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+ Global climate change \‘

CC, (ppm), N:O (ppb)

v CO, concentration: from 290 to 385 to 740 ppm
v Temperature: 1 2t0 6.4° C by the end of century
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Objectives
\

« To identify germination thresholds

+ To identify physiological mechanisms
+ To extend results to functioning groups
+ To make general predictions
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Figure 1. Location of United States Department of Agriculture — Agricultural Research Service, High Plains
Grasslands Research Station, Cheyenne, Wyoming, USA (41°11' N, 104°54' W).
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+ CO,:
v" Ambient = 375 ppm CO,
v" Elevated = 600 ppm CO,
+ Warming:
v" Infra-red heating = 1.5/3.0°C warmer day/night
v No heating
« Irrigation:
v" Shallow irrigation = 20 mm, frequent
v Deep irrigation = early and late season application

* 6 treatments * 5 replicates = 30 plots
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PHACE field at Cheyenne WY
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+ Seeds collected from PHACE

v Native species:

= Perennial C4 — Bouteloua gracilis (Blue grama)

= Perennial C3 — Koeleria macrantha (June grass)

= Perennial C3 — Stipa comata (Needle-and-thread)

v Native VS Invasive species:

= Annual C3 — Chenopodium leptophyllum (Narrowleaf goosefoot)
= Annual C4 — Salsola iberica (Russian thistle)
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+ 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 X X X X
K. macrantha 2008 X X X X
S. comata 2007 X X X
C. leptophyllum 2008 X X X
S. iberica 2008 X X X



« Seed fill percentage (%) and viability
* Final germination percentage
+ Base temperature (T,) and thermal time requirement (6,)
v~ Chapman-Richards growth function — germination time courses:
g=a[l-exp(-bt(g))] c
v Subpopulations of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
and 90% of each germination unit:
Probit (g) = {log [(T-Ty,) ty-log[&rse)l} o
v" Thermal time requirement:
Gro=(T-Tp)t
* ANOVA and GLM regression in SAS

Means: LSD
Significance: 5%



* NoO treatment
effect on seed
fill percentage
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Seed viability

mB. gracilis 2007 a

= a >/
S 801 4 ’
2
= 60 -
% a
'S 40 -
D
o 20 -
n
0 - 0
ACI-d ACI-s ACN AHN ECN EHN ACI-d ACI-s ACN AHN ECN EHN
100 - =K. macrantha 2008 100 - ES. comata 2%97
= a ab a a
S 80 - bc 80 - ab
2 b
=601 ¢ C ¢ 60 -
Q
c
'S 40 - 40 -
D
% 20 A 20 -
0 - 0 -
ACI-d ACI-s ACN AHN ECN EHN ACI-d ACI-s ACN AHN ECN EHN
120 -  ®=C. leptophyllum 2008 120 + uS. iberica 2008
. a a
$ 100 - 100 - a a
2 80 - 80 -
2 60 - 60 -
2 40 40 -
(]
$ 20 - * 20 - * *
0 - 0 -
ACI-d ACI-s ACN AHN ECN EHN ACI-d ACI-s ACN AHN ECN EHN

Treatment



Treatment effects on final

germination percentage

Final germination percentage (%)
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Treatment effects on final germination percentage
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Treatment effects on final germination percentage
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« Higher temperature favors germination (T3a, T2a > T1b)



Treatment effects on

100
90
80
70
60
50
40
30
20
10

Final germination percentage (%)

final germination percentage

I

C. leptophyllum 2008

ol

= T1(10/0°C)
= T2(20/10°C)

= T3(30/20°C)

.

ACIl-d ACN ECN

AHN EHN

100
90
80
70
60

S. iberica 2008

a a a

ACIl-d ACN AHN EHN

Higher temperature favors germination (T3a > T2b > T1c)



Base temperature

Thermal time requirement for 50%
subpopulation germination (C*day)
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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 T, but decreased 8., 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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SASKATOON

e TRANSPORTATION OF THE FUTURE
\_ﬁ__)j DUE TO GLOBAL WARMING, SASKATOON (N THE FUTURE HAS AN AVERAGE DALY TEMPERATURE OF 20°C. YEAR
ROUND. THE LACK OF SNOW AND ICE EASES TRAFFIC FLOW. ALL CARS, TRUCKS, VANS, MOTORBIKES, § BUSES ARE

PERSONAL OUTLYNG
RAPID LIGHT-AAL ELECTRIC AND MAGNETIC LEVITATION TRANNS CARRY CITIZENS SWIFTLY TO THEIR DESTINATIONS.
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