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Dear readers, 

Thanks for checking out the latest edition of my newsletter! I hope everyone had a 
great Independence Day weekend. This month’s articles examine the common 
cannabis disease known as powdery mildew (PM), and the problem with using MCT oil 
in vape cartridges. I hope those of you who already know about powdery mildew will 
find my PM article educational beyond your current knowledge, and I also hope the 
article serves as a fitting introduction to PM for those who were previously unaware of 
the disease. The short article on vapor cartridges is intended to raise eyebrows and 
start conversations about the health risks of inhaling MCT oil, but must not be 
construed to be medical advice. My intent is to help readers make the best decisions 
they can regarding vape cartridges, which is a subject that may be somewhat foreign 
to many physicians. 

Best regards,

Joe


Powdery Mildew Prevention and Management 
by Joe Bender, Cannabis Crop Solutions, LLC 

Powdery mildew (PM) is one of the three most common 
diseases of cannabis, along with grey mold caused by Botrytis 
cinerea, and root rot caused by Pythium spp. As its name 
suggests, powdery mildew is a white, powdery, fungal disease 
that occurs on leaves, flowers, and stems. Infected tissues 
appear to be coated with lime dust. As many as 400 species in 16 
genera of fungi in the order Erysiphales cause powdery mildew. 
At least three species of PM have been reported to affect 
cannabis: Leveillula taurica and Podosphaera macularis 
(McPartland, Clarke, and Watson 2000), and Golovinomyces sp. 
(Pépin, Punja, and Jolly 2018).

According to genome researcher Kevin McKernan of Medicinal 
Genomics, there is genetic evidence that Podosphaera macularis, 
which infects hops (Humulus lupus), does not infect cannabis; he 
says the culprit has been misidentified as P. macularis, but is 
actually a close relative, sharing 98% its genes. Pépin, Punja, 
and Jolly (2018) reported that their genetic analysis identified 
Golovinomyces sp., with a 100% genetic match, as the cause of PM 
in Canadian cannabis crops; they also speculated that P. 
macularis may have been falsely implicated in previous reports. 
Although powdery mildew species look almost identical to each 
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other, they do exhibit behavioral differences, so proper 
identification of the species causing PM of cannabis might aid 
future research and provide new insight into how to most 
effectively combat the disease. 

PM rapidly colonizes plant surfaces, and reduces yields by 
inhibiting light transmission used in photosynthesis, and by 
sequestering nutrients including amino acids and 
photosynthetically derived glucose. PM destroys cannabis crop 
quality, is an allergen to humans, and in severe cases, can kill 
plants. In crops like cucurbits, peppers, and tomatoes, 
fungicides can combat PM up until harvest (following fungicide 
label instructions), and are then easily washed from fruits. In 
cannabis however, buds can’t be similarly washed, so most 
fungicides should not be used to combat infections during 
flowering, making PM of cannabis potentially more problematic 
than PM of other plants. 

Lifecycle

Conidia, i.e. asexual spores, are typically responsible for 
the initial infection. These bud-off from the ends of hyphal 
strands of mycelium, forming upright-standing chains of conidia 
called conidiophores. Conidia develop via mitosis (regular cell 
division), and are clones of the mycelium. The spores land on a 
host plant, and receive chemical signals from the surface, which 
allow the spores to recognize the host, and stimulate spore 
germination. The germ tube hypha, arising from the germinated 
spore, grows a specialized structure known as an appressorium, 
to directly penetrate the stem or leaf surface, via a 
penetration peg that grows out of the bottom of the 
appressorium. The appressorium is a balloon-shaped structure, 
which produces a high concentration of solutes such as glycerol, 
that accumulate to draw in water, using the same principle of 
osmosis that causes salt to draw the water out of a slug. In 
this case, solutes pull water in from the air. Enormous water 
pressure builds in the appressorium, and presses the penetration 
peg into the surface of the leaf. Once inside the epidermal 
cell, the fungus develops a haustorium, which supplies it with 
nutrients. The haustorium is a vertically elongated sac-like 
structure. The host plant responds by growing its cell membranes 
around the haustorium, thereby isolating it from the plant 
cytoplasm with an extrahaustorial membrane. The extrahaustorial 
membrane is permeable to the nutrients used by PM. 

While PM is developing haustoria, a network of hyphae 
called a mycelium grows across the surface of the leaf and 
spread the fungus locally, anchoring into the leaf with more 
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appressoria. Unlike some pathogenic fungi which develop a 
mycelium inside their host, PM develops an epiphytic mycelium 
across the plant’s surface, with only haustoria entering the 
plants epidermal cells. Infection sites do not quickly develop 
necrotic spots as in fungal blights, which rapidly kill tissue 
using enzymes. PM is an obligate parasite, meaning it can’t live 
on dead plant material (and can’t be cultured in a petri dish); 
instead of preemptively killing host tissue, it allows it to 
stay alive as long as possible, so it can absorb photosynthates 
and minerals. 

One to four weeks after initial infection, conidia form and 
disperse via wind and rain or overhead irrigation, causing 
additional infections. Free water is not necessary for spore 
germination; however, humidity is needed, and higher levels are 
more favorable for germination. 

In the fall, or after continued development of PM, 
cleistothecia form. These are the sexual fruiting bodies of the 
fungus. They are black, spherical structures that encase the 
asci: sacs typically containing eight sexual spores, called 
ascospores. Ascospores are formed via sexual recombination, and 
are therefore genetically unique, unlike the clonal conidia. 
Cleistothecia of P. macularis each encapsulate one ascus, 
whereas L. taurica cleistothecia contain about twenty asci. PM 
survives the winter as cleistothecia in plant debris, or as 
hyphae in the dormant buds of perennial plants. Cleistothecia 
split open in the spring, and wind distributes the ascospores, 
which land on cannabis plants, germinate, and form appressoria 
to reinitiate the lifecycle. 

Scouting for PM

Powdery mildew doesn’t always appear very powdery, even 
when producing significant numbers of conidia. Look for 
yellowish spots on the upper surface of leaves. These spots will 
reveal a white or grayish hue when angled into the light. Look 
for these spots in shady areas of plants, especially low in the 
canopy. PM is sensitive to direct light, so shady areas are the 
most likely locations for infections. In more advanced cases, 
you may find obvious white spots or whole leaves covered in the 
fungus.

Preventative Measures

Thoroughly clean grow rooms between crop cycles, to 
eliminate plant debris that harbor cleistothecia. Also collect 
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dead leaves during the crop cycle. Avoid entering grow rooms 
following outdoor activities, and keep pets out. 

Reducing or avoiding high humidity will discourage 
infestations of powdery mildew. Use air conditioning and 
dehumidification to lower relative humidity levels to below 50%, 
to create unfavorable conditions for the germination of any 
stray PM spores. In greenhouses, avoid using evaporative cooling 
when it will raise the humidity above 50%. Following initial 
infection and the development of haustoria, further localized 
colonization will continue regardless of humidity levels, so 
preventing initial spore germination is critical.

Unfavorable microclimates can promote PM indoors and 
outdoors. Microclimates are areas where the humidity and/or 
temperature differ from the prevailing conditions. Outdoors, 
plant cannabis in locations that receive as many hours of direct 
sunlight as possible. Space your plants so that when they reach 
their full size, they still have at least a few inches between 
them, to allow sunlight to penetrate the canopy, and to 
encourage air movement between plants. Indoors, adequate spacing 
is likewise important for preventing microclimates. In addition 
to proper plant spacing, locate fans strategically, so they 
provide uniform air circulation, without blasting the plants. 
The leaves should visibly ‘shiver,’ but should not get blown 
around violently, which will cause water stress and brown wind 
damage. Provide adequate lighting, in a carefully designed 
layout, to prevent excessive shade.

Filtering incoming air in indoor gardens can help exclude 
PM spores from your garden, although attempting to completely 
eliminate their entry is impractical, since workers must enter 
gardens, and can bring spores along with them. Several 
manufacturers make UV lights that can also be incorporated into 
air-handlers or ducting in indoor gardens, which destroy PM 
spores. Fine filtration should certainly be utilized, as it also 
thwarts the entry of insects and mites, and UV lights are a 
viable option. Another way of preventing spore entry is using 
bleach trays at doorways for workers to step in. 

Optimal watering and fertilization will help prevent plant 
stresses which could decrease plant defenses and encourage 
powdery mildew. For instance, potassium is very important for 
osmoregulation in plants; along with careful watering, an 
adequate potassium supply can help prevent water stress. 
Excessive nitrogen can encourage PM, and cause other problems 
such as stem breakage, so dial in your N supply. Although needed 
in varying quantities, every essential plant nutrient is equally 
important for plant health, so use well-balanced fertilizers. In 
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addition, use a silica supplement to strengthen cell walls 
against fungal penetration. 

If you purchase clones, inspect them carefully for symptoms 
of PM, including yellowish spots and a moldy-odor. Also look for 
signs of the disease, such as visible mycelia, conidiophores, 
and cleistothecia. Quarantine your new clones until you’re 
confident they’re disease-free (and pest-free), and consider 
dunking even clean looking clones in a solution of a fungicide 
labeled for powdery mildew, such as neem oil. 

Pruning can be used to prevent PM and other fungal 
diseases. Remove leaves that touch or grow too close to the 
planting medium, and thin lower branches conservatively, to 
encourage air to flow up through the canopy. Also thin branches 
that are crowded within the core of the canopy. If you find PM, 
prune and discard infected leaves, and consider removing entire 
plants in advanced cases; then, refer to the next section on PM 
treatments. Always flame sterilize your pruning tools between 
plants, and between cuts on individual plants, if you may have 
cut near a diseased area. 

Fungicides can be used preventatively against powdery 
mildew. Biological fungicides, such as Trichoderma spp. fungi 
and Bacillus subtilis bacteria, are most effective when used 
before you see signs of PM. Take the previously mentioned 
precautions, and don’t completely rely on sprays to prevent PM; 
however, preemptive spraying of mother plants and vegetative 
plants can be a valuable tool against infestations. When you 
suspect that PM is likely to be problematic, preventatively 
spraying more powerful fungicides (discussed in the next 
section) in the stages prior to flowering is warranted. 

Disease Treatments

Potassium bicarbonate-based fungicides are very effective 
against PM, and are available in organic-approved formulations. 
Potassium bicarbonate works by desiccating spores and hyphae— a 
mechanism against which fungi cannot develop resistance. Because 
potassium bicarbonate can be phytotoxic, test spray isolated 
plants before spraying your whole garden. Give the plants a 
couple of days to develop symptoms of phytotoxicity, since 
burned tips and leaf edges may not show up right away. If you’ve 
already spotted PM, performing such delaying tests could put you 
in panic mode, so it would be wise to experiment with new 
products/dosages before you have a problem. Test the low and 
high end of the labeled recommendations for phytotoxicity, so 
you’ll know your treatment options. 
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Sulfur is a traditional organic fungicide used for PM 
treatment. As with potassium bicarbonate, fungi cannot become 
resistant to sulfur[7]. When applied preventatively and in a 
uniform coating of plant surfaces, sulfur is effective at 
preventing PM infestations. Several sprayable formulations are 
available, including wettable powders.

A popular method of applying sulfur to indoor cannabis 
crops is by using a sulfur burner. Sulfur burners hang in grow 
rooms, and evaporate sulfur pellets, thereby evenly coating 
plant and room surfaces with sulfur. Use a timer to operate your 
sulfur burner(s) during the dark cycle, when people are not in 
the grow room. Also ensure that room exhaust fans are turned off 
during the burn cycle.

Neem oil is another effective organic curative for PM. As 
with any fungicide, including sulfur and potassium bicarbonate, 
follow label guidelines, and spray in the early morning, to give 
the plants time to dry before they receive direct sunlight. 
Indoors, spray fungicides with the main grow lights turned off, 
and wait until the spray dries to turn them back on. Double 
check to ensure any manually controlled secondary lighting used 
for spraying is turned off, and that your lighting timers are 
still set properly. 

You may have heard that frequent rainfall or overhead 
irrigation can actually suppress the spread of powdery mildew, 
by washing spores off of the plants. Albeit there is evidence to 
support the idea[4], this rinsing mechanism is needed multiple 
times per day for PM suppression, which will strongly encourage 
other fungal and bacterial diseases. For this reason, abstain 
from such rinsing. 

Discussion

Some cannabis growers question the epiphytic nature of 
powdery mildew; however, there is no evidence that PM causes a 
systemic infection, as some suspect. In contrast to vascular 
wilt fungi which invade the xylem and/or phloem, and 
necrotrophic fungal blights in which mycelia grow inside plant 
tissues, powdery mildew resides on the surface, only entering 
the plants epidermal cells with haustoria. Nevertheless, several 
fungicide applications may be needed to eradicate infections. 
All of the aforementioned fungicides, including burned sulphur, 
will compromise the quality of your cannabis crop if applied 
during the flowering cycle. Therefore, when there is a high risk 
of PM infestations, preventative treatments during the 
vegetative and transition phases are a sensible option. 
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Powdery mildew is all too common, and is often a nightmare 
for cannabis growers. If you’ve heard stories of powdery mildew 
laying waste to gardens, they may not be exaggerated; however, 
taking the proper precautions can prevent PM problems, and set 
you up for a successful harvest. Have faith in using well- 
controlled environmental parameters to prevent PM, and make any 
necessary changes to achieve such control. Frequently scout for 
signs and symptoms of the disease, and consider spraying 
biological fungicides or more powerful fungicides prior to any 
evidence of PM. Your plants will reward you for your efforts. 
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Medium-Chain Triglyceride Trouble 
by Joe Bender, Cannabis Crop Solutions, LLC 

 Medium-chain triglycerides (MCTs) are currently a popular health 
supplement. Common sources of  MCTs include coconut oil, palm kernel oil, and 
animal milk. MCTs are relatively easy for the body to process into energy, unlike 
long-chain triglycerides (LCTs— common fats). One popular use for MCTs is the 
manufacturing of  cannabis ‘tinctures’ for consumption via droplet bottles; this is 
a good use for MCTs, without any glaring potential negative health effects. A 
detailed discussion of  all the possible reasons for ingesting MCT oil is beyond 
the scope of  this article; here I will focus on my concern regarding the negative 
consequences of  inhaling vaporized MCT oil.  
 MCTs are currently being used in lower-quality vape cartridges, as a 
thinning agent that helps reduce the viscosity of  pure cannabinoids such as THC 
and CBD, so that they can flow properly through cartridge components. High 
quality vape cartridges, on the other hand, use essential oils usually composed 
of  cannabis-derived terpenes, as the thinning agent for cannabinoids. These 
terpenes are extracted from cannabis trichomes, meaning they are a natural 
component of  cannabis flower smoke and vapor. The relative safety of  smoking 
and vaporizing cannabis flowers is well known, so incorporating flower 
components such as terpenes into vape cartridges doesn’t scream trouble, 
though it does deserve further study. 
 The question of  the carcinogenicity of  inhaled MCT vapor has been 
addressed by at least one study that gave it a dubious approval in that regard[2], 
but carcinogenicity shouldn’t be the only worry of  consumers. The potential for 
chronic irritation should also be considered. Additionally, I’m concerned that 
inhaling MCT oil may cause a condition known as lipid pneumonia. According to 
a Healthline article[1], one cause of  lipid pneumonia is the inhalation of  oil-based 
substances found in e-cigarettes. Furthermore, if  you have the misfortune of  
trying a cannabis cartridge containing MCT oil, you’ll likely find that the vapor is 
harsher than cannabis smoke. Not only is it unpleasant to inhale, it significantly 
inhibits breathing, in my opinion. Several months ago, I purchased a CBD 
cartridge that, unbeknownst to me, contained MCT oil. I was initially puzzled as 
to why the vapor from it was so harsh, and why it left me continuously clearing 
my throat, as if  my throat was clogged. I later discovered, to my chagrin, that the 
cartridge contained MCT oil. However, this did serve as personal verification of  
my suspicion that inhaling MCT vapor is a bad idea.  
 Although there seems to be a dearth of  scientific data about the risks of  
inhaling MCT vapor, I believe that a clairvoyant examination of  this topic is as 
simple as common sense. If  you ask yourself  “should I be inhaling a major 
component of  coconut oil?,” and also witness the feeling you get from an MCT-
laden cartridge, you’ll likely reach the same conclusion as me: don’t inhale the 
stuff. 
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s[1] Lipid pneumonia article: 
healthline.com/health/lipoid-pneumonia#causes

[2] You May Want to Avoid These Ingredients in Cannabis Oil Vape Cartridges. 
leafly.com/news/health/cannabis-vape-oil-ingredients-to-avoid
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