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‘Progress’ vs. ‘Sustainability’

Estimated global GDP per capita
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‘Incremental’ vs. ‘Disruptive’
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‘Value Creation’ vs. ‘Value Capture’

Technology Driven Consumer Driven
Incremental Innovation Graph
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‘Establishment’ vs. ‘Innovation’

GULLIVAN, , Complex Established Legacy Sectors (CELS)
BROWN + KING-
P
Don't Even Bother, < <
We're Not Gonna Change status quo innovation
discuss, discuss,
T agree upon, develop,
I J and and
Q execute execute
one idea
el e
JT

—

How Status Quo Bias Can Kill Innovation

By: Jeffrey Baumgartner 56 24

Perennial Grain Crops
Polyculture Cropping Systems
BIOREFINERIES
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‘Value...$$$° vs. ‘Value Systems’
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‘Sustainability’ vs. ‘Achievability’

governance & policy

Environment

health & well -being

land

SOCIETY ENVIRONMENT

community & culture

Equitable

materials

education & learning

Economic

ecosystems

Credit: Andrew Sunray/WikiMedia
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Biomass? Global Net

Primary Production: 2015
Human Appropriation of Net Primary Production

HANPP
Units: % of NPP
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World Biomass demand in 2050

Food / Feed

billion ton biomass for 3 billion ton food

Energy

10
10

billion ton equivalent to 160 EJ

Chemical industry

1 billion ton for 0.3 billion top product

Specialties

1 million ton

Wood and composites

21

24

o 3 billion ton
4% (2015) > 14% (2050)

Current production 170 billion ton biomass of whict 6 aillion ton is used:

»1,8 grains

»2,2 other food (sugar, vegetables, starch, etc.)

»2 wood

»0,01 other nonfood
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Biorefining Perennial Grass Feedstocks
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Biomass
Feedstocks
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Bioplastics
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Bioplastics

starch Bioplastics are nota new idea

sugar (PLAs)

starch or sugar (PHAs, PHBs, PHHs)

Classic film clip of Henry Ford, 1941
whacking an early soy composite bumper

lignin (cellulose acetate)
Why didn’t they take off then?

What’s driving their adoption now?

biopolymers...etc. Whoiis leading?

100%
COMPOSTABLE BAG

B U AT
LIWPAERY
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A Specialty Chemical Platforms

resins
‘o ------ About Us |Renewables

adhesives
22 Mefabolix

lubricants

solvents GE" TEK -

Products

cosmetics
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Rice Hull Ash Caustic Soda

==

Black Sodium

Silicate

Electronic Grade

|

AgrTEC

| 00608 8eBege syt mms

& Foaming

Polymtllxhg} > 9 PV

Silicates
Processing
Commercial Micro-Electronic
Grade Silicates Precipitated Silicas
Purification
R s°"’::"" CMP Slurries
sweeteners, etc, ;

.
2 (d)

—> Microchips
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Cassava LPC fortification

Productivity Protein Animal yield

Grass (tons/yr)  content (%)* (animals/hectare**/yr) L e af Me al Supp 1 ements
Panicum maximum 1240 8-12 1.5-25
(Guinea grass) )
Brachiaria radicans 20-25 8-12 2-25
(Tanner grass)
Brachiaria humidicola 18-25 4-8 1.5-2
Pennisetum purpureum 40-50 10-15 3-5
Schum cv. Mott
(Dwarf elephant grass)
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Functional Foods

De-novo ——p  Controlled Serum

1ij esis Lipids &
. . o O ©O O O O O O 00 ©
Prebiotics e DF

» Improved Ina’x:sed Mineral
Fecal Bulking Boye! Habitat Ca™ & Mg” o

Induce Peris!
Decreased pH ——p  Fowar toxic bacterial

PREBIOTICS I I / /’ walabofiee
quD Stimulate Growth/ sl L l
Pathogens

Selective fermentation SC
‘—$[ Reduction

4/»' Colonization resistance V.=  Reduction of Colon Cancer

Bifidobacteria/ — Block Adhesion
fidobactrial pu” o - B
Mast Cell

OOO OO0 O OO0 O

¥

] -
18 hvnunomdulabon —_ % Suppress|BD

Dendritic Cells Inflammation
@ IL1OV TGF-B Anl-iamm—ioey

@ 'Fva ﬁ) Allergy Prevention
COS: Cello-oligosaccharides

14

Cellooligosaccharide

Control

XOS: Xylo-oligosaccharides

Cumulative bodyweight gain(kg)

—
[
o
ESN

Weeks
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* plant derived ‘whole-food’ vitamins
* feed ‘leaf meal’ supplements

s

e
Plant Bascd 4

Muri-ViTaming
& MINERALS

Diatary Supplement

Dietary survey of Sri Lankan pre-school children and the potential role of leaf
concentrate supplementation

Table 3. Potential contribution of a leaf concentrate (LC) supplement® in ameliorating nutrient deficits

Observed Deficit in Contribution Deficit
mean intake mean intake provided by LC met by LC
Nutrient (% of RDA® (s.d.)) (% of RDA) (% of RDA)* (% of deficit)
-

Energy 78 (16) 22 negligible - B l LL d M E Ll N DA
Protein 130 (33) - 8 - .
Vitamin A 51 (47) 49 93 >100 GATES foundatzon
Ascorbic acid 138 (107) - - =
Thiamin 99 (25) 1 12 >100
Riboflavin 90 (40) 10 25 >100
Niacin 72 (22) 28 16 57
Iron 150 (89) - 82 -
Zinc 20 (7) 80 44 55
Calcium 105 (66) - negligible -

Folic acid 159 (68)

158 -
,@RESEARCH

* Based on a supplement per child of 19g of moist leaf concentrate made from 333g of leaf. Cox et al. 1993 Texas A&M System




Fertilizer

World rock phosphate production [— e r] e LLJ
<
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BioRefinery Plant
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' ACCUMULATION |

heavy metals,
radionuclides

TCE/PCE
. mctabolites

INORGANICS

heavy metals
radionuclides

hytoremediation < Phytomining

VOLATILIZATION '
TRANSPIRATION mcrc'u A
sclenium,

' TCE & PCE,

44 + metabolites
%
[

Rinzosreric

METABOLISM

v

.. | metals, organics, |
{ ;‘T__ | & radionuclides |

u l U ORGANICS

TCE
PCE

SOIL & SEDIMENT
STABILIZATION

_ Nickel

' Gold
‘Nanoparticle’ Portable Fuel Cells

THE PHYTOMINING
OPERATION

Crop grown on soil containing metal &« -

concentration too low for %;2‘;6(;‘23 be
conventional explonalfn added to

| enhance metal
\uptake of crop

Nickel / Thallium / Gold

(¥ Possible production

of electricity @

[

Plant material bumt |

A g

Small volume of plant ash
(bio-ore) containing high
\concenlvalion of target metal

Smelt bio-ore
10 yield metal
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Carbon: Sequestration
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Hold your breath?

Telegraphcouk | Soil Sequestration (© 0+ Yrs)

Home m Sport Finance Lifestyle Comment Travel Culture Technolog) SOll Den81ty — 12
UK World UKPolitics Celebrities Obituaries =~ Weird Earth = Science Health News = Ed 12” SOil — 3 658 T /Ha
9

Earth News Climate Change Environment Wildlife Outdoors Picture Galleries Eartl

T 1% SOM = 36.58 T/H=
Everyone in Britain could be given a personal SOM (58% C) —1.21T C/Ha

‘carbon allowance' 5.1 B Ha cropland globally

Everyone in Britain should have an annual carbon ration and be penalised if they use too

much fuel, the head of the Environment Agency will say. 1 56% SOM/Ha — 80 ppm atm C

Rh1zomatous Crops ( 1 Yr.)

Perennial S. Spp.
60-70% biomass belowground

' e . e N p 18” so1l =26.7 dT rhizomes per Ha
§0 ¥ 7 AR A Rhz (45% C) = "2 T C/Ha

it's not always what you see
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@iy  Hydrocarbon vs. Carbohydrate

‘Fossil’ Biofuels vs. ‘Renewable’ Biofuels

Consumer Carbohydrate

> 10% years N
'E RESEARCH
Texas A&M System



Biofuels

World Energy Consumption

World consumption
Mifion tonnes oil equivalent

12000
Coal
® Hydroelectricity 11000
® Nuclear energy
® Natural gas e
@ Ol 10000
8000

83 8 8 B8 8 88 9 91 92 93 94 95 96 97 98 99 00 O 02 03 04 05 06 07 08 0

World primary energy consumption grew by 1.4% in 2008, below the 10-year average. It was the weakest year since 2001. Oil remains the world’s dominant fuel, though

it has steadilv lost market share to coal and natural aas in recent vears. Qil's share of the world total has fallen from 38.79% to 34 8% over the past decade.pil cgpgymﬁtinn RESEARCH
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Biofuels

U.S. Renewable Energy Utilization

7

Coal, 23%

Natural gas, 24%

Biomass, 47%

Renewable energy,
6% Hydroelectric, 45%
Nuclear, 8%

Geothermal, 5%
Wind, 2%
Solar, 1%

Petroleum, 39%

Biomass Consumption Million dry tons/year
Forest products industry

Wood residues 44

Pulping liquors 52
Urban wood and food & other process residues 35
Fuelwood (residential/commercial & electric utilities) 35
Biofuels 18
Bioproducts 6
Total 190

® Forestlands and agricultural lands contribute 180 million dry tons of biomass - 3% of America's current energy consumption.

Source: EIA, 2004a &b

Figure 2: Summary of biomass resource consumption /\
AgriLIFE RESEARCH
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Biofuels

Biofuels: Biopower

*Solid Power Boilers for =
Electicity = 1

*  biopower

Generation

r

¥
i |

h:

<

*Liquid
e e¢thanol
e  butanol s

° biodiesel Renewable Portfolio Standard Policies

dsireusa. / September 2014

‘‘‘‘‘

- e

*GGas
* Biogas/syngas

111 10%% x 2030

. Reneveable poctiolio standard © Minimurn sola o customer-sited reguireme=nt
. Renesable portfolic goal * Extra credit for solar or customer-sited reneasbies
& Solar water neating eligivke ¥ Inchdes nonrenewable altemative resources
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Biofuels

Biotuels: Ethanol

*(Gas

biopower

ethanol
butanol
biodiesel

Biogas/syngas

Cellulosic Fermentation

Prelieglme
See reduciongrinding
S0 (Clule or cuncerblialed)
v D osuios Inpdrdes

enng

Sheam epiosun'™ LX olhery e — - -
. hydrolysis (Colhiones ‘w‘ﬁ
depolymenzabon -glocose release)
- Ak —
- Erzymatic -i-
«  Cermentation of sugars (C5 and
Sepanrie Jﬁ; &

Smullareoss sacchir hoson ol
caYemontation (SSF SS0F)
Froduct Reoovery and FuriScaltion

- DENaten and cetydration
- Lignn separation (unfemenin)

F. SSCF

L] T, .

T ndasper myee—
{ Corn starch represents 60-65% of ‘ el ‘.
the kernel, which is at most 50% '

Garry —————g
of the harvested biomass
~ Nearly 2/3 of the caplured solar energy is not ulilized

- T2 Cag—‘o

- ———

{ Sugarcane available sugar is ~14-16% of the
harvested biomass :

-~ More than 80% of the captured
solar energy is not uvtilized
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Biofuels

Biofuels: Butanol

Butanol fermentation

*  biopower + Butanol (CH4(CH,);OH) has higher
heating value per gallon (energy content)
than ethanol and is less hygroscopic

+ Acetone-Butanol-Ethanol fermentation
pathway
» Clostridium beijerinckil,

*[iquid .
9 C. acetobutylcium
* ethanol » Gas stripping
*  butanol DuPont - BP Biofuels Partnership
¢ biodiesel Biobutanol Development & Launch
WORLDWIDE
BIOMASS FUEL MARKETS
Biofuel Blends
& \ BIOBUTANOL -—-;
| , -
*Gas G %
* Biogas/syngas sugar — Formentaion —~ Butanol | [IRONLY
J
" Plant Metabolic Performence
Feedstocks Engineering Fuels
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Biofuels

Biofuels: Biodiesel

Pretreatment
n/‘

% /]
(/(\ %/’(:\j\

K
Pretreatment . \c ) : J | Hemicellulose
L

* biopower

Hemicellulose
El

SN

*Liquid il
e cthanol LW
*  butanol
* biodiesel

Celhilose

‘Lipid Accumulating’ Microbes
Biodiesel (FAME, FAEE) |

* lransestermcaton
- Reachon bedwarn Ipid and aloohol using alkaline catalys
"’-",; o methytegier (FANME) ol + medanciNaOH of
- =.’.tf'\‘ ackd citwicsior (FAFF)— oll 1 cthanol®OH or
NalH
«  Reduced viscosty, Improved atomzahon
s Improved emissions {uncertanlies regaedng NC,)

| ower [axety

*GGas
* Biogas/syngas
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Biofuels: Syngas

Anaerobic Digestion I
° biOpOWCf . ?f:’.?r':.'pf “landnils

*« Heat

« Biogas upgrading

Hpaine qualkty

CNG

LNG

Gas-To-Uquigs (GTL)
Cmer chamial synthesis

. . S Syngas
*Liquid ) . brdwe  on
’ — « Fischer-Tropsch Waxes, diesel
1 .
| Olefins, gasoline
™O,, Zr0,
e ethanOI l — « Isosynthesis o i-C,
" — + Oxosynthesis = ———— «  Aldehydes
i «  Alcohols
* b 1 | -
ut ano 'l — «  Water-gas shift ho= . Hydrogen ki Ammonia
. . 2 Methanation SNG
e Dbiodiesel e
-- — «  Alkali-doped - Mixed alcohols
). Rh
— + Ethanol synthesis Ethanol
— +  Methanol = _. Methanol
synthesis Direct use (M100, M85, DMFC)
A0,
DME cH,0cH, (methanol denyaration)
homol/Co
Ethanol
= Formaldehyde
— .+ MTBE
o First Phase: | Second Phase: 2P . Acetic acid
GaS Liquefaction Gasification 2™ . Olefins, gasoline

* Biogas/syngas

5 - 20 Days, Temperature dependent
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Biofuels

‘Bioenergy Belt’:

Tropical vs. Temperate Feedstocks
\verage Precipitation

ited States of America

d Climate |:£—rt€-f’, Portiand, O

@RESEARCH
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Biofuels \verage Precipitation

ited States of America

‘Bioenergy
Belt’
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Perennial Grasses

Miscanthus x

giganteus

Biomass
Production

10 - 30
dt/ac/yr

PAR interception (%)

) ,
/
/ .
P Spartina
& cynosuroides
J A A A

100 150 200 250 300 350

Juhian day 1993

Low Inputs

(Resource Use Efficiency)

Alternative Uses
(Biorefineries)

BIOMASS

ir Native
Perennial
- Grass

Ly

Carbon
Sequestration

3-4
dt/ac/yr

SPRING/ FALL
SUMMER
370 kg(N) ha"' 270 kg(N) ha!
o 2 M) ,nf,\.,\
c c /Q"-‘y‘
Q 0 WEA
E = | A
= >
c < =
8 El *&““
Q FUN P )
£ SV e
2 b3
2 kg(N) ha! 100+ kg(N) ha!
Translocation Translocation
from rhizomes to rhizome as
to growing shoot
shoot senesces

H E AT g b'o':‘::‘:mpl:;lx,“. ; Soluble Sugars
POWER
FUELS Raiduse A 4
CHEMICALS P ) Blogas Feed, Fuels,
. Mvonld
Bi Heat and Power
techn. Press UEEEN | Polymers and
FOOD — :
FEED —
MATERIALS e
enzymatic Uipoasiiiloes |

WINTER
42 kg(N) ha'!

328+ kg(N) ha!

C harvested in
Shoots, N
retained in roots,
Rhizomes & litter

Press Juice Proteins,

* thermal chemical’

N
E RESEARCH
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Sustainability VS. Invasiveness

B

Purple Nutsedge

Cyperus rotundus L.

Bermuda grass

Cynodon dactyl

Barnyardgrass

Junglerice

Echinolchloa colona

@,

Echinochloa crus-galli

@5y

@5,

* Soil: GHGs, Carbon Sequestration, Erosion
e « Water: Quality, WUE, Phytoremediation

Indian goosegrass
Eleusine indica

@2

Johnsongrass
Sorghum halepense

Cogongrass
Imperata cylindrical

‘Water Hyacinth

Eichhornia crassipes

Purselane
Portulaca oleracea

Lambsquarters
Chenopodium album

~ -«-4 L
!

s & JM’W p. “/;‘y‘?-

|

Top 10 World’s Worst
Weeds

The chart displays the 10 most serious
weed in the approximate order in which
they are troublesome to the world’s

agriculturalist. The bowl with grain icon

@

=== represents the reported number of

different crops that weed affects,

and the flag /‘ represents the number

of countries that consider the weed a pest.
It is important to mention that the water
hyacinth only affects paddy crops and is a
weed of the tropics and subtropics. There

is no calculable data.

@RESEARCH
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Million acres
8 8 83 8 8 3 8

0

. i 4! é Pqéz?
ALt s &;;f jfj%o

Grasslands

~80 million acres (TX)

>300 million acres (US)

>50 million acres of ‘landscapes’
(US)

Source: Vesterdy and Krupa, 2001

> DROUGHT 2014
Public Water Supply
- Systems Affected
Olo h] Igl;lags as of January 7, 2015
o =33 q:l I [w] B,
[ o
BB
< o <o a®
o8 >
g [y
) e og ¢ o o
o\‘n\, : o & %
N o . = (=) Q <
) = Ola
N [} < X <o
} o
\ O
=]
3 Bt Q =
) - ; ) < g
TRy ] &9 (a] u

@RESOLVED (0) *\ e =)

OWATCH - Voluntary (387) (groundwater 284, surface water 140) ‘g_ ’% S &>

COWATCH - Mandatory (788) (groundwater 502, surface water 318) 3 %

b

Total number of Communty water systems affected: 1,175
Total number of active Community water systems in Texas: 4,636

Resolved A public water supply that has capacity , or
drought for tory water uze P have

Watch - Voluntary A publc water supply hat haz reparted problem 3 with high water usage and
production, but haz nct suffered a losz of diatribution system prezsure. Volntary water use
restrictions have been implem ented.

Watch - Mandatory A public water supply that has reported probiem 3 with high water usage and
production, but has not suflered a oes of distridution system pressure. Mandalory waler use
restrictions have been imples enfed.

Texas
Commission
- on Environment
- Quality

@RESEARCH
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Biofuels

A\

Sterile, Seeded, High Biomass Feedstocks

150 - O Biomass
—O— Fertility

Relative biomass
Pollen fertility (%)

Chromosome number

Triploid Sterility (Seedless Crops)

Grapes

Watermelon

Banana

(Apples) @ RESEARCH

Texas A&M System




Biofuels

Improved PMN (Seeded)

s Pearl Millet X Napiergrass
W 2n=2x 2n=4x

PMN
Seeded-Yet-Sterile (3x) hybrid
**Hybrid Seed Production: 1700 Ibs/ac

Relative biomass
Pollen fertility (%)

2x 3x 4x 5x
Chromosome number

17+ dt/ac
(10+ dt/acin Yr. 1)

@RESEARCH

Texas A&M System




Biofuels

Improved PMN (Seeded)

Field PMN seed production feasibility trial (Weslaco)

Pearl Millet Napiergrass
ID Seeding Date Flowering ID Flowering Date
Date
PEGL 09TX04 8/19/2013 11/10/2013 Merkeron 11/5/2013
PEGL 508273 9/2/2013 11/6/2013
PEGL 09TX04 8/26/2013 11/22/2013 PEPUO9FLO03 11/20/2013
PEGL 508273 9/10/2013 11/21/2013

* Floral nicking—seeded pearl millet & vegetative
napiergrass

,@RESEARCH
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Biofuels

Improved PMN (Seeded)

PMN herbicide phytotoxicity trials

« Hardened plants (greenhouse: completed)
» Seedlings (greenhouse: completed)

« Seed (growth chamber: completed)

» Seed (field: 2014)

Severity Scale Score

e
No damage - Spots - Slight - Moderate - Significant - Death

Herbicide (% safety: survival and leaf chlorophyll)
Prowl, Atrazine, Permit, Plateau, Aim 91-100

Guardsman, Warrant 81-90

Metribuzin 61-80

Direx 21-60

Huskie, Dual 0-20

* PMN eradication trials (2013-2014, 2014-2015)
« Concep (fluxofenim) ‘protectant’ lethality

@RESEARCH
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- Improved PMN (Seeded)
e \'/

0

* Yield Trials: 2011, 2012, 2013

3 locations
1 harvest (Dec.)

e 17.1 dta

°N

33

31
30

Release: ‘Commercial Variety’ or
‘Selected Plant Materials’

28

26

@RESEARCH
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Biofuels

PMN: Resource Use Efficiency

* College Station: Beeville

* NUE, WUE

* PMN, Sorghum, (Switchgrass)
* 2 harvests (July, Nov.)

@RESEARCH
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Biofuels

O ve

PMN ‘multiple-seed pellet’
A, dehulled PMN seed

B, bulked PMN pellets

C, representative PMN pellets

D, deconstructed PMN pellets
and 1solated seed

ooooooooooooo



Biofuels

Improved KG (Seeded)

Napiergrass X Pearl Millet
2n=2x

2n=4x

Kinggrass
Seeded-Yet-Sterile (3x) hybrid

**Hybrid Seed Production: Undetermined

Yield: 20+ dt/ac

Relative biomass

+20% vs. Napiergrass
+10% vs. PMN

| | Biomass
—O— Ferility

g

Pollen fertility (%)

w
(=3

(=]

3x 4x 5x
Chromosome number

@RESEARCH
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Biofuels

Napiergrass Sterility System

« Novel hybridizations
| KG: Objs. 2.1 & 2.2

(Merkeron x PEGL0O9TX04, PI508273)
(seeded K@, pop. dev.)

P. spp. hybrids: Objs. 2.1 & 2.3
(PEPUO9TXO01 x P. spp.)

- Male-sterile population
(PEPUO9TX01 x Merkeron)

80 novel F; MS accessions

PEPU 09TXO01

« Selfed-seed capacity (completed)
« Pollen fertility (in progress) Py -,
- Genetic mapping (in progress) @ ¥

« Improved biomass male-sterile selections
(2014)

« Improved Kinggrass hybrids

,@RESEARCH
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Biofuels

Improved KG (Seeded)

* Hybrid KG Seed Production

« KG12TXO08

 Seed pelleting/ coating

Male-Sterile Pearl Millet

Napiergrass

@RESEARCH
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Biofuels

Molecular Tool Development

Spp. specific (hybrid verification):
P. orientale

P. flaccidum AJPS (2013)

American Journal of Plant Sciences, 2013, 4, 10041012 o253 Scientific

P purpureum (PMN) doi:10.4236/ajps.2013.45124 Published Online May 2013 (http://www.scirp.org/journal/ajps) ."’:’ Research

Confirmation of Pearl Millet-Napiergrass Hybrids Using
EST-Derived Simple Sequence Repeat (SSR) Markers

Charlie D. Dowling’, Byron L. Burson®, Jamie L. Foster®, Lee Tarpley®, Russell W. Jessup®

P glaucum (Kinggrass)

’lant

POJ 7(2):72-79 (2014)

ISSN:1836-3644

Marker-assisted verification of Kinggrass (Pennisetum purpureum Schumach. x Pennisetum glaucum
[L.] R.Br.)

Charlie D. DowlinglJi Byron L. Burson’, and Russell W. JessuplA

Plant Omics Journal (2014)

,@RESEARCH
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Kinggrass: PMN

Kinggrass: _ Ener Miscanthus x | Miscanthus
ngl?m Swichgrass Cangey ganeus | sinensis | SOTINUM
Sterile F4 Hybrid Seed v
Yr. 1 Harvest v v v
Yield > 10 dv/aclyr
(single harvess) v v v v v
Perennial v v v v v
Marginal Land
Adapiation v v v v v
Soil C-Sequestraton v v v v v
Low Establishment Costs
(seeded) v v ? v
Low Producton Costs v v v v
Polycukure v v v
Winéer Standability v v v v v
Non-invasive (seed) v v v ?
Non-invasive
- (vegetaive) ? ? ? ? ? v
& Apomixis Introgression

@RESEARCH

Texas A&M System



Biofuels

Improved Pearl Millet

* Very late flowering (Oct. - Nov.), prolific tillering pearl millet

2P,
N
A

WS T 2 . -
mm P »\&)

@RESEARCH
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Pearl Millet Pearl Millet EEEES SEES
(cms lines) (Prolific Tillering) S

11111

11 1 1 11

« 1100 F,: 2 selections (70+% recurrent parent introgression) selected
* BC,: 430 plants evaluated (85+% recurrent parent introgression)
* BC,: 160 plants: ongoing evaluations

* Biofuel A:B-pair pearl millet selection and seed increase (2015)

Release: ‘Breeding Line’ or  ‘Inbred Line’

,@RESEARCH
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Biofuels

Improved Napiergrass

Biofuel
(Merkeron)

,@RESEARCH
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Biofuels

Improved Napiergrass

late flowering napiergrass collection

* Diverse

* Advanced hybrids

(>1400)

AgriLIFE RESEARCH

Texas A&M System




Improved Napiergrass

e Inbreds

. S, (>900; 2011)

. S, (>800; 2014)

. S, (2015...)

@RESEARCH
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Yield Moisture Plant Tiller # per
(dta) Content  Height (cm) Plant
(%)
Beaumont, TX 17.7 48 290 30
Beeville, TX 16.8 56 318 31
College 198 47 305 33
Station, TX
AVERAGE 18.1 51 305 31

Release: ‘Commercial Variety’ or
‘Selected Plant Materials’

Average Annual Precipitation

,@RESEARCH
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Biofuels

okt A

- Napiergrass: Legume Intercrops

N

@ Napier B Legume .

2 4
]
]

DM vield, tonnes J ha
i

MNaCa  Nahe MNap NaSi NaCe NaCli

NaCa=Napier grass + Calopo. NaNe=Napier grass + Neonotonia. Nap=Napier grass.
NaSi1=Napier grass + Siratro. NaCe=Napier grass + Centrosema. NaCli = Napier grass + Clitoria

***Legume N-contribution without biomass penalty

@RESEARCH
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Napiergrass: Legume Intercrops

Intercropping Trials

...« *® College Station: Beeville

e Cowpea (Red Ripper, etc.)
e Butterfly Pea
e Lablab (Rio Verde)
e Wild Bean (Rio Rojo)
e Scarlet Runner Bean
e Spurred Butterfly Pea
e Milkpea
N o st e American Wisteria
»= 8 * Groundnut (potatobean; Apios)

\ - 4

*¥HENO climbing legume spp. with TX adaptation &
PMN:Napiergrass compatability identified™** @RESE SN

Texas A&M System

Perennial Grass Breeding Program



Biofuels

Cold-Tolerant P spp. Hybrids

(Napiergrass X Pennisetum spp.)

P. orientale, P
flaccidum, P,
alopecuroides
(zone 5)

« Cold tolerance Wi

Temoreature (F)_Zune
<|Sto-20
A0t0-1
Sto10

Oto+§
Sl
100§ |
15t 10 [
1S

PMN, Kinggrass, P.
purpureum  (zone 8)

USDA Plant Hardiness Zone Map R Tompore
P

W
\“ Adaptation for Cold

Tolerant Napiergrass
(UFL 2012) AgriLIFE RESEARCH
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Cold-Tolerant P spp. Hybrids

\ g +2011-12

- 2 viable progeny

« Interspecific hybrid confirmed w/
parental spp. specific EST-SSRs

 Seedling lethality

o 5
— O 75}
< o)
58 5
2 3 >
©c a <
A AL S
(oF
77)
oW AgriLIFE RESEARCH
' Texas A&M System



Biofuels

Cold-Tolerant P spp. Hybrids

- Pollen fertility Py -,

Style

« Successful entry into
micropyle

,@RESEARCH
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Biofuels

A. in-vitro culture of
pollinated (intact &
stump), dissected
ovaries of male-sterile
napiergrass

« 4590 ovary dissections and culture completed.
« ‘Stump’ pollinations attempted.

« Unsuccessful to date.

@RESEARCH
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Biofuels

Cold-Tolerant P. purpureum

2012-13+

« Contingency (Increased Rhizomatousness)

« 28 Rhz selections in TAMU-Commerce trial

* N. TX overwintering accessions identified

a} .
AgriLIFE RESEARCH

Texas A&M System




Biofuels

Cold-Tolerant P. purpureum

* Elite cold-tolerant x cold-tolerant P. purpureum

USDA Plant Hardiness Zone Map
e

-

5
)
e

Adaptation

ows DI .17 81015

"""""A 10122

TAMU ot 151 RN 1220 .94
Cold-Tolerant ; ‘

- - o Napiergrass w2l ® |98

g . B ) Adaptation 205025 B 671029

e | LY, 100% Overwintering 2w LW 291011
it 2012-13 053s [ 11017
%/ Northem Fringe of Adaptation for § - oo
{ Cold Tolerant Elephantgrass / ae 108 ] Ve
i (UFL 2012) . ; :

ICE STORM.
FRIDAY.

*TREACHEROUS ROADS 5t Louis
SPOWER OUTAGES sl
“TREE DAMAGE \

M
TAMU 2020 [l -2 70200
Cold-Tolerant 20%-15 B 22910261
Napiergrass %10 [ 10223

]
2013-14 ww-s N -223%-208
00 !E ;I -Dtw-178

Six 2012-2013 zone 8a trial
overwintering selections

« Commerce, TX

Two 2013-2014 zone 7b
trials established

 Vernon, TX
« Alma, AR

*#%2013 Winter Severity™**

« Derived from 28 initial College Station, TX cold-tolerant selections.

@RESEARCH
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Biofuels

Cold-Tolerant P. purpureum

* Elite cold-tolerant x cold-tolerant P. purpureum

USDA P
P

Vernon, TX (Sep. 2014)

,@RESEARCH
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Biofuels

Cold-Tolerant P. purpureum

Characterization of Candidate Overwintering Genes in Forage: Biofuel
Napiergrass (Pennisetum purpureum Schumach.)

Cell Division Cell Elongation

Genotype 1 Genotype 1

Cell Division Cell Elongation

Genotype 2 S il Genotype 2

@RESEARCH
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PMN Biorefineries

* Biofuels (biopower, ethanol, butanol, diesel,...)
« Silica (7+ %)

* Protein (15+ %)

* Fiber

* Bioplastics

* Functional Foods (COSs/XOSs)

@ RESEARCH
Texas A&M System




Disruptive ldeotypes

HEAT
POWER
FUELS
CHEMICALS

BIOMASS

FOOD
FEED
MATERIALS

/gn'L-IF\E RESEARCH
Texas A&M System



Biofuels

i Perennial Sorghum Spp. Hybrids

Non-flowering

S. halepense x S. bicolor —
e Putative ‘No Head Mutant’
(nhd1) L )

—S. bicolor

@RESEARCH

Texas A&M System
Perennial Grass Breeding Program



Biofuels

-Perennial (Seeded) Sorghum

g <_Sorghum
e spp. * Novel S. bicolor x S. propinquum

Hybrid

* 4.5 m plant height

* Winter standability
(<10% lodging 1/31)

» Photoperiodic (Operational Sterility)
* Fertile, Diploid Hybrids

» Temperate-adapted ‘Perenniality’

@RESEARCH

Texas A&M System




Turfgrass

. —

‘Seeded’ St. Augustinegrass

Strateqy Precedence...previous attempts
. Seed fertility/ production
Seed PrO_dUCtlon _ _ _ Seed processing (embedded rachis)
O Fertlle plant matel"la|S (d|p|0|d, 2n=2X=18) ° Non-uniformity (genetic heterogeneity)

 Selection (seed yield; germination) *  Lowvigor (inbreeding depression)
e Synchronous flowering time
2 SIS % 2 Synthetic Hybrids

* Non-hulled seed (rachis fragments)
 Hulled seed (seed priming; direct seeding)
Uniformity
* 1 cycle of self-hybridization
e Selection (phenotypic uniformity)
* Internode length/ color
* Leaf width/length
* Flowering time
* DNAmarkers (genetic uniformity)

% 2014-2015 Polycross

ML - Vigor
m ; ° Seedling VigOI’ Q{) 2015 Seeded HYbI'ld Eval.

e Stress tolerance
* Drought

 Cold ,@RESEARCH

. . Texas A&M System
e Salinity




Turfgrass

= .

‘Stay-Green’ Bermudagrass

* Rain-out drought trials

48 selections

Overton: M. Rouquette (23)

2011 Drought ecotypes (21)
Mutants (2)

Checks (2; Tifton 85, Tifway 419)

2013 (90 day; 1 m root zone)
e 36 surviving genotypes

2014 (60 day; 10 cm root zone)

e 3 surviving genotypes

,@RESEARCH
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Turfgrass

= .

Mutant Centipedegrass

* Chemical: Physical mutagenesis

* Dominant (M) mutants identified

e Putative ‘Knotted-1" (Kn1)
* Maize 1’ S i

,@RESEARCH
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Ornamentals

Ornamentals

Miscanthus sinensis

A\ w& y/ il

‘Strictus’ ‘Cabaret’

@RESEARCH
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DECENTralized Web Courses

SCSC 302 https://recturf.tonidoid.com/app/webshare/share/RECTURF/index .html
-

= & SECTION 1
o & L01-Intro
o & L02-Value
& i L03-Industry
& & L04-Grass Plant
O & L05-Turf Spp
2 L06-Turf Improvement
& & LO7-Soils

<. [P] RECREATIONAL

B & L09-Overseeding
© i L10-Water

& L11-Mowing (e
O & L12—Cultivation ‘
B & L13-Nutrition
& & L14-Amendments o

- EXAM 2
= i SECTION 3

12A 128 12C 13A 138 13C 14A 148 14C 15A
0 o0 "o ) 0 ) 0 0
Hall 83 83 0 83 83 83 83 21 83 83 82 82 56 81 81 g3 83
sessup 81 5183 46 78 587136 83 eofl62 33 83 o60"152 78 81488 40 78 82 2 162 79 103[JiER
215 46 219 235 54 235 241 9% 243 265
480 524 580
SCSC 689 https://ipps.tonidoid.com/app/webshare/share/IPPS/index .html
.

= i MODULE 1
© & Syllabus
& LO1-Intro: IP Culture
& L02-Traditional Knowledge
O & L03-Sui generis Systems

2 115 Tors AT, o, weo ‘ INTELLECTUAL PROPERTY

& i L06—-Patentability
& LO7-Utility Patents
& L08-PVPs

IN THE

PLANT SCIENCES A LITTRESEARCH

Texas A&M System




I Feedback

-- It stough to make predlctlons

Blazek

@RESEARCH
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QUESTION & ANSWER SESSION
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