions, 
research instructions using as many names of the product as you are 
aware of including local names, active ingredients, and brand names.

Natural pesticides
Naturally occurring pesticide options include ash, neem (Azadirachta 
indica), diatomaceous earth, crude oils, fish bean (Tephrosia vogelli), and 
many more. Take the time to ask about locally practiced natural pesticide 
options for treating grain before storage. Try these options on a small 
scale to test their effectiveness. Remember that natural pesticides may 
still have toxic properties, such as fish bean, and therefore need to be 
handled, applied, and disposed of carefully. Most natural pest control 
treatments have variable effectiveness.

Mechanical disturbance
Seed mixing involves moving seeds in their relative position to one 
another on a regular basis. This disruption of seed also disrupts the 

      Some examples of pesticides 
applied directly into stored grain are 
Phostoxin® (aluminum phosphide), 
Actellic® (pirimiphos methyl), Storecide® 
or Reldan® (chlorpyrifos methyl), and 
Diaconb® (S-methoprene).

5

Figure 15. Tubeless bicycle vacuum 
sealer made from PVC.  
Source: ECHO Asia Staff

https://www.echocommunity.org/resources/f938a2af-bb1d-4128-a7e7-440c3419e48f
https://www.echocommunity.org/resources/ec4e6d57-42af-43e3-972e-811b33dce60c
https://www.echocommunity.org/resources/49954b28-cefb-46f3-9c46-ffd1723c329b
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pest’s life cycle. Rau et al. (2021) achieved 100% reduction of maize 
weevil (Sitophilus zeamais) after 40 and 80 days with mixing occurring 
every 12 hours in treatment containers compared to a 28% reduction in 
control containers after 80 days. The frequency and intensity of mixing 
required for specific pests is an area for future research.

Reduced temperature storage
Decreasing temperature of stored grains reduces pest and disease 
activity and slows seed respiration (use of oxygen). There is a range of 

Table 3. Summary of Dowell and Dowell (2017) researchers’ study on types, cost, benefits, and tradeoffs of different types 
of storage options.

 Storage type Cost 
(USD)

Benefits Tradeoffs

Hermetic 
storage

Purdue Improved 
Crop Storage bags

~4 
each

Commercially available 
Reusable for several years

Can be damaged by rodents and 
handling

Barrels 10-80

Commercially available 
Rodent proof 
Durable 
Reusable 
Secure

High cost

Glass or plastic 
containers (with lids)

 Readily available Useful only for small samples

Metal silos
Can be fabricated by skilled 
artisans, rodent proof

Difficult to make air-tight, high cost

GrainPro® hermetic 
bags

~4 
each

Commercially available
Insects and rodents can penetrate 
bags 
Damaged by handling

Vacuum sealing
Safe 
Effective

Requires equipment. More 
appropriate for small samples

Synthetic 
pesticides 
or treated 
products

Treated bed nets  Commercially available

Diverts nets from their intended use. 
Seed must be insect-free before 
storage 
Useful only for small quantities.

Vestergaard (2015) 
Frandsen treated 
ZeroFly® bags

 ~2.5
Prevents insects from getting 
into clean grain 
Can store large quantities

High cost for some farmers 
Access 
Seed must be insect-free before 
storage

Synthetic fumigants 
and powders 

 
Commercially available 
Effective 
Useful for bulk storage

Subject to counterfeiting 
High cost 
Can be toxic to humans if not used 
correctly

Natural 
Pesticides

Ash, neem, and 
diatomaceous earth

Can be obtained locally 
Useful for bulk storage

Results are not consistent 
Can damage seed

Mechanical 
Disturbance

Seed Mixing  
Safe 
Simple

Requires regular attention 
Potential breakage of grain

Reduced 
Temperature 

Storage

Earthbag storage 
Nighttime aeration

 
Safe 
Locally available

Refrigeration 
CoolBot®

Effective
Requires a cooling source 
High cost

Modified 
Atmosphere 

Storage

Using CO2 or other 
gas(es) to displace/
replace oxygen

 
Local options for CO2 or 
biogas

Must have a source for gas(es)

Table content drawn primarily from input by Floyd Dowell

https://picsnetwork.org/where-we-work/?tab_id=distributor
https://picsnetwork.org/where-we-work/?tab_id=distributor
http://edn.link/metalsilos
https://www.grainpro.com/grainpro-bag-farm
https://www.grainpro.com/grainpro-bag-farm
https://vestergaard.com/products/food-security/zero-fly/
https://vestergaard.com/products/food-security/zero-fly/
https://vestergaard.com/products/food-security/zero-fly/
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technologies that can be used for reducing temperature or temperature 
fluctuations in storage, including the simple practice of opening the 
seed container when temperatures are cooler (e.g., at night). Kiefer 
et al. (2020) share detailed steps of how to make earthbag structures 
with local materials. Cooling devices such as commercial coolers or 
air conditioners attach to a CoolBot® for use in seed banks but this 
technology also has applications for high-value grains. Price (2016) 
explains methods and costs for constructing a cold room at ECHO Asia’s 
office in ECHO Asia Note 27.

Modified atmosphere storage
Modifying the available oxygen in stored grains restricts pest and 
disease activity. ECHO has experimented with the replacement/
displacement of oxygen —in storage containers— with carbon dioxide 
and biogas, but effects on different species and potential risks are 
unknown. Motis (2020) summarizes ECHO’s methodology and 
observations with modified atmosphere storage of seeds in EDN 146. 
On a large scale, though, these options may be less applicable.

Conclusion
This article is not exhaustive in sharing the diversity of products or 
options available for storing grains. If you have additional ideas, sources, 
or other principles to share, please do so at ECHO Conversations.
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Network member Clint Bower in Haiti shares his experience with 
hermetic sealing: 

Teaching farmers to hermetically seal grain in buckets has probably 
been one of the most impactful things we’ve done. We’ve taught 
thousands of farmers about hermetic sealing and it has an extremely 
high adoption rate because it is effective and accessible. Everywhere 
I’ve traveled, I’ve seen plastic barrels of different sizes, jugs, and other 
material that can be used for hermetic sealing.

You can use any item with a lid; any bucket, gallon jug, 20 oz bottle, 
barrel, or jerry can. Then fill it with dry seed, put the lid on it and seal it. 
You can use bearing grease to seal containers that don’t have rubber 
seals. Then store it off the ground because otherwise it will sweat and 
cause moisture to build up. In my experience, converting from storage in 
bags to storage in buckets only increases the volume of space taken up 
by the grain by about 10 to 15%.

We have people who practice hermetic storage that buy grain (corn and 
beans) to sell in the off season because hermetic sealing is so effective 
and can get a higher price at market in the off-season. They have rooms 
full of barrels, stacked up. It requires space and good storage practices 
but can be lucrative.

Once we had a team meeting and I brought up an infested bag of 
beans. Then I put it (weevils and all) in a bucket and snapped it shut. The 
bucket was completely full. At the next team meeting, two months later, 
we pulled that bucket of beans out and all the weevils were dead. This 
can be a powerful demonstration.

Among a growing list of cool-season crops, the ECHO Global Seed Bank 
offers ‘Starfighter’ lettuce (Lactuca sativa) as a good choice for a fresh 
leafy green. It is an easy variety to grow, and you can eat it in salads, 
wraps, or any way you eat young leafy greens. Starfighter lettuce is a 
compact, loose-leaf variety (Figure 16) well suited for multiple harvests. 
The California Leafy Green Handler Marketing Agreement (2022) shows 
lettuce to be a nutritious addition to the garden, having high contents of 
vitamins K, A, C, and B9 (folate).

Most lettuce varieties germinate best at temperatures between 15 and 
22°C (Gray, 1975). Transplant young seedlings 15-20 cm in-row and 
30 cm between rows. Seedlings are typically transplanted into raised 

Echoes from 
our Network  
Hermetic 
Sealing in Haiti

by Clint Bower

From ECHO's 
Seed Bank  
‘Starfighter’ 
Lettuce

by Robert Walle
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beds. For a continual harvest, plant lettuce every two to three weeks. 
‘Starfighter’ lettuce is ready for harvest in 52 days, but you can harvest 
trimmings as they are ready and needed. 

‘Starfighter’ lettuce is heat resistant, meaning it is less likely to bolt 
(premature flowering) when accumulated daylength and environmental 
stresses like temperature, lack of moisture, disease and nutrient 
deficiency can cause bolting in lettuce and cool season vegetable crops 
(Phillips et al., 2020). Lettuce grows well at high altitudes when grown in 
tropical climates.

Starfighter is also resistant to leaf tip burn, a nutrient imbalance, like 
blossom end rot in tomatoes. A localized calcium deficiency caused by 
unbalanced calcium uptake and transport in the plant (Smith et al., 2011) 
causes leaf tips to “burn”. 6  

‘Starfighter’ is resistant to aphids, both the currant-lettuce aphid 
(Nasonovia ribisnigri) and the lettuce root aphid (Pemphigus bursarius). 
Researchers have shown lettuces respond well to biological control for 
these insect pests (Mills, 2018; CABI, 2022). Companion planting with 
flowers such as sweet alyssum (Lobularia maritima) and pungent species 
such as onions have proven effective (Sobetski, 2022). These flowers 
provide shelter for ladybugs and lacewing larvae that feed on aphids. 
‘Starfighter’ lettuce is resistant to the principal species of powdery 
mildew (Golovinomyces orontii). Herbivores of all kinds like to eat 
lettuce, so protect your garden from them.

‘Starfighter’ is a promising cultivar for meeting the needs of small 
farmers and gardeners worldwide. Active development workers who are 
members of ECHOcommunity.org may request a trial packet of this or 
other seed. (See the website to register as a member and learn how to 
order seeds.)
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      Tip burn is caused by unbalanced 
calcium distribution in the plant; leaf tips 
die or “burn” (Smith et al., 2011). Tip burn 
can reduce the farmer’s sale price but 
does not affect the nutritional value of the 
lettuce.

6

Figure 16. ‘Starfighter’ lettuce. 
Source: Borah Lim

https://www.echocommunity.org/pages/echo_global_seedbank_info
https://lettuceinfo.org/blog/2022/04/lettuce-nutrition-facts/
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https://www.canr.msu.edu/news/bolting-in-spring-vegetables
https://ucanr.edu/blogs//blogcorepostdetail.cfm?postnum=5608
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Tool for Agroecology Performance Evaluation (TAPE)
Many farmer experiences with new technologies and promising crops 
stay just that, experiences, and promises. Implementing and scaling up 
technologies requires evaluation. Here we highlight a resource called 
the Tool for Agroecology Performance Evaluation (TAPE), developed 
by the Food and Agricultural Organization of the United Nations (FAO). 
FAO is focusing on empowering the creation of sustainable and local 
food and agriculture systems by encouraing interdependent elements 
of diverse agricultural systems. Agroecology puts people at the center 
and respects cultural and food traditions while increasing efficiency and 
use/reuse of local inputs. Agroecology seeks to use these elements to 
progress through five levels (according to Gliessman):  

1. Increase the efficiency of industrial and conventional practices to 
reduce using costly, scarce, or damaging inputs. 

2. Substitute alternatives for industrial/conventional inputs and 
practices. 

3. Redesign the agroecosystem so that it functions based on 
ecological processes.

4. Set up a direct connection between those who grow our food and 
consumers. 

5. On the foundation created by the sustainable farm-scale 
agroecosystems (3), and the new relationships of sustainability (4), 
build a new global food system, based on equity, participation, 
democracy, and justice, that is sustainable, and helps restore and 
protect earth’s life support systems.

TAPE is a tool that measures the multidimensional performance of 
agricultural systems at different scales and in different contexts using 
the ten elements of agroecology.    It uses a stepwise approach at the 
smallholder level and collects information that provides useful results 
at the larger scale. This tool can be used to evaluate farming systems 
and projects to bring an agroecological focus to diverse activities across 
the dimensions of sustainability. FAO designed the tool for ease of use 
regarding training and data collection. Combined with other agricultural 
indictators, the tool can be used to provide additional characterizations 
of land tenure, economics, diet, and women/youth empowerment.

TAPE could help systematize diverse experiences and the different 
crops that ECHO promotes to ease world hunger and improve 
livelihoods. For an example of TAPE’s recent applicatoins, FAO and 
partners used TAPE to evaluate smallholder systems in Kayes, Mali, and 
found that more agroecologically advanced farming systems improved 
youth engagement with farming, income from agropastoral practices, 
dietary diversity, and other production and environmental sustainability 
indicators (Lucantoni et al., 2023). 

7

Books, 
Websites, 
and Other 
Resources

      The ten elements of agroecology are:

1. diversity
2. co-creation and sharing of knowledge
3.  synergies
4. efficiency
5. recycling
6. resilience
7. human and social values
8. culture and food traditions
9. responsible governance
10. circular and solidarity economy

7
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For further information:

FAO’s Agroecology Knowledge Hub 
https://www.fao.org/agroecology/knowledge/ 

Tool for Agroecology Performance Evaluation (TAPE) 
https://www.fao.org/agroecology/tools-tape/ 

Agroecology at FAO 
https://www.fao.org/agroecology/home/

Steve Gliessman’s resources  
https://www.uvm.edu/agroecology/stephen-r-gliessman/

Abram Bicksler’s talk entitled “UN Agencies - Friend or Foe?” 
http://edn.link/a226ka
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