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Topics for Discussion

e Mitigating environmental challenges
and the role of soil health.

e A definition of soil.

* How soil health impacts trees and
how trees benefit soil health.

* Using the information; climate action
strategies, soil testing, research data,
tree plantings and maintenance
activities and City ordinances.

 Testing for and building soil health.




Trees, other plants and soils.

* It has been well documented that trees and
vegetation can be used to mitigate urban
challenges including air and water quality,
stormwater runoff and energy conservation.

* |n fact, the 2021 SA Urban Forest Inventory and
Analysis states that each year, our urban forest

(137.8 million trees that includes the ET)):

1. Removes more than 6,500 tons of air
pollution, saving S63 million in health costs,

2. Reduces stormwater runoff by over 380

million cubic feet, and

3. Saves residents $22 million ($S13.89/person)
in energy costs each year.

Why Trees Are So Cool

Experts say trees should be considered urban infrastructure, every bit as
important and useful as sewage, drinking water and transportation
systems.They are an important tool for cities to reduce urban heat island
effects.Here are a few ways trees benefit our urban environments:

W By intercepting and absorbm%ram
they reduce stormwater runo

B In a process known as

evapotranspiration,
trees take up water fron
. I:Sy;g?rb the ground and release
carbon it through the surface
dioxide. of their leaves,

cooling the
_. surrounding air.

B By creating
shade for
buildings, they
can reduce energy
demand, which also
reduces waste heat 3
from air conditioners.

| :
] They can help clean = They block sunlight,
the air by taking ir .) ﬁtokeepthe
air pollutants. ground below cool
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A Definition of Soil as an Ecosystem

e “The soil ecosystem is an interdependent life-support system made up of
air, water, minerals, organic matter, and macro- and micro-organisms, all
working together and interacting closely.”

o Organisms and their interactions enhance many functions of the soil
ecosystem.

o Soil organic matter supports this system; improves soil structure and
water retention, and reduces susceptibility to compaction, erosion
and desertification.

o Therefore, organic matter is considered a vital component of the soil
ecosystem and assists in mitigating climate challenges.



https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-structure
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/desertification

Air quality mitigation potential of healthy soil:

* Soils naturally absorb CO, from the YRR ek amenes NUADTO
] ] SUNLIGHT L™ Secwmodembise  FACTORY
atmosphere where it can be used right EMISSIONS
CO2 "
away or stored as SOM. CYCLE

* Human activities and climate affect this P“mm-“s BIOSPHERE

processes; re-release CO, back to the
atmosphere or increase its storage leading
to greater mitigation potential.

* A “healthy” soil has the potential to store
more carbon than above ground
vegetation making it a feasible mitigation

tool to offset CO, emissions. Decaying Organisms  dhatoncs camorrom sl st vl
are made of carbon
SOIL ORGANIC

MATTER Taking stored carbon
from fossil fuels

* One ton of stored soil carbon = ¢ shells ‘ R et
3.67 tons of carbon dioxide removed.

Fossil Carbon




Soil Layers on Ec:rth

The type of organic matter matters | Turn over
time

Soluble root exudates and decomposition Organic
by-products makes up less than 5% of ~ Minutes to layer
total soil organic matter. days .
Topsoill
Fresh or decomposing plant and animal
L - 2-50
matter with identifiable cell structure. ears )
Makes up 2—25% of total. Y Subsoil
Older, decayed organic compounds that
o BlECEy SIS EHMPEE Decades to
have resisted decomposition. Can make .
up more than 50% of total centuries Parent
' material
_ _ Centuries -
Resistant organic matter found at
thousands

deeper levels is an |mp.ortant long- ¢ years  Bedrock
term carbon sink.




Water quantity and quality benefits:

* SOM plays a crucial role as it fuels
the life of the soil.

* This life creates a “healthy” soil:

a)

b)

Plenty of air pockets allowing
stormwater to enter and
percolate.

Sponge-like qualities that
absorbs water. A 1% increase in
SOM can absorb an additional
20,000 gallons of stormwater
per acre.

Remove pollutants while slowly
recharging groundwater,
aquifers, creeks and rivers with
filtered water.

Microfungi

in soil *

Microfungi
a7, on leaf surface

feeding on
Nematode



Other benefits:

* Provide moisture to landscape
plants even during drought
conditions,

e Conserve water by reducing
irrigation needs,

* Improve nutrient availability,
 Reduce heat stress,

Healthy

* Improve public health,

* Improve climate resilience and |
recreational opportunities, Hesld Sois

» Reduce stormwater runoff and |
flooding, and

Vil Rivers 4
and Streams

* Maintain stream and river flows MmN
supporting aquatic and Minagement
terrestrial biodiversity.




H OW d O SOi I S i m pa Ct Level lll Ecoregions
t ree h ea It h ? - Arizona/New

Mexico
Mountains

Central Great

The region’s soils can present a Plains

Chihuahuan

Cha"enge: Deserts

- Cross Timbers
. Edwards Plateau — shallow, East Central

Texas Plains

stony, degraded from
overgrazing and erosion.

Western Gulf
5 o Coastal Plai

. Blackland Prairie — deep, clay ot T
soils, degraded from agriculture rlains
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. . ___ Gulf Coast Conservation Action Plan (2012) 300 Miles

sandy soils that easily loose — ] Prairies and NAD 183

Marshes Texas Statewide Mapping System 400 Kilometers

SOM due to aeration and
erosion; requiring a constant
addition of organic matter.




Consequences of degraded soils

* The top 6” typically accumulates the organic matter that
feeds the soil’s life benefiting a tree’s growth and survival.

* This top layer can easily loose its organic matter by
excessive heat or to erosion leading to soil compaction and
tree stress due to:

1) Reduced oxygen to the roots,

2) Reduced water infiltration, soil water holding capacity and
moisture to the roots,

3) Reduced nutrient availability for the tree canopy and its
growth,

* This results in dieback and an inability to survive climate
extremes and or diseases.

* Note: During the soil degradation process, soils will
become a net producer of CO,to the atmosphere,
exacerbating climate extremes.
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More benefits ....

e Our regional clay soils are
typically calcareous with a pH
between 7.5 and 8 or more.

e SOM which is ~ 60% humic
materials can lower pH,
making some key nutrients
more available.

e These humic materials are a
more stable form of carbon,
promoting conditions that
increase the microbial activity
needed to improve soil
structure and nutrient
availability.
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How to build healthy soils:

Maximize plant biodiversity to maximize
the biodiversity of soil microbial
populations.

Feed the soil to create a water
sponge/carbon sink site:

1) Deep clay soils have greater potential than
shallow or sandy soils.

2) Soils in wetter climates have greater
potential than those located in semi-arid
or arid climates.

There is a point of “saturation”, but for
the southern United States, this
probably will not happen due to warmer
temperatures resulting in higher
microbial life activity.

HIGH-PRESSURE SYSTEM LOW-PRESSURE SYSTEM

persistant At

pollution ' i AZ‘ "
smoke

oleenhOL%\\\eﬁect

e & atmospheric
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moisture

140°E \
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é—* SOIL CARBON SPONGE
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Ramfall is infi Itrated, cycled, and multl
— less flooding and drought

SOIL BARE & COMPACTED

Rainfall is rejected
— more flooding and drought

Creating a water sponge/carbon sink site
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Building a healthy soil to benefit trees:

In our region, the rule {d ' AS MOWING HEIGHT DECREASES

is to plant trees in the
native soil without
amendments in the

hole, just adding DEPTH OF ROOTING DECREASES
mulch on top. AND MAINTENANCE INCREASES

Since most urban trees

» Keep the soil covered; lowering soil temperatures. The

ex_'St in a landscape hotter the soil, the faster the microbes use the SOM re-
with other plants, releasing CO,to the atmosphere.

focusing on the soil * Let vegetation grow; mowing less or leaving it longer is one
surface including turf, of the quickest ways to increase soil carbon and health;
can assist in creating a keep turf areas at 4” except during dry conditions, then 6”.

healthier soil for trees.  Amend the soil; using a low nitrogen (less than 3%)
compost-type material.
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Basic Guidelines

Keep the soil covered reducing soil
temperatures. The hotter the soil,
the faster the microbes use the SOM e
and re-release CO, to the

atmosphere.

co, co,
Plant Respiration Photosynthesis

Let vegetation grow; mowing less or
leaving it longer; turf areas at 4”
except during dry conditions, then
6” or “no mow”.

. Amend the soil; with a low nitrogen
(less than 3%) compost-type
material.

Prevent soil disturbance and or
compaction maintaining soil
structure and microbial populations,
especially mycorrhizae.

Groundwater Transport

Organic
Matter
Transport
and Sediment
Trapping




How trees can build soil health

* Trees feed the soil; r .

1) They attraCt and bUIId CommunItIeS Of Carbon is absorbed bytrrestrialandaquaticplants
microorganisms by sending sugars out co, VAN

through their roots to feed them. “Eﬁmicarb}?ﬁ returns to XN ’ AtSo?l]e cil"bOIWPLett_Jl‘ns
. . €reoé:J e i fre iration A X L Ao Orows3 Wi melcfs r
2) The organisms assist the tree by by méil‘??&'g;ﬁi‘;m?or NP Eﬁspiéﬁg’,ggndl‘éaf:
. . e, . . root cell respiration itter an ead woo
providing additional nutrients and v |anddeath Forests ~ |
moisture. Pt ’ Kelp, Se

and Mars

3) As tree roots die, they are a significant
source of deep soil carbon.

and

* A significant contribution, are a tree’s I8 EEIEEE

leaves if they are returned to the soil. | fﬁag?,yld;‘:ng
SUTS - T A’ rootnars sosors
e Symbiotic nitrogen-fixing trees s | water and nutrients

enha nce fe rtllity by |ncreaS|ng Storage amount potentiol G0 Storage duration
nitrogen in the soil.
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Topics for Discussion

e Mitigating environmental challenges
and the role of soil health.

e A definition of soil.

* How soil health impacts trees and
how trees benefit soil health.

* Using the information; climate action
strategies, soil testing, research data,
tree plantings and maintenance
activities and City ordinances.

 Testing for and building soil health.




City of San Antonio’s climate action efforts:

- The 2019 SA Climate Action and Adaptation Plan
(CAAP) strategies included:

1y Develop a plan for carbon capture and storage within
the city boundaries, including a storage baseline.

2) Use strategies including:

i.  Increase plants and tree canopy, use of green
infrastructure and wetlands, and

i. Restore soil landscape supporting native species
and biodiversity.

3) Assistance was received by the Natural Resource
Conservation Service (NRCS) in producing baseline soil carbon
data from 59 sites across the county.

- CoSA Parks and Recreation as lead agency, requested
additional sampling for soil health at 13 demonstration
parks.

CLIMATE
READY

SOIL SAMPLING IN PROGRESS

Soil Carbon Baseline Project
Dynamic Soil Property Project

Collaboration between:
Natural Resources Conservation Service Texas

City of San Antonio Parks and Recreation
The Greater Edwards Aquifer Alliance

g
e

Visit us at Web Soil Survey Eli:v e
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Thirteen Demonstration Parks
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Soil Testing: Protocol for “short” term soil health testing

. Organic matter levels and Haney test — Organic matter levels as percent of total soil
sample. Haney test measures levels of microbial activity.

. Soil aggregate stability — refers to the ability of soil aggregates to resist raindrop impact
and water erosion; also indicates its ability to provide pore space for exchange of air, hold
water and provide habitat for microbes.

. Soil water holding capacity — measures the quantity of total plant available water a soil
can provide.

. Soil percolation (infiltration rates) test for the rate in which water enters and disappears
into the soil .

24



Comparison of Averages for “Natural” Riparian
or Floodplains, Uplands and Improved Drainage.

50 3.7 3.9

SOM%

Land Use Average Values

121.4
85.4
63.5 I 74.3 74.3 e
CO2-C Soil Aggregate %

Respiration ppm

M Riparian ® Upland ™ Improved Drainage

16.2 111 13.1
B e e

Soil Health
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Proposed Best Management Practices for City Parks

* Increase mowing heights to 4”.

* Decrease mowing frequency in dry
conditions.

* Install BMPs to reduce stormwater
runoff and increase infiltration and
filtration.

1) Pocket prairies
2) Reforestation
3) BIOSWales Plants'and soil
4) Install curb cuts in parking dfhWk
areas , ,

* Training for maintenance workers
will begin this summer.

Bioswale

26




San Antonio Temperature, Tree Cover, and Social Vulnerability

Using the Information:

1. Map from the web-based 2021
SA Urban Forest Inventory and

Analysis (San Antonio and its
ETJ).

2. Three data sets overlayed into
one image:
1) Mean Temperature
2) Social Vulnerability
3) Tree Cover

3. Highlights areas not only

~ priorities for tree planting but also

P e for green spaces, green stormwater
| infrastructure with healthy soils.

cover within the City of San Antonio boundary

San Antonio Vulnerability Score Map Created using ESRI ArcGIS Pro 3.1
62-81

Data Sources

Temperature: TPL Urban Heat Island 2022
Vulnerability: CDC Vulnerability Rankings 2020
1%;500% Tree Cover: USA NCLD Tree Canopy Cover 2022
0% - 93% COSA GIS Resources

82-100
Tree Cover




Research supports additional community benefits:

e Trees along roadways and in parking lots can
provide the greatest benefit for reducing
pollution and temperatures.

e Soils within floodplains have the greatest
potential to store carbon, improve water quality
and reduce flooding.

e Green spaces with healthy trees and soils can
benefit neighborhoods:

1) Improve human health,

Healthy Soil

Compacted, Moist, Lots of Nutrients)

Unhealthy Soil

(Compacted, Dry, Lack of Nutrient;

2) Increase community cohesiveness, and
3) Reduce crime.

e The question is who pays for the required proper
maintenance? 28



Thank You For Your Attention!

And for more information check our welsite:
Greater Edwards Aquifer Alliance
https://aquiferalliance.or



https://aquiferalliance.org/
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