Ecological adaptations of white pine species across
three elevation zones:
The value of landscape common garden studies in
evaluating phenotype by environment interactions In
the Lake Tahoe Basin
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Common garden studies and
phenotype X environment interactions

Classic experiment by Clausen, Keck, and Heisy 1940

V.

Seed are collected from
many sources (families)

Families are grown in a
common environment

Measure a variety of
adaptive traits

Determine relationships
between traits and
environment of the source
locations
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Results of genecological study of Sugar pine,
Pinus lambertiana, from the Lake Tahoe Basin

Premise of study

« Examine phenotype by
environment interactions

« Determine landscape
patterns of phenotypic
variation and local
adaptation




|. We collected seed from many sources (families)

INn the Lake Tahoe Basin

Collected cones/seed from
10 populations

111 families from 8 source
populations were grown in
the common garden



I1. Families are grown in a common environment




I11. Measure a variety of adaptive traits

Trait Abbreviation | Description Units
Height mcrement | HTINC April 2011 height minus October 2011 height | mm
Bud flush BF First visible sign of new flushed needles that julian day

were green and emerged ffom bud scales

Root : shootratio | R:S Ratio of dry weights after 1.5 years geg

3°C 13C Carbon stable isotope ratio Ga measure of (3

water-use eff iciency

8°N I5N Foliar nitrogen content ug




V. Determine relationships between environment
and source locations

a. Climate (annual precipitation, Tmin, Tmax, May GDD, Aug GDD, elevation, % max solar radiation input)

B|uI0}l[ED

Precipitation (mm)

I 483 - 584

B 585 - 737

1738 - 838

[1839-940 N

[ 1941-1092 \ 7 Temperature (c)
11003 - 1194 j’ B 1.00-2.02
[ 1195 - 1295 ‘ [ 2.03 - 3.00
[ 1296 - 1397 [ 13.01-3.96
- 1398 - 1549 ) 1—.—110 Kilometers |:| 3.97-459
Il 1550 - 1702 4 B 4.60-6.00

Maps courtesy of Woody Loftis, USDA NRCS



V. Determine relationships between environment
and source locations, cont’d

b. Soil (soil type, soil properties: AWC 0-25, AWC 0-50, % sand, % silt, % clay, CEC, WC -1/3 bar, WC -15 bar)

eluioyed
elulojed

Soils formed in alluvium and organic soil materials
[] Tahoe-Watah (granitic or volcanic)

[ Hellhole (NA - organic)

Anthropogenic soils and landforms

[ Ty pic xerorthents-Urban land-Water

Soils on glacial outwash terraces

[ Christopher-Jabu-Gefo-Inville (granitic and mixed)
[]Marla-Celio-Oneidas (granitic)

Soils and Rock outcrop on glacial moraines and in glacial valleys %
[]Rock outcrop-Meeks (granitic and mixed) A
[]Paige-Kneeridge (volcanic)

[ Meeks-Tallac (granitic and mixed)

[ Waca-Ellispeak (volcanic)

Soils on Mountains

[ Whittell-Jobsis-Rock outcrop (granitic)
[1Dagget-Temo (granitic)
[]Melody-Mountrose (volcanic)

[ Sky <Callat (volcanic)
[]Cassenai-Cagwin (granitic)

[ Jorge-Tahoma (volcanic)

[ Deerhill-Southcamp (volcanic)

AWC 0-25
Hl<=222
> 2.22 AND <= 3.1
[ 1>3.1AND <= 4.34
[ > 4.34 AND <= 6.71
> 6.71 AND <= 13.64

Maps courtesy of Woody Loftis, USDA NRCS



Trait — Height growth

Variable HTINC
Elevation (m) -0.35
% max. rad. input -0.03 16
Ann. ppt. (mm) -0.01 ol
Tmin (°C) -0.36
Tmax (°C) -0.05
May GDD -0.08
Aug GDD -0.26
AWC 0-25 0.13
AWC 0-50 0.18
% sand -0.11
% silt -0.08
% clay -0.14
CEC 007 Tunnel Creek Glenbrook Heavenly Sandpit Bliss SP Sugar plne P0|nt Granlibakken Carnelian Bay
WC -1/3 bar 0.19

Source populations

WC -15 bar 0.16




Trait — Bud flush (growth initiation)

Variable BF
Elevation (m) -0.15
% max. rad. input -0.05
Ann. ppt. (mm) 0.03
Tmin (°C) -0.15
Tmax (°C) -0.12
May GDD -0.13
Aug GDD 0.09
AWC 0-25 -0.21
AWC 0-50 -0.21
% sand 0.16
% silt -0.16
% clay -0.15
CEC -0.14
WC -1/3 bar 0.05
WC -15 bar -0.08
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Trait — 813C (water-use efficiency)

Variable (ol
Elevation (i) -0.20
% max. rad. input -0.07
Ann. ppt (mm) 0.14
Tmin CC) -0.18
Tma (°C) -0.26
May GDD -0.26
Aug GDD 0.01
AWC 025 -0.21
AWC 050 -0.19
% sand 0.14
% silt -0.12
% clay -0.16
CEC -0.18
WC -1/3 bar 0.17
WC -15 bar -0.01
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Influence of soil type on plant traits in the

Soils formed in alluvium and organic soil materials
[] Tahoe-Watah (granitic or volcanic)

[ Hellhole (NA - organic)

Anthropogenic soils and landforms

[ Ty pic xerorthents-Urban land-Water

Soils on glacial outwash terraces

[ Christopher-Jabu-Gefo-Inville (granitic and mixed)

[]Marla-Celio-Oneidas (granitic)

p ™
Soils and Rock outcrop on glacial moraines and in glacial valleys ¥

[]Rock outcrop-Meeks (granitic and mixed)
[]Paige-Kneeridge (volcanic)

[ Meeks-Tallac (granitic and mixed)

[ Waca-Ellispeak (volcanic)

Soils on Mountains

[ Whittell-Jobsis-Rock outcrop (granitic)
[1Dagget-Temo (granitic)
[]Melody-Mountrose (volcanic)

[ Sky -Callat (volcanic)
[]Cassenai-Cagwin (granitic)

[ Jorge-Tahoma (volcanic)

elulojlled

|ake Tahoe Basin

Soil type

HTINC  12.65 11.03 12.20
BF 134.79  139.52 134.60
R:S 1.18 1.21 1.30

13C -31.13  -30.93 -30.79
15N 22.61 22.68 22.43

Trait Andesite Granitic Mixed sources

Volcanic  Overall mean

9.79 11.25
137.18 137.77
1.19 1.20
-31.11 -31.00
22.30 22.58

F-ratio

4.35
3.41
0.78
5.23
0.17

P-value

0.006
0.020
0.504
0.001
0.919

[ Deerhill-Southcamp (volcanic) Map Courtesy Of WOOdy LOftiS, USDA NRCS



Plant adaptation to drought involves both
phenological and physiological traits

Strategies include late bud flushing and less
negative 613C

Phenology — Bud flush Physiology — Water-use efficiency
% 160 -34.50
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Drought adapted phenotypes and within—
Basin seed transfer

Soils formed in alluvium and organic soil materials
[] Tahoe-4Watah (granitic or volcanic)

[ Hellhole (NA - organic)

Anthropogenic soils and landforms

[ Tvpic xerorthents-Urban land-Water

Soils on glacial outwash terraces =
[ Christopher-Jabu-Gefo-Inville (granitic and mixed)
[]Marla-Celio-Oneidas (granitic) Q}\
Soils and Rock outcrop on glacial moraines and in glacial valleys %
[_]Rock outcrop-Meeks (granitic and mixed) i
[ Paige-Kneeridge (volcanic)

[ Meeks-Tallac (granitic and mixed)

[ Waca-Ellispeak (volcanic)

Soils on Mountains

[ Whittell-Jobsis-Rock outcrop (granitic)
[1Dagget-Temo (granitic)

[ Melody-Mountrose (volcanic)

[ Sky -Callat (vol canic)
[]Cassenai-Cagwin (granitic)

[ Jorge-Tahoma (volcanic)

I Deerhill-Southcamp (volcanic)
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Map courtesy of Woody Loftis, USDA NRCS

Deploy drought adapted phenotypes
(in some populations/stands) to
mitigate the effects of a warming
climate.

White pine restoration plantings will
included a diversity of seedlings
including WPBR-resistant and drought
tolerant phenotypes.
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