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*Nitrogen is one of the most dynamics and mobile elements. It
IS also susceptible to losses via several pathways.

*With average worldwide recoveries of 50%, we need to
continue developing tools that can help us improve the
management of N.

Develop nutrient management systems that minimize the loss
of nutrients to ground and surface water while maintaining a
profitable agricultural economy.
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Ammonia emission from fertilizer

NH emission from synthetic fertilizer use
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Selected Cooperators - Locations

Location of Spain (Valencia Study sites) and Argentina (Study Sites), (Lavado et al, 2010).



Selected Cooperators - Locations
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Figure 5. Spatial distribution of the nitrate content in the groundwater of Spain
(Varela, 1991).



Selected Cooperators - Locations
The Region of La

! Laguna,
~in the States of Coahuila and
.. Durango, Mexico

11 Torreon

12 Matamoros
13 San Pedro

14 Fco.l. Madero
15 Viesca

Coahuila

Gomez Palacio
Lerdo
Tlahualilo
Mapimi

San Pedro del G.
San Luis del C.
Rodeo

Nazas

Simén Bolivar
10 San Juan de Gpe.

Dairy cattle in México: 2.2 million

W~ aWwWN =

Dairy cattle in La Laguna: 0.44 million
Average herd size: 1,300 cows
Manure production: 7.5 million of ton/year (as excreted)

0.925 million of ton/year (dry matter)




Selected Cooperators - Locations
Gross N Balance in Dairy Farms at La Laguna

13,800 ton
of volatilized N

32,200 ton N
- incorporated into the
soil

25,000 ton N
susceptible
to being lost

7,200 ton N
extracted by forage
crops

Figueroa et al., 2009



Average Nitrate Concentration of
Ground Water ~ *

mg L

Martinez et al., 2006. Agrofaz 6:379-386



IN THE NEWS

" Runoff from potato farms blamed for fish kills on Canadian island
Kathy Birt

Journal of Soil and Water
Conservation

2007
Volume 6: November-December

Page 136 A

Gerald MacDougall, manager of forest, fish and
wildlife for the Prince Edward Island Department
of Environment, cleans up dead fish from a
recent Dunk River fish kill.
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Hundreds of dead fish surface in Tamarac country club's waterways

spected in deaths of scores of fish in Tamarac

By Joel Marino Staff Writer ' L
Tuly.28,:2008 Residents confused, worried about dead fish 02:00 |

Residents confused, worried about dead fish 02:00

O

SMELLY SITUATION

South Florida Sun-Sentinel

SunSentinel.com
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NEBRASKA GROUND WATERS AND SEVERAL FACTORS "

Independent Variable r value

. Overlying soil clay content -0.49**
. Irrigation well density 0.43**
. Total fertilizer use 0.28**
. Irrigation well dept -0.28**
. Water pH -0.23**
. Cattle density 0.18*

. Human density 0.06

Individual well water nitrate level related site
characteristics 1, 4, and 5 above and to average county
wide statistics for characteristics 2, 3, 6, and 7.

Water sampled from 480 wells, 1971-1972.

Follett, ARS )




Nitrogen consumption
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NH, emissions and NH,* In air and
precipitation (1995-1998)

1995 - 1998 Average Ammonium Concentrations in Air (pg/m® ) 1995 - 1998 Average Ammonium P-W Mean Concentrations ( mg/L )

North American Grid, Prepared by CEPS

Lemunyon, NRCS



W.J. Mitsch, JW. Day Jr. / Ecological Engineering 26 (2006) 55-69 57

0 S00
Emyge—g—eaaey

Kilometers

Mississippi-Ohio-Missouri River Basin

0 Major nitrate sources in MOM
= General extent of hypoxia in Gulf of Mexico
~— Mississippi River Basin boundary

Fig. 1. Mississippi—Ohio—Missour: (MOM) River Basin in the United States, showing location and general extent of Gulf of Mexico hypoxia in
Louisiana coastline and location of high nitrogen loadings in the basin (=1000 kg N km~2 yr—!) (nitrogen loading source location from Goolsby
etal. 1999).



N loss pathways




Nitrogen Management of Agricultural Systems

How do we manage nitrogen in order to
Increase Nitrogen use efficiencies and
reduce nitrogen loss to the environment?



How is NO,; Leached from the Soil?
How Can NO, Leaching be Minimized?

How is N,O Produced in the Soil?
How Can N,O Emissions be minimized?

(itrification
NItFIfICBJEIOﬂ /
NH,* ~NF,OH ™ [HNO}.

Main Controls [X] *
Substrate
Oxygen
Water
Temperature

NO,"

P

N, °
Main Controls
Substrate, available carbon, O, (water & O, demand), T

NO,



Effect of N fertilizer on N,O and CH, uptake

Native grassland
Fertilized grassland

Irrigated wheat
Urea
Control

Irrigated Corn (Maize)
Urea

Control

g N,O-N ha! d

0.3
0.6

6.0
2.0

16.5
1.1

itTitn

g CH,~C ha d-2
6.3

4.1 -

0.9

0.8

0.6
0.6

—

Mosier et al. 1991, 1995, 1996



Effect of N fertilizer and NI on N,O

Irrigated Corn (Maize)

Irrigated wheat

Urea

Urea + nitrapyrin

Urea + ECC

Control

Urea
Urea + ECC
Urea + DCD

Control

g N,O-N ha'!

1651
980

483

108

929
509
437
440

Mosier et al. 1991, 1995, 1996



NITROUS OXIDE

N20 FLUX (g N/ ha d)

DAYS AFTER PLANTING

.- -

Delgado and Mosier 1996, J. Environmental Quality
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Figure 13. Effect of N fertilizer rate applications on yield and N uptake by irrigated corn (Adapted from Bock and Hergert, 1991).
Potential N available to leach (NAL) assuming major pathway for losses is leaching. The NAL was estimated as NAL = N applied —= N

Delgado 2004

N fertilizer rate (Ib N/acre)

_ o Nuptake _w NAL



Fertilizer

Irrigation

Figure 5. Essential components of NO,-N leaching index (NLI) (From Shaffer and Delgado, 2002).




Effect of winter cover rye on potential soil

Residual soil NO3-N (RSN) for Potato - Small g f
erosion in fine and coarse sandy loams

Grain cropping sequence

Fallow Winter cover crom\

Fallow 2

Fallowa

Soil Erosion Mg/ha

RSN (kg NO3-Nha)

Coarse Sandy loam

Potato

Growing Season for a lettuce-winter cover rye
cropping sequence and residual soil NO3-N
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Figure 3. Mean Nitrous Oxide (N,O) and nitrate leaching (NO;-N) from a 10 year site specific simulation of

a dryland wheat — fallow rotation in Colorado (wheat); corn-corn rotation in Ohio (corn) and a corn-soybean

rotation in Ohio (soy). The simulated scenarios were: 1) aboveground crop residue kept in the field (residue

retained); 2) removing aboveground crop residue (residue removed); and 3) aboveground crop residue kept in
the field but removal of a similar amount of N from the fertilizer input (residue retained, decrease fertilizer).

Delgado et al. 2010 J. Nutrient Cycling




3 Mean N,O Emissio

O residue retained

2 B resdiue retained,
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removed
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Figure 3. Mean Nitrous Oxide (N,O) from a 10 year site specific simulation of a dryland wheat — fallow rotation in
Colorado (wheat); corn-corn rotation in Ohio (corn) and a corn-soybean rotation in Ohio (soy). The simulated scenarios
were: 1) aboveground crop residue kept in the field (residue retained); 2) removing aboveground crop residue (residue
removed); and 3) aboveground crop residue kept in the field but removal of a similar amount of N from the fertilizer input

(residue retained, decrease fertilizer). Delgado et al. 2010 J. Nutrient Cycling



Table 2. 15N applications, recoveries and losses in irrigated
cover crop studies.

Location Crop N osource Apphed "N | Soil recovery || Plant recovery
(kg N ha™")
Colorado Wheat* Fertilizer 05 27 47 26
Potato”  Wheat residue 37 74 7 | 4
Colorado Wheat" Fertilizer 05 23 49 26
Potato”  Wheat residue 41 T4 6 15
Colorado Barley® Fertilizer 95 28 40 32
Potato” Barley residue 33 b 13 | 8

Washington Mustard Fertihzer 26 24 F 42

|

Delgado et al. 2010 J. Nutrient Cycling

Average




Canola 233 b

Fallow 274 b {a—

Sorghum sudan-HS 308 ab
W-Mustard 225 b

Sorghum-sudan 390 a -
Sorghum-sudan-hay 386 a

Delgado et al. 2007 J. Soil and Water Conservation



New Nitrogen Index

Mexico, Spain, Ecuador,
Bolivia, California,
Caribbean, .....

Delgado et al., 2008. Ecol. Eng. 32:108-120



¢ Team Efforts
Across Nations —
Case Scenarios

Ecuador
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The Soil-and Water Conservation Society invited the authors to

review of conservation-practices and their potential
for climate change mitigation and adaptfﬁﬁnr\ .

¥

Photo USDA
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G7U1d Conservation pracftices to mitigate and
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lorge A_ Delgado, Peter M. Groffman, Mark A Mearing. Tom Goddard, Don Reicosky, Rattan Lal,
Hewell k. Kitchen, Charles W. Rice. Dan Towery, and Paul Salon

limate change, in combination with
the expanding bmwman populiton,
presenis 2 formuidable food seoa-
rity challange: howe il we foed 2 world
popularion thar is expected to prow by
am addidomnal 3.4 billion people by 20507
Fopulidon growth and the dynamics of
chimate champe will abo exacerbate other
izmes, mach as desertiication, deforestation,
erosion, degradation of water quality, and
depletion of wab=r resources, farther com-
pEcating the challenpe of food secumitn
Thee factor, together with the fact that
smersy prices moay imcrease in the forme,
wrhich will increace the cost of agricabmral
Izpuars, sack s fartilizer amd fMed, make the
fizinre of food sacarity 2 major conceTn.
Addidonalhy &t bas been reported that
chrats change can ncreass potential sro-
DZon rates, whick cam lower apricalmral
prodactvity by 108 o 20% (oo mooos
in exireme cases). Clomate changs could
T tepaperatares amd
srapotmmepiration and lower precipitadon
acrosr somae megioms. Thic will add addi-
tonal pressume to drowr imTigatiom waber
from: some albready oversxplodted agmifers,
where the rate of water recharpe = lower
than the withdrawnal rates. Thess and other
water imaes exacerbated by cEnmate change
present a sexious concern becanse, on over-
age, oripated system yields are fequendsy

contribute o

Jorgs A Dalgade is o soil sciontist af tha USDA.

Swdies, Milbevsl, Mew York Sark A Nesring
IS & Fitaiieh agricullaral angines & the LISDA
Agriculiural Research Service. Tuscon, Asizoaa.
Toi Gaddanl B & saior poboy evisor &t the
Geavamaant of Albarta, Cindda Dos Releoaly
IS & TedTis Soil S e RTET 6 hi LISDA Agrioaliim]
Rugadrch Sarvices, Mamis, Minnesta. Rettas Lal
is a professor in the School of Eavirenmant &
Fatunal Rissurces ot the Obio Stabe Usdearsity,
Coliibiis, Obiy. Mewsll R. MObehis i3 & o0l
seienlict o the US0DA Agriculeral Ressssch
Sarvice, Columbia, Missourl Charles W Bes is
i prolesser of 2od micreldoligny ab Kaases Staia
Unirarsity, Manbaiten, Kissss Dan Tewery
B thi cwael of Ag CoRdirwilid Solutiond,
Latwyeite, indians. Peul Salen ks & membar of the
SWCS, Haw York Chapher.
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doubls those of nomirmigated sysbems.
The yields of poairigabed systems oouald
abo potentially be reduced dae to these
stresses. Simce there iz 2 dirscr relatdon-
ship berween soil amd water conservadon
practices znd podinrginins and/or increas-
imp productvity, the research suzpests dhar
without the applicadon of the best od and
wabeT conservation practicss, it will not be
possbls to maintein the prodactrity levels
that are needed to feed the addidonal bil-
Homs of peopls the world s expecied o
barve by 2050. A soumd scientific approach
thar applies comcapes in agronony;, sof sci-
ence, and conservaton wrill be nsedad oo
puintaim sustaingble and productee agri-
cultaral systems for stable food secarior

With 5o puny hrge populaton centers
of millions of propls who nesd a steady
supphy of food, a supply that comes Som
agriculmaral Selds, mches, and other agro-
ecosystems  that could SgndfScandy be
impacted by climare changs it i
img imcreasinghly accepted that syseemis
aroumd the globe will need to apply bagc
principle: of comservaton agmicultume to
madntainincrease agriculmral prodacoy-
ity Fluogh Hamamond Beanett, who has
been called “the father of s0dl conserva-
ton,” omce said, “From every conceivable
angle—economic, socil, culinzzl, pablic
healih, matomal defeose—conseradon
of mamral resources is an objectve om
which all shonld agres™ [USDA MNRCS
n.d ) Banmerts contributions wers part of
a larzer effort to develop 2 scientifically
sound comservadon sysem, i syshemn dhac
todzy conld serve 2z 2 Famework not coly
for climmate chamge mitdpation bt also for
climare change adaptation.

This doconzent is an overview of tee sci-
ence on conservadon pracrices thar couald
porentialhr be used to mridgace md adape
to climaare champe. Following is 2 Koo char
sumnmarizes some basic primciples based
ocn a review of pesr-reviewed sciemtfic
pablications. We recommend that these
primciples be considersd, discamed, and
even modified 25 new Endings are broaght
to Lght that cam be wsed to imapoove
conservation. hesting: of profesional sci-

becom-

PRCOF = MOT FOR DISTRIBUTION = FAGE #2 HOT FIMAL

eniific societes provide opportumities for
scientists, conservaton prictifioners, con-
sulizmis, Brmers, and the genersl pablc o
per topether to share ideas amd could be
preat formme for discwsting the principles
surerearized in this docmmene.

This peview of current science stronghy
szpests that the ftare of the planet’s food
security will depend oo bow water and
sodl resomrces ars manaped todsy and im
the fature These challenges can be paet by
maimiring seil and wabsr conservation
to develop sastamable systems essendial to
miitizate climare change and adape to it

tewr ofthe sciembific,
peer-reviewed Hieratare, we haee ident-
Bed the following major wodd challempes
related to soil and water conservation:
= Climate chamge is cocosring, and the
implementation of sound consarvaton
practices will be k= for sach coun-
oy’ health, social srabiling and secarig
There are 2 borpe number of pesr-
reviewed pubbcadons that report om
the efects of 2 chanping chmate The
potental mle of conservaton prac-
tices im comtibatng to food ssoazoy
&5 shown in Eruee 1, which illnstrates
the pelationchip climate
changs, sodl amd water resources, amd
Eood secaricy
* Extepe weather svemts are creating
eoviponmental problems, accelematng
the rate of ercciom, and threatening
apricultural productdon mesded for
food security. Imcreases in erosiom
mates dae to dimate chanee will p=ul
m lower productvity  Addtonalky,
Huogh Himmond Benmert smgpested
thar withour conservaton of nam-
mal resources, envinoomeneal problems
such 2z accelerated erosiom  could
megatively mpact soctety and threaten
mationsl seoanty (UFE0A NBRCS nd ).
= Populkibon growth and the develop-
ment of new, STonger ecomomies, such
as those of China and India are increas-

ing the demand for world r=ources By

between

HHIEKAL OF S00L AMD WATER [OMSERVETION

2030, the world population = expected
v 14 billion peopls, and
as the ecomomvies of coumtries with
brpe populations mprove, sven mome
pre=zare will be put oo the wordds
apricaliumal  sysbemxs. This increased
depuand for reourcss coupled with
cimate chamge could threaren the
potentizl to achieve food secarirty:

v world agroecoryseames char rely on
sigmificant ammowmnts of DTiZiton wAter
arz being threatened becamse water
mesources are being depleted, a resal
of water asz excesding water storaze
mplacsmeent. Since frmigated sysiemas
bave, on avemage, double the yisld of
nondrrigated  systepas, the depledon
amd sabmirnden of these key word
resources results im additional presare
to Increace sericulmral producdvity
Dhae to antdcpated impacts foms chi-
mate change, deforestaton, erocdom,
depletion of water resourees, and other
eovironmuental problemss, a5 wedl as
potentially bigher fizel poices, which
could impact agriculbarl inpats, food
will increasingly become
2 concern in the coming decades
Thiz could becomis an svem greater
comcers if extperse svends, sach oas
droaghts or Hoods, or even exoemme
pest or disease owtbreaks (=gz., bEght,
a potato disesse that contmbuted to
the mfamons potate Goeine i Ielad)
bepin to occur om systemos that ame
already stessed.

o Increase

SECUTity

CHANGE MIT
From condnctng a review of the scienfific,
pecr-reviewed Breraturs, we haee identi-
f=d primciples for (1) comprenicadon of
s0il and water conservation proprams, (2)
soil and water conssrmtion practioss, and
(3) development of mew science and tach-
nologies. These principles, which can be
applied o climate chonee midpation and
adapration, are Hrted below:
Primcipler for Commumication of Soil
arnd Water Conserration Drograms
= Develop Coparamyication that
Comnects Sdence to Land Managers,
Better compuunication with frmers
and fareners” groups is key to mncreasing

HIIEHAL OF SCHL AMD WATER [OMSERVATION

Figure 1

There is a close relationship beteeen cimate change, Emited global water and seil
resources, population growth, and food security. As climate change impacts the
world's =oil and water resources, it threatens to negatively impact food production
(ie., decrease food production and for food production potential). As the climate
chamges, consenation practices have the potential to help us achieve maximum swes-
tainable levels of food production, which will be essential to efforts to feed the wordd's
growing population. Good policies/ practices for air, soil, and water conservation will
confribute to posilive impacts on air, scil, and water quality; soil productivity. and
efforts towards achieving and)/or maintsining food security. These good polici
tices will contribute to climate change mitigation and adaptation. Poor polic
tices for air, =oil, and water conservation {or a lack of policies/practices) will contribute
to niegative impacts on air, soil, and water guality; soil productivity; and efforts toward
achieving and/or maintaining food security.
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important for developing conservaton
Tafdon prograns. programs that will comdribmte to chi-

= Dievelop Commnmication that mate change midgaton and adapraton.
Connects Sdeace to the Poblic, Beiter = Cmpoing Trammg Essendal Edocaton
commumication with the peneral pab- programys and the mentoring of new
B is =ssential to incressng owaremess pemsonne] are important for mamiain-
of the benefics of s0fl mmd water con— ing am educated workforcs thar will
servaton progras. compete to develop the most efcient

» Teacrh rthe WVihee of 5ed Carbon IEomaperlAnt Practioss.
Understanding the relationship = Enhamre [Exchonge Forums for
betrween carbon (T seguesmation and exchangimg  informadon  betemen
sodl amd water guality benefits &= ey farrasrs, profesnonal sodetes, scien-
Comervationists, Brmers, policy advi- iists, conservaton practtomers, amd
sors, B-12, and university stadenis—in ihe peneral pablic, and to discws the
short, the general public—shomld have advantages and disadvantages of recent
an understamding of how soil crbon admances, ar= nesded o comtinme
cam aszist in clroare change mitzation admncing the Aeld of soil amd wrater
and adapoaton conservation and are portot for cli-

= Embrace Technolopy. Transfer of mear mate change nridzaton and adapradon.
technologie: to increlce conservton DPrincipler  for Soil  and  Warer
effectvensss will conmibwte to climate Comsonranion Pracices for Climade Chanpe
changse mitipation and adspdon eforts.  Mitiparion and Adsprasion

= lmproes Historical Comtext. = Surfaice R.esidws Protecs. Conservation
Dievelopment  of long-term  data agricultare increases sustainabibity:
mecords, programs, and stodies  ane

the effciency of sodl and water conser-
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The 20th century’s Green Revolution showed that science-based
solutions could provide answers to global challenges to the benefit of
societies.

Despite the success of the Green Revolution, today there are new
concerns, and the threat of climate change is among the most
severe threats that face our planet in the 21st century (USDA NRCS
2010).



Major World Challenges Related to Soil and Water
Conservation

 Climate change is occurring, and the implementation of sound
conservation practices will be key for each country’s health,
social stability, and security.
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Major World Challenges Related to Soil and Water
Conservation
« Extreme weather events are creating environmental

problems, accelerating the rate of erosion and threatening
agricultural production needed for food security.

Photo ARS



Additionally, climate change can increase the potential for
higher erosion rates, which is also of concern because
erosion has been reported to lower agricultural productivity by

10% to 20% (Quine and Zhang 2002; Cruse and Herndel
2009).




Major World Challenges Related to Soil and Water

Conservation

» Key world agroecosystems that rely on significant amounts of irrigation
water are being threatened because water resources are being depleted, a
result of water use exceeding water storage replacement.

*Since irrigated systems have, on average, double the yields of non-
Irrigated systems, the depletion and salinization of these key world
resources results in additional pressure to increase agricultural
productivity.
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Additionally, there are reports that for some regions, the
melting of glaciers may affect the availability of water that
IS used for cities and/or irrigated lands. This presents a
serious concern because, on average, irrigated systems
have yields that are twice those of nonirrigated systems
(Rangely 1987; Bucks et al. 1990; Tribe 1994).
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Another concern that could affect the maximization of yields
IS energy costs, which are expected to rise in the future and

which may reduce key fertilizer and agrochemical inputs at
a farm level (UNEP GRID-Arendal 2009).



Nonirrigated systems could also see their yields
potentially reduced due to these stresses since it has
been reported that for every increase in temperature of
1°C (1.8°F), there is a potential reduction in yield, not
only from heat stress, but also from the interaction of
heat stress and drought stress that may be put on crops
(Peng et al. 2004; Auffhammer 2011; Lobell et al. 2011).

For example, across Africa, an increase In temperature
of 1°C under drought conditions could affect 100% of
the maize area, potentially reducing yields by at least
20% (Auffhammer 2011, Lobell et al. 2011).



Major World Challenges Related to Soil and Water
Conservation

Population growth and the development of new, stronger
economies, such as those of China and India, are increasing
the demand for world resources.

By 2050, the world population is expected to increase by 2.4
billion people, and as the economies of countries with large
populations improve, even more pressure will be put on the
world’s agricultural systems. This increased demand for
resources coupled with climate change could threaten the
potential to achieve food security.



Major World Challenges Related to Soil and Water
Conservation

Due to anticipated impacts from climate change, deforestation,
erosion, depletion of water resources, and other environmental
problems, as well as potentially higher fuel prices, which could
iImpact agricultural inputs, food security will increasingly become
a concern in the coming decades.

*This could become an even greater concern if extreme events,
such as droughts or floods, or even extreme pest or disease
outbreaks (e.g., blight, a potato disease that contributed to the
iInfamous potato famine in Ireland) begin to occur on systems
that are already stressed.



The Carbon and Nitrogen Cycles and Agricultural
Influences on Greenhouse Gases

Greenhouse Gases Contributed by Agriculture are an
Important Factor in Climate Change.

Agriculture plays an important role in the GHG fluxes of CO,,
N,O and CH,, contributing 6% of total United States GHG
emissions, a total of 427.5 Tg CO, equivalents (table 2; figure
2) (USEPA 2010D).



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

*Teach the Value of Soil Carbon.

Understanding the relationship between carbon (C)
sequestration and soil and water quality benefits is key.
Conservationists, farmers, policy advisors, K-12 and
university students—in short, the general public—should
have an understanding of how soil carbon can assist in
climate change mitigation and adaptation.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Develop Communication that Connects Science to
Land Managers.

-Better communication with farmers and farmers’
groups is key to increasing the efficiency of soil and
water conservation programs.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Develop Communication that Connects Science to
the Public.

-Better communication with the general public is
essential to increasing awareness of the benefits of
soll and water conservation programs.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Improve Historical Context.

-Development of long-term data records, programs, and
studies are important for developing conservation
programs that will contribute to climate change mitigation
and adaptation.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

*Ongoing Training Essential.

-Education programs and the mentoring of new personnel
are important for maintaining an educated workforce that
will compete to develop the most efficient management
practices.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Enhance Exchange.

-Forums for exchanging information between farmers,
professional societies, scientists, conservation practitioners,
and the general public, and to discuss the advantages and
disadvantages of recent advances, are needed to continue
advancing the field of soil and water conservation and are
Important for climate change mitigation and adaptation.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices for
Climate Change Mitigation and Adaptation

«Cover the Surface.
-Harvesting of plant residues should be avoided if soill

function will be compromised.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

*Soll Function Improves with Soil Carbon.
-Soll C sequestration is beneficial for the environment.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices for
Climate Change Mitigation and Adaptation

Surface Residue Protects.
-Conservation agriculture increases sustainability.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

*Value Perennial Crops.

-A large number of peer-reviewed manuscripts report
that perennial bioenergy crops (e.g., switchgrass) can
contribute to C sequestration and better protect the
environment than grain cropping used for energy.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

-Off-Field Remediation Practices Are Helpful.

-Off-the-field conservation practices can contribute to
climate change mitigation and adaptation ( e.g., riparian
forest buffer, wetland).



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

sImprove Landscape Diversity with Agroforestry.
-Agroforestry can contribute to landscape diversity,
benefiting the environment.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices for
Climate Change Mitigation and Adaptation

Effectiveness Enhanced with Landscape-Targeting Precision
Conservation.

-We need to account for spatial and temporal variability and
avoid a one-size-fits-all approach if we are to maximize
conservation. The scientific literature has many examples that
show that to maximize conservation, managers will need to
consider the effects of climate change on yield, productivity, and
the environment. These effects are likely to be mixed and to vary
greatly by region, by field, within field, and by crop type.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

Promote Energy Efficiency.
-Green programs can save energy at the farm level
(e.g., wind, solar, and biomass programs).



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

*Value Water More.
-Water-use efficiency needs to be increased, and

water guality needs to be protected.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices for
Climate Change Mitigation and Adaptation

*Greater Diversity Needed.

-Diverse cropping systems will be key to mitigating and
adapting to climate change. Development of new varieties
that can be used for tolerance of drought, temperature
stress, and other effects of climate change will be needed.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices for
Climate Change Mitigation and Adaptation

*Minimize Gas Losses.
-Practices that can reduce emissions of methane (CH,)
and other greenhouse gases at the farm level will contribute

to sustainability.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Soil and Water Conservation Practices
for Climate Change Mitigation and Adaptation

*“Tighter” Nutrient Cycles.

-Practices that can capture nutrients and energy from
manure contribute to conservation. Cycling of crop
residues, use of cover crops, and increasing fertilizer-use
efficiencies are some examples of ways to contribute to
tighter nutrient cycles.



Soil and Water Conservation Principles Applied to
Climate Change Mitigation and Adaptation

Principles for Development of New Science and
Technologies

*Research Pays Dividends Long Term.

-Research programs greatly contribute to soil and
water conservation, making them important for climate
change mitigation and adaptation.



Table 1
The majority of this table is adapted from Eagle et al. (zo010). Other results from Adler et al. (2o07) life cycle analysis of bioenergy systems
and from a matrix of conservation practices developed by USDA Natural Resources Conservation Service (NRCS), West Technology Center,
were also incorporated, as well as additional comments from the authors of this document. The effect of management practices on soil
carbon sequestration (CS), the net flux of nitrous oxide and methane greenhouse gas (GHG) emissions, and on the change in upstream and
process emissions (UPE, fuel, fertilizer, etc_) are estimated. All estimated values were expressed as equivalents of carbon dioxide. A posi-
tive, high, and very high sequestration potential are represented by +, ++, and +++, respectively, while net eguivalent emissions are repre-
sented by — The net carbon sequestration impact (NCSI) is the sum of CS, GHG and UPE.
Management practice* CS GHG Additional benefits to the producer and environment UPE NCSI
Agroforestry
Windbreaks for crops ++ Improves crop and livestock protection and wildlife habitat. Provides alternative income source. + +++
and livestock Has potential to contribute to adaptation (e g., minimize impacts of extreme wind stormis).
Silvopasture with ++ Provides annual income from grazing; long-term income from wood products. Has potential to contribute + ++
rotational grazing to adaptation (e.g., provide a viable income and serve as a tool against a changing climate).
Riparian forest buffer ++ Improves water guality and wildlife habitat. Provides alternative income source (specialty crops, + 4+
hunting fees). Has potential to contribute to adaptation (e.g., use targeted,
strategically located riparian forests to reduce impacts of extreme events due to higher water flow).
Livestock
Organic soil amendments + Provides nutrients for crops; improves water quality when nutrient management plans are followed + ++
(especially manure) and manure is not over applied. Has potential to contribute to adaptation (e.g., result
in higher nutrient cycling capacity and soils with improved soil guality that may be able to adapt
better and maintain productivity in a changing climate).
Rotational grazing ++ Reduces water requirements. Helps withstand drought. Increases long-term grassland productivity. Has + ++
potential to contribute to adaptation (e g., provide economic alternative due to higher-quality forage).
Improve grazing management ++ Potentially increases carbon sequestration on land, depending on previous cropi(s) grown. Has na +
rangeland potential to contribute to adaptation (e g., provide economic alternative due to
improved grasslands and soils with improved soil guality that may be able to adapt better
and maintain productivity in a changing climate).
Cropland
Change from conventional + Improves soil, water, and air guality. Reduces soil erosion and fuel use; saves expensas, time, and labor. + +
to conservation tillage Has potential to contribute to adaptation (e.g., provide economic alternative due 1o savings in energy).
Change from conventional + Improves soil, water, and air gquality. Reduces soil erosion and fuel use; saves expenses, time, and labor. + +
to mo-till Has potential to contribute to adaptation (e_g., provide economic alternative due to sevings in energy).
Improwved irrigation + Improves air guality, reduces water quantity usage. Has potential to contribute to adaptation, + +
management since saving water (reduced usage) will be crucial in the coming decades to deal with & changing
climate in drier regions and 1o respond to droughis.
srop diversity crop rotation + Reduces erosion and water reguirements. Improves soil and water quality, reduces nitrogen and + +
other fossil-fuelintensive inputs. Has potential to contribute to adaptation (e g., provide
economic alternative that may be able to adapt better and maintain productivity in & changing
climate that could bring new pests and diseases due to warmer weather).
Crop conversion to pasture ++ Reduces erosion and increases carbon sequestration. Has potential to contribute to adaptation + 4+
(e.g., provide economic alternative that may be able to adapt better and maintain
economic productivity in a changing climate).
Effective nitrogen management na Reducing losses of reactive nitrogen can contribute to improved water guality; saves expenses, + +




Positive impacts Increases

on water quality, productivity and
soil quality, and potential to achieve
air quality food security

Effects of best policies/practices for air, soil, and water conservation that
contribute to climate change mitigation and adaptation

Time (Years) and Impacts of Climate Change
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Negative impacts Decreases

better opportunity to achieve food security on et qualty producy and

. . . . soil quality, and potential to achieve
(gOOd alr, SO'I and Water quallty), Whlle air quality food security
with bad policies and/or a lack of
policies/conservation practices for climate
change mitigation and adaptation, we will
have lower air quality, soil quality and
water quality, and there will be less

potential to achieve food security.




Additional Information/Final Comments

All of this information 1s available at the SWCS
website (http://www.swcs.org/) and also published In
the Journal of Soil and Water Conservation
(http://www.]swconline.org/).
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