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ABOUT THE AUTHOR

Ray DeBruhl, the founder and owner of Transplant Systems 
received his Agronomic degree from North Carolina State 
University in 1974. That background would later provide the 
foundation for the development of the first scientific agronomic 
program for growing greenhouse transplants. An agronomic 
program that would eventually become the industry standard.

About Transplant Systems
Transplant Systems® is a growing system company that is 
partnered with the largest transplant producer and the largest 
clone producers in the country making us the largest provider 
of industrial hemp transplants in the United States.  We are 
focused on providing greenhouse transplants and agronomic 
programs for growing industrial hemp transplants.

Transplant Systems pioneered the greenhouse tobacco plant 
industry in 1984.  The agronomic programs and the systems 
we developed and patented have become an industry 
standard. If you have grown greenhouse tobacco plants 
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then you have used equipment developed and patented by 
Transplant Systems and the agronomic growing programs that 
we developed.  

Our decades of experience enables us to provide you with field 
ready transplants from feminized seed or from clones, or the 
systems and agronomic programs needed to grow industrial 
hemp transplants in your greenhouse. 

Transplant Systems is well known for providing agronomic 
assistance to its growers in the US and abroad. Its technology 
has stood the test of time and has become the corner stone 
on which the industry has grown. Now, the application of those 
same agronomic programs are necessary for the successful 
production of industrial hemp transplants.
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PREFACE

THE TRILOGY STORY

The Trilogy Growing Program actually originated in 1984 and 
was developed by the author. It was not referred to as the 
Trilogy Growing Program then. It was called “Transplant Systems 
Growing Program”. 

In the 80s Transplant Systems was the first and only company 
manufacturing a total system concept for growing greenhouse 
tobacco plants in a direct seed manner. Interestingly, that 
total system concept included a scientific agronomic growing 
program that the author had developed to teach his customers 
how to grow tobacco plants in a greenhouse. There was no 
research being conducted by tobacco specialists for growing 
greenhouse tobacco plants for growers to receive help from in 
the 80s and early 90s. 

Having a proven scientific program for growers to follow was 
necessary to guarantee their success with this new growing 
technology.

The company not only manufactured and sold growers the 
complete system but also taught seminars and consulted with 
customers in the growing of their plants to help ensure their 
success. Transplant Systems conducted growing seminars 
every year in each state and country that it marketed in.

The information in this book will reintroduce this technology to 
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old and new growers alike. Some will remember and be familiar 
with the information presented here. Others will find it new and 
different to them. However, the information presented here is 
the same as written in the growing manual  by the author, Ray 
DeBruhl, titled “The Basics of Plug Growing”, 1984.

It is called The Trilogy Growing Program today and it is still 
based on the same 3 very important factors that are linked 
together. The Trilogy program is a fertility management triangle 
that ensures you have all the important nutrients needed with 
the proper media substrate for your production of greenhouse 
hemp transplants. 
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INTRODUCTION
The successful production of quality transplants with a high pull 
percentage is the goal of every grower in the greenhouse. 
That goal is best realized when you start with a proven scientific 
approach to your fertilization program. The “Trilogy Growing 
Program” will enable every grower to achieve those results.

The Trilogy Program will determine the fertilizer that you should 
be using, based on the analysis of your water. And with the 
proper soil media selected, the “Trilogy Growing Program” 
will deliver a proven scientific approach to your fertilization 
program and provide you the results you want.

Proper plant nutrition is essential for the successful production 
of quality hemp transplants. There are 3 main factors that affect 
the nutritional needs of growing quality transplants. 

Plant Nutrient Management requires a thorough understanding 
of these 3 main areas, as they are connected to each other.

1. Water Analysis

2. Fertilizer Selection

3. Soil Media Selection

Water Analysis is in my opinion, the most important factor in 
the production of greenhouse tobacco plants. It was the most 
important factor in 1984 when the program was developed 
and it remains the most important factor today. It is also the 
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most overlooked factor by growers. An understanding of water 
quality is absolutely essential in a growers’ quest to produce 
the best quality plants he can.

This book will discuss the issues related to water quality and how 
it affects growing your hemp plants. It will also give you water 
quality guidelines that you should follow. And if necessary, 
outline the methods for treating your water if you have a water 
quality issue.

Fertilizer Selection of the correct water-soluble fertilizer is an 
equal part of the crop fertility management triangle. There is not 
a “one-size-fits-all” fertilizer. Your water analysis will determine 
which fertilizer you should be using. There is not a fertilizer that 
accommodates all the possible water quality scenarios. 

This book will address what those water quality scenarios are 
and how it impacts your fertilizer selection decisions. You will 
begin to understand why your water chemical composition 
drives your fertilizer choices.

Soil Media Selection is the third part of the “Trilogy Growing 
Program”. The soil media is equally important as it supports the 
plant from germination to transplanting the crop to the field. It 
must provide an environment to deliver air, water and nutrients 
to the roots and the plant. It must provide for the most air 
porosity possible. Good air porosity is imperative for excellent 
root growth.

This book will address soil media selection with respect to its 
chemical and physical properties. It will also discuss how 
different soil media qualities impact the fertility program.
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One of the most pressing needs that I have witnessed over the 
years is for growers to more fully understand their fertility needs 
in growing greenhouse transplants.

We will illustrate the important areas of your fertility program 
that you as a grower should focus on to grow the best quality 
plant possible.

The Trilogy Growing Program is a fertility management system. 
Its foundation is rooted in water analysis which then provides 
the parameters needed for your fertility program. Once you 
have built the fertility foundation, then you can select the 
proper soil media to deliver the fertility program to your plant.

After reading this book you will understand why the original 
fertility program developed in 1984 is called Trilogy today. It truly 
is a three-part program designed to provide the grower with 
the absolute best growing system for growing their greenhouse 
hemp transplants.

The information presented here on fertility management has 
not been presented to growers in such a comprehensive 
format since I introduced it in 1984.

Growers can improve the plant production part of their 
operation by adopting the fertility management practices 
presented here.
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CHAPTER 1

WATER QUALITY

Would you apply a bag of fertilizer to your hemp plants that 
does not have an analysis label on it? The answer to that 
question is obvious, or is it?

Unless growers have their irrigation water analysis done, that is 
exactly what they are doing. The irrigation water contributes 
to the nutrient supply just as the applied fertilizer does. The 
irrigation water is a very important contributor to the nutrient 
needs of the plant.

So, as a grower, if you are not having your water analysis 
performed annually, then you are blindly applying nutrients or 
lack of nutrients in quantities unknown to you.

Your irrigation water source contributes to the nutrient supply 
in the greenhouse. It is not a significant source of the primary 
macronutrients like nitrogen, phosphorus or potassium but it 
can be for secondary macronutrients like calcium, magnesium 
and sulfur and other micronutrients. The chemical content of 
your water can affect plant growth directly through either 
nutrient deficiency or nutrient toxicity.

Therefore, it is critical that you know its nutrient or chemical 
composition. It is this chemical composition especially the 
identity and concentration of soluble ions which has a dramatic 
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effect on the plant growth. The only way to know what is on 
the label is to have a water analysis performed.

Water quality can vary tremendously across the hemp growing 
regions of the country. Within any given region the quality of 
water can vary from one farm to another. One grower may 
have good quality water where he is drawing water from a 
shallow well while his neighbor is struggling with bad quality 
water that he is drawing from a deep well. 

To further complicate the water quality matter, changes in the 
ground water can influence the makeup of the water. Going 
from a period of heavy rains to periods of drought changes 
the water table and consequently changes the chemical 
composition of the water. In other words, the label on your 
water changes.

Having a sufficient quantity of good quality water and knowing 
the composition of your water, is imperative if the outcome 
is to produce the best quality transplants possible. This book 
will address the major water quality factors and give you 
the guidelines that you need to follow. It will also help you to 
understand your water analysis report.

Water analysis begins with the collection of a water sample that 
should reflect the properties of the water source coming into 
the greenhouse. To collect a sample, follow these procedures.

1. Collect 1 pint of water as close to the source as possible.

2. Allow the water to run long enough to flush the line, 
about five minutes.
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3. Collect sample in a new polyethylene or polypropylene 
plastic container. Avoid containers with metal lids. Do 
not wash the container with detergents.

4. Fill the container with water. Do not allow any air space. 
Seal the lid tightly.

5. Promptly send the sample to the laboratory.

There are several water quality factors that should be 
considered when establishing your fertility program. We begin 
by accessing the chemical composition of your water. Listed 
here are the most important ones.

1. Alkalinity

2. Calcium

3. Magnesium

4. Sulfur

5. Sodium

6. Soluble Salts

7. Sodium Absorption Ratio

Alkalinity is defined as the capacity of the water to neutralize 
acids. In layman terms, I like to view alkalinity as the “liming 
potential” of the water. The desired alkalinity that you want 
your water to have is 60-80 ppm (parts per million).

The level of alkalinity is determined by the sum total of 
bicarbonates (HCO3) and carbonates (CO3) ions. The 
bicarbonates can originate from calcium bicarbonates, 
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sodium bicarbonates, and magnesium bicarbonates. The 
carbonates originate from calcium carbonate. These are 
the major chemicals that contribute to the alkalinity level of 
your water and originate from the geological materials of the 
aquifer from which the water is drawn, such as limestone and 
dolomite. Dissolved hydroxides are a minor contributor.

Most labs consider the bicarbonates and carbonates to be 
the main source of components for water alkalinity and will 
collectively refer to them as Total Carbonates (TC). Over 90% 
of alkalinity is composed of bicarbonates.

Do not confuse alkalinity with water pH, they are different 
measurements. Water pH is a measure of the concentration 
of hydrogen ions (H+) in a solution and refers to whether the 
water is acidic or alkaline. A water pH of 7.0 is neutral, below 
7.0 is acidic. Ideally your water should be 5.0 and 6.5 pH, only 
because most chemicals and fertilizers are soluble at that pH. 
Water pH and alkalinity are not directly related.

I never concern myself with the water pH when reading a 
water analysis. But what is a concern, is the alkalinity level of 
the water. 

The reason for this, it’s the alkalinity level of the water, NOT the 
pH of the water that impacts the soil media pH.

Here is an example of what I am referring to. Grower A, could 
have water that has a pH of 7.5 with an alkalinity of 300 ppm 
while another grower B, has the same pH with an alkalinity level 
of 80 ppm. Grower A would see a dramatic rise in his media 
pH while grower B would see no change in his media pH. 
Remember, it is the pH of the soil media that we are concerned 
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about and it is the alkalinity level of your water that impacts 
the media pH, not the water pH.

Alkalinity is Similar to Lime on its Effect on Soil Media

Another way to view alkalinity, is to consider it as the “liming” 
potential of your water. Just like lime is added to field soils to 
raise the pH, the alkalinity (liming potential) of your water will 
raise the pH of your soil mix, except very fast as compared to 
field soil.

Unlike mineral soils in the field, which have buffering capacity, 
peat moss based soilless media have very little buffering 
capacity. Buffering capacity is the soils ability to resist a change 
in pH.

Field soils can resist a change in pH, however peat moss cannot 
resist a change in pH.

Peat moss typically has a very low pH in its natural state.  
Dolomitic lime is added in the processing of the peat to raise 
the pH to a level of 5.5 to 6.0. When you fill your trays and water 
them with water that has a high alkalinity level (high liming 
potential), the peat moss cannot resist a sudden change in pH 
and the pH level of the soil mix will rise quickly to a level above 
6.0 which will then begin to create micronutrient deficiencies. 
Small seedlings cannot tolerate high pH soil media brought on 
by high alkalinity water.

Water Alkalinity has a Big Impact on Soil Media pH

The higher the alkalinity level of the water, the more rapid the 
soil media pH will rise. As stated earlier, we apply lime to our 
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field soils to increase the soil pH. This practice is normally done 
preferably in the fall of the year because it takes a few months 
for the lime to react in the soil and ultimately raise the soil pH. 

The mineral soils have a buffering capacity, meaning they can 
resist a change in pH. However, in the greenhouse you can 
place trays filled with peat moss with a pH of 5.5 and apply 
water that has an alkalinity level of 280 ppm and within one 
week the pH of the soil media in the tray can increase to a pH 
of 7.5. 

When the media pH gets above 6.2 the uptake of iron, 
manganese, boron, zinc and copper is substantially reduced 
creating micronutrient deficiencies. 

One of the reasons this occurs so quickly is not only because 
peat moss has little to no buffering capacity but also because 
there is so little amount of peat moss in the cell where the plant 
is being grown. This reaction would be much slower in a gallon 
pot as opposed to a 1” cell.

Growers should not underestimate the influence that high 
alkalinity water has on the soil media in these small cells. The 
reaction of raising the soil pH in such a small cell can occur in a 
matter of days. In fact, the effect of alkalinity far exceeds the 
effect of the initial lime charge in the soil media.

The level of alkalinity between 60 & 80 ppm is desired. If the 
level exceeds 100 ppm (cutoff point) the decision is made to 
neutralize all excess bicarbonates to the 80 ppm level. If for 
example the water analysis reports an alkalinity of 250 ppm 
bicarbonates. Then substract 80 from 250 (250-80) yielding 170 
ppm of bicarbonates that must be neutralized.
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The formula below will calculate how much 35% sulfuric acid ( 
battery acid) is required to neutralize the excess bicarbonates.

(Alkalinity Start Point – Alkalinity End Point )  X  (2.56)   = oz. acid per 1000 gl 
water

                       (9.19N )

9.19 N = Normality of 35% sulfuric acid

2.56 fl oz  =  Am’t of 35% sulfuric acid required to neutralize 1 meq of CaCO3/L

E.G.

The water analysis reports an alkalinity of 250 ppm bicarbonates. 
Then 250-80 = 170 ppm bicarbonates need to be neutralized.

(250 – 80)  X  (2.56)  = 47 oz of 35% sulfuric acid per 1000 gl of water. Or 4.7 
oz per 100 gl

             (9.19)

Therefore, 4.7 oz of 35% sulfuric acid per 100 gl of water is 
necessary to neutralize the excess bicarbonates to reduce the 
alkalinity level to 80 ppm.

Thus far I have only discussed the issues related to water that 
has a high alkalinity level. Water can also have alkalinity levels 
that are too low. When this occurs the water has no buffering 
capacity. I liken very low alkalinity levels in water as being pure.

If the alkalinity level is too low, below 50 ppm (parts per million) 
then the soil media pH can be driven down when acid forming 
fertilizers are used. When water has very low levels of calcium 
(Ca), magnesium (Mg), and sodium (Na), it is very likely that 
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the alkalinity level is low. 

The pH of the soil media controls the availability and the uptake 
of all the plant nutrients. The ideal pH range is 5.5 to 6.0. In this 
range all nutrients are available in a peat-based soil media. 

When the pH falls below 5.5 major elements such as calcium 
and magnesium become unavailable to the plant. When the 
pH falls below 5.5 the minor elements become too available 
and can become toxic to the plant.

When the pH rises above 6.0, calcium and magnesium become 
over supplied while the micronutrients and phosphorus become 
deficient.

The figure below illustrates the influence of media pH on the 
availability of various nutrients in a peat moss based media. 
The recommended pH range (5.5-6.2) is indicated by the 
shaded area. As the pH rises above 6.0, some nutrients become 
deficient as others become in excess
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High alkalinity levels create nutrient levels to the right of the 
chart, while low alkalinity create nutrient levels to the left of the 
chart.

When the soil media pH is driven down the opposite effect 
occurs, in that, instead of micronutrient deficiencies you get 
micronutrient toxicities. Low soil pH also creates calcium and 
magnesium deficiencies
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When alkalinity is a problem, it is usually an excessive 
bicarbonate problem. However, occasionally someone will 
encounter water that has alkalinity levels that are too low. If 
the levels are below 40 ppm, then the grower runs the risk of 
his soil media dropping in pH. When this occurs, there is a risk 
of developing micronutrient toxicities. Corrective measures to 
raise the pH of the soil media, is to employ basic type fertilizers 
in the place of acidic ones. In an extreme case, it may be 
necessary to add potassium bicarbonate to increase the level 
of alkalinity in the water

In these extreme cases, the water is what I refer to as pure 
water. Usually the micronutrient levels will be at zero. When this 
occurs it is important that the fertilizer being applied contains 
the needed micronutrients, because they will be missing in the 
water, such as boron.

Water Quality Guidelines for Hemp Plant Production

pH 5.5 to 6.2

Alkalinity 60 to 80 ppm CaCO3

Soluble Salts (EC) <  0.75 mmhos/cm

Sodium Absorbtion Ratio (SAR) <  2

Nitrate (N03) <  5 ppm

Phosphorus (P) <  5 ppm

Potassium (K) <  10 ppm

Calcium (Ca) 40 – 120 ppm
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Magnesium (Mg) 30 – 50 ppm

Sodium (Na) <  30 ppm

Chloride (Cl) <  60 ppm

Sulfate (S04) 24 – 240 ppm

Boron (B) <  0.5 ppm

Iron (Fe) <  5 ppm

Manganese (Mn) <  2 ppm

Zinc (Zn) <  5 ppm

Source: Curtice & Templeton,modified by Ray DeBruhl 

Your water alkalinity will have the most dramatic impact on 
nutritional management.

Water alkalinity is so important because it has a tremendous 
effect on the pH of the soil media, influencing the availability 
of nutrients. 

The most common problems found with irrigation water are 
high alkalinity levels, low magnesium levels, low calcium levels 
and low sulfur levels.  These issues can easily be corrected if 
you know they exist.

All the levels listed above needs to be considered but these 
have been the most prevalent ones. 

A complete water analysis will determine which fertilizer analysis 
you should be applying. This is the first step in developing 
a scientific approach to providing the proper nutritional 
requirements for your hemp transplants. 
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Soluble salts are another important factor in assessing water 
quality for growing tobacco plants. While the total soluble salt 
level is important in designing the fertility program, the starting 
point is the soluble

salt level of the water. The total soluble salt level includes the 
irrigation water, soil media and the applied fertilizer.

However in assessing soluble salt level of the irrigation water, 
the levels should be < 0.75 mmhos/cm.

If the level of soluble salt exceeds 0.75 mmhos then the salt 
level can become a problem. Although we do have the ability 
to leach media with water from overhead irrigation, it is best to 
start with water that has the correct level of E.C. (soluble salts).

If the water has high levels of salts then it is necessary to 
determine which elements are contributing to the high levels. 
If sodium and chloride are the contributing elements then that 
is a problem going forward. However if the level of high salts is 
a result of high levels of calcium, magnesium or sulfates then 
these are less of a problem because the plants can use these 
elements.

High soluble salts can cause a reduction in germination and 
damage roots of young plants. The water, soil media and the 
applied fertilizer all contribute to the overall soluble salt level. 
However knowing the salt level of the water is the basis of 
knowing if you are starting with a potential problem.

Remember, it can be difficult to manage a high soluble salt 
presence. The best solution is through the selection of a coarse 
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texture soil mix, combined with a water analysis and a fertility 
program built around that analysis.

The Sodium Absorption Ratio (SAR) is another water quality 
metric that is very important to know. The SAR is a formula that 
compares the concentration of sodium in the water to the 
combined concentration of calcium and magnesium in the 
water.

High levels of sodium cause the soil to absorb more water and 
thus holding less air, which will have a dramatic impact on root 
growth. Sodium competes with calcium and magnesium. If 
sodium levels exceed 40 ppm, its presence can increase salt 
build up in the roots. Plant growth will be negatively impacted 
if sodium exceeds 80 ppm as the plant will take up sodium as 
opposed to calcium and magnesium.

Having perfect water for the greenhouse is not always possible. 
Needless to say no greenhouse was probably erected based on 
the idea that the available water source was suitable. However 
most all water source situations are within a manageable range 
as long as you know what is in the water. Most problems can 
be solved by properly addressing alkalinity and supplementing 
nutrients in the water by the applied fertilizer. However,r that 
can only happen if you start with a water analysis so as to 
determine what you are dealing with.
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CHAPTER 2

FERTILIZER SELECTION

The Selection of the proper water-soluble fertilizer is the second 
most important step in designing the plant fertility program for 
growing hemp transplants. There is not a “one size fits all” fertilizer 
that accommodates all the possible water quality scenarios. 
Water analysis should be the primary factor that determines 
the fertilizer analysis that is applied. In addition there are other 
factors that determine the fertilizer of choice.

A successful fertility program is determined by more than just the 
rate of the applied fertilizer. Other factors include the analysis 
of fertilizer (NPK), whether it is acidic or basic, the proportion of 
ammonium (NH4) vs. nitrate (NO3). And how much is applied 
to the water.

While some nutrients are supplied by the soilless media and the 
water, most of the nutrients are applied after seeding using 
water soluble fertilizers.

Nutrient availability in the soil media is determined not just 
by the presence of nutrient ions but also by the pH of the soil 
media, and the media pH is influenced by the alkalinity of the 
irrigation water. Do not confuse alkalinity with pH of the water. 
We are concerned about the pH of the media not the water 
pH. In a small cell like the ones we grow hemp, the cell media 
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pH is not constant, it is constantly changing. Peat moss has 
very little buffering capacity, it cannot resist a change in pH. 
The media is influenced by the lime in the media, the alkalinity 
of the irrigation water, as well as the type of fertilizer used.

Therefore to a large extent the alkalinity level of the irrigation 
water will determine which fertilizer you should use primarily.

Before we begin to select a fertilizer, it is important that we 
understand some of the challenges   the grower faces.

There are many water soluble fertilizers available that makes 
it possible to develop a fertility program unique to the 
individual grower. An example would be that of neutralizing 
excess bicarbonates which, when present at low levels can 
be accomplished by using certain brands of fertilizers instead 
of sulfuric acid. Another example is when confronted with low 
levels of calcium and magnesium, one could choose to use 
a complete fertilizer that is a cal-mag formulation instead of 
adding epsom salts and gypsum.

However accomplishing this would require inventorying several 
different fertilizers without knowing growers needs beforehand. 
This could be a costly endeavor. 

So, the Trilogy Fertility Program relies on a simple 2 part system 
that incorporate 2 fertilizers, 20-10-20 & 16-5- 16 as the primary 
fertilizers and then epsom salt and either gypsum or calcium 
thiosulfate as the secondary fertilizers.

Using the water analysis, read the levels given and apply these 
“If This Condition, Then That Action”
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If, alkalinity is > 100 ppm Then, neutralize all bicarbonates > 
80 ppm

If, alkalinity is > 400 ppm Then, consider an alternative water 
source

If, alkalinity is > 80 ppm Then, use a 20-10-20 fertilizer @ 8 oz 
per 100

If, alkalinity is < 80 ppm Then, use a 16-5-16 fertilizer @ 10 
per 100

If, alkalinity is 0 Then add hydrated lime @ 1 lb per 
100 gl

If calcium is < 40 ppm Then, use calcium thiosulfate @ 2.5 
gl/4000 gl

If, magnesium is < 15 
ppm

Then, use Epsom @ 3 oz per 100 gl

If, sulfur is < 24 ppm Then, use calcium thiosulfate @ 
2.5gl/4000gl

If sodium is > 40 ppm Then increase ca&mg w/calcium 
thio & epsom

If, EC is > 0.75 Then, consider an alternative wa-
ter source

While these water quality scenarios will not cover everything, 
it does give you the most important metrics to examine and 
what action to take if a certain condition exists.

Establishing and maintaining proper fertility management 
programs in a greenhouse is essential to successful growing 
of hemp transplants. Most assume that fertility management 
begins with the applied water-soluble fertilizer. Actually, fertility 
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management begins with a correct analysis of the water 
quality.

It is necessary to understand the relationship between water 
quality and plant nutrition to establish a successful fertility 
program. When formulating a fertility program for your crop, 
water quality should be given top priority.

The time invested in obtaining a complete water analysis will 
give you tremendous returns in plant quality.

The Trilogy Growing Program will determine the fertilizer that 
you should be using, based on the analysis of your water. And 
with the proper soil media selected, your production goal is 
better realized when you start with a scientific approach to 
your transplant fertilization program.
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CHAPTER 3

FERTILIZER MATH

Calculations of the Secondary Macro-nutrients being supplied 
by the Fertilizer

To calculate the concentration of the secondary macro-nutrients, of 
calcium, magnesium and sulfur being supplied by our fertilizer, first you 
need to know the concentration of nitrogen that you are trying to obtain.

In this example we will use 120 ppm N since that is the recommended 
nitrogen concentration we want with our initial fertilizer application.

Use this formula to determine how much Sulfur & Magnesium or Calcium a 
given fertilizer is contributing to the fertilizer solution. 

ppm of desired nutrient = (% of element listed on bag) X (N concentration of fertilizer solution

                                                (% of N listed on the Bag)                                                     

___________________________________________________________

16-5-15 Fertilizer, contains 4% Sulfur & 3% Magnesium, no Calcium

Determine how much Sulfur & Magnesium 16-5-16 is contributing to a 120 
ppm fertilizer solution .
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ppm of Sulfur =  (4% )   X   (120ppm)  =   30 ppm
                           (16%)

ppm of Magnesium  =  ( 3% )   X   (120ppm)  =  22.5 ppm

                                         (16%)

16-5-16 at a concentration of 120 ppm of N is supplying 30 ppm of Sulfur & 22.5 ppm of 
Magnesium

20-10-20 Fertilizer, contains 0.150% Magnesium, no Sulfur, no Calcium

Determine how much Magnesium 20-10-20 is contributing to a 
120 ppm fertilizer solution .

 ppm of Magnesium =  (0.150%)    X   (120ppm)  =   0.9 ppm
                                          (20%)                                                  
  

20-10-20 at a concentration of 120 ppm of N is supplying  0.9 ppm of Magnesium 

11

Gypsum fertilizer contains 22% Calcium and 17% Sulfur. The recommended 
rate is 5oz per 100 gl of water.

Use this formula to determine the concentration of the nutrients when not 
tied to fertilizer solution concentration

Concentration of nutrient  = (application rate )  X  (% nutrient)
                                                                                  1.33
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Determine how much Calcium & Sulfur is contributed by gypsum when 
applied at the rate of 5 oz per 100 gl of water.

Concentration of Calcium  =  ( 5 )   X  ( 22% ) 
                                                             1.33
                                                 =  82 ppm of Calcium from 5 oz of gypsum per 100 gl

Concentration of Sulfur      =  (5 )  X  ( 17% )  

                                                           1.33   

                                                 =  64 ppm of Sulfur from 5 oz of gypsum per 100 gl 

Gypsum when applied at the rate of 5 oz per 100 gl of water is supplying 82 ppm of cal-
cium & 64 ppm of Sulfur

Epsom salt contains 10% Magnesium & 14 % Sulfur. The recommended rate is 3 oz per 

100 gl of water

Determine how much Magnesium & Sulfur is contributed by Epsom salt when applied at 
the rate  of 3 oz per 100 gl of water.

Concentration of Magnesium  =  ( 3 )   X  ( 10% ) 
                                                             1.33
                                                        =  22 ppm of Magnesium from 3 oz of epsom per 100 gl

Concentration of Sulfur             =  ( 3 )   X  ( 14% ) 
                                                             1.33
                                                        =  32 ppm of Sulfur from 3 oz of epsom per 100 gl
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Epsom salt when applied at the rate of 3 oz per 100 gl of water will supply 22 ppm of 
magnesium & 32 ppm of Sulfur

12_

Calcium Thiosulfate contains 6% Calcium & 10% Sulfur. The recommended rate is 8.5 oz 
per 100 gl of water

Determine how much Calcium & Sulfur is contributed by Calcium Thiosulfate 
when applied at the rate of 8.5 oz per 100 gl of water.

Use this formula to determine

Concentration of Calcium  =  ( 8.5 )   X  ( 6% ) 
                                                             1.03
                                                =  50 ppm of Calcium from 8.5 oz of Calcium Thiosulfate per                                                           
                                                            100 gl of water

Concentration of Sulfur      =  ( 8.5 )   X  ( 10% ) 
                                                             1.03
                                                        =  82 ppm of Sulfur from 8.5 oz of Calcium Thiosulfate per 100                                                          
                                                            of water

Calcium Thiosulfate when applied at the rate of 8.5 oz per 100 gl of water 
will supply 50 ppm of Calcium and 82 ppm of Sulfur. This product is available 
in 2-1/2 # containers. The rate of 8.5 oz per 100 gl of water, would require 
2-1/2 gl container per 100’ (96) waterbed.

13
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CHAPTER 4

SOILLESS GROWING MEDIA: 
How Water Holding Capacity & Air Porosity Impact 

Media Quality 

When considering a growing media, there are some important 
questions that you should have answers to:

• What are its ingredients

• What is its potential water holding capacity

• What is its potential air porosity

The growing media supports the plant from germination to the 
time of transplanting. The growing media not only provides 
support for the plant but also must be a source of water, air 
and nutrients. The water and nutrients are absorbed from the 
media by the roots. In order for the media to best provide these 
essentials to the plant, the media quality must have certain 
characteristics.

These characteristics can be categorized into two areas:

1- Physical Properties:
The physical properties include water holding capacity and air 
porosity, and also would include cation exchange capacity 
(CEC).
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2- Chemical Properties:
The chemical properties include the pH and soluble salts. This 
paper will focus on the Physical Properties of soilless media.

Your media quality will directly affect germination, root growth 
and plant growth. It is important to note that the media quality 
can be affected by your water quality.

These characteristics are influenced heavily by the components 
that make up the media. The components of a quality media 
for growing hemp transplants should contain:

• Sphagnum Peat Moss

• Vermiculite

• Perlite

Sphagnum Peat Moss has the highest water holding capacity 
of all the peats. It will hold up to 60% of its volume in water. 
It is also the most acidic, with a pH level of 3.0 to 4.5. While 
this peat has good water holding capacity due to its extensive 
surface area, it also provides for excellent gas exchange in the 
large pores between the peat particles. This peat should not 
be finely ground down or this excellent gas exchange will be 
dramatically reduced.

Aggregates such as Vermiculite and Perlite should be added 
to provide aeration and drainage. Vermiculite adds water 
holding capacity as well, due to the extensive surface area of 
the particles. It also contributes to aeration and drainage due 
to the large pore space between the vermiculite particles. 
However, the coarser grades of vermiculite are tremendously 
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better contributors to air porosity than the finer grades are.  
The finer grades increase the capillary pore space, which hold 
water, while it decreases the non-capillary pore space which 
bring in air. In a soil mix for hemp transplants the fine grades of 
vermiculite should be avoided.

Perlite is an aggregate that any good media should have 
when growing hemp transplants. It is added to the media for 
aeration. Aeration is the main property that Perlite contributes 
to the media. Perlite is a volcanic rock that is crushed and 
heated to a very high temperature. It expands to form white 
particles of air-filled cells and adds tremendously to Air Porosity. 
The absence of perlite in the soil mix will impede air porosity 
and reduce the quality of the mix.

The physical properties of your soil media that can affect your 
plants is contained within the pore spaces of your media, 
commonly referred to as soil porosity. Soil Porosity refers to the 
space between the peat particles. These pore spaces are the 
voids between the solid particles of your peat. Water, air and 
nutrients are stored in this soil matrix. It is within this matrix that 
the plant roots grow and absorb nutrients and get air.

The amount and the size of these pore spaces are very important 
constituents that make up a quality media. The amounts of 
pores is referred to as porosity. It is this volume of pores that will 
directly affect the water holding capacity or in other words the 
ability to hold water in the growing media. And it is the water 
holding capacity of the media that will impact whether there is 
a shortage of air porosity in the cell media. A lack of air porosity 
can lead to the inability of the radical root to penetrate the soil 
surface. A phenomenon we often refer to as aerial root. A lack 
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of air porosity can also lead to less vigorous growth or even 
stunted growth. Air Porosity is needed for good root growth, 
good plant growth and for helping control algae.

Therefore, the water holding capacity of the media in growing 
transplants becomes extremely important as it will have a direct 
impact on air porosity.  The pore size distribution or Soil Porosity 
in the media will directly affect water retention and air space. 
More water retention means less air porosity. Which is why fine 
texture soil mixes should be avoided in growing transplants.

This Soil Porosity is determined by the particle size distribution of 
the media. This is immediately evident by whether the media 
is coarse or fine in texture. A fine textured media has smaller 
but more numerous pores than a coarse texture media. It is 
these smaller pores between particles that hold water against 
gravity (Capillary Pore Space), which contribute to a higher 
water holding capacity. A coarse texture media has bigger 
pores (Non-capillary Pore Space) than a fine texture media, 
and it has less ability to hold water against gravity, thereby 
contributing to higher air porosity. Water is held tighter in smaller 
pores than larger ones. As a result, fine texture media will hold 
more water than a coarse texture media. It stands to reason, 
that if it is holding more water, then it is holding less air.

Water holding capacity is also influenced by the surface area 
of the peat particles themselves as they absorb water. Fine 
textured media has smaller particle size than coarse textured 
media, but the sum total of the surface area of the fine texture is 
much larger than the sum total surface area of coarse textured 
particles. Therefore, fine texture media will hold substantially 
more water than coarse texture media.
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The media best suited for growing hemp transplants is one 
that exhibit «broad particle size distribution». Broad particle size 
distribution simply means that the media has small, medium, 
and large particle sizes. These media types are coarse in nature. 
Media that are fine in nature do not have this characteristic. 
Soilless media that has been ground too fine typically will hold 
too much water and will not have adequate air porosity.

This can best be illustrated by the following demonstration. 
Picture two glasses, one is filled with marbles all the same size, 
while the other one is filled with marbles of all different sizes. 
Now you fill both glasses with water, which glass will hold the 
most water? Most people would choose the glass with marbles 
of all different sizes. However, the correct answer is the glass 
with marbles the same size.

A soil media that has been ground to fine, where the structured 
has been destroyed and the particles are all the same size 
is much like the glass with marbles of all the same size. It will 
hold more water than a mix that has a “broad particle size 
distribution”, like the glass with marbles of all different sizes. 
Media with a «broad particle size distribution» tend to be 
coarser in texture.

A soil media that is coarse in texture, is much better suited for 
hemp transplant production than a media that has had its 
structure reduced to particles all the same size and is a fine 
texture. A coarse texture soil mix offers greater air porosity than 
a fine texture mix.

A quality growing media will strike a balance between the 
retention of water and air porosity. Too much water (fine texture 
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media) and your plants will suffer from poor soil aeration, a lack 
of air in the media.

Your soilless media is a valuable resource in your greenhouse 
production management systems. It supports plant life and is 
a source of water, nutrients and air. By understanding both 
the physical and chemical characteristics of soilless media, 
you can better evaluate the strengths and weakness of soilless 
media. And, make a better management decision on the best 
media to use in growing your greenhouse hemp plants.
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END
The successful production of quality transplants is the goal of 
every grower in the greenhouse. That goal is better realized 
when you start with a scientific approach to your fertilization 
program. The Trilogy Growing Program will deliver on those 
results. 

The Trilogy Program will determine the fertilizer that you should 
be using, based on the analysis of your water. And with the 
proper media selected, the Trilogy Program will deliver a 
scientific approach to your fertilization program and deliver 
you the results you want.
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