)

IPNI
INTERNATIONAL

PLANT NUTRITION
INSTITUTE

Fertilizer BMPs to Minimize
Impacts on Water Quality:
A Shared Vision

C.S. Snyder, PhD, CCA P.E. Fixen, PhD
Nitrogen Program Director Sr. V.P., Americas Group Coordinator,
Research Director

Presented to
USDA-CSREES National Water Conference 2009




‘ Brazil's Lula: food riots are wake-up call

-’-u,:w-'-l oh xr frangaiz taliano E}frpcr:mﬁ
ezpanal
O, 7y _
& CC PRINT |
y N '}- |;‘:_-_,..-'__.-I , L rrrirrrint
@ Video UM warns of more food

o Food and Agriculture shortages without strong

B World k] : 4 Final Statement of the Madrid
Iz & Urgamzatmn '-THhE action High-Level Meeting on Food
i i ? _ _ Security for All
o United Nations Madrid meeting takes on global SPMET

ot o world without bunger food, nutrition and agriculture A Director-General's statemen
& Politic - problems 4 Conference website

B ...'..:..E .:I - . : _

German Rojas
hMedia Relations, Madrid

v (+34)91 3471717 Q

=~ [+34) 671 649 955 &
german.rojasiifan.org

L Y
ol

FAC Home

Newsroom hoine

Mews archive

Media contacts ' w
— i Jacques Diouf (left] shakes hand with Email this article
Tools Tor journalists Spanizh Minister of Foreign Affairs and

Cooperation Miguel Angel Moratinos.

Media calendar
26 January 2009, Madrid - Chiefs of

|I'|-|.|-l-|_--|_-|-|_rl||-|.\_.: 10 ~ - j




IPNI iIs committed to a healthy
and adequate global food supply




National Water Quality Inventory:

Report to Congress 2004
Reporting Cycle January 2009

IPNI

Rivers and Streams

Miles

Pathogens 72,305
Habitat Alteration 57,577

Orsge Evehmere i
Cause Unknown-Impaired Biota 39816
— Nutrients Ag #1 source 38,632
Metals of impairment 36,032

Sediment 35177

Mercury 26,173

Flow Alteration 24,044

Turbidity 17,569

0 g II{J ||5 llﬂ 1|5 EIG 35

Percent of Impaired Stream Miles Affected

MNote: Percents do not add up to 100% because more than one cause may impair a waterbody.

Figure 2. Top 10 causes of impairment in assessed rivers and streams.

http://www.epa.gov/owow/305b/2004report/




National Water Quality Inventory: \

Report to Congress 2004 Ll
Reporting Cycle January 2009

Lakes Acres
Mercury 5,890,915
PCBs 2,344,542
) Nutrients 1,952,386
Metals _ _ 1,517,163
DPE&S;Z’;;“B?JEE;’; Ag #3 source of impairment || 5430
Nuisance Exotic Species 960,884
Sediment 623,270
Pathogens 528,425
Turbidity 509,906
Other Cause 494,22

T 1

I | | | I | | | I I
0 5 10 I5 20 25 30 35 40 45 50 55 60 65
Percent of Impaired Lake Acres Affected
Mote: Percents do not add up to 100% because more than one cause may impair a waterbody.

Figure 5. Top 10 causes of impairment in assessed lakes, ponds, and reservoirs.

http://www.epa.gov/owow/305b/2004report/




National Water Quality Inventory: /% A
Report to Congress 2004 Ll
Reporting Cycle January 2009

Bays and Estuaries

Square Miles

Pathogens 2,845
Organic Enrichment or
Oxygen Depletion 2,180
Mercury 1,700
Toxic Organics | 441
) Nutrients 1,047
Pesticides Ag #9 source 1,041
Habitat Alteration Of im pal rment 692
PCBs 665
Metals 654
Turbidity 637
| | | | | | | |
0 5 10 15 20 25 30 35 40

Percent of Impaired Estuary Square Miles Affected

Note: Percents do not add up to 100% because more than one cause may affect a waterbody.

Figure 8. Top 10 causes of impairment in assessed bayvs and estuaries.

http://www.epa.gov/owow/305b/2004report/




The proportion of crop yields attributed
to fertilizer ranges from 40 to 60%.

Stewart et al. Agron. J. 2005. 97:1-6.

IPNI

Partial P and K budgets 1998-2000 average, except manure, which is 1997

Removal to use ratio
Nutrient | Region | Crop Applied | Recoverable | Balance | w/o w/manure
removal | fertilizer | manure manure
---------------- Metric tons ---------------
P USA 2.26 1.74 0.65 0.13
6 lead
corn
states 1.02 0.60 0.17 -0.25
K USA (.28 3.81 1.43 -2.04
6 lead
corn
states 2.49 1.55 0.38 -0.57




Kitchen and Goulding (2001) in 1%
Nitrogen in the Environment: Sources, ol
Problems and Management

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

e “conversion of N inputs to
products for arable crops can TR I 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 placement

4R Stewardship




Global Framework
for Fertilizer
BMPs

ECONOMIC
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Sustainability
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How Do You
Define and Rate

NUE?

”

Nutrient Use Efficiency
and Effectiveness in North America:

Indices of Agronomic and Environmental Benefit

By C.5. Zapder and T.W. Broulzemz, Intemational Plant MNetiton Insobabe

MINERAL FERTILEZERS have made it possible to sustain the world's growing pogulation
sparing millions of acres of natarsl and ecologically-sensitive systemz that othenwvize would
g bemen converted to agriculture’. Today, sconomic and environmental challengss an=
driving increased interesf in nutrient uze efflciency. Higher prices for both crops and festil-

phorus (P

r | Swvstem Efficlency
- Mhciencies are generally caloulated s ratios of ooi-

F i inpuls im & system. The “sysiem™ can be
ﬁ'ﬂ-:d in mumy wiys, depending on the imeerest of the

Agricsiunal cpopping spstems contaje ¢ xcomhi-
mations of componems, including 1mh$ﬁhm|:rrhm
joois, plants, and crop molstions. imgeovements in the
efficiency ol one comporent migy of may ol be elfec-

e in mopro g the H'ﬁn:un::.' of the coopping sys-

~ tem Efficiency galss in the shos lem may sometimes

hllhtc:l:p-eut of those imihe long-term. Short-term

reducthons i application rates incremse nuirient use

efficiencies. even when wvields decline. However, in

ﬁ:imi-lrrm Inwees wields rednce peoduction of crop

mesklues, leading to incseased ession sisks, decreased

.nﬂ arganio matter, ond diminished soil productivity

o Bostainakls sysiem cflicizncy demands attemion 1o the
* long-tenm impacts,

| | Hem manegement praciices{ Byl locos on the eifec-
* Wiveness of ferilizers udmivng them iin the Gedd for
© e by the iniended crop im adepuing cropping sysiems
o the coomomic and environmental challenpes noted

ghove. Effectivencss & maximized when the mosi ap-
propriste mutnem soseces are applied st the righ m@ie,
time, and place in combination with conservation prnc-
nices such s bolfer sinps, continoous: moctill, cover
eraps, sl ripasien balfers within imessavely mansged
-d.ﬁ.“ systems thet ackiewe both incerasing yiekds
minishing nuirent kases'. This spprosch en-

wires el improvemenis (o the rmmiem wse efliciency
f the componenis comribuie toward impeoving the of:

 lickency of ihe entie system
Pt }

.|'

izems have heighiered int=rest in efflciency-improving technologies and pracrice: that ako
improve productvity. In addition, notrient losses that harm air and water quality can be
reduced by improving use effloiencies of nutrtienss; particularly for nitrogen (Mi and phoz-

The worlds population, growing in both numbers and purchacing powes, it projected to

consums more food, feed, flber, and fusl—increasing global demand for fertilizer nutri-

- entss Since fertilizar: are made from pomr-reneswable recosnces; presiure oo increacs their

B | use efflciencies will continue. At the zame time, efforts thould increase to enhance fertifizer
| L= efiectiveness for imoroved productivity and profitability of cropping systems,

Muny compunrati cowiilbnte be the dffeivmey of 8 erog-
JHEE AT,

Becmmse o cropping sysiem mclodes: muliiple o
and owEpLEs. i n:-TrraJﬁ:fﬁ:iu-:y drepends E:Erltr:l!j
epce of soonomvics. To maximize progf bs-to obtain the
maximem value of oaipais per i vatee of alfl inpots.
A the mez whese the net retam 10 the 1se of one npw
peaks. the inpe is making s meminmim coniribotion io
incpeaning ihe efficiency of all other mpuls molved:
Rtes of noirient spplication optimed for econpmic
yields cdien minimize puirient Josses!

Component Efficlencies

& recend review jdenfified mo fewer than 18 differem
definitions and cak elaiwas of moirien Lu-eefl'm.nen.l:}"
Even ibe most wselel component efficiencies reqmre
careld imerpreiation if they s in contitbate 1o efec-
five mairiens use in cropping sysiems, I Tabde 1, ne

http://www.ipni.net/ipniweb/portal.nsf/0/d58a3c2deca9d7378525731e006066d5/$FILE/Revised%20NUE%20update. 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 solil fertility
nutrient balance and fertility maintenance objectives
E;etlrg)o val to use <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 -n 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 in the U.S. per unit
of fertilizer N used, 1964 to 2005.

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

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Data sources.: USDA Ag Chem Use Survey & Annual Crop Production.

Since 1975:

519%b increase in N efficiency
1290 increase In N fertilizer use
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IPNI

* Progress in protecting water quality and
Improving water use efficiency Is most
likely to occur through system level
changes which include fertilizer BMP
Implementation, rather than through a
focus on specific nutrient criteria or any
one environmental indicator
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o 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.)




New Tools, Technologies, %PN]
Opportunities ??

e John Deere - hi-speed (10 mph)

anhydrous ammonia applicator

e Agrotain & Lange-Stegmann -
$20 million Urea and
Stabilized Nitrogen
Center In St. Louis, MO

« Corn hybrids with improved N | =~
uptake/redistribution CEEY e
characteristics 7?7




™ Gulf Hypoxia

Action Plan 2008

for Reducing, Mitigating, and Controlling Hypoxia
in the Northern Gulf of Mexico and Improving
Water Quality in the Mississippi River Basin

EPA Hypoxia SAB report recommended
45% less total N
AND
45% less total P
discharge to the Gulf




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

By L5, Sovder

BEITER CROPS

Bazed sn dato prezented hers ond in the 1.5 Ervireanmentel Protection Agency'z Science
g
Advizory Boord [EPA 5AB) 2008 report, there i= reazon to believe thot declines in dizcharge

I ; | Betier Crops/Aal, 2 (2008, 8o, 2)

af M and P ta the Gulfof Mexico am proceeding through veluntary cc

their advicers, and their supplisrs. Drven b

profitability geolz and abjectives, and o greoter envirenmental cans

ardahip '1|'||"-. farmers ang EraTiihaners

ogriculturc| wotershedz

ince 1965, the arcal extent of bypoxia (<2 mg/L of dis-
Smlwd oxvgen) in the shallow coastal waters (< 3 m or

TOHy £y of the northern Call of Mexico has been esti-
e ||I|||||||.||j| in late J:l.||, ||:|' scienlists with the Toulsiana
Upiversities Marne Copsortium (LUMCON ). Fizare 1 shows
the extent of bypocin beginning in 19835 and theough 2007,
Histotic evidence suggests hypoxia is o nateal event, bot
enrrenl seienoe indicales hypoxia in the Gull has eocurmed
mmuwe frequently wnd extenzively i the last hall century. Thess
CoplEmpRrary |."|1.'|r||'._.l;|-> it the size wod durotion of ile ||:_1|un;ir
Eolie e Ilmll.gh! to b post pelated Lo putren ﬂli.-l.'huq.lﬁ..
!||-'|:J!'Jr|.|l|:|' N oamd P hlhl.‘hlllg{".‘- froan 1he Missi=sippi anil
Atchafalaya River Basin (MARHB).

-.-.!ﬁ:';h‘:! FEDMOIIC PrEcIUFes

are increasmgly implermanting fe

9,000 Gult of Mexico Hypaxia Area

= 2015 Hypoa i Goal Year
1,930 mi® {5,000 km']

N Rl LMAEON

Fiparn 1. Areal estent of hypana i the northern Gull of Mexico, a1
determmed by annual crumes conducted i late luby
Dota source: M. Robolom, LACON

Federal, state, gind trilad autlsorities dey |-l,|l||-e-1.[ wn Aelion
Plan aml defined within-Basin goals and the goel of reducing
the hypowie zone in the Gull of Mexico 1o @ S-vear munning
average of 5000 km® (1030 mi®) by 2005 (MEAGMWNTE.
2000}, Sinee 2000, knowledge has expanided on the comples-
iy of factors (e climote, weather, basin morphology, coastal
wilet eirewl o bon putiernes, wiler relenlion times. freshwaler
Inlbovwe. stmtificotion of [reshwaler over saltwater, mixing,
nutrient losdings. and loss of [roCessing marsh lands along
the Louisiana eoast that contribaite to the development of
brepoxia in the Gulll For example. a meent report by Hetland
and  Pidareo (2(068) has exposed some of the complexities
ussnrinted with constol physical processes, amd Butors that

armars

ineal and perzanal

= TR

Locativn of nine |oige
sib-hasing campns
mg the MARE that
are used for estimat-
ing matrient fuses
[rrom Augienbach et
al. 2007)

n gy e
o gy S

imteract with the biolegy of the seasystem, which affect hypoxia
ilevelspment and persistenee cast and west of the shell egion
ecuth off Terrebonie Bay in Louisisng, These two authors sugpest
that d wader stratiicnthon envek s TTMEY Tses thes doemimant [aistor
ufferting the ared extend of |:|.!.'!s-m:i.'.| u|.1:-r.||5 the Lonistan-Texas
sheelf, as |.|HJIU.—~|.1‘ tis ptrients delivered b".l e h‘“.—iimip‘ﬂulltl
Archafalava discharges.

Al the request of the Mississippl River/Gull of Mexico
Watershed Nutrient Tazk Fores (MRAGCMWNTFL EPA impan-
wled i teaim of lwuiiup acienfi=ts lis form & J::r|hn.||| SrEEfEE
.-"|.'.|.'rl.-||:nrf|. Board o remssesa nidrient Josd reductions schieved,
the reaponzes of e by poxic gope and associated water quality
and habitat conditions. and economic and social effects sinee
the 20 Action Plan (MRAGMWNTE 20000 ) was released.
The BAR reported: “Iypesim can oocur paturally in deep
|'m.'|:|'n.|._,|',|'mril. il aryge roiritenil covesland couvm asseniifed
wilh upieliing. However, ratrlent-induced bypoxia in-shallow
cowstal and esfrine syatem b INETesingE warkdwide ™ (EPA
SAB. 2008). The SAB report also stobed that “recent sclence
hats apffirmeed the fusic concliwion that condemparary changes i
the feypaode area m the northern Culf of Mexico are primarily
reldated o neriend fiuves from the MARR" A new Action Plan
i development and o drall Has been releaned 1o 1he |1|||'||.|:|'
[MRESEMWNTE, 2008),

Fustmner N discluarge reduction Eiml“. IMRAGMWNTE. 2001
were admed principally at NO-N discharge veduction (actually,
reported as the combined measure of NOC and MO (s of
N} bt the 2008 EPA SAR repost recommensded reductions in

Abbpwviations swd ootes for this andcls ¥ 5 olisogen P2 phosphores
EMPs = bwet menagement F-wrr: m.'znilqh; .'ﬂ'.l*' = mEriir; .'III;: anmme-
milnnm AN = wrwa amimontnm mektale H'ﬂ,:n-rlln = nr.'-in-'rl]m.- rmq:nnnﬁ
prsdured from (heir st inn,




Sub-basin Contributions of N & P GW\IPNI

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 N) Total P
---------------- kg/ha/yr----------------
Upper Mississipp| s/ 2.7 0.0 ¢
Ohio-Tennessee  wmmmp 6 4 3.3 .7
Missouri 0.6 0.6 0.2
Arkansas-Red 0.5 0.8 0.1

Lower Mississipp! 1.2 0.5 0.9




Has nutrient discharge increased ?

Table 1. Average annual and spring (AprilJune) combined water
tlow, 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 Notable
“Pring T Declines
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 J|




Met N inputs, kg N /ha/yr
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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. Mitrogen mass balance and net inputs for major regions

of the Mississippi-Atchafalaya River Basin through 2005.
Source: EPA SAB 2008




Met P inputs, kg P/ha/yr
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Figure 9. Phosphorus mass balance and net inputs for major

regions of the MississipprAtchaf 'L'Illﬂl'.-'u River Basin
through 2005. Source: EPA SAB, 2008.

Voluntary actions are
also reducing the
“net” phosphorus (P)
balance in the
Mississippi River
Basin; especially In
two key upper sub-
basins.

Entire MARB
This IS a concern,
' ’My‘,,.-_i\fmﬁ however, because
| e i - Ce— .
e P soil P may be

“mined”, and may
lead to yield

reductions and lower

N 11co officiancyvu




Gulf of Mexico Hypoxia Area IPNI

Green arrows indicate years with hurricane

Square miles of hypoxia disruption of the hypoxic zone before or during

annual measurement in late July
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Fertilizer BMP Education & QOutreach
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Fertilizer Nitrogen BMPs to
Limit Losses that Contribute
to Global Warming

Table 1. Eelative eSectivepeass of management seeazsios, s2own. a5 advantaze of “Soeaaro 17 over “Soenado 17, io reducas 3 losses
aod erepzbons sas enmssions, EMectveness ratns represems sxiimate of e relathe poeasal 3 loss reducton, co-fam and
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Table 1. Relative effectiveness of management scenanos. shown as advantage of “Scenario 17 over “Scenario 27, i 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; wl]_ml_]us
volatilization | 549 FHISSION
N Source’ Fertilizer N Management Practice Leaching Runoff 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- [ T [ 1T [ T [ T
irrigation water, etc.) application)
All Sources Site-specific N management No site-specific
(variable rate and/or source) management [ W] [ W] [ W] [ W]

Legend for ratings in table:

Fatings can represent broad, mmltiple ranges (e.g. negative to positive), or a single
quartile. The rating scheme is based to some eXtent on a conservaton practice rat-
ing scheme in Table 17 in EPA SAB (2008).




Indirect effects on N0 emissions Direct
Water discharges as NOy NH. greenhouse
volatilization | 205 EMIsslon”
N Source’ Fertilizer N Management Practice Leaching Runoff N,O
Right N timing

Scenario 1 Scenario 2

AA Apphed mn the fall after soal temp below | No walting .
50 °F (10 °C) for spring-planted crops

AA AS PA Spring application, for spring planted | Fall application
U, UAN crops (e.g. corn)
AA AS PA U, Spring spht or sidedress applied, for All preplant applied

UAN, AN, PN

sprang planted crops

AA AS PA U,

UAN, AN, PN

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

All fall apphed

AA AS PA U,

UAN, AN. PN

Mitrification inhibitor used

Mone used

o)

Controlled release technology used

Mone used

JelAEL
JulaLa

N sources: AA—anhvydrous ammonia, AS=ammonium sulfate, PA—predominantly

ammonium containing, U=urea,

UAN=urea

ammoniium  nitrate

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

Legend for ratings in table:

solutions.

| | I
-75 -50 -25

Fatings can represent broad, nmltiple 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).




Indirect effects on N0 emissions Direct
Water discharges as NO; NH. greenhouse
volatilization | 5% emission®
N Source’ Fertilizer N Management Practice Leaching Runoff N,O
Right N placement
Scenario 1 Scenario 2

AS PAU UAN,

Surface broadeast

AN Subsurface incorporation I N
U, UAN Surface banded Surface broadeast I B [N ]
AS PA T Shallow sidedress band — 1 mn. (2 em) | Sidedress band deeper

UAN, AN, PN than necessary — I H I

=4m. (10 em)

U, UAN

Surface applied with urease imhibitor;
abundant erop residues

Mo inhibator

U, UAN

Surface applied with urease inhibitor;
mimimal crop residues

Mo inhibator

Legend for ratings in table:

o Lll:l.

Fatings can represent broad, mmltiple ranges (e.g. negative to positive), or a single
quartile. The rating scheme is based to some eXtent on a conservaton practice rat-
ing scheme in Table 17 in EPA SAB (2008).




SUMMARY @PNI

 Farmers and their crop advisers will
need to maintain their vigilance and
Improve their skills to achieve further gains
IN nutrient use efficiency and effectiveness.

* Progress Is being made, more Is expected,
..... good reason for optimism as
knowledge expands

 Research on improved nutrient
management, and education and outreach
can help reduce nutrient losses from fields




SUMMARY IPNI

* Increased crop yields, improved plant
genetic selection, and improved pest control
may all be contributing to the lowered net
anthropic N and net anthropic P inputs
observed In the last decade or more.

* Benefits are reflected in lower N and P
delivery to the Gulf of Mexico during the
peak spring (April-June) discharge .....

e EXxcept in epic rainfall/flood years like 1993 & 2008
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