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Commercial Cultivation Technology 
The explosive growth in commercial cultivation has triggered an advent of new commercial technologies. The 
growing process doesn’t change on a larger scale, but the dependence on reliable technologies definitely 
increases. Consistency from crop to crop is more important than ever. Commercial technologies have emerged 
for larger facility operators in need of more power, more reliability and a greater degree of control. Some of 
the most advancement has occurred in the areas of lighting, and environmental control. 

Double Ended Lights 
Double ended (DE) lights. Beginning with Gavita, the DE lighting technology has been making serious waves 
in the commercial growing industry because of the extremely high micromole output. One benefit of the DE 
lamp is the extended life of the lamp, with a claimed 90% lumen maintenance at 10,000 hours. A standard 
lamp could be at that same point at 4000 hours. Another benefit is the increased PAR value in the light 
emitted. Being that the arc tube is housed in quartz glass, the bulb can burn hotter and can increase the amount 
of UV content in the lamp, resulting in improved essential oil production. Other companies have released DE 
systems which have performed as well as the Gavita systems including Hydrofarm Phantom DE’s and P.L 
Light Systems. 

Excel Air Systems 
Excel Air Systems are industry specific commercial air conditioners. Produced in Canada, and built for large 
indoor grow environments these are made for commercial users with the highest standards. A correctly sized 
AC will keep the right environmental conditions constant in your garden, while an improperly sized AC can 
overshoot target temperatures, causing excessive fluctuations, and plant growth stress. Available with optional 
UV sterilizers to keep mold spores from colonizing within the unit, they are ready for completely controlled 
environments. Also an option is a sound proof compressor unit which completely eliminates all compressor 
noise from the outdoors. This is great for larger growers trying to keep their privacy. 

Quest Dehumidifiers 
Quest Dehumidifiers, like Excel air conditioners are industry specific commercial dehumidifiers. Well known 
to be the world’s most efficient dehumidifiers, Quest builds all products in the USA with the highest quality 
materials and components available. To put it simply, Quest products remove more water with less energy 
making their payback periods very short. The right dehumidifier will promote a healthy garden by preventing 
mold, mildew, and disease. They also work to prevent pests and their accompanying plant stress. All of this 
combined with the wonderful customer support provided by Quest makes them an easy choice for determining 
large capacity dehumidification needs. 

To calculate HVAC needs in any size space click here four our handy guide. 
	



What is Companion Planting? 
Companion planting is the establishment of two or more cultivars in close enough proximity to 
encourage a beneficial relationship. This can be many things to many people, but they all have 
the same goals in mind. These goals can include any or all of the following: attract beneficial 
insects; deter, confuse or target pests; avoid nutrient depletion; prevent pest and disease from 
overwintering in the soil; or, increasing yield and biodiversity. For an extensive list of plant 
friends and foes, check out http://www.ghorganics.com/page2.html?=hobby1 

Trap Cropping 
The first type of companion planting we are going to take a peek at is called trap cropping. In 
trap cropping, the “trap crop” becomes a lure that is sacrificed for the good of the more desired 
crop. The most important factors to consider when planning a trap crop are the pest you are 
trying to trap, the layout of the trap crop in conjunction with the main crop, and timing. 
Obviously, the pest you are trying to catch is going to determine the crop you plant to act as the 
trap, so it is vital to research this and chose correctly. The trap crop can be either a more 
preferred plant species, or can be the same plant species but timed so that it is at the preferred 
stage of development when the target pest typically emerges. Additionally, you want to make 
sure the trap crop is approximately 10-20% of the main crop to ensure efficient protection. 
Examples include, beans planted to attract any worm from tomatoes; radishes planted near 
carrots to attract wire-worms and root maggots; and, nettles planted to attract early season 
aphids. Below are a few other pest/ trap crop combinations. 

  

Pest Trap Crop 
Aphids Nettles (early season)/ Nasturtium 

Blackfly Nasturtium 
Greenfly Nasturtium 

Whitefly Nasturtium 
Slugs Chervil/ French Marigold 
Thrips French Marigold/ Basil 

Flea Beetle Radish 
Root Maggot/Fly Radish 

Leafhopper Beans/Legumes 
Tomato Hornworm Dill/ Lovage/ Beans 
Nematodes African Marigolds Tagetes erecta 

Cucumber beetle Nasturtium/ Blue Hubbard Squash 
Squash vine borer Nasturtium/ Blue Hubbard Squash 

  



Although the trap crop is usually worthless after having done its job, higher yields in the desired 
crop should make up for the loss of the trap crop. If you have had persistent problems with pests 
on a crop in the past, this is a great organic IPM stratagem. Another concern when using trap 
crops as a part of your organic IPM is creating breeding grounds for the pests. However, if you 
have incorporated companion plants there is usually hungry population of beneficial insects 
ready to chow down on the pest “nursery” and keep it under control. If the trap crop becomes 
overrun and the beneficial insects cannot keep up you can always remove it and get rid of the 
pests along with it. 

Nurse Cropping 
Nurse Cropping is another form of companion planting when you sow one plant directly in a row 
or in such close proximity that they are “growing up” together, and one is directly benefiting the 
other. For instance, it is usually beneficial to plant fast germinators with slow germinators. While 
the slow germinators take their time to break through, the soil may form a crust further 
preventing the weak germinators from cracking their way into the sunlight. The fix is planting 
them directly with fast germinators that will crack through the soil and prevent a crust from 
being formed. Parsnips and carrots being infamously slow to germinate are greatly aided by 
nurse cropping with the fast and furious radish. 

Another nurse cropping technique is where you intermingle tall, full sun loving plants with 
smaller shade tolerant plants. One such nurse crop is when pole beans, corn and squash vines are 
planted together. The pole beans climb the corn stalk to reach more sunlight and mature early. As 
the beans die off and decay, they free up soil nitrogen for the nitrogen hungry corn to utilize 
through the rest of its growing season. While the beans and corn are doing their thing, the squash 
vines are suppressing weed growth and their prickly stems are deterring raccoons from feasting 
on the corn crop. 

Intercropping 
Intercropping is planting crops in rotating rows or in close enough proximity where they can 
mutually benefit from each other in an effort to increase yields and promote biodiversity. 
Biodiversity in your garden is important because crops that occupy different niches are more 
likely to complement each other because they carry out different functions and use different 
resources. In other words, they are not in completion. Additionally, a biodiverse garden 
encourages healthy populations of pollinators and pest predators. The polyculture also confuses 
and weakens any attempted pest onslaught. When intercropping it is important to keep in mind 
the following: spatial arrangement, plant density, plant growth pattern and days to maturity. 
Planting short and long term vegetables together is one popular way to practice intercropping. 
This could mean planting short season crops such as radish, kohlrabi or lettuce with long season 
cabbage or tomatoes. The short season crops will be ready for harvest before the long season 
crops have filled out. 

 

 



Square Foot Gardening 
Square foot gardening can be beneficial to those trying to maximize plant growth in a small area. 
It begins by dividing the growing area into small square sections. The aim with square foot 
gardening design is to assist in the planning and creation of small but tightly planted gardens 
plots. This method is particularly well suited for beginners as it encourages a bit of 
experimentation with different plants within a single bed. The basics of this method is to start by 
dividing your garden in to square foot sections. Each section will be used to grow a different 
kind of plant. The number of plants grown per square depends on the size of the plant. For 
example, a single tomato may take an entire square section. While strawberry plants could be 
planted up to four per square, and up to sixteen per square for plants such as radishes. The logic 
behind using smaller beds is that they are easily adapted, and the gardener can reach the entire 
grow area without stepping on plants, or soil. Teaming this with companion planting can prevent 
weeds from establishing, and even reduce the need for pesticides. 

	



Container Gardening 
Indoor gardening, almost exclusively involves containers and potting soil. Hydroponics is an exception. 

Why Grow in Containers?  
Soilless Potting Mixes  
Primarily soiless potting mixes such as Canna Coco, Roots Organics, ProMix, Ocean Forest are used in 
container gardening.  

Portability 
Containers are easily moved around as needed. 

Indoors 
• Rotate plants for even light coverage 
• Move pots around tight spaces to access all plants 
• Easily move plants from one space to another (veg to bloom) 
• Remove root ball to inspect roots 

Outdoors 
• Rotate plants for even light coverage 
• Move plants to more or less sunlight 
• Move plants away from insect infestations 
• Remove root ball to inspect roots 

Build Your Own Soil 
• Potting soil can be used when your outdoor area contains poor quality soil or 
• You may not have space in your yard for an outdoor garden bed 
• Potting soil allows for you to choose the properties that are ideal for 

o Plant type and growing conditions 
o  Drainage/Water retention 

§ Organic matter content 
§ Microbial content 

 

 



Control feeding/fertilization 
• Content is decided by you including the food for your plants 
• Proper ratio of nutrients can be provided by the gardener 
• Nutrient deficiency and toxicity can be corrected more easily 
• Proper pH range for optimal growth can be checked and adjusted 

	



Crop Rotation 
Why Crop Rotation is Important 
Pest Prevention 
Crop rotation is very important to organic gardeners who grow crops in the same plot of land year after year. 
Crop rotation is practiced for pest and disease control. Plants within the same taxonomic family tend to have 
similar pests and pathogen threats. When you rotate crops, pests and pathogens that might have overwintered 
in the soil will not have their preferred food crop right at their fingertips allowing them to thrive the next year. 
In short, you have interrupted the pests’ life cycle and habitat. A good example of this is the Colorado potato 
beetle. The Colorado potato beetle likes to eat potato plants, but will also happily devour tomatoes, and 
eggplants. These beetles overwinter in the soil. If you plant eggplant in a spot where potatoes were grown the 
previous year, you could potentially devastate your yield when these little pests decide to come forth and 
multiply 

Soil Nutrition 
Additionally, by rotating crops you can help manage your soil fertility, as well as, build your soil structure. 
Different crops have different soil requirements and have varying effects on your soil. Some, like corn and 
tomatoes are heavy feeders that can quickly deplete soil of nitrogen and phosphorous. If you are continuously 
planting these same plants in the same location year after year the soil will run low on these nutrients. By 
changing the location that these plants are grown each year you can renew the plot where it grew the previous 
year, keeping the soil in balance. Legumes such as peas, beans are light feeders and actually add nitrogen to 
the soil. The general rule of thumb for balancing soil nutrition is to avoid planting crops of the same taxonomic 
family in the same place two years in a row. Longer crop rotations may be necessary. Sometimes waiting even 
as many a 3-4 years to grow the same plant in the same location is needed. Doing this can drastically reduce 
the number of problems incurred while growing, and thereby increase your rate of successful yields. 

Quick Rules to Rotate By 
• Keep families together when planting, then rotate them together in successive years 
• Do not follow vegetables with other vegetables in the same family in successive years 
• Practice at least a three to four year rotation throughout your entire garden 
• Follow heavy feeders by light feeders 
• Follow shallow rooted plants by deep rooted plants 

  

 

 

 

 



Successive Cropping 
Successive cropping is when you follow one crop by another in the same season. The most important factor to 
consider with successive cropping is days to maturity and climatic conditions under which the second crop will 
mature under. In our Rocky Mountain growing season you can plan on a frost by mid-September. So if your 
first crop is harvested in August, this will give you time to get a crop in that matures in about one month and 
can stand up against a lite frost such as a transplanted leafy green or lettuce varietal. 

Relay cropping 
This is a type of successive cropping where the second crop is sown directly with a crop that is at its 
reproductive stage before harvesting. 
	



Grow Lighting Technology 
Grow lighting technology is advancing every day. So which is best, and for what? Below is a brief explanation 
of the different lighting technologies most commonly utilized in indoor grow applications. 

HPS: High Pressure Sodium Lighting 
Coupled with very high lumen output and a red/orange dominated light spectrum, HPS bulbs are considered 
the industry standard for flowering.  While cheaper bulbs may start out burning bright and providing good 
growth, their spectrum is limited and consistency after 3-6 months is highly questionable.  A quality HPS will 
burn at around 2000-3000 kelvin, and have a 9-12 month life expectancy when used for 12 hours per day, 
(4000 hours of usage) and contain a broad spectrum capable of delivering not just red light but a decent 
amount of blue light as well. 

  

Double Ended Lighting 
The newest in HPS technology, DE bulbs are making a huge splash in the industry.  The first benefit of the DE 
lamp is the extended life of the lamp, with a claimed 90% lumen maintenance at 10,000 hours.  A standard 
lamp could be at that same point at 4000 hours. The second benefit is the increased PAR value in the light 
emitted.  Being that the arc tube is housed in quartz glass, an increased amount of UV content in the lamp 
results in improved essential oil production. 

  

Metal Halide Lighting 
MH bulbs emit light that’s most strong at the blue end of the light spectrum.  A high quality MH bulb will burn 
at about 6000 Kelvin and helps produce compact, lush, green growth and should be monitored for maintenance 
after 6-10 months depending on whether used for 18 hours to 24 hours per day.  Cheaper MH bulbs can appear 
a white-green in color, produce growth that is not as compact as desired, and have an expected life of 3-6 
months. 

  

Plasma Lighting 
One of the newest innovations in lighting technology with low wattage consumption and high PAR 
output.  LEP is completely solid state, with no moving parts and is suitable for damp environments.  LEP 
technology is unique in how molecules in an emitter transform into a plasma state when excited by a radio 
frequency driver.  This system doesn’t require electrodes or a filament, which means a very long bulb life 
expectancy (50,000 hours).  LEP lights emit a light color of light around 5600 Kelvin and provide a sun-like 
spectrum which is considered to be the best light to grow the highest quality produce. 

 

 

 



  

Ceramic Metal Halide Lighting 
LEC is a relatively new iteration of a classic metal halide.  The superiority lies in the ceramic tube which 
allows the bulb to burn at a higher temperature, creating an amazing spectrum of light that is much closer to 
light from the sun. Philips 315 bulbs have two color temperatures.  The 3100 Kelvin is great for flowering and 
a broad spectrum balanced well in both red and blue hues, and a 4200 Kelvin which is concentrated in the blue 
spectrum. 

  

LED Lighting 
LED fixtures use optics to achieve a narrow distribution of light, with the majority of light falling in a 
concentrated pattern directly below the fixture.  This type of light pattern is ideal in settings with widely 
spaced plant rows where light lost between rows should be minimal.  The most electrically efficient colors of 
LEDs are blue, red, and cool white.  LED fixtures generally come in combinations of these colors in order to 
dose specific wavelengths of light to control aspects of plant growth.  While the future outlook for LED usage 
in plant growth scenarios is promising, current available fixtures are not cost efficient when compared to 
traditional HID lighting. 

  

Fluorescent Lighting 
Having a very low profile, low heat output, and low wattage consumption makes these ideal for seedlings, 
cuttings and young vegetating plants.  Typically these systems are customizable with different bulb lengths and 
varying numbers of bulbs per fixture.  Allowing for the adequate illumination of areas as small as 2’ x 2’ to as 
large as 4’ x 4’.  Fluorescent lights are available in both 3000 Kelvin and 6400 Kelvin, allowing for a good 
mix of both red and blue light spectrums. 
	



Growing Media & Amendments 
Guide to Growing Media 
When picking out the right growing media for the job there are several things to consider.  I imagine you found 
that out the first time you walked into your local grow shop or garden center, and thought you were just there 
to pick up some “good dirt”.  After reading the labels, you actually became more confused than before.  I mean 
what the heck is Yucca extract or Mycorrhizae good for? I am pretty sure my grandma didn’t have any of those 
ingredients in her garden’s dirt cocktail. Well chances are she did, or at least something that did the same job, 
she just didn’t recognize them as such. 

So here is the scoop on growing media. First off, it needs to be stated that technically all of the “potting soils” 
sold in grow shops and gardens centers are actually soilless mixes because they do not contain any of the 
natural soil components including: sand, silt or clay. But we will discuss them in more detail in just a bit. After 
you have chosen your media, watering and fertilizing habits are key to prosperous grows. 

Soilless Growing Media 
Soilless growing is great for use in both indoor and outdoor settings, and has easily become the method of 
choice for growers because of its superior properties, and ease of amending. Soilless media allows for the 
ultimate control over desired inputs, drainage properties, pH and nutrient control. The most common soilless 
potting mixes are made with one of two bases. 

The most common base is Coco Coir. This media is 100% natural and made from coconut husk fibers. It is 
generally a finely ground blend with some desired variation. It has the perfect air to water ratio, and thus is 
hard to overwater. Coco coir also has a high CEC encouraging optimal nutrient release. Due to its superior 
qualities, Coco coir allows for rapid growth similar to hydroponics. Keep in mind that with Coco coir bases, 
Cal-Mag supplementation will be needed. We recommend either Canna or Botanicare’s coco coir based 
potting mixes. 

If it is not a coco coir base, it is generally a peat based mix. Peat is partially decayed and dried sphagnum 
moss. It is extremely high in organic matter, and retains moisture better than coco coir. Thus, it is not as 
forgiving if you overwater. By itself, peat usually has a very low pH, between 3 and 5. In potting mixes you 
can help balance the acidity with the addition of lime. For a peat based potting mix our go to of choice is Pro-
Mix. 

 

 

 

 

 

 

 

 

 



 

 

Amendments 
Once you’ve decided which base is best for your application, next you have the soilless amendments. 
Amendments help define the final properties of the mix, which is customized for maximum harvest results. 
Common amendments include the following, and added for the following reasons. 

• Perlite: increases drainage and aeration 
• Dolomite lime: buffers pH, provides calcium and magnesium 
• Worm castings: natural source of nitrogen, enhances beneficial microbe population 
• Mycorrhizae: symbiotic growth on and around roots, increases water and nutrient uptake 
• Azomite: buffers pH, slow release of micronutrients 
• Oyster shell: buffers pH, provides calcium 
• Yucca extract: natural wetting agent, increases uniform water absorption of planting mix 
• Dried kelp: source of potassium and natural plant hormones 
• Alfalfa meal: organic source of balanced fertilizer, amino acids and triacontanol 
• Feather meal: source of organic slow release nitrogen 
• Fishbone meal: organic source of phosphorus and calcium 

True Soil 
Now onto “true soil”. True soil is used almost exclusively in outdoor growing. Its composition varies from 
place to place and consists of countless natural and native components. These components include mineral 
particles- sand, silt, and clay (45% collectively), air (20-30%), water (20-30), organic matter (1-6%), 
microorganisms and the ever pervasive weed seed.  Organic (carbonaceous) matter, often referred to as humus, 
is composed of decaying plant and animal remains. Microorganisms include both beneficial and harmful 
bacteria and fungi. And weed seeds are one of the grower’s greatest foes. Not only are they a nuisance, but 
they also compete with your crop for water and nutrients. 

Since the composition changes from area to area, the properties change along with it. True soil with a healthy 
ratio of soil particles and organic matter will have good drainage. If the soil is compacted with low aeration, 
roots and plant growth will struggle. Conversely, if there is too much drainage, growth will also be hindered 
due to a lack of water and nutrient retention. 

Along with your soil composition changing from area to area with true soil, so will your soil fertility. The most 
important aspects of soil fertility to keep in mind include the presence and amount of organic matter, macro 
and micro nutrients, pH and CEC. There are various amendments and fertilizers that can help you achieve 
desired results in an outdoor setting. For more information on any of these click the links above. 
	



How to Clone Your Favorite Strain 
Have you ever cloned a plant? 
Do you have a favorite houseplant you would love to give as a gift, or a favorite flavor of heirloom pepper, and 
a limited number of seeds? With a little knowledge and materials you could turn one plant into many. We’ll go 
over a few options and methods to help you understand more! 

Establishing a Mother 
First and foremost, to begin to clone anything we need to have an established “mother plant”. 

This simply means that the plant is at least 2 months old, and has already shown sex (male or female pre-
flowers). 

Waiting two months for a plant to show sex can be inconvenient. It is possible to take a cutting from a plant 
under two months old and place it into 12/12 light in order to induce flowering and show sexual characteristics 
quicker than the mother. 

The health of the mother plant weighs heavily into the health and vigor of the clones it will produce. Make sure 
your mother plant has been well kept in at least 18-24 hours of light and in an adequate climate. 

Cloning Hygiene 
The most important facet to cloning is hygiene. Make sure you are using clean and fresh trays, inserts, blades, 
hormones, etc. Your cleanliness is equally important. 

This is when the cuttings are most vulnerable to viral, bacterial, and insect infestation. 

A diluted mixture of alcohol (5% or so) and water kept close by to dip the scalpel into between cuttings will 
keep the potential for infection down. A second clean glass of water (ph 5.0-6.0) is handy to have nearby to 
store freshly taken cuttings in, while you continue to take new cuttings from the mother plant. This helps 
minimize the risk of an embolism becoming trapped inside the plants stem. 

Cloning Supplies 
1. rooting hormone – our favorites are Clonex, RhizoGel, Rootech, Hormex, Olivias, and Dip’n’Grow 
2. glass of clean water(to hold cuttings) 
3. scalpel/razor blade 
4. glass of alcohol/water(to disinfect) 
5. cloning vessel (machines/peat/coco/rock-wool) 

 

 

 



 

 

Get Your Cutting 
Now that we have an established mother plant, and clean materials we will start cutting! 

Find and isolate a healthy stem that runs to a tip (we call this a node). Cut the node at an angle (ideally 45) 
where it is roughly 1/8” thick and roughly 4-6” long. 

Remove all but the top 3-4 leaf sets. 

It is also advisable, however not necessary, to cut the remaining leaves tips off, leaving half of the remaining 
leaf attached to the clone. This minimizes transpiration (moisture lost) through the leaf during cloning. 

Store this cutting in the glass of water and continue cutting until you have the desired number of clones. 

Prep Your Cuttings 
Once you have the desired number of cuttings, you are ready to expose them to rooting hormone and introduce 
them to a substrate. Dip each cutting into a rooting hormone of your choice following the directions, and then 
introduce to the media! 

Light them Up 
Now that we have filled our vessel with the clones, they are ready to go under light. 

Clones respond best to 18-24 hours of low energy fluorescent or plasma light. 

If you are in a situation where you must put your clones under HID lights, keep them on the perimeter and if 
possible use a cloth of some sort to filter out some of the intensity. 

Do your best to keep the humidity above 90% during cloning.  This is easily achieved with a lot of the cloning 
machines on the market, however a humidity dome may be necessary to achieve ideal conditions. With the use 
of standard plugs and rock-wool humidity domes are a necessity in most applications. 
	



HVAC FAQ 
Q & A 

 HVAC Frequently Asked Questions ???? 
Q: In a sealed environment, how many BTUs of cooling do I need per 1000 watt light?  How many tons? 
A: 4000 BTUs of cooling per 1000 watt.  There are 12,000 BTU’s per ton of cooling, allowing 3 lights per ton. 

Q: How do I properly size my dehumidifier? 
A: The amount needed for dehumidification is generally equal to the amount of water your plants drink 
daily.  Plants drinking 4 liters every 3 days will need 1.3 liters of dehumidification per plant per day. 

Q: What should my CO2 levels be at? 
A: CO2 levels can boost growth rates by up to 30% at 1500 ppm.  Anything above 1500 ppm is wasted. 

Q: When air cooling my lights, how much CFM do I need? 
A: An accepted amount of movement is 250 CFM per 1000 watt fixture. 

Q: For exchanging air in my room, how much CFM do I need to account for? 
A: Calculate your rooms cubic feet (LxWxH) and divide that number by 3 (the amount of minutes the air 
should be exchange in) and that is the required CFM. 

Q: How much CFM is lost through my carbon filter? 
A: It depends on the fan and filter combination in use. Typically, a CANFAN and filter at the maximum 
exhaust CFM rating will have approximately 0.7” wg pressure drop, which accounts for 20% of air 
flow.  MAXFAN will lose 7-15%.  Cheaper fans can lose upwards of 40%-60% through a carbon filter. 
	



Hydroponics for Beginners 
What is Hydroponics? 
Hydroponics is the system of delivering nutrients to plants via mineral fertilizer solutions, in water, without 
using soil as a medium.  Hydroponics is quite often considered to be the most efficient for growing in climates 
which may or may not be the most conducive for the specific crops grown.  This is due to the fact that 
environments in hydroponics grow facilities are generally tightly controlled for maximum efficiency, this is 
called controlled environment agriculture.  With this level of control, growers can produce premium food 
anywhere in the world, regardless of season and temperature.  Growers are able to tightly monitor temperature, 
humidity, and pH levels constantly while nearly eliminated any pest or disease problems.  With pest problems 
reduced, and exact nutrient levels constantly being fed to the roots, hydroponics has very clear advantages in 
large and small scale grow operations. 

Hydroponic Set Up Variations 
There are several kinds of hydroponics setups.  With plants grown either with their roots submerged directly in 
the nutrient solution or suspended in an inert growth medium.  When roots are suspended directly in their 
nutrient solution, the plant is generally stabilized by either neoprene collars in the lid of a reservoir, or with a 
small amount of inert substrate such as clay pellets.  Nutrients can be held in an aerated reservoir with roots 
directly in the reservoir, this is called deep water culture.  Another way to deliver nutrients to the plant is to 
have a recirculating system, like a nutrient film technique, which is where the nutrients are constantly streamed 
down a slight incline while the roots grow along and uptake nutrients from the stream.  Plants grown in an 
inert medium such as Rockwool or coco can have their nutrients recirculated, or fed using a drain-to-waste 
system.  There are benefits with both.  Recirculating nutrients saves huge amounts of water, with up to a 95% 
drop in the usage of water.  This however, can cause issues due to the fact that nutrients are not all used at the 
same rate and imbalances are difficult to detect until an issue is visibly noticeable in the plants.  Drain-to-waste 
systems, while using more water also allow for a higher degree of control.  This is because every feeding 
delivered is of fresh, unadulterated fertilizer solution. 

Whichever method utilized, care must be taken to know exactly what is being fed to the plants at all 
times.  Electrical conductivity, which measures the concentration of fertilizer solutions, as well as, pH which 
measures the acidity or alkalinity must be well documented and measured frequently.  A plant will be 
extremely reactive and sensitive to shifts in either of these measurements.  Faster growth from well-maintained 
solutions also means faster deterioration in poorly maintained solutions.  This is all because of the plants roots 
being in direct contact with the soluble solution. 

 

 

 

 

 

 

 



 

 

Hydroponic Growing Media 
Hydroponic growing media is typically well recognized as soilless growing media. Growing hydroponically 
achieves faster growth rates because oxygenated water and synthetic nutrients are directly provided to the roots 
for rapid uptake and usage. This leads to increased production and faster crop turnover. Greater crop 
production leads to better yields and more harvests year round. 

Hydroponic media serves as an anchor for the plants, and aids in air and moisture retention. There are three 
main types, Rockwool, expanded clay aggregates and Growstones. 

The most popular, Rockwool, is an inert substrate of molten basalt rock spun into filament fibers. Grodan is the 
industry leading brand because of its increased moisture retention and proven effectiveness. It is generally not 
recommended for reuse. 

Popular expanded clay aggregates include Hydroton, Hydrocorn and Plant-It. These are inert substrates, round 
to irregular shaped pebbles, are pH neutral and increase drainage. These do not compact and thus can be 
reused. 

Growstones are made from recycled glass waste.  They weigh less than half of expanded clay, making their 
portability highly appealing.  Due to their very environmentally friendly production source, superior air and 
water retention, as well as their ease on the body they are quickly gaining popularity. 
	



Integrated Pest Management 
What is Integrated Pest Management? 
Integrated Pest Management, also referred to as IMP, and involves utilizing knowledge and resources to 
develop a broad approach in reducing risk of plant pests and crop damage. 

Prevention 
Success starts here, if proper steps are taken, you will face little to no infestations. 

1. Cleanliness–keep garden/growing space free of excess debris, water, weeds. Sanitize pots, saucers, 
equipment and spaces between crops using Physan 20or Bio Green Clean. 

2. Preventative plant treatment-when acquiring plants from other sources it is vital to isolate and treat them 
before introducing them into your garden. This can be done using Azamax and/or Green Cleaner. 

3. Preventative room treatment-ideally set off a fogger in the empty grow space while no plants are present 
between crops to achieve 100% coverage. Good options for this include Pyrethrum TR, Beethoven TR, 
and Trinity TR. 

Scouting and Monitoring 
Become familiar with the common insects that affect your crop and/or region and the damage that they cause. 
Early identification is vital to minimize damage to plants. 

Common pests include-spider mites, thrips, root aphids, fungus gnats, whiteflies, russet mites, foliar aphids. 

Inspect plants closely on a regular basis for presence of insects and/or damage. A few things that can help with 
early detection are Yellowand Blue Sticky Traps, Magnifier Loupes, and Active Eye Microscopes. 

Treatment of an Infestation 
Despite preventative efforts all gardeners will face an infestation to some degree that will require treatment. It 
is important to ensure that you are using the right product for the right pest and crop. 

Biological treatment 
There are beneficial insects, fungi, and bacteria that can be effective in prevention and treatment of plant pests. 
Some of the more popular biological controls include 

a. Phytoseiulus persimilisfor controlling spider mites 
b. Botanigard ES and Met-52 for controlling root aphids 
c. Gnatrol WDG and Nematodes for controlling fungus gnats 
d. Encarsia formosa for controlling whiteflies 
e. Ladybugs for controlling aphids 
f.Amblyseius cucumeris for controlling thrips. 



Organic Pesticides 
Technically to be qualified as organic, a substance must be certified by OMRI or another qualified 
organization. These are deemed to be the safest to use both for application exposure and for those crops that 
are going to be consumed or exposed to the human body in some manner. Application instructions must still be 
read and followed carefully as some degree of Personal Protective Equipment (PPE) will still be necessary for 
use. 

Natural Pesticides 
These are not typically certified by a particular organization, but rather consist entirely of natural derived 
substances. Similar to organic substances, these are generally considered to be of low risk. As always follow 
instructions and use proper PPE. 

Synthetic pesticides 
These of course are man-made but are often mimicking naturally occurring compounds. These tend to be 
products that you want to be more cautious with and can be broken down into further classifications. 

Synthetic pesticides safe for consumable products 
The product label will indicate this. You still need to be aware of proper application rates, recommended PPE, 
and the amount of time between application and consumption of the plant product. 

Ornamental Pesticides 
These are strictly labeled for ornamental use only and should NOT be used for plants intended for 
consumption. There are often very strict application instructions intended to protect people and the 
environment. USE WITH EXTREME CAUTION! 

Pesticide Rotation 
It is very important that you do not use the same product for the same pest over and over again. Most insects 
have such a short life cycle that they are able to develop resistance rather quickly. The insects that survive 
produce offspring that exhibit resistant traits that allowed them to survive the initial pesticide treatment. 
Coming at them with a rotation of 2 or more products proves to be most effective and reduce resistance. 

Safety 
It is necessary to protect yourself and others any time you are using a pesticide or fungicide of any kind. 
Depending on the product used, if proper measures are not followed serious health effects can result. 

Product label instructions 
If you are ever to thoroughly read an instruction manual, pesticide application is THE time to do it. After all 
you are likely spraying something that is suspended into the air where yourself, others, and the environment 
are at risk of the consequences. 



Personal Protective Equipment (PPE) 
This should be listed on the product label. This may consist of simply wearing long pants and sleeves or 
require more drastic measure such as respirators properly rated for the chemical being used. 

Do NOT sell yourself short here, we do not want to see any harm done to you, others, or the environment 
Here is a list of some popular PPE that we recommend: Grease Bully Nitrile Gloves, Kleenguard Chemical 
Suits, Tychem SL Chemical Suits, 3M Half Mask and Full Mask Respirators, 3M P100 Respirator Cartridges. 

Re-entry interval (REI) 
This is listed on the product label and/or the MSDS (anchor text to the MSDS sheet). It is the length of time 
that must pass before you can safely re-enter the treated area without PPE. 

  

The key to successful Integrated Pest Management is to take a multi-faceted approach to insect control. Do not 
simply rely on one of the sections listed above but be pro-active in all phases. 
	



pH Importance, Testing & 
Adjusting 

 

  

pH Importance 
PH is an indication of the acidity or alkalinity in a medium.  It is measured on a scale of 0-14, 0 being 
extremely acidic (think more acidic than stomach acid), and 14 being extremely alkaline (think more alkaline 
than ammonia or lime).  The effect of pH is huge on the solubility of minerals or nutrients.  Since 14 out of the 
17 essential plant nutrients are obtained through the root zone, they must be dissolved, and soluble for proper 
uptake. Most of these are more available in acidic conditions than neutral and alkaline environments. The ideal 
pH for plant nutrient uptake is between 5.5 and 6.5. It is important to understand that it functions on an 
logarithmic scale, which means that from a pH of 1 to a pH of 2 there is a 10 fold increase.; thus, making 
testing all the more important. 

pH Testing 
Because of the specific requirements for proper mineral uptake it is important to test the pH pf three things: 
your water, your fertilizer solution and your growing medium.  Litmus paper, and pH drops are reliable enough 
for generalizations and maintaining a healthy system.  However, if a problem is noticed, then a more accurate 
method should be employed.  A high quality pH meter can be used to test water, fertilizer solution, as well as 
growth medium. The most popular tool used to test pH is BlueLab pH Pen because of its versatility and ease of 
use. We also suggest the Myron L Ultrapen PT2 for the most accurate reading. Unlike its competitors it reads 
the pH to the hundredths place, which can be very important when you consider that pH is a logarithmic scale. 
For a more in depth look at your solution’s total dissolved solids, we suggest the BlueLab Combo Meter. This 
meter measures pH, EC, has a replaceable probe and a 5 year warranty. 

 

 

 

 

 

 



pH Adjusting 
In fertilizer solutions, using a pH up or down solution may be required in order to achieve the preferred acidity 
or alkalinity. PH up generally consists of Potassium Bicarbonate and/or Sodium Bicarbonate.  PH down is 
most popularly Phosphoric Acid and/or Citric Acid.  The ingredients of the pH solution used, as well as the 
ingredients of the nutrient solution will determine short term and long term stability of the pH of the 
solution.  Bicarbonates can have long lasting effects on the media environment and should be used in 
hydroponic gardening, or very sparingly for soil.  In soil, Dolomite Lime should be the go-to ingredient for 
long term pH stabilization.  Phosphoric Acid, which is ideal for hydroponics, can keep solutions stable for 
much longer than a Citric Acid based pH solution, but may not be better to acidify a soil grow. One of our 
favorite organic pH adjusters is Earth Juice DoubleUp and Earth Juice DoubleDown. 
	



Phosphorus, Plant Growth and 
Yield 

What’s the Deal with Phosphorus? 
Phosphorus Is… 
Phosphorus (P) is widely distributed in nature – but mostly in mineral forms that cannot be taken up by plants. 
Inorganic phosphate rock is the primary commercial source of P fertilizers. The annual demand for P for use in 
agriculture has been rising nearly twice as fast as the growth of the human population. The availability of rock 
phosphate is limited globally with the largest sources concentrated in China, Russia, Morocco, and USA. At 
the current rate of consumption, many scientists believe that a "peak phosphorus use" will occur within the 
next 30 years, and that global P reserves could be depleted in the next 100 years. 

This Matters Because… 
Phosphorus is an essential element for plant production and is very important in the development of new plant 
tissue. Phosphorus is a component of plant nucleic acids, which regulate protein synthesis. Phosphorus is also 
associated with energy transformations in the plant that promote root growth and budding, hastening plant 
maturity. 

When Plants Aren’t Getting Enough… 
Plants deficient in P are stunted in growth and often have an abnormal leaf color. When P is deficient, sugars 
can accumulate and cause anthocyanin pigments to develop, producing a reddish-purple color. Discoloration 
symptoms usually only persist when P availability is extremely deficient. However, severe phosphorus 
deficiency can occur without showing characteristic deficiencies symptoms – and plants typically respond well 
to moderate available P levels during active growth. 

Phos Fertz … 
Phosphorus is critical for maximizing plant growth and crop yields, but P fertilization is generally very 
inefficient. As much 70-90% of P applied to soils can become almost immediately unavailable for plant uptake 
because P readily transforms or sorbs to soil surfaces. As a result, limited P availability can constrain plant 
growth even in soils or other media that are heavily fertilized. 

Phos Fertz Future… 
There is great potential to improve microbial P solubilization, but progress in developing microbial solutions 
has been historically limited to the identification of single strains through traditional outdated culturing 
techniques, despite strong demonstrated evidence that microbial consortia are required to maximize P 
solubilization rates. 

 

 



 

The Benefits of Beneficial’s… 
Soil bacteria are very important in nutrient cycling and are vital for promoting plant health. Generally, plant 
growth promotion and development stimulated by beneficial bacteria function in three different ways: 
1) Facilitating the uptake of certain nutrients from the soil 
2) Synthesizing particular compounds for the plants 
3) Decreasing or preventing plant diseases 

I Thought We Were Talking About Phosphorus… 
Soil microbes play a critical role in solubilizing mineral P, which converts P to forms that plants can take up. 
This promotes healthy plant growth and enhances resistance to stress. Beneficial bacterial are able to naturally 
retain more nitrogen, phosphorus, and other micro-nutrients in the plant – root system, thus enhancing release 
of the nutrients for plant uptake. 

Wrap It Up… 
Phosphorus and beneficial bacteria are important, really really important to your overall plant growth and 
vigor. To sustain big yields, make sure your plants are able to uptake plenty of Phosphorus. Check out why we 
love MAMMOTH P™ to get this job done. 
	



Plant Breeding 
What is Plant Breeding? 
Plant breeding is the science of crossing two plants with the goal of selecting specific phenotypes from the 
offspring. This manipulation involves controlled pollination or open pollination. Controlled pollination is the 
method of harvesting male flowers and using a tool, such as a paint brush to deliver pollen directly to specific 
female flowers. This is a great method for breeding multiple male plants to a single female plant, care should 
be taken in order to know which males were dusted onto each branch. Open pollination involves allowing a 
male plant to flower in a room full of females. In this manner, all of the females dusted with pollen will likely 
be seeded. This is a great method for crossing a single male with many different female varieties. 

Why Crossbreed? 
Plants are crossbred in order to introduce traits from one variety into a new genetic background. For example, 
one variety may have a wonderful aroma and distinct flavor, while having a lower than average yield. Another 
variety may have a higher than average yield while not having a characteristically strong flavor. The goal of 
the cross being to introduce the flavors and aromas without losing the high-yield characteristics. 

The resulting seeds would be considered F1 hybrids, meaning they are the first filial generation of this cross. If 
a candidate from these seeds is selected and shows the desired combination of characteristics, further breeding 
can then be done in order to stabilize and further enhance these traits. 

F1 & F2 Hybrids 
F1 hybrids are generally more vigorous than the individual parents crossed to create them. This is called hybrid 
vigor. The resulting seeds also show little phenotypic variance from seed to seed, showing a general dominant 
trait among all seeds planted. It is when two seeds from a F1 hybrid are bred together that a very large 
variation will be seen amongst offspring. This is called an F2 hybrid. From here a combination of backcrossing 
the F2 with parental lineage and inbreeding to selected brothers, sisters and cousins is used in order to select 
the desired plant characteristics. Backcrossing and inbreeding should be done with care, and not with too much 
zeal. As is it common-place for weak, recessive traits to begin showing themselves, making for unexpected 
mutants and sometimes poor performing plants. If a plants’ genetics begin to weaken then a new line of 
genetics should be brought in to once again hybridize and reinvigorate it. 

Feminized Seeds 
Also possible is the reversal method. Using a foliar spray such as Tiresia’s Mist it is possible to reverse a 
female plant and create male flowers in order to pollinate itself, as well as other nearby plants. The seeds that 
are produced by this method are generally all female. Known as feminized seeds, they are a convenient 
solution for those trying to guarantee a certain number of females in a group of seedlings. This is a great way 
to preserve and breed out “clone only” varieties, expanding on unique genetics and furthering the availability 
of sought after varieties. 
	



Plant Extraction 
Plant Extraction 101 
Plant extractions are typically done with plants used for medicinal purposes. An essential oil contains the 
essence and characteristics of the plant it is extracted from, but in a much more concentrated form than the 
plant material itself. 

Solvents 
They are typically extracted using solvents such as alcohol, CO2 or butane. Extracts from butane are called 
concretes which are a mixture of essential oil, waxes, resins, and other plant material. Although highly fragrant 
and quite concentrated, concretes contain quantities of material unnecessary for their usage. Often times 
another solvent such as ethyl alcohol is used to extract these unnecessary by-products of initial extract. The 
process known as winterization When the alcohol solution is chilled to 0 F˚ for more than 48 hours causing 
excess waxes and lipids to precipitate out, this is called winterization. The precipitates are then filtered and 
then ethanol is removed by evaporating, vacuum purging, or both, leaving behind material called an absolute. 
The amount of material lost during this secondary extraction is proportionate to the increase in concentration. 
This production method may leave trace amounts of solvents in the absolute. Therefore testing should be done 
in order to determine if all solvents have been sufficiently removed. 

Creating an Absolute 
The process known as winterization is applied by chilling the alcohol solution to 0 F˚ for more than 48 hours. 
This chill causes excess wax and lipids to precipitate out. The precipitates are then filtered, and ethanol is 
removed by evaporating, vacuum purging, or both. The material left behind material is called an absolute. The 
amount of material lost during this secondary extraction is proportionate to the increase in concentration. This 
production method may leave trace amounts of solvents in the absolute. Therefore testing should be done in 
order to determine if all solvents have been sufficiently removed. 

What’s with All the Hype Over Extracts? 
Essential oil extractions are highly regarded because of the low quantity dosage, and their ability to maintain a 
high level of consistency throughout the production process. They are also very convenient and easy to 
transport. They are quickly becoming the norm in terms of medicinal plant usage. 

Safety First 
In order to properly perform essential oil extractions, many safety precautions must be followed. Recapturing 
butane or CO2 devices are a must have, and laboratory grade vacuums and ovens should be used. Cascade-
Tek, a leader in vacuum purging technology has entered the growing industry under the name Cascade 
Botanicals and has been providing their world-class ovens for some time. The resulting improvement in 
technology helps to ensure that quality and consistency will only continue to improve. 
	



Plant Growth Processes 
Photosynthesis, Respiration & 
Transpiration  
The three plant processes of photosynthesis, respiration and transpiration are the most fundamental to plant 
growth and development. Photosynthesis is the process by which green plants utilize light to manufacture their 
own food. Plant respiration is the next step. Respiration is where the plant metabolizes food created during 
photosynthesis and uses the energy obtained to carry out life processes. Lastly, transpiration is responsible for 
the movement of water, and thus nutrients, throughout the different parts of the plant. Let’s take these simple 
explanations up a notch! 

Photosynthesis 
The equation for photosynthesis = [carbon dioxide + water + light energy = glucose +oxygen]. During 
photosynthesis, carbon dioxide from the air and water from the soil react with the sun’s energy in subcellular 
structures called chloroplasts. The result is the creation of sugars, starches and carbohydrates (aka 
photosynthates), and the release of oxygen. 

Photosynthesis is directly dependent on three limiting factors- light, water, and carbon dioxide. The concept of 
a limiting factor is based on the Liebig’s Law of the Minimum. Liebig’s Law states that growth is controlled 
by the scarcest resource, not by the total amount of resources available.  In other words, if any of the three -
light, water or carbon dioxide- is limited, photosynthesis will be impeded along with plant vigor and growth. 

In an indoor growing environment, carbon dioxide levels can easily become a limiting factor for plant 
growth. Supplemental carbon dioxide is needed to improve photosynthesis in these grow systems. 

Respiration 
Respiration is the conversion of photosynthates back into energy for the metabolic processes that control 
growth and life processes. The equation looks like this [glucose + oxygen = energy + carbon dioxide + water]. 
Since oxygen is required for respiration, an excess of water (soil saturation) will negatively affect the plant’s 
ability to convert food into energy. 

 

 

 

 

 

 

 

 



 

 

 

 

Transpiration 
Transpiration is the loss of water vapor through leaf stomata. Thus, it is transpiration that triggers the uptake of 
water in the roots and the transportation of water (and nutrients) throughout the plant. 

Approximately 90% of the water that enters a plant is used in transpiration and the remaining 10% is used 
during photosynthesis and respiration. 

There are three indispensable roles that transpiration plays within plants. Its first role is mineral uptake where 
water serves as both the solvent and the avenue of transport. Minerals are taken up by the roots and transported 
by the xylem throughout the plant. 

The second role of transpiration is cooling. Water vapor is released from the leave’s stomata, essentially the 
plant is perspiring. Additionally, cool water from the root zone is pulled up through the plant which adds to the 
cooling effect of ‘plant perspiration’. 

Finally, transpiration is indispensable for a plant’s utilization of water to maintain turgor pressure within its 
cells. Turgor pressure is responsible for a variety of plant functions. Without turgor pressure forcing plants to 
remain rigid and erect, they would be unable to support themselves. 

Turgidity is just as important to the root as it is in the shoots where it serves as the force that pushes roots 
through the soil allowing them to mine the soil for life-sustaining substances. In addition, turgidity is 
responsible for regulating stomata’s guard cells, which control when the stomata are opened to release water 
vapor or uptake carbon dioxide. 
	



Plant Nutrient Basics 
Light, Water, Nutrients Voila! 
Numerous elements are required for proper plant growth. Air and water supply some of these elements 
including carbon (C), hydrogen (H) and oxygen (O), while soil is the principle source of all other nutrients. 
Plant roots must mine the soil in order to find these much-needed macro and micro nutrients. 

Macronutrients 
These are plant nutrients used in the largest amounts. The primary 
macronutrients include Nitrogen (N), Phosphorus (P) and Potassium (K). Secondary macronutrients, are 
used in lesser amounts and include Calcium (Ca), Magnesium (MG) and Sulfur (S). 

Micronutrients 
These are plant nutrients used in the smallest amounts and 
include: boron (B), copper (Cu), chlorine (Cl), manganese (Mn), molybdenum (MO), iron (Fe) and zinc (Zn). 
Even though these nutrients are used in trace amounts, the omission of even one will cause plants not to grow 
and reproduce. In this way, they are just as important as macronutrients. Care is needed when applying 
micronutrients because the difference between deficiency and toxicity is often minuscule. 

Nutrient Uptake 
Roots take up hydrated ions. These ions may be cations (positively charged) or anions (negatively charged). 
Many of the components that make up soil aggregates are negatively charged, and therefore, attract cations 
while anions tend to leach from the soil. The CEC (cation exchange capacity) is the measurement of the soil’s 
ability to hold onto cation nutrients. 

Nutrient Mobility 
Because nutrients enter into a plant as ions, they have varying degrees of mobility within the plant. The 
location of nutrient deficiency symptoms partly depends on the mobility of that nutrient. A mobile nutrient 
deficiency will exhibit symptoms in the older leaves because it is able to travel to where it is needed most- new 
growth. While an immobile nutrient will show signs of deficiency in newer foliage because it is locked up in 
the older growth. 
	



Raised Bed Gardening 
Is Raised Bed Gardening Right for You? 
Raised Garden Beds in the Rocky Mountain 
Regions 
For several reasons, raised beds are particularly useful in the Rocky Mountain region where we tend to have 
rocky, alkaline soil and shortened growing seasons. Raised beds allow you to create your own soil profile, 
instead of trying to amend a subpar growing soil, which can take up to 10 years depending on your starting 
point. 

Raised Garden Beds and Soil Compaction 
Raised beds provide easier access and an opportunity for minimal soil compaction. Consider the importance of 
soil compaction, and how hard it is to ameliorate. 

“Soil compaction reduces total pore space of a soil. More importantly, it significantly reduces the amount of 
large pore space, restricting air and water movement into and through the soil. Low soil oxygen levels caused 
by soil compaction are the primary factor limiting plant growth in the landscape setting…. Soil compaction 
can change a block or aggregate structure (with good infiltration and drainage) into a massive structure (with 
poor infiltration and drainage).” Whiting, David. Colorado Master Gardener Program: CMG GardenNotes. 
2011-2014. 

Raised beds are key to reducing foot traffic and thus soil compaction. Stepping on moist soil can cause 75% 
compaction the first time and up to 90% compaction by the fourth round. With raised beds, you should be able 
to limit any foot traffic to once a year in the spring when you prep your beds for the season to come. During 
the growing season, you should be able to top dress additional amendments avoiding further soil 

Short Growing Seasons 
In addition, raised beds can extend your growing season. They warm faster in the spring allowing for earlier 
soil amending and planting. You can add hooping and a protective covering, such as 6 ml clear plastic, to 
create mini greenhouses. 

Limited Garden Locale 
Raised garden beds allow for more garden location versatility and add an aesthetic value if you live in a 
suburban or urban setting. 

 

 

 



 

Other Recommended Resources 
A couple of our favorite sources for constructing raised beds and drip irrigation systems include the following: 

http://www.ext.colostate.edu/mg/gardennotes/713.html#raisedbed 

http://extension.missouri.edu/p/G6985 

http://www.motherearthnews.com/organic-gardening/build-raised-garden-beds-zmaz85mazsie.aspx?PageId=1 

http://www.urbanfarmonline.com/urban-farm-magazine-and-books/urban-farm-exclusives/how-to-build-a-
raised-bed.aspx 

http://www.motherearthnews.com/organic-gardening/drip-irrigation-for-raised-bed-gardens-zbcz1406.aspx 

How We Built Our Raised Beds 
Our beds are all 12” deep for maximum rooting depth since they are being built on new construction soil (all 
the top soil has been scraped off). They were double dug to prevent the creation of an impermeable interface 
with the soil we are building and the subsoil. Their widths range from 3-4 feet, allowing for us to easily reach 
anywhere in the bed without having to enter the bed, compacting the soil. The frames are built with 2×6 
redwood boards. Redwood has natural oils that make it exceptionally water and decay resistant. These beds are 
3’x30’, 4’x12’, 4’x12’, 4’x6’ and 4’x6’. Support poles are 4x4s sunk between 24”-30” inches and nailed to the 
frame. 



 
	



Seed Viability & Germination 
Seed Germination 
Just like the plants in your garden, seeds need the appropriate amount of light, moisture, oxygen and the right 
temperature to germinate. To maintain the viability and vigor of seed, it is essential to make sure they are 
stored in the appropriate conditions. Ideal seed storage requires very low humidity and temperature 
approximately 40-50˚F and 25-35% relatively humidity. 

Seed Viability Test 
Regardless, of how perfectly you stored your seeds, if you didn’t use them all in their first 
potential growing season, you will want to perform a viability test. To do this, simply 
place a specific number of seeds between two rolled up and moistened paper towels then 
place them in a plastic bag and seal. Make sure the seeds remain moist and warm (70-
75˚F). If the germination rate is less than sixty percent, don’t waste your time, money and 
energy sowing them. If it is less than one-hundred percent. But still an acceptable range, 
just sow extra to account for the non-viable seeds. 

Germination Conditions 
Many seeds readily germinate in warm, moist environments. However, as with any plant species, many have 
different and specific requirements for optimum germination. For instance, most parsley varieties 
require darkness for germination, so it is best to check out what the seed packets says concerning ideal 
germination environmental conditions for that seed variety. 

When choosing the best media for seed germination make sure it has good drainage, fine texture, a low soluble 
salt level (Electrical Conductivity EC), and of course, is pathogen free. 

The ideal soil temperature for most seeds to germinate is between 70-75˚F. If the soil’s temperature dips below 
70˚F sluggish erratic germination will occur. 

In general, light requirements for germination are relatively low. However, some smaller seeds need to be 
sown on top of the soil to receive adequate light, while a few species prefer darkness for germination. 

Important water requirements include uniform application and low water electrical conductivity. High water-
EC will cause germination to become sluggish and sporadic, and also leave the seedlings more susceptible to 
disease. Inconsistent watering, where the media is able to dry out between applications will also damage or kill 
the seedlings. 

 

 

 

 

 



Transplant 
Transplanting can make or break your crop literally. If you are starting your seedlings in open flats then you 
can transplant after they have grown their first set of true leaves. If transplanting out of anything larger, it is 
important to make sure you have given the young plants time enough for their root structure to fill their current 
pot. If you attempt to transplant before the roots have filled the pot, the “root ball” will crumble and your 
plant.  If your transplants recover, growth will be stifled, it will ultimately be a sluggish producer and a waste 
of space and time in your garden. Conversely, if you wait too long to transplant your plantlets you can face a 
whole other host of problems including stunted growth; stem elongation; disease susceptibility; precipitate 
flowering; and, ultimately a lower yield.  So pay close attention. 

Dole & Wilkins, Floriculture: Principles and Species. New Jersey: Pearson. 2005. 
	



Veg vs Bloom Requirements 
Light, Temperature, Nutrients, and Your 
Grow 
Light 
Light quality denotes the color or wavelength of the light. Blue light has shorter wavelengths and is best for 
vegetative growth. While red light has the longest wavelength and is best for flowering. 

When it comes to light intensity, every plant differs in their requirements and adaptations to tolerate different 
levels. If you are thinking about moving a plant to a higher intensity light environment make sure you do it 
gradually so the plant has time to build up a waxy coating on its leaves to protect against sun burn. It is also 
important to stay within that plant’s limitations, so do you research and find out what type of light intensity 
your crop needs. 

Light duration is the measure of light exposure. When starting plants indoors, light duration should be 
approximately twelve to fourteen hours. 

Photoperiod is the duration of continuous darkness, and most plants’ flowering growth phase is triggered by 
photoperiod. Plants can be divided into Short-Day plants, Long-Day plants, and Day-neutral plants. Short-day 
plants respond to extended periods of darkness. Long-day plants respond to shortened periods of darkness. Day 
neutral plants enter the flowering growth phase despite the increased or decreased duration of uninterrupted 
darkness. 

Temperature 
The most influential temperature factors that affect plant growth and vigor include: the average daytime and 
nighttime temperatures and the difference between them; as well as, the maximum and minimum daily 
temperature. These are fairly straight forward in an indoor growing environment where you have the ability via 
heating, air conditioning, venting and fans to control these and the swings associated with them. However, this 
becomes a bit trickier when you take the growing scenario outside, especially in mountainous regions. 

It is always important to take into consideration the microclimate of your outdoor gardening space. Factors that 
affect your garden’s micro climate include elevation, exposure, and thermal heat masses. For every 300 ft 
increase in elevation, there is about a 1˚ F decrease in temperature. Exposure is greatest to the south and least 
to the north. And lastly consider objects that could act as “heat sinks” that increase the temperature of your 
garden during both the day when the sun is beating down on it, and at night when it is radiating the collected 
heat from the day time. 

So how exactly does temperature affect plant growth and vigor? The most important factor here is whether the 
crop is cool or warm season plant. Germination of cool weather crops occurs between 40˚ F and 80˚ F, while 
warm weather crops germinate between 50˚ F and 90˚ F. 

 

 



 

Generally speaking, as temperature increases both photosynthesis and respiration increase until that plant’s 
upper-temperature limit is reached. At this point, respiration exceeds photosynthesis. In other words, the plant 
is consuming more sugars than it is making, and growth and vigor come to a screeching halt. In addition, 
because your crop is burning more sugars during increased respiration the sweetness factor, or Brix level, of 
your produce is decreased. Your flowers will show signs of increased respiration with fading colors and a 
shorter flower life. 

Nutrients 
Nutrient requirements differ during vegetative and flower growth cycles. During vegetative growth, your base 
nutrient needs to be nitrogen rich. This is because nitrogen promotes chlorophyll production, which is the key 
ingredient for vigorous vegetative growth. Two other nutrients, magnesium (which is at the center of each 
chlorophyll molecule), and calcium (which provide structural stem growth and support) are key elements 
needed in higher quantities during the vegetative growth phase. During vegetative growth, excess sugar is 
produced for use during the flowering growth phase. 

During the flowering stage of the plant growth cycle, it is phosphorus and potassium that are needed in higher 
quantities. Phosphorus acts as a flower growth enhancer, while potassium, acts as a ripener, or finisher at the 
end of growth. During flowering, excess sugar created during vegetative growth are utilized. You will see 
these nutrient needs reflected in most nutrient lines where most Grows are nitrogen rich and Blooms are 
phosphorus and potassium rich. 
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