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Outline

e The Cultivation of Plants for Non-Food Uses.
— Tobacco as a example.

« A little history

 Why consider alternative uses of tobacco
* Potential challenges

e Research activities




Plants are Great Sources of Renewable
Materials

e Corn starch
— Adhesives, paints, explosives, cosmetics......

e Natural rubber
e Acetylsalicylic acid (aspirin)
e Taxol (anti-cancer drug)

* Not all farming is dedicated to producing
food!




Tobacco Production in Ontario

30 years ago, ~100 million kg of tobacco was
produced annually on ~50k ha in the Norfolk Sand
Plains

2006: ~24.5 million kg from ~8600 ha

2007: ~14.5 million kg from ~5100 ha

2008: fewer hectares than in 2007.

Tobacco growers are looking for alternative crops.




Native Tobacco Protein

e Tobacco protein has many uses:

— Nutritional supplement
 Contains all the essential amino acids humans need

» Easily purified: tasteless, odourless
« Useful for special needs patients
— Processed food ingredient, additive in cosmetic and
detergent formulations
» Excellent foaming and emulsifying properties




Small Molecule Production

e Tobacco contains valuable compounds:

— Solanesol

» Used in the synthesis of co-enzyme Q9 (a cardiac drug),
vitamin K (an anti-hemorrhagic vitamin) and vitamin E

— Nicotine

» production of smoking cessation products
» Excellent insecticide

» Nicotine drugs for treatment of ADHD, Parkinson’s and
Alzheimer’'s diseases?




MACLEAN'’S April 3, 2006

Warrior's fomb
Comnstion worken-n Cyprs
k et o a T 500w
ik Irrrurllrunmhﬂ.r\- Ajpqar
of st YT AT
guishas the dibeoy
acchopiay sary, il tee
bt paned wish
._p-'-\.ullhnn—

7 saws g Cyprios axpert,
hat thee wafspcr andd the colmrs

ARRCOFEAG TS Hovioried ido

wed ® The caffin 12 decocaread
sz ol o, hhe amal Bladk
and indisd e soones of Ulpses.

Hum.-rr engines
Compuersciersi Erc Bosidci
Il\.-ur\u":ru rr_h' B UL o

Kemify ldul they
for even ikl ey re loking fie

iniquiry an el gim wris
ko, s the wser chansrsa i
ation, i bk 0 o mutmion,
misch i the way b
duct ingirics b
el (G T i

Twritchless Nars

Lirmiry o prjAl bR prrstpeio,
Fars do wor peieh, soraich o2
Tkl wih fhcir bair, Sach eive

A WEEK IN THE LIFE OF..... JOHN GODFREY

Thar firue Liberal MP 0 dhilare a candicdacy far the Fedesa] Literal Iaadendip, Godirey s s
wnnging furc v tal musminabdiny nd social s, i oy fade swary i heavy himoeuach
5 Bl Stranasch e Mickar! [pmatiell decide mmum when the comgaign formally npem Azl 7.
it Lr weck, with Trant lnwper Martha 1l Findicy and fddber astloy Machmes: the only
sk dcclarel esadidaies, Gl fry ool takecormbent i knoing vhes, e far, s warp i rhie bl

Cocoon fat farm
v chamges 4 R
s bepamea e

Beusmd for rodicie ihar teal

Tha n

ier Dy redding squaly
aresarns of rnarpe: For the st
vimae, ncirra b learmad that n
ck: theis 3ibiy redoaltes, G-

fraty e Ineerprenal

le ergy woudd be
Long-necked Erkety | roquired” sy regonHeaks &
|- .H.:qu-pmlnnlnu- Scaeruoe | nisereiny's William Cris:
eai deal ol me
oy B ooouTing ™

L

e e -
Litthe home wreckers
Frrrado mice B o fmene with
rraaks, orf iz e ey rabim. Tesin
o vha rreden sproed

0T
mm;mnmnd.-n:
The a
obd fusad was dissoored i Mon
iy Bk Faprarns b

Haggis and toddiers
Hnif n‘h.-—"w..h reveadiad thr,
jdven sheuld be re

ke wrel
vl el ki i
ursrened hachelor,

ki

sekringfakr _!rlll'\-HM""'lrE
wereris, erashing fhem ard o3
ircting a coaposnd, ailaneel,
fomm whe robmcon. In the gast, | T

arvy o Mmuurm- ir
mpcriTice Wik
heur & Decomibor

Maxine and the hawk
Jemnider Rmen of Ladner, B.C.
Mil'.llﬂhrdll.ll.l. m."‘-’ln

Shesma barck, g e,
g e chrag she o bk gram
dep dlear =f the porch 1o camy
Tyt Ming Broke Froe ol
ahdirar and hid
il difc expris s
stk 0f et BTCVETy re, and
it thve hird probably ik
Sbasra Sar 3 rabibii,

ehe hivase

AETTERFLY: The hoavy devanndh ol shinpatiobem e f ol vaverpil

T T T L L O e e P D

Meds from cigs

Chinese authorities have been
seizing fake cigarettes sold on the
streets, crushing them and ex-
tracting a compound, solanesol,
from the tobacco. In the past,
authorities simply burned the
counterfeit cigarettes, which are
made with a mixture of low-
grade tobacco and wood chips.

Solanesol is acompound that can
be used for medicines that treat

cardiovascular diseases.
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Small Molecule Production

 Plant Pigments (Xanthophylls)

— Added to poultry feed to improve skin and egg yolk
colouration

— Lutein is used in the treatment of age-related macular
degeneration

« 6mg/day reduces occurrence of disease by 43%

« Lutein currently isolated from marigold flowers, yielding 2.8 to
4.5 kg/ha (450-675 kg dry flowers)

 How much lutein is there in young tobacco?




Production of High Value Proteins

» Genetically engineer tobacco to produce:
— Pharmaceutical proteins, e.g. herceptin

— Industrial proteins such as

* recombinant antibodies for waste purification or protection
against food borne pathogens.

* Industrial enzymes e.g. cellulases, amylases and
proteases

— A U.S. company is in the early stages of producing
cancer drugs and vaccines in tobacco.




Tobacco as a Biomass Crop

e Energy production from
tobacco waste

— Ethanol production from cellulose

« Est. yields of ethanol from
tobacco are similar to those from
corn, sweet potato, grain millet
and switch grass.

— Anaerobic digesters for biogas
production

e Burn biogas to generate
electricity/heat

 Pump purified gas directly into
NG pipelines




Barriers to Economic Feasibility

Markets
— Access to existing & development of new markets

Ability to maximize use of value added traits for
economic gain
— Capitol costs for equipment

Research is needed to address:

— New agronomic practices (fertilization, crop cycles, pest
management etc.)

— Variety development (higher density plantings)
— Handling and processing issues (no curing)




Tobacco as an Industrial Crop

 The key is to produce a lot of biomass by growing
the tobacco at high density (247k/ha vs. 17.5K).

 High biomass yields are obtained through multiple

harvests, the first done prior to the stretch bud
stage.

— In Delaware, up to 3 harvests of field seeded tobacco
yield 9-13.5 dry tonnes/ha




Direct Seeding in Ontario

e Qur colder climate limits seeding to mid to late May.

— 2006 trials yielded very poor plant stands
 Too much irrigation the likely culprit

— 2007 trials - stand establishment is much better.




Field Seeded May 28, 2007

August 11, 2006 July 11, 2007 August 21, 2007
TS



Growing tobacco at high density

* Yield vs. cost of production
— Greenhouse space, transplanting costs etc.




2007 Field Experiments

o 29 different varieties (74k/ha)
— Burley, Flue-cured, Turkish and Black

« Plant density by nitrogen trials
— 42K to 125K plants/ha, 40 to 160 kg N/ha

e Tray cell density trials
— 166, 244 and 488 cell trays

e Fungicide Treatments

« Direct seeding trials
— Raw, pelletized, pre-germinated seed




Potential Tobacco Biomass Yields

Flue-

101 cured
Flue-cured,

8 _|
Black  Tyrkish Seeded

| Burley @216K/ha
6 T
1
4 _
2 7 H H H

CT 572 KY171LC Xanthi NC 2002 LH65

Total Biomass (dry tonnes/ha + SD)

Tobacco Variety

1st Harvest [ll] 2nd Harvest 3rd Harvest




Energy Production From Mature Tobacco
Waste

Meher et al, 1995, Envir. Pollution. 90(2):199

0.236m3 biogas/kg total solids/day in a 10m3 anaerobic
digester - = ==

5 tonnes/ha = 1180
m?3 biogas

(1180 m3/ha) +
0.42m?3 biogas/1kw
electricity = ~2810 kw
total electrical yield
2810kw * 12¢/kw =
$337 gross
Income/ha




Multiple Harvests apld Cooling

Digestate .
/
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Sponsorship

e Tobacco Research

— The Ontario Flue-Cured Tobacco Growers Marketing Board
(CORD IV Program)

— OMAFRA, University of Guelph, AAFC

* Anaerobic Digester
— Ontario Fresh Vegetable Producers (CORD IV Program)
— OMAFRA
— University of Guelph
— AAFC
— Agricultural Adaptation Council

e Jim.Todd@ontario.ca

— 519-426-3823
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