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Executive Summary

Topic \ Explanation

What is being injected? Pressurized carbon dioxide is blended into irrigation water. In water, a portion
becomes carbonic acid, a weak and temporary acid that lowers pH without
adding fertilizer salts.

What does it do in water? It shifts the bicarbonate/carbonate balance toward the carbonic-acid side,
reducing scale-forming conditions and helping keep calcium, magnesium,
phosphorus, and micronutrients in more soluble forms.

What happens in the soil? The treated water enters the root zone with lower pH and dissolved carbon
dioxide. The soil buffers the water, but the temporary pH shift can improve
nutrient solubility around wetting fronts, roots, and fertilizer bands.

What happens to the carbonic acid? Itis not permanent. Depending on pH, pressure, temperature, biology, and soil
buffering, it shifts among carbonic acid, bicarbonate, and carbonate forms, and
some dissolved carbon dioxide can move into soil air.

What can a lab sample miss? If treated water is collected in a vial and transported, carbon dioxide can gas off,
especially with headspace, warming, agitation, or delayed analysis. As that
happens, the sample can shift back toward bicarbonate/carbonate forms and
pH can rise compared with the field condition.

1. Process Overview: How Carbonic Acid Is Delivered Through Irrigation Water

Carbonic acid treatment begins by introducing carbon dioxide into pressurized irrigation water through a
controlled injection and mixing system. The objective is not to add a conventional fertilizer or a mineral acid. The
objective is to dissolve carbon dioxide into the water so that part of it temporarily becomes carbonic acid.
Because carbonic acid is weak and reversible, it can lower water pH while avoiding the salt loading associated
with many mineral-acid approaches.

In practice, the treatment system is normally set by water flow, source-water alkalinity, bicarbonate level,
irrigation-set duration, and target discharge pH. Water with high alkalinity resists pH change, so it requires more
dissolved carbon dioxide to reach the same pH target than low-alkalinity water. For many crop and turf
applications, the practical target is often in the mid-sixes, where the water is more favorable for nutrient
solubility and less favorable for carbonate scale formation. Extension references commonly discuss irrigation-
water pH and alkalinity together because bicarbonate and carbonate are major drivers of buffering capacity and
scale risk [1-4].

2. The Equilibrium Concept: Carbonic Acid, Bicarbonate, and Carbonate

The carbonic-acid system is best understood as a balance rather than as a one-way reaction. At lower pH, more
of the dissolved carbon is present as dissolved carbon dioxide and carbonic acid. As pH rises, the balance
shifts toward bicarbonate. At still higher pH, carbonate becomes more important. This balance is reversible.
When conditions change, the proportions change.
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This matters inirrigation because bicarbonate and carbonate are closely tied to water alkalinity, scale
formation, and nutrient tie-up. When irrigation water is high in bicarbonate and has a higher pH, calcium and
magnesium can be pushed toward insoluble carbonate scale. Phosphate fertilizers are also more vulnerable to
precipitation in hard, high-pH water. University extension guidance notes that high bicarbonate and high pH can
contribute to calcium carbonate precipitation, and that high bicarbonate water can cause precipitation of
calcium, magnesium, and phosphate fertilizer materials [2,3].

Carbonic acid treatment temporarily moves the balance toward the carbonic-acid side by lowering pH. This
does not destroy alkalinity in a permanent sense; rather, it changes the form in which the dissolved carbon is
present at that moment. That shift is the key practical benefit: less scale-forming pressure in the irrigation
system and a more favorable chemical environment for keeping several nutrients soluble as water enters the
root zone.

3. What the Treated Water Does in the Irrigation System

Inside the irrigation system, treated water can help reduce the tendency for bicarbonate-rich water to form
scale, especially when calcium and magnesium are present. Scale risk is highest when the water has elevated
bicarbonate, elevated pH, and enough calcium or magnesium to form deposits. Lowering the pH into the
desired operating range keeps more of the dissolved carbon in the carbonic-acid/bicarbonate side of the
balance rather than the carbonate side.

This is especially relevant for drip systems, micro-sprinklers, sand media, fertigation manifolds, and emitters,
where small deposits can create distribution problems. UC Agriculture and Natural Resources notes that
bicarbonate concentrations above about 120 milligrams per liter combined with pH above about 7.5 can cause
calcium carbonate precipitation in microirrigation systems [2].

When fertilizers are injected, the lower pH environment can also be helpful. Utah State University Extension
notes that high bicarbonate water can rapidly precipitate calcium and magnesium in some fertilizer sources
and that phosphate fertilizers are particularly sensitive when hard water is at higher pH [3]. Carbonic acid
treatment helps reduce that chemical conflict by making the water less favorable for precipitation during the
irrigation event.

4. What Happens After the Treated Water Enters the Soil

When carbonic-acid-treated water reaches the soil, it does not remain unchanged. Soil is a buffered system.
Clay minerals, organic matter, lime, salts, exchangeable cations, fertilizer bands, root activity, microbes, and
irrigation frequency all influence the final soil-solution pH. The treated water creates a temporary, localized pH
shift along the wetting front and near the root zone, but the soil will partly neutralize and rebalance it over time.

This temporary pH shift can improve nutrient availability in several ways. First, it reduces the tendency for
calcium and magnesium to precipitate with bicarbonate/carbonate in the irrigation water. Second, it can help
keep phosphorus and micronutrients such as iron, manganese, zinc, and copper more soluble in the soil
solution, especially where pH has been too high. Texas A&M AgriLife states that irrigation-water pH in the 5.5 to
6.8 range enhances the solubility of most micronutrients and helps avoid a steady increase in growing-medium

pH[1].

Third, the treated water can improve the chemical environment around applied fertilizers. Nutrients still have to
be present, and soil constraints still matter, but the water is less likely to create a high-pH, bicarbonate-rich
condition that ties up nutrients before roots can access them. In that sense, carbonic acid does not create
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fertility by itself. It helps the existing and applied nutrition remain in more plant-available forms for a longer part
of the irrigation cycle.

5. What Happens to the Carbonic Acid in the Soil

Carbonic acid is temporary and reversible. After treated water enters the soil, several things can happen at the
same time. Some dissolved carbon dioxide remains in water. Some carbonic acid shifts back toward
bicarbonate as the soil buffers the pH upward. Some carbon dioxide can move from soil water into soil air.
Some dissolved carbon can react with calcium and magnesium minerals. Some can be transported deeper with
percolating water.

In calcareous or alkaline soils, carbonic acid can help dissolve small amounts of carbonate minerals at contact
points, releasing calcium and bicarbonate into the soil solution. As water continues moving and pH changes,
the balance can shift again. If the soil dries, carbon dioxide escapes, or pH rises enough, carbonate minerals
can again precipitate. This is why the benefit is best described as an active, repeated irrigation-water treatment
effect rather than a permanent one-time chemical conversion.

The agronomic value is tied to repeated delivery of lower-pH, carbonic-acid-bearing water through the irrigation
season. Each irrigation event can temporarily improve the root-zone chemical environment, especially in high-
bicarbonate water systems or alkaline soil conditions.

6. Root Respiration, Root Exudates, Microbes, and Additional Carbonic Acid

Production

Plant roots are living tissue, and they respire. As roots use energy, they release carbon dioxide into the
rhizosphere, which is the narrow soil zone directly influenced by roots. Roots also release organic compounds
commonly called root exudates. These compounds feed microbes, and microbial respiration also releases
carbon dioxide. When that carbon dioxide dissolves into soil water, more carbonic acid can form locally.

This is a natural process. Carbonic acid is continuously formed in soils wherever carbon dioxide and water are
present together. In healthy, biologically active soils, root respiration, microbial respiration, organic-matter
decomposition, and moisture all contribute to a living carbonic-acid system. Peer-reviewed rhizosphere
literature shows that root exudates and root-zone processes influence nutrient mobilization, microbial activity,
and plant nutrient status [8-10].

Carbonic-acid-treated irrigation water works with this natural soil-water-plant relationship. The irrigation water
brings a temporary carbonic-acid effect into the root zone. The roots and microbes continue producing carbon
dioxide locally. Soil water acts as the medium where these processes meet. Nutrients become plant-available
when they are dissolved in soil water, positioned near active roots, and not locked in insoluble forms. The
practical goal is to keep the soil solution chemically favorable during the periods when roots are taking up water
and nutrients.

7. The Soil-Water-Plant Relationship Under Carbonic Acid Irrigation

The soil-water-plant relationship can be described as a cycle. Irrigation water enters the soil and wets the pore
space. Roots absorb water from the soil solution. Nutrients move toward roots by mass flow with water, by
diffusion from zones of higher concentration to lower concentration, and by root interception as roots grow
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through soil. Carbonic-acid-treated water can improve this relationship by making the moving water less
alkaline and less scale-forming as it passes through the system.

At the root surface, roots release carbon dioxide and organic compounds while also taking up nutrients.
Depending on the nutrient, roots may acidify or alkalize the immediate rhizosphere during uptake. Microbes
decompose exudates and organic matter, releasing more carbon dioxide and organic acids. The result is not
one fixed pH value, but a constantly changing set of micro-environments around roots, aggregates, pores, and
fertilizer particles.

When the irrigation water is treated, the incoming wetting front starts from a more favorable pH condition. That
can make the overall root-zone environment more favorable for nutrient solubility and less favorable for
carbonate precipitation. The strongest response should be expected where the original water is high in
bicarbonate, the soil is alkaline or calcareous, and nutrient tie-up or irrigation-system scale has been limiting
performance.

8. How Carbonic Acid Differs From Sulfuric Acid in Irrigation-Water pH Treatment
Carbonic acid and sulfuric acid can both lower irrigation-water pH and reduce bicarbonate pressure, but they
are not the same kind of treatment. Sulfuric acid is a strong mineral acid. When itis injected into irrigation
water, it aggressively neutralizes alkalinity and leaves sulfate in the water. Carbonic acid is produced by
dissolving carbon dioxide into water. It is weaker, buffered, and reversible because the dissolved carbon dioxide
can remain in the water, move into the soil, or gas off when pressure and exposure conditions change.

In the irrigation line, sulfuric acid acts more like a permanent chemical neutralization event. It can be very
effective where the main goal is to destroy alkalinity, prevent carbonate scale, and drive pH down quickly.
However, because it is strong and non-volatile, overdosing can push water pH too low, increase corrosion risk,
and create a harsher treatment environment for equipment, fertigation components, and operator handling.
Extension guidance on irrigation-water acidification consistently treats strong acids as effective but hazardous
materials that require careful calculation, injection control, and safety precautions.

Carbonic acid treatment is different because it creates a softer pH adjustment. It lowers pH by shifting the
natural carbonate balance toward the carbonic-acid side while the water is under treatment conditions. This
reduces the bicarbonate/carbonate tendency to tie up calcium, magnesium, phosphorus, and micronutrients,
but without adding a strong mineral-acid residual. The treatment is therefore more closely aligned with the
natural chemistry already occurring in soils, where root respiration and microbial respiration continually add
carbon dioxide to soil water.

In the soil, sulfuric-acid-treated water has already neutralized alkalinity before the water arrives. The remaining
sulfate can be taken up by plants as sulfur nutrition when needed, but it also contributes to the total dissolved
salt load. Carbonic-acid-treated water brings dissolved carbon dioxide and a lower-pH wetting front into the
soil. As that water moves through pores and around roots, the carbon dioxide/carbonic-acid balance can
continue interacting with the soil solution, carbonate surfaces, fertilizer ions, and the rhizosphere. Because the
reaction is reversible, the effect is strongest during and shortly after irrigation, especially in the wetted root
zone.

From a soil-water-plant standpoint, the key difference is that sulfuric acid is primarily a chemical neutralizer,
while carbonic acid functions as a temporary biological-style pH modifier and carbonate-equilibrium shifter.
Sulfuric acid can solve a water-alkalinity problem, but it does not add the same dissolved carbon dioxide
environment that naturally supports carbonic acid formation around roots. Carbonic acid treatment better
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mirrors the plant-driven rhizosphere process: roots and microbes release carbon dioxide, soil water absorbs it,
carbonic acid forms locally, and nutrient solubility can increase in the immediate root environment.

This does not mean sulfuric acid is ineffective. It is widely used because it works. The practical distinction is the
agronomic objective. If the objective is only to neutralize bicarbonate and control scale, sulfuric acid can be an
effective tool when safely managed. If the objective is to lower irrigation-water pH while supporting a more
natural soil-water-carbon dioxide relationship, carbonic acid offers a different approach: less aggressive, more
reversible, and more integrated with the rhizosphere chemistry that plants already create.

A practical comparison is summarized below:

e Carbonic acid treatment: uses dissolved carbon dioxide, lowers pH in a buffered and reversible way, does not
add sulfate salts, can gas off after sampling or exposure, and works with the same carbon dioxide-water
relationship already occurring in the root zone.

e Sulfuric acid treatment: uses a strong mineral acid, neutralizes alkalinity more permanently, leaves sulfate in
the water, can strongly lower pH if overdosed, requires greater handling precautions, and is mainly a water-
alkalinity and scale-control tool rather than a rhizosphere carbon dioxide tool.

9. What Happens When Carbonic-Acid-Treated Water Is Captured in a Lab Sample Vial
A laboratory vial does not perfectly preserve the same conditions that existed inside a pressurized irrigation line
orimmediately at the emitter. When treated water leaves the irrigation system and is collected, pressure is
reduced, temperature may change, the sample may be shaken during transport, and a headspace may exist in
the container. These conditions allow dissolved carbon dioxide to leave the water and move into the air space,
or out of the sample entirely if the container is opened.

As carbon dioxide gases off, the equilibrium shifts in the reverse direction. Carbonic acid decreases,
bicarbonate and carbonate become more dominant relative forms, and the measured pH can drift upward
compared with the field pH at the time of collection. This does not mean the treatment did not work in the field.
It means the sample chemistry changed during collection, storage, and shipping.

This issue is well recognized in water analysis. UC ANR guidance for irrigation-water sampling notes that if
samples must be stored, refrigeration helps minimize changes, and that room-temperature storage can allow
calcium and bicarbonate to precipitate and lower measured salinity [11]. For carbonic-acid-treated water, the
additional concern is loss of dissolved carbon dioxide and the resulting pH rebound. The most representative
procedure is to measure pH immediately in the field at the discharge point, minimize headspace, avoid
agitation, keep samples cool, and submit samples quickly.

10. Practical Interpretation for Growers and Agronomists

Carbonic acid treatment should be evaluated as a water-management and nutrient-availability tool, not as a
fertilizer replacement by itself. Its value is highest when it reduces the negative effects of high-bicarbonate
water, high pH, carbonate scale, hard-water fertigation conflicts, and alkaline root-zone chemistry.

Field monitoring should include source-water alkalinity, bicarbonate, pH before treatment, pH after treatment
at the discharge point, calcium, magnesium, sodium, electrical conductivity, and crop/soil response. Soil and
tissue testing remain important because carbonic acid improves the chemical environment for nutrient
availability but does not remove the need to supply nutrients in the correct amounts and ratios.
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Because the chemistry is reversible, field pH and water behavior during the irrigation event are more important
than a delayed lab measurement of a treated sample. Lab reports remain useful, but they should be interpreted
with the understanding that treated water can gas off and rebalance before analysis.

11. Equilibrium Chart: Why pH Controls the Dominant Carbon Form

The chart below shows the approximate balance among the carbonic-acid, bicarbonate, and carbonate forms
across the pH range. The shaded band marks a common irrigation-treatment target zone in the low- to mid-six
pH range. In that band, the system is strongly shifted away from carbonate dominance and toward the carbonic-

acid/bicarbonate side of the balance.
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Figure 1. Carbonate-system distribution by pH.

12. Field Measurement vs. Lab Measurement

Condition

Measured immediately at emitter or
discharge point

What is likely happening

Closest representation of actual
treated-water pH during irrigation.
Dissolved carbon dioxide is still present
at a level closer to field conditions.

Best practice

Use a calibrated field meter. Record
source pH, treated pH, flow, pressure,
and time after system start-up.

Collected in vial with headspace

Dissolved carbon dioxide can move
from water into the air space. pH can
rebound upward as the balance shifts.

Fill container completely when
appropriate, cap tightly, avoid shaking,
keep cool, and test quickly.

Delayed sample shipped warm

Greater chance of gas-off, precipitation,
and chemical rebalancing before
analysis.

Interpret lab pH with caution. Use lab
data for alkalinity and mineral content,
but rely on field pH for treatment
performance.

Open bucket or sample cup

Fastest gas exchange with air. pH can
change quickly.

Do not use open containers for
representative treated-water pH except
forimmediate field meter
measurement.
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