Preliminary Results and Lessons Learned
Initiating Hemp Research at NMSU

Hanah Rheay!, Kevin Lombard?, Rebecca Creamer3, and Catherine Brewer!

1 Department of Chemical and Materials Engineering, New Mexico State University
2 Farmington Agricultural Science Center / Department of Plant and Environmental Sciences, New Mexico State University

3 Department of Entomology, Plant Pathology, and Weed Science, New Mexico State University

Specialty Crops Workshop June 8§, 2023

BE BOLD. Shape the Future.



Whatis
Hemp?

* Hemp is defined by
the USDA as
Cannabis sativa L.
containing
< 0.3% total
tetrahydrocannabinol
(THC)

* U.S. re-legalized crop
in 2018, following
nearly 70 years of
prohibition
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Image from Bloodhound Hemp Farms, 2020
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Types of
Industrial
Hemp

* Types of hemp:

- Flower (high-
cannabinoid or
essential oil)

- Fiber

- Grain
* US market initially
dominated by cannabidiol

(CBD) products — this is
changing!
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Different hemp type

Hemp Products Purchased by U.S. Consumers (Kodilinsky et al., 2019)
5%

6%

= CBD
7% .
34% = Clothes / Fabric

m Personal Care Products
13% Building Materials / Tools
Other

Food Products

13% Hemp Oil

22%

Kolodinsky, J., Lacasse, H., & Gallagher, K. (2020). Making hemp choices: Evidence
from Vermont. Sustainability, 12(15), 1-15. https://doi.org/10.3390/SU12156287
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0 2019-2022 U.S. Hemp Acreage

Current State
of Hemp in NM

As of June, there are 51,016

acres licensed for outdoor hemp

. o1,442 production in 2022, down 53%
e Decrease in hemp from 107,702 in 2021.
licenses issued in NM
. . . 336,655
mirrors nationwide
o .
53% dro.p in outdoor r—
production
107,702
ﬁ530 54152 51,016
. 17,724 13,475 8,298 . 5,381.
* NM recreatlonal | 2019 “ ~2020 h 7“2021 “_”2022
Cannabis sales went
Iive Apl"il 1’ 2022 Licenses Issued M Acres Licensed W Acres Planted

NM Singular, E. (2022). Midterm Review: A 2022 U.S. Hemp Production
Outlook. New Frontier Data. https://newfrontierdata.com/cannabis-
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https://newfrontierdata.com/cannabis-insights/midterm-review-a-2022-u-s-hemp-production-outlook/
https://newfrontierdata.com/cannabis-insights/midterm-review-a-2022-u-s-hemp-production-outlook/

Expectations

CBD Boom
2019 - 2020

Gartner Hype Cycle
Peak of Inflated for U_S. Hemp

Expectations

Plateau of
Productivity

Grain & Fiber

2018 Farm Bill
Innovation Trough of
Trigger Disillusionment
Today -
Time
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Overview: Hemp
Research at NMSU

* Phytoremediation trial
(2019-2020)

* NMSU initial variety trial
(2019-2020)

- Farmington

* Expanded variety trials
(2021-2022)

- Leyendecker, Los Lunas,
Alcalde

VNEE BE BOLD. Shape the Future.

BHP i

#s= Rio Algom
=

STATE

BE BOLD. Shape the Future.
College of Agricultural, Consumer
and Environmental Sciences
Agricultural Experiment Station

BE BOLD. Shape the Future.
College of Engineering

[ES T ERN
BE BOLD. Shape the Future.

w'E
I:\i' o :\":\ B
N ~ &
College of Agricultural, Consumer l~ ' ‘
and Environmen tal Sciences N\

Center of Excellence in Sustainable Food SUStainable AgriCUIture
and Agricultural Systems ResearCh & Ed Ucation

This material is based upon work that is supported by the National Institute
of Food and Agriculture, U.S. Department of Agriculture, through the
Western Sustainable Agriculture Research and Education program under
project number GW21-220. USDA is an equal opportunity employer and

service provider. Any opinions, findings, conclusions, or recommendations
expressed in this publication are those of the author(s) and do not

necessarily reflect the view of the U.S. Department of Agriculture.



Soil Remediation

* Traditional methods have high * Interest in improving
environmental impacts sustainable biological practices

Remediation of soil contaminzllted with heavy metals

! ' !

| Physical remediation I | Chemical remediation I | Biological remediation |
Phytovolatilization
1) Soil repla (8) Phytoremediation — Pttt
(1) Sell repiacement (3) Electrokinetic remediation \

Phytoextraction
Surface ground

........... — rans a
(5) Chemical immobilization Phytostabilization-
(6) Solidification/stabilization
M- (9) Microbial remediation
R R X Immobilization M ™ Metal Metal
me a M M o immobilization mobilization
e g P — M2+ Mobilization | M | M (10) Microbial assisted
temperature (4) Thermal treatment M: *.*"‘)‘ m'."' (7) Soil washing - phytoremediation
Soil solution Soil par(icles

(2) Vitrification

Gong, Y., Zhao, D. and Wang, Q. (2018). An overview of field-scale studies on
remediation of soil contaminated with heavy metals and metalloids: Technical
progress over the last decade. Water Research, 147, 440-460.

VNEE BE BOLD. Shape the Future. doi.org/10.1016/j.watres.2018.10.024
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Phytoremediation Technologies

Phytovolatilizati
(8) Phytoremediation i Foi T i

* Issues with large-
scale implementation

¢ H|gh COSt W|thOUt Phytoextraction

product potential
Phytostabilization

Table 1: Comparison between phytoremediation technologies

Technology Action on Contaminants Main Type of Contaminants Vegetation
Phytostabilization Retained in situ Organics and metals Cover maintained
Phytodegradation Attenuated in situ Organics Cover maintained
Phytovolatilization Removed Organics and metals Cover maintained
Phytoextraction Removed Metals Harvested repeatedly

Gong, Y., Zhao, D. and Wang, Q. (2018). An overview of field-scale studies on remediation
of soil contaminated with heavy metals and metalloids: Technical progress over the last
decade. Water Research, 147, 440-460.

https://doi.org/10.1016/j.watres.2018.10.024
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Greipsson, S. (2011). Phytoremediation. In Nature Education Knowledge Vol. 3, Issue 10,
p. 7). Nature Education Knowledge.
https://www.nature.com/scitable/knowled ibrar toremediation-17359669,



https://doi.org/10.1016/j.watres.2018.10.024
https://www.nature.com/scitable/knowledge/library/phytoremediation-17359669/

Hemp as a Phytoremediator
Compound Literature

Citterio et al., 2003; Di Candilo et al., 2004; Linger et al., 2002;
Meers et al., 2005

_Szekely, et al., 1994

Chromium (Cr) | Citterio et al., 2003

_ Meers et al., 2005

Lead(Pb)  |DicCandilo et al., 2004; Linger et al., 2002; Meers et al., 2005
_ Citterio et al., 2003; Linger et al., 2002; Meers et al., 2005
Radium(Ra)  Soudek et al. 2006

_Stonehouse et al., 2020

_ Hoseini et al., 2012

Thallium (Tl)" " Di Candilo et al., 2004

Zinc(Zn) | Meers et al., 2005; Shi and Cai, 2010

Rheay, H.T., Omandi, E.C., and Brewer, C.E. (2020). Potential of
hemp (Cannabis sativa L.) for paired phytoremediation and
S T A T E BE Bo LD. Sha pe t h e Futu re. bioenergy production. GCB Bioenergy, 13(4), 525-536.
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Uranium in Hemp Biomass
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Phytoremediation
of Radionuclides

e 100+ years of
production to reduce
soil contamination to
safe levels

Concentration (ppm)
O R N W b U1 OO N O O

* Low concentration of
contaminants in oil Radium-226 in Hemp Biomass
increase the potential | fs
for use in non-food,
fuel/material
applications
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2021-2022
Variety Trials

*Yields are poor
compared to
indoor potential

*30-70% of total

crop weight was
fiber across all

sites/varieties

BE BOLD. Shape the Fut
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| Sowing

[
g;m;:h Vegetative Growth
& Reproductive Growth / Maturation

- Bev Harvest
0 o pe I I o A. Anka (2021)
Site ]g:z’:‘;: April May June July August September

Expected 92-113
Alcalde 75

B. Altair (2021

Days in
Season
Expected 92-113

*6 of 7 varieties S
C. Earlina (2021)

L] L]
exhibited ea rIy S | Al | Mw | mme |y | A | Sopember
o Expected 115-120 ~ 75 days
Leyendecker 111 13
reproauctive Aalte 13 =
D. MS77 (2021

L]
b e h a VI O r 2:::‘;: April May June July August September

Expected Data not available
Leyendecker 111 N/A*
Alcalde 75 N/A'

E. Orion 33 (2022)
Days in

o Season April May June July August September
- g re W Expected 138-143

Leyendecker 148 44
Los Lunas 140

normally

April May June July August September

F. Felina 32 (2022)
[S):Z:(;: April May June July August September
Expected 133-138
Leyendecker 148 44
Los Lunas 140

Alcalde 138

G. Futura 83 (2022)
Days in
Season
Expected 112-117

SFNEE BE BOLD. Shape the Fuyjt=m=cEEm 55

i Plot was harvested before % of the plants exhibited flowering; although pollination was observed

April May June July August September




NMDA Supervised Destruction

*Plants at Los
Lunas tested
“hot” (above

the legal THC
limit)

*Huge variation
in sampling an
testing methods

NM

VNEE BE BOLD. Shape the Future.




Observations

* Logistical issues
with licensing and
material quality

*Early flowering in
grain/fiber

e Pests and disease

*Lack of best
practices/standards

VNEE BE BOLD. Shape the Future.



m Hemp Grower

Looking Ahead:

Need for More Feed

The $200,000 grant will help the researchers determine the concentrations of

Fi be r/ G ra i n cannabinoids ;f* livestock after they've eaten hemp feed.
Resea rCh In N M Feds Fund Research Into Hemp

Fiber Insulation As Environmentally
Friendly Alternative

A apg-wi.com
Hempcrete may be be more viable option for tribe than CBD
oils

USDA Awards $21 Million for Two Hemp Research

Projects

The projects were selected as part of the first pool of grant recipients under the
organizations Partnerships for Climate-Smart Commodity Program.

|:| Hemp Industry Daily

USDA creating hemp germplasm collection, funding lab to ...

Researchers Earn USDA Grant to Study Hemp in Cattle

NIFA Joins
Other USDA
Agencies to
Establish,
Expand
Industrial
Hemp in the
U.S.

A new $66 million Agricultural Research Service lab where scientists will study hemp farming, fiber,

and plant breeding. Developing software ...

VNEE BE BOLD. Shape the Future.



Major Roadblocks &
Challenges to Grain/Fiber
Hemp in NM

 Manufacturing Infrastructure
* Pollen Drift

 Photoperiod Response

* Total THC Limits

BE BOLD. Shape the Future.



Hemp Fiber - Decorticators
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North American Hemp Fiber and Hurd Supply Chain.
Interactive Map. (2023). https://thehia.org/hemp-fiber-and-
hurd-map/
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Hemp Fiber — Building Materials

Bast: strong,
high-value fibers

Hurd: abundant,
woody fiber

VNEE BE BOLD. Shape the Future.




Hemp Fiber — Greater Potential

Biomaterial
Bioalcohol

Biodiesel

Cannabis
biomass

Biohydrogen

Pretreatment
* Physical )
* Chemical 108as
* Biological

Drop in oil

Brar, K.K., Raheja, Y., Chadha, B.S. et al. A paradigm shift towards
NM production of sustainable bioenergy and advanced products

STATEHR:=1=H:{e]H»A Shape the Future. (from Cannabis/hemp biomass in Canada. Biomass Conv.
Bioref. (2022).
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Hemp Grain

* 20-30% seed oil
* 25-30% protein
* 25-30% fiber
*20-30%
carbohydrates

* NO
CANNABINOIDS
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Hemp

Flax Canola Soybean Sunflower Olive

B Alpha-linolenic Acid (ALA, 18:3, omega-3) ! Stearidonic Acid (SDA, 18:4, omega-3)
linoleic Acid (LA, 18:2, omega-6) B Gamma-Llinoleic Acid (GLA, 18:3, omega-6)

B Oleic Acid (18:1, omega-9)

VNEE BE BOLD. Shape the Future.

B Saturated Fatty Acids

Nutritional benefits of hemp seeds (2023). https://www.fundacion-
canna.es/en/nutritional-benefits-of-hemp-seeds
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Hemp 101. (2019). Kentucky Hempsters. https://www.kyhempsters.com/hemp101
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Hemp’s Future at NMSU

* No trials in 2023
- No ongoing trials at NMSU to continue variety trials

- Production for CBD should be shifted indoors; focus on outdoor
industrial production as an agronomic crop

* Fiber characterization and bio-based chemical processing (ongoing)
* Phytoremediation project — ?

* Product research by other NMSU groups (food science,
biochemistry) must be supported by cultivation to create a viable

state industry
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Questions?

Contact Information

Hanah Rheay

New Mexico State University
Department of Chemical and Materials Engineering
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