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The challenge of 9 billion by 2050...

e Reached 7 billion on
October 31t

e Annual growth rate is
1.1% (200,000 people
per day) ... slowing
down to < 1% in 2020

Source: http://ngm.nationalgeographic.com/2011/01/seven-billion/olson-photography
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Where are the hungry?
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9 Billion Mouths to Feed?

e Food production will need to
increase by some 70% by
2050 (from 2005/07 levels, FAO)

e Few options ... more crop
land and/or more production
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The world has 13.0 billion ha land surface

Arable land and
S permanent crops
i 12%

e 1.5 billion ha for crop
production

e Arable land per person
is declining ...
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By 2050, arable land will increase about 70 million ha ... 90% of
growth in crop production globally will come from land already in

roduction (Bruinsma 2009
ProGREHon Breinsma 2207 @
Source;: FAO 2009 IPNI



Croplands of the Earth

Fraction of Gridcell Containing Cropland

Ma Cropland Al Cropland

Atlas of the Biosphere
Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Yield gaps™ show room for improvement

e Yield gaps for major
world cropping systems

range from about 20-80%
(Lobell, et al. 2009)

Modeled Experimental Max. Farmer  Average
Yield Yield Yield Farmer Yield

After Lobell et al., 2009

*Yield gap defined by some potential measure

compared to average farmer yield 7 S\
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Projected source of growth in
crop production to 2050*, percent

Arable land Increases in Yield
expansion cropping intensity increase

Sub-Saharan Africa 25 6 69

Latin America/Caribbean 30 18 52

East Asia 2 12 86

*based on 2006 FAO baseline demand projections for 34 crops grown in 108 countries

Source: Bruinsma (2009)
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Madagascar village: irrigated rice yields 1 -1.5 t/ha




JICA Project for Rice Productivity Improvement
in the Central Highlands of Madagascar

Rice yield, t/ha
5.0
2.5 I
0.0 . .
2008/09 2009/10 2010/11
Farmer Technology Package
Practice (Seed, Fertilizer, Manure)

Japan International
Cooperative Agency (JICA)
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“Without the use of N fertilizers, we could not
secure enough food for the prevailing diets of
nearly 45% of the world’s population, or
roughly 3 billion people...”

Smil, V. 2011. Nitrogen cycle and world food production. World Agriculture 2:9-13.
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How much crop yield is
attributable to fertilization?

Agronomy Journal

Volume 97

January-February 2005 Mumber

FORUM

The Contribution of Commercial Fertilizer Nutrients to Food Production

W, M. Stewart.® 3. W. Dibb, A, E. Johnston, and T. J. Smyvth

ABSTRACT

Mutrient inguly in crop production systems have come ander in-
creased soruling in recent years becsuse of the potential for environ-
miental pact from inpuis such 45 N and P, The bencfits of nutrient
impty are aften misimiced indinoussion of | ial risk, The purpisse
of this srtkche is to examioe cxisting dats snd spproximate the effects
of mutrient inputs, spedfically from commerdsd fertilizers, on crop
yield, Severl long-term sudies in the USA, England, snd the tropics,
ulamg with the results from an agrboubisrad chemical use study snd
mutrical bodgel information, were evabusied, A potal of 362 spasons
of crop production were incuded bn the long-term study evahustions.
Crops utiliced in these studies nduded corn | Zea mays L), whea
( Trivicum aestivamn L), sovbesn [Gilvelne mar (L) Merr. |, rice ({3
yau sabive 1), sod cowpes | Vigna wagmiculams (L) Walp.|. The
average pereentage of yvield attributuble to fertilizee genernlly ranged
fram sbysat 40 to 60% in the USA and England sad tended io be
mueh higher i the trogics. Recently ealoulated budgets for 5. P, and
K indicate that commercial fertiliser mokes mp the majority of nutrieni
npmts necessary to uasiakn current crop yhekds i e USAL The resulis
of ihis investigation indicete thot the commonly ciied genernbiztion
thai af least M fo 30% of crop yield i stiribotshle 10 commercial
Fertilives nutricnt inputs b & reasonsble, i mot comervative estimate,

MHIH-IN HIGH YIELD crop prodduction and its associ-
ated inputs have come under intense scruting

over the sl severnl vesre Ciweerne renrecced nfian

technology and intensified production often involve
greater need for commercial fertilizer nutrients (o avoi
nutrient depletion and ensure soil guality and crop prof
ductivity. The need for increased inputs correcily raise
Yuestions aboul associated risks. Potential risks are of
ten widely publicized while the associated benefits o
an abundant, affordable, and healthful food supply cad
be overlooked or understated. To judge any such prag
tice or system, the risks must be evaluated in compariscod
with the benefits. While misuses of agricultural fertilia)
ers have undoubtedly occurred and concerns about how
Lertilizers affect the environment have sometimes beed
overstated, the purpose of this article is not 1o addres
these ssues but to provide evidence of the impact com
mercial fertilizers have had on agricultural production)

Several attempts have previously been made 1o esti
male how much of the crop production in the LISA i
attributable 10 commercial nutrient inputs. These esti
mates uswally range [rom about 30 to 30% for majo
grain crops (Nelson, 198, Delermining these estimate
presents significant challenges, and assumptions are al
ways required regardiess of the approach taken. Ong
difficulty that arises is that crops respond differently 1«
application of a specific plant nutrient. For cxample

corn response Lo N fertilizer is much greater than thy

\
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OSU Magruder Plots: Mean = 40% U of MO Sanborn Field Plots: Mean = 62%
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Role of fertilizers in food production is well
recognized, but ...
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but, ...

iInundated with
negative press

New Jork i ©
o Dok By Environment

WORLD U5, K.Y, /REGION | BUSINESS TECHNOLOGY SCIENCE HEALTH & SPORTS

For great value airfares to Dublin, Shannon or Belfast,

Visil Discoverlreland.com

Chemicals in Farm Runoff Rattle States on the
Mississippi

S SN Wl i

RAYAAAS

AAAS.ORG Daily News

FEEDBACK HELF LIBRARIANS

CFINION

ERVIRONMENT SPACE & COSMOS

ALERTS | ACCESS RiG|

NEWS SCIENCE JOURNALS

Mews Home  SclenceMOW  sciancelnsider  Premium Content from Science  Aboul Science News

ome > News > Scencelnsider

Soience i Portal

Science [LIVE]

August 2011 > EFA Scence Advisory Board Urges Action on Nitrogen Paollution

Sciencelnsider

Breaking news and analysis from the world of science policy

Upcoming: EPA Science Advisory Board Urges Action on Nitrogen
e Pollution
by Erk Stoksiad on 19 August 2011, 6:25 PM | 4 Commenls

'ELIXIR OF YOUTH'
SPARKS CLASH OF
CROATIAN SCIENTISTS

WITH ONLY TRACE
EVIDENCE TO GO ON
EXPERTS DISCUSS
DRUGS IN THE WATER

PAMEL CALLS FOR
GOOGLE MAPS OF
HUMAN DISEASE

Editor's Note: The EPA report discusses reactive nitrogen compounds, nof the inert nifrogen gas found in the
atmosphere

The Environmental Protection Agency and other agencies should take action to cut the amount of nitrogen
pollution by 25% over the next 1 to 2 decades, according to EPA's external scientific advisers. EPA, for example,
can more tightly requlate emissions from power plants. In a report released today, the EPA's Science Advisory

E¥ il FEP ALY . ke s 2 e ol e i s amams o avene aienminin b mrale Ml opflh oo - -l - S SR L o e o, sl e e BBy R e

CAREERS BLOGS & COMMUNITIES MULTIMEDIA COLLECTIONS |
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United States USDA

Agﬂcui!:;t ” ﬁ

see Nitrogen in Agricultural
EC;;CE Systems: Implications for
Servics Conservation Policy

Economic

Em'““ Marc Ribaudo, Jorge Delgado, LeRoy Hansen, Mic

Number 127 Roberto Mosheim, and James Williamson

Soptember 2011
Abstract

IPNI
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ERS%eport Summary

Economic Research Service September 201 1 U5, Deparement of Agriculture)

This is a swmmary
of an ERS repon

Find the fuall report st
WL N . o
Pehlicarionsere I 27

ERS i b peisary source
of ecomomic research and
analyxis from the 115
Department of Agricaiiure
prewviding bmely miorma-
Eian on ecomomic and pulscy
issues relmied 10 agricullure,
food, the environmen,
md rural America

Nitrogen In Agricultural Systems:
Implications For Conservation Policy

Marc Ribaudo, Jorge Delgado, LeRoy Hansen,
Michael Livingston, Roberto Mosheim, and James Williamson

What Is the Issue?

Nitrogen is an agricultural inpat that is critical for crop production, Human-induced production|
and release of reactive nitrogen has greatly affected the Earth's natural balance of nitrogen,
contributing to changes in ecosystems, both beneficial and harmful, including increased agri-
cultural productivity in nitrogen-limited areas, ozone-induced injury 1o crops and forests, over-
enrichment of aquatic ecosystems, biodiversity losses, visibility-impairing haze, and global
climate change. Incentives for encouraging farmers to adopt improved nitrogen management
can take many forms, from purely voluntary to regulatory. Designing a cost-effective policy
requires that factors influencing femlue-r use be fully understood.  Also, an understanding of]
how farmers are likely to respond @ ives may help pﬂhwmqun assess potential
environmental tr y mitrogen’s ability to chan cycle through different

* Emission of reactive nitrogen to the environment can be reduced by matching nitrogen applhi?
cations maore closely with the needs of growing crops. This can be achieved by adopiing three
“best management practices” (BMPs);

* Rate: Applying an amount of nitrogen at a rale that accounts for all other sources of]
nitrogen, carryover from previous crops, irrigation water, and atmospheric deposits.

* Timing: Applying nitrogen as close to the tfime that the crop needs it as is practical (as
opposed to the season before the crop is planted).

* Method: Injecting or incorporating the nutrients into the soil 1o reduce runoff and losses

tor the atmosphere,

geement are needed to increase nitrogen use efficie - reduce the amount

of nitrogen availa

b anvironmentL

www.ers.usda.gov

GY('P
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International Fertilizer Industry Association
(IFA) initiative on fertilizer BMPs

e International workshop in
Brussels (2007) to define
principles of FBMPs and a
strategy for wider adoption

e Fixen ... idea of a global
framework from which
FBMPs could be adopted

tY)

International
Fertilizer Industry
.-'mionihnn

Management Practices

General Principles,
Strategy for their Adoption and
Voluntary Initiatives vs Regulations

\
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A Global Framework for Fertilizer BMPs

conce pt developed into a g lobal RS
framework for nutrient stewardship |
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The Global “4R" Nutrient
Stewardship Framework

Developing Fertilizer Best Management
Practices for Defivering Econornic, Social
and Environmental Benefits

Paper drafied by the IFA Task Force an
Fertlizer Best Managament Practices

IntsrrsianalF sz |ndurtsy Axscoirtion (F&)- 20, s Marb st - 75000 Pars - Trarcs
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4R Nutrient Stewardship

CROPPING SYSTEM OBJECTIVES

Healthy environment

Source Rate

Time Place

Productivity Durability

Profitability




http://www.nutrientstewardship.com

- P ABOUT CALENDAR FUNDING PARTNERS CONTACT
! IMPLEMENT THE 4R35 || 4R TRAINING

nutrient
stewardship

Sign Up to Receive E-Mails with the

THE RIGHT TIME ror o7 i ks
NUTRIENT STEWARDSHIP
s RIGHT NOW.

IMPROVE YOUR BOTTOM LINE AND THE
ENVIRONMENT WITH 4R NUTRIENT STEWARDSHIP.

Today’s farmers live in a world whera

e:wirffmnﬂnial concems and increased e e ‘
e 5 i BOUT THE 4R

food demand creaie challenges never seen A TH S |

before. Meet those challenges with 4R

Nulr!r:.lnt .::-lewardshlp by chu:uusrng the Right START BUILDING

MNutrient Source 1o apply at the Right Rate o= —_— "
; i i g YOUR 4R PLAN Titrae

in the Right Place at the Right Time | | ki

WHEN YOU PRACTICE PROPER NUTRIENT

Thompson

|

I

MANAGEMENT YOU WILL: |
& |ncrease crop production & improve profitability i
e - ot ; e “We've learned a lot about  “The decisions farmers “It saves us money and we |

~ Minimize nutrient loss & maintain soil fertility paying more attention to ~ make everyday are ones  can do a better job for |

- : . detail for planting dates that ensure a safe food less,” — Raymond Vincenl |

& Ensure sustainable agriculture for generations to come and times.* — Aaron supply.” — Mike Twining l




4Rs provide a voluntary option to address
nutrient related regulatory issues

e Endorsed by: NRCS, AAPFCO, CTIC, and AFBF

e Implemented within Alberta’s N,O reduction protocol
(NERP) and are under consideration in other
provinces

— a proposed system to reward producers for adoption of
sustainable practices reducing N,O emissions per unit of
production

.®F‘Hl



... to explain the concept of
4R Nutrient Stewardship
and to outline the scientific

principles that define the
four “rights”.

%IF‘NI



The manual incorporates the scientific principles behind
each of the Rs with supporting practices.

4 PLANT
NUTRITION

Includes:

4 adoption of practices on the
farm

4 approaches for nutrient
management planning

\/measuring sustainability
performance.

v/ case studies illustrating
various applications of 4Rs

)
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For example ...

Chapte: ..'-

SCIENTIFIC PRINCIPLES SUPPORTING - RIGHT TIME

e come scientilie princijples that defime might e o a
spevilie set of comditions siv e foliowing

L .f.l.ﬂs'h'nil.;nf pant wpiake, Feouloes mstrnenis
whicaile] | amqnl 1o maleh thr srasemal T nslrer
demand, which depends om planting date, plant growth
characberstics, semmtivity 1o deficenicies ab panscalar
growth stagrs, cic

# Assess dynamics of sodl suirient supply. Mol
weativan ol sl organic matter supplies a large quantity of
e peibrienis, bt if the |c1u'- |1HALr v i s
wheasr, clehrirmoes may limit produeovine

+ Recogmire dymamics of soil nutrient loss. o
g, i bemperate regions, kaching lomes tend o be
ke [reggisent in the spring arl fall

4R PLANT NUTRITION

* Evaluste logistics of field aperations. For cunnple
|1|u|u|s&-‘|:‘|ln A ol et @Ay OF e el oofig-
bame wath thnee of crop protection prochsco, Nutrient ape
plications shosld not delay time-senative operations such

o plagitinag
5.1 Assessing timing of plant uptake

Assesning crog aptake dynamics and patierns can be an
mapoitant compenenl i determining appropriole Sming of
musireent application. The upeake of mogor nsbriends and iy
maattes acrumlatinn patenas are sl lor most coops and
unslly Fallow & sigmend or %7 shaped curve [Figurs 5.1)
s v chasrtemeed by rmather by rarky uptalr, mevrase o
& maasamman disng the i..lul wroilhy Illu\r arul el lpar an
thee cvop mmatuevs, Raie of plant sutrient agtabe is ths ot




Review questions ...

commbstrnt throughout the seasony, Applications timed and
targeted ag e ilie growih stages may be beneficial (0 coop
yiekl amd/ar apuality in soms prodhiction systerms B some
wutrients, incst potaldy N Tinsed aned tageted apphications
may ke be beneficml io revhies emammmenial immpacts ol
tmrient Joss Erom soil

Ml |-s.|1||||lr-| of tEming fervilieer .n|f||iutu-m Lol oy
stage of crop growth can be gven, but ondv s frw will be
ollfered here

# N and K application to cotton. The majonry of
eathi W amal K im ootton prodoction ae iaken up afier the
appeearance of st Bower, or e onset ol the reprodisc-
trve phiase, 1o invpontant 1o make sare tha adequele
aimoisiis of (these manents wee svaikable when demand
s highest In some circumetances Bdiar apglication of
N and even K starting ai forst flower can e colbony
vickl and/or qsaliny

+ N application to small grains such as wheat.
Mot whe st pocomamenadasisons call for scene N Ap.ph'ed ait
planting, with the majority topeliess applied Ine leefore
jointing, By the time whieat begins hesding laver in the
season the majority ol X has been taken up, ond o’ good
N managomenl praciioes wore nol previossly used, then
vield will suffer, Altbough yield has been desermined 1y
the headling stage, litr seasan apphication of N durng
this stagr m smne wheal prothiction sysiems can mercas
gram prodesn Tt many be beneficial where o premsam
It |qh| [ F:nm-in Clape shiould be taken in these lage
weiison applicathons 1o soid demage that might impact
graim Al &g Bag lead aom .

# Fruit trees. Frubl tree are perenaiial plants whose
charartericties of wetrent uptake and dialaition s
different frosms maoat hield T A posne] :-:mm]slr i grape
plansts that hurer thiree distine stages for marient aptake
the pericd betwesn sproating‘enrly foliage growth and
e 4 losod S Tt dwrlupmrlu_ the = rioid beoween early
Truit developreent and frult expansion, and dw perod
after fnat expansaomn up o ool matanhy:

& Sewmi inl tropical crops. For cmps such as
ol ilih o heanana thet have contimeoas harvest, Ui
righit tkming will deepenel montly on weather patterns and
opportunaty for application. It is Bnportant sonethebes,
0y take o pecount anticipated peaks of productivity, for
instance wheen raing start after o diy persod.

Ameother consideration For dming i crop sensithvity 1o specifis
nutnend deficiencirs, olien reliied 1o il conditions. Some
CTOE AT ORE [t io certain defichescies tuan sthers,
thevefors susceplible craps may require specific Fenilizer
1ppl.|.u|.1nr| Tming,

AR PLANT RUTRITION

Ca for peani. Pramuts ame especially semitive b Ca
deliciency. High bivels of svailabide Ca are necded in ihe
sl zone where peamits are developag, and s pre-
Townm aprplications of solabde Ca materials e caloimm
wullate or calehim niirate are sonstimaes made 10 peanoes

Ma for soybean. Farly scason foliar applestions of
manganese Mno are ofien made 1w snlsean inoarcas when
deticency TYTIARLCHIE apFpear on the pLull Ay

Questions | ?

1. The 4Rs of fertlizer management are
a independeni
b inlerdependent

2 Which of the following is important when consd-
ering right time of nutrient application”
a. Emsronmental consecpacnars
b, Prosduct colar

3. Where N i [all-applied, an important conside
athan in ol bemperanine "irdn*nqﬂmunmwl-d
consistently be below __ *F ™) befure apphang N
i the Eall,
a. 50 (L0,
b &0 (15.6]

4, Which of the following forms of N shoald be
avuided for fall (over winter) applications”
a. Ammaonium,
b, Nitrane.
e Uren
. Amenonia

5. Nutrien devnand b net consistent throughiout the
wemmnn, amid arcurebstion Fdlﬂlﬂlwlllqﬂ"




Learning modules
with supporting
data ...

Madule 5.2-1 High sall test levals aliow fexibility in timing of P pnd K application, The Mansas
State University (KSL) soil Lesting laborsiony makes fetiiiner recommendations based on the sufficiency
SpRroach of this build-mas P vt nastrient i Tree cuslomer chooses which of
thess approaches best fita their operation. The goal of the sufficiency appeoach is io apgaly just encugh P
and/or W 1o masimize proftabany in the year of spplication, but minimi nuinent applcations and ferts
izor costs. The objective of buld-mainterance fertlty programs is 1o menoge P and/ar K soil hest levels
B conirollable veriabies. Al low sod tes! walues, recommendations ané intended 1o apply enough P and,
or K 10 Doth meet The nutnenl noeds of the immediate crop and to husd soil test levels to & nor-limiting
valug, nbove the critical leval, KSU faculty penerated soms cassic information and hgises an ielabonships
Benang 50l e level, crop yheld, and fertizer recommendations. The generalized relationship in the fok
loweng graph shows how B scil test level increases fewobility in iming alsc increases, and the risk of inpul
(Fertiizar] limiting crop yiekd & reduced. Source: Ladam, OUF, o al 2003, Botter Crops with Plant Food.,
Wel. BT, No. 3. p. B-10.

Highe| _ ——
e sk ol lwel == o - u-H"“""""":rl
ingtmment of St Rl il gl
input sot besng e Wmiting erap
pradshle .~ - i
\ e b r
] b
Fd b
¥
F ik maimanssce N
F i farnidy pragrams LY
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Modube 5.3-1 Spring Wi ] y and profit fos comn in southern Minnesols. A

long-erm LS, Corn Boll study conducted in Wesecs, MN compased fall nppiication of smmonia with and
WMWL& nitNfcation mhibilor (N-Serve, o Atrapynn} o spring preplant application without the mitrification
mhibitor, The table tedow shows the result of this 15-year study. In short, the dasa show that applications
of W {2 ammonia) m the kxte fall with the nitrdication inhibitor and speing prepfant wene best monage-
ment practices. However, i should be notad that when speing condiions were wel the spring spplication
resuilted in substantially greater yeeld snd profit than tall+N-Serve, Overall, the inost reshey Siming opton was
pting preplant, followed by fall+M-Senva. with 158 {no inhibiitee) being the most fky and loast afficent,
Thus, H applicaton for maie shoukd be avoided in Breas with warm/apen winters. and whore & is aapeopri-
ate & sheuld bo delayed untl sol temperatisre & below 10°C [50°F) and sxpeciod 10 continue cooling 5o as
o slow nitrification in the fall and avold increased narate leaching ana/or denirification. Use of a nitrifice-
tion inhibdce can hedp Turther delay nitrificatson, But even with an inhibitor, fall application, whare spprc-
i, should b delsyed until so| emperature cools. Bownce: Randall, G. 2008. inProc, 20tn Annual
Integratnd Crop Manag, Cond., Dec. 10-11. lowa Stie Univ, Ares. p. 225-235.

‘maen were 10672001 Time of N Application
Parsmoter Faill Fall + N-Serve | Spring
| 1517 Avg. Vi b A) | e 183 | 156
| 151 Aug Ecanamic retum avar fall N 18/4/y)* = 12 8
157 Awg. FW NG Conc. (mg/L) 14.1 122 | 12
T A Yiod (bufAy g 1m 146 158
| 741 Avg. Economic retum over Tall N (8/A/y)" . s52 S8 |
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Applying 4Rs ...

ADAPTING PRACTICES TO THE WHOLE FARM
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el prohahibiy of mecting mar
cropy

eoostmic, socal, anel remvioame

Lt

i ahjectives for the

systems ol specific ¥ ewiee broadhy, the
| pvsals o wiastasmnlade
development. Each of the resuliing best pracices should

| wopaastepild with the gamen Epden o all fear “wghvis™. Lisial

comditions can mflwenor the decison on practce selection,

raghi vigs b ansl [nchuding the day of |u15.Ir1u-: s

Mutricnt mhanagrmsend practees are abvays nested mocrops
i 1t amwl mtr

= swch & Hlilage, drsnage, colivar slection, Fic. can

avsiems withan which olher managr

¥ as proetic viekd pale il weeds, insects, diseases
myeorrhaeae, sl textige anel s

dralnage, commiacs

) dw] sodar radiation

4R PLANT NUTHITION

atly imllsenee the elfectivemes of o speeific practier. Facs

Bess poractioes are dymamie snd evebve o scienee and toche

oy ex) ¢ uhderstanding and oppeonuinites, amd
practical expaerience irashes the astuo odserver what does o
dioes it work under sperilic kecal condisons I'Iu.n,.||.|:|.l

Barwan wioke i 1985

" Rewatcl performed ow ey o sl e poaieiimml o
] e, Flowvers, By

divetly bo mry farma’s fiokds Sau

parrhers aw T dv a1 eviremly 1o

do sl macrzaandy
fusry Frvrirmatin
[rEMEFS Y W
farissr sun

e factor

Thenugh thr berm dicl mot vt exist, these agromomsts wens
cescribang adapine nuAnent management

foeh

feg

i

IPNI



) Case study 7.2:1 Selocting N Rates for Com Bassd on & Lecal Study. An example of acaptive N manage-

Ca se St u d ies sk omt N T 1, RSO i gt (ARl 00 ' e S
(XX ] miEnts upon The N rabes recomimended by 1 universty in his stale. The Ggronomist had slmady established a

Hg-specific Management Program in whith 65l fypot wora used ac the basm for Craann g Manags M 20MBE
within fields. Phosphorus, K, and lima were vened Bcross thess 2ones aa theis indridual needs dictated. How.

wvor, N wae siil being applied a1 one uniform rofe across the felid, and The university did rot provide guldance
Tt site-specific applications.

T ghtgrrning what difforonces, if any, should be made t the recommanded M rates for the twe prederminant
=0l 1ypes in Fas Gena, the sgronomest conducisd & B-yr. atudy that examined maize respomss 10 various N rales
Tt thee b 0dl types: & Fincastle s loam ard a Cyclons silt loam. Nitrogen isles were ssiscted i enoampass
local farmer managemand practces as well B2 uniernsity recommendasons, The shudy was designed 5o that
mia e Shwind foflowed siyDean, reflectng local cropping practices.

The Figure shows the 447, sverage reaults (s ciought year excluded), indicated that the Cyclons silt lsam,

which was highes in organic matter, had an ecancenically opimurm B rats (EOMR) 35 ki/ha lower than that
recommensdad by the unnereity. The Finaaste Sift loam, which was iwer n organa matier, still nesded the
Tuly recommended rate (235 kg N/ha) Thees reculis wers countar 1o the opinion neld by the tarmers in the
aroa that tho Cyclong scd, bechusi it was mane productive, should recoive more, Rol bess, K. Resutts from this
mpetEment wehe USed 10 oreale e reCOmmendations fof he Cyclone sl and craaled the scemtific bass o
e agroncemisl 0 Degin a new site-specilic N program that vaned N rale scoonsng 1o sof ypes within the fakd,
Sowrce: Wumed, T.5, 2004, p, 155-185, In &R, Mosior ot aL (eos.) Agrculture Bnd the nitmgen cyle: Assesting
the impacis of fertiiper wse on feed production and The ervirenmint. Scope 5. islnnd Presa. Washington, DC.
p.155-185.

]
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4Rs for nutrient

management
plans ...

Chapter (Y

NUTRIENT MANAGEMENT PLANNING AND ACCOUNTABILITY

Munaging plam nubrigion acconding 1o principles of R
Mutrient Stewardship mebides scoountabibty for full s
on wsalnabeling: eeotoimbc, ermtrommental and socal. The
chaptey discusses aivil companes approaches dsed e naugrient
muinapeimenl platig and measunng sustanahibiv peror
LT

9.1 Nutrent Managemen! PMlans

In maimy peginns where (e mtemsity of livestock amd posaliry
producteon has resudied m o natrent surphsses (where more
mirients are excreted in mamare than are @ken op by orops
m the elds |, bormal tmirend mansgement Fd.:r:u detailing all
aspects of nutrient applications have heen made mandaton
While same regions have achibeved gooad complianes, lmdts-
wom 1o s approsch mchide s oncrous amount of work
meeemibde the decaibed mformatkon required, Lok of Texdbiliey
I meaking changes o respond 1o weather, markets aned otler
dhvimike aite-specific foetors, aml ek of coniection o the
Lerm lusbness plan and U gooks i entaib,

An agpropriate suinent management plan should serve o
purpses. Fint, o showld track sned recoee ol o
menl practices qlpl.lrd relevant io pl-nl mritean as pert of
the Mi.-plm mianagement ol This dormatiog I perimar-
i for ibe benedi of the manaper amil advisers, lor use
miskang decismm
prisacties ovele,

LiFLigEr—

[eactioes o i apd o revise foe the nex

e iliseumseed in Chapters 2 and 7. Second

&R FLANT NUTRITION

et mssnagonsend plans seed o ik performance. the
wutcons of implementing 4 sl of practices

Peaplde ave increasingly asking for inlonmation on perfor
e amal il impaovemenl over Bme s moressnghy sought
Ly stakehobders. Paschasers of 2 crop product want to know
Its prvirommental footprict Tased on wholessystem perfos
manee. For example, larpe food indissry corporations are
[rr parmg o Lk glodusl imitisiives s [ sigstainalile
agriculure, in I'rl'|| husinesses pot an eoon vadhsr on ihe
enviromeyenial and socal imgacs of teeir supply chaine

[ e mich mksiive forises om

P manapreent, Sl @ wrle mengy ad amre,
i dvell s firm povabectieviy, periereniion of sl ferility anel
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9.2 4R Nutrient Stewnrdship Plans

I'he process of seitmg sustainahility gealks dhould inchaile
selectng sperific pr rleamange tarpei= Perfoinance i ia—
sl throaph messupes sl indicaioes related 1 econ o,
emarnaental and soctal osiscomdes. 1 pelaies 1o @l catoaimes
considered imponiant 1o stakehobders be. firmers, agribiesi-
tees, comsaners, and the general pulsi
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Example worksheets ...

5.7 Exampie 4R Plan Worksheal

Autached below B an cxample b of o worksheet that could be weed by & coog consultant of crop advisor 16 h:-lp a farmer develop a
BT W .4|||-||1|'| |-h|| fisr @ fickd

 Enterprise Nome | Taile —
Contact Infs tinm Farmer ]
Contwct Information | Certifie Crap Adviser, oe Consmlting Agromomist i
e T — e —rre —
o, crops grows, vesiook aned pouliry, ar-farm matrien
wonres (e, mimurer, ooty oo ofber organi
iy,
Sustainabifiry Goats—und ndscasies related 10 nitrients
 ioals Performance Indieatoris) relased 1o
- Ecomomic |
i T =
. il ]
b o — 1
I T |
. —
| Field or | Lane Name ar Number . -
Le GPFS or M
| Area {slee)
La and Sall Charscteristics |
Soil Characteristics Extractable Nutrients
| Organic Matier 4 | En | }
Textire K M 1
%I:C (.'ml Chhar I
L] I .. SE—|
Previom Crop ]
R .
| Specifie Crop's (for this planning cveni) |
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4Rs are Needed to Feed a Hungry World
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e Developing world — 4Rs will increase crops

e Developed world — 4Rs good for the environment
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