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IPNI Is committed to a healthy 67%
and adequate global food supply PNl
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Presentation Notes
IPNI is committed to helping maintain a healthy and adequate food supply for a growing world population – done in an environmentally sustainable way.


EPA SAB Integrated Nitrogen

Committee Report on Reactive N (Nr) QW!PNI
November 15, 2008

 Improved practices -impact lowered through better management
practices

e Product substitution - a product is developed or promoted which
has a lower dependency on, or releases less, reactive nitrogen)

« Transformation - one form of N converted to another form

e Source limitation - introduction of Nr in environment lowered
through preventive measures (e.g. precision fertilizer application,
controls on NOx generation)

« Removal - in which Nr is sequestered from impacting a particular
resource

 Improved use or reuse efficiency - efficiency of production that is
dependent on Nr is improved (e.g. increased grain yields for lower
Nr applied), or Nr wasted from one source is reused in another (e.g.
algal farming).

From DRAFT report Nov. 15, 2008




EPA INC Draft Recommends - Reduce (\ I\F'Nl
Nr Loss to Environment by 25% |

e Decrease livestock-derived ammonia
emissions to approximately 80% of 1990

e Decrease excess flows of Nr into streams,
rivers, and coastal systems by approx. 20%

e Increase crop output while reducing total
Nr up to 20% of applied artificial Nr.

 High priority for a targeted construction
grants program under the CWA (i.e
wetlands)

From DRAFT report Nov. 15, 2008




Fertilizer N, shrot tons
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U.S. Fertilizer N Consumption
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The Nitrogen Cycle RN
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EPA Hypoxia SAB report suggested
45% less total N
AND
45% less total P
discharge to the Gulf to reduce
hypoxia

Gulf Hypoxia
Action Plan 2008
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Nutrients and Hypoxia in the Gulf of Mexico —
An Update on Progress, 2008

By G5 Sayier

Univessities Marine Consortium (LUMCO]
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Has nutrient discharge increased ?

Table 1. Average annual and spring (AprilJune) combined water
flow, NO-N, total Kjeldahl N (organic N + NH-N), and
total N discharge from the combined Mississippi and
Atchafalaya Rivers to the Gulf of Mexico for 2001 to
2005 compared against the reference period 1980-
1996. Source: EPA SAB, 2008.

1980-1996 2001-2005 Change
million m? (water) or million metric tons %

Annual —_

Water 692,500 652,500 -6

NO,-N 0.96 0.81 -15

Total Kjeldahl N 0.61 0.43 -30

Total N 1.58 1.24 -21

Spring

Water 236,800 210,600 -11

NO,-N 0.38 0.33 -12

Total Kjeldahl N 0.21 0.14 -32

Total N 0.59 0.48 19 )

Notable
Declines
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Discharge by 5 Major Sub-basins IPNI
Where Is it coming from?

Table 2. Average nutrient discharge for the five large sub-basins in the Mississippi-Atchafalaya River
Basin for the 2001-2005 water years (EPA SAB, 2008). Values in parentheses indicate % of

total Basin discharge.

NH_-N and

organic N
Sub-basin Land Area - Water flow NO-N  (Total Kjeldahl N)  Total P
km?* mi=9 million I“‘Ib'-V-JI' .84 1,000 metric t‘ch o/yr----- 0%
Upper Mississippi’ 493,900 190,600 116,200 (18) 349 (43) 136 (32) 40 (26)
Ohio-Tennessee 525,800 203,000 279,800 (43) 335 (41) 175 (41) 59 (38)
Missouri 1,353,300 522,400 60,080 (9) 79 (10) 84 (20) 30(20)
Arkansas-Red 584,100 225,500 67,200 |1D} 29 (4) 44 (10) 9 (6)
Lower Mississipp!' 183,200 70,700 129,550 (20) 22 (3) -8 (-2 16 (10)

! Nutrient discharge calculated by differences. Negative values occur downstream where a downstream site had a lower discharge than
the upstream site, that result in errors in discharge estimates or o real net loss of nutrients.
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USGS Estimates Loss of N and P to IPNI
Water Resources In Different Areas

SPARROW - Modeled Estimate of N and P
Discharge in Watersheds of the Mississippi R. Basin
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Sub-basin Contributions of N & P G-W\lpm

Table 3. Average annual nutrient yields for the five large sub-
basins in the Mississippi-Atchafalaya River Basin for

water years 2001-2005. Source: EPA SAB, 2008.
NH,-N and organic N

Sub-basin NO,-N (Total Kjeldahl Nj Total P
................ g/hafyr -
Upper Mississippl b 7 1 2.7 0.8 ¢
Ohio-Tennessee  wmmmp 6 4 3.3 1.1 St
Missour 0.6 0.6 0.2
Arkansas-Red 0.5 0.8 0.1

Lower Mississippi 1.2 0.5 0.9 ¢t
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Voluntary actions
are reducing the
“net” Nitrogen (N)
balance in the
Mississippi River
Basin; especially
In two key upper
sub-basins.

Figure 8. Nitrogen mass balance and net inputs
of the Mississippr-Atchafalaya River Basin through 2005.

Source: EPA SAB, 2008

for major regions
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Voluntary actions are
also reducing the
“net” phosphorus (P)
balance in the
Mississippi River
Basin; especially Iin
two key upper sub-

; basins.
Entire MARB
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This is a concern,

b AV however, because soil
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. P may be “mined”,
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Figure 9. Phosphorus mass balance and net inputs for major

regions of the MississipprAtchafalaya River Basin
through 2005. Source: EPA SAB, 2008.

reductions and lower
N use efficiency




Effect of N and P on Corn Yield

IPNI
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P Reduces Residual Soil Nitrate and Q

Potential for Nitrate Leaching IPNI
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Balanced Fertilization Improves (17

IPNI
Crop N Recovery

0.8

Arrows are % increase in apparent N
relative efficiency over previous treatment

o
o

o
N

Apparent N recovery efficiency
o
N

0
0-0-0-0 300-0-0-0 300-100-0-0 300-100-80-0  300-100-80-40
N-P-K-S, kg/ha
Gordon. Better Crops. 2005 (KS, Car sandy loam) Assumes uptake 1.4 Ib N/bu grain

2- year average (2001- 2002)
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Presentation Notes
Adapted from:  Gordon, W.B. 2005. Maximizing Irrigated Corn Yields in the Great Plains. Better Crops. Vol. 89. No. 2. p. 8-10. 
Treatments added in 2001 and 2002 show that all three elements contributed to the yield response. The addition of P, K, and S increased yield by 5.52 t/ha over the N only treatment. 

Assumes 1.4 lb N/bu uptake, or 
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annual P fertilization to avoid profit IPNI
loss In most major crops in 2005
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Percent of soil samples requiring
annual K fertilization to avoid profit
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Decadal-Scale Changes of Nitrate in Ground /7,

Vi

Water of the United States, 1988—2004. IPNI

(Rupert. 2008. J. Environ. Qual. 37:S-240-5-248)

.H\CCPT

CWILL  , USNK

onfl

Change of Nitrate Concentrations
& Sianificantincrease
B No significant change
W Significant decrease

Fig. 1. Locations of U.S. Geological Survey National Water-Quality
Assessment Program study units and well networks with

and without significant decadal-scale trends of nitrate

67% of sites (16 out of 24) -
had no significant change in
NO, concentrations
— All but 1 of the 8 others had
Increases in NO,
“A subset of wells had data
on ground water recharge
date; nitrate concentrations
Increased In response to the
Increase of N fertilizer use
since about 1950.”




National Water-Quality Assessment Program
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Trends In Nutrient and Sediment Concentrations and Loads

In Major River Basins of the South-Central United States,

Scientific Investigations
Report 2007-5090
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“Notable increasing trends in nitrite plus nitrate and total nitrogen
at selected study sites were attributed to both point and nonpoint
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Figure 18, Trends in total nitrogen leads at study sies, 19932004
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Kitchen and Goulding (2001) in 1)
Nitrogen in the Environment: Sources, ol
Problems and Management

e “ nitrogen use efficiency
...rarely exceeds 70% .......
often ranges from 30-60%"

e “conversion of N inputs to
products for arable crops can NITROGEN IN THE

ENVIRONMENT:

be 60-70% or even more”




We can improve Nutrient Use
Efficiency & Effectiveness

by Implementing
Fertilizer BMPs .....

Right source @ Right rate, Right time
& Right place

4R Stewardship




Improving Fertilizer N Use GM\
Efficiency (NUE) PN

Proper rates and sources - best placement and
proper timing

Nitrification inhibitors - slow the conversion of NH,*
to NO;y

Urease inhibitors — slow conversion to NH,* and
reduce potential NH; volatilization

Slow release N fertilizers - release N over the
growing season, matching availability and crop needs

Site-specific applications
— Variable rate, and possibly variable source

— In-season sensing and variable rate/place
application




How Do You Define and Rate NUE?

P

| use efiectiveness

Nutrient Use Efficiency

and Effectiveness in North America:
Indices of Agronomic and Environmental Benefit

By C.5. Sopder and T.W. Brmulzema, Internacional Plant Nutrition Instieote

MIMERAL FERTILIZERS have made it pous
sparing million: of acres of na

ible to sustain the worlds arowing popidation
ral and ecologically-enzitive systema that othenaize would

Been converted to agriculture’. Today, sconomic and emdironmental challenges are
driving increased interest in nutrient wse efflciency. Higher grices for both croos and fertil-
izem have heightened interest in efflciency-improving technologies and practices that alo
improve praductivity. In addition, nutrient losses that hasm air and water quality can be
reduced by improving use efflciencies of nutrients, particularly for nitrogen (M} and pho:-

phorus (FI.

The world's population, growing in both numbers and purchazing power, is projected to
consume more food, feed, flber, and fuel—increazing global dermand for fertilizer nutri-
enic’. Since fertilizers are made from non-renewahble e to increace their
uge =fficiencies will continue. At the same time, efforts chould increase to enhance fertilizer

Swatem Efficiency

Hliciencies are gerenlly calculsted &= ratkos of ool
0 inpuis in & system. The “sysiem” can be
defined in meny wive. depending on the intepess of the
abasrver
Agriceiunl cpopping syssems coatain comglex combi-
mions of comporems, including: soila. sodl microbe,
ioots, plants, and crop otaticns. Impeovements in the
efficiency of cne :f-gppmrn mey o may ool be elfec-
fiwe in improving the efficiency of the cropping sys-
tem. Efficiency galns in the short lem may sometimes
b= ot the expense of those inibe long-term. S hort-term
reductions in spplication rabes increass nuirient use
efficiencies. even when yields decline. However, in
h}mg—lrrm lowes \.-ehd: rednce peoduction of crop
wddnﬂ leadling to Incyeased evosion risks, decreased
gail organic matter, and diminished soil produciviey
Sastainable sysiem cffciency demands aitemion o the
lang-term impacts.

 Bem managemest prectices {HhPs) loous on the ebec-

tiveness of Temilizers and beeging them in the feld for
i by the iniended crop in adapang cropping s ysiems
0 the economic and environmenial challenpes noied
above. Effectivencss & maximized when the most ap-
progrists marnen soorces are appied st ihe righ e,
time, and place in combiration with conservation pome-
tices such 25 boffer s, continoom modill, cover
tlnpsl..ln] riparien baffers within imensvely mansged
Jpng systems that ackisve both inceasing yieks

diminishing nuirient bosses®. This approach en-
wnres thal improvements 10 the mmient use efliciency
o the components comiribie towand impeoving the ef-

lickency of ihe entie system.

for imgroved productivity and profitability of cropping systems.

Muany compuninti comiribie b the afflcirmey of 8 erep-
pixg avivem.

Becmme o cropping sysiem mclodes muliiple inpaes
and ompies, i ovenll efficiency depends on the sci-
enoe of eonnomics. To manemize profit is oo obtain the
maximmm value of oaipats per s vadee of i inprs.
At the mee whese the net returmn (o the wse of one inpm
peiks. the inpe is making iis maximum contribution o
inceenting he efficiency of all other mpuis molved.
Fatzs of nuirient spplicsiton optimed for economic
wields odien minimize nuirient bosses!

Component Efficlencies

A recend review identified mo Fower than 18 diffesem
defimitions and caloslations of nuirient use efficieacy®
Even ihe mowi wseful componeni efficiencies reqmre
carell imespeetation i they are 1o contbate 1o effec-

tive muirient use in cropping sysiems, In Table 1, we

http://www.ipni.net/ipniweb/portal.nsf/0/d58a3c2deca9d7378525731e006066d5/$FILE/Revised%20NUE%20update.pdf



http://www.ipni.net/ipniweb/portal.nsf/0/d58a3c2deca9d7378525731e006066d5/$FILE/Revised NUE update.pdf

NUE Term Calculation | Reported Examples
PFP - Partial Y/F 40 to 80 units of cereal grain per unit of N
factor productivity
AE - Agronomic | (Y-Y,)/F 10 to 30 units of cereal grain per unit of N
Efficiency
PNB - Partial U./F 0 to > 1.0 - depends on native soll fertility
nutrient balance and fertility maintenance objectives
E;etirg)oval ol <1 in nutrient deficient systems (fertility improvement)
>1 in nutrient surplus systems (under replacement)
Slightly less than 1 to 1 (system sustainability)
RE — Recovery (U-Uo)/F 0.1to 0.3 - proportion of P input recovered first year

efficiency of
applied nutrient

0.5t0 0.9 - proportion of P input recovered by crops in
long-term cropping systems

0.3t0 0.5-nN recovery in cereals-typical

0.5t0 0.8 -nN recovery in cereals- best management

F-amt. nutrient applied, Y- yield of harvested portion with applied nutrient, Y- yield of harvested portion with no

applied nutrient, U, —nutrient content of harvested portion of crop, U —total nutrient uptake in aboveground
biomass with nutrient applied, U, —total nutrient uptake in aboveground biomass with no nutrient applied




Corn grain produced Iin the U.S. per unit Q
of fertilizer N used, 1964 to 2005. —

14 No USDA survey data for
' 2004, 2006, 2007, 2008
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g 0.9 _ -
2 0.8 =

0.7 . —u° 8

0.6 .=

05 *Application rate for 2004 estimated as avg of 2003 & 2005.

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

51%0 increase in N efficiency

SINce 19751 1504 increase in N fertilizer use

Data sources: USDA Ag Chem Use Survey & Annual Crop Production.
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Greenhouse Gases, Climate Change, and Energy
What Are Greenhouse Gases?

Many chemical compounds found in the Earth’s atmosphere act as “greenhouse gases.” These gases allow
sunlight 1o enter the atmosphers freely When sunlight stnkes the Earth's suface, some of it is re-radiated
back towards space as infrared radiation (heat). Greenhouse gases absorb this infrared radiation and trap the
heat in the atmosphere. Many gases exhibit these “greenhouse” properties. Some of them occur in nature
(water vapor, carbon dioxide, methane, and nitrous oxide), while others are excluswely human made (cerain
industnal gases). Over time, if atmosphenc concentrations of greenhouse gases remain relatively stable, the
amount of energy sent from the sun {o the Earth’s surface should be about the same as the amount of energy
radiated back into space, leaving the temperature of the Earth’s surface roughly constant

Why Are Atmospheric Levels Increasing?

Levels of several important greenhouse gases have increased by about 25 percent since large-scale
industnalization began around 150 years ago (Figure 1). During the past 20 years, about three-quarers of
anthropogenic (human-caused) emissions came from the buming of fossil fuels. Concentrations of carbon

IPNI
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Key Categories as a Portion of all
Emissicns
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Motes: For a complete discussion of the key source analysis, see Annex 1.
Black bars indicate a Tier 1 level assessment key category.
Gray bars indicate a Tier 2 level assessment key category.

(EPA final April 15, 2009 U.S. GHG inventory, 1990-2007)
http://epa.gov/climatechange/emissions/usinventoryreport.html
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N,O Emissions Trends: Ag Soll 0\
Management and Ag Sector Vi 1eNi

(EPA final April 15, 2009 U.S. GHG inventory, 1990-2007)
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Total U.S. GHG Emissions & N,O from
the Ag Sector — CO, Equw

(EPA final April 15, 2009 U.S. GHG inventory, 1990-2007)
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U.S. GHG Emissions & N,O from )
Ag Soil Management — CO;, Equiv. -

(EPA final April 15, 2009 U.S. GHG inventory, 1990-2007)
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Agricultural soil management includes fertilizer application and
cropping practices; the largest sources of N,O emissions,

accounting for 67% of all U.S. N,O emissions in 2007
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Right Product, Right Rate, Right Time, and N
Right Place...the Foundation of BMPs \

for Fertilizer IPNI
New IPNI Practical Guide:

This orticle was orsginolly presented os o poper at the Internotional Fertilizer Industry
ABs0 an {IFA&] Warkshop Fertilizer Bast Monogement Proctices, March 7-9, 2007, in

Fertilizer Nitrogen BMPs to Limit Losses
that Contribute to Global Warming
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Table 1. Relative effectiveness of management scenarios. shown as advantage of “Scenario 17 over “Scenanio 27, in reducing N losses
and greenhouse gas emissions. Effectiveness rating represents estimate of the relative potential N loss reduction, on-farm and

within-watershed !
Indirect effects on N:0 emissions Direct
Water discharges as NOy NH; grcﬂ].mt.lus
volatilization | E4% CHUSSIGH
N Source’ Fertilizer N Management Practice Leaching Eunoff N:O
Right agronomic N rate
Scenario 1 Scenario 2

All Sources Accounting for soil N supply and No such N accounting

other input sources (e g manure, (assumes over- 1 [ 1 1 1

irigation water, etc.) application)
All Scurces Site-specific N management No site-specific

(variable rate and'or source) management [ W] [ H] [ H] [N

Legend for ratings in table:

Eatings can represent broad, multiple ranges (e.g. negative to positive), or & single
guartile. The rating scheme is based to some extent on & conservation practice rat-
ing scheme in Table 17 in EPA SAB (2008).




Indirect effects on ;0 emissions

Water discharges as NOy NH,

N Source’

Fertilizer N Management Practice

volatilization

Leaching Runoff

Right N timing

Scenario 1

Scenario 2

AA

Applhed m the fall after soil temp below
50 °F (10 °C) for spring-planted crops

No wailting

AA AS PA,
U, UAN

Spring application, for spring planted

Crops (e.g. 0OI)

Fall applicaticn

AAAS PA U,

UAN, AN, PN

Spring split or sidedress applied, for

spang planted crops

All preplant applied

AAAS PA U,

UAN, AN, PN

Spring or split fall-spong applica-
tion, for fall planted crops (e.g. wheat,

canola)

All fall apphied

AA AS PA U,

UAN, AN, PN

Mitrification inhibitor nsed

Mone used

U

Conirolled release technology used

AL
STl AL

MNone used

*N sources: AA=anhydrous ammonia, AS—ammonium sulfate, PA=—predominantly
ammonium containing, U=urea,

AN=ammonium nitrate, PN=predominantly nitrate-containing.

UAN=urea ammonminum mnitrate solutions.

Legend for ratings in table:

Fatings can represent broad, multiple ranges (g.g. negative to positive), or a single
quartile. The rating scheme is based to some extent on a conservation practice rat-
ing scheme in Table 17 in EPA SAB (2008).
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Indirect effects on N:O emissions Direct
Water discharges as NO; NH. greenhouse
volatilization | 5% emission®
N Source’ Fertilizer N Management Practice Leaching Runoff N0
Right N placement
Scenario 1 Scenario 2
jﬁ PA.U. UAN, Subsurface mmeorporation Surface broadeast [ W] [N
U, UAN Surface banded Surface broadeast [N ] [ ]
As PA T, Shallow sidedress band — 1 in. (2 cm) [ Sidedress band deeper
UAN, AN, PN than necessary — I H N

=24 m. (10 cm)

U, UAN Surface applied with urease inhibitor; | No mhibitor
abundant crop residues

oLl

U, UAN Surface applied with urease inhibitor; | No mmhibitor
rmimmal crop residues

Legend for ratings in table:

-75 -50 -25 -1 0D 1 25 50 -]

Ratings can represent broad, multiple ranges (2.2 negative to positive), or a single
quartile. The rating scheme is based to some extent on a conservation practice rat-
ing scheme in Table 17 in EPA SAB (2008).
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* Fertilizer N BMPs can help minimize IPNI

the potential for residual NO,;-N
accumulation & losses

N source, rate, timing, and placement
. which may include

— Urease inhibitors

— Nitrification inhibitors

— Slow-release materials

— Controlled-release materials

 |In combination with appropriate, site-
specific cropping system and
conservation practices

— (e.g. conservation tillage, cover crops,
vegetative buffers, managed drainage,
wetlands, bioreactors, etc.)




Intensified Fertilizer BMP
Education & Outreach

=3
Fertilizer BMPx — L

Besi Mnnngemeni for Ferii
Yoritheastiern Bairy Farms

Py Tor O Dimaibsinns vl {wirin Banon s

irers on

A

T

i

0014 JUAUIATRUPH 1539 Ja71]

S

A b ket o b bt L g P & s & 8 a2 e
- - I E Wi FruBiE
1 . i

ot

-'F.MH“-Fl-\rM‘r|‘|'M19—rlﬂ-'-h‘\-d—t-hlhl—lﬁ-li‘l-lﬁﬂlhihi-unln“—'ﬂfrr\- ‘_g--\ \“l
e - |- i
e e e e e L e e i e FOAS
o - B ot o, g s o e e 1P

de [

T B

(LT B 14 T T
frmames imilivainr]
meamaradde [

IP1J JUAWAGPUPH 1S 171

=

-
Cr
e

et WICSIATE g o et e @ FAR

e bk w8 e
==

Management Practices

for Turf and Lawn Ferfilization

T HOe

RITE AT, T TRL. AR C1




New Tools, Technologies,

Opportunities ??

« John Deere - hi-speed (10 mph)  #===
anhydrous ammonia applicator

e Agrotain & Lange-Stegmann -

$20 million Urea and
Stabilized Nitrogen
Center in St. Louis, MO

e Corn hybrids with improved N
uptake/redistribution
characteristics ???

Gl Edt Yew Mgloy Dockmaks  Took

8 -c R - oneen 1+ G- |5 -

bl Most vieked UM Arkansas Agricuture 2006 Crop Progress 8. | ] Agfax Front Page | ] AgFax | ] AgProfessionsl.com "
MNews Releases
Monsanto and Evogene Collaborate on Nitrogen Use Efficiency Research

ST. LOULE and KEHOVOT, Irrael, Sept. 25 PRI ewsware-FanCall’ -- Measants Company (QTYSE: MOM) and Evegene
Ltd (TAZE: EVGH) teday asmounced a collaberation to improve nitrogen ute efficiency @ com, seybeans, cancla and cotten
Under the agreement, Mensanto gaing exchasive nights to a sumber of genes dizcovered by Evogene that help placts mamtain
wield with lower applications of nitrogen. Monzante will werk to evaluate the use of those genes in its research and development
ppeline. The potential candidates frem Evegene are complementary to the serogen ublization genes already in testing
Monzante's pipelme and could provide the opperunty te fiather a series of upgrades for this key tasget area. The Enancial terms
of the agreemens were not dizclered
Dor

6 -c it (13 aitecscontn cmiconszmss bty s 3750 glies Ala -

age ] g ) ] AGRICOLA Hame Pags »

Wednesday, 8 October 2008
6993

Enhancing Nitrogen Use Efficiency in Corn through Introgression of Low N Tolerance from
Eastern Gamagrass

Mary Eubanks. Biciogy, Duke Universay,
the Ervronmant, Duke Unvversity, Box 9032

Durnam, NC 27705 and Daniel Richter Jr., Nicholas Schaoi of
am. NG 27708

=
Always read and follow ATIRD
all label directions. " i mbmcks of sy
News & Notes: Agreement Aimed at Hybrids That A st
Improve Nitrogen Use By Corn (03 Ke-Tllage
DuPont and Arcads Bicsciences, Ine. hiave formed a ressarch and Shbote
| that D H-Bre

that gves DuPon Bred
exchusive rights to Arcady's proprietary technology for mproving ritrogen
s efficiency in com.




Thank You

Better Crops, Better Environment ... through Science

www.ipni.net
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