
Common  questions  about
silicon in nutrient solutions

Introduction
We know that silicon can be a very beneficial element for many
plant species (see some of my previous posts here and here).
It  mainly  enhances  disease  resistance  and  increases  the
structural  integrity  of  plant  tissue.  Because  of  these
advantages, you will want to add silicon to your nutrient
solution.  However,  there  are  a  lot  of  misconceptions  and
questions about the use of Si in plants and the exact form of
Si that you should use. In this post I am going to address
some of the most common questions about silicon sources and
how to use them properly.

Alkali metal silicates are the most common sources of soluble
silicon used. They also have the lowest cost by gram of Si.

https://scienceinhydroponics.com/2023/02/common-questions-about-silicon-in-nutrient-solutions.html
https://scienceinhydroponics.com/2023/02/common-questions-about-silicon-in-nutrient-solutions.html
https://scienceinhydroponics.com/2010/08/silicon-in-hydroponics-what-silicon-is-good-for-and-how-it-should-be-used.html
https://scienceinhydroponics.com/2017/03/is-ortho-silicic-acid-worth-the-additional-expense-in-hydroponics.html
https://scienceinhydroponics.com/wp-content/uploads/2023/02/image-4.png


What sources are available?
To use silicon in nutrient solutions, we will generally have 3
types of sources available.

First, we have basic potassium silicates, which are solids or
solutions derived from the reactions of silica with potassium
hydroxide. In this category you have popular products like
AgSil 16H and liquid concentrates like Growtek Pro-Silicate.
These products have a very basic pH.

Second, we have acid stabilized silicon products. These are
products like PowerSi Classic and OSA28. These products are
always  liquids  and  contain  monosilicic  acid  in  an  acidic
environment,  with  stabilizing  agents  added  to  prevent  the
polymerization of the monosilicic acid.

Third,  we  have  non-aqueous  products  with  organosilicon
reagents,  like  Grow-Genius.  These  products  do  not  contain
water and are derived from reagents like TEOS (tetraethyl
ortho-silicate) and other Si containing compounds, mainly Si
containing surfactants. They are not in forms that are plant
available but will generate these forms when in contact with
water.

Do  potassium  silicates  contain
“less available” silicon?
When you dissolve a potassium silicate at high concentration,
it forms silicate oligomers. These are large silicon chains
that get stabilized in basic solutions because of their high
negative  charge.  This  is  why  you  can  create  highly
concentrated potassium silicate solutions in basic pH. As a
matter of fact, making the solutions more basic with added
potassium hydroxide often enhances the solubility of potassium
silicate solids like AgSil16H (see here for a procedure on how
to do this). However, when the molar concentration decreases
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the silicate hydrolyzes into monomeric silicate anions.

Original  background  image  taken  from  here.  To  create  a
monomeric solution you need high pH and low concentration.
Then you lower the pH to get to monosilicic acid.

When potassium silicate is diluted in nutrient solutions, this
is  exactly  what  happens.  The  reduction  in  concentration
hydrolyzes the Silicates into monomers. If the solution pH is
then lowered, the final form present will be monosilicic acid.
If you properly prepare a nutrient solution with potassium
silicate, the end form will be monosilicic acid, the form that
is mostly available to plants.

It is a misconception that potassium silicates are somehow
less “plant available”. They end up producing monosilicic acid
and being perfectly available, when used properly.
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How do I properly use a potassium
silicate?
First, if using a solid, you need to prepare a stock solution
no more concentrated than 45g/L. The recommendation with AgSil
16H would be to prepare a stock solution at 15g/gal and then
using this solution at a rate of 38mL/gal of final solution
(injection rate of 1%). To increase the stability of your
AgSil 16H concentrate you can add 1g/gal of KOH. The end
addition to your solution will be +9.8ppm of Si as elemental
Si  and  +11.55ppm  of  K.  The  KOH  addition  and  low  15g/gal
concentration ensures that silicate will already be largely
present as monomeric silicate anions.

Second, make sure to add this solution to your water first. If
you add this solution after nutrients, the Si will come into
contact with Ca and Mg in its concentrated form, which will
cause problems with its stability in solution. Add it first,
then add your lowest pH fertilizer concentrate, then your Ca
containing concentrate, then finally decrease the pH with an
acid to the desired level if needed.

This procedure ensures you get a final solution containing
monosilicic acid that will be stable. If you increase the Si
in the stock solution, change the injection order, or increase
the Si in the end solution beyond 20ppm of Si as elemental Si
you might end up with precipitated and unavailable Si forms.

Why would you use acid-stabilized
Si products?
Acid stabilized silicon sources are not more plant available.
However, their starting pH is usually low and their mineral
composition can also be minimal (depending on the preparation
process).  This  means  they  can  lower  the  need  for  acid
additions and can help lower the pH of hard water sources when



used. They can also contain stabilizing agents that could be
beneficial for plants. However, the exact stabilizers used and
the exact mineral composition used will vary substantially by
product, since there are a wide array of choices available to
manufacturers.

In the end, at the pH where plants are fed, acid stabilized Si
and  potassium  silicate  sources  generate  the  exact  same
monosilicic acid. Plant availability is not an advantage of
using this sort of product.

Why  would  you  use  non-aqueous  Si
products?
These  products  can  be  much  more  highly  concentrated  than
either  basic  silicon  or  acid  stabilized  liquid  silicon
products by mass. This is because they are made from Si forms
that are highly stable under water-free conditions. This means
you can buy a small amount and add a small amount to your
reservoir per gallon of solution prepared. Another advantage
is that they are pH neutral and do not alter the pH of
nutrient solutions at all. The formation of the silicic acid
from these products requires only reactions with water, so no
mineral  addition,  stabilizer  additions  or  pH  modifications
happen.



Reaction of TEOS with water to produce different silicic acids
(plus ethanol)

A significant point however is that the reaction of a product
like TEOS with water releases other substances into solution.
For each 10 ppm of Si as elemental Si that you add from TEOS
you will in fact be adding ~66pm of ethanol to your solution.
These alcohols can be very detrimental for root and plant
growth, reason why the use of these non-aqueous Si products
needs  to  be  carefully  considered.  When  using  a  product
containing non-aqueous Si sources, it’s important to consider
that these substances can accumulate in your root zone and may
cause problems. Which organics are present and whether they
will cause problems will depend on the exact formulation. When
using  these  organosilicon  sources,  passing  the  nutrient
solution through a carbon filter to remove these organics
before contact with plant roots would be ideal.

Is the final Si in solution from
any product type more stable?
No, all three types of products, when used properly, will end
up  as  stable  monosilicic  acid  in  your  solution.  The
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stabilizing  agents  in  acid-stabilized  products  will  be  so
dilute  that  any  additional  stabilizing  effect  will  be
relatively non-existent. If Si is dilute enough (<20ppm of Si
as  elemental  Si),  then  it  will  be  stable  in  solution
indefinitely  (I  measured  5  weeks  with  no  changes  in
concentration). At higher Si concentration, the Si will tend
to polymerize (no matter which source it comes from) which
will create problems with stability. To have stable Si in
solution make sure that you prepare it properly and that you
keep the concentrations low enough.

If  they  are  mostly  the  same  in
terms of Si availability, why do I
see  differences  between  different
products  at  an  equivalent  Si
application rate?
Despite all of the different Si products leading to the same
form of Si in the final solution, acid-stabilized Si products
will contain a wide array of additional substances that are
going  to  be  active  nutritionally.  For  example,  Boron  and
Molybdenum  are  very  commonly  used  stabilizing  agents.
Products,  like  PowerSi  bloom,  also  contain  “exotic  plant
extracts”  (according  to  their  website).  Commonly  used
stabilizing agents include glycerol, carnitine, choline and
sorbitol. All of these could potentially have an effect on the
plants at the concentrations added with these products. Some
of these stabilizing agents are usually added at 10-50x the
amount of Si present by mass, meaning that your Si supplement
might be adding way more of these stabilizing agents than what
you’re adding in terms of Si.



What product is more cost effective
per delivered mole of monosilicic
acid?
There is a lot of space in labeling regulations to allow
fertilizer  manufacturers  to  trick  people  into  believing  a
product might be more concentrated or dilute than another.
First of all, labeling a product as “% of monosilicic acid”
does not mean that the product contains that percentage of
monosilicic acid, it means that the product contains Si, such
that if that silicon was all converted to mono-silicic acid,
it would give that percent. The only products that contain
monosilicic acid in its actual form from the start are acid-
stabilized Si containing products, which are usually limited
to low concentrations due to the reactivity of this molecule
when present.

Both  non-aqueous  silicon  products  and  soluble  potassium
silicate products contain precursors to monosilicic acid. One
in the form of organosilicon compounds and the other in the
form of silicate chains. As mentioned above, both precursors
can lead to very high conversions to mono-silicic acid when
properly used.

These prices were the lowest prices I could find for each
product  in  Feb  2023.  To  find  current  prices,  I  suggest
searching  any  products  you’re  interested  in.  Composition
values taken are those provided by the manufacturer, converted
to Si as elemental Si. Prices do not include shipping.

To compare the actual concentration of products, it is best to
always convert the amounts to elemental Si percentage values.

https://scienceinhydroponics.com/wp-content/uploads/2023/02/image-8.png


To convert monosilicic acid % values to Si, multiply the value
by 0.2922, to convert SiO2 values to Si, multiply the value by
0.4674. For example, 40% Si as monosilicic acid is equivalent
to 11.68% Si as elemental Si. Soluble potassium silicates like
AgSil 16H can be around ~24% Si as elemental Si by mass,
making them the most highly concentrated and lowest cost form
of  bioavailable  silicon  when  used  properly.  More  highly
soluble  potassium  silicates  than  AgSil16H  will  usually  be
lower in Si, as higher K proportions lead to better solubility
and a lesser need to add KOH when preparing stock solution.
The table above, showcases the price differences per gram of
Silicon of different products as of Jan 2023. When purchased
in bulk (50 lbs) AgSil16H can be up to two orders of magnitude
lower cost than other alternatives.

I have done lab tests measuring molybdenum reactive Si that
show all the Si in AgSil16H can be quantitatively converted to
monosilicic  acid  when  following  the  preparation  guidelines
mentioned in this post.

What is your recommendation?
After studying the subject for years, using different products
with  different  growers  and  testing  the  chemistry  myself
(preparing stabilized silicic acids and measuring active Si
concentrations).  Given  the  price  of  Si  products  and  the
chemistry involved, I would suggest anyone interested in Si
supplementation  in  nutrient  solutions  to  use  a  potassium
silicate solid product. I would suggest to prepare a suitable
stock  with  potassium  silicate  and  potassium  hydroxide  to
increase pH and stability and then prepare their nutrient
solutions from dilutions of this stock. If a solid product
like AgSil 16H is not available, then using a basic silicate
concentrate product would be the next best choice. Usually
preparing  a  more  dilute  stock  from  these  products  is
recommended to ensure the stock already contains monomeric
silicate.
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I don’t think acid-stabilized silicon products or non-aqueous
Si products are worth the price premium. If you’re having
better results with a non-potassium silicate product compared
to  potassium  silicate,  bear  in  mind  that  this  is  likely
because either the potassium silicate stock preparation and
dilution were not done correctly or the product you’re using
contains a substance different from Si that is giving you
those effects. The stabilizing agents themselves are going to
be much lower cost, so testing the eliciting effects of these
agents  might  be  more  economical  for  you  than  using  these
expensive products long term.

In cases where mixing stocks and handling basic reagents is
problematic or there is limited availability to adjust pH,
then  the  use  of  non-aqueous  Silicon  reagents  might  be
desirable. Non-aqueous silicon forms are also the most robust
to mixing errors – wrong mixing order, mixing at variable pH,
etc – because the hydrolysis reactions happen readily under a
wide variety of conditions. However, my recommendation is to
always couple these with carbon filtration to avoid potential
issues from their organic side-products.

If you have issues with the use of soluble silicon sources –
because  of  your  initial  water  composition,  injector
limitations, cost, etc – and your media supports amending, I
would  also  suggest  considering  using  solid  amendments  to
supplement Si (watch this video I made for more information).
Amending can be a great choice, much more economical than
soluble Si supplementation.

Do  you  have  any  questions  about  Si  in  nutrient
solutions not addressed above? Feel free to leave a
comment and I might also add it to the post!

https://www.youtube.com/watch?v=_H-ynJKlb0o


A  cost  analysis  of
fertilizers  for
hydroponic/soilless  growing
in 2022

Why fertilizer costs matter
Fertilizer can be one of the largest expenses of a hydroponic
growing  facility.  This  is  especially  true  when  boutique
fertilizers  are  used,  instead  of  large  scale  commodity
fertilizers. The use of non-recirculating systems with high
nutrient concentrations also contributes heavily to high cost
fertilizer usage. A medium scale growing facility working with
boutique fertilizers can in some cases spend 2000-4000 USD per
day.  Even  when  using  some  of  the  most  cost  effective
solutions, a facility can still spend 4000 USD per day if they
use 20,000 gal/day with a nutrient line costing 0.2 USD/gal.

https://scienceinhydroponics.com/2022/08/a-cost-analysis-of-fertilizers-for-hydroponic-soilless-growing-in-2022.html
https://scienceinhydroponics.com/2022/08/a-cost-analysis-of-fertilizers-for-hydroponic-soilless-growing-in-2022.html
https://scienceinhydroponics.com/2022/08/a-cost-analysis-of-fertilizers-for-hydroponic-soilless-growing-in-2022.html
https://scienceinhydroponics.com/2022/08/a-cost-analysis-of-fertilizers-for-hydroponic-soilless-growing-in-2022.html


The above is a common combination of raw inputs and a standard
blended input

In 2022, the high cost of energy and high inflation have
increased raw fertilizer input costs to the highest point of
the past decade, making the problem of fertilizer costs even
more pressing. This has been specially the case for soluble
phosphate fertilizers which have, in some cases, seen costs
triple  from  the  start  of  2019.  This  is  because  soluble
phosphates were largely produced in Russia and alternative
sources  of  soluble  phosphates  had  a  hard  time  ramping  up
capacity  at  the  same  cost  level  as  could  be  previously
achieved.

To help people who are growing better assess their costs, I
seek to paint a clear picture of the current cost level of
commodity and boutique fertilizers as well as the cost levels
that can be achieved with preparation of custom solutions.

Price sources
The cost analysis focuses on the US market. The prices I
obtained for boutique fertilizers are from google searches
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where I found the cheapest costs at the highest scale I could
find. For commodity fertilizers I used the price points of
customhydronutrients.com, which is a trust-worthy website for
the  purchase  of  fertilizer  inputs.  These  prices  are  also
accessible from small to large scales, so they do not require
large scales to be accessible. Boutique fertilizer companies
might  offer  larger  discounts  to  people  who  contact  them
directly to buy large amounts, but I did not use these prices
as they are not publicly available.

To make comparisons easier, I will express all costs as costs
per final gallon of nutrient solution, when prepared per the
directions of the manufacturer or to arrive at formulations
with  a  reasonable  composition  (formulations  that  can  grow
healthy,  high  yield  crops).  Please  also  note  that  I  only
considered  fertilizers  that  could  be  used  to  prepare
concentrated solutions to be used for injection, as these are
fundamental to large scale growing operations. I also only
considered  powdered  fertilizers  as  these  offer  the  lowest
cost.  Liquid  concentrated  fertilizers  –  which  are  often
substantially more expensive – were not considered.

For purposes of keeping the costs as low as possible I also
only considered the base products from boutique fertilizer
companies and did not consider the costs of any of their
additives (line cleaners, boosters, hormones, etc). Shipping
costs are also not considered here.

Blended fertilizers
The easiest, most accessible fertilizers for most people will
be pre-blended fertilizers. Due to the proliferation of the
cannabis industry, most of the pre-blended fertilizers that
are sold to retail growers will be cannabis-centric and will
have a considerably higher price than the blends currently
used by the wider hydroponic industry.

https://customhydronutrients.com/


Table comparing a couple of boutique lines with a standard
5-11-26 preparation using a Masterblend product and Calcium
nitrate.

The table above shows three representative fertilizer programs
for comparison. The Flora Pro series from General Hydroponics
was the lowest cost boutique fertilizer I could find, with a
total cost of 0.029 USD per gallon at the recommended dosing
rates by General Hydroponics. I also put the Athena line for
comparison, as they often portray themselves as a low cost
option for cannabis companies. Their cost is almost an order
of magnitude higher, at 0.183 USD/gal. From this analysis it
seems clear that their margins are much higher than those of
General Hydroponics although they can be substantially more
cost effective than other companies with even more expensive
products.

After  seeing  the  above  table,  it  is  clear  that  boutique
companies are not price competitive against formulations using
traditional  blended  fertilizers  from  the  agricultural
industry. A formulation using Masterblend 5-11-26 and Calcium
nitrate, which could be perfectly adequate for the growth of
flowering  plants  during  their  vegetative  stage  or  purely
vegetative plants like basil, has a cost of 0.024 USD/gal.
Similar simple approaches using other blended products can be
used to achieve a variety of compositions at a similar price
tag.
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Raw input fertilizers
It is also interesting to consider the case of raw fertilizer
inputs as this allows us to better think about formulations to
reduce  cost  and  also  calculate  whether  making  custom
fertilizers is worth the expense. The table below shows you
some commonly used bulk fertilizer inputs, their cost in USD
and the cost per pound of each one of the products.

Cost and cost per pound of each fertilizer input

Micronutrients are the most expensive per pound, but since
they  are  used  at  very  low  amounts,  their  total  cost
contribution to fertilizer solutions is often less than 0.002
USD/gal  (not  counting  the  iron).  The  cost  of  the  bulk
fertilizers  is  much  more  important  from  a  cost  impact
perspective.  From  these  fertilizers,  potassium  inputs  are
often the most expensive. Both potassium nitrate, potassium
sulfate  and  monopotassium  phosphate  are  usually  large
contributors to the total price of a hydroponic formulation.
Soluble  silicon  amendments,  like  AgSil16H,  are  also  often
large contributors to the overall price of these formulations.
The above analysis also shows that Phosphoric acid is a very
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expensive option for pH adjustments in hydroponics. For this
reason – and a few other reasons out of the scope of this post
– sulfuric acid should almost always be used.

Cost contribution of bulk fertilizers to a custom hydroponic
formulation.

The image above shows you the bulk contributions of all the
raw inputs used in a sample custom formulation. The total cost
of  this  formulation  is  around  0.016  USD/gal.  If  we
supplemented  Silicon  from  AgSil16H,  the  cost  of  this
formulation would likely increase to close to 0.025-0.03g/gal
depending on how much Si we would like to add. You can see
here that the highest bulk costs are indeed the monopotassium
phosphate and the potassium nitrate, it is unlikely that we
would  be  able  to  diminish  this  cost  contribution
substantially,  as  this  is  the  true  bottom  line  of  the
fertilizer  industry.

For most of my clients, formulation costs in real life will
usually be between 0.01-0.03 USD/gal. The final cost will
depend on which bulk discounts are available at scale, which
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plants the client is growing, what the cost of shipping the
fertilizer is and which additional amendments beyond simple
raw fertilization we choose to use. Sometimes, by using the
nutrients already present in the water, substantial additional
savings are possible with custom formulations.

Note that the above raw input analysis does not include the
cost of labor to prepare the concentrated nutrients needed for
injection. If a worker needs to spend a couple of hours per
week mixing 25 gallons of each fertilizer then this, at 20
USD/hour, would likely increase the cost of the fertilizer by
around  2-5%.  Since  workers  can  often  mix  batches  of
concentrated  solutions  that  end  up  creating  thousands  of
gallons of solution, the labor cost needed to mix fertilizers
is often not meaningful relative to the overall cost of the
inputs.

Balance between complexity and cost
From the above, it is clear that making your own fertilizer
has the lowest cost, even at a small scale. However, it does
add a substantial level of complexity to an operation and
exposes  the  operation  to  a  variety  of  potential  mistakes
dealing  with  preparation.  A  careful  consideration  of  the
advantages and disadvantages of mixing your fertilizer needs
to be made. For large facilities, I believe this to be a no-
brainer. At scale, it almost certainly makes sense to mix your
own fertilizers.

However, it is true that at a medium scale, a grower might
benefit from not doing their own mixing, as this simplifies
their operation and allows them to focus on growing great
plants while they grow. In this case, you can certainly –
regardless of the plant you’re growing – create a formulation
based on a widely available agricultural industry blend with
perhaps  one  or  two  raw  inputs,  to  achieve  a  highly  cost
effective formulation.



Of course, there is also an additional cost to fertilizer
formulation, which – per the prices charged by myself and
other colleagues – might cost you from hundreds to thousands
of dollars depending on complexity. If you do not want to
incur this cost, then you should bear in mind you will pay a
perpetually higher price in your fertilizers, to a company
that has done the formulation work for you.

At a large scale, you definitely do not want to go with a
formulation that reduces the yield or quality of your plant
product,  so  –  if  you  lack  the  experience  to  do  these
formulations yourself – always make sure to hire someone who
knows what they are doing.

In  the  simplest  case,  a  formulation  schedule  of  an
agricultural  preblended  product  –  using  for  example  the
Masterblend  5-11-26  mentioned  above  –  adjusted  to  your
situation might lower your costs by an order of magnitude from
an expensive boutique shop at a minimal increase in complexity
and low formulation costs. Of course you can always make your
own Masterblend proxy as a first step when you move to fully
custom formulations. If it is not possible to use these types
of blends – due to for example your water composition – a
fully custom formulation will be required.

There  is  no  reason  to  pay  even
higher prices
People in the traditional large scale hydroponic industry have
been growing at very cost effective fertilizer prices for
decades.  If  you  are  a  small,  medium  or  even  large  scale
grower, there is no reason why your fertilizer costs should be
astronomically high. There are no reasons to perpetually pay
high margins to fertilizer companies and there is no reason
why you shouldn’t take advantage of the easiest cost savings
that can be achieved with products that are already available
to the bulk agricultural industry. Now that the raw fertilizer
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input costs are even higher, it is more important than ever to
go to lower cost methods to achieve your desired hydroponic
formulations.

If you want to learn how to make your own fertilizers, then I
advice you visit my youtube channel or read my blog articles
on making your own fertilizers from raw inputs.

Are you using boutique fertilizers? Are you mixing your own?
Please  let  us  know  about  your  experience  in  the  comments
below!

How to reuse your coco coir
in soilless growing

Why reuse media
Buying new media and spending labor to mix, expand, and even
amend  it  can  be  a  costly  process  for  growing  facilities.
Dumping  media  also  involves  going  through  a  composting
process, wasting nutrients that are already present in that
media when it is thrown away. However, media in hydroponics
serves a mostly structural role and there are no fundamental
reasons why media like coco cannot be recycled and used in
multiple crop cycles.
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Coco  coir  commonly  used  as  a  substrate  in  soilless
agriculture.

By  reusing  media,  a  grower  can  substantially  reduce
operational costs. This is because the media itself often
contains an important amount of surplus nutrition and the
roots and other organic components left behind by previous
plants can also be used by new crops to sustain their growth.
These added decomposing root structures also reduce channeling
in  the  media  and  help  improve  its  water  retention  as  a
function of time. After a media like coco is reused several
times,  the  coco  also  degrades  and  becomes  finer,  further
improving water retention.

Why media is often not reused
Reusing media is not without peril. When media is pristine, it
is more predictable. You know its basic composition and you
can feed it the same set of nutrients and hope to obtain very
similar  results.  Nonetheless,  after  media  goes  through  a
growing  cycle,  its  chemical  composition  changes  and  the
starting point becomes much more variable. This means that a
grower needs to somehow adjust nutrition to the changes in
composition, which can often make it difficult for the crop to
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achieve consistent results.

If a grower reuses media but tries to feed as if the media was
new, then problems with overaccumulation of nutrients in the
media will happen and it will be hard for the grower to obtain
reliable results. Reusing media requires a different approach
to crop nutrition which scares people away because it strays
from  what  nutrient  companies  and  normal  growing  practices
require. However we will now learn how media is chemically
affected by cultivation and how we can take steps to reduce
these effects and then successfully reuse it.

Media  composition  after  a  normal
crop
In traditional coco growing, fertilizer regimes will tend to
add a lot of nutrients to the coco through the growing cycle.
From  these  nutrients,  sulfates,  phosphates,  calcium  and
magnesium will tend to aggressively accumulate in the media
while  nutrients  that  are  more  soluble  like  nitrate  and
potassium will tend to accumulate to a lesser extent or be
easier to remove.



Analysis of used coco from a tomato crop. This analysis uses a
DTAP + ammonium acetate process to extract all nutrients from
the media. This media had a runoff pH of 6 with an EC of 3.0
mS/cm.

The above image shows you the analysis results of a coco
sample that was used to grow a tomato crop. In this analysis,
the media is extracted exhaustively using a chelating agent,
to ensure that we can get a good idea of all the cations that
are present in the media. The chelating agent overcomes the
cation exchange capacity of the media, forcing all the cations
out – fundamentally exchanging them for sodium or ammonium –
and showing you the limits of what could be extracted from the
media by the plant.

In this case, the amount of Ca is so high, that it can
fundamentally  provide  most  of  the  Ca  required  by  a  plant
through its next growing period. Since most of this Ca is

https://scienceinhydroponics.com/wp-content/uploads/2022/08/image-2.png


going to be present as calcium sulfate and phosphate, it will
only be removed quite slowly from the root zone by leachate.
The amount of potassium is also quite high, but this potassium
is going to go out of the media quite easily and is only
likely to last for a short period of time.

In addition to the above mineral content, coco that is reused
will  often  contain  a  lot  of  plant  material,  roots  that
remained from the previous crop, so the subsequent reuse of
the media needs to incorporate adequate enzymatic treatments
to help breakdown these organics and ensure that pathogens are
not going to be able to use these sources of carbon as an
anchor point to attack our plants.

Steps before the crop ends
Because of the above, one of the first steps we need to carry
out if we want to reuse media is to ensure that the media is
flushed during the last week of crop usage with plain water,
such that we can get most of the highly soluble nutrients out
of  the  media  so  that  we  don’t  need  to  deal  with  those
nutrients in our calculations. This will remove most of the
nitrogen and potassium from the above analysis, giving us
media that is easier to use in our next crop.

In addition to this, we will also be preparing our media for
the digestion of the root material. Before the last week of
cultivation, we will add pondzyme to our plain water flushing
at a rate of 0.1g/gal, such that we can get a good amount of
enzymes into our media. We should also add some beneficial
microbes, like these probiotics, at 0.25g/gal, so that we can
get some microbial life into the media that will help us
decompose the roots after the plants that are currently in the
media will be removed.

https://amzn.to/3QR3u6g
https://amzn.to/3wuxEnP


How to manage the new crop
Once the crop ends, we will remove the main root ball from the
media. There is no need to make an effort to remove all plant
material as this would add a lot of labor costs to media
reuse. The media should then be allowed to dry, such that the
roots that are left behind can then be easily broken up before
new plants are placed in the media. Machines to breakup any
roots are ideal, although this can also be done manually and
easily once all the root material in the media is dead and the
roots lose their capacity to hold their structure together.

Once we have dry coco with the root structures broken up, we
can then fill up new bags to reuse this media for our next
crop. After doing a lot of media analysis and working with
several people reusing media, I have found this method works
well. If we performed the flushing steps as instructed before,
then we can use the media runoff EC as a way to evaluate the
type of nutrition needed.

While the runoff EC remains above 1.5mS/cm, we feed a solution
containing  only  potassium  nitrate  and  micronutrients  (no
phosphorus, sulfates, calcium or magnesium) at 2g/gal of KNO3 +
micros. After the runoff EC drops below 1.5mS/cm we return to
feeding our normal regime. The idea here is that while the
media is above 1.5mS/cm the plant can take all the nutrients
it needs from the media, but once the media EC drops below
1.5mS/cm, the media is deprived from these nutrients and we
need to provide them again for the plant.

Bear in mind that while the nitrogen content of the above feed
seems low (just 73 ppm of N from NO3) there is additional
nitrogen that is coming from the decomposition of the organic
materials left in the media, which can supplement the nitrogen
needs of the plants. Despite the flushing on the last week,
there is always some nitrate left from the previous crop. I
have found that this is enough to support the plant until the



runoff drops below our 1.5mS/cm threshold. After this point,
the plant can be grown with its normal nutrition.

Simple is better
Although  you  would  ideally  want  to  find  exactly  which
nutrients are missing or present after each batch of media and
adjust your nutrition such that you can get your plants the
ideal  nutrient  composition  every  time,  this  is  not  cost
effective or required in practice to obtain healthy plant
growth. A media like coco possesses a good degree of nutrient
buffering capacity (due to it’s high cation exchange capacity
and how much nutrition is accumulated after a crop cycle), so
it can provide the plants the nutrition of certain nutrients
that they need as long as the nutrients that are most easily
leached (K and N) are provided to some degree.

The above strategy is simple and can achieve good results for
most large crops that are grown using ample nutrients within
their normal nutrient formulations. It is true that this might
not  work  for  absolutely  all  cases  (or  might  need  some
adjustments depending on media volumes) but I’ve found out it
is a great strategy that avoids high analysis costs and the
need to create very custom nutrient solutions.

Do you reuse your coco? Let us know which strategy you use and
what you think about my strategy!

Are  Iron  chelates  of
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humic/fulvic acids better or
worse than synthetics?

Why Fe nutrition is problematic
Plants need substantial amounts of iron to thrive. However,
iron is a finicky element, and will react with many substances
to form solids that are unavailable for plant uptake. This is
a specially common process under high pH, where iron can form
insoluble carbonates, hydroxides, oxides, phosphates and even
silicates. For this reason, plant scientists have – for the
better part of the last 100 years – looked for ways to make Fe
more  available  to  plants,  while  preventing  the  need  for
strategies that aim to lower the pH of the soil, which can be
very costly when large amounts of soil need to be amended.

The image above is taken from this paper on Fe deficiencies.

In hydroponics, the situation is not much better. While we can
add as much Fe as we want to the hydroponic solution, the
above processes still happen and the use of simple Fe salts
(such  as  iron  nitrate  or  iron  sulfate)  can  lead  to  Fe
deficiencies  as  the  iron  falls  out  of  solution.  This  can
happen  quickly  in  root  zones  where  plants  aggressively
increase the pH of solutions through heavy nitrate uptake.
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For a better understanding of the basics of soil interactions
with microbes, plants and the overall Fe cycle, I suggest
reading this review (6).

Synthetic chelates to the rescue
The above problems were alleviated by the introduction of
synthetic iron chelates in the mid 20th century. The chelating
agents are organic moieties that can wrap around the naked
metal ions, binding to their coordination sites. This kills
their reactivity and ensures that they do not react with any
of the substances that would cause them to become unavailable
to plants. Plants can directly uptake the chelates, take the
iron and push the chelate back into solution, or they can
destroy  the  chelate  and  use  its  carbon  within  their
metabolism.

Chelates can bind Fe very strongly though, and this is not
desirable  for  some  plants  that  do  not  have  the  enzymatic
machinery required to open these “molecular cages”. Studies
with monocots (1) – which are grasses – have often found that
these  plants  respond  poorly  to  Fe  supplementation  with
molecules like Fe(EDDHA), a very powerful chelate. So powerful
in fact, that not even the plants can get the Fe out. For
these plants, weaker chelates often offer better results, even
at higher pH values.

Another problem is that many of the synthetic chelates are not
very good at high pH values. When the pH reaches values higher
than  7.5,  chelates  like  EDTA  and  DTPA  can  have  problems
competing with the much more strongly insoluble salts that
form at these pH values. The chelated forms are always in
equilibrium  with  the  non-chelated  forms  and  the  minuscule
amount  of  the  non-chelated  form  drops  so  quickly  out  of
solution that the entire chelate population can be depleted
quite quickly. (2)

Chelates that respond well to high pH values, like EDDHA, are

https://link.springer.com/article/10.1007/s11368-013-0814-z
https://www.tandfonline.com/doi/abs/10.1080/01904168309363117
https://www.tandfonline.com/doi/abs/10.1080/01904169209364416


often much more expensive. In the case of EDDHA, the presence
of a lot of isomers of the EDDHA molecule that are weaker
chelates, also creates problems with quality control and with
the overall strength of each particular EDDHA source. The
EDDHA is only as good as its purification process, which makes
good sources even more expensive (3, 4).

An additional concern is the oxidation state of the Fe. While

Fe chelates are usually prepared using ferrous iron (Fe2+),
these iron chelates are quickly oxidized in solution to their

ferric iron (Fe3+) counterparts, especially when the solution

is aerated to maintain high levels of oxygen. Since Fe3+ is
both more tightly bound to chelates and more reactive when
free – so more toxic when taken up without reduction – plants

can have an even harder time mining Fe3+ out of chelates (5,
7).

Then there are naturally occurring
chelates
There are many organic molecules that can form bonds with the
coordination  sites  of  Fe  ions.  Some  of  the  reviews  cited
before go into some depth on the different groups of organic
molecules that are excreted by both plants and microorganisms
as a repose to Fe deficiency that can lead to improved Fe
transport  into  plants.  Some  of  these  compounds  are  also
reductive in nature, such that they can not only transport the
Fe, but reduce it to its ferrous form such that it can be
handled more easily by plants.

Among the organic compounds that can be used for Fe chelation,
humic and fulvic acids have attracted attention, as they can
be obtained at significantly low costs and are approved for
organic usage under several regulations. You can read more
about these substances in some of my previous posts about them

https://www.actahort.org/books/697/697_70.htm
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(8, 9). In particular, humic acids are more abundant and are
formed by larger and more complex molecules compared to fulvic
acids.

The ability of these substances to chelate Fe is much weaker
than that of synthetic chelates. The pKb shows us the strength
of the binding equilibrium of the chelate with the free metal
ion (you can see the values for many metals and chelating
agents here). The value for EDTA is 21.5 while that of most
humic and fulvic acids is in the 4-6 range (10). This is a
logarithmic scale, so the difference in binding strength is
enormous. To put things into perspective, this difference in
binding strength is of the same magnitude as the difference
between the mass of a grain of sand and a cruise ship.

Comparing  synthetic  and
fulvic/humic acid chelates
There aren’t many studies comparing synthetic and humic/fulvic
acid chelates. One of the most explicit ones (11) compares
solutions of Fe sulfate (which we can consider unchelated) and
Fe(EDDHA) after additions of fulvic or humic acids in the
growth  of  Pistachio  plants.  At  pH  values  close  to  those
generally  used  in  hydroponics  (6.5)  there  is  hardly  any
difference between any of the treatments while at higher pH
values we have substantially better uptake of Fe in both the
EDDHA and unchelated iron treatments when supplemented with
either fulvic acid or humic acid.
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Images at pH 8.5 of Fe in shoots from the Pistachio study (11)

The idea of using humic acids as a compliment of traditional
chelate based fertilization to alleviate high fertilization
costs  has  also  been  studied  in  citrus  (13).  This  study
confirms  some  of  the  findings  of  the  previous  one,  where
additions  of  humic  acids  to  solutions  already  containing
Fe(EDDHA) provided a more beneficial role than simply the use
of  the  pure  humic  acid  substances  or  pure  Fe(EDDHA)
fertilization. Another study on citrus (14) showed that humic
acid applications could in fact provide Fe supplementation in
calcareous soils (these are soils with high pH values). This
shows  how  humic  acid  fertilization  can  rival  Fe-EDDHA
fertilization.

In another study of leonardite iron humate sources and EDDHA
in soybean roots (12) it is apparent that accumulation of Fe
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in  shoots  and  roots  is  much  worse  under  the  humic  acid
treatments. In the conclusions of the paper, it is highlighted
that the high molecular mass of the leonardite constituents
might block the roots of the soybean plants, therefore making
it difficult for the plant to transport Fe. However, this
study does show that the accumulation of these humic acids in
the root zone does promote a decrease in the expression of
genes that create Fe transporters and Fe reducing enzymes,
pointing that the plant is indeed under less Fe deficiency
stress. Another important point is that cycling the humic acid
application  promotes  the  absorption  of  accumulated  humic
acids, cleaning the roots and allowing for better transport of
the Fe in the roots.

In  a  separate  study  with  humic  acid  +  FeSO4  applications
compared to Fe(EDDHA) in sweet cherry (13) it was found that
the  humic  acid,  when  supplemented  with  unchelated  iron,
increased Fe tissue as much as the Fe(EDDHA) applications.
This was consistent across two separate years, with the second
year showing a statistically significant increase of the humic
acid treatment over the Fe(EDDHA).

How does this work
An  interesting  point  –  as  I  mentioned  before  –  is  that
humic/fulvic acids are incredibly weak chelating agents. This
means that they should release their Fe to the bulk of the
solution, which should lead to Fe depletion and deficiencies,
as the Fe precipitating mechanisms are thermodynamically much
more stable. However this is not what we consistently observe
in the studies of Fe nutrition that try to use humic/fulvic
acids,  either  with  or  without  the  presence  of  additional
synthetic chelates.

The reason seems to be related with the kinetics of Fe release
from these substances. While the stability constants of the
chelates  are  weak  –  therefore  they  will  release  and

https://link.springer.com/article/10.1007/s10341-016-0300-z/tables/2


precipitate in the long term – the bulkiness of the ligands
and the complex structures surrounding the metals, makes it
hard  for  the  metal  to  actually  escape  from  the  chelate
structures around it. However, the fact that the bonding is
thermodynamically weak, ensures that the metal can be easily
transported once it leaves the organic chelate structure.

Another point is that humic/fulvic substances are reductive in

nature, which means that they will protect Fe2+ from oxidation
by either microbes or oxygen dissolved in solution. They are

also sometimes able to reduce Fe3+ present in solution back to

Fe2+, which can help with the uptake of this Fe by the plant’s
root system.

The nature of the above structures and their reductive power
depends fundamentally on the actual humic/fulvic acid used, so
– as with all cases pertaining to fulvic/humic substances –
the source you use will play a big role in determining the
final outcome you get.

What chelates are the best?
Current research shows that Fe(EDDHA) and similar chelates,
despite their high stability constants, are not perfect. While
they  can  provide  ample  iron  for  dicots  and  can  cure  Fe
deficiencies in the large majority of cases for these plants,
these strong chelates are often very expensive and their use
as sole Fe sources might be impractical for many cases in
traditional agriculture and hydroponics/soilless growing.

The  use  of  humic/fulvic  acids  complimented  with  either
unchelated Fe or with some lower proportion of stronger iron
chelates, seems to be a better overall choice in terms of both
plant uptake and economic expense. As shown by several studies
mentioned in this post, the effect of humic/fulvic acids and
synthetic chelates might actually be synergistic, with both
providing different advantages that can be complimentary in



hydroponic solutions. These humic/fulvic acid solutions might
also be much more favorable for monocot species, where the use
of highly stable Fe(EDDHA) chelating agents does not cure
deficiency symptoms.

The take away here is that chemical chelate strength is not
the  only  thing  to  consider.  The  kinetics  of  the  chelate
dissociations, as well as how the chelates interact with the
root system, for example how the plant can actually take the
Fe outside of the chelating system, are all very important to
establish  whether  the  Fe  is  effectively  absorbed  and
transported  by  the  plants.

Please  note  that  the  topic  of  Fe  nutrition  is  extremely
extensive  and  while  the  above  is  intended  to  be  a  short
introduction to the topic of humic/fulvic acids and how they
compare to synthetic chelates, it is by no means an exhaustive
literature review.

Are you using fulvic or humic acids for Fe nutrition? Let us
know what your experience is in the comments below.

A guide to different pH up
options in hydroponics

When is pH up needed?
The control of pH in hydroponics is critical. Most commonly,
we need to decrease the pH of our solutions as most nutrients
will  initially  be  at  a  higher  than  desired  pH.  This  is
especially true when tap water or silicates are used, as both
of these inputs will increase the overall pH of hydroponic
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nutrients after they are prepared. In recirculating systems,
pH will also tend to drift up due to the charge imbalance
created by the high active uptake of nitrate ions carried out
by most plant species. For a discussion on pH down options,
please read my previous post on this topic.

However,  there  are  certain  circumstances  where  the  pH  of
hydroponic solutions needs to be increased. This can happen
when  tap  water  or  silicates  are  not  used  or  when  plants
decrease  pH  due  to  an  aggressive  uptake  of  some  cations.
Plants like tomatoes can do this when grown in solutions with
high potassium contributions, as they will actively uptake
these nutrients to the point of changing pH balance. Excess
ammonium  can  be  another  common  cause  for  pH  decreases  in
hydroponic solutions that require the use of pH up solutions.

Potassium hydroxide pellets, the most powerful pH up option
available to growers

With this in mind, let’s discuss the pH up options that are
available in hydroponics. I only considered substances that
are soluble enough to create concentrated solutions, such that
they can be used with injector systems.
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pH up options

Sodium or potassium hydroxide (NaOH, KOH)
These are the strongest. They are low cost, can be used to
prepare highly concentrated solutions and will increase the pH
most effectively. They are however unstable as a function of
time because they react with carbon dioxide from the air to
form sodium or potassium carbonates. This means that their
concentrated solutions need to be kept in airtight containers
and that their basic power will decrease with time if this is
not the case. Additionally, these hydroxides are extremely
corrosive and their powder is an important health hazard.
Dissolving them in water also generates very large amounts of
heat – sometimes even boiling the water – which makes their
usage more dangerous. Although desirable when basic power is
the most important short term concern, I recommend to avoid
them giving their PPE requirements and the lack of long term
stability.

When these hydroxides are used, potassium hydroxide is the
recommended form, as potassium hydroxide is both more basic
and a plant nutrient, while excess sodium can cause problems
with plant development. However, sodium hydroxide might be
more desirable if it can be obtained at a particularly low
price and small additions of sodium are not a concern.

Potassium silicate
This is a soluble form of silicon that is stable at high pH
values. While solutions of potassium silicate by itself can be
prepared and used as a pH up option, it is usually stabilized
with a small addition of potassium hydroxide to take the pH of
solutions to the 11-12 range. Potassium silicate contributes
both potassium and silicon to hydroponic solutions – both
important nutrients – and its use can be more beneficial than
the use of pure potassium hydroxide. While silicates are less



basic and more mass is required for the same pH buffering
effect, the preparation and handling can often be much simpler
than those of potassium hydroxide.

Note that potassium silicate solutions are also unstable when
left in open air, as they will also react with atmospheric
carbon dioxide to generate potassium carbonate. It is also
worth noting that not all potassium silicates are the same,
when  looking  for  a  highly  soluble  potassium  silicate  for
hydroponics, make sure you get potassium silicates that have
higher  K/Si  ratios.  Usually  ratios  of  at  least  1.05  are
required  (make  sure  you  convert  both  K  and  Si  to  their
elemental forms, as most of these products report K as K2O and
Si as SiO2).

Potassium carbonate (K2CO3)
This basic salt is stable in air, has less demanding PPE
requirements and can also be used to prepare concentrated
solutions  (more  than  1g  of  potassium  carbonate  can  be
dissolved per mL of water). Because of its lower basicity
compared to potassium hydroxide, more of it also needs to be
used to increase the pH of a hydroponic solution. However,
solutions of it are stable, so there is no concern for their
stability or changes to its basic power.

Another  advantage  given  by  potassium  carbonate  is  that  –
contrary to the previous two examples – it does increase the
buffering capacity of the solution against pH increases, due
to  the  addition  of  carbonate  to  the  solution.  As  carbon
dioxide is lost to the air at the pH used in hydroponics, the
pH of the solutions tends to drift up, this means that the
carbonate addition makes the pH more stable in solutions where
the pH is being constantly pushed down. This is all part of
the carbonic acid/bicarbonate equilibrium, which also helps
chemically buffer the solutions at the pH used in hydroponics.

Overall potassium carbonate is one of my favorite choices when



there is a downward drift of pH in recirculating solutions.

Potassium phosphate (K3PO4)
Another weak base, potassium phosphate, can be used to prepare
concentrated  solutions  and  increase  the  pH  in  hydroponic
solutions. While its solubility and basicity are lower than
that  of  potassium  carbonate,  it  does  provide  additional
phosphorus  that  can  buffer  the  pH  of  the  solution.  This
happens because mono and dibasic phosphate ions are anions
that be taken up by plants, therefore decreasing the pH. While
phosphates can help chemically buffer the hydroponic solution
against pH increases, for decreases the phosphate buffer is
ineffective as the pKa of the relevant equilibrium is 7.2.

An issue with potassium phosphate is that it provides large
contributions of K to solution. These potassium additions can
be quite counter productive if the cause of the pH drift
towards the downside is related to potassium uptake.

Potassium Citrate/Lactate/Acetate
Basic organic salts of potassium can also be used to increase
the pH. These are all much weaker than even the carbonate and
phosphate bases mentioned above and relatively large additions
are  required  for  even  a  moderate  immediate  effect  in  pH.
However, since these anions are actively taken up by microbes,
the microbial metabolism of these ions will create a longer
term effect on pH. A moderate addition of potassium citrate
can only cause a small increase of pH in the short term, with
a larger increase happening during the following 24 hours.

A  disadvantage  is  that  these  anions  can  also  lead  to
explosions in bad microbe populations if the environment does
not have an adequate microbial population. When these salts
are used, adequate microbial inoculations need to be carried
out to ensure that the microbes that will proliferate will not
be pathogenic in nature.



Protein Hydrolysates
While hydrolysates themselves can have an acidic pH when put
in solution, their microbial metabolism aggressively increases
the pH of solutions in the medium term. This means that these
hydrolysates should not be used for immediate pH adjusting, as
they will tend to decrease pH further in the very short term,
but they can be used as a more long term management option.

As with the above organic salts, their use also requires the
presence  of  adequate  microbial  life.  If  you  neglect  to
properly  inoculate  the  media  before  their  addition,  then
pathogens  can  also  make  use  of  these  amino  acids  to
proliferate.

Combinations are also possible
As  with  the  case  of  pH  down  options,  some  of  the  best
solutions  for  a  problem  come  when  several  of  the  above
solutions are combined. For example the use of potassium rich
pH up solutions in microbe containing soilless media can often
cause pH drift issues related with potassium to worsen. For
this reason, it can be desirable in these cases to prepare pH
up solutions that include protein. This means that you reduce
the pH fast but then you have a residual effect from protein
metabolism that helps you fight the pH increase as a function
of time.

However not all pH up drifts are caused by potassium, as in
the case of plants where pH up drift happens due to low
nitrate uptake (for example some flowering plants that stop
producing a lot of additional leaves during their flowering
stage). In these cases potassium based pH up solutions cause
no additional issues and combinations of potassium carbonate
and potassium phosphate might be best.



Choose according to your goals
As  in  most  cases,  the  best  solution  will  depend  on  your
circumstances. Think about whether you’re just adjusting the
pH of your initial solutions or whether you need to compensate
for a constant drift, whether microbial life is present and
whether  you’re  concerned  with  the  accumulation  of  any
substances  in  a  recirculating  solution.  Once  you  consider
these factors and review the above solutions, you should be
able to find the pH up solution that is better suited to your
particular needs.

Are you using a pH up? Let us know why and which one you’re
using in the comments below!

How  to  make  a  stabilized
ortho-silicic  acid  solution
with only 3 inputs
In  a  previous  post,  which  you  can  read  here,  I  gave  a
procedure for the preparation of a stabilized mono-silicic
acid using from potassium silicate. The procedure called for
the usage of several stabilizing agents, including carnitine
and propylene glycol, with phosphoric acid being used as the
acidifying agent.

After trying this synthesis myself and talking with other
people  who  tried  this  process,  it  seemed  clear  that  the
success  rate  was  low  and  that  the  process  was  just  too
complicated  and  imprecise  for  most  people  to  carry  out
(especially for the patience needed for the addition of the
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solid  potassium  silicate).  There  is  a  detailed  discussion
about this procedure, as well as mono-silicic acid synthesis
in this forum thread.

Stabilized  mono-silicic  acid  solution  created  using  the
procedure below. Note that mono-silicic acid and ortho-silicic
acid are the exact same thing, they are two names for the same
molecule (H4SiO4). Another molecule with the same nomenclature
is ortho-phosphoric acid (H3PO4), which is also called mono-
phosphoric acid.

Given these issues, I decided to look for a potentially easier
synthesis  starting  from  cheaper,  more  readily  available
materials,  avoiding  the  use  of  Propylene  Glycol  (which
concerned  some  people)  and  trying  to  simplify  the  steps
involved.

The procedure I came up with simplifies the process by relying
on  the  interaction  of  silicic  acid  with  sorbitol  as  a
stabilizing  agent.  This  stabilization  process  is  well
documented in the literature (see here) and is caused by the
formation of highly stable polyolate complexes between mono-
silicic acid and molecules like sorbitol. These complexes form
because molecules like sorbitol have adjacent hydroxy groups
in what we call a threo configuration. These do not exist in
sugars like glucose or sucrose, reason why these do not work

https://future4200.com/t/let-s-talk-silica/121268/244
https://scienceinhydroponics.com/wp-content/uploads/2022/07/IMG_20220708_155544753.jpg
https://www.science.org/doi/abs/10.1126/science.285.5433.1542


for this process.

The raw inputs you will need are as followed

A potassium silicate with a high K/Si ratio, such as1.
AgSil 16H. You can also use a liquid potassium silicate,
such as Grotek Pro-silicate.
Sulfuric Acid (>90%)2.
Sorbitol3.
Distilled water.4.

If  using  AgSil16H  follow  this  process  first.  In  a  1000mL
beaker, add 70g of AgSil16H and 450mL of distilled water. Stir
– ideally with magnetic stirring – until the silicate has all
dissolved. This will be the silicate solution.

This is now the procedure to prepare the stabilized ortho-
silicic acid solution (700mL):

In a 1000mL beaker, add 500mL of distilled water and a1.
magnetic stirrer.
Weigh 200g of Sorbitol and add them to the water.2.
Start the magnetic stirring.3.
After the sorbitol has completely dissolved, during a4.
period of 30 seconds add 100mL of the silicate solution
(either  as  prepared  above  or  a  commercial  silicate
equivalent to the Grotek suggestions above (around 7.5%
Si as SiO2)).
Stir the silicate and sorbitol solution for 10 minutes.5.
Add 10mL of >90% sulfuric acid and stir for 5 minutes.6.
The pH should now be lower than 2.
The solution can now be stored.7.

The above process creates a stable mono-silicic acid solution
that has an Si concentration of around 1% of Si as SiO2 and
around 0.6% K as K2O. Used at 8mL gal it should provide around
20ppm of Si As SiO2 and 10 ppm of K.

A  previous  version  of  this  procedure  used  50mL  of  80-85%

https://customhydronutrients.com/AgSil-16H-Potassium-Silicate-fertilizer-50-lb_p_23063.html
https://amzn.to/3yL53Ll
https://amzn.to/3yohmNb


phosphoric acid. However, phosphoric acid seems to generate
solutions that are unstable after 1-2 weeks of preparation.
Solutions prepared per the above process have been confirmed
to be stable for at least 1 month.

Did you try it? How were your results? Let us know in the
comments below!

A  one-part  hydroponic
nutrient formulation for very
hard water

What is water hardness?
There are many parameters that determine the quality of a
water source. Water that has a composition closer to distilled
water is considered of a higher quality, while water with many
dissolved solids or high turbidity is considered low quality.
Calcium carbonate, magnesium carbonate, calcium sulfate and
calcium silicate are some of the most common minerals that get
dissolved  into  water  as  it  runs  through  river  beds  and
underground aquifers. The carbonates and silicates will make
water more basic, will increase the water’s buffering capacity
and will also increase the amount of magnesium and calcium
present in the water.

Water hardness is determined experimentally by measuring the
amount  of  Calcium  and  Magnesium  in  solution  using  a
colorimetric  titration  with  EDTA.  Although  both  Calcium
hardness  (specific  amount  of  Ca)  and  Magnesium  hardness
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(specific amount of Mg) are measured, total water hardness
(the sum of both) is the usually reported value. The result is
often expressed as mg/L of CaCO3, telling us how much CaCO3 we
would require to get a solution that gave the same result in
the EDTA titration.

The Calcium and Magnesium present in water sources with high
hardness is fully available to plants – once the pH is reduced
to the pH used in hydroponics – and it is therefore critical
to take these into account when formulating nutrients using
these water sources. It is a common myth that these Ca and Mg
are unavailable, this is not true.

What about alkalinity?
Water alkalinity tells us the equivalent amount of calcium
carbonate we would need to add to distilled water, to get
water  that  has  the  same  pH  and  buffering  capacity.  An
alkalinity value of 100 mg/L of CaCO3 does not mean that the
water has this amount of carbonate, but it means that the
water  behaves  with  some  of  the  chemical  properties  of  a
solution containing 100mg/L of CaCO3. In this particular case,
it means that the water requires the same amount of acid to be
titrated as a solution that has 100mg/L of CaCO3.

Water sources with high hardness will also tend to have high
alkalinity as the main salts that dissolve in the water are
magnesium and calcium carbonates. Since these carbonates need
to be neutralized to create a hydroponic solution suitable to
plants, the anion contribution of the acid that we will use to
perform the neutralization needs to be accounted for by the
nutrient formulation.

An example using Valencia, Spain
Valencia,  in  the  Mediterranean  Spanish  coast  (my  current
home), has particularly bad water. Its water has both high



alkalinity  and  high  hardness,  complicating  its  use  in
hydroponics. You can see some of the characteristics of the
water below (taken from this analysis):

Name Value Unit

Calcium 136 ppm

Magnesium 42 ppm

Chloride 103 ppm

Sulfur 89 ppm

pH 7.6

Alkalinity 240 mg/L of CaCO3

Typical water quality values for water in Valencia, Spain.
Hard water creates several problems. Since Calcium nitrate is
one  of  the  most  common  sources  of  Nitrogen  used  in
hydroponics, how can we avoid using Ca nitrate? Since we have
more than enough. Also, how can we neutralize the input water
so that we can make effective use of all the nutrients in it
without overly increasing any nutrient, like P, N or S, by
using too much of some mineral acids?

Creating  a  one-part  solution  for
very hard water
HydroBuddy allows us to input the characteristics of the input
water into the program so that we can work around them while
designing  nutrient  solutions.  To  get  around  the  above
mentioned problems – but still ensure I could easily buy all
the required chemicals – I decided to use a list of commonly
available  fertilizers.  I  used  Calcium  Nitrate,  Magnesium
Nitrate, Potassium Nitrate, Phosphoric acid (85%) and a micro
nutrient mix called Force Mix Eco (to simplify the mixing
process). This micronutrient mix is only available to people
in the EU.

https://www.emivasa.es/Sites/2/Docs/calidad%20del%20agua/20190101_Analisis%20tipo%20de%20agua%20red%20Valencia%202019.pdf
https://www.amazon.es/CULTIVERS-Force-Mix-correctora-Multiples-equilibrada/dp/B07RQZ49ZG/ref=sr_1_1?adgrpid=127659288432&gclid=Cj0KCQjw2MWVBhCQARIsAIjbwoMoIPxrAWaREfy-f_ljEe6tOJt2aKsJ_rEtbvMxLxKOC_YRRk9rviYaAq29EALw_wcB&hvadid=545572840954&hvdev=c&hvlocphy=1005545&hvnetw=g&hvqmt=e&hvrand=18322698701849969261&hvtargid=kwd-1461684836596&hydadcr=26466_1925966&keywords=force-mix+eco&qid=1655830592&sr=8-1


HydroBuddy  results  to  create  1  gallon  of  1:100  nutrient
solution for Valencia’s very hard water.

Note that we use absolutely no phosphates or sulfates, since
the solution already contains more than enough sulfur (89 ppm)
and we need to add all the Phosphorus as phosphoric acid to be
able to lower the alkalinity. I determined the amount of P to
add by setting P to zero, then using the “Adjust Alkalinity”
to remove half of the alkalinity of the water using phosphoric
acid. This is more than enough P to be sufficient for higher
plants. The above nutrient ratios should be adequate for the
growth of a large variety of plants, although they are a
compromise and not ideal for any particular type of plant.

Since we are adding no sulfates and the pH of the solution is
going to be very low (because of the phosphoric acid), we can
add all of these chemicals to the same solution (no need to

https://scienceinhydroponics.com/wp-content/uploads/2022/06/image.png


make A and B solutions). The values in the image above are for
the preparation of 1 gallon of concentrated solution. This
solution is then added to the water at 38mL/gal of tap water
to create the final hydroponic solution.

Does it work?
I have experimentally prepared the above concentrated solution
– which yields a completely transparent solution – and have
created hydroponic solutions I am now using to feed my home
garden plants. After adding to my tap water – initial pH of
7.6 – I end up with a solution at a pH of 5.6-5.8 with around
1.5-1.8mS/cm  of  electrical  conductivity.  The  plants  I’m
currently growing – basil, rosemary, chives, mint, malabar
spinach and spear mint – all seem to thrive with the above
solution. I am yet to try it on any fruiting crops, that might
be something to try next year!

Are you growing using hard water, have you prepared a similar
one-part for your hard-water needs? Let us know what you think
in the comments below!

New  tissue  analysis  feature
in HydroBuddy v1.99

Tissue Analysis
To grow great plants, we need to grow plants that have a
healthy  mineral  composition.  Although  there  are  no
theoretically  established  values  for  what  the  mineral
composition of a plant should look like, we have grown healthy

https://scienceinhydroponics.com/2022/05/new-tissue-analysis-feature-in-hydrobuddy-v1-99.html
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plants and have established, through analysis of their tissue,
what  this  mineral  composition  should  empirically  be.  By
sampling the leaf tissue from your plants and sending it to a
lab for analysis, you can know what the composition of your
tissue is and how it compares to healthy plants grown by
others.

The question is, can we create a nutrient formulation just
from the tissue composition we want to get?

Nutrient  solution  targets  from
tissue analysis
Turns out, you can figure out the elemental concentrations
that are required in solution to get to certain concentrations
in tissue. My colleague and friend – Bruce Bugbee – proposed
in this paper about nutrient management in 2004 how this could
be done. To achieve this, we make the assumption that all
elements taken up by the plant will be deposited as minerals
upon transpiration – because minerals cannot leave the plant
as gases – so knowing the amount of water that will transpired
per amount of tissue grown, we can figure out how much of that
element needs to be in the water.

The volume of water required to grow a certain mass of tissue
is called Water Use Efficiency (WUE). It is expressed as gram
of tissue per liter of water transpired and has values from
3.0 to 6.0. Higher WUE values imply the plant is growing more
efficiently, requires less water to grow the same mass of
tissue, while a lower WUE implies the plant is less efficient
and needs to transpire more to grow. Conditions that increase
growing efficiency and decrease transpiration, such as carbon
dioxide enrichment and high humidity, tend to increase WUE,
while conditions that create inefficient growing – like low
humidity with high temperature – tend to decrease it.

If we grow plants with a solution where we determine the

https://www.researchgate.net/publication/284231562_Nutrient_management_in_recirculating_hydroponic_culture


nutrients  according  to  the  WUE  and  the  concentrations  in
tissue we want, we can create very effective solutions that
lower the probability of over accumulation of nutrients in the
root zone and the solution. This allows for solutions that
require  no  dumping  and  create  very  healthy  plants  in
recirculating systems (for which Deep Water Culture, DWC, is
the most common example).

Doing this process in HydroBuddy
From  v1.99,  HydroBuddy  now  includes  a  “Tissue  Analysis”
dialogue that allows you to use target tissue concentrations
and a certain WUE value, to figure out what the required
nutrient  concentrations  in  a  hydroponic  solution  would  be
like. The program also includes a small Database with tissue
targets for certain plants and certain stages of development.
There are also a couple of links that point you to resources
where you can find a wide variety of different plant species
and development stages if the ones that interest you are not
included in the software’s default DB configuration.

The image below shows you an example where I determined the
target solution concentrations required to grow a tomato plant
that has the composition expected for a tomato plant in early
flower.



Nutrient solution targets for a hydroponic solution to grow
tomatoes with a leaf tissue composition equal to that expected
for tomatoes under initial flower (MRM = most recent mature
leaf). This assumes the WUE is 3.5 g/L.

How do I figure out the WUE?
As you can see, the above process requires you to input the
WUE. This ranges from 3 to 6. It is not easy to measure in the

https://scienceinhydroponics.com/wp-content/uploads/2022/05/2022-05-13_20-01-57.png


environment, so the best practical solution is to assume your
WUE is about 3.5 (the default value), prepare solutions with
those  concentrations  and  then  observe  how  the  EC  of  the
solution changes as a function of time.

A solution that is prepared with a concentration that would be
appropriate for the exact WUE of the plants will have an
initial decrease in EC – as nutrients that are taken actively
are rapidly taken up – followed by more stable to slightly
decreasing  EC  conditions  as  uptake  changes  to  be  mostly
passive. This cycle is repeated when solution is replenished
to recover the initial volume in a recirculating system. A
solution  that  is  prepared  too  concentrated  will  have  an
increasing EC while a solution that is prepared too diluted
will show a consistently decreasing EC. If your EC decreases
more sharply with time then you need to assume a higher WUE,
if  your  EC  increases  then  you  need  to  lower  your  WUE
assumption.

Limits of the approach
While this approach can be very useful to create long lasting
solutions,  especially  in  recirculating  systems,  it  suffers
from some important limitations.

The first is that it doesn’t account for changes in uptake due
to changes in pH or availability in solution. This is the
reason why the recommendations for elements like Fe and Mn,
might be significantly lower than what you commonly see in
nutrient  solutions.  In  the  above  example,  the  solution
requires only around 0.35ppm of Fe, but this means we need
0.35ppm of fully available Fe for the plant, which in reality
might mean having 1.5ppm of Fe or more of added Fe, depending
on the chemical form of Fe and the pH of the solution.

The  above  implies  that  values  should  not  be  used  without
considering the context and that this context might be much
more  important  for  some  nutrients,  for  example  micro



nutrients, than for other elements, for example K and Ca, for
which the availability windows and plant uptake are much more
straightforward.  The  plant  characteristics  should  also  be
taken into account. While a leaf tissue derived approach might
only require 50 ppm of Ca in a lettuce crop, we know we need
to feed more due to the poor water transport of this plant
into new leaves.

Second, the approach assumes that all we care about is leaf
composition. This is a perfectly fine if we are growing leafy
greens, but if you’re growing a tomato plant, the composition
will be heavily split between leaves and fruits as soon as
flower  pollination  ends.  For  this  reason,  the  nutritional
needs of other important tissues – such as sink organs –
should  be  considered  very  carefully  when  following  this
approach. In the case of tomatoes, this might mean feeding
substantially higher levels of K, as this element has a much
higher concentration in fruits than it has in leaves.

Crops that have changing nutritional needs due to changes in
the  composition  of  the  tissue  formed,  require  different
nutrient solutions as a function of time, as we need to match
the overall expected composition of the entire plant, not just
the leaves.

Conclusions
Nutrient formulations do not need to be just trial and error.
Up until now, besides a formulation database, HydroBuddy had
no  feature  to  help  growers  create  formulations  with  any
scientific basis. This new feature, introduces the ability to
use target leaf tissue composition and WUE as a way to guide
the initial formulation of nutrient solutions. While you still
need experience to figure out when to overrule these values
and increase or decrease concentrations, it does provide basic
blue prints to build from. An analysis of how a formulation
derived from tissue compares with your current formulation



might also give you some insights into whether you are over or
under feeding any elements.

Have you use the HydroBuddy’s leaf tissue analysis feature?
Leave us some comments below!

The importance of accuracy in
hydroponic  nutrient
preparation
When you prepare your own concentrated hydroponic nutrients,
you need to carry out a significant number of measurements. As
a consequence, you will deviate from your intended preparation
by the errors inherent to these operations. Plants tolerate a
significant array of conditions, so these errors – even though
sometimes quite big – are often not big enough to kill plants
and  are  therefore  ignored  by  growers.  These  errors  will,
however, greatly hinder your ability to optimize and evolve
your crop nutrition to a higher standard. In this post, we
will talk about these errors, why and how they happen, when
they are important, and how you can minimize them in order to
obtain more reproducible results.
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The markings in buckets can carry high systematic and random
errors.

Types of error



Systematic Error
There are two types of errors that happen when anything is
measured. The first is systematic error, which is the error
inherent  to  calibration  problems  of  the  instrument.  For
example,  you  might  be  using  a  1  gallon  jug  to  prepare
concentrated nutrients and always filling the jug to a mark
you made on it. This mark is not going to be 1 gallon, but
probably significantly over or under it. As long as you always
use  the  same  jug  and  fill  to  the  same  mark,  this  large
deviation from 1 gallon will always be the same. As long as
the  measuring  instrument  is  unchanged  –  meaning  not
recalibrated – the systematic error always remains the same in
sign and magnitude.

Random Error
The second type of error relates to the randomness of the
measuring process. Imagine that you used a sharpie to make the
mark on the above-mentioned one-gallon jug, and you always try
to  measure  to  the  same  mark.  The  mark  has  some  width,
sometimes you will fill your jug up to the bottom of the mark,
sometimes up to the top. Sometimes the surface where you place
the jug where you measure will not be perfectly leveled, so
the mark will be off because it will be higher at one side of
the jug vs the other, etc. This error changes randomly, every
time you measure. One time you might be +1%, the other -4%,
etc.

Where the biggest errors happen
When  you  make  your  own  hydroponic  nutrients,  you  will  be
measuring two things: volume and mass. These two measurements
will both carry systematic and random errors. The errors in
scales are more obvious, so growers will always make an effort
to get scales that are accurate enough for the measurements
they  want  to  make.  For  small  growers,  this  means  getting



scales  that  can  measure  +/-0.01g  with  a  decent  capacity,
normally 500g is fine. Buying weights to properly calibrate
these  scales  is  also  recommended,  in  order  to  reduce
systematic  errors  as  much  as  possible.

However, always make sure you read at least 3 significant
digits when making a weight measurement. This means if you
need to measure 1.673485g, you need a scale that measures at
least 2 digits, so that you can measure 1.67 +/- 0.01g. This
will keep your error below the 1% mark. This is why it is
often common to also get a +/-0.001g scale, to measure things
like sodium molybdate. You can also go around this problem by
preparing more concentrated solution, as your weights become
larger, with larger volumes.

Volumes however are where the largest errors are accrued. Most
growers will use non-calibrated receptacles to measure volume.
The fact that something has a line drawn on it with a volume
marking,  does  not  mean  that  this  line  is  accurate.  The
systematic errors in these receptacles are usually very large
because these were never intended for accurate measurements of
volume. Things like buckets, beakers, tanks, and jugs, should
not be used to measure volumes. Wide containers, like buckets
and tanks, also enhance errors that relate to parallax – your
ability to judge whether a level of water is at a line – so
the random component of your error will be quite large.

Consequences in nutrient values
In  the  best  cases  –  for  jugs,  buckets,  and  tanks  –  the
systematic error is around 10% with a random error of +/- 5%
(3 sigma). If you are preparing a concentrated solution where
the final expected concentration after dilution is 200 ppm of
K, then this means that your actual K value in solution will
start by being 10% over or under it – depending on which way
the systematic error of your volume measurement goes – and
then  deviate  +/-5%  from  there.  This  means  that  you  are



expected to get values all the way from 170 to 230 ppm in the
final solution.

This is fine as far as keeping plants alive goes. A solution
with 170 ppm will keep plants alive as well as a 230ppm
solution would. This is the reason why most growers don’t see
an immediate need to reduce these errors. If you’re growing
healthy  plants  and  you  have  less  or  more  than  what  you
intended, what is the problem?

How inaccuracy affects your process
There are three ways in which having inaccurately prepared
solutions can affect your process. The first is that it makes
you very vulnerable to changes. The second is that it makes it
difficult for you to effectively optimize your setup, and the
third is that it prevents others from being able to reproduce
your results.

Changes  in  your  setup  can  affect  you
deeply
Let’s say you optimized your nutrients with time and found
that the optimal is 200ppm of K. In reality you have a bucket
that always measures 10% less volume and you randomly deviate
+/- 5% from that as well. This means that your final solutions
are majorly in the 210-230 ppm range. Your trusty plastic
bucket then cracks and you need to go and buy another one, you
suddenly find that you’re not getting the same results. Now
you have a bucket that just by chance, happens to measure the
volume  more  accurately.  You  are  now  feeding  190-210ppm,
substantially less K. You never knew that, you’re confused,
you’re preparing everything the same way.

Your ability to optimize is hindered
The second problem is similar. Let’s say you prepared a batch



of concentrated solution to compare feeding K at 180 ppm and K
at 200 ppm. You prepare a single-stock solution to carry out
the test. This bucket has a systematic error of +10% and a
random error of +/-5%. For this batch, the solution happens to
be 6% more concentrated than intended (+10% systematic, -4%
random), so you end up with 190.8ppm and 212ppm. You find out
that the 200 ppm preparation works better, so you decide to
use it.

However, you run out of the stock solution you prepared for
the experiment, so you prepare it again. However, you incur a
different random error in this preparation – remember random
errors are different every time you measure – and you end up
being with a +1% random error, so a +11% total error. Your
results are not as good as before, you don’t know why. The
reason,  you’re  feeding  222ppm  while  in  your  previous
experiment you had fed 212ppm. All while thinking you were
feeding 200 ppm.

It becomes hard to share
Systematic and random errors can make effective sharing of
results impractical. Imagine you have optimized your setup to
the point where you’re sure that the solution you prepare is
the best one for a given plant under some given conditions.
Then, you want to share this with another grower and tell him
how to mix your formulation. This person tries it and tells
you  that  your  solution  doesn’t  actually  work  the  way  you
think. You might both be aiming for the same targets but
hitting completely different numbers in reality. When sharing,
it is important to share the numbers you aim for, as well as
the error related to these values.

How to reduce errors



Prepare  highly  accurate  small  scale
solutions
The easiest way to reduce errors when preparing hydroponic
solutions  is  to  base  all  preparations  on  small-scale
experiments  where  the  preparation  can  be  done  much  more
accurately,  using  calibrated  volumetric  material.  Watch  my
videos on preparing hydroponic solutions, how to correctly
prepare dilutions and how to characterize stock solutions, to
learn more about how this is done.

Volumetric flasks can be used for highly accurate small scale
preparations

The idea is that these small-scale preparations can tell you
things such as: the amount of water you need to add for a
given volume of stock solution, the expected conductivity of
dilutions, and the expected density of the stock solution.
Remember that salts take up volume, so to prepare 1 gallon of

https://www.youtube.com/watch?v=KNiAUym3Aw8&t=379s
https://www.youtube.com/watch?v=j0uEuSd45XU&t=2s
https://www.youtube.com/watch?v=j0uEuSd45XU&t=2s
https://www.youtube.com/watch?v=XwXNOjOOA9k


a concentrated stock solution you will need much less than 1
gallon of water. With this information, you can then prepare
larger amounts of stock solutions, since you know the exact
amount of water to add for a final volume, which you can
accurately measure with a flow meter instead of having to use
markings of any kind. You can then use the density measurement
to check the accuracy of the preparation.

Perform fewer measurements
Every measurement you make incurs an additional error. It is
better to prepare 2 concentrated nutrient solutions than to
have 10 solutions with the salts being separated because you
need to make 8 fewer volume measurements. If you minimize the
number of measurements that you need to do to arrive at the
nutrient  solution  that  is  fed  to  plants,  you  will  also
minimize the error incurred in these measurements. Minimize
measurements  from  instruments  with  high  errors.  If  your
volumes  have  much  more  inaccuracy  than  your  weights,
prioritize lowering the number of times you measure volume vs
weights.

Conclusion
Accuracy is something to strive for. It closes no doors, only
opens them. It is not about being overly fuzzy or obsessive
about it, it’s about using it to help you get better. Better
practices, lower errors, more reproducibility, more learning.
It’s a virtuous cycle. Errors are always there, whether you’re
aware of them or not. Ignore them at your own peril.

If  you  have  a  process  that  is  inaccurate  that  generates
significant variations in your nutrient solution makeup, then
these will be a problem, one way or another. You might be
unable to judge whether changes in your crop are due to errors
or due to changes, you might be unable to reproduce results
and  you  might  find  yourself  unable  to  meaningfully  share



results and explore with others. High accuracy is often not
substantially  expensive  in  hydroponics  –  instruments  for
accurate small-scale preparation are generally below the 200
USD mark total – and they can dramatically enhance the quality
of  your  solutions  and  the  conclusions  you  can  make  from
experiments.

Do you prepare your own nutrient solutions? Do you know what
your systematic and random errors are? Share with us in the
comments below!

How  to  make  an  organic
hydroponic nutrient solution
Hydroponic nutrients are usually made with synthetic chemicals
that come from industrial processes. While these chemicals are
usually of a higher purity than those mined or obtained from
animal  or  vegetable  resources,  it  also  means  that  these
products  contain  no  microbes  or  bio-stimulants  and  their
origin implies they cannot be used in organically certified
growing operations. Growers who want a more organic approach
might still want to use hydroponic solutions, but traditional
hydroponic fertilizers cannot be used due to the fact that
they lack many of the traits desired in an organic fertilizer.
In this post, I will show you how you can create a complete
hydroponic solution from scratch using only OMRI-approved raw
materials.

https://scienceinhydroponics.com/2021/04/how-to-make-an-organic-hydroponic-nutrient-solution.html
https://scienceinhydroponics.com/2021/04/how-to-make-an-organic-hydroponic-nutrient-solution.html


This seal is given to products that have been approved by the
OMRI organization, which certifies which products can be used
in organic culture

OMRI nutrient sources
A complete hydroponic solution should provide all substances
that are necessary for plant growth. This means we need to
provide nitrogen, phosphorus, potassium, magnesium, calcium,
sulfur, iron, zinc, boron, copper, molybdenum, and manganese.
Furthermore, we need to ensure that all of these nutrients are
provided in forms that are available for the plants. This
means we need to find sources that contain all the elements we
need  and  then  create  a  process  that  makes  all  of  these
nutrients  adequately  bioavailable.  The  following  are  the
nutrient sources that we will be using, all of them are OMRI
listed:

Please note the amazon links below are referral links. This
means that I get a small commission when you choose to buy the
products through these links, at no extra cost to you.

Bark compost
Solubor
Copper Sulfate
Corn Steep Liquor
Ferti-Nitro Plus

https://scienceinhydroponics.com/wp-content/uploads/2021/04/OMRI-listed-prod-avail-english-cmyk.jpg
https://amzn.to/2PTbV6V
https://ohioearthfood.com/products/solubor-soluble-20-5-boron
https://ohioearthfood.com/products/copper-sulfate?_pos=1&_sid=d9315334c&_ss=r
https://amzn.to/32btmCb
https://customhydronutrients.com/fertinitro-plus-136200-c-75_76_288_324/


Iron Sulfate
Magnesium Sulfate
Manganese Sulfate
Potassium Sulfate
Seabird Guano
Zinc Sulfate

Mixing the solution
This solution cannot be created in a concentrated form. This
means  we  will  be  preparing  a  solution  that  will  be  fed
directly to plants. However, since many of the inputs contain
a lot of insoluble materials – due to their origin – there
will  need  to  be  a  filtration  process  in  the  end.  This
filtration step is necessary if you want to avoid problems
dealing with the clogging of irrigation lines, in case you
want to feed this into a regular irrigation system. If you
want  to  hand  water  directly,  then  you  can  avoid  this
filtration  step.

Since the solution is not concentrated, the amounts to be
weighed can be small for some of the materials. For this
reason,  I  advise  you  to  prepare  at  least  100  gallons  of
solution,  so  that  you  don’t  require  to  weigh  very  small
amounts of material. This will help keep the errors due to
measurements low. To make this preparation you will need the
following materials:

A tank that can hold 100 gallons
A flow meter to measure water flow
A scale that can weight +/-0.01g max 500g
An air pump rated for at least 100 gallons of water
Air stones to diffuse air

To prepare the solution (100 gallons), follow these steps:

Add 50 gallons of water using the flow meter. Ideally1.
use RO water, but you can use tap water as well if that

https://www.7springsfarm.com/iron-sulfate-powder-20-50-lb-bag/
https://www.growerssolution.com/page/GS/PROD/33608
https://plantbrix.com/product/manganese-sulfate/
https://ohioearthfood.com/products/sulfate-of-potash-0-0-50#:~:text=OMRI%20listed%20for%20certified%20organic%20production.&text=Mined%2C%20all%20natural%20source%20of%20potash%20(50%25)%20without%20chlorine,Also%20contains%2018%25%20sulfur.
https://amzn.to/3uP8ZqK
https://plantbrix.com/product/zinc-sulfate/
https://amzn.to/3dYC1xm
https://amzn.to/3dZh8lz
https://amzn.to/3tmh2L6
https://amzn.to/3uLJerh


is not possible.
Weigh and add all the ingredients per the table below.2.
Add another 50 gallons of water using the flow meter.3.
Place the air pump inside the solution and switch it on.4.
Maintain constant aeration for at least 15 days. Do not5.
use it before this time has passed.
After 15 days have passed, filter the solution to use in6.
irrigation lines or use directly to hand water. Keep air
flowing through the solution even after the 15 days have
passed.
The  solution  might  also  become  basic  during  this7.
process,  if  necessary,  you  can  bring  the  pH  of  the
solution down with citric acid before watering plants.

Bark compost 190

Solubor 0.65

Copper sulfate 0.15

Corn Steep Liquor 330

Ferti-Nitro Plus 220

Iron Sulfate 4

Magnesium sulfate 190

Manganese Sulfate 1

Potassium Sulfate 136

Seabird Guano 265

Zinc Sulfate 0.10
Table of ingredients to weigh. Masses are in grams.

The reason for the long wait
Plants ideally require nitrate in order to grow, the above
inputs  do  not  contain  nitrate  in  appreciable  amounts  but
mainly organic nitrogen sources. In this and this previous
posts, you can learn more about organic nitrogen and why it is
not ideal to use this in an unprocessed manner in a hydroponic

https://scienceinhydroponics.com/2021/04/making-a-nitrate-rich-compost-tea-for-organic-hydroponics.html
https://scienceinhydroponics.com/2021/04/organic-nitrogen-in-hydroponics-the-proven-way.html


crop. When you irrigate with organic nitrogen, most of the
nitrogen will go unused and significant time will need to pass
in the root zone for it to become available. The organic
nitrogen decomposition process can also destabilize the pH of
the root zone, making it harder for plants to properly absorb
nutrients. By carrying out this process outside of the root
zone, we make it easier on the plants, as we feed a pre-
digested solution that is rich in available nutrients and
microbes. The Seabird Guano and Bark compost, both provide the
microbe inoculations necessary for the nitrogen decomposition
process to take place. Oxygen, which we continuously pump into
the solution, is also key to this process. The CSL and the
Ferti-Nitro Plus will provide the organic nitrogen sources
that will be decomposed.

This solution also contains a significant amount of amino
acids. Although most of these amino acids will be converted
into more readily absorbable nitrate through the digestion
process, a small amount will be left undigested, which will
lock  onto  the  heavy  metal  ions.  This  will  help  prevent
precipitation issues and provide the plant with organically
derived chelates.

Also note that no specific molybdenum input is included. This
is because it is present as an impurity in the corn steep
liquor  at  a  high  enough  concentration,  so  its  explicit
addition is not required.

Conclusion
The  above  solution  should  fully  replace  a  traditional
hydroponic solution, using only OMRI-approved materials. The
final concentrations of nutrients should be spot on for the
healthy  development  of  most  small  and  large  plants.  The
solution  will  also  contain  a  lot  of  microbes  and  bio-
stimulants, which will also help plant growth. Of course, the
final character of the solution will depend on the temperature



of the digestion, the amount of aeration present, and the
nature of the inputs used (as OMRI inputs have a significant
amount of variability due to their sourcing). It might take a
few  tries  to  adjust  this  process  to  your  particular
conditions. Note that the above solution is intended to be
used with soilless media that has not been amended, as it
should provide all nutrients required for plant growth.

Did you prepare the above solution? Leave a comment telling us
about your experience!


