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Why 35 years?
1982

Millennials: a life time

Baby Boomers: a career ’ |




Why focus on impact &

progress??
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We tend to focus on the half

What we _
have not empty glass ... on not being
solved perfect
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Predicting needs for individual
What we fields in individual years is hard!
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Progress in crop yields

Crop 1982 2016 Change, %
Corn, bu/A 101 172 70
Soybean, bu/A 29.3 49.3 69
Wheat, bu/A 36.5 46.6 28
Cotton, Ib/A 547 808 48

1982 = avg of 81-83; 2016 = avg of 14-16.

Data: USDA-NASS
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Progress with corn yield and NUE, 1982 -2016

200

175 —1.93x - 3726 . o
< 2 _
S 150 r2=0.73
o]
-
@ 125
>
< °
© 100 °
© . ° Added 70 bu/A L4 y=0.013x - 24.3 °

75 +70% Z 4, R?=0.56 °

Data: USDA-NASS S
50 o
1980 1985 1990 1995 2000 2005 2010 2015 31-0
[

150 S 0.8
v 145 | Y=0.19x-2551 > Increased PFP 0.4 bu/lb
S r2=0.13 o6 * ¢ +50%
< 140 0®
£ = 0.4
5 135 ¢ ° .
© ® PY

@

§130 ® ° 0 oo 1980 1985 1990 1995 2000 2005 2010 2015
. e ©® [ ]
= 125 [ A [ T
g . .
E 120 ® ®
5 115 Added 6 b N/A
L

110 Data: USDA-ERS +59%9

)

1980 1985 1990 1995 2000 2005 2010 2015 Q}m
IPNI



180

160

140

120

100

Corn grain yield, bu/A

80

60

40

US Average Corn Yields

70% by 2050 requires 3.2 bu/A/yr

1.8 bu/A/yr
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Corn Nitrogen Management Ladder (High Plains)

lbs N/Bu
Pre-plant + Starter + Side-Dress/V6 Fertigation +
Step 5 0.8 . . .
Brown Silk Fertigation
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©
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https://www.pioneer.com/home/site/us/

Groundwater nitrate and soil nitrate in the

Central Platte Natural Resources District
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Corn yield potential

Tollenaar, 1985
U of Guelph

“Therefore, my guess
for the current upper
limit of corn productivity
at a Corn-Belt location
Is 500 bu/A.”

PHOTO: MARK WALLHEISER

e 5!

David Hula: Charles City, VA Randy Dowdy: Valdosta, GA
2015 532 bu/A 2014 504 bu/A
2014 476 bu/A  (NCGAYield Contest Winners)

Efficient use of inputs and appropriate
practices without sacrificing yield potential:

A CHALLENGE -

IPNI



Progress in conservation tillage
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Progress in erosion reduction in the U.S.
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Baumhardt et al., 2015.
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Erosuon Exceeding the Soil Loss Tolerance Rate
on Cropland 1982
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Good progress, but

erosion rates

exceeding T remain

Erosion Exceeding the Soil Loss Tolerance Rate A
on Cropland, 2097

e

Erosion above T

Land class 1982

2007

Highly erodable (HEL) 1322
Non-HEL 422

million tons/yr
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Organic carbon content of surface 6 inches based on
producer soil samples submitted to the SDSU soil testing lab
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Increasing yields and Rapid no-tillage ©

conservation tillage __—_ | adoption
adoption o

95,214
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o gﬂg
.

25%
Increase

® NC and C regions, dSOC/dt = 324 kg/(ha x year), r= 0.6
© NE, EC, and SE region, dSOC/dt = 391 kg/(ha x year), r=0.55""
— All region, dsoc/dt = 364 kg/(ha x year), r= 0.5**

25000

Clay et al., 2012.
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Progress in soil testing in the U.S. 1949-2015

Quantity of samples, millions

11 | |
10 From <3 M/yr to 10 M/yr |
9
3 831,000/yr
.
6
S -207,000/yr
4 . 41,500/yr
3 | 152,000/yr
2 <
1 L
0
1945 1955 1965 1975 1985 1995 2005

2015

Nutrient use has never been as measurement-guided as it is today

1PN



Nutrient balance on US cropland

NUE Expression 1987 2012
N removal/use 0.74 0.75
N balance, Ib/cropland A 19 27

P,O: removal/use 0.78 0.92

P,Os balance, Ib/cropland A 5.2 2.2

K,0 removal/use 1.13 1.44
K,O balance, Ib/cropland A -3.7 -13.6

=)
Considers, legume fixation, recoverable manure nutrients, and fertilizer; IPNI, NuGIS (1/5/2017). (MCIPNI



Advances in Technology in the Field

Genetics

Variabie Rate Application and
__Mapping Systems

TN g W
W’W‘ﬂ 1, T‘Jé% g;“w~

e

Search

A tool foradaptive nitrogen management in corn

South of Prairie

Adapt-N chosen 2012 Top Product of the Year
Target Yool < ™ mummmsmmmﬁmmnn«z'oww

Water flow map

2 Seners & e




Advances in Technology in Research

particulate organic matter

microorganisms layer silicate clay
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Precision services in US — rapidly increasing
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INFORMATION AGRICULTURE
CONFERENCE

June 28-30, 1995

Chancellor Hotel & Convention Center
Champaign, Illinois

InfoAg Attendance

1800

More than doubled

¥ 1600
1400

1200

In last 5 yrs

| 1000

800

600

400

200
0 |

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

Organized by the
Potash & Phosphate Institute
and (he
Foundation for Agronomic Research

IPNI




Data: major component of precision - in

1995 & even more so today
i 2015 InfoAg Topics

 field JaVé1 machme ;

>,ana.yf.ca‘: e o per |ence“ = < ® Agronomic lessons from data
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e Yield data mining— Raj Khosla

1995 InfoAg TopiCS e Big Data in context — Lisa

e Data analysis in site-specific Prassack & Douglas Hackney
systems — Don Bullock e Data issues — Mary Kay Thatcher
e Handling data for site-specific & Matthew Darr
management — Craig Elliot e Data warehouses/exchanges —
e Requirements for integrating Jason Tatge & John Fulton

maps & databases — Ted Macy e Using satellite/NASA data — Phyl

Speser & Munch Moulton @
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Data has become a huge part of
agronomic practice

... and is becoming a more visible

component of agronomic science
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Examples of progress
In knowledge and its
application ...

2



It ain't what you don't know that gets you into
trouble. It's what you know for sure that just ain't

SO.

Mark Twain

@PNI



We ‘Know’ That Potassium Has To

Be Placed Where We Want It In The

Root Zone Since It Does Not Move
In Soil ?



We ‘Know’ That Phosphorus Has To
Be Placed Where We Want It, In The
- Root Zone Since It Does Not Move
' In Soil ?



We ‘Know’ That Starter Fertilizer
Has To Be Placed Where We Want It
In The Root Zone - With Or Below

The Seed?



We ‘Know’ That Manure Should be
Credited for its Nutrient Content
which can be Estimated from
Tabular Values?




A classical fertilizer recommendation paradigm

Soil test level ->
Yield goal —

Application

o

Concealed in the box:

Calibration data
Other data
Data manipulation
Tradition & philosophy
Assumptions

Fixen, 1992 WIPNI



Evidence-based Soil Test Calibration in Australia
“Better Fertilizer Decisions for Cropping Systems (BFDC)”

Soil test-crop response trials

The database holds 5698 trial treatment serie
geographic locations, many being nearest
1795 N, 2386 P, 365 K and 286 S trials.

Searching the database

Trial sites are plotted on the map as grey dots.
search criteria below and/or by drawing a poly

interest. Always begin with a broad selection, q
selection in more detail.

e Searchable data repository

e 6,000 trial treatment series

o

14

5

A

£ ReP
f.ﬂ’

e N,P,K,S for multiple crops

e Nation wide, shared work &
funding

N T |

Nutrient: r & Farming System: Al i Vb @013

— - f .
From Year: LU To Year: L © | 3 : ' o4
State: L - Season: Al %
Crop: Australian Scil Class:
Al Al
cercal barley Caicarosol
cercal barley feed Calcarosol calcic
ceraal barley malting Calcarosol hypercalcic
cereal moize Calcarosol hypecalcic
cercal oats Calcarosol lithocalcic =
cereal sorghum Calcarosol supracaicic [clear] [undo] [complete] Map tools: = Draw Polygon =3
cereal triticale Chromosol

Optional Layers | Legend

Select trials that satisfy the selection criteria above

Rainfall Road Vegetation
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Wheat response to P fertilizer in Australia
“Better Fertilizer Decisions for Cropping Systems (BFDC)”

70 1
60 -
S0 1
40 4
30 1

80
70

40

% Relative Yield

10

20 30 40 50 60

al 100 {
- 90 |

60 1
20 1

30
20 1
All sites 10

Vertosols

10 20 30 40 50 60

Soil P Colwell mg/kg (0-7.5cml(adj.)+0-10cm)

Effort underway for a similar system for the U.S.

www.bfdc.com.au

)
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Roots, soils and
fertilizer nutrients

- » Corn or soybean
roots occupy 1% of
soil volume

e P movement
depends on soil:
faster & further in
high P soils; that
hold more water

Dr. Stan Barber
Winter 1994

e Fertilizing 5-20% of soil volume
would be better than all or with
conventional banding

FERTILIZER PLACEMENT ALTERMNATIVES

36”
EERTILIZED

BROADCAST LOW LAYER

: ‘{////,/” RACTION
PLOW / 1002
8’ < _Afé?
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DISK 27 < -

25%

SURFACE STRIP [ I

PLOW 2" b
4%  11%
8" 22%
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STARTER 1 I
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by Dr.

Stanley A. Barber

Timing And Placement One Key to
High Yields

Purdue scientist shows how strip placement of fluids is superior to broadcasting.

132 — Yield

130 —

128 —

126 —

124 —

122 —

120 =

- bufA

Broadcast Strip Broadcast
Placernent method

Soil Test Reading

Strip

P Uptake Rate

1 1
0 0.2 04 046 08 1.0
P Concerration - ppm

Figure 3. Average corn yields in a five-year comparison study of strip versus
broadcast, Barber, Purdue University.

Winter 1997

Figure 1. Relationship between
phosphate in solution at the
oot surface and the rate
phosphate is taken up by
com roots, Barber, Purdue
University,

IPNI



Drs. M. McLaughlin, E. Lombi, B. Holloway, R. Armstrong, Ms. C. Johnston, Ms. D. Brace

Fluids Bec“- GrC‘InUICIr |n soi' Fluid P effective in calcareous soils

Granular fertilizers found to be inferior to fluids in calcareous so

Granular P Fluid P

Increasing movement ... a placement effect

100

0.25" - 0.5" (Section 2) 1.0° - 1.5" (Section 4)

P distribution (as % of P added)

MAP TGMAP

D

Early Spring 2004 %IFNI



Larry Oldham and Dr. George Rehm

Does Pattern of Root Development
Explain Variances in Crop Response?

Minnesota ridge-till studies suggest corn hybrids with shallower root system
patterns may respond better to potash applications in early growth stages.

Yield - bu/A
145

140
135
130 7
125
120
115
110+
105
100

Pioneer 3732
B Pioneer 3737

0

40 0 40 0 40 0 40

_— = T =

Fall Chisel Ridge-Till
KoO rate - Ibs/A

Figure 2. Corn yields in two tillage systems as affected by hybrid and banded

potash, yields avg. of two years, Oldham and Rehm, University of
Minnesta, 1991-92.

Figure 3. Root system patterns of
two hybrids used in field
research, Oldham and
Rehm, University of
Minnesota.

)

Winter 1995 W"’N[



Drs. W. B. Gordon, D. L. Fiell, and D. A. Whitney

Corn Hybrids Vary In Response To
Starter Fertilizers

Possibility of different rooting characteristics in hybrids prompts this two-year
study of selected corn varieties grown under no-till, dryland conditions.

2307 Yield - bu/A with Starter Belleville, KS (1993-94)
200 — I vwithout Starter
210

200 —

190 —

180
LA
160

!C[EEEIQ F'mneer Pioneer Dekalb Dekalb ICI 8599 Floneer Pioneer Dekalb Dekalb Pioneer

1993 1994

@

IPNI
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Achieving 300 Bu/A Corn Sustainability

Involves agricultural intensification that pursues higher yields, biofuel
production potential, and preservation of our soil and water resources.

¥ Drs. Laura F. Gentry and Fred E. Below

The Flud Journal « Official Joumal of the Fiuid Fertiizer Foundation » Spring 2011 « Vol, 19, No. 3, Issue #73

Table 3.  Traditional vs, high-tech, two years.
Traditional High-tech
Factor Yield * Yield ¥
Bu/A™!

MNone or all 193 245

Fertlity 197 +- 236 -4
Nitrogen 198 +5 232 -13
(Gienetics 202 +4 225 -20
Population 187 -6 238 -7
Fungicide 198 +5 218 -27

Data from Champaign and Dixon Springs

*  Difference when changed 1o high-tech level
®% - Difference when changed ro traditional level
*+:% Adapted from Ruffo, Henninger, and Below. A new experimental design to analyze the value of

management factors contributing ro high corn vield. Am. Soc. Ag. Mrg. Oct 31-Nov 4, 2010,




Higher Yields & High Population: Impact on
Root Mass & Nutrient Uptake?

High Plant Density = Smaller Roots

Normal Population High Population
32,000 plants/acre 45,000 plantslacre

0 % - --IQI ..
.‘.E:‘ -?"‘

1960 root soil 2013 root soil
volume per plant volume per plant
16,000 plts/ac 32,000 plts/ac
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0 N Post Tassel o/ 90 N Post Tassel

Photo by Alyssa Abbott, DuPont/Pioneer Account Manager,
NE IL




FInigl OURNAL

¥ Dr. Newell R. Kitchen
What’s Right Amount of N? Using Sensors May
Provide Better Answer

EONR (Ibs N/A)

| | [ [
B Cwlo Cw D H P
2004 Missouri Sites

D
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Nitrogen Source Effects on
Soil Nitrous Oxide Emissions

in be a mitigation practice for reducing N,O emissions in irrigated corn.

——————————{| Drs. Ardell Halvorson, Stephen Del Grosso, and Claudia Jantalia

al of the Fluid Fertilizer Foundation « Late Spring 2013 « Vol. 21, No. 3, Issue # 81 YDOWNLOAD PDF
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Figure 6. Cumulative daily N20O-N emissions during the 2009 growing seasons for each N
treatment: urea, urea-ammonium nitrate (UAN), ESN, ESN subsurface band (ESNssb), SuperU,
UAN+Nfusion (Nf), UAN+AgrotainPlus (AP), blank, and check.
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Special section:
Breakthrough of
the Year

Science’'s editors and writers
choose their scientific
breakthrough of 2016

® Rich Frishman




AAAS Annual Meeting, February 2016

Einstein’s gravity
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Gravitational Waves
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|&d Selected for a Viewpoint in Physics week endin
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016

S

Observation of Gravitational Waves from a Binary Black Hole Merger

B. P. Abbott et al.’

B. B Abbott,' R. Abbot,' T. D). Abbot” M. R. Abemathy,' F. Acemese,™ K. Ackley,” C. Adams,” T. Adams,” P. Addesso,”
X. Adhikari,' V.B. Adya® C. Affelde® M. Agathos,” K. Agatsuma”’ N. Aggarwal," 0. D. Aguiar," L. Aiello,"™"*
A. Ain" P.Ajith,'* B. Allen,™"" A, Allocea,”'"” P. A, Altin,™ S. B. Anderson,' W. G. Anderson,"® K. Arai,' M. A, Arain.”
M. ( a‘\raya' Cé.(:' ."\rcenea’Lalx.z‘ 15 ."\reaed‘ ZN. .’\I’I;{IL!.CI.B K.(l.;a‘\run.l‘ S.ma‘\sce Archisman Ghosh. ' 5. Ghosh32° J ’.\ Gigime 2 K I_) Giardina ® A Giazotto.'® K. GilL?? A (]Iaefke ) R (]Ie:nmns
_ S:M. Agon” P Astone,” P. Aufmuth,” C. Aulbert,” S. Babal, ™ P. Bacon™ MR g ootz # R Goerz,? L. Gondan.** G. Gonzilez.” 1. M, Gonzalez Castro.'*” A. Gopakumar” N. A. Gordon*
F. Baltaccini, ™™ G. Rallandm, ™3, W. Ballmer,” ], C. Barayoga, 5.B. Barchay, M.L. Gorodetsky.” . E. Gossan.' M. Gosselin,™ R. Gouay.” C. Graet, P B. Graff.” M. Granata.”* A_ Grant.* S. Gras. "
B Bam™ L Barsoni,” M. Barsuglia” D. Bana.™ 1 Barlett.” M. A Barton, © L Bafl ¢ gy, ' G. Greco, ™ A.C. Green” R.J.S. Greenhalgh,™ P. Groot™ H. Grote,” S. Grunewald,” G M. Guidi7™*
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e Meeting pre-competitive needs

e To focus resources on common science-based needs — short &
long term

— 1977 Potash & Phosphate Institute (PPI)

— 1980 Foundation for Agronomic Research (FAR)
— 1982 Fluid Fertilizer Foundation (FFF)

— 1992 Certified Crop Adviser program (CCA)

— 2007 International Plant Nutrition Institute (IPNI)
— 2013 4R Research Fund

\/
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American Society of
wp my

CERTIFIED
CROP ADVISER

e Launched in 1992 ... 1t exam in 2/93 (Passing rate <50%)
e Requested by and led by the industry

e 13,000+ certified professionals providing science based
guidance to producers

— Instrumental in the progress made in nutrient stewardship & agronomic
practice

— Even more so in the future

(@FNI



ENVIRONMENT

Biodiversity

Resource Use Efficiencies: Nutrient Loss
Energy, Labor, Nutrients,

Water

Water and

ﬁN\"RONMENTAL Air Quality

Soil Affordable
Erosion & Accessible
Food
Nutrient ' Ecosystem
Balance - Services
Yield " Farm
Net Profit Income

ECONOMIC SOCIAL
Return On Quality Working
Investment Yield Stability Conditions

l nutrient

stewardship

The greatest sign
of stewardship
progress in 35 yrs?

e 2007: Presented in raw form as a global framework
for adapting fertilizer BMPs to local conditions

e In 10 yrs: a remarkable impact on the mind set of
producers, advisers, NGOs, and researchers

)
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What’s next?

The Future

NEXT EXIT N

We do not know!

F ;;LF —— a0}

e Fluids and 4Rs

e Genetic improvement
e Nutrient sources

e Soil fertility

e Evidence

e Communication

@FNI



Fluids and 4Rs — great opportunity
(right source, place, time ... and rate)

Meeting crop needs

Reducing nutrient losses [ 8 ;
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Corn grain yield, bufA

Accelerated genetic improvement?
Negative impacts of climate change?
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Advances in nutrient sources?

QUALF
qﬁ‘“ﬁ TYOF m,

Azospirillum Rhizobium

*..odb-

Whether investing, purchasing or advising:
Insist on reliable data ... look for evidence ... evaluate cost/benefit
. beware of miracles ... consider long-term impacts

See next topic ... (-



« Porosity
» Water Movement and

SOIL

HEALTH

Physical Chemical

» Aggregation and Structure * pH
« Surface Sealing » Soluble Salts
« Compaction * Sodium

Availability

Biological

* Nutrient Holding Capacity
* Nutrient Availability

Re-energized
management
for optimal
soil fertility

» Macrofauna
* Microfauna
* Microorganisms
* Roots

» Biological Activity

We need to be engaged in
development of soil health
objectives & metrics

* Organic Matter

.G%F'N[



Soil testing enhancements:
 Sampling
e Validation
e Refinement
e Recommendations

g \s “Learning Blocks” TET

™ -1 -
R : i “Sentinel strips”
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e Samples testing in
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Evidence-based agronomy

On the farm

. Data as a valued product of the
farm ... part of its legacy

e Using data/metrics for learning,
selling, and communicating

In ag research

e Publishing and curating high
quality, open-access data sets

e Systematic reviews of literature
and meta-analyses

IPNI




What’s next? A communication challenge ...

e Great progress in agronomy in the last 35 years

e But challenges remain ... to continue efforts to:
— Increase productivity & profitability for producers
— Reduce nutrient loss to surface & ground water
— Reduce loss of nitrous oxide, ammonia, & other N forms to air

— Capture more nutrients in the crop rather than risk loss to environment
e Biggest challenge is to tell our story
— Help the public appreciate:
The remarkable progress of the last 35 years

Our dedication to accelerating that progress in the future

Progress based on science-based technologies & hard facts

e Focus on credible education rather than questioning motives

)
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An example of our challenge ...

Recent letter to the Director General of
FAO, Pope Francis criticized modern

2 \, agriculture for its:
~ =+ “production at any cost”

* “improperly modifying various animal
and plant species”

* model that “despite all its science,
allows around 800 million people to
continue to go hungry.”

One cannot question the motives of such a man, but we can
use these statements to inspire us to better communicate
our own motives and dedication to future progress.

We have an evidence-rich story worth telling ~
.%IF‘N[



What’s next?

The future that
we create

Fluid
Fertilizer
Foundation

The Wave of The Future

PLANT NUTRITION
INSTITUTE

PNI



