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N OZONE 5 formed il the atmosphere When!its precursors
Wolgie organic compounds, nitrogen: oxides and carbon
HeReXIde) generated mainly from fossil fuel combustion
EzcoWithioxygen in the presence of sunlight.

- atural Vegetation, however, Is a source of VOC

e
r

;"- jIssiens and' has significant influences on regional
== atmospheric chemistry.

— © [3e ozone concentration in the lower atmosphere
iIncludes two components, a background level of ozone
(tropospheric ozone) and ozone formed during local air
pollution; events In the planetary boundary layer.
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> COZojg ENS nNot Ilmlted to urban areas pbecause
O7/0f! IErend 1S precursors can be transported
Alndreds of miles into rural areas where
rnr Hcultbral activities occur.

fforts to reduce pollution emissions have
awered peak concentrations in the U.S., but
—0zone levels remain high enough to |mpact
creps and forests in many regions of the U.S.

® There Is a concern that future reductions in local
ozone formation will be offset by rising
packground levels as global industrialization

INCreases.
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Ozone effects on plants are initiated in Ieaves when the gas enters
through the stomates and disrupts cellular processes, resulting in
suppression of growth and yield of many crops. Non-stomatal ozone
deposition may. be large, but its phytotoxic effects are likely small
although effects on epicuticular wax and subsequent interactions between
leaves and the atmosphere are unknown.
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® O/orr IMPAITS growth prlmarlly by INNIBIUIAG Net
SNBLOSYNTNESIS and penfiaps translocation: processes,
vvmr-* Jimicavaiability: of photesynthate needed for
PIeNIEsS production. It is clear that ozone results in
L}w caloen fixation due to inhibition of ribulose
e Isplespnate carboxylase (Rubisco) activity in the
-:-:-_ Ioroplasts of leaves.

_,a.

_ =S Allocation of carbon and energy resources to
detoxification and repair processes In ozone-stressed
plants likely detracts from growth as well.

e \With less carbon availability, plants produce fewer
pbranches, leaves, roots, flowers and fruit.

® Ozone exposure also accelerates plant senescence,
reduces leaf longevity, decreases water use efficiency,
and inhibits pollen tube growth.
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OzZONE Impacts on Crop YIeld

rr;r ground-level 0zoNE CoNCENtiations |n many. iegiens, of the
IISUPIESSNIEIUSF O SERBILVETCTOPS Y 5 =" 1506 WitH

£~ [IMPACLS eEXPeCted I ozone levels continue to rise. Some of
ne productive agricultural areas in the U.S. are exposed to

Vated ezone (Northeast, Mid-Atlantic, Southeast, Midwest,

3 e Centrall Plains, east Texas, central Callfornla)

3} Jtive crops include soybean, cotton, peanut, clover, alfalfa,

- } 2, and wheat. (and tobacco). Many fruit and vegetable Crops
____,_:"_*__\ Jehras temato, bean, grape, watermelon, and potato are ozone
-~ sensitive. Some fruit trees exhibit foliar Injury due to ozone.

-.—"__.--"'

~— & |n Califoernia, ozone-caused yield losses were highest in
: cantaloupe, grape, cotton, orange, onion, and bean, where losses
Were prejected to range from 12 to 31%. For these crops, which
are grown primarily in the San Joaquin Valley and southern
California, reductions in yield may largely be due to the high
0zone exposures that occur during the summer growing season.

Projected yield losses due to ozone were less severe in lemon,
alfalfa, wheat, corn, processing tomato, rice, and silage, where
losses ranged from 3 to 9%. (California EPA 1997).
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Proportional Yield Response

Soybean
Peanut

20 40 60 80 100
Seasonal Ozone Concentration (ppb)

Heagle, A.S. 1989. Ozone and crop yield. Annual Review of Phytopathology 27:397-423.
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SoyFACE (Soyhean Free Airr Concentration Enrichment)is an
Innoyvative facility far groawing crops under production field conditions
N an atmosphere that 1s anticipated for the:mradle of this century,

mamely ene with higherlevels  afi carben diexide and 6zene:
|
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http://www.soyface.uiuc.edu/index.htm




Midwest Ozone Concentrations

= The arpollttant ozone-Naswrsenrsteadily m-te
rural Midwest since the 1960s. Daytime summer
_concentratiors: in central lllinois average 50 - 60
'~ parts per billion (ppb). oy

e Soybean is drle of the most sensitive crops: to
ozone, showing yield decreases when levels
exceed. 30 ppb.

e Studies in chambers suggest that'current levels
in' [llinois lower soybean yields by; fgut 10%.

¢. However, until. now this has not bee sted In
fields in the open air. 'SoyFACE haS pIevided the
tirst “real-world” test of these Iosses




Reduced Yields in Soynean

& [ihe facility raises; the: ozonerlevel; 20% hackground,
from planting| te; harvest: ‘
In 2002 the background daytime ozone concentration
was, 60 ppb, the-gurrent average:for Centrall lllinois, and
‘an increase 'to 72°gpb, the mean level expected for 2030 |,
— 2050, decreased yield by 15%. This not only confirms- *
the expectatior] from chamber studies.of a yield loss, but
shows even more damage. Sy L |

In 2003 mean ozone.concentration was low-at 50 ppb.
Increasing this by 20% raised the concentration to the
60 ppb, the average typical-of Central Illtiﬁg' summers

today, and lowered yield by 25%. =8

2003, as a.low ozone year; showed the yiel@loss that

the crop suffers in an average'year today while:2002 =
showed the further lpss that will-occur, if we.do not find
a solution. = « \ i ;
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Impacts to Midwest Agriculture
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° Ozohe 5 low in S.America so “developing ( 0zone tolerant
soybean will be oyifical to maintaining the
1 competltlvenesé bffthe Midwest crop.

| b3
Although varietles vary in their response to ozone; all
show some yield loss and there-is.no connection
between release date and degree of yield loss.

That is, varieties selected under. the highf\%r ezone levels
of the last decade appear no more reS|s'tar1 nan those
of-100:years ago.




Ue- o asearch Results

o Trifetfe]s collaborative research between
VIWESOLN AU IETEFSCIET el
CAIzLeS IBEr-less, natural field exposure study
Ir) A Iberta, ambient air quality and

| ﬁﬁ eieorelogical factors accounted for two-
hirds of the variability in alfalfa yield; air

quallty iInfluenced half of the accounted

variation, with ozone alone accounting for

29%0.
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Ve k- asearch Results

-I O1 mcreased deposmon and Ilgnlflcatlon eff cell-wall
J LIE 1SinLa number: oft commo grassland species, 1oss of
Ly tormemmaliznMErIVores die torozone My can e
d 10 approach the same order of magnitude as that observed
mess yield depression. This is important because total loss of
apjerieed value (fractional reduction In yield % fractional
SHON i nutritive guality for herbivores) can be much more

— sl _ |f4cant thian biomass yield reductions alone in the assessment of
== *— Sthe triereconomic impact of ozone on herbaceous vegetation under

-_J_&—

___j‘l‘vcurrent and future global-climate scenarios. (Muntifering &
= Chappelka 2006).
= ® Elucidation of causal relationships between ambient air quality, crop

yield and nutritive quality represents a novel application of air
pollution research to forage-based animal production systems.
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Vigre: asearch Results
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NGHEZESES 1N atmespheric carbon dioxide tend to ameliorate ozone
IBIAEIEVALET caron dioXIde  and 0zene: pellution INteract to affect
SoNIEIdS SIOUESTINOM AL ProjECLEdNOENETILS Of rSing caron
cligieleis] the atimoesphere are overly optimistic and' are based on
COrIC era tallmodels that are too simplistic.

r\mm‘ it Ievels of ozone in many national parks are currently high
e_rrf ighrtoercause visible foliar injury on a wide range of native plant

ENSPECIES. Tiliese parks include Acadia National Park, Shenandoah
a‘uonal Park, Great Smoky Mountain National Park, Rocky Mountain
——— Natlonal Park, Seqguoia and Kings Canyon National Parks, and
= Yosemite National Park. Some plants with foliar injury have been
shiewn te have physiological dysfunction, for example altered
stomatal conductances and water use.
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coii's'ytem REsponse

SNENGiEntitative evidence linkingrspecific ozone: concentrations to
SPPEGIIG getation effiectsi=— especially at the: conplex: ecosystem

BN CONtNUE Lo e ChalaCterized as avingr Mg UnNCErtainties
ORUNEack: of datal for verification of those relationships. (CASAC

To 2l arge extent, this Is an unavoidable consequence of the inherent
¢ Qf plexities of ecosystem structure and function, interactions
' —‘-.-j ONYLIoLIC and abiotic stressors and stimuli, variability among
--- BECIEs; and genotype, detoxification and compensatory mechanisms.

=

‘-—" Ne‘VertheIess the compelling weight of evidence results from the
convergence of results from many various and disparate assessment
methoeds including chamber and free air exposure, crop yield and
tree seedling biomass experimental studies, foliar injury data from
biemonitoring plots, and modeled mature tree growth.




CA ﬁ'@commendation
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\’ ' _‘_‘unanlmously agrees that It IS noet approprlate {{0)
iy to gre 2getationyiemisine stinstantial s knewn ol
2\ Ejc] gelise dlrect and/er Indirect, adverse efifects of
ANBIENT ozone Py continuing| to promulgate identical
e and secondary standards for ozone. Moreover,
"rné?. IEmlders of the Committee and a substantial

e Jorlty off the Ozone Panel agrees with EPA staff
== tenclusmns and encourages the Administrator to
' — Establish an alternative cumulative secondary standard
- for ozone and related photochemical oxidants that is

distinctly different in averaging time, form and level from
the currently existing or potentially revised 8-hour
primary. standard. (CASAC, 2006
Attp://WWW. epa.aov/sab/pdf/casac-07-001. pdf)
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=eonemic Impact

o Alifie gh the actual economic) costs| oft ozone-induced crop
[BS5ES aieoificiliter2SSEssutiestotal BENENLSESUILING
from velfols regulatory SCEnarios, mostly Invelving

rérllrr ons ef current ambient levels; range from about 0.1
i /L: Shillien (11980 US dollars) in the U.S.

o Tl B0U.S, EPA 1996 ozone criteria document estimated
= ha Btionall level losses to major crops to be in excess of 1
_J --Ebllllon (1990 US dollars). Other studies estimate benefits

= 0of 2— 3.3 $hillion in the U.S. by eliminating ozone
- precursors from motor vehicle emissions.

e Due to the non-linear shape of many crop-ozone dose-
response curves, we might expect a disproportionately

larger effect for each unit increase in global average ozone
concentrations.
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itlire Direction

PRPIEtVarieties can be bred to tolerate increasedl ozone, so
cjerl :‘EJCb MEyARIeVIdeaiansSERIO e pPronIEMunLthE
IBIITINGIFOZORE-10IErant Crops should WOorse case scenarios
SOITENLO) pass. We have demonstrated cultivar variation in
SZONEISENSitivity for a number of crops, evidence that
JEn Etic approaches can be employed to develop new

--v:- |et|es W|th |mproved 0Zone tolerance
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IENeEst decade has seenrsubstantial progress;in
LErPrEnng|the effects 0f 0ZoNE 0N plants and the
IEGIERISTITSHYAVRICIIN I OSEREIECLS alreNmediateds
RBWEVEIRTNENE IS much to be done in a practical sense

SElerENat infermation can be translated into useful
groeltigs,




