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Hemp Biology



Cannabis sativa Biology

• Hemp is dioecious, meaning plants can be 
male or female.

• Think asparagus

• Hemp grown for cannabinoids are typically 
all female

• So-called “all-female” can also produce 
some hermaphrodites

• Photoperiod dependent plant

• Responds to decrease in daylength



Cannabis sativa Biology

• Cannabis plants produce secondary 
plant compounds

• Cannabinoids

• Terpenoids

• Synthesized in structures on the 
outside of the plant

• Glandular trichomes

• On flowers, leaves, stems



Testing Results for 2019



Cannabis sativa Origins



Hemp History

• Hemp was main textile fiber 
worldwide until the mid-19th

century (replaced by cotton, 
synthetics )
• 1857- twenty-seven IN 

counties grew hemp, ≈ 413 
tons

• Between Civil War and WWI 
most U.S. hemp grown in 
Kentucky



Popular 
Mechanics, 
1938
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Hemp as Food
• Hemp seed is great source of 

polyunsaturated essential fatty acids.   
• positive effect on cardiovascular 

function, organ function, immunity 
levels, inflammation and muscle 
recovery.

• 30-40% of weight of hemp seed edible oils
• Contains all 20 amino acids including 9 

essential
• High in protein and good fatty acids, 

including the essential fatty acids
• alpha-linolenic acid (an omega-3 fatty 

acid) 
• linoleic acid (an omega-6 fatty acid).



Hemp as Feed
• Hemp material in feed will have to be nutrient driven and supported 

https://agr.wa.gov/getmedia/99f2b088-f956-48f0-a0b8-90b82c5e204c/584-hempseedprodfeedingrlayinghenslegreport.pdf

https://agr.wa.gov/getmedia/99f2b088-f956-48f0-a0b8-90b82c5e204c/584-hempseedprodfeedingrlayinghenslegreport.pdf


3. Uses



Hemp versus       Cotton

• Hemp biomass consists of bast (outer core) about 25 to 
30 per cent of the stalk and hurd (pithy inside part.

• Bast fibers are removed from plant material by retting.
• The cell walls of soft, bast or true fibers are cellulose and 

are not easily broken down by bacteria.
• In retting, the plant material is placed in water or kept 

wet, while anaerobic bacteria digest away most of the 
plant tissue except the fibers.

• Compared to other bast fibres (e.g., flax, kenaf, jute or 
ramie), hemp has excellent length, strength, durability, 
absorbency, anti-mildew and anti-microbial properties. 

• Most important fiber in the world
• Cotton is an epidermal hair of the 

seed coat. There are both short 
(linters) and long hairs

• Ginning is used to remove seed 
fibers from the seeds.





• CBD oil is made from Cannabis plants

• Plant buds and leaves are collected, and CBD is 
extracted

• Different solvents are used to extract dissolved 
CBD, along with oils and waxes
• Alcohol (or some other solvent)
• Oil
• Supercritical CO2

• Ethanol is further used to refine the oil and 
separate CBD from other oils and waxes

• HPLC is used to analyze the CBD oil to 
determine concentration



Production Basics



Indiana Hemp 
Production

• 5,308 acres registered in 2019 
(2802 acres planted, 1977 acres 
harvested)

• Average field size ~ 30 acres

• 60% of acres registered for fiber, 
35% for CBD, 5% for grain



Selecting Seeds
• Want to choose a reputable 

seller
• but how?

• Talk to current hemp farmers 

• Make sure they have proper 
seed labels

• Look at how varieties 
performed in 2019 (hot or not)



Quality Issues Facing Hemp

• Seed quality
• State average ~70% germination in lab
• Feminized seed as low as ~59% germination
• Seed shortage for next year? 

• Clone quality
• Clones came infested or dead
• Some male clones included
• Some growers will opt for seeds next year



Seed Labels
How to Label Hemp Seed By Scottie Brittsan Office of Indiana State Chemist and Seed 
Commissioner July 12, 2019 
• 1. Product name

• 2. Lot number

• 3. Variety/kind

• 4. Pure seed

• 5. Other crop seed

• 6. Inert matter

• 7. Weed seeds

• 8. Noxious Weed Seeds

• 9. Labeler

• 10. Disclaimer

• 11. Seed treatment

• 12. Germination dates

• 13. Origin

• 14. Germination



Planting and 
Harvest Windows

• No clearly defined planting window yet (may be 
different for each type of hemp)

• 74% of hemp was planted in June and July
• 72% of hemp was harvested in September and 

October



Nutrient Management

• Avoid applying nitrogen with seed (salt sensitivity)

• Canadian baseline recommendations 80-120 lb/ac nitrogen, 40 lb/ac 
phosphorus, 60 lb/ac potassium and 15 lb/ac sulfur

• No established recommendations based on Midwest specific data



http://www2.ca.uky.edu/agcomm/pubs/ID/ID250/ID250.pdf

http://www2.ca.uky.edu/agcomm/pubs/ID/ID250/ID250.pdf


Figure from https://npketc.soils.wisc.edu/2018/05/02/fertility-guidelines-for-
hemp-in-wisconsin/

https://npketc.soils.wisc.edu/2018/05/02/fertility-guidelines-for-hemp-in-wisconsin/




Producing for 
Grain/Seed
• Seed at 20-40 lb/ac

• Grain drill, Brillion seeder, corn planter 
were common methods in 2019

• Depth target of ¼ - ¾  inch (deeper 
plantings may be tolerated in sandy soil)

• Plant after a rain, not before



Producing for 
Grain/Seed

• $.40-1.23 per pound (2011)
• $.55-1.20 per pound (2019)





Producing for Fiber

• Seed at 50-70 lb/ac

• Grain drill or broadcast were 
common methods in 2019

• Depth target of ¼ - ¾  inch 
(deeper plantings may be 
tolerated)

• Plant after a rain, not before

Wiki



Producing for Fiber

• $0.08 per lb dry stalk or $160 per ton

• 5,300 lbs transforms into 
approximately 1,300 pounds of fiber. 

• Methods for processing the fiber, 
specifically separating the core/hurds
from the fiber is considerably more 
difficult. 

http://www.frankferrisco.com/hemp_casting/hemp_casting_fiber.html

Wiki





Producing for 
Cannabinoids

• Planting 800-2400 plants/ac

• Transplanted seedlings or clones 
using water wheel/tobacco setter or 
by hand in 2019

• Raised beds, plasticulture, drip 
irrigation 





Producing for Cannabinoids

• Example of price breakdown:
• Average yield of one pound of floral 

material @ 10% CBD
• Price/percentage/lb

• $1.50/percentage/lb @ 10% CBD 
makes that plant worth $15
• At 1500 plants/ac you have $22,500 

• Price for CBD has decreased since 
spring









Key Issues



Key Issues Facing 
Hemp Production

• Legal climate is in flux

• Contracts

• Seed/clone quality and availability

• Location of production

• Pest and pest management

Title:  Stack of hemp grown on George Erickson's farm near Seneca, Illinois “He 
was induced to raise this crop on promise of a market for it. It is 
now rotting”

Contributor Names: Lee, Russell, 1903-1986, photographer Created / Published 
1937 Jan.



• Hemp does not like wet feet

• Avoid clay heavy soils or 
compacted soils

• Choose fertile field sites

• Poor quality fields will produce 
poor quality hemp

Site Selection Issues



6/18/2015
7/10/2015



Emergence Issues

• Hemp, soybeans, and other ‘dicots’ 
are more prone to poor stand 
establishment than corn or wheat

• the seedling must pull the 
cotyledon seed leaves through the 
ground to emerge. 



Crusting

• Can delay or prevent emergence

• Hemp hypocotyls become swollen 
and/or break 

• If the hypocotyl breaks, the seedling 
usually dies

• Fields with fine-textured soils, low 
organic matter, and little surface 
residue can be vulnerable to crusting, 
especially where excessive tillage has 
taken place.



Pests and Pesticides

• Pathogens, insects, weeds

• Some pathogens and insects were 
observed for the first time 

• 25(b) products are allowed

• OISC has their own list specific to 
Indiana

• Lack of registered products makes 
control an issue

• EPA released a list of 10 products



• Periods of saturated soil = 
more Pythium damage. 

• Improved drainage of soil 
after a few years will lower 
the risk of Pythium root rot. 

Compaction and lack of drainage predispose 
plants to disease.

Standing water increases humidity and foliar 
phase



How many species of Pythium are there?
• P. ultimum*

• P. aphenidermatum*

• P. graminicola

• P. afertile

• P. irreg.-debaryanum

• P. catenulatem

• P. dissotocum

• P. rostratum

• P. torulosum*

•P. heterothallicum* 
•P. vexans
•P. middletonium
•P. sylvaticum* 
•P. venosum
• other Pythium spp



Other Hemp Root Rots

• Phytophthora spp.

• Fusarium spp.

• Rhizoctonia spp.

• A lot of unknowns.



Hemp Foliar Disease

• Hemp is susceptible to several foliar 
diseases, including:

• Cercospora leaf spot results in 
circular, depressed sunken centers.

• Phoma leaf spot has been reported 
to reduce yield

• Hemp Leaf Spot 

• Biopolaris spp. Small, round spots on 
leaves, leaf curling/browning



Hemp Foliar 
Diseases

• Foliar Diseases

• Powdery Mildew

• Rust

• Virus

Ashley Adair

Nicole Gauthier

Ashley Adair

Shouhua Wang



Hemp Stem 
Diseases

• Select field sites that 
don’t have a history of 
disease. 

• White mold

• Southern blight

Clint Walker

Nicole Gauthier

Greener Side Garden

Northeast Hemp Commodities

Nicole Gauthier



Hemp Insects
• Hemp is fed on by many insects

• Which ones are economically 
important?

• Some growers observed insects 
cause minimal damage to the 
leaves
• adult beetles, armyworms, 

variegated cutworms



Corn earworm (Helicoverpa zea)
https://extension.entm.purdue.edu/cornearworm/index.html

https://extension.entm.purdue.edu/cornearworm/index.html


Potato leafhopper (Empoasca fabae)



Indiana Ditchweed

• Ditchweed populations around 
northern Indiana

• Reservoir for hemp specialists

• Both Eurasian hemp borer and 
cannabis aphid found in 
ditchweed



Eurasian hemp borer (Grapholita delineana)



Hemp Insects and Mites

• Greenhouse pests are 
concerning for indoor 
production
• Spider mites
• Whiteflies
• Thrips
• Hemp russet mites
• Cannabis aphid

Photos: John Obermeyer



Beneficial Insects

Indy Hemp Co

Whitney Cranshaw



More Beneficial Insects…



Weed Issues

• Slow growth phase of hemp 

• Hemp is not competitive in first 3-4 
weeks

• Weed control is challenging

• No herbicides labeled for use in hemp

• Growers struggled with weed control

• Used hand labor to remove weeds





Herbicide Spray 
Records

http://www.wiscweeds.info/post/herbicide-rotation-
restrictions-before-planting-industrial-hemp/

http://www.wiscweeds.info/post/herbicide-rotation-restrictions-before-planting-industrial-hemp/


PU Hemp Specialist

• Marguerite Bolt

• hemp@purdue.edu

• 765-496-1567

• FB page /PurdueHemp

• Twitter @HempMarguerite

• Purduehemp.org

mailto:hemp@purdue.edu




Thank you!


