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The science and “religion”  of agronomy that has evolved over generations for specific 
plants is not necessarily changed with EPIC technology, nor is the author advocating a 
dismissal in what was successful with other methods. This short paper is not going to 
provide cookbook directions for specific species, or provide an iron clad growth 
guarantee for all plants in all situations. The success of EPIC on the large scale and GRO-
E-Z on the small scale is predicated on understanding the very basic and simple function 
of EPIC technology. 
 
Among the many water management and benefits found in EPIC and the GRO-E-Z 
systems, the primary reasons of using a washed sand profile are a) its resistance to soil 
compaction, b) the ability to wick water upward, c) excellent drainage, and d) the ability 
to maintain an aerobic soil profile in the root zone.  
 
SAND  
 
As just mentioned, the use of sand is specific in EPIC for four primary reasons – no 
compaction, excellent drainage, aerobic profile, and capillary rise. For many, 
however, the concept of using “sand for growing things” seems to be an anomaly as we 
have visions of barren Sahara like wastelands. In the current modern culture, the 
predominance of icon words of “organic”, “compost”,  “manure”, “peat moss”, 
“vermiculite”, ”perlite”, “tri-mix”, “potting mirac le mixes”, etc. imply that some 
mysterious ingredient or secret formula has to be involved for successful plant growth. In 
actuality the addition of these soil amendments are designed to simply improve two 
factors - drainage and compaction. 
 
By engineering definitions sand is a particle of “soil” that is between 0.05 to 2.0 mm in 
diameter. Any crushed rock of any composition can be classified as sand. 
 

CLASSIFICATION SIZE PARTICLE SIZE (mm) SIEVE SIZE 
Fine Gravel 2.00 and up 10 
Very Course Sand 1.00 -2.00 18 
Course Sand 0.50 – 1.00 35 
Medium Sand 0.25 – 0.50 60 
Fine Sand 0.10 – 0.25 140 
Very Fine Sand 0.05 – 0.10 270 



Silt and Clay Under 0.05 - 
 
 
 

 
Agronomists have long ago classified the planet’s soil as a ratio between three particle 
size components sand – clay – and silt. The derivation of all three was the eventual 
weathering of the earth’s crust and the subsequent dispersal by wind and water. 

 
From a chemical perspective none of the three components in a pure state provide any 
nutritional benefit to the plant. Pure sand is primarily Silicon dioxide (Quartz), clay a 
hydrated Aluminum silicate, and silt a combination of both. The compounds are 
chemically inert, insoluble, and have no nutritive value to the plant. Likewise the new 
additives of  “perlite” -  an oxide of Iron fused with an Iron Carbon molecule, or 
vermiculite – a hydrated magnesium iron aluminum silicate, are both chemically inert. 
Even though iron and magnesium atoms are present they are not in a form usable by the 
plant.  
 
In agronomy, from prehistoric to the modern times, clay and fine silt particles were and 
are the nemesis for successful plant growth. The fine particles interlocked between larger 
particles causing soil compaction which subsequently slowed water movement and 
prevented gas exchange. To combat this phenomenon man has learned that soil 
cultivation is a prerequisite for growth. We plow, rototill, rake, hoe etc. on a seasonal and 
routine basis just to “fluff up” the soil to give plants a chance. The addition of manure 
and other dead organics aided in the fluffing process and indirectly also provided some 
nutritional value. But, as the organics decomposed to carbon dioxide and water, the soil 
again returned to its compacted state and the ritual had to be repeated again. In modern 
small growing environments such as houseplant pots and planters loose artificially 
created soil formulation became the accepted norm because routine “fluffing” was not 
possible for plants that grow beyond a single season’s cycle. The addition of perlite, 



vermiculite and sand formulations slowed the compaction process and insured good 
drainage. The simultaneous addition of organic components such as peat moss and 
composted material added to the fluffiness and insured a water holding element to the 
well drained mix. 
 
Growing plants in 90-100% sand soils, even though preferred by plants, never caught on 
on a broad scale because the soils were known as simply “too well drained”. The golf 
industry since the 1960’s preferred sand based greens due to its resistance to compaction, 
but watering became a nearly daily ritual. In nature, sandy deserts come into prolific 
bloom, but only in seasons when water is available. Volcanic tropical islands and sandy 
beach fronts colonized quickly into jungles where rain water was the norm and not the 
exception. 
 

 
 

Sand by itself was never the issue – the lack of consistent moisture was! Prior to EPIC 
technology and the concept of watering from below, growing plants in sand and watering 
from above was also only marginally successful. Fast water applications initiated erosion 
as the fluidized sand moved with the water. Relatively fast water movement in the root 
zone may also initiate a shearing action on the root hairs as they start to emerge from the 
primary root body. Roots were long but not necessarily branched. 
 

 



 
Roots of identical bean plants grown in pure sand. On the left the plant was watered 
from above (fast moving water), and on the right watered from below by a slow 
capillary movement of water. Note the more prolific branching, and root thickness. 
 
The root mass forms the foundation of any plant, as it is the roots that provide the 
moisture and nutrient uptake to the growing plant. Water uptake and nutrient ion 
exchange occur primarily in the surface area of growing root hairs. The more roots – the 
more root hairs. The healthier the foundation - the healthier the plant. 
 
NUTRIENTS 
 
While sand, due to its uncompacted structure, can provide a preferred anchoring system 
to the plant, hydroponics has shown that many plants can be grown without any soil. 
Provide an artificial support system, oxygenate the water, and balance nutrient solutions 
and one can grow plants without any soil. Hydroponics however has its own issues and 
plants have not evolved to grow naturally in liquid solutions. EPIC technology, on the 
other hand, provides the sand base for plants to grow naturally, and a capillary-water 
distribution system that provides even moisture levels and nutrient distribution to the root 
zone. 
   
Most washed sands (or ordinary potting soil formulations) however, are initially nutrient 
poor in some of the elements necessary for good plant growth and the nutrients have to be 
added to the sand profile. Water management alone is not a guarantee of successful plant 
growth. 
 
Eight inorganic elements have been recognized as essential nutrients for plant growth, 
each with a specific function in plant physiology. The following table summarizes these 
eight and their function within plants. 
 
Essential Element  Symbol Plant usage 

Calcium Ca++ Calcium plays a prominent role in the absorption of 
other minerals from the soil. It neutralizes acids and has 
an antitoxic effect on other poisonous substances in the 
soil. Root hair cells contain calcium pectate, a colloid 
which enables it to imbibe water. This substance also 
forms the cementing material for holding all cells 
together, and is the first substance in the formation of 
new cell walls. 

Iron Fe+++ Iron is essential as part of the cytochrome oxidation 
system in respiration function. It is also essential for 
chlorophyll formation even though it is not part of the 
chlorophyll molecule. Many brown and reddish sands 
and soils may have an abundance of Iron, but it is not 
always in a form usable by the plant. 

Magnesium Mg++ Magnesium is a constituent of the chlorophyll molecule. 



Without chlorophyll there is no interaction with sunlight 
to produce plant tissue. However very high 
concentrations of magnesium are toxic to plants.  

Manganese Mn++ Manganese is thought to be necessary for the proper 
function of plant respiratory enzymes. 

Nitrogen NO3 ¯ Nitrogen, only absorbed as a nitrate, is absolutely 
essential to growth, affecting particularly the growth of 
above ground parts. It is a constituent of chlorophyll, but 
is chiefly used for the production of proteins which are 
essential to every cell. A nitrogen deficiency quickly 
manifests itself as the yellowing of green foliage 
(chlorotic). Excess nitrogen may cause excessive 
vegetative growth which can result in weak and tender 
stems and foliage which are then susecptable to fungus 
and insect injury. Some nitrates are produced naturally 
through the interaction of lightning in thunderstorms; 
some is fixed by specialized soil bacteria living in 
nodules of specialized plants such as clover and alfalfa. 
Decomposition of dead organic material by soil 
organisms and their waste products (urea) may also 
provide nitrates through complex biological interactions. 
Urea �  Ammonia�  Nitrites�  Nitrates. However, for 
lush thick turf, supplemental addition of nitrogen 
sources will almost always be necessary.      

Potassium K+ Potassium is necessary for the proper carbohydrate 
metabolism of the plant. When potassium is deficient, 
storage organs such as roots, tubers, and seeds are small 
and shriveled. Plants with ample supply of potassium 
have been reported to be more resistant to disease and 
insect injury. 

Phosphorus PO4¯  ¯  ¯ Phosphorus in the soil is most likely absorbed as a 
phosphate ion. It is essential for the formation of many 
compounds such as phosphoproteins and phospholipids. 
Lack of this element interferes with normal cell division 
and checks growth. It is important for proper functioning 
of photosynthesis and respiration. Phosphorus also 
increases root development and as such is important in 
the early stages of sod or seed growth. 

Sulfur SO4¯  ¯ Sulfur, absorbed as a sulfate ion, is a constituent of at 
least three amino acids that occur in proteins. 
Glutathione is an essential component in the respiration 
role of plants and the take up of oxygen. 

  
Whether the source of the element and compound is derived naturally or artificially, the 
eight usable molecules are identical and only useful to plants when in an ionic form of a   
water solution. In conclusion it is emphasized that if plants are to do their best, they must 



be supplied with a proper balance of all the essential inorganic substances. If any one of 
the inorganic substances is deficient, its lack will soon be manifested in the growth 
of the plant regardless of how much of all the other substances may be available. 

 
 

Kentucky Blue Grass 30 days after seeding in ordinary sand. 
(Left) No nutrients added   (Right) Addition of balanced nutrients 

 
The aspects of fertilization and agronomy however are not just a simple operation of 
opening a bag of fertilizer and dumping it over the growing area. Research has alluded to 
importance of other factors as soil and water pH, Cation Exchange Capacity (CAC), Base 
saturation levels, Zinc and other trace elements etc. The latest trends are experimentation 
with  microrhizomes, humic acid levels, and microbial density indexes (MDI). 
 
WATER MANAGEMENT 
 
Water needs for any plant can be divided into two categories a) the water needed to 
provide the physical content of water in the roots, stems, leaf structure tissue itself; and 
b) the water that is lost by transpiration  activities of the plant. A succulent plant like a 
cactus stores a lot of water in its structure, but transpires very little. Grass and most leafy 
plants on the other hand provide minimal storage in structure, but transpire a lot of water 
by transpiration. Transpiration is the invisible physical activity of growing plants where 
water absorbed at the root level is transferred through the supporting stems and out to the 
surrounding atmosphere from leaf openings called “stomata”. 
 
Turf grasses may transpire as little as 0.10 gallons per square foot per day during cool 
night time periods, or over 0.40 gallons per square foot per day during hot, dry windy 
conditions. On the other end of the spectrum desert plants like cactus have evolved with 
structures that minimize transpiration to nearly undetectable levels. Water loss by 
transpiration  is a variable rate that will be dependent on a combination of all of the 
following factors: 
 

·  Plant species 
·  Leaf area (of growing tissue) 
·  Humidity 
·  Temperature 
·  Wind speed 
·  Sun exposure (cloudiness) 
·  Health of the plant 



 
In conventional sprinkler (overhead) irrigation in large applications, or manual watering 
of pots in small applications, an estimate of water need is distributed at the surface with 
the anticipation the water will find itself to the roots and satisfy the transpiration needs of 
the turf or plant. A temporary reservoir is created in the root/soil structure such that 
enough water will be available until the next application. If we apply too much water 
and/or the soils are compacted, excess water is lost by runoff. If it is windy, water is lost 
from the target area, and there may also be insufficient water available until the next 
cycle. Inefficiency arises from: 
 

·  Difficulty of predicting the exact transpiration needs due to the just mentioned 
changing variables. 

·  Variability of distribution coverage due to the mechanical state and nature of the 
sprinkler head or overhead watering volume, time, and speed. 

·  Slope and compaction levels of soils that influence drainage and water loss. 
 
In EPIC, irrigation is 100% efficient not that plants are forced to use less water, but 
because EPIC eliminates the above inherent problems of aboveground irrigation. 
Properly constructed, EPIC systems will match the transpiration needs of the plant by 
simply providing a stable underground reservoir, and the plants themselves determine the 
water uptake they need. It is important to understand the function of an EPIC moisture 
profile to enable the operator to adjust moisture levels at any time to a desired level. 
 
In a given volume of medium sized sand grains, about half of the space (47%) is 
occupied by the sand particles themselves, leaving the approximate other half (53%) as a 
void space. In pure dry sand the void space is occupied by air. In a growing environment 
of an EPIC profile this void space is available to be occupied by a combination of water, 
air or other gases, and growing plant tissue (roots). As capillary physics draws water 
upward from the saturated zone (the reservoir in planters) a graduated water 
concentration occurs in the profile. The closer we are to the water line the more 
saturated the sand, the further we are from the water line the drier the sand. Coarse sands 
will not capillarize as high as fine sands, but will drain quicker. Fine sands will 
capillarize higher but drain slower. In the process a graduated water to air content will 
occur in the profile. The physical differences are shown in the following diagram: 
 



 
 
 
The  water level (W) in EPIC systems and planters can be constant or variable by design. 
A recirculating garden or flat athletic field may have a constant water line bench mark. 
Planters or gardens that are filled periodically will lower slowly as water is transpired by 
the plants. As the water level drops the surface increases in air content as the sand dries 
from the top down. With medium sized sand grains the surface of an EPIC profile that is   
9.5  inches above this water line (as depicted in A), will have a water content in the sand 
of approximately 35% and the remaining void space is then 65%. The surface will feel 
damp and there is sufficient moisture to germinate seed. The use of coarser sands in 
GRO-E-Z planters achieves the same ratio because coarser sands capillarize not as high, 
but the distance to the surface is shorter in the pot profile. 
 
As previously mentioned, a given volume of sand has about 53% of its volume available 
as free space which can be occupied by water or gases (air). In a 13” deep EPIC profile at 
saturation (normal operating level) about 2 ½ gallons of water is stored underground for 
every square foot of surface area. See the following diagram. 



 
If the water supply is shut off, the volume of water will still be held by capillary adhesion 
and will slowly start to dry out from the top down. A shut off of the water supply in 
EPIC systems does not mean a quick drying affect and water will continue to be available 
to the plants or turf that has a fully developed root structure. If the transpiration rate is 
0.40 gallons per square foot per day (hot windy conditions) sufficient water is still 
available for approximately 6 days. 
 

2.5gal. ÷ 0.40 gal/sq.ft./day = 6.25 days 
 

If the installation is in a moist cool climate the transpiration rate will be lower and water 
shut off conditions can be maintained for a longer period of time. 
 

2.5 gal. ÷ 0.10 gal./sq.ft./day = 25 days 
 

In Climate areas that have frequent rain events, it is possible that supplementary water 
may never be needed in EPIC systems, as the rain water is harvested and stored, and only 
excess water is drained. Indoor GRO-E-Z pots by design have a much larger water 
reservoir in proportion to the surface area of the planter, and as such do not need 
supplementary water for more than a month. GRO-E-Z plants that have been grown in 
humid greenhouses have not been watered for several months as the humid air prevents 
evaporation loss, and minimizes transpiration rates. 
 
In summary by adjusting operating water levels and controlling the supply sources, water 
management can be achieved to any desirable level. 
 
AEROBIC CONDITIONS 
 
Oxygen (aerobic condition) must be available for respiration in roots, which in turn is 
necessary in order that growth may occur. Experiments on numerous plants have shown 
that growth ceases when oxygen is removed by replacing it with another gas or water. 



The amount of oxygen necessary for growth varies with the species. Roots at great depths 
or in water logged soils or in very compact soils are likely to suffer from lack of oxygen. 
 
The washed sands used in EPIC profiles assure that pore space is always available for a 
certain amount of oxygen content. Oxygen is generally introduced into the profile from 
air pressure (21%  oxygen) above the EPIC bed or planter, which then disperses in the 
upper layers of the sand profile, combining with moisture films around the sand grain, 
thus making it available to the root hairs. 
 
On the other hand the respiration of roots in healthy growing plants and the biological 
activity of soil organisms in the soil produce carbon dioxide gas which has to equalize 
itself with the carbon dioxide levels of air. While the carbon dioxide level in air is a mere 
0.03 %, the soil content can be 5 % or more. Oxygen therefore is not only used up 
physically to form carbon dioxide, but is also displaced by the carbon dioxide 
concentrations. As such it is necessary to maintain an exchange pathway between the soil 
and the air above it so equalization can take place. This exchange pathway is always 
available in a sand profile in EPIC Gardens and planters as the area of the plant stem is 
small compared to the area of the surrounding sand. Some EPIC test gardens have not 
been roto-tilled for over eight years and are still showing the same porosity as when they 
were new. In EPIC systems that have sod applications the air exchange can be blocked or 
hindered by: 
 

·  Compacted clay soil that was imported with the sod 
·  Tight plant thatch 
·  Sod that has not been cored within a few months of being laid  
·  Rapidly decomposing organic material or dead grass 
·  Lack of soil worm activity 
·  Infrequent or lack of core aeration 

 
While the use of a sand growing media may in some applications reduce the aeration 
frequency as compared to ordinary clay soils, its importance in turf applications cannot 
be ignored. 
 
In summary the three key differences of EPIC systems compared to traditional growing 
systems are as follows: 
 

·  Sand is used as the growing media to take advantage of a non compacted structure 
that drains well. It is also difficult to make porous sand anaerobic. 

·  Soil amendments (organics) for moisture retention are not necessary as capillary 
action replaces lost water from an underground reservoir. 

·  Moisture and nutrients in solution move from the bottom up in a very slow 
manner so as to not injure the development of root hairs. 

 
 


