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Background
Hemp Plant Types
Industrial hemp is made up of
varieties of Cannabis sativa L.
that contain less than 0.3% Δ9Tetrahydrocannabinol (THC).
Marijuana, hemp and cannabis
are common names for plants of
the genus Cannabis. The term
"hemp" is used for cannabis
plants that are grown for
nondrug use, such as Cannabis
sativa L. or narrow leaf hemp
(i.e., hemp).
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There are three species of the hemp plant: Cannabis sativa L., Cannabis
indica and Cannabis ruderalis. Delta-9-tetrahydrocannabinol (THC), the
active ingredient of marijuana, is the main difference between the different
species.
Cannabis sativa L. a subspecies of Cannabis, is known as hemp. Varieties
have a THC content of less than 0.3%. Hemp is a non-psychoactive form of
cannabis. Cannabis sativa L. is generally tall and randomly branched, high
in fiber and grain. It is low in THC. Many fiber and grain products and
industrial uses have been made from Cannabis sativa L. (hemp).
Cannabis indica has poor fiber quality and is used to make drugs for
recreation and medicine. The plant is relatively short, conical and densely
branched. Cannabis indica tend to have a higher Δ9-THC and a lower
Cannabidiol (CBD) content than C. sativa L. Marijuana, dependent on the
strain, can have THC concentrations of 18% to 38%.
C. sativa L. and C. indica varieties are sensitive to day length to induce
flowering (photoperiod sensitive).
Cannabis ruderalis is not common in North America. Cannabis ruderalis
will produce flowers based on its age rather than the light cycle
(photoperiod). This kind of flowering is also known as auto flowering.
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Plant Description
Hemp is an annual broadleaf plant with a taproot. Hemp generally requires
110 days for its growth and should receive around 10-12 inches of rainfall
throughout the growing season. Soil moisture will affect the ability of the
root to penetrate deep into the soil profile, hemp can demonstrate
adaptations to a variety of soil moisture conditions. In some soils the
taproot may penetrate 6-12 inches deep.
In compacted or wet soils, the taproot remains short and the plant
produces more lateral, fibrous roots. A hemp root is well equipped to grow
deep into the soil profile to pick up nutrients that have been left behind by
previous crops or nutrients that have leached down in the soil profile. This
attribute of the large root is also beneficial in finding water in dry years or in
sandy soils.
Hemp plants are warmth-loving (thermophilic) and sun-loving (heliotropic).
Bio-mass and seed production will be reduced if plants do not receive
enough sun and warmth throughout the growing season.
Hemp leaves are compound palmate with serrated leaflets. The lower leaf
pairs usually occur in an opposite leaf arrangement on the stem.

Typical Hemp Roots

Opposite Leaf Arrangment
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Plant Description
Depending on variety and growing conditions, the first pair of true leaves
usually have a single leaflet. The number gradually increases up to a
maximum of about thirteen leaflets per leaf (usually seven or nine). At the top
of a flowering plant, the number of leaflets diminishes to a single leaflet per
leaf.
Depending on weather and growing conditions, hemp may be slow to
establish and grow in the first few weeks of the growing season. Later, during
hemp’s elongation phase, it is capable of very rapid growth under ideal
growing conditions. Hemp can grow up to 2.5" a day during this vegetative
growth period.

Plant Fiber Structure
The primary outer bast fibers in the phloem tissues surrounding the hollow
woody core of hemp stalks is similar to bark on a tree. These long, strong
fibers surround the hemp stalk and are low in cell binding lignin.

Processed Hurd and Bast Fiber
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Plant Fiber Structure
The bast fibers have properties similar to other fiber crops like flax. The bast
fibers are known for their length, strength, durability, absorbency, antimildew and antimicrobial properties.
The core, or woody part of the stem, contains the hurd which is high in
cellulose. Hurd can be up to twice as absorbent as wood shavings, making it
an excellent animal bedding and garden mulch. It can be easily blended with
lime to create a strong yet lightweight concrete or plaster (hempcrete). It is
biodegradable and possesses anti-mildew and antimicrobial properties.

Hemp Hurd
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Plant Flowering and Growth Stages
Hemp can be either of the dioecious type or monoecious type. In dioecious
type the plant population is made up of pure female heads and up to 50%
male heads. In monoecious type, the plant population has both male and
female plant parts on the same head.
Industrial hemp is normally dioecious which means a plant will have either
all male or all female flowers on it. The plants rely on the wind to complete
pollination (anemophilous).

Hemp Male Inflorescence at Beginning of Pollen Release
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Plant Flowering and Growth Stages
When inflorescence development begins, male flower primordium hangs
from long multi-branched loose clusters, formed of small individual flower
buds along an axis up to 12 inches long.
The female primordium is identified by the enlargement of a tapered,
curved, tubular bract (floral sheath). Female flowers are more tightly
clustered and have two long white, yellowish or pinkish stigmas protruding
from each bract. Each seed forms inside a bract.

Female Flower. Seed Development within Bracts

Hemp 101
The Advanced Class
Part Two: Getting Rooted

~The Canna Talks~

Plant Flowering and Growth Stages
The flowers of female plants are arranged in racemes and can produce
hundreds of seeds.
Female flowering and seed set are indeterminate. The seeds continue to
develop and mature over an extended period of time. There will be both ripe
and immature seeds on the same plants at time of grain harvest. When about
50% of the seed is exposed in each bract, it is ready to harvest.
Monoecious plants have both male and female parts on the same branch or
raceme.
An ideal monoecious plant will have a few male flowers arranged in whorls at
the base of the flower head, while the female flowers are formed at the top.
After shedding pollen, the male “flower” dries up and disappears.
Monoecious plants are 30% to 40% self-pollinated.

Female head with seed
protruding from bracts

Monoecious Hemp Head
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The Sengbusch Classification System
The Sengbusch Classification system defines five degrees of monoecious forms.
The methods developed by R. von Sengbusch and H. Neuer (1943) are the
foundation of breeding technology for monoecious hemp:
A pure male plant will die soon after pollen shed. Female plants continue to grow
and develop seeds.
Genetic factors dispose a plant to become male or female whereas environmental
factors including the light cycle can alter the sexual expression. The light-dark
cycle determines when hemp begins to flower (males appear).
A hemp plant in the vegetative growth phase requires more than 12–13 hours of
light per day to stay vegetative. Flowering usually occurs when darkness equals at
least 12 hours per day. The flowering cycle can last for weeks, depending on the
variety and environmental conditions.
Regardless of seeding date, hemp will generally start to flower about the same time
every year (photoperiod). Planting hemp early in the spring can produce a taller
more robust plant. Late seeding of hemp can potentially produce shorter plants,
but both seeding dates will result in flowering about the same time every year.
As the growing season progresses, the bottom leaves die (atrophy) due to the lack
of sunlight that can reach the bottom of the crop. Male plants die soon after
shedding pollen.
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Hemp varieties have been and continue to be tested in variety performance
comparison trials (variety trials) in various locations across America and
Canada. The objective of these trials is to compare and evaluate varieties
under diverse climate, soil types and growing conditions in regions where
hemp is being grown. Seed guides are published each year and provide a
summary of the varieties tested so producers can select the best suited
variety for their area of production.
Small plot data compares a large number of varieties that are tested against
each other. All have the same set of variables such as; the same seed source,
soil type and variability, fertility, weed control and management. The same
variety can be tested in multiple locations, reducing the variability.
Small plot trials usually have large yield numbers that are not as important
when interpreting the data. It is important to look at the relative differences
between variety yields and compare for different locations. Be cautious using
only one trial to make production decisions.
The variety trials for Fiber and Grain in the United States are Limited,
however, testing that has taken place in Alberta, Saskatchewan, Manitoba,
Ontario and Maritimes has extensive data on file. The Diversification Centers
in Manitoba have been testing hemp varieties for a number of years and have
one of the largest databases for hemp performance regarding grain and fiber
yields. Parkland Crop Diversification Foundation (PCDF) headquartered in
Roblin, Manitoba, has been one of the leaders in hemp variety trial research.
Aerial View of Test Trial
Hemp Plots Roblin, MB.

PCDF Hemp Plots
at Roblin, MB.
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Conventional
Hemp can be successfully grown under any traditional conventional production
system. Hemp fits in with typical crop rotation systems and with typical equipment
that would already be found in a grain production system.

Typical Hemp and small grains seeding equipment
Zero-till
Zero tillage is a cropping system where the crop is sown into the previous years
stubble. Hemp has been successfully zero-tilled in many situations as long as the
seedbed is warm, firm and moist to encourage fast, uniform emergence.

Typical seeding equipment for zero tillage
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Organic
Hemp’s rapid growth, once established, makes it an excellent crop to be grown
successfully under organic production systems. Pre-seed cultivation is often done
early to stimulate weed growth and warm up the soils by incorporating residue.
Immediately prior to seeding, the field may be worked once again to kill weeds.
Good fertility and seeding conditions will ensure the crop has a good start to
compete with weeds. Refer to other organic production resources for further
detail.
Under Seeding with Forages
Some producers, especially with shorter varieties, will under seed alfalfa and grass
seed with hemp in the spring. The forage crop establishes in the shaded micro
climate under the hemp plants. In the fall, after the hemp crop senescences and
loses its leaves, the forage crop is able to establish itself in preparation for winter. In
spring, the field is rolled to flatten the hemp stalks. Leaving them in the field will not
interfere with the hay harvest. This gives good ground cover protection and creates
a microclimate that protects forage establishment.
Row Cropping
Row cropping of hemp has been used on an extensive basis. The main advantage
for using row cropping would be weed control. Row spacings can be adjusted to
accommodate the tillage equipment being used.

Row Cropping Hemp
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Seeding rate can be reduced since the plant population will be denser within the
row and the plants will self thin to a sustainable population. Hemp is a slow growing
plant for the first few weeks of its life. Tillage is required when the plants are small so
the crop can outcompete the weeds. Care should be taken not to cover the young
hemp plants during the tillage operation. More than one tillage operation may be
required to achieve a desirable level of weed control. The aggressiveness of the
tillage can be adjusted as the hemp plants develop.
Field Selection
Industrial hemp will grow on a wide variety of soil types and conditions. Hemp tends
to do best on soils with good fertility and drainage. Hemp can do very well on sandy
light soils due to its large tap root that can source moisture and nutrients from
deeper in the soil profile.
Heavy clay soils present the biggest challenge to growing hemp. In the early stages
of hemp growth, young plants do not withstand cool, waterlogged soils. Soil
compaction, which is more prevalent on heavy clay soils, can cause an increase in
seedling mortality. Clay soils with poor drainage will remain wet and ‘pond’ water
more readily for long periods of time under adverse conditions. If this happens,
hemp plants will not do well. Stress in these early stages of plant development can
delay crop growth which could result in weed control problems later in the year and
potential yield reductions. Hemp, after heavy rains and cool conditions will become
chlorotic at its center growing point.

Chlorotic growing point due to excess water
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The growing point is in the middle at the top of the plant. If this growth point
becomes severely damaged in the early growth stages, the plant will likely die.
Sunny hot conditions after a heavy rain usually means the plants will recover.
As the crop grows and becomes mature and taller (after about 20 inches), it is able
to withstand and recover more readily from heavy rains and cool conditions.

Plant dying due to growing point damage

Seeding Date
Seeding date can have multiple impacts on hemp production.The pros and cons are
dependent on the producer’s situation. Limited research has been done on Fiber
Trials here in the States. Therefore, for the sake of this Journal, we will discuss the
following observations that have been documented in Western Canada:
An early seeding date, May 1 to 15, generally resulted in a higher mortality rate due
to cold soils causing seedling pathogens. Producers were encouraged to consider
a higher seeding rate to compensate for the higher mortality. We do not foresee
this problem in Texas. The earlier seeding date also produces taller plants with a
thicker stalk. This is due to the longer vegetative growing period and lower plant
populations. It is important to note that a thicker stalk produces more hurd fiber and
less bast fiber whereas a thinner stalk produces less hurd and more bast.
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Thin stalk less hurd, thick stalk increases hurd
Consequently seeding date is an important consideration depending on the
processors requirements.
The yield advantage to earlier seeding is not conclusive. There are many factors
(i.e. soil temperature, moisture) that impact yield and an earlier seeded crop can
be more vulnerable to these factors. This is an area in which further research is
required.
A mid-seeding date, May 16 to June 10, in the Canadian Trials, were more ideal for
hemp production. There was less plant mortality due to warmer soils giving rise to
faster emergence. The uniform stand resulted in better weed competition, a more
uniform seed maturation and improved ease of harvest. Plant height was
somewhat shorter than with the early seeding date. It is important when
considering seeding date to know the crop insurance deadlines if any.
Harvest date will not be significantly impacted by seeding dates due to the
photoperiod effect.
A late seeding date, June 15 to July 7, was not recommended and producers were
encouraged to only consider this option as a last resort when there are no other
cropping options available. It could be a viable option over summer fallow if
weather conditions have prolonged seeding intentions. Producers were advised to
review the economics since crop insurance is not available. Observations showed
yields to be reduced and plant height to be shorter. This. of course was Canada. It
is believed that a late sowing here in Texas could produce a healthy yield.
However, only time and Test plots will prove this to be true.
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Seeding Rate
The end use of your hemp crop will dictate the seeding rate.
A target seeding rate for grain production is suggested to be 10 to 12 plants/ft2, 2025 lbs per acre. Refer to your seed supplier for specific variety seeding rate
information.
When growing hemp for fiber only production, it is suggested the seeding rate
should be up to double what is used for grain production; averaging 30-35 # per
acre. The reason for higher seeding rates is to ensure a higher quality fiber crop.
Good quality hemp fiber comes from plants that are “pencil thin”. Higher seeding
rates will ensure that there will be a high plant population with tall thin plants with
longer internodes.
Low plant populations will not provide competition for early weed control. Hemp
can have a high mortality rate under adverse growing conditions. Research has
shown that seed mortality can occur under varied climatic conditions. Based on
observations, reasons for high mortality are generally attributed to:
poor growing conditions at seeding
seeding too deep
cracking of the seed coat
toxicity from high rates of seed placed fertilizer
residual herbicides from previous crop.

Depth control wheels on disk drills results
in better control of seed placement
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Tracks reduce soil compaction
Seeding Considerations
To enhance hemp plant stands:
Seed into warm soil.
At least 46 to 50 degrees in the top (2 inches) for at least 2-3 days
Seed into a firm seedbed with good soil to seed contact.
Seed shallow, (0.5 inches) to on (1 inch) maximum.
Do not seed deep into moisture in a dry year. In spite of being a moderately large
seed, hemp will struggle to emerge from deep seeding.
Avoid seeding before an abundance of precipitation is anticipated.
Seed after a heavy rain rather than before.
Although most seeding equipment will work for hemp it is important to monitor
seeder output to:
Avoid seed cracking
Use lower air volumes. Cracking occurs in the manifolds when air volume is too
high.
Take into account mortality rate. A common percentage of 30% mortality rate is
often used when calculating seeding rates. If spring seeding conditions are ideal
this rate can be lowered.
Avoid compaction
Wheel tracks or other soil compaction, as with other crops, will show up under
certain conditions.
Avoid excessive trash that can keep soils cool and could cause hair pinning with
disc drills.
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Row crop planters plant seeds more
evenly spaced and at a consistent depth

Triple tires reduce compaction

Seed Calculations
To calculate seeding rates, consider using the 1000 total kernel weight (TKW) and
seedling mortality rate. Refer to online seeding rate calculators.
1000 TKW are variety dependent as there is a substantial size difference in seed
when comparing varieties and can also be affected by environmental conditions
year to year. 1000 TKW can vary from 13 grams to 23 grams for the varieties
currently being grown. This can have a huge effect on your seeding rate and overall
plant stand.
The following chart demonstrates the potential kernel weight difference between
varieties so it is important to use a seeding rate calculator to determine seeding
rates for each variety.
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1000 Kernel Weight

Row Cropping Hemp
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Hemp tap and fibrous roots
Soil Nutrient Analysis
Soil testing is strongly recommended to determine existing nutrient levels in
the soil prior to fertilizer applications. Hemp has a large root capable of
penetrating deep in the soil profile to recover nutrients that may be lost to
many other crops; therefore, soil testing to the 24 inch level is recommended
to identify possible nutrient reserves found lower in the soil profile.
A soil test will give recommendations for additional nutrient requirements to
achieve target yields. Until more research is completed in the area of
fertility, follow the recommendation requirements for a high yielding, high
protein wheat, corn or canola crop.
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Plant Tissue Analysis
Crop nutritional status can also be assessed by plant tissue analyses. This will
supplement, but not replace, soil testing. Tissue analysis measures the nutrient
content of the above ground plant parts during growth at a specific time during
the growing season. Tissue testing is suitable for diagnosing crop problems that
may be nutritionally related, including any nutrients that may be limiting yields.
Plant analysis (top new growth of the hemp plant) can determine if the fertilizer
rate and method of application were adequate to meet crop needs. The timing of
tissue testing and results received may be too late to correct deficiencies in the
current crop. Tissue testing methods for hemp are similar to other crops. You
need to be aware that there are currently no “expected” or range of values for
nutrients at certain growth stages in hemp. The closest crop comparison would
be canola.
Be sure the lab you are sending the sample to for analysis is licensed by State
Authority to receive hemp and analyze the sample.
Nutrient Use
Hemp removes or uses a total of 200 actual kg/ha of nitrogen; 40 kg/ha is
removed in the seed and 160 kg/ha in the stalk. If the hemp is grown for both
grain and fiber production, there will be a large amount of nitrogen removed
from the field and growers need to be cognizant of nitrogen requirements for the
next production year.
The retting process of the straw allows nutrients like nitrogen and potassium to
be leached out and accumulate in the soil under the swaths. Of all the nutrients,
phosphorus has the highest percentage stored in the seed. The other nutrients
are more inclined to be stored in the stalks.
Depending on the variety, hemp will grow 2.75 to 4.00 inches a day during its
vegetative stage. During this development stage, the maximum rate of nitrogen
uptake is about 6.7 kg N/ha/day. Phosphorus uptake is about 1.56 kg
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Hemp seed, as with other crops, will be sensitive to seed-placed nitrogen
fertilizer. It is recommended that nitrogen be broadcast, side-banded, mid-rowbanded or banded in a separate operation.
Phosphate
Hemp is a high user of phosphate and it is essential to have phosphate in an
available form early in crop establishment and during the growing season.
Phosphate is immobile in the soil so close association to hemp roots is
essential. Phosphate management trials in the past have shown that hemp does
have some tolerance to seed placed P2O5. Soil type, soil moisture and seed
opener spread all have an effect on seed placed phosphate, so caution should
be used to find a rate that is suitable with your conditions and equipment.
Some limited research has been conducted on phosphate fertility in hemp
(PCDF).Two years of trials indicate a reasonable tolerance to seed placed
phosphate. Under ideal growing conditions, plant population and grain yield
was not affected by increasing the rates of P2O5 up to 50 pounds actual per
acre. At the suggested rate of 31 to 40 pounds/acre and good growing
conditions, damage is not expected to hemp seedlings in a clay loam soil with an
offset disc opener.
Seed placed phosphate can cause loss of germination if there is less than ideal
conditions such as cool soils, dry or wet compacted soils. Seed placed fertilizer
could cause extra stress on the young plants and increase the plant mortality
under diverse conditions. More research is required to understand phosphate
placement and hemp production.
Micronutrients
Micronutrients are nutrients required in extremely small quantities (less than
100 ppm in plant dry weight). The basic functions of micronutrients are less
understood than macronutrients. Micronutrient deficiencies in hemp are less
common than macronutrient deficiencies and part of this may be due to the lack
of documentation and reporting. More research and documentation of
micronutrient identification, deficiencies and yield effects is required.

Hemp 101
The Advanced Class

~The Canna Talks~

Part Three: Production Systems
Application Rates
General rates for the total amount of each nutrient to target in dryland
production (actual):
Nitrogen
90 to 135 kg/ha
Phosphorus 45 kg/ha
Potassium 65 kg/ha
Sulfur
15 kg/ha
*These rates include soil supplied nutrients plus applied.
Factors that affect nutrient uptake and removal include:
environmental and growing conditions
seeding date
soil pH and salinity
excess soil moisture and soil compaction restricting the aerobic ability of the
soil
varietal differences
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Fertility in Organic Production
Good fertility in organic production systems requires good management of
the fields prior to hemp production. This is achieved by:
Crop rotations and fertility enhancement before seeding hemp. Hemp can be
a large plant that requires high soil nutrient levels to maximize production.
Growing hemp following alfalfa.
Using annual nitrogen fixing cover crops such as sweet clover, fababeans,
peas etc. the year before seeding hemp.
Seed the annual legume the year before and plow down in late summer. This
will also help with weed control.
Incorporating all stubble and trash from previous crops to increase organic
matter.
Utilizing manure and compost if available.
Allowing fiber to rett in the field after grain harvest. Nutrients are captured in
the stalks of the hemp plant. These nutrients in the stalk are quickly leached
out and returned to the soil after a few rains making them available for the
next year’s crop. If the fiber is removed without retting, the soil nutrients will
be greatly reduced over time.
Using fallow.
It is suggested that producers refer to organizations such as your local
organic certifying agencies and The TexasIHC Ag Consultants.
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Weed Control
Seeding into warm, moist and fertile soil is currently the best recommended weed
control option there is for hemp production.
There are no herbicides registered for use for weed control in hemp.
Crop rotation is important to avoid unwanted weed problems from volunteer
crops. Grassy crops such as wheat, barley, oats and weeds such as wild
buckwheat are difficult to remove during grain cleaning. The use of gravity tables
and/or color sorters may remove some grassy crops and weeds from hemp but this
also results in greater hemp grain loss.
When planted under ideal conditions, hemp will germinate very quickly. It can
reach up to 12 inches in height two to four weeks after planting. At this stage, hemp
enters the vegetative and elongation stage. This stage can provide about 90%
ground cover to out compete and suppress the growth of weeds. The first out of
the ground wins!
Plant population is also a good weed control management practice. Hemp grain
crops can produce the same grain yield under a wide range of plant populations.
For example a plant population of 5 plants per square foot could yield the same as
a 25 plant per square foot population due to branching.

Height and branching due to lack of competition.
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However with lower populations the plant does not create enough shade to prevent
or suppress weed growth. The crop will be more difficult to harvest as the grain
would be lower on the plant, there will be additional plant materials being combined
and the yield could be compromised.
The higher plant population would provide a canopy for weed control and would
have the grain seed set higher on the plant requiring less material to be combined.
Experience has found a target seeding rate of 20 to 25 pounds per acre provides a
plant population that will compete very well with the weeds under most conditions.
Good fertility is key for a crop's ability to be healthy, grow quickly and help provide
adequate competition for weed control.
Hemp is sensitive to most herbicides residues. It is important to be aware of
previous herbicides used on a field that is designated for hemp production.
Herbicides used for spring burn off of volunteer glyphosate tolerant crops may
have a soil residue that would be harmful to hemp.
Sanitation is also an important consideration to keep out contaminants such as
weeds and volunteer crop from a hemp crop at harvest. Clean handling equipment,
such as bins, trucks, augers and any piece of equipment coming in contact with the
grain.

Volunteer Hemp in Wheat
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Control of Volunteer Hemp
The year following a hemp crop consideration must be given to the crop and
herbicide so that the volunteer hemp can be controlled. For example, contact
herbicides like Liberty are effective on volunteer hemp in its early stage (less than 2
inches.) As hemp gets older, the herbicide will be less effect on volunteer hemp and
may only cause leaf burn, allowing the plant to recover from any viable node.
Pesticide Use:
In December 2019, the EPA approved adding hemp to the use sites of 10 pesticides.
Nine of the products were biopesticides and one, a conventional pesticide. As EPA
received additional applications to amend product labels to add use on hemp, the
agency processed those applications and updated their list. At the time of this
writing, they were up to 25. Please refer to the Approved found at
https://www.epa.gov/pesticide-registration/pesticide-products-registered-usehemp.

Volunteer Hemp in Barley
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Impacts of Severe Weather Events on Hemp Production
Excess Moisture
Hemp responds well to soil moisture availability during the growing season.
Distribution of precipitation over the growing period plays a pivotal role in achieving
high yields.
Water required by a Hemp crop varies from spring to fall, year to year, and location
to location because of the influences of humidity, temperature, wind, light and soil
type. Crop evapotranspiration is primarily influenced by the stage of growth and
amount of ground cover.
Hemp yields will be highest when there is adequate soil moisture throughout the
growing season. Adequate soil moisture is defined as maintaining 50% or more of
the available soil moisture in the root zone.
Excessive rains after seeding, particularly on heavy soils, may have detrimental
effects on crop establishment as hemp does not tolerate “wet feet” during early
stages of development; therefore, hemp should be grown on well-drained soil to
avoid the possibility of waterlogging or even full saturation of soil. When a field is
water saturated, the crop stalls, which will affect its ability to compete with weeds.
Hemp plants turn yellow and cease development, often resulting in drastic yield
penalty or even in total crop failure.

Stunted, necrotic plants 22 days after seeding
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Stunted, prolonged wet weather conditions on
poorly drained soil led to total crop failure
(59 days after seeding)

The growing point
at the top of the plant
is the first to be affected.
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After an extended wet period, some plants may resume growth, but the plants
will have reduced vigor, nutrient loss, chlorosis and plant development will be
poor throughout the growing season. Weed competition will become a problem,
plant stands will be less and yield will be significantly affected. If the wet period
is short and there is good drainage, plants should recover with minimal to no
effect on plant development and yield ability. As the plants become older (12
inches tall), they can tolerate heavy wet conditions a lot better.
Hail Damage
Hail can affect any crop during the growing season and the extent of the damage
will vary depending on the growth stage of the crop.

Hail Damage and Recovery
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In hemp, frequent storms can cause mild to severe damage depending on storm
intensity and hemp usage type. During this period, short stature, grain type varieties (i.e.
Finola) are more resilient to hail storms than tall, fiber type varieties that rapidly
elongate, up to 4 inches per day, and their stem structure is more prone to physical
damage by the impact of hail stones or gusty winds.
Intense storms can break off the top portion of the plant and destroy growing points of
the leader, break/bruise the stems and puncture or shatter the leaves resulting in severe
losses of fiber and grain yield and quality. If hail affects the actively growing crop early in
the season, plants may have enough time to recover and reduce the extent of a potential
crop failure which is more commonly seen with hail storms that impact more mature
plants.
Despite the damage of apical meristems (plant tops), moderately damaged plants can
continue to grow by sending out two shoots from the node.

Damage and recovery of fiber type variety
after an early July storm. Photo taken
19 days after the event.
Regrowth of moderately damaged plants (left),
irreversibly damaged stems (right)
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The damaged main stem will die and seal off the top of the stem. These shoots, if
they have time, will develop new leaders that may set seed heads. In this instance,
time to grain maturity will be extended, while fiber quality and often yield from the
secondary branches will be reduced.

Regrowth of fiber type variety after early July storm.
As a result of a damaged apex (brown tissue on the left panel)
secondary branches were grown from two upper nodes
generating a shorter and bushier plant. Photo taken 29 days
after the event.
Severely damaged, broken plants may not
recover, hence the overall yields on hailed
fields will be reduced.
Milder storms have typically less impact on
hemp. The head will “goose neck” and grow
back towards the top of the crop canopy.
This will delay maturity and yield, but will
often make a reasonable recovery. The
goose neck heads do pose a problem at
harvest since they are lower in the crop
canopy. The combine operation can only
take in a certain length of stalk, so often
many of these recovered heads will have to
be left in the field.
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Spring Frost
An early spring seeded hemp crop is more tolerant to frost than a later seeded hemp
crop. Hemp germination can start as soon as temperature exceeds the zero mark (1
to 2°). A Russian study reported that germinated seeds can withstand -5° frosts for
a period of two weeks and up to -15° for 24 hours under low soil moisture conditions.
Plants at the seedling stage easily tolerate frosts to about -7°. Numerous volunteer
plants often found in fields in the subsequent year are the best indication of fairly
high frost hardiness of hemp at early developmental stages.
Fall Frost
Early fall frost has been found to be beneficial for hemp growers. Below zero
temperatures act as natural desiccant, facilitating maturation of the crop and
permitting earlier and more effective combining. It is particularly advantageous in
the case of late maturing, fiber type varieties where leaves and bracts can remain
green and the seeds are mature. A killing frost causes leaf drop and desiccation of
the seed head, leaving bare stems and reduced biomass volume to be combined.
Hemp fields affected by frost will dry
down rapidly. Dependant on weather, the
moisture content can drop 4% to 8% in 4
or 5 days. If harvest is delayed, the crop
can become too dry and difficult to
combine because the fiber will separate
causing the fine fibers to wrap on the
harvest equipment. Experienced
producers will be prepared to start
combining hemp about 4 days after a
frost depending on the severity of the
frost.

Leafless stems of X59
as a result of a killing
mid-September frost.
taken 29 days
after the event.
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Insects and Pests
A number of insects have been found feeding in hemp. To date none have been
found at economic levels that would require control. As acreages increase and
production becomes more intensive it is expected common pests of other crops
may become a problem.
Grasshoppers
Grasshoppers have been a pest in isolated areas that have grasshopper
populations in other crops mainly in dry or semi-arid regions. During the
vegetative growing stage, hemp will generally outgrow the grasshopper
infestation. The grasshopper will eat the large outside leaves on the hemp head
first. High numbers cause damage to the bract around the seed preventing
development of the seed and causing loss of yield. Damage to hemp has been
observed to be limited in most years to the edge of fields in drier areas.
The Grasshopper life cycle starts in the fall with the female depositing eggs in an
egg pod in the soil. Some development of the embryos starts in the fall but is
completed in the spring after the soil warms. Hatching begins in early May to
mid-June to produce Nymphs which look like grasshoppers without wings. The
Nymphs go through several stages to become adults with wings. The winged
grasshoppers can move a distance to find food. The Nymph and winged
generations as they grow bigger are able to do more damage.
Grasshopper Feeding on Hemp

Hemp 101
The Advanced Class

~The Canna Talks~

Part Four: Disease & Creatures
Bertha Armyworm
During years when Bertha Armyworm is a pest in Canola the larvae can be found
feeding on hemp. Bertha Armyworms overwinter as a pupa in the soil. In mid-May
the moths emerge and begin to lay eggs on preferred host plants including hemp.
The eggs hatch to a larvae that feeds on the host plant and will do damage to the
plant. The larvae when mature, drop to the soil and form a pupa to overwinter and
complete the lifecycle. In most years, populations are kept low by unfavourable
weather conditions such as cold winters and cool, wet weather, and by parasites,
predators and diseases.
The fast growth, large plant and leaves help the hemp crop withstand relatively
high populations of Bertha Army Worm. Economic thresholds need to be
determined for hemp.
European Corn Borer
The European Corn Borer can be a potential problem in hemp in areas where there
is a significant acreage of corn. The corn borer over winters as a caterpillar and
changes to a pupa in the soil in the spring when conditions are ideal. The Corn
Borer emerges as a moth in mid- May to June. The moth lays eggs on a suitable
plant host which can include hemp. The eggs hatch to a larva which does the
damage to the host plant. Borer larva will enter the hemp stalk through a pin hole

Corn Borer in Hemp stalk
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Cutworms
Cutworms are a spring pest and they can occur in hemp production as in other
crops. Spring scouting is recommended. Areas of dead plants or bare patches in
the field are evident of cutworm activity. Cutworms rarely are found across the
whole field.

Stink Bugs
Stink Bugs have a hard shell and are distinguishable by a distinctive smell. They
appear in hemp near harvest time. Stink bugs feed by sucking juice from the
plant which causes damage to the hemp seed head. This will damage the bracts
around the seed and the seed will not develop. Stink bugs have been found in a
few isolated areas in hemp fields.

Stink Bugs Feeding on Hemp

Blister Beetle Defoliating Hemp

Lygus Plant Bugs
Lygus Plant Bugs are common to crops like canola, alfalfa and vegetable crops.
Lygus Bugs puncture the plant with their sucking mouth parts. In hemp, high
numbers feeding on the bracts could cause significant loss in yield. The piercing
of the plant with the mouth piece also can spread diseases like Aster Yellows.
Blister Beetle
Blister Beetle are common in crops such as fababeans. Damage is done by the
insect chewing on the seed heads.
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Birds
Birds such as sparrows, doves, starlings, blackbirds, etc. can be pests in a hemp
crop. Hemp is often one of the later crops harvested which coincides with the time
of year that birds begin to flock for southern migration. Migratory birds seek a
source of food, water and somewhere to perch. Areas of field topography with
these features encourage the migrating flocks to stay near the hemp field. The
hemp seeds at harvest protrude from the seed head and are easy “pickings” for
the birds.
The birds will leave droppings on the hemp head while feeding causing microbial
contamination. This is a problem as the hemp grain is consumed without
processing. Microbial contaminants could include molds, yeasts and bacterial
coliforms, E. coli, Salmonella and Staphylococcus.
Bird droppings need to be monitored and eliminated from contaminating
equipment, i.e., grain tank from parking the combine in the field for a few days,
truck boxes, augers, etc..
Storage bins are also a source of contamination that need to be monitored and
sealed from bird entry.
Deer
Deer and other grazing wild animals will feed on hemp when it is in the vegetative
stage. While feeding, they will graze on the top portion leaving the root and bottom
stalk. This stalk will branch from a node and produce a plant with two stalks.
These stalks are smaller and will produce heads with viable grain at harvest time
however maturity will be delayed.

Two stalks
as a result
of growing
point damage

Hemp 101
The Advanced Class

~The Canna Talks~

Part Four: Disease & Creatures
Diseases
Crop rotation is the best cultural practice to avoid disease build-up. A four year
rotation away from a similar crop is recommended.
Sclerotinia sclerotiorum (white mold) and Botrytis cinerea (grey mold) are
common molds and the most serious diseases affecting industrial hemp.
The fungus sclerotinia occurs in some areas where canola, sunflowers, edible
beans and soybeans are grown. The severity of sclerotinia stem rot is variable
from year to year, region-to-region and even from field to field. The incidence of
sclerotinia has risen as the acreage of similar broad-leafed crops increases.
Management practices that contribute to high yields also produce dense
canopies, which creates a microclimate for disease development. Wet, warm
weather patterns also favor disease development.
The hard, black sclerotia overwinter in the soil where they can remain viable for
more than five years. Short rotations of host crops will increase the number of
sclerotia in the soil. Warm, moist soils conditions that last for at least 10 days
encourage the development of apothecia (small mushroom like growths) from
the sclerotia. A heavy canopy keeps the soil surface moist and creates ideal
conditions for the apothecia to grow and release the spores. Under ideal
conditions, the apothecia can continue to develop until late September. Infection
of host plants occurs from airborne spores produced by the sclerotia in the soil.

Sclerotia
formed inside
the stem
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The spores are spread by the wind. Insects such as honey bees can also carry
spores. Crop rotation is one of the best forms of defense in hemp to date, but
dependent on the crops grown in the area, the field can still have severe
infestation regardless of the field rotation.
Spores will infect the stem and the grain head in hemp. Moist conditions from
rainfall, high relative humidity and warm temperatures increase the spore
survival and growth.
The bracts in the hemp head create ideal conditions and food for survival and
development of the ascospores (early apothecia). The denser the head, often
the more severe the infection of the hemp crop under ideal conditions. Dry
conditions can slow down or stop development. During harvest, the sclerotia are
either returned to the soil to continue the disease cycle or are removed from the
field in the grain sample.
When sclerotinia develops in the stem, it will cause premature ripening or in the
early stages of plant development will kill the plant. The black sclerotia generally
form on or inside the hemp stalk
The sclerotia are generally in the bottom one third of the stem so they are often
cut off at harvest and do not contaminate the grain sample.

Early Stage
of
Sclerotinia
Infection

Late Stage
of
Sclerotinia
Infection
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The sclerotia will form anywhere along the grain head. Everything above the
point of infection on the head dies. Sclerotia form at the site of infection. During
harvest these sclerotia bodies are a part of the grain sample. The sclerotia
bodies are very difficult to remove when cleaning the seed. Larger ones can be
screened out but the sclerotia are brittle and will break down into small pieces
similar in size to hemp seed. The sclerotia can only be removed to some extent
with gravity tables and color sorters and there will be a significant amount of
grain lost due to the these cleaning methods. Sclerotia bodies are not desirable
in one of the end uses of hemp, hulled hemp and can lead to rejection of the
grain sample by the processor.

Hemp Nut Wheat and Cclerotinia Bodies Present
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Canada has extensive Research Available on hemp Fiber. We continue to use
their data for this educational series.
Disclaimer: This Study is being shared as an Educational Service to the Texas
Farmer. Please do your own research and make your own decisions. Any
Equipment settings and data supplied should be researched for your situation
and cross checked with a professional machinist. TexasIHC holds no
responsibility for any action you choose to take as a result of this Information.

Crop Condition for Harvest
Hemp matures in 90-120 days, depending on a number of factors such as variety,
seeding date and summer temperatures. Growing conditions, as with other
crops, can affect maturity date.
Industrial hemp seed is harvested when the seed begins to shatter. Standing
hemp is harvested when approximately 70% to 80% of the seeds are ripe and the
grain sample has a seed moisture range of 10% to 20%. Hemp is indeterminate in
growth so the seeds at the top of the head will be less mature than ones on the
bottom. Hemp is ready to combine when the bracts around the seed have dried up
and the seed is exposed.

Hemp Head
Ready for
Harvest
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When hemp is combined, the more immature seeds from the top of the head
will retain some of the bracts that surround them. The bracts and the broken
plant material in the combine hopper mean the sample is high in moisture. In a
dryer, the plant material does dry down fairly quickly.
Later combining can result in increased grain losses due to shattering, bird
damage and lower quality grain. Mature fibers tend to wrap more tenaciously
around moving parts on the combine as the crop dries down.
As the hemp matures, the bracts surrounding the seed will dry and expose the
seed for natural dry down. Fall frosts will assist the dry down process and the
harvest can generally commence three to five days after a frost. After a killing
frost, the crop will dry down rapidly therefore combining must take place with
days.
The probability of shattering will increase as the plant dries. High winds can
accelerate the incidence of shattering. Bird damage can be a problem as the
seeds mature.

Hemp Head
Ready for
Harvest
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Harvest Equipment
Harvest method and equipment should be an early consideration when
deciding to grow a hemp crop.
Hemp grain harvesting is generally done by straight combining however
swathing can also be used.
The newer models of combines are best suited to handling the hemp harvest
and require minimal modifications. The new machines have bigger cylinders
and cleaning area. Headers can be operated at higher levels so all stands of
hemp can be accommodated.
Most new combines are now rotary design. Some new machines have the
swath entering at the bottom of the cylinder. On earlier machines, the swath
would hit the middle of the rotor after leaving the feeder housing. The rotor
then had to direct the material up the side of the rotor. This slight hesitation
would be enough to allow the hemp to wrap on the front bearing of the rotor.
The product flow is smoother in new machines.
The draper header is preferred by growers.
They have more clearance to allow the hemp stalks to lay down on the canvas.
This promotes a more even feed of the material into the combine. Some
growers have had success with conventional headers as well.

Draper Header

Auger Header
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Combine Settings
Settings need to be adjusted according to individual crop moisture and
general conditions. Adjustments need to be made as the harvesting
continues. Producers have found that canola, peas or bean settings for
the cylinder and concave are a useful starting point for combining
hemp. The air, sieve and chaffer are set similar to wheat, for a starting
point.
Proper setting of the combine improves the yield and quality of the
grain and reduces wear on the combine. Experiment with ground
speed, concave openings, air speed etc.
Following is a suggested starting point to set a combine for harvesting
of hemp.
Cylinder Speed - 450 - 600 rpm
Concave - 30 – 50 mm
Wind - 1070 rpm
Sieve - 3mm
Chaffer - 10mm

Combine - Troubleshooting Management
Producer & Industry Experience
After 15 plus years of hemp production in Canada, producers have,
through trial and error, developed and identified techniques to facilitate
grain harvest. Following are some of techniques that have been
identified.
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Ÿ Combines manufactured in the last 10 years will harvest hemp with
Ÿ

Ÿ

Ÿ
Ÿ
Ÿ
Ÿ

Ÿ
Ÿ
Ÿ

Ÿ
Ÿ

Ÿ

few modifications.
Draper headers are preferred as there is more room for the hemp
heads to lay down and feed evenly into the combine. Conventional
headers are also used.
Proper setting of the combine improves the yield and quality of the
grain and reduces wear on the combine. It is important for all
producers to experiment with ground speed, concave openings,
sieves, wind speed etc.
Monitor grain tank for cracking of grain and adjust settings as
required.
Adjust the concave to minimize seed cracking.
Worn or loose chains such as feeder conveyors, internal conveyors
and elevators may cause seed cracking
Combine at 15 to 18% moisture or less. At high moisture content, a lot
of plant material will be in the sample. The sieves will gum up and
require frequent cleaning
At low moisture content (close to dry), the hemp stalks shatter. There
will be more fine strands of fiber that can create wrapping problems.
Too high a fan speed will blow hemp seed out with the chaff and allow
a large amount of material in the return.
Start with a lower fan speed and gradually increase it until separation
of chaff and seed occurs with no seed being blown over the chaffer
sieve
Closing the sieve tends to direct the air to the rear rather than up, but
at the same time tends to increase air velocity through the sieve.
Open the top sieve or chaffer enough for good separation (1/4 to 1/3
open, or 3 to 10 mm). This will keep the seed from going over the top
and out the back of the combine. Ensure that air lifts the chaff on the
sieve with a shaking action conveying the material along.
A chaffer opening that is too narrow, coupled with insufficient wind,
can result in high seed losses.
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Ÿ Adjust the lower sieve depending on the sample seed quality in the

Ÿ

Ÿ
Ÿ
Ÿ
Ÿ

Ÿ

Ÿ

grain tank. If too much residue is present in the tank, close the sieves
slightly. If the sample is overly clean, seed may be going back to the
return conveyor, so open the sieves slightly. A lower sieve setting at 3 to
6 mm will usually be sufficient. Excessive returns result in seed
crackage and the overloading of one section of the combine, resulting
in high seed losses. If the returns are too high, there may not be
enough wind, the top sieve may be too open, or the cylinder-concave is
over threshing.
No more than one metre of hemp stalk should go into the combine. If
plugging or wrapping in the machine happens, lift the header as this
will reduce the length of the cut and therefore less material going into
the combine.
The cutter bar height should be high enough to take in the heads of the
crop canopy.
The header knife must be kept sharp at all times to minimize winding of
fibres on the cutter bar.
Remove or drop the straw chopper knives. Most choppers are fixed in
the back of the machine.
If wrapping occurs around the end of the straw chopper rotor, shields
are placed on the edge of the rotor to protect wrapping on the
bearings.
Exterior rotating shafts and pulleys that may come in contact with
stalks should be protected when harvesting varieties that reach the
bottom of the frame of the combine.
Mechanical drives for the header need to be protected. Factory shields
help but the universal joints are usually exposed. These will pick up any
fine fibres and stalks that rub by them. Protect below these shafts so
the stalks do not reach them. Any opening in front of these drives can
allow stalks to touch the shafts and start to wrap.
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When harvesting swathed hemp on a calm day,
the dust is very sticky and can easily cause
ombine fires if not blown off regularly

Fiber build up on unprotected header drive
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Stalks can wrap on the end of the reel

On pickup reels, PVC pipe is split and the right length is glued back together
over some of the rotating shafts. Wrapping can be reduced by ensuring the
reel is as high as possible so it is still able to gently push the heads into the
machine.
Ÿ Stalks will catch in the pickup reel and be thrown over the back of the

header and will be lost. Constructing a transparent or mesh back on
the table will help keep the stalks on the table. A back on the header is
more important on conventional headers. Conventional headers are
more compact from front to back and have less area to put the stalks
under the table auger. This can be a common problem when straight
combining standing Hemp. Commercial shields are now becoming
available.
Ÿ Leaning crops can fall over the divider board, catching and building

up at the end of the header. A wedge has been installed to move the
hemp away from the outside couple of guards.
Ÿ Fine fiber can also build up in the guard or under the knife. This can

be caused by a dull knife or the spacing of the guard in relation to
the position of the knife. If happening at the end of the header, a
wedge in front of the guard can help this problem as well.
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Loss of heads over back of header
Ÿ The wind direction will dictate which side of the field to combine from.

Stalks leaning from the wind will hang up on the end of the header. A
bunch will form and let go quickly which can cause plugging. Cutting from
the opposite side of the field can help.
Ÿ The fan needs to be guarded so the stalks and leaves cannot enter into the
fan or wrap on the bearings on each end of the fan. Stalks can enter the
end of the fan and bend the blades. Backing up could puncture or bend
the fan housing. Belts, bearings and pulleys driving the fan can wrap with
hemp causing damage. The dust and leaves can plug the fan.

Hemp fiber build up on header knife
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Dust and chaff buildup in fan
These areas can be protected by shrouding with tin or hanging sheets of
plywood or puck board under the body of the combine. Make a way for the air to
come from higher on the combine where it is not close to the stalks, leaves etc.
Newer machines have a wire guard around the ends and under the fan.
Ÿ Additional protection is needed to keep the stalks or fine fibers from being

sucked towards the fan where they can wrap on bearings or inside the fan.
The wire mesh is not adequate.
Ÿ Protect the planetary drive shafts at the wheels so fiber will not wrap around
the bearings. Covering the drive shaft with PVC pipe is a potential remedy.
Hemp will wrap on any exposed shaft if it gets a chance. An exposed final
drive shaft to the main drive wheels needs to be protected to avoid wrapping.

Fiber wrapping on fan bearings
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Fiber wrapping on fan bearings
PVC pipe slightly bigger than the shaft is cut lengthwise. The split pipe is
then placed over the shaft and rejoined by gluing or using duct tape. The
pipe is made shorter than the shaft. A larger pipe that fits over the first one is
also split and put over the first PVC pipe. The two are extended so they are
tight to both ends of the shaft.
Ÿ The two pipes are then wrapped with duct tape to make them secure and

cover the entire shaft. The pvc pipe does not need to turn and should be
loose on the shaft. If wrapping does occur, the tape can be removed, pipe
slid back to expose the wrapped shaft.

Fiber wrapping on final drive shaft
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PVC pipe on drive shaft held by duct tape.
Drive shaft turns inside the PVC pipe
Ÿ The two pipes are then wrapped with duct tape to make them secure

and cover the entire shaft. The pvc pipe does not need to turn and
should be loose on the shaft. If wrapping does occur, the tape can be
removed, pipe slid back to expose the wrapped shaft.

Fiber wrapping on final drive shaft
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Fiber will wrap on drive shaft if duct tape fails.
Fire could occur.
Ÿ The Case IH main drive for the combine comes down the left side of the

combine behind the drive wheel. The pulley, bearing and belt should be
shielded on the bottom with a mesh or material that will not allow the hemp
fiber and stalks to get near the drive. Under the combine, some of the new
machines have a wire shield to keep material away from:
Ÿ from hemp going thru the wire mesh Fine fibers and stalks will still go through

the wire cage and catch on the turning drive shaft. Cover the drive with PVC
pipe to reduce wrapping. Hanging plywood or puck board under the
combine in this area will also help protect the exposed shafts.
Ÿ The Rotor Drive can wrap if material rides too high up in the concave. The

shaft is very hard to reach. A rod with a hook on it helps to pull out the fiber.
Cutting less height will help reduce the incidence of material wrapping on
the shaft/bearing. Producers will check the bearing regularly. Carry water
and if need be wet it down regularly to keep fiber soft and reduce the chance
of fire.
Ÿ Inspect the machine for belts, pulleys, drives that are low on the machine.

Protect electrical wires, pulleys and belts from catching on standing stubble.
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Ÿ Puck board or similar sheeting can be used to protect the bottom of the

combine to keep fiber from catching on the bottom of the machine and
protecting belts and equipment like the fan.
Ÿ Do not back up. Standing stalks can pierce the metal or pull off wires or

jam stalks into low moving belts.
Ÿ Duct tape is a hemp farmer’s best friend. Use Duct tape to cover any bolts,

controls, shafts that are exposed that may hook hemp fibers. The fine
hemp fibers can catch, build up and eventually cause a problem or
potential fire. The duct tape makes the bolt smooth so the fibre will not
catch and will pass over it.
Ÿ While emptying the hopper each time, do a walk around the machine

checking for wrapping on various catch points on the machine like axles,
bearings, and inside the machine.

Caged drive shaft on Case IH combine.
Additional shielding required.
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Caged drive shaft on Case IH combine.
Additional shielding required.
Ÿ When harvesting high moisture hemp, regularly clean out the corners and

areas where hemp grain builds up in the hopper when it is emptied. This will
reduce the risk of these areas heating. This small amount can lead to the
build up of pathogens ( e.g., e coli, streptococcus, etc.) that can
contaminate or be a source of infection for the whole bin.
Ÿ Clean off machine regularly. Do not let hemp dust build up especially in

motor area and filters. Dirt and dust build up on the combine increases the
risk of fire.
Ÿ Use a leaf blower regularly to remove dust build up anywhere on the
machine. Carry a fire extinguisher and have water available in the field.
Ÿ Fires have been attributed to static electricity starting a fire where dust
buildup can occur. Drag a chain to help reduce static electricity.
Ÿ Manufacture a good hook that will fit into areas to pull the fiber out that
wraps around shafts etc. Serrated knives and box cutters help to cut off
fiber. A hook is useful to reach in beside some beaters, bearings etc. to pull
out fiber that may be wrapped around a shaft.

Hemp 101
The Advanced Class

~The Canna Talks~

Part Five: Harvest Management

Manufactured long hook
Ÿ The discharge beater (John Deere combine) at the back
Ÿ of the rotor throws the straw out of the back of the machine.

Ÿ The speed of the discharge beater seems to determine if there will be

wrapping. Increase the speed of the beater as much as possible. A high
speed kit is available from the company or sometimes a larger pulley is
installed to speed it up more than the factory part. Shielding on the front
side of the beater may be needed to help keep the fiber from wrapping
on the bearings. If wrapping happens often in the same area of the
beater check the surfaces for a rough area. Something like a rock may
have dinted or made a rough spot on the surface. This is enough for the
fine hemp fibers to catch on and start wrapping.
Ÿ A “wiper belting” has been installed onto the John Deere rear beater.
Heavy belting is bolted onto every second beater blade. Care is taken to
make them all the same size and the same bolts are used so the balance
of the beater is not affected. This “wiper” helps keep the dry fibers from
wrapping around the shaft and bearing.
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Fiber can build up on bearings of discharge beater
Ÿ Straw when it exits the combine will catch and hang on any rough spot

that it can. The hexagon nut heads holding the back hood together is
enough to catch straw. Large bunches that hang out of the back of the
combine. These will not cause any operating problems but are a concern
from how they look. These can be eliminated by covering the bolt heads
with duct tape or silicone caulking.
Straw Choppers for John Deere combines should be swung away or
removed if needed.
Machines like Case IH combines have internal straw choppers that cannot
be removed. The knives should be lowered a low as possible or removed.
The chopper rotor should turn as fast as possible.

Fiber will
catch on
bolt heads
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Ÿ Wrapping can occur at each end on the bearings. Shields can be placed

on the front side of the rotor to protect the bearings from coming in direct
contact with the hemp fiber. Check often.
Ÿ Conveyors are recommended for grain transfer. Use low sloped transfer
augers if available. Augers should be operated full and at a slow speed to
reduce potential grain cracking and dehulling.
Ÿ Older John Deere combines (9600 series) need some modification to
harvest hemp. The fine fibers shatter and will wrap on and in the links of
the feeder chain. Eventually the chain will no longer flex as the fibers are
compacted into the joints. To make the combine work, producers
replaced the chain with a rubber mat. Chains are affixed to a heavy rubber
mat. The end overlaps so the mat can flex and stay tight. A few slats are
bolted on the surface to give some traction to carry the hemp up the feed
housing. Some believe the speed of the chain is too slow so it gives the
hemp a chance to wrap in the links. Problem does not seem to exist on

Fibers can wrap
on end of Case IH
straw chopper. Check often.

Belt manufactured to replace
feeder chain of older
John Deere combines
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Ÿ It has been found that there can be less trouble throughout the machine

especially older combines, if the feeder housing is narrowed down. Metal
plates 8 to 10 inches wide similar to the one in the middle of the photo are
affixed on each side of the feeder housing. This forces the grain and straw
up the center of the combine keeping the hemp fiber away from the edge of
the combine where the risk of wrapping of bearings is reduced.

Metal plate on pick up is bolted onto each side
of the feeder housing to make it narrower
Ÿ Changes in crop conditions often occur during the day. Frequent checks

and readjustments must be made in the field.
Ÿ After a killing frost, the crop will dry down rapidly. Be prepared to combine

before it gets too dry.
Ÿ Trucks should not been driven in the hemp field. Hemp wraps on anything
that moves.
Ÿ Ensure machine insurance is valid and up to date.
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Specific Combine Trouble Shooting - By Make:
John Deere Rotary

Ÿ Initial settings – cylinder 530 rpm, concave setting at 6, air 750 rpm, top
Ÿ
Ÿ
Ÿ
Ÿ

Ÿ
Ÿ
Ÿ
Ÿ

sieve 18, bottom sieve 6
Use cylinder at the slower speed on the high speed setting.
As crop gets dryer, slow rotor and open concave.
Shield drive shaft going from planetary
Put a pan over the grate on the discharge beater. Speed up the beater –
double the speed. Specialty discharge beater – remove, or run at a higher
speed.
Bolt belting on the discharge beater lugs to eliminate wrapping on the
shaft and bearings on the beater. Do the same on the front accelerator.
Use the wide wire concave. Do it by pulling every second wire in the
concave. This will result is less plugging.
Bypass the chopper
Regularly check the top and bottom rotor bearings for wrapping.
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Specific Combine Trouble Shooting - By Make:
Case IH

Cylinder 600 rpm
Concave setting 14
Sieve same as wheat, close front one slightly
Wind – check sample increase if too much plant material and trash is in the
hopper.
Ÿ Regularly check the top and bottom rotor bearings for wrapping.
Ÿ
Ÿ
Ÿ
Ÿ

Ÿ Lexion
Ÿ Sieves setting 13 and 7, set fan like canola 1000 rpm
Ÿ Concave as wide as possible. Start at setting 20. Tighten concave before

speeding up the cylinder.
Ÿ Set cylinder at 450 to 700 rpm.
Ÿ Every year is different.
Ÿ New Holland
Ÿ Some New Holland models have a rear beater similar to the John Deere.

Some have spikes on this beater to help discharge the straw. It is
suggested to remove these spikes as the hemp straw will wind around the
beater under some conditions.

Hemp 101
The Advanced Class

~The Canna Talks~

Part Five: Harvest Management
Swathing
Ÿ Swathing of hemp is not a common practice but it does have its place in

some circumstances. Consider swathing for the following:
Ÿ
Ÿ
Ÿ
Ÿ

Hemp production in arid locations
Areas of high winds to reduce plants rubbing each other causing shelling.
Short varieties.
To reduce aeration or drying requirements.

A field of Finola a few days before it’s ready for swathing
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If Swathing
Ÿ Pick a window when there will not be rain.
Ÿ Swath and leave for 2 to 4 days to dry down. Combine before it is too dry. If

the stems are too dry, the fibers in the stalk shatter and separate, causing
fine fibers to wrap on bearings, chains, etc.
Ÿ Do not swath if rain is expected or if the soil surface is staying wet.
Ÿ If conditions are wet, hemp will sprout very quickly in the head and
especially on the bottom of a swath.
Seed in contact with the ground may develop mold, bacterial development
and coliform contamination causing quality loss and downgrading of seed.
Ÿ Be aware seed contamination can occur from small stones, dirt, manure

and other foreign material.
Ÿ Remember standing hemp will dry faster in damp conditions than swathed
hemp

Swathing
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Drying
Ÿ Hemp is combined at a moisture content of 10 to 20% moisture. The

majority of the moisture comes from broken plant material, immature
seeds and seeds enclosed in bracts. Dockage will range from 10 to 20%.
The wetter the sample, the more urgent the drying process is. Drying
should begin within hours of harvest. Heated air grain dryers and
aeration can be used for drying the seed down.
The industry has accepted 10% moisture as dry. A safer level is 8 or 9%.
Percent moisture requirement should be checked with contractor.

A wide range of batch to continuous flow
heated air dryers can be used.
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Ÿ Hemp grain generally has a lot of bracts and broken plant parts that are

Ÿ

Ÿ
Ÿ

Ÿ
Ÿ
Ÿ

Ÿ
Ÿ
Ÿ
Ÿ

Ÿ
Ÿ

Ÿ

higher in moisture than the grain. Once drying begins these plant parts
dry quickly and the speed at which the grain dries also increases at the
end of the drying cycle.
Monitor grain dryer temperatures to ensure the seed and seed oil quality
is not compromised. Overheating the seed can cause the seed to turn
yellow and discount the oil quality.
Use grain drying when seed moisture is over 13 or 14%
Monitor the dryer operation closely. Batch and continuous flow dryers are
the most commonly used. Augers should be run full and slow to prevent
cracking of the grain.
Use heat of 150 to 160 degrees F for the first ½ of the drying period and
then use 120 to 130 degrees to finish off the drying.
The grain requires frequent turning to avoid the development of hot spots.
9% or less seed moisture is considered dry for long term storage.
Aeration
Aeration is used to reduce the moisture content by a few percentage
points, or to hold the grain until a dryer is available.
Use a full floor aeration system.
Aeration is not effective when fall conditions are cool.
Heaters have been used in combination with aeration fans. Care should be
taken as the grain at the bottom of the bin can over dry which can lead to
cracking and quality deterioration.
Turn the grain to prevent pockets or columns from forming which will
harbor mold, spoilage, etc.
For hemp in long-term storage, aeration can also be used in the fall when
the weather is cold enough to freeze the grain. Freezing the grain
maintains the quality, reduces the chance of spoilage and maintains a
fresh quality for a longer shelf life.
Many producers will turn the fan on two or three times during the winter to
ensure it is frozen and to prevent moisture migration in the bin.
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Aeration drying with and without a heater requires good ventilation at the top of the
bin. During the drying process the roof will be cold and if there is inadequate
ventilation the warm, moisture laden air will develop condensation on the inside of
the roof. This moisture will then move down the sides of the bin and can lead to
spoilage and mold buildup on the sides. Check for these conditions before emptying
the bin because the mold buildup can fall into the grain during the emptying process
and contaminate the entire bin.
Cleaning: Cleaning is required to remove contaminants such as weed seeds, plant
parts and insects and it should be conducted as soon as possib le after harvest.
More importantly, cleaning removes cracked seeds resulting from combining.
When cracked seeds are exposed to the air it causes oxidized rancidity of the oil
which will contaminate the other seeds in the seed lot. This gives the hemp seed an
undesirable taste and shortens the shelf life.
A peroxide test is used by processors as a measure of rancidity to ensure quality
standards are met.
Cleaning is also important to reduce the occurrence of contaminants such as
sclerotinia, molds, E. coli and bacteria.
Hemp is Gluten Free
Hemp is often sold as a Gluten Free product. In Canada, In order to achieve this
standard, the hemp industry implemented the guidelines outlined in the Health
Canada Gluten Free regulation. The FDA has not published anything of this nature to
date. For reference as to what we may expect, Canada's regulations include:
Ÿ That no ingredients are present or added that contain any gluten proteins from

barley, oats, rye, triticale, or wheat, including kamut and spelt.
Ÿ No ingredients that contain modified or hydrolyzed proteins from those same
Ÿ
Ÿ
Ÿ

Ÿ

grains have been deliberately added to the product.
Gluten levels in the product from accidental gluten contamination are less than 20
parts per million (ppm).
Good manufacturing practices have been used to minimize the risk of accidental
contamination from gluten grains.
Any ingredients made from gluten grain have been processed to remove the gluten
protein using methods that have been demonstrated to be effective. Wheat
glucose syrup and wheat maltodextrin are ingredients that fit in this category.
Recognized testing methodologies have been used to measure gluten levels.
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Wheat contaminants after dehulling
Wheat contaminants after dehulling
Grading
The Canadian Grain Commission has not established an official grading and
moisture standards for industrial hemp. We have found no evidence that the
U.S. has either.
The industry is accepting 10% as dry for percent seed moisture.
For safe storage it is suggested to keep the grain at 9% or less seed moisture.
Check contracts as some companies have other limits and specifications.
Clean bushel weight is generally accepted at 44 pounds per bushel.
Conversion tables for use with model 919/3.5 and 393/3.5 Labtronic moisture
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Types of Hemp Fiber
Hemp stalks contain two main types of fiber: bast or long fibers found in the
bark (skin) and hurd (shive) or short fibers located in the core of the stem.

Bast (skin or bark) and Hurd (core) fibers in a hemp stem
Depending on variety (or usage type) and planting density,
bast fibers typically account for 20-30 % of the stalk.

Bast fiber content in stems of selected European cultivars
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There are two types of bast fibers:
Primary bast fibers - make up 70-90% of the bast. They are characterized by long
length, high cellulose (50-70%) and low lignin (about 7%) content. These fibers
are the most valuable part of the stalk.
Secondary bast fibers - comprise the remaining 10-30% of the bast fibers. They
are shorter, more lignified and hence of lower value for some applications (i.e.
textile). Low stand density of hemp crop favors development of this type of bast
fiber.
Hurd is the short fiber found in the inner woody core of hemp stalks. Hurd
accounts for 70-80% of the stalk and typically contains 20-30% lignin. For
millennia, hemp was grown for bast fiber, primarily for textile applications, while
hurd was considered a waste by-product of bast production.
In addition to genotypic differences, bast fiber content in the stems can be
modified by seeding density. Higher bast fiber content is found in heavy seeded
fields (36-54 lbs/ac) that form a dense canopy of slender, unbranched plants,
producing high yields of superior quality bast fiber.

Fiber type hemp cv. Silesia seeded at rate of 36 (lbs/ac)
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Fiber type varieties seeded at a low rate (i.e.18 lbs/ac) frequently generate
tall, extensively branching plants with thick stems, often exceeding one
inch in diameter at the base. Such plants are characterized by low ratio of
bast to hurd fiber and low quality of bast fiber (high proportion of short
bast), both in the mainstem and in the multiple secondary branches.

Fiber type cv. Silesia seeded at rate 13 lbs/ac
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Stems of cv. Silesia seeded at
45 lbs/ac (top) and 13 lbs/ac (bottom)
Owed to their different physical properties and chemical composition, bast
and hurd fibers are suitable for a wide range of industrial applications
including bio-composites, construction materials, textiles, insulation,
bedding, paper production, ropes and twines and many others.
Until recently, major breeding efforts of the fiber usage type varieties were
focused on increasing bast fiber content of the stem, mainly for textile
industries. Revival of hemp production during the last decade resulted in
developing applications for hurd as well, with hempcrete currently being
one of the chief materials driving hemp for fiber expansion.
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Handling Fiber After Grain Production
Presently in Canada, hemp is almost exclusively grown for grain, while fiber
bearing stems are considered a nuisance of crop production. Rapid
development of various industries (construction, automotive, textile)
demanding high volumes of suitable, quality fiber is presently changing
perception of hemp as a grain only crop.
Hemp will soon be grown as a dual purpose (grain and fiber) or even fiber only
crop (i.e. textile applications); therefore, different harvesting and post-harvest
handling methods of hemp stems are recommended for different applications
of hemp fiber.
Hemp grain growers, who are not interested in fiber production, prefer short
stature varieties that generate a small volume of stock biomass that has to pass
through the combine and a smaller amount of straw residues that need to be
handled. The strong bast fibers of hemp make it necessary to get rid of the
straw and stubble before the next crop. The dry fibers become very tough and
wrap tightly on bearings, shafts, etc. of tillage and seeding equipment.
Hemp, like any plant, removes nutrients from the soil and some of these
nutrients remain in the stalk. If the remaining stalk, after harvest, is left in the
field and subjected to rain the natural process of retting the nutrients from the
stalk can be turned back into the soil through incorporation.
Different, region-specific approaches to the handling of post-combine
residues to clean up the field for the next crop are used.
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Stubble Incorporation
Incorporation of the fiber especially from shorter hemp varieties is being
done in a number of ways.
The fiber that comes out of the back of the combine is bound together in
lumps. These lumps have been baled by some producers and then removed
from the field. The stubble, if not too tall, can then be worked into the soil.
A forage harvester has been used for chipping up the lumps from behind the
combine, blowing out chopped fiber onto the field to be incorporated. Do not
use the type of forage harvester that uses an auger to move the chopped
product over to the blower as the auger will tend to wrap up.
Most tandem discs will bury the fiber with some wrapping around the belt.
High speed discs work well, as each disc is on its own arm, with no shaft,
eliminating wrapping.
The sooner it is incorporated after combining, the less problems, as the
green fiber does not wrap like it does when it is dry. Once the fiber is in
contact with the soil, the micro-organisms begin the breakdown of the fiber.
Others leave the stubble stand all winter and then seed a crop of peas or
beans by broadcasting followed by discing. The field can be heavy harrowed
a week later to control weeds and level the ground. After the harvest, the
hemp fiber is broken down and can be worked in with ease.
Disk seeding equipment has been used to seed directly into the stubble the
next spring. The stubble will generally be knocked over with a harrow or
roller before seeding.
Forages like sweet clover have been broadcast on the field after seeding the
hemp. The clover establishes and grows the next summer. By the next fall the
hemp fiber has broken down gently reducing the number of problems with
equipment wrapping. This technique works best for shorter varieties.
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Burning
Many farmers elect to clean up very tough and slowly decomposing hemp
residues by burning of fields in the fall. As fiber markets develop, this need
will be reduced. If there is sufficient time for the stalks to dry down, the
fields can be harrowed and burned as a method of clean-up. Most fields are
left to over-winter as the stalks just above the ground are fragile and break
off easily when harrowed or rolled to flatten. If the stalks are close to the
ground, the field will burn fast and hot. Ensure there is a good fire guard
around the field and watch the wind. Producers will often have water in the
field as aprecaution. Some hemp stalks are large and piles that were made
by harrowing can burn and smolder for a long period of time. Ensure the
piles are extinguished before leaving the field to avoid the chance that
embers could blow into a neighboring field if the wind changes.
Rolling
Farmers have been innovative in finding ways to get rid of the fiber, for which
there are no ready markets. Spring burning is used to get rid of the fiber
residue.
Standing hemp stalks do not burn well. By flattening stalks the field will burn
black getting rid of all of the fibers. In the spring the stalk just above the
ground is weak and will break off easily. A land roller is effective to flatten all
of the stalks on the ground.

Rolling of
post-harvest residues
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A fire guard is made around the field with harrows dragging the outside
round towards the center of the field. Harrows tilted back are also used to
flatten the stalks in the spring before burning.
Raking of Hemp Straw
A rotary rake or Tedder rake has been tried as a method of windrowing
hemp fiber for baling. The hemp stalks are left standing over winter. In the
spring, the field is first rolled with a land roller. The fiber in the first few
centimeters at the bottom of the stalk does not have strong bast fiber in it.
Over winter, this portion of the plant deteriorates. On a dry day, the stalks
break off easily when the roller goes over them, compressing them. The
rotary rake is able to easily tear off the remaining stalks and windrow the
fiber for baling.
The rake disturbs and incorporates a significant amount of soil into the
swath. This is too much for most processors, so it is not recommended
unless a specific market will accept the product. The Tedder rake is a high
maintenance machine.

The Tedder rake
handling hemp residues
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Salvaging Hemp Fiber
Some growers preserve post-grain harvest straw in anticipation for
upcoming market opportunities for the fiber. This approach involves
baling the straw right after combining, which means that the retting
process (see fiber retting section) is often omitted. If grain was combined
with tables elevated to about 2-3 feet above the ground, the post combine
tall stubble could be cut with a discbine (with lowest possible conditioner
pressure) or swather (swath width must be narrower than baler width) and
subsequently baled or handled in a way described above (burning,
raking).
Some existing hemp fiber buyers require retted hemp for their
applications. In such instances, grain type (or eventually dual purpose)
varieties could be winter retted, which implies leaving hemp straw
residues on the ground until the spring, followed by baling when the straw
is sufficiently dry (12-16 %). machine.
Research is being conducted to optimize winter retting methods for
different fiber applications. In the areas experiencing sufficiently long
periods of warm fall weather with occasional rain events, allows the
retting process to be completed (see fiber retting section), the baling
could be done before winter’s arrival. This approach leaves more time in
the spring to prepare fields for new crop production.

Hemp
Straw
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Selecting Hemp Varieties for Fiber Only Applications
Successful and economically sustainable production of hemp solely for
fiber applications requires selection of fiber-type varieties that are
characterized by high biomass acquisition in the tall stems, typically
exceeding 7 feet in height.
Once, due to a lack of suitable harvesting equipment, cultivation of fiber
type cultivars as a dual purpose crop was impractical as grain combines
poorly handle (i.e., wrapping, plugging) large volumes of fibrous material;
however, such implements are are coming online and the emerging fiber
processors show tangible interest in having access to high yield and fiber
quality cultivars.
Time of Fiber Harvest
Time of harvest of hemp as a fiber crop will depend on specifications
provided by fiber contractors.
As a rule of thumb, textile application crops need to be cut when the male
plants (or flowers in monoecious varieties) are shedding pollen, prior to
seed setting on female plants (flowers). At this developmental stage, bast
fiber is not heavily lignified, which allows for obtaining smooth, high quality
fabrics. Delayed harvesting should be avoided as it results in developing
coarser fibers, not suitable for certain textile applications. After harvest for
textile applications, hemp stalks have to be retted. Note that under this
management scenario a grower will not get income from hemp grain, but fair
price should be negotiated with the buyer for high quality fiber.
Some hurd buyers prefer white fiber for their applications that can be
derived from unretted (or only slightly retted) stalks; therefore, the stalks
should be baled shortly after harvest, as soon as the stems are sufficiently
dry (12-16%). Baling stems too wet may result in continuation of the retting
process in the bale, or even worse, may cause rotting and hence severe loss
of fiber quality/yield. Hurd buyers demand weed-free bales as volunteer
cereals, wild oats, etc. contaminate hurd fiber and reduce its performance
in commercial products.
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For the time being, hurd originated from combined stalks are also
accepted by processors because of very limited availability of
designated fiber cultivars. As the fiber industry matures, a premium price
will be obtained for hemp managed for a specific application.
Bast fiber buyers’, other than for textiles, (i.e., for biocomposites,
insulation, etc.) uses do not always require hemp to be cut at the
commencement of flowering. For their applications, lignified stems
derived from hemp grown for the grain often deliver sufficient fiber
performance. Unless specified by the end fiber user, retting may not be
absolutely necessary.
Post-harvest Management of Hemp Fiber
Post-harvest management of hemp grown for fiber depends on the
ultimate destination of the fiber. Hemp contracted by textile industries
has to be subjected to retting process before the next handling step of
raking and baling. If no retting is required, windrows of hemp stalks can
be made in preparation for baling as soon as the straw is sufficiently dry
(12-16 %).
Rotary rakes are recommended to handle hemp for both turning over
stems during field retting process or forming windrows of dry straw in
preparation for baling. Please note that the wheel rakes frequently used
for hay management do not perform well with hemp since long tough
stems easily wrap on the wheels making the windrowing process an
inefficient task.
Depending on the processing plant equipment, both big round balers and
large square balers could be used to handle retted or unretted material
straw. Small square balers are not suggested as they frequently wrap
fiber in the pickup.
Bales made using sisal twine are desirable; however, if plastic net wraps
or twine are used they must be removed prior to processing. Bales have to
be made to maximum size to help keep trucking costs down.
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Retting of Hemp Fiber
Retting is a process in which pectineus substances that bind together
elemental bast fibers become degraded. This progression is completed
either by microorganisms present on the stems or in soil, acid/bases, or by
special enzymes. Some call it a controlled rotting, which indicates that a
farmer needs to oversee and properly manage the process.
While three major types of retting can be distinguished including field (or
dew), water and chemical retting, Most hemp growers are only concerned
about the first type that can be done on farm. The two other types require
special facilities (tanks, dryers, specialty chemicals) and therefore are not
included in this Research Edition.
Field retting is accomplished by leaving harvested hemp stalks on the
ground for several weeks and relying on the weather to facilitate the
process. Length of the retting process depends on availability of moisture
and air temperature. Warm weather with intermittent precipitation
maintaining moisture within the hemp stalks supports microbial activity
and accelerates the process of pectin degradation.
To assure even and complete retting, the stems should be turned over when
they start changing in color from green to pale yellow. Under optimal
weather conditions, this stage can be reached two to three weeks after
cutting. Turning over is recommended when hemp is meant for textile
applications which demand high quality and uniformity of fibers and if the
layer of hemp stalks are thick. Without turning stems over, the stems at the
bottom, closer to the ground, could be easily over-retted and hence quality
of both hurd and bast fiber would be compromised. Rotary rakes could be
used to avoid loss of fiber yield and quality.
Retting is completed when microbes decompose pectins binding fibers
and stems turn color to medium–dark beige with small dark, moldy spots
(stage 6-8 in the PDF Link Below). Hurd and bast fibers in properly retted
stems separate easily at breaking and bast fibers form characteristic
bands.
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In some Prairie regions frequently receiving miniscule amounts of rain in
August and September, retting could take a long time and sometimes may
not be completed before winter. In such cases, the stems could be left on
the ground until the following spring for baling in May. Fiber from winterretted stems is suitable for biocomposite applications; however, for high
end textile applications, leaving the stems on the ground may lead to overretting which weakens fiber strength and reduces its quality. To assure
optimal retting conditions, hemp stalks meant for the textile applications
may be wetted with a few inches of water to support microbial activity.
Such management practice could be implemented in the irrigation

Follow the Link Below to Print Your Own Color Scale Comparison Chart for Hemp Retting
http://www.hemptrade.ca/source/xix-colour-scale-of-hemp-retting.pdf
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Fiber Harvesting Equipment
Harvesting hemp for fiber is less troublesome than harvesting hemp for
grain or for dual purpose (grain and fiber). Forage harvesting and
handling implements, commonly used by the Prairie farmers, perform well
without major modifications when dealing with hemp grown for fiber.
Specialized equipment for cutting hemp for fiber has been available from
some European or Australian vendors for some time; American
Manufactures are now coming on line, where working width or capacity of
the overseas models may not be adequate to meet requirements of
American hemp growers who farm much larger acreages than their
counterparts in other Countries.
Depending on equipment availability, hemp cutting can be done using a
discbine, a disc mower (discbine without a conditioner), or even a straight
sickle mower. Conversely, swathers and haybines do not work well,
particularly with very tall crop as they have tendency to wrap long stems
on the reel. Depending on the make and model of the swather, the opening
may not be large enough to allow the hemp to go out. Additionally, tangled
stems resulted from swathing require longer retting times (or sometimes
do not ret properly) as they dry up quickly; however, swathers have been
used successfully for cutting the stubble after combining.

Hay Conditioner
or
Discbine
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Sickle
Mower

Fiber in field
after cutting
with sickle mower
An additional advantage of using a discbine is that cutting speeds can reach 9
mph compared to 1.5 mph achieved by swathers cutting fiber-type hemp
cultivars. A straight sickle mower is the most suitable for harvesting hemp for
textile applications. This implement leaves cut stems intact, laid neatly and
organized directly on the ground. Such stem arrangement is conducive to
faster and more uniform retting.
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Fiber in field after cutting with sickle mower
Hemp should be harvested 4" above the ground to avoid cutting through the hard
woody portion of the stem found closer to the soil. Leaving stubble considerably
taller than 4" results in loss of fiber yield. Keep in mind that the knives in cutting
implement of choice have to be sharpened frequently to handle the tough,
fibrous stems.
Fiber Harvest Equipment Modifications
to Consider Sickles and Mowers
The conditioning rolls should be opened up enough so that there is enough
friction to pull the material through, but not crush it too much. Crushing the stalk
increases drying and retting but also increases the loss of the hurd in the field.
Spread the swath out as much as possible to facilitate drying, reducing the
potential for mold and matching the size of the baler.
The end of each roller may need an additional guard put over the end to keep the
fiber moving out from the roller end and prevent wrapping.
Ensure the conditioner rollers are very smooth so they will not catch fiber and
start wrapping. Conditioners with metal rollers may be smoother and wrap less.
Ensure there is a good divider on the end of the unit. This will make dividing the
crop a lot easier and prevent the crop from building up and plugging the end of
the machine.
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Swathers
When using a swather ensure the swath is not too large for the baler to be
able to pick up. Pull out and use only a portion of the swather width.
Make a swath size that will fit into the pickup and capacity of the baler. A
swath the full width of the baler makes for a better bale and is easier to pick
up as weaving is not required.
Shield all bearings, rollers, belts and canvases that are exposed to the
hemp.
Protect under the swather so hemp stalks will not stick into the swather
frame.
Use a new knife with sharp guards.
Put a shield over the first 4 inches of the bottom of the canvas. This closes
the hole between the bottom of the canvas and the swather knife and
prevents stalks from being stuck under the canvas.
Stem size has a direct impact on the ease of cutting. The smaller the stems,
the harder to cut. This means the knife has to be in excellent shape.
Pick up reels are preferred.
Cut on dry, warm, sunny days with low humidity.
Humidity and dew will also reduce the length of cutting time in the evening.
A swath roller as used for canola makes for a uniform swath and reduces the
number of stalks that will stick up and catch on the bottom of equipment.
Balers
Hard and soft core balers could be used.
Ensure all guards are in place.
Inspect the machine for exposed shafts or chains and cover them.
Protect under the PTO shaft from the tractor to the baler.
Ensure the bottom of the tractor is smooth from the front to the pickup of the
baler so stalks will not catch. Mounting of a tarp or other methods may be
necessary to prevent the swath from catching.
Good baling starts with a well laid swath. The wider the swath, the less
weaving will need to be done by the baler.
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Storing Baled Hemp Fiber
Bales should be stored under conditions limiting water penetration soon after
they are made. Re-wetting previously dry material leads to straw
decomposition (rotting), bale disintegration and overall yield loss. Sisal twine
is not known to last a long time when it comes in contact with the ground, so the
less handling the better. Plastic net wrap and twine ensure better bale integrity
during handling and transportation.
Round bales are less prone to water damage owed to their geometry,
minimizing water percolation and subsequent retention. Square bales are
easier to stack but they need to be covered as large flat surfaces absorb rain
water, which would cause fiber decay during long term storage. Bales
containing high value, properly retted stems for the textile industry have to be
stored in sheds protecting the fiber from the elements.
Practical Bale Storing Tips:
When stacking in the field, ensure that the bales are placed on a high area of
the field with good drainage around the stack.
Place the bales on sod or a layer of straw to help keep them dry on the bottom.
The bales should not be placed on gravel as the small stones will imbed into the
bottom side of the bale.
Processing plants will have storage for a surge capacity and each has specific
requirements on how the rest of the bales need to be stacked for storage.
Pile all bales on the edge of the field where they are easily accessible to a truck
at any time of the year. Contracting companies will not be responsible for crop
that might get destroyed while picking up the bales.
The bales can be piled at the edge of the field in a long tube if they are to be
picked up soon.
Pyramid style is not good if not covered. The water collects or runs into the join
in the bales, going into the bale and not shedding the moisture.
Sheds or tarps may be required. Bales placed under a tarp will have moisture
migration occur under the tarp. The bales need to be dry when going under
cover and checked to ensure rotting does not occur especially at the top of the
stack due to the moisture migration.
Bales piled two on end and one lengthwise has been found to protect the bales
for considerable time and in a wide range of conditions (T formation). Leave
space between the rows to allow better air circulation and easier water runoff.
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Hemp stalks
retted for
two weeks
in the field

Baling of
retted hemp,
windrowed with
a rotary rake
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Hemp bales
stacked
for storage

Size of tarp
required to cover
bales of
different diameter
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T formation
way to stack
in the Field

Fiber Quality Considerations
Quality standards have not been fully determined for fiber crops. Fiber quality
requirements will have to be developed and refined as processors begin to find
out qualities that enhance their end product. Some general guidelines include:
Moisture Content – Aim for 16 % or below. This has proved very achievable over
the years, but watch for wet patches when baling, e.g. on headlands and ensure
safe storage. Mold in bales is not acceptable; however, baling hemp straw
below 10% can be detrimental to fiber integrity resulting in brittleness and loss
of yield.
Weed Content – A good stand of a fiber type hemp variety allows very little
weed competition to survive, but in conditions of poor establishment, weeds
can be a problem. If practical, avoid baling any patches of weeds and do not
include weedy bales, as they cannot be processed and it contaminates the
finished product. Organic production may lead to higher weed-contamination
of hemp straw.
Wild oats and cereal straw is not acceptable in the bales. Avoid areas in the
field that have excessive volunteer cereals. Under conventional crop
production practices, grassy weeds can be easily controlled chemically.
Broadleaf weeds cause fewer problems for hemp straw processors as they do
not have as much fiber and break down easier. Bales with unacceptable weed
contamination will be not accepted and delivery penalties may apply.
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Stones – These can cause damage in the factory. Tailor field operations to avoid
baling up stones. Deductions will be made for stone contamination, in extreme
cases there may be rejections. Stack bales so stones are not imbedded in the
bottom of the bales.
Plastic debris are not a common problem, but one that causes major difficulties
for some fiber buyers. Take care to ensure fields and particularly gateways are
clear of all plastic and other detritus.
While bales tied up with sisal twine are often favored, plastic net wrap or twine is
also acceptable by some fiber processors. Inquire with hemp fiber contractor
about processor’s preferences.
Hemp Fiber Grading
No standardized hemp fiber grading system is currently in use.. Future fiber
buyers will take into account several parameters including fiber length,
strength, moisture content, cleanliness, degree of retting (color) and visual
appearance; therefore, grading standards that could be consistently used and
accepted by different hemp processors and customers across the country will
have to be developed. Initial grading will be done at fiber processing plants as a
part of the quality assurance system to meet clients’ requirements. Specialized
reference lab(s) verifying fiber quality and consistency are also warranted.
Fiber Processing
The hemp fiber industry in America is in its early stages of development. As of
2019 there are no full–sized, commercial decortication facilities. A number of
fiber separation plants coupled with biocomposite manufacturing lines
(hempcrete, bioplastic, fiber mats, insulation, etc.) are being planned in the
foreseeable future. Some smaller facilities focused on processing hemp fiber
for textile applications are also likely to appear.
Each commercial processing plant will be extending specific requirements
regarding management of hemp harvest, including straight fiber cutting or
post-combine straw, retting, etc. Straw specifications will depend on the end
use of the fiber. Until the hemp fiber market is fully established, the processors
will buy existing inventory of hemp stalks (primarily post-grain harvest material)
but eventually will contract acres of hemp as a designated fiber crop and will
develop their own harvesting protocols.
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Hemp fiber decortication facility at Vegreville, Canada
Canadian Fiber Processors are specific in the fiber that they will contract. The
contracts specifies to supply only the fiber that is left between the combine rows.
They do not want the lumps and tangled fiber that is left behind the combine. For
example a farmer combining the hemp with a 35 foot straight header would
swath 20 feet between the rows of standing stubble.

Hemp swathed between combine straw rows
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Decortication of hemp straw results in two major types of fiber, hurd and bast .
While both types of fiber can potentially be used in a plethora of industrial
applications, Several hemp fiber based products appear to have the potential
to be successfully commercialized. Here are the most promising applications:

Decorticated hemp straw generates hurd and bast fiber

Refined bast fiber bales
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Hurd Fiber
Hempcrete – A biocomposite material consisting of hurd, lime, water and a
binder. This product is expected to be a primary driver of the Canadian
hemp fiber industry as large volumes of hurd feedstock are required by the
emerging bio-building sector.

Hurd based building blocks
Bedding materials - Owed to its superior absorbency properties and low
dust content, hurd is widely recognized as a high performance bedding for
farm animals (particularly horses) and pets.
Absorbents – Hurd has application in the oil and gas industry as a high
capacity material used for cleaning up spilled drilling muds and other
harmful effluents.
Particle boards – Hurd may serve as a high grade wood replacement in some
applications, i.e. furniture making
Ceiling panels and decorative plasters – When made of hurd, these offer
great sound absorption and aesthetics.
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Wall constructed of hemp blocks

Furniture made of hemp particle boards
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Bast Fiber
Plastics biocomposites – These can be made using compression and
injection moulding processes. For example, bast fiber mats infused with
resins replace fiberglass in composites used by the automotive industry,
making hemp parts lighter and easily recyclable. Similar advantages are
offered from bast fiber in injection moulded products.

Fiber mats and their bicomposite applications

Truck canopy made
of hemp fiber mats
infused with
plastic resins
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Example of injection molded bast fiber composite part
Textiles – The oldest application of bast fiber is re-gaining popularity due
to its properties that cannot be matched by synthetic and several natural
fibers (i.e. cotton). Please note that hemp for high quality textile
applications often requires more demanding crop management and
specialized decortication processing lines. Premium price should be
achieved for appropriately prepared straw suitable for textile
applications.

Hemp fiber,
yarn and
pillow case
made of bast
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Different grades of insulation materials made of bast fiber
Insulation – Natural fiber materials provide good thermal protection. They
are environmentally friendly and do not emit toxic, often allergenic
chemicals found in synthetic insulation materials.
High grade paper – Revival of hemp cultivation will make available
feedstocks for manufacturing of specialty, low volume, high value paper
products.
Twine, rope, upholstery – Lower grade, coarser bast fiber can be used for the
production of tough fabrics and cordage.
Dust
Decortication of hemp stalks generates 10-15% of non-fibrous dust
particles. After pelletization this by-product that has high heating value can
be marketed as environmentally friendly fuel.
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