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Atmospheric CO, is predicted to increase from current levels of 375 ppm to 550 ppm by 1 Dept Of BiOlogy_, Bradley UniverSity; : Dept Of CI‘Op & SOII SCience, Ol'egon State Ul‘liVGI‘Sity; * Despite increase in seed yield and plant biomass that occurred in 2004

2050. Atmospheric ozone (O,) is also increasing. Increases in these atmospheric gases can high CO, treatments, no affect was observed on %N and %P in tissues.
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direct impacts on photosynthesis and plant water use, and O, through its direct negative nutrients are not limited in these fertilized agricultural fields, or the

impacts on photosynthesis. Further, tissue chemical composition may be affected through i s e :
altered rates of resource accrual or allocation. Here we report data on effects of increased jpianis ace Able do contnus to npake {or ukilze symbioteatly-tixed N

levels of CO, and O, on tissue N & P contents in soybeans from a large-scale, multi- HYPOTHESES via the production of root nodules) these nutrients commensurate with
investigator FACE study. We monitored biweekly growth and seed yield for field-grown growth demands.

b dt t and future-predicted atmosph £ CO. and/or O, fi = p—— . » Litter and leaves grown at high O, had higher %N when combustion
G i i el ol ey Increased atmosphem: levels of COZ will increase %N and %P in was used to derive N, however no ;ffect was seen on N derived from

three consecutive years (2004 - 2006) and assessed tissue chemistry on a monthly basis for
2004. We evaluated tissue N & P contents of soybean roots, stems, leaves, pods, seeds and soybea]] tissues. the Kjeldahl method. A study comparing combustion to the Kjeldahl
leaf litter for field-grown soybean crops exposed to current and future-predicted method found that combustion gave significantly higher N values

atmospheres of CO, and/or O,. Increased CO, availability resulted in increased . " - (Daun and DeClerq). Our results indicate that the differences between
aboveground net productivity and seed yield. In contrast, in 2005, elevated O, reduced Increased atmospherlc levels of 03 will decrease %N and %P in these methods are enough to affect whether or not data is deemed

sny‘tl:i-.:%an productivity and seed yield, but elevated CO, ameliorated this response. In soybean tissues. significant. The greater sensitivity of the combustion method is
addition, soybeans grown at elevated O, levels 'prnduced smaller seeds. Owl.rerall, these required to fully determine how tissue level N has been affected by
results suggest that soybean crops exposed to high levels of O, may experience reduced increased O

31-

roductivity and yield, but that elevated CO, may reduce these negative impacts. ; ;
RN MV . ’ i s st * Fine roots had reduced %P in elevated O, at an early harvest date,

however results from a later harvest date showed no change in %P.
METHODS * Pod walls had reduced %P when both O; and CO, were elevated.
INTRODUCTION * These reductions of %P at elevated O, may be a result of slight

Tissue Analysis compensations being made in less essential tissues (fine roots, pod

Site description : : : . : :
* Burning of fossil fuels, land use changes has lead to a 30% T in [CO,] P C and N via combustion walls) to ensure necessary nutrients are available to tissues essential to

HISOUGERTN, Lmlvesy of 3 il e Urbao-C Betpipn S * Tissues ground using a Cyclotec 1093 sample mull growth and development (seeds, leaves, stems). Compensation could

* Soy FACE (Soybean Free Air Concentration Enrichment) - : : ; . :
» Treatments (16 total rings) i ._ : é;i;iﬁples sasired- Wil ¢ Maifier Tolego T4l explain why no changes in %P occurred at elevated O, in seeds, leaves,

» Control - current ambient CO, of 370ppm, no added O, | izes | NSRS » Carbon and nitrogen contents analyzed on a CE Instruments and stems even though size and yield of these tissues did decrease.
* Elevated CO, to a target of 550ppm S | Flash 1112 Series EA ThermoQuest NC Soil Analyzer

* Elevated O, to a level 20% above the daily value I 4 P via digesti
« Elevated CO, and elevated O, Y Nand P via digestion CONCLUSIONS

+ Rings - enclosed by tubing for gas release, 70 ft in diameter * Dried ground tissues sent to the Kansas State University Soil

- Testing Lab
* Weather stations control release of gases . :
g * Digested plant material from either a sulfuric acid/hydrogen +* Elevated COZ did not affect %N and %P 1n Sﬂybﬂﬂ]l

peroxide digest or a salicylic-sulfuric digest was analyzed tissues

Harvesting Weather simultaneously using the Technicon AAII auto analyzer with the

- 1l ; h ’ Biwee:.kly, 1 meter subplots randomly chosen from Siatlon colorimetric Industrial Method 334-74W/B using separate
CURIDN TSN © T, O *-erense TLAT polliiant concentmaiions as N . _ channels. % Elevated O, lead to an increase in leaf and litter %N
Climate Change (IPCC) predicts  led to a doubling of tropospheric [O;] Plants separated into stems, leaves, and pods = - o da d £ sl wod all 94D
further [CO,] 1 by 50% within the last century Litter samples collected : ' Data Analysis and a dccreasc 1 11nc root and poa wall ol'.

. Samples forced-air oven dried at 65°C : ,
« Effects of T [CO,] Surface [O,] reaches a daily peak Tooame hinmassisnd svecips seedn perind detonined 3-way ANOVA with main effects of harvest date, CO, and O,.

- Increase in leaf area and of 60 ppb during the growing season and Root fissus was eollectsd by Arsonme National Laboratory All main effects and interactions were tested over the residual “* N and P tissue levels are not affected by elevated CO,

photosynthesis predicted to increase over next 50 years PRy and O, in the same way as biomass and seed yield.
- Increase in dry mass « Effects of T [O,]

- Premature leaf senescence

- Decreased light interception,
chlorophyll, photosynthesis RESULTS REFERENCES
- Reduction of assimilate availability,

alterations in assimilate partitioning
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. : . . ; = - ; l , atmospheric CO.? Annual Revi Plant Physiol d Plant Molecular Biology, 48, 609-
* A review of studies showed that a doubling CO, in enclosed environments 3 omimiin) None None None e P ,? Annual Review of Plant Physiology and Plant Molecular Biology
Seed Yield (g/m?) Increase None Yo N (digestion) None MNone MNone .

increased the yield of C, crops (like soybean) by an average of 33% (Kimball, % P (digestion) None None Decrease (early harvest) Daun, JK, DR DeClerq (1994) Comparison of combustion and Kjedahl methods for

1983) @m;mtlve o i g . E::::: :: 115:}[%% 9% N (combustion) None None None determination of nitrogen in oilseeds. Journal of the American Oil Chemists Society 71, 1069-
3 2

% N (digestion) MNone Mone MNone 1072.

Leaf N (%) s R % P {digestion) None None None Kimball, BA (1983) Carbon —dioxide and agricultural yield- an assemblage and analysis of 430
% N (combustion) None Increase None prior observations. Agronomy Journal, 75, T79-788.

Leaf P (%) Decrease None None Stems*-", Seeds and | % N (digestion) None None None Morgan, PB, GA Bollero, RL Nelson, Dohleman, FG, SP Long (2005) Smaller than predicted

Totl Above gromml Prodicnuitg Wﬂ}ﬁ]ﬁj T3P 1™ 9. b (digestion) Nane None None increase in aboveground net primary production and yield of field-grown soybean under fully

—r:nw €O, low O, (g/m?) Increase None None % N (combustion) Nong Mt Mo open-air[CO, ] elevation. Global Change Biology, 11, 1856-1865.
= ow gh O,

—*—high CG,, low O *Tissues harvested on §25/2004 Morgan, PB, EA Ainsworth, SP Long (2003) How does elevated ozone impact soybean? A meta-

-4 high CO4, high O, - e : : ; 5
‘ : Table 1. Selected growth responses for soybeans in elevated CO, (550ppm), elevated O, (20% greater than "~ Tissues harvested on 9/22/2004 analysis of photosynthesis, growth and vield. Plant, Cell and Environment, 26, 1317-1328.

daily value), and elevated CO, plus elevated O, harvested from south farms at University of [llinois, Urbana- Table 2. %N (digestion and combustion derived) and %P in soybean tissues growing under elevated CO, (350 ppm), Mulholland, BJ, J Craigon, CR Black, JJ Colls, J Atherton and G Landon (1998) Effects of
? -l = 2 ?

25 7 Champaign, IL glevated O, (20% = daily value), and elevated CO, plus elevated O, harvest from south farms at University of [llinois, i B ] g .
! ; e Urbm_;;h;mp&igﬂ! IL > d elevated CO, and O, on the rate and duration of grain growth and harvest index in spring

|:'fsr:r 175 200 225 250 275 300 [Ts::u 175 200 225 250 275 300 wheat (Triticum aestivum L.). Global Change Biology, 4, 627.
1.8 Prentice IC, GD Farquahar, MJR Fasham et al. (2001) The carbon cycle and atmospheric carbon

Julian Day 2004 Julian Day 2005 dioxide. Climate Change 2001: The Scientific Basis, Contribution of Working Group to the
Pigaes 1+ Tt sbovearound prodictvioy (Cim) of soybears: growi nder smblent (370pam):and . Third Asse.s'sr_ﬁenr EEpﬂl‘I of rfhe_? Imergﬂvemme?mﬂf Panel on C!imﬂ.te Change. 133~2_3'Ir'.
clevated (550ppm) atmospheric CO, and ambient (no addition) vs. elevated (20% above the daily _ Sallas, L, P Kainulainen, J Utriainen, T Holopainen and JK Holopainen (2001) The influence of
High

value) atmospheric O, during the 2004 growing season. Data are in means of + standard errors of elevated O, and CO, concentrations on secondary metabolites of Scots pine (Pinus sylvestris
L.) seedlings. Global Change Biology, 7, 303-311.
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Ozone levels Liovay

Julian Day 2004 Julian Day 2005 Figure 3: %N (by combustion) in leaves (A) and litter (B) of soybeans grown under ambient (no addition) vs. elevated (20% above the daily value) atmospheric O, during the 2004
growing season. Data are in means of + standard errors of n=8 and 16 respectively.

High QOzone levels Low

Figure 2: Total seed yield of soybeans grown under ambient (370ppm) and elevated (550ppm) -
atmospheric CO, and ambient (no addition) vs. elevated (20% above the daily value) atmospheric O, (33
during the 2004 growing season. Data are in means of + standard errors of n=4, A

* Our results show a 20% increase in growth and a 28% increase in final seed

yield for soybeans plants grown at elevated CO, in 2004 with similar trends _ ‘
occurring in 2005 and 2006.
* In 2004 elevated O, had no affect on productivity and seed yield (a year in | |
which O, levels were modest at SoyFACE), but in 2005 elevated O, reduced 00 -
soybean productivity and seed yield, although elevated CO, ameliorated this
response. . -
* The soybean-corn agro-ecosystem 1s one of the largest single ecosystem types in '
the US _
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*Studying the effects of climate change on soybeans will help us better 02 _03 co2 03 o0z 03 007 03
uﬂdﬂfﬂtﬂﬂd fl_],tl.lI'E f{}[}d SE:C]_],I‘it}-’ Figure 4: % P in pod walls (A) and fine roots (B) of soybeans grown under ambient (370ppm) and elevated (550ppm) atmospheric CO, vs. ambient (no addition) vs. elevated (20%
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