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Microbial Life and Soil Health 

Soil microbes influence almost every food 
production system on earth. Microbial life 
helps build and maintain human society 
because they are among our greatest agri-
cultural allies. Ten years ago, I began studying 
an exceptional group of soil microbes called 
‘mycorrhizal fungi’. These microscopic fungi 
are essential for productive soil ecosystems, 
because they support plants and other bene-
ficial soil microbes. With proper management, 
they can help us improve food production, 
accelerate rural development, and promote 
community nutrition security.

There are many ways to discuss soil ecosys-
tems, and numerous physical, chemical, and 
biological terms can become overwhelming. 
I favor an overall concept called ‘soil health’ 
because it reminds us soil is alive, and like 
all living systems, can range from vibrant to 
broken. The capacity of soil to sustain plant, 

animal and human life is fundamental to soil 
health. I focus on the abundance, diversity 
and functions of mycorrhizal fungi as key 
indicators, because we often observe thriving 
mycorrhizal fungi and other microbes building 
soil health and developing system stability, 
resilience and productivity over time.

The word ‘mycorrhiza’ is a combination of 
‘fungus’ and ‘root’ in Greek. These simple words 
point to an amazing relationship, connecting 
two unlikely partners. Most plants and mycor-
rhizal fungi rely on each other for survival, with 
plants hosting and feeding fungal partners 
that in turn extend the reach of root-systems. 
This means host plants and fungi cooperate 
to access nutrients and water that are further 
away from roots or locked up in organic and 
mineral material (Figure 1). In fact, around 
80-90% of our world’s plants form mycor-
rhizas, gaining remarkable benefits from this 
ancient and advantageous partnership.

Featured in this AN

   1 Mycorrhizal Fungi - Our 
Tiny Underground Allies

  5 Tomato Grafting in South-
east Asia: A Useful Tech-
nique for Rainy Season 
Production

10 Recent Asia Note Links!

11 ECHO Asia Upcoming 
Events

12 Subscribe to ECHO Asia’s 
YouTube Channel

13 Ways to Stay Connected

The ECHO Asia Impact Center 
operates under ECHO Inc., a 
non-profit Christian organization 
that helps you help the poor to 
produce food and find hunger 
solutions in the developing world.

ECHO Asia Impact Center
PO Box 64
Chiang Mai 50000   Thailand
echoasia@echocommunity.org
www.ECHOcommunity.org

Mycorrhizal Fungi - Our Tiny Underground Allies
by Adam Cobb1

1Department of Natural Resources Ecology & Managment
Oklahoma State Univeristy, OK, USA

Edited by Patrick Trail, Daniela Riley & Eduardo Sabio August 2020 | Issue 43 

Figure 1: Farm methods can either increase or decrease local mycorrhizal fungi in the soil (Cobb & Wilson 
2018). A plant colonized by mycorrhizal fungi reaches more soil to access more nutrients and water, compared to 
non-colonized plants.

[Editor’s Note: Adam became involved with agriculture in 2009, after spending three months working 
and traveling across New Zealand as a farm worker. He earned a Master’s degree in International 
Agriculture, with emphasis in rural development, before pursuing his doctorate in soil ecology. This 
article stems from several years of research on this topic; including time spent studying grassland 
ecosystems in China.]
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So why are mycorrhizal fungi valuable for 
small-scale farmers? Despite being too small 
to see with the naked eye, they are naturally 
abundant almost everywhere plants grow – 
helping hosts obtain soil nutrients and water, 
protecting hosts from disease, and improving 
soil health. Mycorrhizal fungi and plants are 
two companions forming one life together, 
a ‘symbiosis’. When this symbiosis functions 
well, agricultural land thrives. When this 
symbiosis breaks down, soil ecosystems tend 
to break down as well, leading to land degra-
dation.

Globally, soils are degrading faster than ever 
before, and regeneration of soil health is one 
of the best strategies for agricultural devel-
opment. We now know great empires, such 
as ancient Babylon, crumbled in large part 
because of soil mismanagement (Rimas & 
Fraser 2010). Unfortunately, current human 

activities are still harming soils across every 
nation. Indeed, we face looming challenges 
due to soil erosion and fertility loss, threat-
ening human access to sufficient food and 
nutrition. We desperately need soils teeming 
with diverse life, such as mycorrhizal fungi, 
because that life is the foundation of soil 
health and sustainable food production. 

Regenerating Soils for a Brighter 
Future

In North and South America, Africa, and Asia, 
I witnessed the consequences of soil abuse. 
Overgrazing, over-tilling, deforestation, and 
neglect are turning lush areas into deserts. 
In Zambia, I sampled soils from several small 
farms and found mismanagement has already 
destroyed half the original microbial life, 
particularly mycorrhizal fungi (Cobb & Wilson 
2018). That means local crops are receiving 
fewer resources while soils are losing fertility 
and stability. Despite this frightening reality, 
I have hope for our future because of mycor-
rhizal fungi and our other ‘tiny underground 
allies’. How can we reverse widespread soil 
degradation?

I collaborated with several students and 
professors in China, working to rehabilitate 
overgrazed grasslands. These grasslands are 
critical to thousands of herdsmen, but years 
of overuse threaten entire communities. Over-
grazing causes loss of nutritious forage plants, 
so weedy competitors spread and decrease 
grassland productivity. Aboveground changes 
cascade belowground, reducing microbial life 
and soil health, with negative consequences 
for local environments and livelihoods. Thank-
fully, a key discovery of our research is that 

reseeding native legumes can help restore 
fertility and mend broken symbiotic relation-
ships that allow mycorrhizal fungi to thrive 
(Zhang et al. 2019).

If we carefully manage farms and grass-
lands to support mycorrhizal fungi, they can 
help reverse soil degradation. For example, 
many microbes produce ‘bio-glues’ that stick 
soil particles together and reduce erosion. 
Evidence indicates mycorrhizal fungi also 
increase populations of other beneficial 
microbes such as nitrogen-fixing bacteria 
that help rebuild and maintain soil fertility. It 
is important to understand mycorrhizal fungi 
and most microbes do not add or create soil 
nutrients, so optimized supplemental fertil-
ization is typically required. However, they 
can improve ecosystem dynamics and boost 
production efficiency by releasing and cycling 
critical nutrients in soil. We now understand 
a number of ways to manage mycorrhizas 
in grasslands, and new approaches are 
unleashing their benefits across diverse food 
production systems.

Beyond plant productivity, mycorrhizal part-
nerships improve plant, animal and human 
nutrition. After linking with plant roots, mycor-
rhizal fungi explore soil for essential nutrients, 
especially phosphorus. They provide these 
nutrients to host plants in exchange for excess 
sugars. My research suggests colonization of 
plant roots by mycorrhizal fungi can increase 
food yields and nutritional value. Indeed, we 
found ~250% greater production and ~300% 
greater nutritional content for plants with 
extensive root colonization, compared to 
non-colonized plants (Figure 2, Cobb et al. 
2016). Currently, more than 2 billion humans 

Terms & Definitions
Biodiverse

Natural or farm systems with a wide variety 
of living organisms, from animals, to plants, 
to microbes

Bio-Glues
Substances produced by mycorrhizal fungi  
and other microbes that bind soil particles 
and help reduce erosion

Brown Revolution
An emergining movement that utilizes 
living soils to sustainably meet human food 
and nutritional needs

Hypha
Mycorrhizal fungal structures that entangle 
soil particles and help transport nutrients 
and water to host plants

Mycorrhizal Fungi
A group of fungal species that form mycor-
rhizas with host plants , typically increasing 
crop nutrition and soil stability

Natural Farming
An ecological farming approach estab-
lished in 1970s Japan and used at the ECHO 
Asia farm in Thailand

Soil Health
The continued capacity of soil to function 
as a stable ecosystem that sustains plants, 
animals, and humans

Symbiosis
Interactions between two organisms living 
in close association; mycorrhizas typically 
benefit both partners

Figure 2: Sorghum bicolor grown in low-nutrient soil with (left) or without (right) native mycorrhizal fungi. Crop 
varieties that showed greater root colonization produced substantially more grain with greater nutritional con-
tent (Cobb et al. 2016).
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suffer from malnutrition, suggesting mycor-
rhizas can improve both soil health and 
human health (Cobb et al. 2018).

Strategies to Sustain and Enhance 
Mycorrhizas

How do we reimagine agricultural systems 
that enhance rather than damage living soils? 
Restoring symbiotic relationships is central to 
supporting farmers and herdsmen, as they 
move toward more sustainable food and 
forage production. There is never a single 
solution for every setting, but I recommend 
three specific soil management principles 
that promote symbiotic microbes so they can 
build soil health. The exciting truth is these 
principles are embedded within the FAO’s 
Conservation Agriculture (CA) framework, 
already spreading and benefitting small-
holder farming and herding communities 
around the planet.

[Editor’s Note: For an excellent introduction to 
Conservation Agriculture (CA), go to ECHO’s Best 
Practice Note #6]

The core ideas of CA are adaptable to most 
food production systems. Applying these 
principles encourages greater abundance and 
diversity of mycorrhizal fungi. In fact, many 
soil health improvements, following applica-
tion of CA, are propelled by mycorrhizal fungi 
and other symbiotic microbes. According to 
FAO, farming systems under a CA framework 
have three features (Figure 3): In addition to 
restoring soil ecosystems, these principles 
promote local environmental, economic, and 
community resilience.

(1) Minimal Soil Disturbance

I advocate we look for every opportunity to 
minimize soil disturbance, due to its negative 
effects on symbiotic microbes. Mycorrhizal 
fungi develop an extensive and complex 
system of hypha in soil over time – hypha are 
tube-like fungal structures that transport soil 
nutrients to host plants (Figure 4). Tillage and 
other disturbances tear networks of hypha 
apart, causing direct harm and reducing 
fungal abundance. This ultimately decreases 
agricultural yields and crop nutritional quality, 
while disrupting soil stability. Differences 
in soil type and climate make it difficult to 
promise a specific timeline or outcome for 
any farm practice; however, we see substan-
tial benefits from reduced tillage. There can be 
trade-offs, especially during the first few years 
of transition, but most food producers are 
cutting overall costs and preventing erosion 
by reducing their use of tillage.

(2) Continuous Soil Cover

Along with reduced soil disturbance, farmers 
observe substantial benefits from continuous 
soil cover. Previously, many people consid-
ered crop residues a problem, and removed, 
burned, or plowed old material. Residues can 
harbor plant diseases that threaten future 
crops in non-rotational cultivation; however, 
systems designed for diverse plant rotations 
can break these disease cycles. Residues 
eventually break down to release nutrients 
and contribute to soil organic matter. Resi-
dues also act as a mulch, potentially reducing 
weeds, retaining soil moisture, and main-
taining more consistent temperatures. These 
conditions directly protect mycorrhizal fungi 
and other symbiotic microbes. Seeding into 
heavy crop residues presents challenges,  

often requiring specialized equipment, but 
there are innovative appropriate technol-
ogies to overcome this hurdle. Cover crops 
may include legumes that add nitrogen to 
farm systems, and cover plants can ultimately 
be grazed or harvested as fodder. The best 
option is maintaining living roots in farm soil 
at all times. Mycorrhizal fungi cannot grow or 
reproduce without living roots, as they cannot 
acquire sugars without a host plant. So, empty 
fields are a recipe for microbial mortality, but 
continuous living cover supports abundant 
soil life.

(3) Crop Diversification

Mycorrhizal fungi are a diverse group of 
microbes. We are still discovering new species, 
especially in unique soil environments, and 

Figure 3: Conservation agriculture (CA) is a farming system framework developed by the Food & Agriculture Or-
ganization. Application of CA principles can enhance the benefits of mycorrhizas and help regenerate soils (FAO). 

Figure 4: Mycorrhizal fungal structures colonizing roots (blue). This ancient and widespread plant-microbial 
partnership can enhance soil health, agricultural production, and farm resilience (Cobb et al. 2016).

http://edn.link/ej2npk
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diversity is a key aspect of food system resil-
ience. For example, during a drought, different 
species of mycorrhizal fungi may flourish. 
When water is scarce, thirsty plants reward 
fungi that best provide water. In wetter years, 
these species may become less common, as 
fungi that provide other limiting resources are 
rewarded by host plants. We need ‘biodiverse’ 
agricultural ecosystems, enabling a complex 
web of soil life. We now know aboveground 
diversity is linked with belowground diver-
sity. Rotating crops or management prac-
tices is not only important to break disease 
cycles, but also supports diverse communi-
ties of mycorrhizal fungi and other symbiotic 
organisms. In fact, amazing outcomes are 
reported on farms where cultivation patterns 
shift across seasons, where multiple food crop 
species are planted over time and livestock 
grazing is integrated.

I am confident in the value of CA principles, 
but no magic solution exists. Different soils, 
climate and food production cultures make 
it impossible to provide a ‘one size fits all’ 
remedy. For example, techniques discov-
ered in northern China must be modified for 
warmer or wetter grasslands. I believe in the 
power of local adaptation. Growing local crop 
varieties, using appropriate technologies, and 
supporting local symbiotic microbes are key 
to successful and sustainable food produc-
tion. I urge rural development specialists to 
understand barriers in their communities and 
help producers apply locally adapted Conser-
vation Agriculture.

Potential Pitfalls and A Growing 
Revolution

Unfortunately, I find some misconceptions 
whenever I present my research, so I offer 
three specific warnings: 

1. Be cautious of commercial products 
claiming to contain beneficial mycorrhizal 
fungi.

2. Be skeptical that a particular practice will be 
effective in isolation.

3. Be aware there are no miraculous ways to 
fast-forward recovery of soil health.

There is growing interest in commercial 
mycorrhizal inoculants, but I do not recom-
mend using them at this time. There is 
amazing research on effective inoculants, but 
few locally adapted commercial products. 
If products contain fungi that are not locally 
adapted, they tend to be a waste of money or 
even cause serious problems. 

Due to ‘Natural Farming’ systems, locally 
adapted indigenous microorganisms 

(IMO)  are becoming popular among food 
producers. These techniques encourage culti-
vation of local bacteria and fungi to benefit 
farm systems, and I encourage small-scale 
producers to experiment with IMO. Mycor-
rhizal fungi require host plants to propagate, 
so they are not typically present in IMO treat-
ments; however, there are important lessons 
we can learn from ‘Natural Farming’ philoso-
phies. 

Mycorrhizal fungi in local soils are best suited 
for local conditions and are more likely to 
provide what local plants need, compared to 
fungi imported from distant locations. In fact, 
non-local fungi may disrupt communities of 
local symbiotic microbes. We tested commer-
cial products and, in some cases, found no 
living fungi. In other products, we found 
extremely high amounts of phosphorus. 
Unfortunately, excessive phosphorus can 
break natural mycorrhizal partnerships; plants 
appear to grow well, but fungi become less 
beneficial and active, diminishing soil health. 
I recommend farmers avoid commercial 
mycorrhizal inoculants in most circumstances.

All around the globe, beneficial mycorrhizal 
fungi are already present in local agricultural 
ecosystems, especially in perennial grass-
lands. Instead of adding expensive prod-
ucts, I suggest redesigning food production 
practices to increase abundance and diver-
sity of local mycorrhizal fungi. This is why I 
encourage implementation of CA principles 
to provide systematic support for mycorrhizas. 
I know it is challenging to ask food producers 
to rapidly alter their behavior, but each of 
the three components of CA may not be fully 
effective without the others. For example, 
reducing soil disturbance alone may result in 
unacceptable pressure from weeds or disease. 
However, reducing soil disturbance, ensuring 
continuous soil cover, and increasing crop 
diversity can all work together as a complete 
strategy to suppress weeds and diseases while 
improving soil health.

In many cases, the value of soil health has 
been lost over time. Deeply degraded soils 
likely require years to recover. Regenera-
tion may involve considerable intervention 
and investment. In fact, extremely degraded 
areas may need to be planted with perennial 
grasses for several seasons before soils recover 
enough to produce annual crops. Soil ecosys-
tems are complex and often mysterious; typi-
cally, quick and easy fixes for broken soils are 
untrustworthy. 

I recognize most ECHO professionals work 
with farmers who are barely enduring daily 
challenges, making it difficult to recommend 
risky new ideas. Fortunately, CA principles 

are already improving soil health in many 
communities; even when applied slowly, CA 
is often a wonderful approach to assist both 
mycorrhizas and small-scale food producers.

We often talk about the importance of the 
Green Revolution, despite several associ-
ated environmental and social issues. Crop 
breeding and agronomy are among our 
greatest tools for global food production. 
However, another important movement is 
emerging – a ‘Brown Revolution’ – unlocking 
the power of living soil to sustainably meet 
human needs. I am excited by new discoveries 
and innovative methods for regenerating 
soil ecosystems. Healthy soil is a vehicle that 
can help transport rural communities out of 
poverty, nourish our growing population, 
and secure a brighter future. There are many 
important factors in agricultural develop-
ment, yet soil health is central to sustainable 
production. Mycorrhizal fungi have a unique 
role in this story, and if we support these tiny 
underground allies, they will support us.
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The Challenges of Rainy Season 
Tomato Production

Tomatoes are difficult to grow during South-
east Asia’s hot and humid monsoonal rainy 
season. A combination of waterlogged soils, 
increased disease pressure, and high tempera-
tures often kill young tomato transplants or 
significantly reduce yields. As an introduced 
crop, originally from South America, tomatoes 
are not well adapted to all Southeast Asian 
climates and soils, and can struggle to produce 
in the wetter conditions of the region.

Many of the tomatoes found in the market-
place and used by restaurants and hotels 
during the rainy season are imported or 
greenhouse-grown, commanding a premium 
price. This provides a unique opportunity 
for any local farmers capable of successfully 
producing to markets during this ‘off season’ 
window. While growing tomatoes on raised 
beds or in rain shelters is becoming common 
practice, grafting is an additional tool that can 
be used by farmers to produce tomatoes with 
an improved profit margin. 

Grafting Tomato onto Locally 
Adapted Eggplant Rootstock

By grafting market-demanded tomato scions 
onto selected rootstocks of eggplant (Figure 
1), a crop native to Asia, we can leverage 
eggplant’s resistance to flooding, bacterial 
wilt, fusarium wilt, and root knot nematodes. 
In the end, grafted plants will combine bene-
ficial traits from both the scion and rootstock 
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Tomato Grafting in Southeast Asia: 
A Useful Technique for Rainy Season Production
by Rick Bates Ph.D.1 and Patrick Trail2

1Department of Horticulture, Penn State University, PA, USA
2ECHO Asia Impact Center, Chiang Mai, Thailand

[Editor’s Note: Dr. Bates is a longtime friend and partner of ECHO, and has served the greater network 
in a variety of ways over the years, including research collaboration, consultation, and technical 
writing. The contents of this article are a result of Dr. Bates involvement in a USAID agricultural devel-
opment project in Cambodia, supported by the Feed the Future Innovation Lab for Collaborative 
Research on Sustainable Intensification (SIIL).]

Figure 1: Tomato variety ‘Makis’ grafted onto World Vegetable Center eggplant rootstock. Eg190 (left) and 
non-grafted control (right) in the same flooded field, Battambang province, Cambodia (Images by Channaty 
Ngang of Ohio State Extension).  

Figure 2: Grafting procedures and environmental conditions during a generalized 5-week timeline (Adapted from: CL Rivard, Kansas State Univ.).
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plants. The process remains affordable and 
the know-how required is minimal, making it 
a beneficial option for farms of any scale. 

Note that tomato (Solanum lycopersicum) and 
eggplant (Solanum melongena) are members 
of the same botanical family, Solanaceae, 
making them compatible with each other. 
Tomato are graft compatible with other vari-
eties of tomato, as well as other species within 
this family, providing diverse grafting poten-
tial. 

Successfully Grafting Tomato 
Plants Involves 3 Major Stages: 

1. Pre-graft: the grafting site, tools and 
supplies, and healthy scion and rootstock 
seedlings prepared and assembled 

2. Grafting of the scion and rootstock seed-
lings 

3. Post-graft: the grafted plants are permitted 
to heal prior to planting in the field. The 
entire process, from seed sowing to field 
planting usually takes approximately 5 
weeks (Figure 2, Page 5). 

This article introduces basic techniques of 
cleft grafting, drawing from experiences with 
smallholder farmers in Cambodia. 

Scion and Rootstock Seedling 
Preparation

For a successful graft union to form, the 
cambium of the rootstock and scion must be 
well aligned and in contact with one another. 
The scion and rootstock plants must there-
fore have similar stem diameters at the time 
of grafting (Figure 4). However, the scion and 
rootstock may not germinate or grow at the 
same rate. Conduct a preliminary trial to deter-
mine the growth rates of rootstock and scion 
plants in your growing environment. Based 
on the results, seed both scion and rootstock 
varieties so that they are ready for grafting in 
14–21 days. In our experience grafting tomato 
scions onto eggplant rootstock, seeding the 
eggplant 2-4 days prior to the tomato yielded 
similar stem diameters. Seed more plants than 
necessary so that you have a greater selection 
for matching stem diameters. It is rare to get 
100% graft survival, so it is always recom-
mended to graft additional plants to account 
for some graft failure. 

The Grafting Procedure

Two common methods for grafting tomato 
onto eggplant rootstock are the cleft graft, 
and splice graft. A grafting method can be 
chosen based on the stem diameters of 
scion and rootstock seedlings. Splice grafting 
requires rootstock and scion stem diameters 
to be nearly identical. Cleft grafting tends to 
allow slightly greater variance in rootstock 
and scion stem diameters. Therefore, cleft 
grafting may be ideal for new grafters or when 
rootstock and scion seedling size differences 
are great. Also, the location of the graft on the 
stem of the scion can be adjusted to obtain 
the closest match with the rootstock stem 
diameter where the rootstock cut was made. 
For our tomato grafting work in Cambodia 
we used the cleft graft exclusively, with good 
results. A cleft graft of a market-demanded 
tomato variety grafted onto a disease-resis-
tant tomato rootstock is illustrated on page 7. 

Most all grafts, including the cleft graft shown 
here, have three basic steps: 

1. Preparation of the rootstock 

2. Preparation of the scion

3. Joining together the scion and rootstock. 

Preparation of the Rootstock

1. After tomato seeds have germinated and 
seedlings have sprouted, be sure to choose 
the most healthy specimens for grafting, 
each with 2-4 true leaves (Figure 3, Page 7).  
Using rootstock and scion seedlings with 
a similar stem diameter will help align the 

pathways (vasculature) at the graft union 
(Figures 3 and 4).

2. Remove the upper portion of the rootstock 
seedling with one horizontal cut. The top of 
the rootstock has been removed and only 
the stem remains (Figures 5 and 6).

3. Clips are used to secure grafts. If using a 
self-made plastic tube clip, place it on the 
remaining portion of the rootstock stem 
immediately after cutting and slide it down 
to the soil line (Figure 7).

4. Create a vertical cut in the center of the 
rootstock stump. In this image a cut approx-
imately 4 mm deep is used, which corre-
sponds to the notch on the razor blade 
(Figure 8). 

Preparation of the Scion

1. Remove the lower portion of the scion 
seedling with two cuts. De-root the scion 
with the first cut. Make the second cut at 
a point where the scion stem diameter 
closely matches the rootstock stem diam-
eter (Figure 9).

2. Trim off a few scion leaves to help reduce 
water loss. Leave only one or two small ‘leaf-
lets’ (Figure 10).

3. Trim the lower section of the scion seed-
ling stem to form a blunt wedge, making 
a single cut on each side of the scion stem. 
Take care to keep the cut surfaces clean, 
and do not touch them with your fingers 
(Figure 11). 

Join the Scion and Rootstock 
Together

1. Insert the wedge end of the scion into the 
bisected rootstock (Figure 12).

2. Slide the plastic clip up from the base of the 
rootstock and position the clip around the 
graft union. A self-made tube clip is shown 
in Figure 13. 

3. If a commercial grafting clip is being used, 
apply it to the graft union at this time. 

Aftercare of the Grafted Plant

Place newly grafted plants (Figure 14, Page 
8) into a healing chamber as soon as possible 
after grafting. A healing chamber is a small 
covered structure designed to maintain high 
humidity and reduce light intensity to mini-
mize heat build-up while the grafted plants 
heal (Figure 15). The primary purpose of the 
healing chamber is to minimize water loss 
from the scion. Clear plastic sheeting is used 
to retain moisture that evaporates from a 
water-filled pan or reservoir placed on the 
chamber floor. The chamber is covered with 

Terms & Definitions
Cambium Layer
Region of the stem where the vascular 
system is made. During grafting, this layer 
must be lined up between the scion and the 
rootstock so that vascular systems can reat-
tach to each other.

Graft Union
The point at which the scion and rootstock 
have been joined, whereby a vascular 
connection is made.

Rootstock
The lower, or underground portion of the 
graft. Often selected for its adaptability 
to local soil and growing conditions (e.g. 
flooded soils).

Scion
The upper portion of the plant containing 
the desired genes, or characteristics for 
production (e.g. fruit size, shape, taste, 
disease resistance, etc…)

Vascular System
A collection of plant tissues necessary for 
transporting water and nutrients between 
roots and leaves.
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Figure 3: Choose healthy, uniform seedlings with 2-4 true leaves.

Figure 4: Using rootstock and scion seedlings with a 
similar stem diameter will help align the pathways (vas-
culature) at the graft union.

Figure 5: Remove the upper portion of the rootstock. Figure 6: The top of the rootstock has been removed 
and only the stem remains.

Figure 7: Clips are used to secure grafts. 

Figure 8: Create a vertical cut in the center of the 
rootstock stump. 

Figure 9: Remove the lower portion of the scion seed-
ling with two cuts.

Figure 10: Trim off a few scion leaves to help reduce 
water loss.

Figure 11: Trim the lower section of the scion seedling 
stem to form a blunt wedge, making a single cut on 
each side of the scion stem.

Figure 12: Insert the wedge end of the scion . Figure 13:Slide the plastic clip up.

[Editors’ note: All images on this page credited to Ohio State University Extension.]
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Figure 16: A fully healed graft union. Callus (scar 
tissue) formation on the graft is associated with a 
healthy grafted plant suitable for field use. Plants are 
typically ready for transfer to the field 2-3 weeks after 
grafting (Image by Channaty Ngang of Ohio State Ex-
tension).

black plastic to reduce light penetration. Over-
the-top shade netting can also be used to 
reduce light and allow for good air circulation. 
Light intensity can be controlled as needed 
by addition or removal of the shade netting. 
Placing the chamber under natural shade can 
also reduce the need for artificial shading. 
The size and design of the healing chamber 

depends on the scale of production of grafted 
plants. A small farm or home gardener can 
create a small healing chamber from a seed-
ling flat, a plastic propagation dome, a plastic 
bag, or even a single plastic cup. 

During the first week after grafting, the scion 
is unable to receive water from the rootstock. 
It is therefore important to maintain proper 
environmental conditions to prevent water 
loss from the scion and promote rapid forma-
tion of the graft union. It takes an average of 
7–10 days after grafting for the rootstock and 
scion to establish vascular connection and 
up to 14 days for the graft union to fully heal, 
depending upon location and your ability 
to control temperature, humidity, and light 
(Figure 16). 

During the first week of healing, maintaining 
relative humidity above 90% and tempera-
ture at approximately 21-27/29 °C, night/day 
appears to be optimal. The effects of light level 
are direct and indirect and must be considered 
carefully. Higher light intensity can benefit the 
healing process if humidity and temperature 
can be maintained at target levels. However, 
in tropical climates temperature and light 

level are usually high and shading is required 
to moderate the temperature and relative 
humidity. 

From the second week of healing, humidity 
can be lowered gradually, while light levels 
should be increased by periodically removing 
the black plastic and/or shade netting. This 
process slowly acclimates the grafted plants 
to full sun conditions in the field. 

Transplanting to the Field

Although the scion and rootstock establish 
vascular connection at approximately 7 days, 
it can take up to 14 days from grafting for the 
graft union to fully heal (Figure 16). 

After removing plants from the healing 
chamber, allow them to acclimate in a shaded 
location protected from the wind for 5-7 days 
before transplanting to the field. It is also 
useful to expose them to a couple hours of 
direct sunlight prior to transplanting. Adjust 
this schedule if needed so as to not stress 
plants when introducing them into the field 
environment.

When transplanting, make sure that the graft 
union remains above the soil line (Figure 17). 
If the graft union is buried, the scion will root 
into the soil and any advantages that would 
have been provided by the rootstock, such as 
resistance to soil-borne diseases, will be nulli-
fied. 

Once the grafted plant establishes in the field 
and begins to grow, check for and remove any 
suckers that develop on the rootstock. Also 
remove any adventitious roots that develop 
on the scion. To prevent infection from soil-
borne diseases, the scion tissue must not come 

Figure 14: Newly grafted plant beginning to heal 
(image by Ry Saren).

Figure 15: A variety of locally sourced materials can be used to create a healing chamber (Image by Channaty 
Ngang of Ohio State Extension).
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in contact with the soil. Apply ample mulch 
after transplanting to reduce soil splashing 
onto the plant during rainfall or irrigation. 
Grafted plants should be staked two to three 
weeks after transplanting. It is very important 
that plants be tied securely to stakes. This will 
prevent vines from sliding down and the scion 
stem contacting the soil. 

Conclusion

Small farm diversification is critical to creating 
resilient food systems, particularly in countries 
like Cambodia, that are highly susceptible to 
the ills associated with climate change. Vege-
table grafting technology can be a useful tool 
to improve food security at one of the most 
challenging times of the year. Additionally, 
home vegetable production and marketing 
remains a female enterprise in Cambodia. 
Development of a ‘rainy season vege-
table production toolkit’, including tomato 
grafting, promotes women empowerment 
via increased market access and participa-
tion (Figure 18). Grafted tomato production 
provides an entry point into lucrative local 

produce markets for smallholder women 
during the rainy season, and has the poten-
tial to improve both nutritional and economic 
outcomes. Added household income from 
increased market participation also holds 
the potential to directly benefit children by 
improving access to education, health care, 
and nutritious food.

Follow-up questions on this topic can be 
posed online in the ‘Tomato Grafting’ forum 
on ECHOcommunity Conversations. We invite 
you also to share your experiences (success or 
failure) and tips for the benefit of others in the 
ECHO Network in Asia and beyond.
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State of Land in the Mekong Region
by Micah Ingalls1 and Jean-Christophe Diepart1 
1Mekong Region Land Governance (MRLG) Project

The Mekong region lies at the intersection of 
Southeast, East and South Asia, between two 
Asian giants: China and India. It comprises 
five countries that host the bulk of the 
Mekong river watershed: Cambodia, Lao PDR, 
Myanmar, Thailand and Vietnam. The Mekong 
region is exceptional for its social and ecolog-
ical richness. Home to 237 million people, the 
region includes 329 ethnic groups speaking 
410 distinct languages, making the region one 
of the most ethnically-diverse in the world. 
The Mekong is also a global biodiversity 
hotspot, with a high degree of ecological and 
agricultural diversity.

The Mekong region has undergone rapid 
socio-economic growth over the past two 
decades alongside pronounced transfor-
mations in a number of key sectors. These 
changes have significantly altered relations 
between the rural majority and increasing-
ly-affluent urban centres. Land—as both a 
foundation for national development and the 
livelihoods of millions of rural and agricultural 
communities—continues to play a central 
role in the Mekong region. In all five coun-
tries, smallholder farmers play a crucial role 

in the development of the agricultural sector 
and, through it, food security and economic 
growth. However, rural communities are being 
increasingly swept up into regional and global 
processes within which they are not always 
well-positioned to compete. Worse, they are 
often undermined by national policies that fail 
to ensure their rights or enable them to reap 
potential benefits.

Understanding the changing role and contri-
bution of land to development is critical to 
inform policy, planning and practices toward 
a more sustainable future. The State of Land 
in the Mekong Region aims to contribute to 
a much-needed conversation between all 
stakeholders by bringing together data and 
information to identify and describe the key 
issues and processes revolving around land, 
serving as a basis for constructive dialogue 
and collaborative decision-making. The State 
of Land in the Mekong Region is structured 
around five domains: (1) the land-dependent 
people of the Mekong, including dynamics 
of rurality, agricultural employment and the 
on-going structural processes of demographic 
and agrarian transition; (2) the land resource 

Featured in this AN

   1 State of Land in the 
 Mekong Region - Brief

  9 Highlighted Resources 
from the Asia Agriculture & 
Community Development 
Conference

12 Research Update:
 Heavy Metal Uptake in Tire 

Garden Planters

13 Upcoming events in 2020 
at the ECHO Asia Farm

13 New Seedlings Available

14 Opportunities from the   
Network

15 Call for Articles & Insights

The ECHO Asia Impact Center 
operates under ECHO, a non-profit 
Christian organization that helps 
you help the poor to produce 
food in the developing world.

ECHO Asia Impact Center
PO Box 64
Chiang Mai 50000   Thailand
echoasia@echocommunity.org
www.ECHOcommunity.org

[Editor’s Note: This article is a brief snapshot of the full-length publication, just recently published 
and made available. The full-length book can be found and downloaded free online at the Mekong 
Region Land Governance (MRLG) website, and we would encouage you to take advantage of this 
great resource. For further information, please contact the authors: micah.ingalls@cde.unibe.ch or 
jc.diepart@gmail.com] 
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Backyard Vermicomposting Systems: Examples from 
Myanmar
by Bruce Gardiner, Solar Roots, Myanmar

Introduction to Vermiculture

There are over 6,000 species of worms in 
the world, many of them not even named 
or studied. However, the farmer is inter-
ested in two main categories of earth-
worms, namely “deep burrowers” and 
“surface dwellers”. Deep burrowers include 
the common garden worm or Nightcrawler, 
(grey/pink color and about 15 cm long) and 
they eat soil mixed with decaying organic 
material. An early expert on worms was 
Charles Darwin, who established that earth-
worms process and enrich soil endlessly, 
and without whom, farming as we know it, 
would not be possible. The deep burrowers 
create long tunnels that go down almost 6 
feet in depth, allowing deep penetration of 
water and oxygen. At the same time, deep 
burrowers bring up minerals that are incor-
porated into surface soil. The value of earth-
worms to the farmer cannot be overstated.

However, it is the surface dwelling worm, 
also called the composting worm, that I will 
concentrate on in this article. Composting is 
the process of decomposing and stabilizing 
organic material, mainly through the activity 
of micro-organisms along with larger 
decomposers, including worms. Decom-
position happens naturally all around 
us, and by encouraging and enhancing 
this process, the farmer can speed up 
the composting process and increase 
the quality of the resulting organic mate-
rial. Composting essentially breaks down 
complex compounds into simpler ones that 
plants can take up more easily. Composting 
with worms is called ‘vermicomposting’ and 
this produces an ideal soil amendment, full 
of microbes and nutrients, with excellent 
water retention and soil structure charac-
teristics. 

Note on nomenclature: the terms used 
in this field are various and there is not 
universal agreement as to their meaning. 
Here is my understanding and usage: 

 • Vermiculture: The intentional cultiva-
tion or rearing of earthworms and use of 
their ability to process organic material. 

 • Vermicasts/Vermicastings: The pure 
excrement produced by the worms, 
broken down from previously unde-
graded organic material. With some 
care, vermicasts can be harvested in 
their pure form from the top of the bin.

 • Vermicomposting: Using worms to 
break down or ‘bio-degrade’ organic 
material for the purpose of creating a 
usable organic amendment.

 • Vermicompost: The resulting mixture 
of pure worm castings, food remains 
and bedding once the bin has been 
harvested.

Background and History

It is thought that worms, in one form or 
another, have been present for up to 150 
million years, so vermiculture has been 
happening for a considerable amount of 
time. But it has only been seriously studied 
and developed as an agricultural tool in 
the last 150 years. Since the advent of 
extremely powerful microscopes, we have 
access to the wondrous world of microbes. 
Farmers have been unknowingly applying 
vermicompost to their fields, mixed in with 
animal manure for millennia. Wherever you 
have a midden or dung heap, you are likely 
to find composting worms. Now, vermicom-
posting is a recognized subject and tech-
nology, and many universities include it in 
their curricula.

Types of Worms

There are about 6 or 7 different species of 
composting worms that have been ‘domes-
ticated’ and kept for the castings that they 
produce. The most widely distributed worm 
is the Red Wiggler (Eisenia fetida), also 
called Brandling or Tiger worm. This type of 

Editor’s Note: Bruce is Project Manager of Solar Roots, and runs a small demonstration 
farm in Pyin Oo Lwin, Myanmar. Bruce comes from an engineering background and offers 
regular trainings on his solar power technologies and vermicomposting systems among 
other things. Bruce can be reached at bruce.gardiner@yahoo.com]

Coffee Drying ‘Bunk Beds for Vegetable Production

http://edn.link/dex7ze
http://edn.link/te9rdy
http://edn.link/y7kxa2
http://edn.link/aekpkg
http://edn.link/zkk2dg
http://edn.link/y7t4fg
http://edn.link/rrmmw2
http://edn.link/yz3yyg
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ECHO Upcoming Events

FOR MORE DETAILS VISIT:

ATFAIR.ECHOCOMMUNITY.ORG

FOR MORE DETAILS VISIT:

CONFERENCE.ECHOCOMMUNITY.ORG
We here in Asia are considering having an online viewing party at a more convienent time for Asia participants.  

Let us know if you would like to join us! Email us at echoasia@echonet.org

https://atfair.echocommunity.org/
https://conference.echocommunity.org/
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New videos on ECHO Asia’s YouTube page... go and subscribe!

We know many of you have been disappointed by the halt of travel due to COVID-19 restrictions. But, rest assured, ECHO Asia desires to support 
you as you serve smallholder farmers and their familes! We have conducted a number of trainings and activities at the farm and have begun filming 
and posting more to our YOUTUBE channel. Please consider going to YouTube and subscribing to our channel! If you would like to see training in 
a specific area, please let us know.  Videos see below on soil science and many others are being posted regularly! 

https://www.youtube.com/channel/UCIa_3itIjqnbHQTjAvdQiLw?view_as=subscriber
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Ways to Stay Connected... (and Contribute)

Please do remember that a “Development Worker” membership entitles 
you to 10 free trial packets of seed per year! If you would like more seed 
packets or larger quantities of some seeds (especially green manure/cover 
crops), we do have additional seed packets and bulk seeds for sale, and 
our seed bank catalog is available online. 

Please also know that besides being written in English, our ECHO Asia Notes are 
translated and available for free download in Thai, Khmer, Burmese, Mandarin, 
Bahasa Indonesia, Vietnamese, and Hindi languages. 

If you have never joined us for an event, please consider doing so- there are 
several events happening in 2020 and we would love for you to join! Please go 
to the events page of ECHOcommunity.org to learn more.

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

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

Email us at echoasia@echocommunity.org!

https://assets.echocommunity.org/publication_issue/e6755cf0-c72b-4096-a3ab-9276d00f4cd6/en/echo-asia-seed-catalog-2019-2020.pdf
https://www.echocommunity.org/resources/04fe0d6a-97c7-4ded-9468-705726e8ead7
https://www.echocommunity.org/events
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