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Water and plants

Water availability limits the
productivity in many 1500
ecosystems .
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Functions within a plant

A Most of plant fresh weight

comes from water (up to 90%) il

A Provide structure and support

Productivity (dry g m=2 yr™)

A Source of oxygen release form
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A Medium for transporting Annual precipitation (m)
nutrients, metabolites, and plant B e S
hormones

Lost by transpiration
through stomata

A Inevitable consequence of
photosynthesis
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Stomata

Opening and closing are dynamically
regulated

Stomatal pore Guard cell
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Ascent of Sap: How does
water move to the tree top?
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ABy suctiono

Where does the driving force for this
suction come from?

Water in the xylem is under tension

A Water evaporating from the leaves
(transpiration) creates this tension
(i.e., suction)

A Cohesion among water molecules
provides a continuous water column

Dixon and Joly (1894)

Cohesion-Tension theory

Koch et al. (2004) Nature 428: 851
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How can we test this theory?
Use a pressure chamber (aka, pressure bomb)
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Soll water evapotranspiration =
movement transpiration + evaporation
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Plant responses to water deficit

Cell expansion slows down in Vessels Tracheids
the leaves | N__End wall
of vessel
e[ement
Close the valves (stomata) with _
bordered pits
Plants send more carbon to Water
roots : '\ /{ vapor
-|:] - Gas-filled ||| bubble
| cavitated Cas-filled
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forati
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If dehydration continues?

The water column breaks
(cavitation)
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Plant adaptation to limited water

Drought tolerators

Many evergreen perennials

Sclerophylous leaves, osmotic adjustment, conservative water use

Drought avoider
Annuals, drought deciduous perennials
Timing of activities

Drought escaper

Phreatophytes (deep rooted)
Reach water unavailable to other plants

Hydraulic lift, hydraulic redistribution




Plant adaptation to limited water

Xylem vessel diameter
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Plant adaptation to
limited water

Drought escapers and hydraulic
redistribution of water

" Artemisia tridentata sebrush)
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Water redistribution to neighboring plants

Windriver Gifford Pinchot Forest
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Really redistributed by plants?

0 Wind River 2002 Watering experiment
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Figure 7. Profiles of deuterated water in soil samples collected at
three distances from the watering site 36 d after the application of

deuterated water began. Brooks et al., 2006




Interesting findings but implications?

Potential pathways
Liquid and vapor transport through soils
Through plant roots

Through mycorrhizal network

Potential ideas for plant selection in water-wise landscapes
Mix in hydraulic redistributors in the landscape
Drip irrigate those plants for redistribution

Disclaimer: This idea has not been tested!






EXPERIMENTAL TREATMENTS

= WooD CHIP MULCH

2 x 3 Factorial:

control

irrigation gel

drip irrigation
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mulch + irrigation gel
mulch + drip irrigation
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Measurements

ASite Conditions
Soil chemical analysis
Soil texture
Canopy cover
Microclimate

ASoil Moisture
Watermark sensors

ATree Health and Growth
Height and diameter
Root and shoot biomass
Survivorship

AStem Water Potential
Pre-dawn plant water status
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Soil Moisture : West Duwamish

A) West Duwamish
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Soil Moisture :

B) Interlaken Park

Interlaken
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Survivorship (%)

SURVIVORSHIP

Site differences
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Stem Water Potential in Summer of Year 1

Stem Water Potential (MPa)

Stem Water Potential (MPa)

Stem Water Potential (MPa)

Interlaken West Duwamish
O WA
L_| b -1 _
b
ab 21
ab ab
a i
4 |
Abies grandis . . .
€ G | M MG  MI (o} G | M MG Ml
g (WENEEE
o) b
b
2t
b
@ ab 3r
A}
a
Tsuga heterophylla ) )
€ G I M MG Ml c G | M MG M
01]] B =
1t
b ol
ab
3+
ab
<4}
Thuja plicata . ‘ . .
C G | M MG Ml c G | M MG MI
Treatment Treatment



SUMMARY

A To test the influence of:
A Coarse wood chip mulch
A Drip irrigation
A Irrigation gel

A To understand each
treatments influence on
water stress

A To characterize
environmental
conditions at two parks

Significant park differences

No treatment influence at
West Duwamish

Mulch treatments had the
most influence on at
Interlaken

Soil texture influenced soil
moisture
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Methods for estimating landscape

water use




