Soil Structure for
Plant Resilience

How to Improve Soil Health with
Chemical-Free Nanobubbles

MOLEAER

ADVANCING NANOBUBBLE TECHNOLOGY



What'’s Inside

How to Improve Soil Structure and

Function for Better Crop Performance ............. 3
Common Challenges With Soil Function

and Structure ... 4
What Do Plants Grown in Soil

Need to Thrive? ....... ... .. . 5
Proven Technology That Improves Soils .......... 6
Surface Tension, Aeration and More ............... 9
Case StUAIBS . ..ot 11

MOLEAER

Healthy soil is needed to produce quality crops.
Farmers worldwide are facing challenges with soil
health, including poor soil structure, low nutrient
availability and reduced microbial activity that has led

to declining crop quality, lower crop production and

increased use of synthetic fertilizers.

Sustainable, chemical-free technologies like
nanobubbles are paving the way for farmers to improve
soil health, while also contributing numerous other
benefits to their cultivation operations.




How to Improve Soil Structure and Function
for Better Crop Performance

With the growing impacts of climate change and other pressures
such as drought and fertilizer shortages, this is a question that has
never been more important in the agriculture field: How do we
improve soil structure and function?

The primary function we will focus on is that soil is a medium that
plants need to grow where their roots develop and take up nutrients
and water. Other functions of soil are:

e Habitat for microorganisms to live
» Regulator and recycler of water and raw materials
e Medium for landscaping, construction and more

Soil structure refers to the shape, size and special arrangement of
individual soil particles and clusters of particles or aggregates.

MOLEAER 3



Common Challenges With Soil Function and Structure

Soil Compaction Leads to Low Water Infiltration

One of the most significant soil structure problems that growers
around the world are facing is soil compaction and low water
infiltration. Compaction is a factor of soil type, degree of farm
equipment traffic, time for which it has been used for agriculture and
other factors that reduce the natural, healthy structure of soil that
plants need to grow and that water uses to mobilize. Compaction
prevents irrigation water from flowing efficiently throughout the root
zone which can be a stress factor for plants.

Reduced availability of water in the root zone also means that
nutrient mobility is negatively impacted, which has a direct
correlation with plant growth and yield.

Soil Salinity Affects Root Health and Development

High salinity, especially in river delta regions where clay soils are
common, is also a challenge that many growers face. A buildup of
sodium and other soil salts reduces the movement of water and
nutrients between plant cells and soil as well as the movement of
water within the plant. This lack of water and nutrient mobility leads
to plant loss and yield decline. Salty soil can also negatively impact
plant health because it ties up nutrients like nitrogen, reducing

the plant’s ability to take it up. This reduces plant growth and stops
plant reproduction.
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Drought Causes Soil Wettability Challenges

As climate change progresses, extended periods of more severe
drought are also becoming more common. When soils experience
drought, their ‘wettability’ (the ability for water to maintain contact
with soil) is lowered, and without direct intervention, water infiltration
in drought-affected soils will remain very low.

Poor Soil Health Impacts Crop Production

Growers also constantly struggle with low soil nutrient levels due
to decreased levels of organic matter and other factors. Without
adequate nutrients in the soil, microbial communities do not thrive
as they should, and growers must spend more on fertilizer.



https://extension.umn.edu/soil-management-and-health/soil-compaction
https://www.qld.gov.au/environment/land/management/soil/salinity/impacts#:~:text=Salinity%20affects%20production%20in%20crops,plant%20is%20poisoned%20and%20dies.
https://www.qld.gov.au/environment/land/management/soil/salinity/impacts#:~:text=Salinity%20affects%20production%20in%20crops,plant%20is%20poisoned%20and%20dies.

What Do Plants Grown
in Soil Need to Thrive?

Here is a basic list of what soils must provide in order to achieve
high plant growth rates and excellent yields:

* Fertility and organic matter: high availability of
micro- and macro-nutrients

* Appropriate pH level: most horticulture crops do
well in soil of neutral pH but some, like tomatoes
and blueberries, prefer slightly acidic soil

* Healthy biological communities: invertebrates and
microbes need to thrive over time with as little disturbance
as possible in conditions that favor their growth

e Good soil structure: plants need good soil structure to
develop healthy roots and to take up nutrients and water

* Good water infiltration: water is needed for plant
transpiration/photosynthesis; nutrients in water fuel growth;
oxygen in the water also supports faster rates of uptake
by root cells of nutrients and water

* Optimal water holding capacity: soils with a good
amount of loam provide excellent water holding capacity P
for plants to take up water without getting waterlogged,
which could lead to root die off
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Proven Technology That Improves Soils

Greenhouse, field and orchard growers around the world have Nanobubbles measure between 70-120 nanometers in

installed nanobubble generators to improve the properties of diameter, roughly 2500 times smaller than a grain of salt.

their irrigation water, consequently having positive effects on Due to their neutral buoyancy, they move randomly and continuously
soil structure and function. through water in all parts of an irrigation system via Brownian
motion. Nanobubble-enriched water is super-oxygenated, has
significantly reduced surface tension compared to untreated

water, and possesses other unique chemical and physical

attributes such as ionic mobility.
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nutrient salts
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soil particles
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Proven Technology That Improves Soils

Soil Flocculation

Nanobubbles improve soil flocculation, which improves the soil structure by pulling together individual clay particles into larger aggregates.
Due to these properties, when nanobubble-treated water is applied to compacted soils, compaction is reduced.

Soil Dispersion Soil Flocculation
@ Poor root development @ Healthy root development
@ Poor plant health @ More plant vigor
@ Lower quality crops @ Higher quality crops

Good Soil Structure

Poor Soil Structure

@ Ample pore space
@ Aggregated soil particles
@ Less soil compaction

@ Better drainage

@ Higher infiltration rate

@ Limited pore space
@ Dispersed soil particles
@ Lower infiltration rate

UNTREATED MOLEAER
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Proven Technology That Improves Soils

Blueberry Grower Reduces Soil Compaction
with Nanobubbles

At the Kapicua Research center, a blueberry grower in Chile
performed trials with nanobubble-treated irrigation water from
July 2020 to April 2021. A Moleaer generator was installed on
the main water storage tank.

Overall, Kapicua saw a 20% reduction in soil compaction
compared to the untreated area. Water infiltration was
correspondingly higher, as were rates of root development
and new shoot growth. Improved fruit size/quality and ripening
rate were also observed.

Nanobubbles Improve Infiltration for Nut Farmer

Water infiltration has also greatly increased at Maricopa Orchards
in California due to the use of nanobubble-treated irrigation water.

As described in a recent case study article, Maricopa faced many
challenges, such as drought, clay soils and high salinity. After
nanobubble-treated water was applied, water was able to infilirate

to an unprecedented depth of 46 inches. Irrigation water use
efficiency therefore increased, tree performance improved, and

the significant problem of soil salinity was permanently solved, as
salts are now carried down well beyond the root zone.
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https://www.moleaer.com/resources/case-study-kapicua-blueberry?hsLang=en
https://irrigationleadermagazine.com/testing-a-moleaer-aeration-system-at-maricopa-orchards/

Surface Tension, Aeration and More

Nanobubbles Reduce the Surface Tension of Water

As mentioned, nanobubbles increase water infiltration in soil
because they lower the surface tension of water. That is,

water with reduced surface tension enters and moves through
soil at a much faster rate compared to water with high surface
tension. As depicted below, on a soil surface, water with reduced
surface tension has a lower ‘contact angle,” a characteristic

that results in better water penetration and distribution in drought-
affected and hydrophobic soils:

High Low
Surface Tension Surface Tension

High Low
Contact Angle

Nanobubble Water

Untreated Water
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Nanobubbles Improve Soil Aeration

Using nanobubble-treated water has also been found to be a
potentially effective way to improve soil aeration. The scientists
who conducted the study concluded that soil aeration improved

with the application of nanobubble-treated irrigation water, especially
in clay soils that had been degraded by prolonged application of
treated wastewater.

Because it improves soil aeration, nanobubble-treated irrigation
water also increases soil microbial activity and nutrient
availability. Higher soil oxygen levels boost the activity of beneficial
soil microbes, as well as rates of soil mineralization and nutrient
conversion. For example, authors of a new 2022 study found that
bacterial functions of methanol oxidation, nitrogen fixation, aerobic
chemoheterotrophy (consuming other organisms) and cellulolysis
(for example, catalytic conversion of starch to glucose or the
formation of acids or bases from dissolved ions) were more
abundant in soils provided with nanobubble-treated water. This
resulted in higher crop yield, water use efficiency and soil fertility.

In addition, because nanobubbles significantly increase the

levels of dissolved oxygen (DO) in irrigation water (to about 20 ppm)
and its oxidation-reduction potential (ORP, a measure of water’s
oxidizing capacity to break down contaminants), they promote

the growth of beneficial microbes such as mycorrhizae and
suppress the growth of oxygen-averse pathogens such as
Pythium and Pythophthora.


https://www.moleaer.com/blog/nanobubbles-surface-tension-for-soil-infiltration
https://www.researchgate.net/publication/344543314_Irrigation_with_treated_wastewater_containing_nanobubbles_to_aerate_soils_and_reduce_nitrous_oxide_emissions
https://www.sciencedirect.com/science/article/abs/pii/S003807171930327X
https://www.sciencedirect.com/science/article/abs/pii/S0959652621042165?via%3Dihub

Surface Tension, Aeration and More

Nanobubbles Aid in Algae & Pathogen Control

Nanobubbles also directly control algae and pathogens that
typically exist in irrigation systems in two ways:

They produce hydroxyl radicals (OH) which disrupt
the buoyancy of algal cells in irrigation basins, ponds
and storage tanks, causing them to sink and die.

Upon their eventual bursting, nanobubbles
directly cause cell lysis of nearby organisms
through oxidation. Nanobubbles also degrade
(oxidize) algal toxins.

Nanobubbles Support Healthy Root Function

In addition, the super-oxygenation of nanobubble-treated
water assures optimal root function. That is, if root cells receive
super-high levels of oxygen in the water they absorb, they are
able to produce huge amounts of cellular energy (ATP) through

its respiration process. This powers high rates of water and
nutrient absorption, causing high corresponding overall plant
growth rate and yields.

A recent study of rice plants found that providing plants with
nanobubble-treated water “up-regulated the plant nutrient absorption
genes OsBT, PiT-1 and SKOR, resulting in increased nutrient uptake
and utilization by the roots.” Nanobubble-treated water was also
found to stimulate synthesis of the growth hormone gibberellin.

This team of scientists concluded that the use of nanobubbles
“significantly improve plant height and root length.”
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In another recent study (of tomatoes and cucumbers in soil-based
greenhouse production), scientists found that — mainly due to

the higher (and sustained) soil oxygen content that it provides —
nanobubble-treated water significantly increased crop yield, water
use efficiency, Vitamin C levels and soluble sugar content.

Nanobubbles also improve ionic mobility, which increases
nutrient availability. The negative electric charge of nanobubbles
increases the dispersion of nutrient ions in water, allowing for more
homogeneous distribution and higher uptake by the roots.
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https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.5b01368
https://www.sciencedirect.com/science/article/abs/pii/S0065211305880083
https://pubmed.ncbi.nlm.nih.gov/34426308/
https://www.sciencedirect.com/science/article/abs/pii/S0959652619306079

Case Studies:
Promote Root Zone Oxygenation & Plant Performance

(\.kapicua Download

Case Study

Blueberries

» 20% reduction in soil compaction
* 17% improvement in fruit caliber
» 13% increase in new shoot growth

Klondike Gardens
% Download
\_’ Case Study
Gerbera Daisies

* Increased DO from 7 to 25 ppm
* Reduce crop loss
» Decreased disease occurrence

LAE —

SUSTAINABLE SOLUTIONS Casestud!

Avocados

* 40% increase in fruit size category over ‘50’
e Increased DO levels from 8 to 15 ppm

Case Study

NobleFruit Download
LW

Cherries

“We strongly believe that nanobubbles, in combination with soil

amendments and microbes, such as mycorrhiza, have improved
the soil structure, which can be seen in improved and new root
development, better water infiltration and water retention.” — Juan
Pinco, Production Manager

Download
Case Study

Irrigation Reservoir

* Reduce frequency of changing biofilters

* 50% reduction in cleaning
with hydrogen peroxide

g Download

Prodalmen —— Case Study

Irrigation Reservoir | Almonds

* 61.3% total production increase

* 27% cumulative production of fruit
over 25/27 (13 mm) caliber



https://www.moleaer.com/resources/case-study-kapicua-blueberry?hsLang=en
https://www.moleaer.com/resources/case-study-kapicua-blueberry?hsLang=en
https://www.moleaer.com/resources/case-study-klondike-gardens?hsLang=en
https://www.moleaer.com/resources/case-study-klondike-gardens?hsLang=en
https://www.moleaer.com/resources/case-study-kapicua-avocados?hsLang=en
https://www.moleaer.com/resources/case-study-kapicua-avocados?hsLang=en
https://www.moleaer.com/resources/case-study-prodalmen
https://www.moleaer.com/resources/case-study-prodalmen
https://www.moleaer.com/resources/case-study-prominent-grevelingen?hsLang=en
https://www.moleaer.com/resources/case-study-prominent-grevelingen?hsLang=en
https://www.moleaer.com/resources/case-study-noble-fruit
https://www.moleaer.com/resources/case-study-noble-fruit

Talk to An Expert
About Soil Structure
for Plant Resilience

Nanobubble technology represents a simple, natural,
cost-effective and proven method to improve soil
structure through reduced compaction, greatly
increasing irrigation water infiltration and a rapid and
permanent solution to soil salinity. Due to its super-
oxygenation and the unique chemical and physical
properties of nanobubbles, nanobubble-treated water
also improves soil health, plant nutrient availability
and root cell nutrient uptake efficiency.

D4 info@moleaer.com
www.moleaer.com
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