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Assessing Beneficial Microbial Activity 
by Joe Bender, Cannabis Crop Solutions, LLC  

Beneficial microbes are common additives in cannabis production, 
and in other horticultural crop production. Beneficial fungal 
and bacterial species such as Trichoderma harzianum, and 
Bacillus subtilis, are used as biocontrol agents of fungal and 
algal root rot diseases, caused by Rhizoctonia solani, Pythium 
spp., and other species[6]. Growers also add fungi and bacteria 
such as Glomus intraradices and Bacillus spp., for their ability 
to increase the availability of plant nutrients[4]. 

While many studies have demonstrated the benefits of 
microbial additives, cannabis growers usually don’t have an 
established methodology for investigating the activity of 
microbes in their production systems. Several analytical 
techniques can be used to assess microbial activity, and help 
paint an overall picture of root zone dynamics in your 
production system(s). 

Soil Enzymes 

Enzymes are proteins that interact with corresponding substrates 
to catalyze (speed up) reactions. For example, cellulase is an 
enzyme that catalyzes cellulose degradation, to produce shorter 
polysaccharides and simple sugars. 

Soil microbes excrete enzymes into the medium surrounding 
them, which are thus known as extracellular enzymes. These 
enzymes help microbes dissolve their food before they absorb it. 
One method of assessing root zone microbial activity is by 
monitoring extracellular enzyme activity (EEA) in the soil, 
potting mix, or nutrient solution. Extracellular enzymes assist 
in beneficial microbes’ anti-pathogenic action, and also 
accelerate the degradation of organic materials, which releases 
mineral nutrients used by plants[1, 2]. EEA therefore serves as an 
indicator of microbial activity; however, because extracellular 
enzymes form stable, persistent complexes with organic matter 
and clay, which are no longer associated with living cells, EEA 
assay results are representative of the cumulative activity of 
microbes, and not necessarily their current activity[1]. 
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Stabilized enzyme/clay-or-organic-matter complexes can 
contribute up to 60% of total enzyme activity[1]. 

EEA assays could be used to compare cannabis planting 
mediums supplemented with varying beneficial microbe treatments, 
including a treatment of no supplemental microbes. Due to the 
cumulative nature of EEA, these assays would ideally be 
performed on the planting medium at several intervals, including 
near the time of harvest (prior to flushing), and would help 
answer questions such as: 

• Does EEA increase following the addition of a specific 
beneficial microbe product? If so, this would indicate (albeit 
not definitively) that the product contains viable colony 
forming units of the microbes.

• Do greater additions of the product further increase EEA? This 
could help determine the optimal amount of the microbe product 
to add. 

Two ways of increasing EEA are the addition of microbes, and the 
addition of organic matter or clay to the soil or other growth 
medium[3]. Experimenting with various microbe treatments, while 
using a standard growing medium and fertilizer plan as controls, 
could help elucidate the effect of microbe treatments on EEA. 
Although increasing the EEA might not necessarily increase plant 
performance, finding a positive correlation between EEA activity 
and further additions of microbes would indicate that at least 
something is happening from adding more microbes. While this may 
not be all that enlightening, if nothing happens to EEA with the 
further addition of a microbe supplement, you might consider 
using less of that supplement. For example, you could find that 
inoculating the growing medium at the time of planting increases 
the EEA to a maximum level, possibly indicating that further 
additions of the supplement would be wasteful. Bear in mind 
however, that EEA is not the only indicator of benefits from 
microbial supplements. The abilities of beneficial microbes to 
antagonize plant pathogens, and to supply mineral nutrients to 
plants, also rely on mechanisms other than EEA.  

The most sensitive EEA assays use fluorescent spectroscopy 
to determine EEA. Substrate molecules, which react with the 
enzymes of interest, are bound to fluorescent markers. 
Substrate-bound markers are then mixed with liquid samples from 
the root zone. The markers can only fluoresce when each marker-
substrate bond is broken by an enzyme molecule. Therefore, the 
amount of fluorescence is directly proportional to the amount of 
the enzyme present in the sample[3]. A microplate reader is used 
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to detect the fluorescent intensity of samples in microtiter 
plates.  

Rootzone Nutrient Analysis 

Another method of assessing microbial activity resulting from 
the addition of microbe supplements, is to analyze the nutrient 
levels in the root zones of plants given varying microbe 
treatments. This could be performed by a laboratory service, or 
in-house, using a nutrient analysis photometer (Hanna 
Instruments offers one for about $700). For photometric 
analysis, samples of nutrient solution are leached from potting 
mix (or collected directly from the reservoir of a recirculating 
system), decanted, diluted, clarified, and then mixed with a 
color-inducing reagent, designed for detecting a specific 
nutrient such as calcium or phosphate. The solution is then 
analyzed in the photometer, which detects the shade of color 
created by the reaction between the reagent and the nutrient in 
question. The photometer converts this color reading into mg/L 
(ppm) of the nutrient. 

Carefully controlled experimentation, including 
standardized fertilization as a control, and using photometry 
for root zone analysis, could allow growers to observe whether 
or not levels of individual nutrients increase or decrease, due 
solely to the addition of microbes. An increase in the level of 
a nutrient such as Ca2+ or Mg2+ could indicate the microbial 
liberation of minerals from organic matter in the potting mix. 
The opposite effect might also be observed for certain 
nutrients, as microbes use nutrients for growth and maintenance. 
For example, bacteria and fungi that decompose organic matter 
can consume nitrogen (sometimes temporarily, releasing it later 
in a different form), that would otherwise be available to 
plants. Populations of mycorrhizal fungi (plant-symbiotic root 
colonizers) benefit from available N, and may increase with 
increasing N levels[5]. Conversely, scientists have found that 
the abundance of mycorrhizal fungi increases as phosphorus 
levels decrease, and that plants can compensate for low 
phosphorus levels via their association with mycorrhizae[5].

Petiole Sap Testing 

One more method for assessing the impact of beneficial 
microbial activity, is using Horiba (brand) pocket ion meters 
(about $350 each; see photo below) to measure petiole sap 
nitrate (NO3-), calcium (Ca2+), and potassium (K+) levels. Pocket 
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ion meters use plant sap to create conductivity across an 
electrode. Petioles from the most recently matured leaves are 
crushed in a garlic press (about $10) to obtain sap samples. A 
few drops of sap are all that’s needed for a conductivity 
reading on the platform-style electrodes. The conductivity level 
is automatically converted to mg/L (ppm) of the specific 
nutrient ion. 

Experimental results could show an increase or decrease of 
nutrient levels in plant sap, due to adding variable rates of a 
microbe supplement. If the fertilizer rate is constant, but 
plants given a beneficial microbe product have significantly 
more nutrients in their sap than the control plants, you might 
want to use that microbe product in the future! 

Horiba NO3- and K+ ion meters

Fluorescent EEA assays, nutrient analysis photometry, and 
petiole sap testing, are three complementary techniques that can 
shed light on microbial activity and root zone dynamics. 
Comparisons of the three-way interaction between EEA levels, the 
availability of certain nutrients, and plant performance, could 
influence management practices, such as how much N or P to 
provide via fertilizers. Growers assessing these interactions in 
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their own production systems may find solid reasoning to 
supplement their plants with a beneficial microbe product at a 
specific rate, or to increase or decrease their rates of 
individual nutrients. 
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Blunders in Cannabis Law Reform: 
‘Our state lawmakers know best’ 

by Joe Bender, Cannabis Crop Solutions, LLC 

‘No at-home cultivation!’ ‘Sorry, your doctor didn’t recommend topical 
formulations.’ ‘You’ve reached your monthly limit.’ ‘We can’t sell edibles to 
adults.’ ‘We can’t sell buds here.’ ‘Your medical condition doesn’t qualify’…
and the list goes on. It seems that every state that legalizes medical 
cannabis declines to legalize some aspect of it. Instead of eliminating legal 
risks for medical cannabis program participants, states often create a 
quagmire for patients, where the laws are convoluted, unfair, may not 
address patient needs, disregard the authority of doctors to make medical 
decisions, and could be very difficult to follow.  
 Nevada for example, allows home cultivation, but restricts production 
to no more than 2.5 ounces[1]! So, if your cannabis plant yields more than 
2.5 ounces, what do you do? Furthermore, Nevada only allows home 
cultivation for residents who live more than 25 miles from a dispensary[1]. If 
you’re financially challenged and live in Las Vegas, where the poverty rate 
is almost 13% higher than the rest of Nevada, you’re stuck paying retail 
prices at one of the dozens of dispensaries located within 25 miles of your 
home[2]. Like Nevada, Arizona has a 25-mile-from-nearest-dispensary law, 
and North Dakota enacted a similar 40-mile law[1].  
 Many states with medical marijuana programs don’t allow home 
cultivation at all. These states include Connecticut, Delaware, Florida, 
Illinois, Minnesota, New Hampshire, New Jersey, New York, Ohio, 
Pennsylvania, and West Virginia[1]. Greed is at play. It was recently 
reported that a group of dispensary executives in New York sought to 
influence Governor Cuomo’s policymaking, by sending a 29-page policy 
statement to his office, entitled “The Fallacy of the Homegrow”[3]. The stuff 
in this anti-homegrow memo belongs in a memo, because I don’t know how 
anyone could make these ironically ‘fallacious’ statements aloud, with a 
straight face. For example: “[allowing] Home grow will undermine the 
state’s harm reduction goal of ensuring that cannabis sold in New York 
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State is grown without noxious pesticides or other contaminants[3].” So, 
you’re telling us that patients are going to poison their own personal 
cannabis, and this will be a widespread problem? Wow. 
 Other silly nuances have made their way into state medical cannabis 
laws. For instance, when Governor Corzine initially legalized medical 
marijuana in New Jersey in 2010, edible forms remained illegal[5]. In 2013, 
Governor Christie legalized edibles, but only for children[4]! This was of 
course a blessing for children, but it was a bizarre move to leave out adults. 
It also created the potential for an even more bizarre situation — minors 
using edible forms would lose that liberty upon turning 18. 
 In Florida, doctors are required to recommend 70-day, milligram-
based allotments of the cannabinoids THC and CBD. Talk about confusion 
for patients, and a real tracking nightmare for dispensaries. On top of that, 
the doctor must specifically recommend milligrams of inhaled doses, oral 
doses, and topical doses. If your doctor forgets to ask if you want a 
recommendation for your preferred method of medicating, your first 
dispensary visit could be disappointing. 
 I’m hopeful that as time goes on, these rules will be changed for the 
better. After all, if alcohol prohibition had been so half-heartedly repealed, 
people might still be dying from methanol poisoning from bootlegged 
booze. Maybe the next state to legalize medical cannabis will embrace the 
best, freedom-enhancing concepts from other states, instead of being 
another know-it-all. 
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