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Agronomics of CBD Hemp Production:  
Lessons from Maine and Colorado



• Discussion of hemp and hemp products  
• Key criteria for growing high CBD hemp
• CBD hemp agronomy
o first soil / soil management
o second part – crop production 

• NE production challenges
o Western advantages / scale issues

Today’s Presentation



*
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April to October 2019



• Learn about soil and water management
o Maine: 40 - 45” SLV - Colorado: 6 - 7”

• Learn about irrigation, technologies, and 
potato and hemp production

“Cannabatical” in the San Luis Valley



September 25, 2019



Circles – ¼ sections – 120 ac



August 23, 2019 Would I like to see this in Maine in August?



• Cannabis sativa used for millennia … ?

Cannabis: Industrial Hemp



• Cannabis sativa used for >3000 years … ?
• Miracle plant?  no 
• Immune to the basic principles of crop 

management ?   NO!
- Sales up (Forbes – 700%)
- Farmers see $ signs … reality? 

Cannabis: Industrial Hemp



Both hemp and marijuana 
are Cannabis sativa L.

If > 0.3% Total THC - marijuana 



Bract is a modified leaf 
or scale, typically small, 
with a flower or flower 
cluster in its axil.



Trichomes

CBD / THC
Others 
Terpines

Fat and 
alcohol 
soluble



*



• Flower extracted – tinctures or oils
– Sublingual dosing 

• Edibles
• Smoke the “flower”
• Vaping**

- Flower 
- Oils / concentrates

How CBD cannabis is consumed



Limited to no market today

Limited market today





Charlotte changed everything …
300 seizures a week to maybe 1/week… 

Charlotte’s web … first of many 
low THC / high CBD cultivars



2016 Farm Bill:

• Opened the door to hemp production
• Farmers could do ”research” with universities
• Kentucky’s loose interpretation





Removed hemp from Schedule 1 



Both of these are 
medicinal cannabis

THC <0.3%

THC – 10 to 30%

Still a schedule 1 drug



Example schedule 1 drugs: 
Heroin, 
Ecstacy,
Peyote

High THC Cannabis?



Cannabis and cannabinoids

2017 publication

• Strong evidence:
o control chronic pain
o nausea from chemotherapy
o spasticity – MS

• Moderate evidence:
o improving sleep / apnea etc

• Some evidence:
o improving appetite
o decreasing weight loss
o tourette’s syndrome
o anxiety
o PTSD



Your CBD cannabis
Exceeds 0.3% (+/-)

USDA says you are
growing marijuana
Schedule 1 drug 

Must be destroyed

Challenge #1



THC + 0.87 (THCa) < 0.3% +/- lab precision
Done on a dry weight basis!

Really no scientific basis for this … 



>1% THC hemp to have psychoactivity
Small and Marcus, 2002.  

1% alcohol 20% alcohol 



EU countries - 2% THC

THC for hemp set at 0.2% in a
“misguided effort aimed at 
preventing marijuana grows
in industrial hemp fields.”

Switzerland – 1% total THC

Thailand 
<3% - designated hemp
3-9% - recreational cannabis
> 9% - medicinal cannabis 



THC – 0.27%
THCa – 0.5% 
CBD – 1.9%
CBDa – 19.1%

Not going to 
be able to have
CBD get >8%
and stay under
0.3% total THC



Should Farmers Produce Hemp?
• My line is  … “Curb your enthusiasm …"
o USDA rules: not farmer friendly
o Extremely expensive crop to grow
o Market is flooded right now

• Easy for processors to reject product
• Little research to support benefits / risks?



People are excited
to grow hemp! 

Who should do it?



CBD Cannabis: Flower Market
• “I’ve got some land - I want to grow hemp”

- In active production?   Drainage?
- What kind of equipment / resources ?
o Tractors, plastic layer, greenhouse?

• Plant production experience ?
- Farmed several types of crops? 
- Grown medical / recreational cannabis? 



CBD Cannabis: Other skill sets
• Good cultural pest management skills 
o IPM
o Organic production experience 

• Understand irrigation management



Cannabis: Industrial Hemp

• Investment backers? 
o 10ac CO farm - $180k in investments

• Basic business principles to follow!! 
o How big do you want to be …? 
o Raw biomass or value added products?
o My advice – small/uber-organic/niche









“Value added products are going to be 
the saving grace for small farms.”  

Wes O’roarke – Sol Mountain Farm



47 tested CBD
Products:  

Only 1 had 
exactly what
it was labeled
to be!  

Need more
regulation!





Quality soil and good drainage … 









Natural drainage class is somewhat poorly drained



Sandy loam river bottom ground 
perfect … 



Cannabis: Drainage and Fertility

• Well drained soils – no crusting/wet feet
• No fields with history of wood ash/sludge
o Concern over heavy metals - toxins

• Soil test your fields
o UM soil test lab – 70 samples for hemp
o Request a metals profile? 





Soil Test 
Parameter

Average Lowest Highest

Soil pH 5.9 5.1 7.9

Soil OM (%) 5.7 1.0 21.0**



Soil Test 
Parameter

Average 
(lb/ac)

Lowest
(lb/ac)

Highest
(lb/ac)

P 46 3 1803

K 242 50 650

P rec 50 0 70

K rec 116 0 150

Lime Rq
pH 6.5

3750 0 7500



Cannabis: Industrial Hemp

• Basic Agronomic Principles to follow!! 
o Don’t treat your soil like dirt



Cannabis: Industrial Hemp

• Basic Agronomic Principles to follow!! 
o Don’t treat your soil like dirt

• Convert a hay field to cannabis?
o Start in the fall / not the “spring”!



July 11, 2018



If turning under a sod … 

• Soil test the field !
• Apply lime if needed

• Dolomitic lime / CaCO3 and MgCO3



Soil Test Determined





Antagonism of excess K leading to Ca and Mg deficiency
vice / versa too … excessive Ca / Mg … K deficiency



If turning under a sod … 

• Soil test the field !
• Apply lime if needed
• Apply manure ? 
• Plow the sod in September / October
• Allow to break down over winter
• Spring: chisel and disk twice 



Solid or liquid manure …
what nutrients do you get?  



Solid manure contains:
– 10 pounds total N/ton (mostly organic N)
– 6 pounds P2O5

– 10 pounds K20
– 72% water

Manure Analysis



1000 gallons of this manure contains:
– 28 pounds TKN
– 14 pounds organic Nitrogen
– 14 pounds NH4-N
– 13 pounds P2O5

– 34 pounds K20
– 90-93% water

Manure Analysis



Cannabis: Fertility Regime
• Fertility – Soil test recommendations 
o Lime:  minimum pH 6.0 – max 7.0 
o P2O5/K2O  - apply 50 / 100 lbs
o Nitrogen – flat rec – 150 lbs/ac … ???
o N:P through growth cycle … 

- N growth early/fade …
- Abundant P at flowering/harvest



Cannabis: Nutrition
• Fascinating plant but not “mystical”
o Requires same essential 17 nutrients

• Hobby vs. serious grower 
o Hobby grower – its a ”weed”
o Prepared/savy grower needs to 

recognize issues – nutrient/pest ??? 





• Highly mobile
• Key role in dozens of 

plant processes 
• Energy compounds 

(ATP, ADP)
• Genetic compounds
• Amino acids
• Chlorophyll 
• Enzymes 
• 3.5-4.5% in leaf tissue

Nitrogen 



Plant Nitrogen Sources
• Organic Matter

– 2 - 8% in soil
– Supplies N, P, S, Ca, Mg  (5%, 2%, 1%) 
– Likely supplies 20-30% of crop N uptake

• Fertilizers - supply NH4
+ or NO3

-

• Manure:  NH4
+ and organic N

• Fish emulsion … (2-4-1)



Macronutrient Mobility in Plants

• N: leaf chlorosis
– mobile in plant (where to look?)
– mobile in soils 

• move to plant by mass flow





• Immobile in soils
• Somewhat mobile 
• Important for root 

development
• Flower and seed 

development
– ensure that you have 

sufficient P at flowering
– Sufficiency (0.3 – 0.5%)

Phosphorus



ATP
Ca/Mg
complexes

Fe/Al
complexes



Phosphorus Deficiency
• Look generally on lower/mid plant
• Advanced deficiency

– wetted area on leaf ?  
• Poorer flower development
• Delayed maturity / Reduced yields



• Large requirement (K)
• Moving sugars / WR
• Mobile in plant
• Burning along leaf 

edges
• Need high levels at 

flowering
• Often confused with leaf 

hopper burn … 
• Sufficiency: 1.8 – 2.5%

Potassium 



Sulfur in Cannabis
• Amino acid formation
• Organic products …
• Sulfate form absorbed
• 5:1 ratio N:S
• Relatively immobile in 

plants – look at new 
leaves for chlorosis

• Sufficiency: 0.2 – 0.4%



Magnesium in Hemp

• Chlorophyll
• Interveinal chlorosis
• K:Ca/Mg interference
• Important in low levels 

throughout growth
• Highly mobile in plant
• Sufficiency:  0.4 – 0.8%





Micronutrients in Cannabis









Lets take a stretch break 



Let’s Grow Some CBD Hemp … 

• Do I plant CBD from seed or transplants
• Plant biology…

want only female plants



Female plant - initiating flowering



Need Feminized Seed?
• Feminized seed production
• Done primarily in greenhouses 
• Spray female plants with chemicals
o Colloidal silver, silver nitrate, others
o Female plants produce male flowers
o Pollinate – offspring is female 
o Why seed costs $0.85-$5.00/seed



Produce

Feminized seed … 




2019-05-08T14:51:16-0600






2019-05-08T14:51:44-0600







Good to start inside

Much better germination

Hard to make a lot
and keep healthy!



May 28, 2019





Advantages to Clones?

a)All females
b)All same genetics
c) Should be healthy
d)Less likely to 

change sex 







Cannabis: Industrial Hemp

• Basic Agronomic Principles!!
• Drilling … poor germination is common!  







• Bomaragra - Selling transplanter -
–Going to drill everything … ???



Cannabis: Industrial Hemp

• Basic Agronomic Principles!!
• Plant spacing

• 3x2 spacing  - 7260 plants/ac
• 3x3 spacing - 4840 plants/ac
• 5x5 spacing - 1740 plants/ac



Plant Spacing – ME vs. CO
• CO … goal is efficiency / weed control

–3 x 2 spacing -
–Center pivot irrigation 

–ME … goal is large plants – air flow 
–4x4 minimum spacing (5x5 and 6x6)
–Black plastic .. Drip irrigation



Plant Spacing – ME vs. CO
• 1740 plants/ac vs. 4840/7260 plants/ac

–Hard to compete w/West
–Way less labor intensive
–Lower cost of production!

–ME … air flow 
–Disease prevention is key - lollipop
–Monitor for disease … 



Darby et al., 2018
Alburgh VT

Evaluated
Planting date
Spacing effects 
On yield / quality



Heather’s UVM Research
• 1x1, 3x3, and 5x5 spacing 

- 1x1 – 43,560 plants/acre
- 3x3 – 4840 plants/ac
- 5x5 - 1740 plants/ac

• No black plastic or drip irrigation 



Plant Spacing Effect on Plant Growth
Spacing Weight Height

Foot x Foot Lbs/plant cm
1x1 0.6a 76
3x3 4.7b 81
5x5 9.1c 79

LSD 0.1 0.7 NS
H. Darby - 2018 - Grown at Borderview Farm – Alburgh, VT



Plant Spacing Effect on Plant Growth

H. Darby 2018 - Grown at Borderview Farm – Alburgh, VT

Spacing Flower Dry
Weight

(lb/plant)

Loss* Flower Dry
Weight 
(lbs/ac)

Loss

1x1 0.08c 0.000a 3669a 7.2a

3x3 0.6b 0.003a 2894b 12.4a

5x5 1.35a 0.05b 2354c 86.6b
LSD 0.09 0.02 411 35.9

*  Loss was soil tainted lower buds that were not useable



Wide spacing 
For disease control!





Why lollipop plants?





3-4% of plants with curly beet top 

Other diseases: 
fusarium, 







Cannabis: Industrial Hemp

• Basic Agronomic Principles to follow!
• Have a crop rotation strategy!!!
o “Why I’ve only grown one year?”
o Don’t wait until you have a problem



Cannabis: Industrial Hemp

• Basic Agronomic Principles!!
• Plastic mulch?



Weed control !





Early July 







Start with a stale seedbed

Till soil / weeds emerge

Till again / plant hemp

Weed management











Cannabis: Industrial Hemp

• Basic Agronomic Principles to follow!!
• Water management



Cannabis
Water 
Needs

• 9 ac in of water
• Not deep rooted
• Little information 





Cannabis: Industrial Hemp

• Water management – Colorado 
• 9 acre inches = 32,700 ft3 = 244,400 gal
• How many plants?  4500 
• 54 gallons water per plant per season
• Need roughly ½ gal water per day per 

cannabis plant  -





Cannabis: Industrial Hemp

• Water management – Maine / NE 
• Crap shoot? 
• How many plants?  1750 plants/ac 
• 3 – 4 inches of rainfall / month 
• Black plastic – ¼ gallon early – root system
• Flowering - ½ gallon/day if dry



Hemp Production Process
• Daylength drives flowering process



ME:  7 to 8-wk flowering process

August 7, 2017 - ME



Ecstacy,

9/27/18



Process
• Grow plant from seed, clone, or 

transplant
• Daylength drives flowering process
• Harvest



Colorado:  Potato Conference - 2018







Maine:  mostly high labor harvesting



Process
• Grow plant from seed, clone, or 

transplant
• Daylength drives flowering process
• Harvest 
• Dry



Need drying 
and 

storage 





Process
• Grow plant from seed, clone, or 

transplant
• Daylength drives flowering process
• Harvest 
• Dry 
• Cure? / extract



• Natural substance
• Toxicological studies not required

• Can’t claim health benefits**
• What is the extraction method



Mae’s Cannatonic



John’s Sour Cherry CBD Edibles

1.2 mg/large edible … (~20%CBD x 15% efficiency)
0.02 mg/kg dose ***



500+ acres of 
CBD hemp



Cannabidiol for Seizure Control
• FDA has approved one CBD drug Epidiolex

• Why
FDA drug approval
99% pure CBD

Controls, testing,
consistent product …

Barely approved due
to side-effects - liver5-20 mg/kg/day



Hepatotoxicity of a Cannabidiol-Rich Cannabis 
Extract in the Mouse Model

Ewing et al., 2019 – J. Molecules
https://doi.org/10.3390/molecules24091694
• CBD formulation was flower extracted 
• Single dose or 10-day treatment
• Found hepatotoxicity in mice 

Extremely high doses … 

https://doi.org/10.3390/molecules24091694


Marijuana (THC) May Protect the Liver 
from Alcohol — But Experts Urge Caution

GENETIC AND METABOLIC LIVER DISEASE
Cannabis use is associated with reduced 
prevalence
of progressive stages of alcoholic liver disease

Adeyinka C. Adejumo
Tokunbo O. Ajayi
Oluwole M. Adegbala
Kelechi L. Adejumo

First published: 17 January 2018
https://doi.org/10.1111/liv.13696

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Adejumo%2C+Adeyinka+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ajayi%2C+Tokunbo+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Adegbala%2C+Oluwole+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Adejumo%2C+Kelechi+L
https://doi.org/10.1111/liv.13696


Key Need #2 – Realistic health studies

• Need to do mice/rat research

o 1 to 10 mg (0.02 – 0.2 mg/kg) dosages 
o Conduct over longer period of time

• Human studies … people consuming CBD, 
CBD/THC mixes and THC alone over a 
longer period of time.  

• Better understand THC interact with CBD 



Key Need #3 – Production oversight
• More studies into safety of solvents 
o Propane, Butane, Hexane?

• Pesticide use 
o Colorado list of approved products

• Required testing ... contaminants
o Microbial, pesticide, heavy metals, etc.



Key Need #4.
• Need to understand how plant stress 

affect THC and THCa levels in plants
• Varieties (Stormy Danielz, TT, cherry)
• Water management by variety
• Fertility status by variety
• Pest susceptibility by variety
o insects – fungi – weeds



Need #5:  plant culture / phenology
affect yield, CBD and THC content? 



So … growers ask should I grow? 
• Expensive crop to grow / USDA rules?
• Over-planted – prices are falling
• Difficult to compete with the west  
• Lack of well-researched CBD studies 
• Tread lightly – “Curb your enthusiasm”



Thoughts, comments, questions? 
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