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                Introduction 
 Global climate change 

 CO2 concentration: from 290 to 385 to 740 ppm 

 Temperature: ↑ 2 to 6.4°C by the end of century 

Concentrations of Greenhouse Gases from 0 to 2005 Changes in temperature, sea level and Northern 

Hemisphere snow cover (IPCC, 2007) 



                Introduction (cont.) 
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 To identify germination thresholds 

 To identify physiological mechanisms 

 To extend results to functioning groups  

 To make general predictions 

Objectives 



                Materials and Methods 

 PHACE Project = the Prairie Heating and CO2 Enrichment 

Figure 1. Location of United States Department of Agriculture – Agricultural Research Service, High Plains 

Grasslands Research Station, Cheyenne, Wyoming, USA (41o11' N, 104o54' W). 
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                Treatment Design 

 CO2: 

 Ambient = 375 ppm CO2  

 Elevated = 600 ppm CO2 

 Warming: 

 Infra-red heating = 1.5/3.0ºC warmer day/night 

 No heating 

 Irrigation: 

 Shallow irrigation = 20 mm, frequent 

 Deep irrigation = early and late season application 

 6 treatments * 5 replicates = 30 plots 



                  Treatment Design (cont.) 

Symbol Treatment 

ACI-d ambient CO2, control temp, irrigated 

(deep, one in early spring and one in later summer) 

ACI-s ambient CO2, control temp, irrigated (shallow) 

ACN ambient CO2, control temp, non-irrigated 

AHN ambient CO2, infra-red heating, non-irrigated 

ECN elevated CO2, control temp, non-irrigated 

EHN elevated CO2, infra-red heating, non-irrigated 



Figure 2. PHACE field map at 

Cheyenne, WY, USA 



 Seeds collected from PHACE 

Native species: 

 Perennial C4 – Bouteloua gracilis (Blue grama) 

 Perennial C3 – Koeleria macrantha (June grass) 

 Perennial C3 – Stipa comata (Needle-and-thread) 

Native VS Invasive species: 

 Annual C3 – Chenopodium leptophyllum (Narrowleaf goosefoot) 

 Annual C4 – Salsola iberica (Russian thistle) 

 

Seed collection and germination test 



Seed collection and germination test 

 Temperature regimes for germination test 

Species / Year Alternating Temperature (°C) 

10/0 15/5 20/10 25/15 30/20 35/25 

B. gracilis 2007&2008 × × × × 

K. macrantha 2008 × × × × 

S. comata 2007 × × × 

C. leptophyllum 2008 × × × 

S. iberica 2008 × × × 



            Data analysis 

 Seed fill percentage (%) and viability 

 Final germination percentage 

 Base temperature (Tb) and thermal time requirement (θ50) 

 Chapman-Richards growth function → germination time courses: 

g=a[1-exp(-bt(g))] c  

 Subpopulations of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 

and 90% of each germination unit: 

Probit (g) = {log [(T-Tb) tg-log[T(50)]}/T  

 Thermal time requirement: 

T(g)=(T-Tb)tg 

 ANOVA and GLM regression in SAS 

Means: LSD 

Significance: 5% 
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Treatment effects on final germination percentage 
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S. comata 2007 
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S. iberica 2008 C. leptophyllum 2008 
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    Tb, and θ50 for B. gracilis 2007 & 2008 
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    Tb, and θ50 for S. iberica 2008 
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            Conclusions 

 No treatment effect on seed fill percentage of all species studied 

 Heating increased while irrigation treatments decreased seed 

viability of three native species when soil moisture was not limited 

 EHN had the highest as well as increased final germination 

percentage of the most species studied 

 Heating treatments increased Tb but decreased θ50 in B. gracilis 

(C4) and S. iberica (C4) while ECN had the opposite effect 

 Species specific changes in seed quality and germinability as 

affected by climate change conditions 

 The distribution and abundance of C. leptophyllum may be 

reduced while S. iberica and B. gracilis may be favored by global 

climate change 
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