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The Greater Edwards Aquifer Alliance’s Report to the
City of San Antonio Parks and Recreation Department on the

Soil Health Test Results and Recommendations
Spring 2023

Executive Summary

The purpose of this project was to identify parks throughout the city that could be used as demonstration sites for
implementing modified soil and vegetation best management practices (BMPs). BMPs will be selected to improve
ecosystem services and landscape health by improving soil and vegetation health. Thirteen parks were selected,
and soil samples were taken and analyzed through a certified laboratory to provide baseline data. Soil health
indicators included, but were not limited to, levels of soil aggregation, soil organic matter, soil respiration, water-
extractable available organic carbon, and available soil nitrogen

Results indicated that sites within the selected parks typically ranged from slightly below average to slightly above.
Several park sites, such as those within the Medina River Natural Area, averaged readings equivalent to a poor
rating while those sites for the Olmos Basin and Loop 1604 Salado Creek Trailhead averaged readings of very good
to ideal.

Recommendations are given for each park on practices for consideration to increase soil health. It is anticipated
that the primary BMP that will be used is modified mowing regimes. Implementation of BMP and others will
require training and public input with the understanding that strategies will lead to an increase in ecosystem
services for all residents of San Antonio. These improved ecosystem services will assist in providing improved
air and water quality, biodiversity, terrestrial and aquatic wildlife habitat, creating healthier landscapes while
reducing stormwater runoff.



Soil Health Test Results and Recommendations
Spring 2023

Background

In 2019, the City of San Antonio Parks and Recreation (SAPAR) and the Natural Resource Conservation Service
(NRCS), an agency of the United States Department of Agriculture (USDA), entered into a memorandum of
understanding where SAPAR would give access to park properties for the NRCS to complete soil carbon sampling.
This project was initiated to implement a recommended mitigation strategy within the SA Climate Action and
Adaptation Plan to “actively use public green spaces for sequestering atmospheric carbon dioxide (CO,) and
determine current soil carbon levels”. This project also supports Goal 3 of the SA Parks System Plan 2019-2029
which includes:

* The benefits of the urban forest are maximized inside and outside of parks,

* Ecologically sensitive landscape design throughout the parks system supports biodiversity, pollinators,
local fauna and flora, and decreases resource-intensive landscape maintenance practices,

*  Programming that increases knowledge and stewardship of natural and cultural resources for
individuals and groups of all ages,

* Stormwater is slowed, reused, and allowed to recharge the aquifer as much as practical through low-
impact, ecologically sensitive design, and

* Policies and practices that model a holistic view of sustainability.

The NRCS, the federal agency responsible for the national soil carbon inventory, began taking soil samples in
2021 (after the COVID-19 pandemic) and has completed the sampling of the originally selected 59 sites across the
city. This sampling will provide San Antonio with the desired baseline soil carbon data. After review of the data,
the NRCS will then provide the City with additional recommended management practices to increase the capacity
of San Antonio’s soils to pull CO; out of the atmosphere and store it.

In anticipation of receiving results and recommendations from the NRCS on the 59 sample sites for soil carbon
levels, SAPAR has moved forward to select 13 parks as demonstration sites. The 13 parks were selected to provide
sites that cover a wide range of soil types and land uses while ensuring that each City Council district would be
represented.

In addition, with the knowledge that it may require 10+ years to observe increases in soil carbon (especially at
optimal depths of 24”-26"), a parallel study has been initiated. This study will provide baseline data on the
“health” of the soil at a 0-6” depth. Monitoring the soil organic matter levels and health at this depth will provide
a tool for SAPAR to determine the effectiveness of management practices and strategies in a shorter period.



Soil Health
Soil health is dependent on soil organic matter (SOM) and the microbial populations that use the SOM as a food
and energy source. By utilizing management strategies that build and protect SOM, the capacity of the soil to

sequester and store CO, from the atmosphere is increased.
m Mineral
\ Water 25% /\ Particles 45%

Organic Matter 5%

One of the most important co-benefits of increasing SOM
includes increasing the soil’s ability to allow more stormwater
to enter the soil and be stored for a longer period which
provides a buffer against drought; a 1% increase in SOM can
hold an additional 20,000 gallons of water per acre*.

An increase in SOM will also promote additional benefits: Organisms .
10% Roots  B0%
*  Reduce peak flows and need for flood control 10%
rojects
prol ! . L . Figure 1: The Composition of Soils
* Recharge aquifers and groundwater while improving water
quality,

* Maintain stream and river flows along with their biodiversity,

* Reduce irrigation needs and improve landscape health,

* Reduce heat stress,

* Improve public health, and

*  Provide climate resilience, recreational opportunities, and community cohesiveness.
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Soil Health Test Process

Park and Sampling Site Selection

Selected demonstration parks were scattered across
San Antonio to better capture its diversity of soils
within its two major ecoregions; Blackland Prairie
and Edwards Plateau. (Figure 2) An ecoregion is a
large area of land with a distinct group of plants and
animals adapted to the soil and climate.

Parks
Barbara Dr. Park
LBJ Park
Levi Strauss Park
Medina River Natural Area
Milam Tealer
Old Spanish Trails
Olmos Basin Park
Pearsall Park
Rancho Diana
Salado Creek Park
Southside Lions Park

ceeeeececeee®

Westside Creeks Riparian
Woodlawn Lake Park

Sites within each park were primarily located in
either a riparian (floodplain) or upland zone. The
exceptions are three samples from “improved” ST AL BT

Sources: Esri, HERE Dttmg, ntermay g ement P Com . GEBCO

dralnage channels and one sample froma ‘ Figure 2: Parks Selected as Demonstration Sites
stormwater detention basin. There was a total of 18 sample
sites across the 13 parks.

Composite soil samples were collected at each sampling site and sent to a nationally certified laboratory for
analysis, Regen Ag Lab. Samples were collected from the fall of 2022 until the first killing freeze in December 2022
with the exception at the Old Spanish Walking Trail site, which was collected in early January 2023. It was noted
that the soils collected during this sampling period were extremely dry due to a prolonged drought. This extreme

! https://www.nrdc.org/experts/lara-bryant/organic-matter-can-improve-your-soils-water-holding-capacity
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condition will need to be considered for any subsequent sampling to be used for comparison. The soil sampling
protocol was maintained for all collections and is given in Appendix A of this report.

Four soil tests were identified to provide needed baseline information on current soil conditions and health. The
results of these tests will be used to form the basis for soil and vegetation management recommendations. The
tests included:

1. Haney Test

2. Soil Infiltration and Soil Percolation

3. Aggregate Stability

4. Water Holding Capacity

1. The Haney Test
The Haney Test differs from traditional soil tests in that it evaluates soil health indicators such as soil respiration

(microbial activity), water-soluble fractions of organic carbon and organic nitrogen (the portion that is currently
available for microbial and plant use), and the ratio between organic carbon and organic nitrogen (indicates if
there is sufficient food/energy for the microbial population). By giving property managers an understanding of
microbial activity and the nutrients that are bioavailable in the soil, better management strategies can be
developed to reach desired goals.

In addition, other nutrient levels are evaluated including aluminum, ammonium, calcium, copper, iron,
magnesium, manganese, nitrate, potassium, sodium, sulfur, and zinc. When all the results are combined, the site
receives an overall soil health score.

2. Soil Infiltration and Soil Percolation Rates
Soil infiltration, the rate at which water enters soils, and soil percolation, the rate at which water moves through
soils, are determined by the type of soil (clay, silt, sand, gravel) and its structure (level of aggregation). These two
factors influence the type of existing vegetational systems and the nature and speed of stormwater runoff.

3. Aggregate Stability
Soil aggregates are groups of soil particles that bind to each other utilizing organic matter and the “glue”, which is
a by-product of microbial activity. Aggregate stability is an important physical indicator of soil health and how well
the SOM is protected. In clay soils, stable aggregation can greatly increase the organic matter accumulation, and
improve soil porosity, drainage, and water availability for plants. Further, stable aggregation in clay soils decreases
erosion and compaction while supporting biological activity and nutrient cycling in the soil.

4. Soil Water Holding Capacity
Soil water holding capacity (SWHC) is the amount of water that a given soil can hold for plant or microbial use. This
ability provides a buffer for dry conditions. Soil type and organic matter are the key components that determine a
soil’s water-holding capacity and its availability for plant growth.

Soil Health Test Results

Soil Tests to Be Completed
Sampling for soil health has been completed except for the SWHC and the Soil Infiltration/Soil Percolation rates.
Laboratories throughout our region are behind in completing SWHC analysis due to the current high demand and
the two-week time required to run each sample. It is anticipated that the project’s selected laboratory will be able
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to deliver results by May 2023. Soil Infiltration/Soil Percolation rates have not been completed due to the extreme
drought conditions. The soil needs to be moist to approximately 12” to provide an accurate reading.

Results For Completed Tests
1. Haney Test
2. Aggregate Stability

In Appendix B the results are grouped by land use types and shown in bar graphs to offer a more visual
presentation of the data. And in Appendix C the extensive results for the Haney tests are given in their raw
format. For this section of the report, it was determined that it would be most beneficial to narrow the discussion
to the priority indicators as shown in Table 1 below. When reviewing the results, it should be noted that the
results for the selected sampling locations may not be reflective of the entire park.



Table 1: Haney Test and Soil Aggregate Result Highlights

Test Bart?ara Lady Bird Barbara Dr. Olmos Basin: Salado Creek Rancho Pearsall Park: | Salado Creek
Dr. Right: Johnson: Left: . 1604: .
Parameter . . . Riparian . Diana: Upland Upland 1604: Culvert
Drainage Riparian Drainage Riparian
Soil pH 7.8 8.1 8.1 7.9 8.1 8.2 8.2 8.2
SOM % 3.7 3 2.5 6.7 8 53 1.8 4.9
CQZ_C. 98.6 117.3 46.6 235.9 186.0 73.9 22.1 81.7
Respiration
Hz'O Total 28.4 21.67 20.14 48.35 35.93 18.27 26.98 22.51
Nitrogen
H20 Organic 12.09 14.28 9.14 17.18 18.67 8.05 8.92 10.83
Nitrogen
C:N ratio 10.7 13.9 14.6 13.5 13.5 15.9 12.0 10.3
Soil Health 13.7 15.2 8.2 232 22.4 10.8 5.2 11.5
Calculation
Macro
50 59 47.1 45.9 73.1 70.2 46.6 45.1
aggregates
% >0.25 mm
Micro
Aggregates 25.3 19.2 29 21.4 10.9 10.1 22.4 12.3
% <0.25,
>0.053mm
Total 75.3 78.2 76.2 67.3 84 80.3 69 57.4
Aggregates, %




Test

Parameter Woodlawn Woodlawn Southside Milam Milam Levi Westside Old ‘Spanlsl-'n
. . .. Tealer: Tealer: Pocket Strauss: Creek: Walking Trail:
Lake: Riparian | Lake: Upland | Lion: Riparian .. . s .
Upland Prairie Riparian Riparian Detention
. 7.6 7.7 7.9 7.9 8 8.1 8.2 7.9
Soil pH
SOM % 4.2 5 5.2 3.8 3.9 4.3 2.8 6.5
CQZ_C. 185.7 162.5 87.8 46.7 90.9 62.1 78.6 117.9
Respiration
H20 Total 353 63.1 34.2 69.8 40.5 31.7 31.7 53.2
Nitrogen
H20 Organic 16.85 18.79 20.11 17.96 20.85 16.91 14.6 19.63
Nitrogen
C:N ratio 13.0 14.9 13.1 12.8 12.9 12.6 13.8 13.5
Soil Health 21.6 21.0 16.1 11.05 16.6 12.2 13.4 17.0
Calculation
Macro
aggregates 56.1 58 53.8 51.1 60.7 56.8 53.7 46.6
% >0.25 mm
Micro
Aggregates 25.4 20.4 24.7 20.6 15.2 15.3 11.6 22.4
% <0.25,
>0.053mm
Total
81.5 78.4 78.5 71.7 75.9 72.1 65.3 69.0

Aggregates, %




Results of the tests within the Haney test

Soil pH: is the measure of the acidity and

the alkalinity of the soil with 7 being neutral. The pH of soil
samples ranged from the low occurring at the Woodlawn Phospho
Lake riparian site (7.1) to the most alkaline at the Rancho Potas
Diana upland, Pearsall upland, and Westside Creek
riparian (8.2). Overall, the range was narrow with uplands ]
typically having a higher pH than riparian or drainage aqnes

areas. The higher pH readings in the improved drainage ;

areas are most likely due to the higher alkalinity of the 1] langanese | ——
subsoils that were brought to the surface during ! l I :[3:(
excavation. Also, high pH readings often correlate with e '

low SOM. SOM can not only reduce soil pH but also
provide a buffer from extremes.

4 45 5 55 & 65 7H 75 8 85 9 95 10
p

The advantage of lower pH readings (closer to 7) is the Figure 3: Soil pH Affects the Availability of Soil Nutrients.
greater potential that the nutrients present within the soil

can be available to plants and soil microbes as shown in Figure 3. Soil pH can also be lowered by the presence of
organic acids within the soil. These organic acids are from microbial activity, plant root exudates and SOM?2. SOM
and its decomposition will lead to the production of more organic acids, thus lowering the pHin the area’s alkaline
soils3.

SOM% LOI: is the measure of weight loss upon ignition of the dried soil sample (360° F for South Texas calcareous
soils), with the assumption that weight loss correlates to the amount of organic matter present in the soil.
Research has indicated that there should be a strong correlation between the percent SOM and organic soil
carbon, making this one of the most important indicators for the effectiveness of improved soil and vegetation
management strategies within demonstration parks*. The SOM in the topsoil will provide much of the carbon that
will move through the soil profile to depths where it will stabilize and provide long-term CO, sequestration.

Movement can be through infiltration and percolation of stormwater through the soil slowly or quickly through
stony soils or even through cracks in clay soils. Another method is that provided by deeply rooted plants that
release their carbon by exudates or by root tissues dying off. In general, the upland sites had lower SOM levels
than the riparian sites. The upland SOM levels ranging from 1.8 at Pearsall Park to 5 at Woodlawn Lake, offer
plenty of opportunity for increase. A regenerative grazing operation in the Hondo area reported increasing SOM
levels from 5% to 7% in 3 years using only regenerative grazing techniques. During the period of implementation,
it will be important to use visual observations such as soil aggregates as an indication that the SOM levels are
increasing throughout the demonstration parks.

The low levels at the Medina Natural Area riparian site were unexpected and could be due to erosion and loss of
topsoil from previous agricultural activities or flooding. These readings highlight the need for planning strategies
to increase floodplain functioning within the park along the river.

CO,-C Respiration: is aimed at measuring the amount of carbon dioxide a soil can produce over a 24hr incubation
period following a significant drying and rewetting event. In other words, how much does your soil breathe when

2 https://www.frontiersin.org/articles/10.3389/fpls.2020.00633/full
3 https://www.sciencedirect.com/science/article/abs/pii/S0013935119300933
4 https://agris.fao.org/agris-search/search.do?recordID=US202000110699
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conditions are optimal? The amount of respiration is linked to the robustness of the soil biome. While having high
rates of respiration from a laboratory test indicates soil health, the goal of management strategies will be to
maintain these rates by insuring there is sufficient SOM to continue supporting a robust soil biome. Minimizing
SOM loss will not only promote a healthy soil biome but also promote other related functions of a healthy soil
such as nutrient cycling, soil aggregate formation, water holding capacity, disease suppression, and stimulation of
plant growth>®. This is especially important for ensuring that the soil microbes can “fix” atmospheric nitrogen and
supplement the plants with phosphorus, potassium, and other soil nutrients; thereby enhancing plant growth and
health. Additionally, higher levels of SOM will promote the accumulation of soil carbon storage; thus allowing for
more effective CO; sequestration and long-term resilience.

One exception to higher SOM levels required for higher respiration rates was seen at the Milam Tealer Park pocket
prairie site. This site had recently been mowed to the approximate traditional 2” height following almost 3 years
of being a “no mow” area. The 120’x20’ site had been seeded with native grasses and wildflowers in 2019. This
area was allowed to grow without mowing until Fall 2022. Test results indicate this 3-year period did not have
significantly higher SOM levels than the upland site, but the CO,-C Respiration level was almost double; 46.7 for
the upland and 90.9 for the pocket prairie. This would indicate that the process of improving soil health can occur
with a mowing reduction only within 3 years, even during drought conditions.

Again, riparian (floodplain) sites typically had higher levels of respiration corresponding to higher rates of
microbial activity than upland sites. Their numbers range from 235.9 at Olmos Basin to 39.6 at Medina River
Natural Area. Whereas upland sites ranged from 162.5 at Woodlawn Lake to 22.1 at the Pearsall Park site where
the soil was over 90% bare.

Overall, with the exception for the 5 sites that were previously agricultural lands, levels were Slightly Above
Average to High with a Very High rating for Olmos Basin. It should be noted that this indicator is very sensitive to
climate and soils making it difficult to effectively compare results between different seasons or with other parts of
the country. Regional comparisons that were located in the literature or conversation included; Texas Blackland
Prairie soils at 42 CO,-C ppm within a conventional corn field and 47.6 CO,-C ppm for an Edwards Plateau pasture
in good condition. The test results and literature search both confirm that land under conventional agriculture
management practices could benefit from implementing strategies to increase and protect SOM’.

Table 2 gives information on the ranking of CO,-C respiration rates from Very Low to Very High along with the
implications of each level.

Table 2: CO,-Carbon Respiration Rates Modified from Regen Ag Lab

CO,-Cin Ranking Implications

PpPmM

0-10 Very Low Very little potential for microbial activity; slow nutrient cycling and
organic matter decomposition. N may be immobilized due to microbial
use

11-20 Low Minimal potential for nutrient cycling

21-30 Below Average Some potential for nutrient cycling

31-50 Slightly Below Average | Low to moderate potential for microbial activity

51-70 Slightly Above Average | Moderate potential for microbial activity; Moderate N credit may be
given

5> https://www.sciencedirect.com/science/article/abs/pii/S1878818119309594
6 https://www.nature.com/scitable/knowledge/library/the-soil-biota-84078125/
7 Data received from the NRCS office located in Kerrville, Texas
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71-100 Above Average Good potential for microbial activity; Moderate N credit may be given
depending on the size of the organic N pool

101-200 High High potential for microbial activity; more carbon inputs may be
needed to sustain microbial biomass
>201 Very High High to very high potential for microbial activity; residue

decomposition may be <1 yr.; keeping the soil covered could be a
problem in some systems

H,0 Total Nitrogen: measures the total nitrogen, inorganic (nitrate, nitrite and ammonium) and organic (amino
acids) forms that are in reserve and can be easily available for plants and microbes to absorb and use for proteins,
DNA, etc.®. The high readings for Total Nitrogen at Woodlawn Lake Upland and Milam Tealer Park Upland were
unexpectedly high probably due to somewhat different reasons. At Woodlawn, the wildlife is responsible for the
deposition of high-nitrogen fecal matter which has been kept in the soil due to drought. At Milam Tealer Park, the
Upland site was bare soil, the soil nitrogen was not being used by plants nor by microbial activity as shown in the
CO,-C respiration test; therefore, was held in the clay soil. In both cases, rain can cause this nitrogen to leave the
soil system and potentially enter nearby waters. Maintaining a viable vegetative cover can reduce this risk.

H20 Organic Nitrogen: measures the portion of + +
organic nitrogen that is in transition between plant and Mmospharic A Mineral
. . . . Depositi
animal residues and stable SOM (Figure 4). This e ’\%/ ! o=
H H : -5 Volatilization

represents thg pgol of organic nitrogen available to the & + ,\{ < _ =

microbes and is linked to the carbon and food that the Animal QW Plant € ! 3 Crop Runoft

microbes are eating. Bosotas 4 et frosen
[ o T o ] [ove W o |

SOM contains relatively large amounts of organic

Soil Organic
nitrogen, approximately 1,000 lbs. per acre for every 1%

Dmnﬂ-ﬂ.unon
=3
SOM. In this form, it is resistant to loss but typically Plant Uptake

requires an additional step (decomposition) to make it
available in either the organic or inorganic form to be

-/

used by plants and soil microbes. Maintaining a robust OrganicNitrogen Ammenium Nitsate
soil biome, the soil carbon feedstock functions more = =S
efficiently to provide the ongoing “low” nitrogen levels Figure 4: Nitrogen Cycle.

sufficient for most native plant systems.

C:N: is the organic carbon to organic nitrogen ratio. This ratio tells if you have a balance between the energy
component (carbon) and the nitrogen component (protein building blocks) within the SOM to support an active
microbial population. This balance is required to ensure that the microbes have what they need to not only
transform the nutrients within SOM into bioavailable forms but, also to provide the desired ecosystem services.

It should be noted that without sufficient carbon levels within urban riparian and floodplain systems, the elevated
nitrogen levels promote algae growth within our creeks and drainage channels®.

Table 3 below gives an index for reading test values. Results indicate that composite samples from the selected
sites had between “Good to Ideal” carbon to nitrogen ratios. With rankings ranging from Rancho Diana at 15.9
(just below Good) to the riparian site at the Salado Creek 1604 Trail Head with 10.3 (Ideal). The Rancho Diana

8 https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-nitrogen
9 https://www.publish.csiro.au/mf/mf99112
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results indicate that there was not sufficient available nitrogen and or microbial populations to provide needed
nitrogen. While the overall Good-to-ldeal readings even for Pearsall Park and the Medina Natural Area are
advantageous, these rankings could partially be contributed to the prolonged drought which would reduce
microbial activity so that much of the growing season’s SOM remained in the soil through the fall sampling period.
Future sampling efforts will confirm this hypothesis.

Table 3: Organic C:N Ratio Ranking Table Modified from Regen Ag Lab:

Ratio Result | Ranking N Implications Management Needs
>20:1 Poor; Too much organic | N tie-up by microbes: No N Increase high nitrogen residue/
Cand/or not credit was given organic matter; reduce high carbon
enough organic N from WEON pool inputs to reduce carbon
Between Marginal Some N tie-up; Slower Increase legumes in rotation or covers;
15:1-20:1 mineralization; Lower N credit | reduce high carbon inputs; graze longer
from WEON to reduce carbon
Between Good Less N tie-up; greater Make slight adjustments if near the
8:1-15:1 potential for N mineralization | boundaries to keep within this range
Between Ideal The greatest potential for N Increase intensity to drive both WEOC
10:1-12:1 mineralization; good balance and WEON up together to help increase
of available energy/carbon biological processes
and N for microbes
<8:1 Poor; Too little organic | Limited energy for the Increase carbon inputs; mow shorter to
C and/or insufficient microbial activity or retain carbon on site
microbes to use the insufficient microbial mass to
excessive organic N use N

Soil Health Score: is a summary of the soil respiration, water-extractable organic carbon (WEOC), and water-
extractable organic nitrogen (WEON) measured by the Haney Test and represents the current health level of your
soil based on these indicators. The score is aimed at providing a property manager with a quick reference
regarding the health of their soil compared to other soils under different types of management. The score can
range anywhere from 0 to 50, but most soils do not score higher than 30. In general, the higher the score the

better.

Results for park samples ranged from the highest of 23.2 at the riparian site in Olmos Basin Park to 5.2 at the
Pearsall Park upland site, indicating that each site has potential for improvement. While soil and vegetation
management has a profound effect on the soil health score, it can be limited by regional constraints; wetter and
warmer leads to higher ratings. These scores need to be compared to other sites within South Central Texas
where it is warmer but often without sufficient moisture.

It should also be noted that the measures of the Haney tests are just snapshots of microbially available pools of
carbon and nitrogen as well as microbial activity. These organic matter pools flux depending on climate and
management; therefore, it is recommended to look for trends and not put as much emphasis on absolute
values. Changes in soil biological tests can take time but, it may be possible to determine short-term changes by
observation, paying attention to plant health, water infiltration, and soil structure and retention. If you’re seeing
improvements in these functions, the rest will follow?.

10 https://blog-crop-news.extension.umn.edu/2020/05/5-things-to-know-about-haney-soil.html
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Soil Aggregate Tests

Definition and Principles of Soil Aggregation

Soil aggregates are clumps of soil particles that are held together by
moist clay, organic matter, root exudates, gums (from bacteria and
fungi), and fungal hyphae (Figure 5). Soil aggregation and the
development of soil structure play a crucial role in determining soil
functions and ecosystem services™®.

Relatively stable aggregates create the pore space used for storing
air, water, organic matter, and nutrients while creating a habitat for
microbes. Soil aggregates produced by soil bacteria can often resist
decomposition more than those produced by plant root exudates,
but both are important. In addition to bacteria and root exudates,
fungi, especially mycorrhizal fungi play a crucial role in the
aggregation process by colonizing and decomposing fresh organic
matter'?.

Figure 5: Aggregated Soil.

Aggregate stability is the soil health indicator that determines the ability of the aggregates to resist destruction by
outside forces; physically or biologically. Soil exposure to raindrop impact, wind and water erosion, high
temperatures, and physical compaction due to equipment or foot traffic can reduce or eliminate aggregate
stability. For the San Antonio area, the higher temperatures also increase the rates of decomposition in the soil by
microbial activity which can reduce the amount of carbon, thus reducing aggregate stability because the microbes
will begin “eating” the glue that holds the aggregates together. The other influences that climate has on soil
aggregate stability are due to interactions of soil type with wetting/drying and shrinking/swelling as occurs with
clay soils®3.

The Importance of Mycorrhizae and Its Role in Aggregation
Mycorrhizae is a specialized type of fungi that develops a
symbiotic association with plant roots. A major role they
perform for plants is to enhance water uptake and nutrient
(especially phosphorus) by exploiting a larger volume of soil
than roots alone can do thus creating nutrient microsites as
shown in Figure 6.

They even release enzymes and acids which break down
organic materials, including stones, to absorb nutrients. The
nutrients and minerals are then shared with the host plant in
exchange for carbohydrates produced by the plant®*.

Mycorrhizae contribute greatly to the formation of stable soil
aggregates improving soil health, resiliency, and biodiversity of
the soil biome. Such biodiversity in the soil leads to greater
stability and resiliency in levels of ecosystem services®.

Figure 6: The Role of Mycorrhizae in the Soil

1 https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-aggregation

12 http://www.soilhealth.com/soil-health/biology/

13 https://www.tandfonline.com/doi/abs/10.1300/J064v14n02 08

14 https://urbanwormcompany.com/magical-mycorrhizae-natures-underground-network/

15 https://www.nature.com/scitable/knowledge/library/biodiversity-and-ecosystem-services-is-it-the-96677163/
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Soil Aggregate Test Results

The results indicate that all sites had a mixture of soil aggregate sizes with a greater percentage of macro
aggregates than micro aggregates, which is preferred. The exception to this preferred ratio was found at the
Medina Natural Area upland site. A larger percentage of micro aggregates leads to more compacted soils affecting
other soil health indicators.

In addition, the lower the total aggregate percent reading, the greater the tendency toward forming surface crusts
resulting in poor drainage and more surface runoff. Overall, total aggregate percent readings ranged from 57.4%
from the Salado Creek Trailhead at 1604 (where 6”-10” of sediment had been discharged from an abutting
property’s culvert) to the excellent aggregation of 84.0% in the same park’s riparian area. Overall, results were
satisfactory, especially when compared to those reported from conventionally tilled fields that average 30
percent.

It should also be noted that the sampling site used for the soil health tests will not necessarily represent
conditions found throughout the park. Sampling site locations were selected in areas where modified soil and
vegetation management practices and/or stormwater best management practices (BMPs) could easily and
effectively be applied.

Percolation and Water Holding Capacity

While the results for these two tests are not available for review at this time, information is provided on their
importance and the role these soil characteristics play within healthy soils. Percolation rate and water holding
capacity are linked. Soil texture and organic matter are the key components that determine soil water-holding
capacity?.

How much water a soil can hold against gravity is important for plant and microbial growth. The water retained in
the soil can compensate for a lack of precipitation under dry conditions even though not all of the water held may
be available for plant growth. This is especially true for clay soils, making it even more crucial to have sufficient
levels of SOM, which not only holds the water in the soil but also “gives it up” for plant and microbial use.

While soil texture is fixed, soil structure can be improved by increasing SOM by using the appropriate
management practices. Appropriate practices will promote a beneficial ratio of pore sizes for good drainage while
maintaining a proper balance between water and
air within the pores.

NORMAL COMPACTED
SOIL

This balance is critical since both water and air are
required by most biological processes. In Figure 7,
the left image shows that water and air can enter
and move through the soil while allowing for good
water-holding capacity. Whereas the image on the
right shows the lack of air and water movement
because sediment and or micro aggregates have
filled and blocked the pore space.

One of the main functions of soil is to store moisture Figure 7: Pore size relationship With Air and Water Movement
and air within the pore space and supply it to plants

and soil microbes as needed. Evaporation from the soil surface, use by plants, and deep percolation reduce soil
moisture. It is the water-holding capacity of the soil that provides a buffer against this and drought or flood.

16 https://www.noble.org/regenerative-agriculture/soil/soil-and-water-relationships/

15


https://www.noble.org/regenerative-agriculture/soil/soil-and-water-relationships/

Basic Information on the Ecoregions, Blackland Prairie, and Edwards Plateau

HOUSTON BLACK
Shrinking and Swelling Soils

1. Blackland Prairie

The dominant ecoregion in San Antonio is the Blackland
Prairie, where the typical soil associations are Houston
Black and Lewisville as shown in Figure 8. These soils are
deep, moderately well-drained expansive clays with chalky
subsoil. The soil depth over the chalky subsoil depends on
the amount of erosion that has occurred due to slopes and

previous land uses.

Deep soil surface rich in decaying
plant matter.

Cracks are caused by clays that shrink
when dry and swell when wet.

The roots of the native prairie
grasses that built this soil were
this deep—and deeper!

These soils were originally developed by prairie plants
(grass and wildflowers) under a fire regime which
contributed to the relatively high levels of organic matter
and darker surface soil color. In general, these soils respond
well to management practices that protect and increase
SOM levels and, due to their depth, have great potential for
increasing soil health and ecosystem services on both upland and riparian sites.

Lime in this layer makes the soil fizz
when you add a little acid.

Figure 8: Houston Black Clay is the State Soil of Texas.

2. Edwards Plateau

This ecoregion is located in the upper portion of San Antonio/Bexar County and contains primarily the Tarrant
Brackett soil associations; clay loam, stony clay over rocky clay, chalky marl, or fractured or solid limestone. While
these soils also developed within a prairie regime, erosion has left most of the region with very shallow soils of
less than 10 inches allowing the Ashe juniper and associated shrubs to dominate. And while it can take 500 to even
1,000 years to create one inch of new mineral topsoil, the depth of these soils can be increased and soil health
improved within a shorter period with the addition of organic matter?’.

While there may be less “potential” due to shallow soils, this area is crucial to the city’s drinking water supply. This
area contains portions of the Edwards-Trinity aquifer complex with significant Edwards aquifer recharge and
contributing zone acreage. The value of applying best management practices to parks and other public properties
within this region is imperative. Practices would not only include those to increase SOM and depths for improved
water holding capacity and stormwater runoff reduction but also those that would restore and/or protect
recharge and contributing features such as sinkholes, dry creek beds and tributary headwaters.

Land Use Also Affects Potential

The primary land uses that have been identified by the sampling sites are upland, riparian or floodplains, improved
drainage channels, and stormwater detention facility; each with potential for improvement. Restoration of
deforested and degraded landscapes is a globally recognized strategy to sequester carbon, improve ecological
integrity, conserve biodiversity, and provide additional benefits to human health and well-being.

Parks with Riparian/Floodplains

A previous literature search identified riparian and floodplains as having the greatest potential for carbon
sequestration, second only to wetlands. Global investment in riparian forest restoration has received less
attention, in part due to their relatively small spatial extent. Yet, riparian forest restoration may be a particularly
valuable strategy because they have the potential for rapid carbon sequestration, are hotspots of biodiversity, and

7 https://www.uvm.edu/seagrant/sites/default/files/files/publication/DybalaEtAl 2018 Carbon%20storage%20riparian%20forests.pdf
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provide numerous valuable ecosystem services. One research model predicted that the establishment of riparian
forests will more than triple the baseline of unforested soil carbon stock, and that riparian forests hold on average
30-71 tons of carbon per acre in biomass at maturity, with the highest values in relatively warm and wet climates.
It was also found that actively planting riparian forests substantially jumpstarts biomass carbon accumulation,
with initial growth rates more than double those of naturally regenerating riparian forests®,

In addition, results from an Oregon research effort suggest higher
organic carbon stocks in reaches where restoration practices were
implemented than the organic carbon stocks found in the degraded
floodplain area where no BMPs were implemented®®.

In the San Antonio parks system, the riparian areas have the
greatest potential. And, while many linear creek parklands are
forested and in fair to good condition as indicated by the data, long-
term restoration efforts should be considered for other locations,

Figure 9: Olmos Basin Park parking area.

such as seen in Figure 9, where restoration efforts could
increase not only carbon sequestration, but also flood
resilience.

Other park sites, such as seen in Figure 10, can be
improved immediately by allowing vegetation on slopes to
grow to 5- 6” while never mowing less than 4”. Additional
tree planting would also improve functionality and soil
health.

Figure 10 : Brackenridge Park tributary that leads to the San
Antonio River at the Hildebrand entrance.

Parks with Uplands, Improved Drainage Channels, and

Stormwater Detention Facilities

The potential for an individual site within these property types may be less than what can be expected from
riparian and floodplain areas due to their limitations, but they can play a significant role in mitigating climate
change due to the sheer extent of acreage that can be improved. Adding a stormwater BMP, increasing mowing
heights, creating no mow/let it grow zones and planting additional trees will lead to increased functioning.

Natural Area Uplands

Natural areas will typically already have “Good” soil health which could be enhanced with minor modifications to
management practices or by using more proactive approaches that would include the implementation of
stormwater BMPs where runoff is slowed, captured and allowed to infiltrate. Other BMPs would include minor
restoration strategies such as improving low biodiversity areas infested with non-native plants such as KR
Bluestem to more highly functioning grasslands. These lower cost solutions, such as bioswales and grasslands, can
be more desirable than more complex systems requiring engineering and the possibility of incorporating
hardscapes like those seen within Phil Hardberger Park. No matter, any location that includes a stormwater BMP
will improve soil health due to the additional soil moisture provided for vegetation and soil microbes. The soil
health analysis for the upland site within the Medina Natural Area indicates that such low-cost solutions could
improve soil health, biodiversity, and ecosystem services. The recent “beaver dam” project within the natural
area’s tributaries is an excellent example of a low-cost BMP with multiple benefits.

18 https://www.uvm.edu/seagrant/sites/default/files/files/publication/DybalaEtAl 2018 Carbon%20storage%20riparian%20forests.pdf
19 https://www.frontiersin.org/articles/10.3389/feart.2021.708895 /full
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Traditional parks

Traditional parks have the greatest constraints due to space, public use, real and perceived safety concerns,
aesthetic values, and maintenance concerns for newly installed BMPs. The pocket prairie data from Milam Tealer
Park indicates that modifying mowing practices can lead to improved soil health along with co-benefits no
matter which ecoregion the park is located in. Creating small no mow (“let it grow”) areas away from high public
traffic locations can offer a more acceptable approach for landscape modifications.

With a concerted effort in non-drought conditions, it is reasonable to expect that modifying mowing regimes could
improve soil functioning within 5 years. To ensure the adoption of possible changes within the parks, it will be
crucial to reach out to park users, especially those from neighborhoods within proximity, before changes are
initiated. Interpretive signage will be invaluable to increasing understanding and acceptance of changes within
traditional parks.

Improved drainage and stormwater detention facilities

While these areas have been drastically manipulated, there is potential for their improved soil health to
increase ecosystem services and aesthetics. Mowing heights, no mow/let it grow zones and additional tree
planting (where allowed) will lead to increased functioning. Increasing SOM within stormwater detention
facilities could potentially increase their capacity to capture and store more runoff to prevent flooding. Test
results for the Old Spanish Walking Trail detention facility were surprisingly good and could probably be
improved with modified mowing regimes and overseeding to increase biodiversity.

Best Soil and Vegetation Management Practices (BMPs) for Consideration

These are basic goals and will require fine-tuning on a site-by-site basis. Not all five BMPs need to be applied to
every site, but it is recommended that bundling methods within the demonstration parks will provide additional
benefits and the data SAPAR needs to determine effectiveness.

Reasons why these methods can be effective:
1. Keeping the soil covered lowers soil temperatures. Soil temperatures at Woodlawn Lake Park differed by
14 degrees in full sun sites. The scalped soil in a median was 111° and the soil under landscape mulch at
the Island House was 97 °. The hotter the soil, the faster the microbes use the SOM. Cooler soils reduce
the rate of this process, reducing the loss of SOM and avoiding re-release of CO; to the atmosphere;
thereby preventing a double negative impact.

Switchgrass
Eastern

Little gammagrass
Bluestem -

2. Letting vegetation grow; mowing less, leaving it longer, or
transforming to no mow/prairie/xeriscape landscape is one of
the quickest ways to increase soil carbon and health. Mowing
turf areas 3.5”-4” when the climate is wetter and up to 5”
when San Antonio is experiencing dry conditions, will not only
accomplish keeping the soil cooler, it will also ensure that the
roots of turf and landscape plants will maintain sufficient
robustness to survive drought conditions.

scale in feet

3. Soil amendment; top dressing areas %”-1" depths, with a soil
amendment selected under strict specifications. Specifications
would ensure that the amendment is weed-free and well-aged
(a 10:1 C:N ratio) with a nitrogen content of less than 3%. This
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Figure 11: Root Systems of Several Native Grasses
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is especially important for properties over the Edwards Aquifer Recharge, Transition, or Contributing

Zones.

4. Add a rain garden/bioswale to increase the
collection of stormwater into the soil and reduce
runoff, erosion, water pollution, and provide
moisture for increased SOM and plant growth.
The water from this increased infiltration will
also slowly recharge groundwater, aquifers, and
streams with clean water as seen in Figure 12.

‘ ‘ This BMP is especially beneficial on slopes
' S leading to nearby water bodies.

Figure 12: A Series of bioswales protects water quality and

enhances low flows. ) o .
5. Ecological restoration in urban parks is an

underutilized strategy, partially due to the level of commitment, experience, and resources needed,
but the benefits are great not only for increasing carbon sequestration and other ecosystem benefits
but to also improve the nature and human experience?. Ecological restoration in urban parks may not

follow traditional ecological restoration protocols with the use of “reference reaches” to recreate what
was there before human disturbance but would create new functioning landscapes with an emphasis on
the use of native plants in schemes that would not only provide habitat but can easily be maintained.

In Figure 13 the approach implemented is creating
“pocket” sites with the use of small monoculture
areas to facilitate maintenance, “if it is not the
desired plant, then it is removed”, eliminating the
need for species identification.

The drawback is this elimination process will need
to be completed with hand tools and not with a
line-trimmer.

Figure 13 : A monoculture of Webberville sedge allows for easier
maintenance by removing what is not the sedge.

20 https://www.sfbetterstreets.org/find-project-types/greening-and-stormwater-management/stormwater-overview/swales/
21 https://www.frontiersin.org/articles/10.3389/frsc.2021.709357/full
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Modifying Mowing Standards Will Assist in Keeping the Soil Covered and Protect SOM

As it is expected that this BMP will be the most implemented strategy, additional information is given along with
photos of examples where current practices have had undesirable effects. The soil health data indicates that
overall, soils can be improved with minor changes such as modifying mowing standards. While this appears to be
an easy strategy to adopt, it will require not only training for maintenance staff and contractors but will depend on
clearly marking areas to receive modified mowing standards and eventually, specifications within maintenance
contracts. The other barrier will be the acceptance by park users, which can be facilitated by engagement before
implementation and interpretive signage.

Current issues and concerns

Within San Antonio parks, the most common “turf” vegetation is Bermuda grass,
most often mixed with other annual or perennial native and/or non-native
grasses and broadleaf plants. When these “turf” areas are regularly mowed to
the same low heights no matter the climate conditions and over a long period, a
surface similar to asphalt is produced that encourages weedy annuals. These soil
crusts prevent stormwater from entering and replenishing soils, which leads to
increased runoff and erosion and eventually poor soil and landscape plant health
as shown in Figure 14.

Another result of soil crusts is the unseen negative impacts on the : R
environment by increasing air and water pollution. When soils are in an Figure 14: Soil surface crust
increasing state of degradation, they not only have a reduced ability to created by mowing regime,
sequester carbon dioxide from the atmosphere, they become a net source of erosion and drought.
greenhouse gas as microbes continue to break down SOM in an unsustainable

manner?2, Also, the erosion from such surfaces is considered a non-point source pollutant, which is one of
San Antonio’s greatest water quality challenges

And while there is a policy to mow a minimum of 3” height, this
is often not reflected in the field, as shown in Figure 15, where
vegetation measurements were taken shortly after mowing
operations at Milam Tealer Park.

This practice of removing above-ground vegetation to extremely low
heights is an even greater concern where line-trimming operators
often leave the surface “scalped” of most vegetation. While this
technique seems to produce a cleaner final product, it leads to
undesirable consequences that are easier to prevent than fix. Below
is a literature search summary for why adopting modified mowing
standards can provide many benefits.

v’ 7 "\, I
E\QML P -1’

Figure 15: Two-inch turf height after mowing

operations in Milam T Park.

22 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8792611/
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Why mowing high and reducing frequency is good
e Keeps the topsoil covered to protect SOM.
e Makes scalping (turf damage from mowing too short) much less likely to happen.
e Allows you to clip about 30 percent of the leaf blade each time you mow (the optimum proportion).
e Promotes establishment of a larger root system, which is more drought tolerant.
e Provides broadleaf weed and non-native grass control by shading the soil.
e Establishes a grub-tolerant turf because of the larger root mass.
e Increases the accumulation of soil organic matter leading to improved soil and plant health and ecosystem
services.
e Reduces soil temperatures, which reduces the loss of soil organic matter, nutrients, and water.
e Reduces stormwater runoff and its pollutants by promoting infiltration and filtration.
e Mowing less reduces mower emissions.

Having a routine mowing schedule is common. However, it As mowing height decreases
. 2 =

should only be mowed when it needs mowing, following the
“cut only 1/3 of the height” rule. Turf will grow at different
rates depending on soil fertility, season, and weather
conditions. In the spring, with longer days, cooler
temperatures, and plenty of rain, grass and weeds grow
quicker than in the summer so more frequent mowing is
expected. Lower mowing heights may also be needed due to
wet conditions or use. Most public areas are typically left at a
higher height than athletic fields or golf courses that will
receive a specific use and are much more critical if not mowed
appropriately. It should be noted that a healthy soil with a robust soil biome should not suffer from thatch build
up that often occurs where there is high use of fertilizers, pesticides and irrigation.

and maintenance increases

Figure 16: Mowing heights and frequency affects root
growth and drought tolerance.

Most commercial mowers offer a 3.75” or 4” cutting height. It is recommended to cut at the maximum height
whenever possible and have the height set by a supervisor. On a park site, have the line trimmers begin with
edging operations, allowing the mowers to set the height as a guide for any additional
line trimming to reduce scalping.

Slopes present a challenge. Typically, they require line trimmers to reduce the height of
any vegetation and are treated the same as the turf mix found on level ground. This is
of special concern when eroded soil washes into water ways or onto trail surfaces and
the slope no longer supports a healthy vegetated cover. To protect slopes, it is
recommended that they become no mow zones whenever possible to prevent the loss
of the vegetation that holds the soil in place. When not possible, modify operations to
remove only 1/3 of the height, ensuring the remaining vegetation is at a 4”-5”
minimum height. It is reasonable to expect this height to become commonly used in
areas away from public access where it will be more acceptable for taller vegetation.

One of the most important revisions to mowing regimes will be to minimize any
mowing during an extended San Antonio drought; a situation that is expected
to increase in frequency.

Figure 17: Slope along trail
at Wilshire Terrace Salado
Creek Trailhead.
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Ecological Restoration with Native Prairies

As many of the demonstration Parks’ upland sites have soils that developed under deep-rooted prairie grasses and
wildflowers, they often respond well to their re-introduction. Non-native grasses, weedy annuals, and woody
species are the most difficult to control as this task cannot be completed with mowers and line trimmers. For true
success, maintenance training and maybe even specialized equipment will be needed. Additionally, as most
commercially available mixes are primarily warm-season grasses, it will be important to include cool-season ones
to reduce colonization by weedy non-native plants that tolerate cool weather.

Cool season grass species for which seed can be purchased include Texas bluegrass (Poa arachnifera), Western
wheatgrass (Pascopyrum smithii), Virginia and Canada wild rye (Elymus spp), Texas little barley (Hordeum pusillum)
and Texas winter grass (Nassella leucotricha) as live plants.

The grasses in the area’s pre-settlement prairies that included short, medium, and tall grass were primarily bunch
grasses versus the stoloniferous or “creeping” grasses such as the introduced Bermuda grass. The exception is
Buffalo grass, which occurs in some parks and is often a part of seed mixes. While the introduced Bermuda grass
allowed ranchers to graze vegetation to 1”-1.5” without killing the grass, the bunch grasses have their growing
points higher up on the stem, which left these native grasses more vulnerable to over-grazing. This characteristic,
along with the erosion of topsoil and agriculture activities, are the main causes for the loss of native bunch grasses
across the region. In re-introducing them into an urban area, their
growth characteristics will need to be considered for where they
are used and how they are to be maintained. And if native
wildflowers are to be a primary goal, then this too will be a part of
the maintenance plan.

Typically, these areas can be mowed to 3.5”-5” in the late
summer/early fall to allow the emergence of annual wildflowers in
the fall to produce their spring show. The wildflower plants will

then be allowed to produce and disburse their seeds for the
following year. It is during this time when there will probably be

more complaints from the public due to reduced aesthetics.

Interpretive signage, even temporary signage, can assist and assure

the public that the area is under maintenance. An additional summer mowing to 5” after the bloom period can
also provide that assurance.

Native grass prairies with a mixture of annual, biennial, and even perennial wildflowers
would have even greater benefits but would also have greater mowing restrictions. The
Edwards Plateau wildflower, Standing Cypress, used to dominate properties along Hwy
281 north of Loop 1604. It has been lost in and around San Antonio primarily due to its
biannual growth habit, creating a rosette in the first year and blooming the second year. In
urbanized areas, this plant has been relegated to garden settings along with others such as
Gayfeather (Liatris spp), Scarlet Musk flower (Nyctaginia capitata), Beard’s tongues
(Penstemon spp) and Milkweeds (Asclepias spp) which would not thrive if repeatedly

Figure 19: Standing mowed less than 5-6”. Where such restrictive mowing regimes could be tolerated, orin a
Cypress (Ipomopsis rubra)  landscape garden, it is recommended that an effort be made to include these species
and others to maintain biodiversity and increase public awareness of the roles they play.
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Reforestation

While reforestation has been touched on previously within the Riparian/Floodplain section, it plays such a crucial
role in effective and long-term CO; sequestration and the reduction of stormwater runoff, as well as mitigating
high summer temperatures/energy use, that it should be considered on a large scale. Incorporating tree planting
with other efforts to improve soil health can greatly increase below and above-ground benefits. In addition,
research indicates that tree seedlings inoculated with mycorrhizae sequestered 17% more CO, than controls®.

Observations of tree planting efforts around the city highlight the challenge of keeping newly planted trees
watered sufficiently for survival, especially during drought conditions. This is also an issue with tree planting in
connection with capital improvement projects, where contractors are typically responsible for their survival
during their first year before the project site is turned over to Parks for maintenance.

Subsequently, keeping the trees in good health after establishment is also essential for them to provide desired
services. Two issues seem to be reoccurring at a level where additional steps are needed:
1. Trunk protection to prevent damage from line trimmers.
2. Proper pruning of existing trees

Line-trimmer damage will not only damage a young tree but can kill it. This damage is
caused by cutting the line of cells (located just under the bark) that transfer water
from the roots to the tree canopy. Prevention requires that the trunks of newly
planted trees be protected for 3-5 years as a line-trimmer operator’s goal is to
reduce the height of vegetation around tree trunks. Eventually, most trees produce a
thick enough bark to protect themselves.

Proper tree pruning is a key maintenance requirement.
Without proper pruning trees become diseased and decay
can lead to future failures and removal before their time.
To minimize the negative impact of improper pruning, it will be important that only
maintenance staff or contractors that have received training be allowed to prune trees.
This requirement should also apply to property lessees such as those leasing sports
fields that may be responsible for the area’s maintenance.

Figure 20: Line Trimmer

These protocols will be another beneficial step to ensure that the urban forest on park
lands continues to be a public asset providing maximum ecosystem services versus
becoming a liability. Below is a table created by Houston Wilderness to provide more
insight into the value of an individual tree within the urban forest?*.

Figure 21: Improper Pruning
of Argentina Mesquite.

2 https://www.nature.com/articles/srep34336
2 https://houstonwilderness.org/ecosystem-services
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Table 4: Ecosystem Services provide each year by a (healthy) 10-year-old tree in the Houston area

Ecosystem Services of Regional Native Tree Species

Total CO, Stored | €O, sequestrated Flood mitigation Alr pollutants X Mycorrhiza
removal w PM25. Canopy width (ft) Fungi
(Ibs.) (Ibs.ftree/year) (gal.fyear) = . P
DBH = 10yesrs*  DBH = l0years* DBH = 10 years® (1os./year) DBH.= 10 years Relationship
Tree species Tree species Tree Species DBH.=10years”  yree species Tree Species AM or EM™*
Live Dak [ —1] - ——— [ IR EEEEEE0E———  American Sycamore 15 American Sycamore 17 Live Dak AM/EM
Black Cherry || Water Ok g Live Oak 18 American Elm 16 Black Cherry AM
River Birch L — W] American Sycamore  EEESSSUEEEE==I  Tulip Tree 18 River Birch 15 River Birch AM/EM
Boxelder e WmmsIse Live Dak . 2% Black Walnut 18 Tulip Tree 14 Boxelder AM
Laurel Oak [ — W ] River Birch EEESSUEIET=1  Red Maple 16 Black Walnut 14 Laurel Dzk AM/EM
Water Oak B Red Maple EEmDEEF== Slippery EIm 15 Red Maple 14 Water Dak AM/EM
Red Maple B £ ] Black Walnut L Sweetzum 15 Sweetgum 14 Red Maple AM
Willow Dak S 7™ ) Laurel Oak L s Water D2k 14 White Ash 14 Willow Dak AM/EM
Swestzum 5= American Elm 14 Live Oak 13 Sweetgum AM
Slippery EIm -] American Eim Laurel Dzk 13 Water Oak 13 Slippery Eim A
American Elm - 687 | ——§L} Willow Oak . 2316 Boxelder 13 Black Cherry 11 ‘American Elm AM
Tulip Tree == g Slippery Elm [ n River Birch 13 Green Ash 11 Tulip Tree A
American Sycamore  BESSESSE5Z1 =111 Black Cherry o 2085 Green Ash 13 Laurel Oak 11 American Sycamore AM
Green Ash L am o we Boxelder L aosp White Ash 13 Loblolly Pine 11 Green Ash AM/EM
Loblolly Fine —79 106 Green Ash T Willow Oak 11 Willow Oak 11 Loblolly Pine AM/EM
White Ash =7 —18 White Ash ] Black Cherry 31 Slippery EIm 9 White Ash AM/AM
Black Walnut [ —F"3 = 76 Loblolly Pine 50 Loblolly Pine i1 Boxelder 9 Black Walnut EM+AM
Eastern Cottonwood ~ MEEEEESSE] 176 Hickory - 1807 Southern Magnolia 13 Southern red Oak 17 Eastern Cottonwood AM/EM
Black Willow s - 188 Red Mulberry [ Black Tupelo 1z Swamp chestut Oak 16 Black Willow AM/EM
‘Washington Hawthorn B4 = &8 Black Tupelo ] Eastern Comonwood 11 Pecan 16 Washington Hawthorn AM
Southern Crabapple  BESS==M4S o 27 Southem red Oak ] Red Mulberry 1 Red Mulberry 14 Southern Crabapple AM
Plum [ —"T13 [ ——7] Eastern Cottonwood NSOl Hickory 1 Black Willow 14 Plum AM
Baldcypress =] —_— Ozk S Redbay 1 Willow 14 Baldcypress AM
Longleaf Pine = = g5 Swamp chestnut Oak IS0 Flowering Dogwood 29 Southern Magnolia 13 Longleaf Pine AM/EM
Southern red Oak lae | _—Fk} Flowering Dogwood [ =l Black Willow 09 Sugarberry/Hackberry 13 Southern red Oak AM/EM
Shumard Oak =3 = w0 Flum [ ) Sugarberry/Hackberry 05 Hickory 12 Shumard Oak AM/EM
Swamp chestnut Oak  BEEE==1412 —14 Shumard Oak o H] Shumard Oak 05 Shumard Cak 12 Swamp chestnut Oak AM/EM
Oak =407 " Black Willow 56 Elm 05 0Oak 11 Oak AM/EM
Shortieaf Pine = 37 = g Southern Magnolia s Southern red Oak 09 Shortieaf Pine 11 Snortleaf Pine AM/EM
Hickory = 355 == 75 Redbay 368 Oak 08 Southern Crabapple 11 Hickory EM
Black Tupelo 35y = o Southern Crabapple ~ EEE==J359 Shortleat Pine 29 Eastern Redbud 11 Black Tupelo AM
Flowering Dogwood B 338 = 46 Shortleaf Pine 3332 Carolina cherry Laurel 09 Sugar Maple 11 Flowering Dogwood AM
Holly = 337 =1 59 Em =33 Southern Crabapple 0.8 American Hombeam 11 Holly AM
Winged Elm = 377 [ Carolina cherry Laurel  BEE==1312 Swamp chestnut Oak 0.8 Common Persimman 11 Winged Elm AM
Eim = 3% [——x] Pecan [ — ] Flum 08 White Oak 11 Eim AM
Southern Magnolia B 322 == s Winged Elm 1267 American Basswood 0.8 Black Tupelo a Southern Magnolia AM
Redbay = 322 = o Eastemn Redbud —238 Eastern Redbud 0.8 Flowering Dogwood 9 Redbay AM
Willow = g =3 79 American Basswood  EEEE=199 Winged Eim 07 Baldcypress ] Willow AM/EM
American Basswood =3 2. = o7 Sugarberry/Hackberry 1157 Sugar Maple o7 Washington Hawthorn E] ‘American Basswood EM
Carolina cherry Laurel EES1 232 * 2 Mockernu Hickory 115 Mockernu Hickory 07 Savannah Holly 7 Carolina cherry Laurel AM
Red Mulberry = 219 = a4 Willow 1114 Longleaf Pine 07 American Holly 6 Red Mulberry AM
savannah Holly = e = & Bitternut Hickory =108 American Hombeam 06 Holly 5 Savannah Holly AM
Sugar Maple = 19 = 71 Longleaf Pine — 1054 Common Persimmon 06 Eastemn red Cedar 4 Sugar Maple AM
Common Persimmon =1 164 = Common Persimmon M= 1093 Willow 06 American Basswood 7 Common Persimmon AM
Mockernu Hickory = 140 = Baldcypress = 1078 Baldcypress 06 Bitternut Hickory 9 Mockernu Hickory EM
Post Oak = 139 = 55 American Hornbeam I 1037 Holly 06 Carolina cherry Laurel 7 Post Oak AM/EM
Bitternut Hickory = 138 = White Oak = 507 Savannah Holly 06 Eastern Cottonwood 17 Bitternut Hickory EM
White Oak = 136 = s Sugar Maple = g3 Bitternut Hickory 05 Eim 16 White Oak AM/EM
Pecan = 135 = Washington Hawthorn B 790 Pecan 05 Longleaf Pine 11 Pecan EM
American Hormbeam 51 133 = 31 Post Oak = 61 White Cak 05 Mackemnu Hickory 9 American Hombeam AM/EM
American Holly = 127 = 33 Holly =1 665 American Holly 03 Plum 7 American Holly AM
Sugarberry/Hackberry I 1 B s Savannah Holly = 69 Post Oak 03 Post Dak 13 Sugarberry/Hackberry A
Eastern Redbud a 72 a 19 American Holly = 525 Washington Hawthom 02 Redbay 7 Eastern Redbud AM
Eastern red Cedar [ ] 45 ] 17 Eastern red Cedar =] 324 Eastern red Cedar 02 Winged Elm 16 Eastern red Cedar AM+EM
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Conclusions

Soil health is the continued capacity of soil to function as a vital living ecosystem that sustains plants, animals, and
humans. In urban areas, this ability is crucial for maintaining livable communities by mitigating environmental
impacts including climate change, impaired air and water quality, and increasing flood frequency®.

The City of San Antonio recognizes the valuable role that parks and green space offer when used as a mitigation
strategy that includes both above-ground vegetation and its soils. To enhance the functioning of these areas, the
city has initiated a project in partnership with the NRCS focusing on the soil’s role as a mitigation strategy. This
two-phase project includes baseline data for current soil carbon levels at depths up to 3’ while providing soil
health information (0”-6") that will reduce monitoring time.

Baseline soil health data indicates that while most selected sites have a minimum of average soil health or better,
all sites would benefit by modifying current soil and vegetation practices. Literature searches indicate that
“natural” riparian areas have the greatest potential for providing ecosystem services, followed by improved
drainage channels and lastly, uplands. Soil health results support this data. The highest functioning riparian areas
are those with established hardwood forests and healthy overbank and buffer zones. Enhancing existing wetlands
or constructing new ones in these areas could triple services, especially for CO, sequestration. Research also
indicates that reforestation of riparian areas with little to no trees can jump-start the sequestration potential.

As Uplands comprise the greatest amount of area within San Antonio, their improvement can potentially provide
the greatest amount of CO; sequestration and other ecosystem services. Research indicates that for these areas,
ecosystem services could be significantly increased by modifying mowing practices only, basically mowing at
higher heights and less frequently. The highest functioning ecosystem for uplands is a native grass and wildflower
prairie. And while this landscape may not currently be appreciated by the public in general, it could be used in
small areas that are located away from high pedestrian and bike traffic. These small areas or pocket prairies would
not only improve ecosystem services but also the human nature experience. Interpretive signage and public
relations efforts would facilitate adoption. Adding additional BMPs at any of the sites, such as soil amendments
and or stormwater bioswales, rain gardens, and or infiltration sites would exponentially increase services provided
within any selected area.

While the Blackland Prairies ecoregion with its deep soils typically have greater potential to increase ecosystem
services by improving soil health, the inclusion of areas within the Edwards Plateau ecoregion; Edwards Aquifer
contributing, transition, and recharge zones requires these parklands to remain a higher priority for receiving
modified soil and vegetation practices that will lead to an increase in the quantity and quality of aquifer recharge.

Implementing recommended BMPs will require maintenance training, evaluation, and assessment over time to
effectively meet goals within the city’s physical, social, and financial limitations. Future recommendations may
change with new research and provide better strategies, but at this time, San Antonio Parks and Recreation is
leading the effort to improve practices for managing public green spaces. The City of San Antonio understands
that it is a globally recognized strategy to restore deforested and degraded landscapes to sequester carbon,
improve ecological integrity, conserve biodiversity, and provide additional benefits to human health and well-
being?®.

25 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7116140/
2626 https://pubmed.ncbi.nlm.nih.gov/30411449/
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Summary of Soil Health and Recommended Best Management Practices for
Demonstration Parks

Soil health is defined as the continued capacity of soil to function as a vital living ecosystem that sustains plants, animals, and humans.

Healthy soil gives us clean air and water, bountiful crops and forests, productive grazing lands, diverse wildlife, and beautiful landscapes.

Soil does all this by performing five essential functions:

Regulating water — Soil helps control where rain and irrigation water goes. Water flows over the land or into and through the soil.
Sustaining plant and animal life — The diversity and productivity of living things depend on soil.

Filtering and buffering potential pollutants — The minerals and microbes in the soil are responsible for filtering, buffering,
degrading, immobilizing, and detoxifying organic and inorganic materials, including industrial and municipal by-products and
atmospheric deposits.

Cycling nutrients — Carbon, nitrogen, phosphorus, and many other nutrients are stored, transformed, and cycled in the soil.

Providing physical stability and support — Soil structure provides a medium for plant roots.

Soil health research has determined how to manage soil to improve soil function.

The main principles to manage soil for health are:

Recommended Best Management Practices (BMPs) to
use for accomplishing goals

Maximize the Presence of Living Roots as shown (Figure 22)
Minimize Disturbance
Maximize Soil Cover

Maximize Biodiversity?’

Keep the soil covered
Modify mowing regimes
o Create no mow/let it grow zones (cut to Figure 22: Maximizing root mass for healthy soils.
5”-6”, 1-2x/yr.)
o Mow at higher levels (3.75”-5" regularly with less frequency during summer)
o Mow only when needed focusing on the growing season

Add soil amendments
Create catchment areas such as rain gardens, bioswales, infiltration trenches, etc.
Use ecological restoration practices that are adapted for urban areas

Utilize an agreed-upon standard method of marking areas that will receive modified mowing heights and
frequency.

27 https://www.nrcs.usda.gov/conservation-basics/natural-resource-concerns/soils/soil-health
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Recommended BMPs for Demonstration Parks

1. Barbara Drive Park — Improved Drainage Channel

This park has some of the greatest limitations due to
its high public visibility and stormwater conveyance
requirements. Modified mowing heights maybe
allowed in the channel but any additional BMP
implementation is limited to the areas from the top
of the channel banks to the abutting streets.

\/ (87297502501'987488994

As noted, there are also significant data differences
between the two sides of the channel. It is assumed
that this is primarily due to more subsoil being
deposited on the Left Bank during excavation where
soil health indicators were much lower across test
results.

Shannon L;e Dr.

Following construction, the site was seeded with Bermuda grass
and a scattering of trees were planted as a part of the
construction contract. When Parks took the responsibility for
the park’s maintenance, native wildflower seeds were also
sowed over the site.

Modifying mowing regimes across the site will be an easy first
step. This area also lends itself to the creation of pocket prairies
(short to mid-grass) with an abundance of perennial and annual
wildflowers (Figure 23).

In the future, infiltration trenches that are shallow and large Figure 23: Urban pocket prairie at the Houston
enough to easily mow with riding mowers could be included Medical Center.

with additional tree plantings to not only increase benefits but

also assist in cooling the mini-heat island created by the drainage project.

Sgns!\!nto“nio'sloil He.alth:: sampié‘sne' : oo o 2. Lady Bird Johnson Park — Riparian

This sample site and the entire riparian length through
the park lends itself to stream restoration. It is
recommended that Parks work with its Advisory Board
A : and other committees to seek approval for taking the
OpEEnOES YL ' initiative for funding. Funding sources could include it

o being submitted as a flood mitigation/park project for
the 2027 Bond cycle. MS4 funding may also be
available as bank failures along the reach are eroding,
causing an increase in downstream pollution and a
loss of conveyance capacity.
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Other outside funding opportunities may be available, especially with this Federal administration’s Investing in
Nature initiative?®, Urban Waters Federal Partnership, and the Texas Commission on the Environment’s Clean
Water Grant program.

In the meantime, modifying mowing regimes will assist in stabilizing the riparian areas within the park with an
emphasis on no mow zones within a 10-15" buffer along the channel, including the drainage tributary. The other
aspect is to stop the head cut on this tributary that runs into the main channel. These efforts should go a long
way to improve riparian conditions but, will need to be monitored for effectiveness.

. . . AT o 1T 7 3 >
3. Olmos Basin Park — Riparian s‘g%‘A‘ntio Soil Health: Sample'Sites o0 0.06 e

This site had the highest level of soil health indicators, oim ginPark
which illustrates the resiliency of riparian areas. The el

site was selected to monitor the effects of current .
Public Works Stormwater maintenance operations e LN ' "‘
where a hydro-axe is used to shred vegetation less ' :
than 6” in diameter to the water’s edge.

(#32974873 747987481154

The hydro-axe maintenance operations are
scheduled to be repeated on a 4-year cycle
(conversation with N. Garza, past Stormwater
Manager) therefore future sampling will assist in
evaluating impact. Observations noted a loss of
biodiversity, topsoil and SOM.

Recommendations are given for modifying this current maintenance practice:

III

1. Ensure trash catchments are installed and maintained before the concrete channel enters the “natura
portion of Olmos Creek.

Evaluate conveyance requirements after the effective removal of non-native tree species.

Allow a native vegetated buffer of a minimum of 15’ to remain and be managed by hand.

Remove debris by hand with volunteers.

Use equipment only for removal of large woody debris ensuring that equipment will not enter the area
when soils are saturated.

Develop strategies that will protect utility crossings from further erosion and exposure.

Ensure maintenance practices protect riparian soils, aquatic and terrestrial habitats, and riparian plants
including those less than 6” diameter to ensure not only new recruitment of the hardwood forest but also
protect those key riparian species that rarely reach 6” diameter.

8. Jump-start the improvement of ecosystem services by actively planting riparian trees and plants.

vk wN

N o

Other long-term solutions may include enhancing the natural over-banking features found along this stretch of
Olmos Creek. These slightly depressed areas are critical for providing moisture for riparian plants during times of
no rain and can assist in removing pollutants from stormwater before it enters the stream.

28 https://www.whitehouse.gov/ostp/news-updates/2023/03/22/investing-in-nature/
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4. Salado Creek 1604 - Riparian & Culvert

Riparian Site:

The riparian site was selected in proximity to the
creek which is a dry portion of Salado Creek over
the Edwards Aquifer Recharge Zone. This portion of
the creek also contains a significant recharge

feature.

The selected sampling site within the riparian zone
had the second-highest soil health indicator
reading while leading with 8% SOM.

At this time, there are no recommended changes

to maintenance practices. This section of the creek
could be used as an urban reference reach as
indicated in Figure 24. The goal for this site and the
entire riparian area within the park will be to protect
it from impacts such as upstream development or
projects that could change flows within the creek. It
will be important to monitor the site for impacts from
the Loop 1604 widening project.

Figure 25: Culvert Site showing

San Antamoroail Health

: ample Sites

(829759744798 53996

Figure 24: Riparian Site with Healthy Stands of Eastern gamagrass.

Culvert Site:

The culvert site is located along the trail where sediment from an abutting private
property is accumulating (current depth is 6-10” shown in Figure 25). It is
recommended that the park installs at a minimum vegetative BMPs to reduce
sediment and prevent it from crossing the trail and entering into the environmentally
sensitive riparian area.

A minimum strategy would be to plant/seed a combination of medium and tall native
grasses that will assist in capturing sediment. Utilizing several varieties of Switchgrass
(Panicum virgatum) along with more shade tolerant grasses such as Inland sea
oats (Chasmanthium latifolium) and Canadian wild rye (Elymus canadensis) could
provide a rapid and effective strategy.

sediment deposition from the abutting

property.
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5. Rancho Diana - Upland

This project site is a 1,300-acre nature preserve
purchased through the Aquifer Protection Proposition.
As it is not open to the public the nature reserve offers
an opportunity for the implementation of BMPs
without requiring resident patrons’ input.

The sample site is located in an open field that lends
itself to a prairie restoration effort. This location would
allow native prairie grasses to achieve their maximum
potential without requiring the 1-2x per year mowing
for more urban parks.

K= Kum oy 41 (35 percentsiopesy
®

While rooting depths such as seen in Figure 26 may
not be achieved on this shallow upland site, R S TN
maximizing live root mass will go a long way to not only improving soil health but also increasing its depth.

A desirable ratio for prairie grasses to fulfill their potential in sequestering and storing carbon is a 1:3 ratio
of above-ground to below-ground mass.

The greatest concern for restoring this site as a native prairie grass wildflower system is the dominance of KR
bluestem. As research indicates, there is no single, surefire method to control KR bluestem. The methods
under investigation are:

1. Herbicides alone—The conclusion of several of the papers is that herbicides
alone are not an effective control for KR bluestem.

2. Tilling (disking or harrowing) alone—Here is the recommendation from
the Native Prairies Association of Texas in their article, "Seed Bed
Preparation: The Johnson Grass Wars. Want to Plant a Prairie?" by Lee
Stone and Arnold Davis

3. Prescribed burns—Mark Simmons of the Lady Bird Johnson Wildflower
Center reported in Selective and Non-Selective Control of King Ranch
Bluestem: The Short-Term Effects of Growing-Season Prescribed Fire,
Herbicide, and Mowing in Texas Prairie that prescribed burns during the
growing season (summer) were "effective at reducing the abundance of B.
ischaemum" while dormant season (winter) burns encouraged KR
growth. Also, the advantage of a growing season prescribed fire over
tilling/herbicide is that many native types of grass can tolerate fire,
hence this technique is selective rather than wholesale?.

Figure 26: Example of native
prairie grass root growth
potential.

2 https://www.wildflower.org/expert/show.php?id=1873
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6. Pearsall Park upland

This site had the lowest readings across all of the
soil health test parameters. The lack of vegetation
and compacted soils can be seen in Figure 27. By
applying a mixture of BMPs and increasing
maintenance for the area for a year, the site should y
readily improve and provide an example of ¥ k.. e canks ey ST
effectiveness within 2-3 years. If observations '\\\ -
indicate that there is significant improvement, it is . ,-» -
recommended to retest and compare differences 3 \ 3

in the before and after treatment results.

Due to its high visibility and use by families and pet
owners, it will be necessary to select BMPs that
would be most acceptable to patrons while
minimizing park maintenance.

Since this site is an empty palette the recommended

BMPs would include:

e Surface tilling to break the crust.

e Creation of a bioswale or berm parallel to the fence
and sidewalk that would accommodate mowing.

e Add a soil amendment to the entire site.

e Plant with a sod-type ground cover and additional
trees.

e Weed and water appropriately for a growing season
ensuring a minimum of 75% vegetated cover.

e A rain garden with interpretive signage would not only be beneficial to the site but would also increase
awareness within this socially vulnerable community.

R

Figure 27: Sampling Site at Pearsall Park

7. Medina River Natural Area — Riparian & Upland

0.1 Miles

Riparian Area:

While the sampling at this site only reflects soil

o "4 conditions in this location, it can be assumed
that it is representative, which indicates that the

soils in the riparian area for the Medina River

are in poor condition. The selected site did have

a good vegetative cover, but a large percentage

contained “pioneer” plants, especially annual

plants that dominate disturbed sites.

While this is not a negative aspect as such,

. i : pioneer plants are crucial for returning

e \ functioning to disturbed sites. What it does

indicate is that actively managing the riparian

O azn
area could bring more desirable conditions in a
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shorter period. These strategies along with the current project to install “beaver dams” in the tributaries will lead
to higher functioning riparian areas that are more protected from flood waters.

While Natural Area staff have the expertise to manage their
areas appropriately, the soil health data will assist in their
decision-making process.

Therefore, no specific BMPs are recommended but several are
given for consideration:

1. Installation of bioswales above the top of the bank
within the first terrace.

2. Inthese areas or anywhere along the buffer utilizing
several of the formidable grasses such as Switchgrass
and Eastern gamma grass could jump-start the healing
process. These 2 riparian species will not only stabilize
banks but provide additional benefits including laying
down to reduce resistance to stormwater flows and CO,
sequestration (Figure 28).

Upland site

ORNLOWG 538 8802

SWITCHGRASS

* DECREASED
WINDFLOW AND
EVAPORATION

* NATIVE C4 PERENNIAL

/' * CAN BE GROWN ON
MARGINAL LANDS OR
ROTATED WITH OTHER
CROPS

WIND
* LESS EROSION FROM
SURFACE FLOW

—p
WATER

* EXCELLENT NESTING AND
INVERTEBRATE HABITAT

* DEEP ROOTING
SYSTEM BENEFITS

2% * ROOT MASS CAN REACH
DRY Mg/ha; AN
EXCELLENT CARBON SINK

Figure 28: Benefits of Switchgrass

The upland site would lend itself to the short-mid grass prairie mix with annual and perennial wildflowers as
proposed by staff. A bioswale or infiltration site located near the abutting property line could capture some of the

runoff entering the park from this property.

9. Woodlawn Lake Park
Riparian site
While the riparian sample site has a line of
healthy Bald Cypress trees, there was basically
no understory or riparian plant buffer as seen in
Figure 29. While any initiatives would require
public input, a recommendation with minimum
changes is given:

The selected site was strategically located
between the fence surrounding the tennis
courts in an area with less traffic but high
visibility. The area from the fence down the
slope to the water’s edge would include a
walking path (along the length of the fence) with
a mulch surface. This path would provide an
alterntive path from the hard packed area at the water’s edge.

San/ntonlo*Sml Health: Sample Sites
Woodlawn L'ake Parki

0.06 Miles,

‘B—ﬁmnyon clay,{1
($)

this designated walking path would mark the edge of the small drainage area that would direct low flows into a
very low bermed bioswale just outside the proposed 10-12’riparian buffer. The bioswale would provide additional

moisture for plantings in front and behind the small berm.
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Figure 29: Woodlawn
Lake Park riparian Site

Island House parking lot to the vegetated drainage
where Parks has already established several rows of
tall bunch grasses strategically perpendicular across
the drainage. This site was located where water
collects in the parking lot and would lend itself to the
construction of a bioswale to intercept and filter

While it is recommended to secure neighborhood approval before the design phase,
recommendations could be as simple as Eastern gamagrass for the berm area and
Pickerelweed at the water’s edge. Pickerelweed is a native flowering aquatic plant that
provides for pollinators while also providing water quality services and a habitat for
bait fish. It is low growing so would not block views.

This strategy would protect the water’s edge and be a first attempt to manage the
lake’s edge in a more environmentally sound manner, which would assist not only
in improving carbon sequestration but also water quality within the lake.

This area would also require exclusion fencing for geese to allow the newly planted
riparian vegetation to establish. It is envisioned that this area may be monitored
and maintained by neighborhood volunteers, including Master Naturalists.

Upland
The upland site as shown

in Figure 32 is really on a
slope running from the

stormwater runoff before entering the drainage that Figure 32: Upland site was location for Master Naturalist

flows directly to the lake.

volunteers to receive instructions from NRCS staff on how to
collect samples to be used for soil health testing.

Creating a curb cut within an existing curb can be

completed with Parks’ staff. Also utilizing a
monoculture of a native, drought-tolerant plant such
as the sedge shown in Figure 31 could reduce
ongoing maintenance and provide year-round
filtration services and aesthetics.

As noted in the Total Organic Nitrogen test results,
wildlife fecal matter is a source of nitrogen loading in
the watershed. Increasing vegetation and turf heights
in the upland areas can assist in reducing the amount
of this nitrogen that reaches the lake.

Figure 31: Bioswale Planted with Sedge Species to Facilitate
Maintenance.
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10. Southside Lion Park - Riparian
This riparian site on Salado Creek is located within a
portion of the creek that runs through the park, which is

located southeast of San Antonio. Throughout this
region, soils were “highly disturbed” primarily due to
previous agricultural activities. Consequently, soil health
indicators were relatively low for a “natural” riparian
area within the Blackland prairie.

FroLoireclay loam*0 to 2 percent slopesYoccasion aly fiooded

Slopes were steep above the sample site and would limit
recommended activities along the slope, but a first step
would be to Increase mowing heights (may require some
revegetation) around the picnic and building area. Also, if
space allows, create a minimum-mow buffer at top of
bank. This would reduce some runoff that is forming
gullies down the slope towards the creek. The runoff
from the building roof is a significant source of
stormwater eroding the slope. Addressing the roof runoff at the building is recommended. Creating terracing
across the slope with “beaver dams” could also assist in repairing the gullies.

The removal of non-native trees and vegetation could be the material used for the “beaver dams” ensuring that
no more than 25% of vegetation is removed in any area. Following removal, new plantings of trees, small woody
plants, and grasses would assist in bank stabilization. Irrigation may be accomplished by utilizing a pump within

the creek for establishment.

In addition, to the runoff from the top of bank, it was noted that the area had contained a public-made trail that
cut straight down the slope to the water’s edge. This area is a source of erosion and gully formation. Constructing
a trail following approved methods that include switchbacks would provide safer and more environmentally
friendly access for pedestrians. By preventing erosion of topsoil, soil carbon sequestration is increased and
protected.

11. Milam Tealer Park -Upland & Pocket Prairie
Upland site
The upland site in Figure 32 reflects the results
of conventional mowing operations that occur in
parks with high public use where mowing height &
averages 1.5”-2” and even less where line
trimmers are used. Therefore, modifying
mowing practices will be the first step in .
improving not only soil health but water » D R
quantity and quality in the lake.

iy

{#) HsB—Houston B
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2 ) L Upland area %

Since previous attempts to modify mowing
practices did not result in long-term adoption,
the new approach with training and monitoring
should facilitate establishing new standards for
maintenance workers.
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It will be important to have areas identified where each of the
following modifications is implemented:

1. No mow/let it grow zones
2. Mow at higher levels
3. Mow less frequently

In the past, this neighborhood has been active in the decision-
making process for managing the park. Therefore, efforts to
continue communications should be made before
implementation. It is also recommended to use interpretive
signage within the park for increasing community awareness
regarding the use of selected BMPs that will assist in
maintaining lake water levels.

Pocket prairie

ht.

Figure 33: Pocket Prairie Site at
Milam Tealer Park

12. Levi Strauss riparian

Figure 32: Upland site at Milam Tealer Park

The Pocket Prairie site (Figure 33) will be incorporated into the newly selected
mowing standards for the park. It is recommended that the site receive at a
minimum the highest setting possible and be mowed only during growing seasons
while the abutting picnic table area receives the new “regularly” standard at 3.75”-5"

This riparian site lends itself to the first step in improving urban riparian areas by removing non-natives and slowly
increasing the planting of native long-lived tree species. On the west side of the bank, where there is more open

property, there is the opportunity to enhance the
over-banking zone which would provide additional
protection from runoff sediment, etc. from the
abutting property.

Riparian plants that can tolerate inundation and
drought could be used, including Eastern
gammagrass, Frog fruit (Phyla nodiflora) and
Cherokee sedge (Carex cherokeensis).

Other recommendations will include improving the
function of each riparian zone including the upland.
Modifying mowing regimes in all non-sport field areas
will be a priority. In addition, installing a stormwater
BMP between the trail and Hwy 90 would also be
beneficial.

0.04 Miles
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As flooding along the lower Leon Creek is of great concern, especially in District 4, any installations of stormwater
BMPs such as infiltration sites could assist in reducing peak flows. A BMP such as depressions planted with prairie
grasses and wildflowers would provide a habitat for pollinators and songbirds, enriching the experience for trail
and park users.

13. Westside Creek at Escobar Park
Soil health test results reveal that this area . —
functions at a very low level. Unfortunately, this ~ San'Antonio Soil Health: SpleSiS 3 Uy ik
site also has limitations due to its high public [EscobarFark: Wet\Sie Creeks Riparian
visibility and stormwater conveyance i ¥
requirements. Any BMP implementation other
than increasing mowing heights will be limited to
the areas from the top of the channel banks to - O
the abutting streets or trails. [ 3 > \_ ares

(#) 17 Tinn and f io soils, 0 1501 percent siopes, agienty 15545
Increased mowing heights and additional tree 3
plantings will increase the area’s potential to
provide greater ecosystem services and reduce
summer temperatures. It will be a good site for
monitoring the potential for these 2 basic BMPs
within older drainage systems.

14. Old Spanish Walking Trails
This site offers a unique opportunity to increase
not only ecosystem services but also capacity
within the stormwater detention facility. Overall
soil test results rank the soil as average in
comparison to other sites which could be
improved by modifying mowing regimes.

Working with the leasee, additional strategic
areas could be planted with the pocket prairie
concept; native grasses and wildflowers cut 2x
per year.
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Appendix A: Protocol for Soil Sampling in Parks

These tests will provide baseline information on soil conditions and health and will be used to form the basis for
soil and vegetation management recommendations to be applied to each site.

Soil tests will include:
1. Soil temperature
2. Soil percolation (infiltration rates) to be provided by the NRCS (delayed due to current soil moisture
conditions)
3. Soil health tests will require collecting composite samples (~ 2qts/sample) from each location, preparing
the sample, and mailing it to a soil testing laboratory (Regen Ag Lab). The tests will include:
a. Standard Haney test*
b. Soil aggregate test
c. Water holding capacity

Supplies and materials that will be supplied by staff (rope, stake, hammer)
Vegetation clearing equipment (clearing will be completed by staff)

Ice chest with Cool packs s g

1-gallon Ziplock bag(s) AR Grs
1-gallon water for hands S
Measure tape and ruler for 6” depth x L3t03.0 %
Paint or pins to mark sampling sites ik 2 4
Soil temperature thermometer ) -

Soil sampling augers a. Cell Sample b. Point Sample ¢. Zone Sample
Spade and hand shovels

Data collection sheets

Personal items for volunteers to ensure they have
Work gloves, Sun and insect protection, and Drinking water

Steps for collecting composite soil samples of 2 gts. each
1. Select a point and create a 30’ diameter circle or a 30’ line for areas such as along a stream or
lake.

2. Set up a data sheet and GPS for the center point.

3. Record date, location, soil temperatures, and vegetation cover; type, height.

4. ltis not necessary to remove vegetation as this will be removed during the sample mixing.

5. Divide the circle in half and then quarters and stagger collection points along these lines or for a
tangent line, take samples at 10’ intervals staggering points online and 2’ to either side.

6. Collect soil samples to 6” ensuring 2 qts. of soil are collected in the bucket or on a tarp.

7. Mix samples, break up clods and remove any rocks and material larger than 1” in size and pour
the sample into the 1-gallon Ziplock bag.

8. Number and label the Ziplock bag and place it into the cooler with cool packs.

9. Clean equipment between sample locations.
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Appendix B: Graphs for Soil Health Test Results In-Depth Haney Test Results
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Riparian Sites:
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Upland Sites:

Graph 5 Graph 6
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Improved Drainage sites

Graph 9 Graph 10
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Comparison of Averages for Riparian “Natural”, Upland and Improved Drainage

Graph 13
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Appendix C: In-Depth Haney Test Results
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1421 Mamed DEBEIE REID Grower-JER EDWARDS AQUIFER ALY
Invaice Mo Company-JEATER EDWARDS AOQUIFER ALLIAN Fiehd I0-] BARBARA DR PARK RIGHT
Date Recd: 122042022 Address] PO BOX 15618 Sarnpie D 1: 1
Date Repd: 12/22/2022 City, State, ZIFJ  SAN ANTONIO, TX 75212 Sample 1D 2:
AglLab™ __" Sample Depen o3
HANEY SO0OIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZ0 Extract H3A Extract

Lok & Hitrate Ammonium hDrE. M Tokal M CI'E. H CI'E. H: I:II'E.N Rel. IZH'E H R il W Tofal F In:rE. P EH'E P CI'E PRel IZH'E P Res. Al P

PP MOE-H ppm NHA-N ppm N ppmM | ppmM Inore M ppm N ppm M b ppmP | pomPO4F | ppmP ppm P ppmF Ihsfa
30836 13.7 15 13.3 ZB.4 121 074 12.1 an 587 g s 0.2 o2 oo 3o
Rank

Other Soil Measures Fertility
H3A EXtract
Lab & 5ail pH Bufer pH Soluble S8Rt Euu:us Soil O PotAcTium Calgum Magresium Soudilm Zinc Menganese ror Copper Alurmirasm Sulfur
i1 ko WDRF | memhofom Lirmse % Loa ppm K ppmCa ppm ME ppmila | jpom 2 ppm Mn ppm Fe ppm: i ppm Al ppm s
30E36 7B 036 HIGH a7 Bl ZB2Z2 1F8 45 [Nt o] 3 o3 29 Izia
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradional | Haney | Gifer. | Savings

Lok & SuiINEPL IJ'E.E MAC N SHE DH'H'EEDF M M H

ﬂ oOE-C wﬂ{ b el ﬁl ﬁl IE‘A SPA
30836 G526 130 76.0 10.74 1366 mLeﬁLlﬁeE-ﬂﬂ‘:Emﬂ 47 /87 i 2505
Rank

Intended N Credits, Ibs/A Fertility Recommendations, |bs of Required Nutrients per Acre

Lok # Crop Yield Goal PastCrop | Subscil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime T/

Reviewed By: Emily Shafto
Dmte:  13/23/2022

Regen Ag Lab, LLC
31740 Hwy 10, Pleasanton ME 68866

Gain Ground

Recommendsticns Provided by Regen Ag Lsb, LLC
Analysis Performed by Regen Ag Lsb, LLC

J0B-627-0065
regenaglab.com



1421 Mamed DEBBIE REID Grower JER EDWARDS AQUIFER ALY
Irvoice Mo Company-JEATER EDWARDS AOUIFER ALLIAN Field ID:|LAD'Y BIRD JOHNSON PARK]
Date Recd: 12/20/2022 Address PO BOX 15618 Sarnple 1D 1: 2
Date Repd: 12/23,2022 City, State, ZIP  SAN ANTONID, T 75212 Sample D 2:
AglLab™ _ Sample Dept s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO Extract H3A Extract
Lok £ Hrbrabe Ammaonium hDrE. H Tokal M CI"E. H CI"E. H: I:II'E. M Rel. I:H'E H Ries. Boemil. W Todnl F Iﬂ:rE. P IIH'E P CI'E PFRel I}"E P Res. Aymil. P
ppem WOE-H ppm NHA-H ppm M ppm W ppm M Inore_ M ppem W ppm M bsa pom P pom PFOSF | ppm P ppm P ppm F Ihs
30837 4.2 13 36 Z1.7 143 153 14.3 ag o] 17 i3 0.2 oz 0.0 35
Rank
Other Soil Measures Fertility
H3A Bxtract
Lok £ Sail pH Buffier pH Solubile Sak B'_I:HS Soil DA Potmssium Calgurm Magnesium Sodium Zinc Manganese ron \Copper Alurrarasm Sulfur
11 Mod WDRF | mmhofom Limme % L pom K ppmiCa ppm My ppm K pom n ppm AN ppm Fe ppm Cu ppm Al pom S
30837 21 - 0.22 HIGH 3 31 2812 a7 143 iz a4 3 ool 18 1388
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradional | Hemey | Difer. | Savings
Lok £ 5uiINHP. I:h’s.C MaC oH SHT DHH'EZDF N N L] H
EED.Z-E Eﬂ i b EIE':“ E‘h E"A E’A SIA
30837 1473 193 39.0 13.83 13143 B-IH‘:LEHLH"-E 0% Gress 73 Eak] =3 P
Rank
Intended N Credits, lbs/A Fertility Recommendations, Ibs of Required Nutrients per Acre
Lab # Crop Yield Goal PastCrop | Subsoil | Haney I F203 K20 5 In Mz Fe Mn Cu Lime= T/
Reviewed By: Emily Shafto Recommendations Prowided by Regen Ag Lab, LLC
Date: 12/23/2022 Bnmlysis Performed by R=gen Ag Lab, LLC
Regen Ag Lab, LLC 308-627-D065

31740 Hwy 10, Pleasanton NE 68866 Gain Ground regenaglab.com



1421 Mamed DEBBIE REID Grower-JER EDWARDS AGUIFER AL
Irvoice Mo Company-JEATER EDWARDS AOUIFER ALLIAN Field ID:| BAREARA DR PARK LEFT
Date Recd: 12/20,2022 Addres: PO BOK 15616 Sample |0 1: 3
Date Repd: 12/22,2022 City, State, ZIF]  SAN ANTONID, T 78212 Sample 0 2:
AglLab™ " Sample Dept s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO0 Extract H3.A Extract
Lok £ Hitrate Ammonium hDrE. H Tokal N CI"E. H CI"E. H: I:II'E. M Rel. I}'E H Res. Bumil. W Todal P Iﬂ:rE. P IZH'E P Cl'E PRel I}'E P Res. Al P
ppem WOE-H ppm NHA-H ppm M ppm W ppm M Inore_ M ppem W ppm M bsa pom P pom PFOSF | ppm P ppm P ppm F Ihs
30838 2.4 i4 9.8 20.1 241 0=z 9.1 g 31 16 13 0.1 i oo 3B
Rank
Other Soil Measures Fertility
H3A EXtract
Lok £ SuiIPH Buffier pH Solubile Sak B'_I:HS Soil DA Potmssium Calgurm Mg'r_';ium Sodium Zinc Manganese ron \Copper Alurrarasm Sulfur
11 Mod WDRF | mmhofom Limme % L pom K ppmiCa ppm My ppm K pom n ppm AN ppm Fe ppm Cu ppm Al pom S
30838 241 - 0.7 HiIGH 25 54 2832 18 a5 [ ¥ar] [k 4 i ki 1396
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradional | Hemey | Difer. | Savings
Lok £ ﬁilhﬁp. I:h’s.C MAC oH SHT DH"EI'E{DF L L H H
EED.Z-E Eﬂ iC % el E‘h E"A E’A S8
30838 4E.E 133 35.1 14.55 5.3 m‘:LeHLrhemEmﬂ 151 31 iz9 19659
Rank
Intended N Credits, lbs/A Fertility Recommendations, Ibs of Required Nutrients per Acre
Lab # Crop Yield Goal PastCrop | Subsoil | Haney I F203 K20 5 In Mz Fe Mn Cu Lime= T/

Reviewed By: Emily Shaftn

Date: 12/23/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton ME 6BE66

Gain Ground

Recommendations Prowided by Regen Ag Lab, LLC
Amalbysiz Performed by Regen Ag Lab, LLC

J08-627-D0E5
regenaglab.com
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1421 Mamed DEBBIE REID Grower-JER EDWARDS AGUIFER ALY
Invoice Mo Company-JEATER EDWARDS AQUIFER ALLIAN Field ID:]  OLMOS BASIN PARK
Date Recd: 12/20/2022 Address] PO BOX 15618 Sample ID 1 [
Date Repd: 12,/23;2002 City, State, ZIFJ  SAN ANTONIO, T 78212 Sample ID 24
AglLab™ " Sample Depit o3
HANMNEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZO0 Extract H3A Extract
Lok & Hitrate Ammonium hDrE. M Tokal M CI'E. H CI'E. H: I:II'E.N Rel. IZH'E H R il W Tofal F In:rE. P IIH'E P CI'E PRel IZH'E P Res. Al P
ppm WOE-H ppm HHA-H ppm M ppm W ppm N InorE. M el ppm M bhefa pom P pom PFOSF | ppm P ppm P ppm F Ihsa
30839 343 17 33.2 48.4 172 1] 17.2 an 0.7 36 a7 1.3 13 oo 125
Rank
Other Soil Measures Fertility
H3A Extract
Lok & SuiIPH Busffier pH Soluble SaRk Ed-I:BS Sodl D4 Pofmssium Calgurm M@'\r_':ium Soudivm Zinc Manganese ror Copper Alurrirasm Sulfur
11 Mod WDRF | mmhofom Limme % Lo pom K ppmi Ca ppm My ppm K oo 2 ppm An ppm Fe ppm Cln ppm Al pom S
30835 75 0.30 HIGH 67 B4 ITE4 =7 15 [F2 (] E oS A 1523
Rank
Soil Health Nitrogen Comparison Reviewer Comments
HZ0 Extract Tradmonal | Haney | Gifer. | Savings
Lok & SuiINEPL IJ'E.E MAC N SHE DH'H'EEDF M M H H
ﬂ oOE-C wﬂ{ b el ﬁl ﬁl IE‘A SPA
30839 2333 31 102.0 13.46 2319 20% Leﬁm-emﬁl'nﬂ 367 90.7 o I35
Rank
Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre
Lab & Crop Yield Goal PastCrop | Subsoil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime= T/

Reviewed By: Emily Shafto

Date: 12/23/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton NE 68866

Recommendations Prowided by Regen Ag Lab, LLC
Analysiz Performed by Regen Ag Lsh, LLC

J08-627-D06E5
regenaglab.com

Gain Ground
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1421 Hame] CEBEIE REID GrowerJER EDWARDS AGUIFER ALY
Inwaice: Mo Company-JEATER EDWARDS AQUIFER ALLIAN Fiehd I0:ALADO CREEK 1604 RIPARIY
Date Recd: 12/20y2022 Address PO BON 15618 Sample |0 1: 5
Date Repe: 12/23/2022 City, State, ZI]  SAN ANTONIO, T 78212 Sampie ID 2
AgLab™ __* Sample Depen s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO Extract H3A Extract
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Reviewed By: Emily Shafto
Date:  12,/23/2022
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31740 Hwy 10, Pleasanton ME 63866

Gain Ground
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Analysis Performed by Regen Ag Lab, LLC

308-627-D065
regenaglab.com
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1421 Mamed DEBBIE REID Grower-JER EDWARDS AGUIFER AL
Irvoice Mo Company-JEATER EDWARDS AOUIFER ALLIAN Field ID: RANCHO DIANE
Date Recd: 12/20,2022 Addres: PO BOK 15616 Sample |0 1: 6
Date Repd: 12/22,2022 City, State, ZIF]  SAN ANTONID, T 78212 Sample 0 2:
AglLab™ _ Sample Dept s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO0 Extract H3.A Extract
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Rank

Other Soil Measures Fertility
H3A EXtract
Lok £ SuiIPH Buffier pH Solubile Sak B'_I:HS Soil DA Potmssium Calgurm Mg'r_';ium Sodium Zinc Manganese ron \Copper Alurrarasm Sulfur
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EED.Z-E Eﬂ iC % el E‘h E"A E’A S8
30841 7.5 122 579 15.85 1073 Aﬂqmmsm 118 =0 172 1750
Rank

Intended N Credits, lbs/A Fertility Recommendations, Ibs of Required Nutrients per Acre

Lab # Crop Yield Goal PastCrop | Subsoil | Haney I F203 K20 5 In Mz Fe Mn Cu Lime= T/

Reviewed By: Emily Shaftn

Date: 12/23/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton ME 6BE66

Gain Ground

Recommendations Prowided by Regen Ag Lab, LLC
Amalbysiz Performed by Regen Ag Lab, LLC

J08-627-D0E5
regenaglab.com
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1421 Mamed DEBEIE REID Grower-JER EDWARDS AQUIFER ALY
Invaice Mo Company-JEATER EDWARDS AOQUIFER ALLIAN Fiekd ID: PEARSALL PARE
Date Recd: 122042022 Address] PO BOX 15618 Sarnpie D 1: 7
Date Repd: 12/22/2022 City, State, ZIFJ  SAN ANTONIO, TX 75212 Sample 1D 2:
AglLab™ __" Sample Depen o3
HANEY SO0OIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZ0 Extract H3A Extract

Lok & Hitrate Ammonium hDrE. M Tokal M CI'E. H CI'E. H: I:II'E.N Rel. IZH'E H R il W Tofal F In:rE. P EH'E P CI'E PRel IZH'E P Res. Al P

PP MOE-H ppm NHA-N ppm N ppmM | ppmM Inore M ppm N ppm M b ppmP | pomPO4F | ppmP ppm P ppmF Ihsfa
30842 163 16 173 Fa] B9 043 7.4 13 436 xa 18 0.3 o2 i 23
Rank

Other Soil Measures Fertility
H3A EXtract
Lab & 5ail pH Bufer pH Soluble S8Rt Euu:us Soil O PotAcTium Calgum Magresium Soudilm Zinc Menganese ror Copper Alurmirasm Sulfur
i1 ko WDRF | memhofom Lirmse % Loa ppm K ppmCa ppm ME ppmila | jpom 2 ppm Mn ppm Fe ppm: i ppm Al ppm s
30847 22 - 031 HIGH 18 79 3003 1372 Iz ol o4 3 oL 18 1960
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradional | Haney | Gifer. | Savings

Lok & SuiINEPL IJ'E.E MAC N SHE DH'H'EEDF M M H

ﬂ oOE-C wﬂ{ el ﬁl ﬁl IE‘A SPA
30842 221 107 20.7 1199 3.24 qumsm =3 435 [ 16 2%
Rank

Intended N Credits, Ibs/A Fertility Recommendations, |bs of Required Nutrients per Acre

Lok # Crop Yield Goal PastCrop | Subscil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime T/

Reviewed By: Emily Shafto
Dmte:  13/23/2022

Regen Ag Lab, LLC
31740 Hwy 10, Pleasanton ME 68866

Gain Ground

Recommendsticns Provided by Regen Ag Lsb, LLC
Analysis Performed by Regen Ag Lsb, LLC

J0B-627-0065
regenaglab.com

52



1421 Mamed DEBBIE REID Grower JER EDWARDS ACUIFER ALY
Invaice Mo Company-JEATER EDWARDS ACUIFER ALLLAN Field I0: JALADO IBOU PARK CULVER|
Date Recd: 1272042022 Address] PO BOX 15618 Sample |0 1: B
Date Repd: 12/22/2022 City, State, ZIFJ  SAN ANTONID, TX 7E212 Sample D Z:
AgLab™ Sampie Depen o3
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO Extract H3A Extract
Lok & Hitrabe Ammaonium thjE. H Tokal N CI'E. H CI'E. H: I:II'E.N Rel. G‘E H Res. il W Todnl F ImrE. P I}'E P CI'E FRel I:hjE P Res. Byl P
P MO3-N ppm: NHA-M ppm N ppmM | ppmM Inorz. M ppm N ppm M kA ppmP | ppmPO4F | ppmP ppm: P ppmF Ihsfa
30843 F.E 4 10,0 Z2.3 p ] 033 10.B a0 E ] 19 is 0.1 ol oo 43
Rank
Other Soil Measures Fertility
H3A Extract
Lab & 5ail pH Buffer pH Soluble SaR B!_I:HS Soil DA Potastium Calgum Magresium Soadilrm Zinc Manganese ror ‘Copper Alurirsm Sulfur
i1 Mod. WDRF |  memhof'om Lirme % Low ppm K ppm Ca ppm ME ppmMa | pomZs ppm Mn ppmi Fe ppm T ppm Al opm 5
30843 B2 - 0.19 HilGH 43 33 2638 ) iz oazx a3 3 ool 16 716
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Trditional | Haney | Gifter. | Savings
Lok & SﬂiIR‘-HP. EH'E.C [ oH SHC EITI'E"EEDF M M ]
ﬂ COE-C wﬂ C % il E‘A E’A E’A SIA
30843 By 111 734 10.28 1148 mLEELrI'EElH‘:EI'E 137 73 3E 24T
Rank
Intended N Credits, Ibs/A Fertility Recommendations, Ibs of Required Nutrients per Acre
Lok & Crop Vil Goal PastCrop | Subscil | Haney [T F205 K20 5 Zn [ Fe W Cu Lime T/&

Reviewed By: Emily Shafto
Dmte:  12/23/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton ME 68866

Gain Ground

Recommendstions Provided by Regen Ag Lsb, LLC
Anmlysis Performed by Regen Ag Lab, LLC

J0B-627-0065
regenaglab.com

53



1421 Hame] DEBBIE REID Grower JER EDWARDS AGUIFER ALY
Inwaice: Mo Company-JEATER EDWARDS AQUIFER ALLIAN Fiehd I0:Js RIVER NATURAL AREA Raf
Date Recd: 12/20y2022 Address PO BON 15618 Sample |0 1: 9
Date Repe: 12/23/2022 City, State, ZI]  SAN ANTONIO, T 78212 Sampie ID 2
AgLab™ __*" Sample Depen s
HANMEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZO Extract H3A Extract
Lok £ Hrtrabe Ammonium thjE. H Total M CI"E. H CI"E. H: I:II'E.N Rel. I}'E H Ries. Bl W Todnl F ImrE. P I}'E P CI"E FRel I}'E P Res. Byml. P
ppm KO3-H ppm NHa-N ppm M ppem W ppm M Inore_ K ppm W ppm M bsfa pom P pom POSF | ppm P ppm P ppm F T
30844 113 1z 13.3 24.9 114 023 11.4 ag ] (=] 30 1.3 12 o3 143
Rank
Other Soil Measures Fertility
H3A EXtract
Lok & Sail pH Bufer pH Soluble Sakt Euu:us Soul DA Potastium Calgum Magnesium Sodium Zinc Manganese For Copper Aluminsm Sulfur
14 kod. WDRF |  memhos'om Lirme % Lo oom K ppm Ca ppm M ppmMa | pom pprmi Min ppmi Fe ppm Cix ppm Al ppmE
30844 21 0.23 HikGH 26 Bl ZE7D 132 Fe 00 (L] £ ool 11 I03E
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradiioral | Haeey | Differ | Savings
Lok £ SuiIFbSPL I:h'E.C AT ol SHE DT“H'EEDF ] M H H
mcm{ Eﬂ{ b} el E‘l E’A E’A 5/
30844 356 147 7.0 12.83 BB m":LeﬁLlﬁtmErnﬂ o7 4% &= 1472
Rank
Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre
Lok # Cron Yield Gosl PastCrop | Subsoil | Haney [ Faos K20 5 n Mz Fe Mn Cu Lim= T/

Reviewed By: Emily Shafto
Date:  12,/23/2022

Regen Ag Lah, LLC

31740 Hwy 10, Pleasanton ME 63866

Gain Ground

Recommendstions Prowided by Regen Ag Lab, LLC
Analysis Performed by Regen Ag Lab, LLC

308-627-D065
regenaglab.com
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1421 Mamed DEBBIE REID Grower JER EDWARDS AQUIFER ALY
Invoice Mo Company-JEATER EDWARDS AQUIFER ALLIAN Fieldl ID:JA RIVER NATURAL AREA U]
Date Recd: 1272002022 Address] PO BOX 15618 Sarmple D 1: 10
Date Repd: 13232022 City, State, ZIF  SAN ANTONIO, TX 78212 Sample 1D 2:
AglLab™ __ Sample Depit o3
HANMNEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZ0 Extract H3A Extract
Lok & Hitrate Ammonium hDrE. M Tokal M CI"E. H CI"E. H: I:II'E.N Rel. IZH'E H R il W Tofal F In:rE. P EH'E P CI"E PRel IZH'E P Res. Al P
ppm WOE-H ppm HHA-H ppm M ppm W ppm N InorE. M el ppm M bhefa pom P pom PFOSF | ppm P ppm P ppm F Ihsa
30843 34.5 = 40.3 43.3 103 1] 10.9 an gr4 3 T4 0.4 4 i a3
Rank
Other Soil Measures Fertility
H3A Bxtract
Lok & Sail pH Busffier pH Soluble SaRk Ed-I:BS Sodl D4 Pofmssium Calgurm Magnesium Soudivm Zinc Manganese ror Copper Alurrirasm Sulfur
11 Mod WDRF | mmhofom Limme % Lo pom K ppmi Ca ppm My ppm K oo 2 ppm An ppm Fe ppm Cln ppm Al pom S
30843 % § 032 HIGH 25 167 3039 1% 2 [N o4 3 oL 12 173
Rank
Soil Health Nitrogen Comparison Reviewer Comments
HZ0 Extract Tradmonal | Haney | Gifer. | Savings
Lok & SuiINEPL I:I'E.E MAC N SHE DHUEEDF M M H H
oOE-C wnc b 5\E"1 E‘A E’A E’A SPA
30843 372 131 28.4 12.08 743 10% Leﬁm-emﬁl'nﬂ 622 qr4 =X TS
Rank
Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre
Lab & Crop Yield Goal PastCrop | Subsoil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime= T/

Reviewed By: Emily Shafto

Date: 12/23/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton NE 68866

Recommendations Prowided by Regen Ag Lab, LLC
Analysiz Performed by Regen Ag Lsh, LLC

. 30E-627-0065
Gain Ground regenagiab.com
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1421 Mamed DEBBIE REID Grower kTER EDWARDS AQUIFER ALY

Irvvoice Mo Company-JEATER EDWARDS AOUIFER ALLIAN Field ID:| WOOD LAWN LAKE RIFARIAN

Date Recd: 1272172022 Address PO BOX 15618 Sarnple 1D 1: SAMPLE 11

Dat= Repd: 127232022 City, State, TP SAN ANTONIO, TX 7E212 Sample 1D 2:

AglLab™ _ Sample Dept s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO Extract H3A Extract
Lok £ Hitrate Ammonium hDrE. H Tokal N CrE. H CrE. H: I:II'E. M Rel. I}'E H Res. Bumil. W Todal P Iﬂ:rE. P IIH'E P CI'E PRel I}'E P Res. Al P
ppem WOE-H ppm NHA-H ppm M ppm W ppm M Inore_ M ppem W ppm M bsa pom P pom PFOSF | ppm P ppm P ppm F Ihs
31021 13.3 41 13.6 333 163 051 16.9 g B3RS 33 3 1.3 i3 oo 73
Rank
Other Soil Measures Fertility
H3A EXtract
Lok £ Sail pH Buffier pH Solubile Sak B'_I:HS Soil DA Potmssium Calgurm Magnesium Sodium Zinc Manganese ron \Copper Alurrarasm Sulfur
11 Mod WDRF | mmhofom Limme % L pom K ppmiCa ppm My ppm K pom n ppm AN ppm Fe ppm Cu ppm Al pom S
31021 7.6 - 110 HiIGH 43 106 3171 137 155 [ [=F-] B ooy 17 30633
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradional | Hemey | Difer. | Savings
Lok £ 5uiINHP. I:h’s.C MAC oH SHT DHUEZDF L L H H
wcm—c Eﬂ iC % el E‘l E"A E’A S8
31021 1837 i BdB6 13.04 21553 ZIH‘:LEHLH"-&E-IH‘:EI'E 7a B35 77 3}|i=
Rank
Intended N Credits, lbs/A Fertility Recommendations, Ibs of Required Nutrients per Acre

Lab # Crop Yield Goal PastCrop | Subsoil | Haney I F203 K20 5 In Mz Fe Mn Cu Lime= T/

Reviewed By: Emily Shaftn
Date:  12/28/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton ME 6BE66

Gain Ground

Recommendations Prowided by Regen Ag Lab, LLC
Amalbysiz Performed by Regen Ag Lab, LLC

J08-627-D0E5
regenaglab.com
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1421 Mamed DEBBIE REID Grower FTER EDWARDS AQUIFER AL
Invaice Mo Company-JEATER EDWARDS ACUIFER ALLLAN Field ID:] WDOD Lawn LAKE UPLAND
Date Recd: 127212022 Address] PO BOX 15618 Sample |0 1: SAMPLE 12
Date Repd: 12/23/2022 City, State, ZIFJ  SAN ANTONID, TX 7E212 Sample D Z:
AgLab™ Sampie Depen o3
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO Extract H3A Extract
Lok & Hitrabe Ammaonium thE. H Tokal N CI'E. H CI'E. H: I:II'E.N Rel. IIH'E H Res. il W Todnl F ImrE. P G‘E P CI'E FRel I:hjE P Res. Byl P
P MO3-N ppm: NHA-M ppm N ppmM | ppmM Inorz. M ppm N ppm M kA ppmP | ppmPO4F | ppmP ppm: P ppmF Ihsfa
31022 420 21 441 63.1 1BE 043 1B.B a0 1133 36 34 2.2 22 oo 1rE
Rank
Other Soil Measures Fertility
H3A Extract

Lab & 5ail pH Buffer pH Soluble SaR B!_I:HS Soil DA Potastium Calgum Magresium Soadilrm Zinc Manganese ror ‘Copper Alurirsm Sulfur

i1 Mod. WDRF |  memhof'om Lirme % Low ppm K ppm Ca ppm ME ppmMa | pomZs ppm Mn ppmi Fe ppm T ppm Al opm 5
31022 77 - 0.63 HilGH ig 13 ZB36 143 2 005 ] 4 o7 21 T
Rank

Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Trditional | Haney | Gifter. | Savings
Lok & SﬂiIR‘-HP. EH'E.C [ oH SHC EITI'H'EEDF M M ]
ﬂ COE-C wﬂ C % il E‘A E’A E’A SIA
31022 1623 I3 38.2 14.83 2101 :I.IH":LEELI'I"-&HH‘:EI‘E E=X] 1133 376 3213
Rank
Intended N Credits, Ibs/A Fertility Recommendations, Ibs of Required Nutrients per Acre
Lok & Crop Vil Goal PastCrop | Subscil | Haney [T F205 K20 5 Zn [ Fe W Cu Lime T/&
Recommendstions Provided by Regen Ag Lsb, LLC

Reviewed By: Emily Shafto

Date: 12/28/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton ME 68866

Gain Ground

Aralysis Performed by Regen Ag Lab, LLT

J0B-627-0065
regenaglab.com
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1421 Nirne:l DEBBIE REID (Grorer [ GERATER ELWARDS A CLIFEE ALLANE]
Invoice Mo Company-JEATER EDWARDS AQUIFER ALLIAN Field ID:]  sommm umenrsawes
Date Recd: 12/27/2022 Address] PO BOX 15618 Sample ID 1 13
Date Repd: 12,/26/2002 City, State, ZIFJ  SAN ANTONIO, T 78212 Sample ID 24
AglLab™ __ Sample Depit o3
HANMNEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZO0 Extract H3A Extract
Lok & Hitrate Ammonium hDrE. M Tokal M CI'E. H CI'E. H: I:II'E.N Rel. IZH'E H R il W Tofal F In:rE. P IIH'E P CI'E PRel IZH'E P Res. Al P
ppm WOE-H ppm HHA-H ppm M ppm W ppm N InorE. M el ppm M bhefa pom P pom PFOSF | ppm P ppm P ppm F Ihsa
31476 PN ] 21 13.1 3.2 204 14z Z0.1 an »BE 31 T4 11 1l oo 7
Rank
Other Soil Measures Fertility
H3A Extract
Lok & SuiIPH Busffier pH Soluble SaRk Ed-I:BS Sodl D4 Pofmssium Calgurm M@'\r_':ium Soudivm Zinc Manganese ror Copper Alurrirasm Sulfur
11 Mod WDRF | mmhofom Limme % Lo pom K ppmi Ca ppm My ppm K oo 2 ppm An ppm Fe ppm Cln ppm Al pom S
31476 75 0.37 HIGH 1F B2 ZB00 a7 M K ] 03 g ol 15 1254
Rank
Soil Health Nitrogen Comparison Reviewer Comments
HZ0 Extract Tradmonal | Haney | Gifer. | Savings
Lok & SuiINEPL IJ'E.E MAC N SHE DH'H'EEDF M M H H
oOE-C wﬂ{ b SUE':I" ﬁl ﬁl IE‘A SPA
31476 E7.8 el 333 13.10 16.06 BIﬂ‘:Ll:HLI'I"-e 0% Grass =2 ¥ [ oala] &1 80
Rank
Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre
Lab & Crop Yield Goal PastCrop | Subsoil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime= T/

Reviewed By: Emily Shafto

Date: 12/28/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton NE 68866

Recommendations Prowided by Regen Ag Lab, LLC
Analysiz Performed by Regen Ag Lsh, LLC

. 30E-627-0065
Gain Ground regenagiab.com
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Regenm

AgLab

1421 Narne:l DEBEIE REND (Gnorer [ GRESTER S4B ACLIFER. ALLIANCE]
e Mo Ccmpm-ll:lEATER EDWWARDS ADIUIFER ALLIAN Field ID:] MILAM TEALER LIPLAND
Diate Recd: 1242772022 Address PO BOX 15618 Sampile 1D 1: 14
Date Repd: 12/20/2022 City, State, ZIP SAN ANTOMIO, TX 7E212 Sarmple D 2:
Sample Depth] ]

HANEY SOIL HEALTH ANALYSIS

Nitrogen Phosphorus
H3A Extract HZ0 Extract H3A Extract

Lok & Hitrate Ammonium hDrE. M Tokal M CI'E. H CI'E. H: I:II'E.N Rel. G‘E H R il W Tofal F In:rE. P EH'E P CI'E PRel G‘E P Res. Al P

ppm WOE-H ppm HHA-H ppm M ppm W ppm N InorE. M el ppm M bhefa pom P pom PFOSF | ppm P ppm P ppm F Ihsa
31477 45,4 1= 3.9 69.8 180 03% 14.6 33 1173 [ =] 30 1.3 g LE 136
Rank

Other Soil Measures Fertility
H3A Extract
Lok & SuiIPH Busffier pH Soluble Sak Ed-I:BS Soil 34 Potmssium Caldum M@'\r_':ium Sosdium Zinc Manganese ron Copper Alurrinum Sulfur
11 Mod WDRF | mmhofom Limme % Lo pom K ppmi Ca ppm My ppm K oo 2 ppm An ppm Fe ppm Cln ppm Al pom S
31477 75 0.50 HIGH 1= 135 2545 18 20 [ r ] o4 3 1] 31 1257
Rank
Soil Health Nitrogen Comparison Reviewer Comments
HZ0 Extract Tradmonal | Haney | Gifer. | Savings

Lok & SuiIREPL IJ'E.E MAC N SHE DH'H'EEDF M M H H

ﬂ oOE-C wﬂ{ b 5\E"1 ﬁl ﬁl IE‘A SPA
31477 46T ] 20.3 12.77 11 0% 10% Leﬁm-emﬁl'nﬂ BE4 1179 =] IS
Rank

Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre

Lab & Crop Yield Goal PastCrop | Subsoil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime= T/

Reviewed By: Emily Shafto

Date: 12/28/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton NE 68866

Recommendations Prowided by Regen Ag Lab, LLC
Analysiz Performed by Regen Ag Lsh, LLC

. 30E-627-0065
Gain Ground regenagiab.com
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1421 Nirnl.‘:l DEBEIE REIND 15 rorever; [ GREATE F EDWARDS A QL FEE ALL AN
Irvoice Mo Company-JEATER EDWARDS AOUIFER ALLIAN e
Date Recd: 12/27/2022 Addres: PO BOK 15616 Sample |0 1: 15
Date Repd: 12/26,/2022 City, State, ZIF]  SAN ANTONID, T 78212 Sample 0 2:
AglLab™ " Sample Dept s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H3A Extract HZO0 Extract H3.A Extract
Lok £ Hitrate Ammonium hDrE. H Tokal N CI"E. H CI"E. H: I:II'E. M Rel. I}'E H Res. Bumil. W Todal P Iﬂ:rE. P IZH'E P Cl'E PRel I}'E P Res. Al P
ppem WOE-H ppm NHA-H ppm M ppm W ppm M Inore_ M ppem W ppm M bsa pom P pom PFOSF | ppm P ppm P ppm F Ihs
31478 iri iz 1B.9 40.3 202 106 0.9 g 716 20 7 2.3 3 oo 123
Rank
Other Soil Measures Fertility
H3A EXtract
Lok £ SuiIPH Buffier pH Solubile Sak B'_I:HS Soil DA Potmssium Calgurm Mg'r_';ium Sodium Zinc Manganese ron \Copper Alurrarasm Sulfur
11 Mod WDRF | mmhofom Limme % L pom K ppmiCa ppm My ppm K pom n ppm AN ppm Fe ppm Cu ppm Al pom S
31478 2.0 - 0.43 HiIGH EL] 133 2204 11 Z s as g (el ] B 8 1zam
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradional | Hemey | Difer. | Savings
Lok £ ﬁilhﬁp. I:h’s.C MAC oH SHT DH"EI'E{DF L L H H
EED.Z-E Eﬂ iC % el E‘h E"A E’A S8
31478 505 iz 339 1287 1655 B-IH‘:LEHLH"-E 0% Grass 0= e Lok 2241
Rank
Intended N Credits, lbs/A Fertility Recommendations, Ibs of Required Nutrients per Acre
Lab # Crop Yield Goal PastCrop | Subsoil | Haney I F203 K20 5 In Mz Fe Mn Cu Lime= T/

Reviewed By: Emily Shaftn

Date: 12/29/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton ME 6BE66

Gain Ground

Recommendations Prowided by Regen Ag Lab, LLC
Amalbysiz Performed by Regen Ag Lab, LLC

J08-627-D0E5
regenaglab.com
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1421 Nirl'rl:‘l DEBEIE REID (G rower | GERATER FEWARDS ACUIFTE ALLWNE]
Inwaice: Mo Company-JEATER EDWARDS AQUIFER ALLIAN Fickd 10 wwasmhaes paas ewasan
Date Recd: 127272022 Address PO BON 15618 Sample |0 1: 16
Date Repe: 12/20/2022 City, State, ZI]  SAN ANTONIO, T 78212 Sampie ID 2
AgLab™ __* Sample Depen s
HANEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZO Extract H3A Extract
Lok £ Hrtrabe Ammonium hDr-E' H Total M CI'E. H CI'E. H: I:II'E.N Rel. I}'E H Ries. Bl W Todnl F ImrE. P I}'E P CI"E FRel I}'E P Res. Byml. P
ppm KO3-H ppm NHa-N ppm M ppem W ppm M Inore_ K ppm W ppm M bsfa pom P pom POSF | ppm P ppm P ppm F T
31479 120 1z 13.8 317 163 114 16.9 ag 333 39 30 0.9 0.8 o a7
Rank
Other Soil Measures Fertility
H3A EXtract
Lok & Sail pH Bufer pH Soluble Sakt Euu:us Soul DA Potastium Calgum Magnesium Sodium Zinc Manganese For Copper Aluminsm Sulfur
14 kod. WDRF |  memhos'om Lirme % Lo oom K ppm Ca ppm M ppmMa | pom pprmi Min ppmi Fe ppm Cix ppm Al ppmE
31479 21 - 0.30 HikGH 43 135 ZB23 22 15 [Nar] a3 4 o3 12 271
Rank
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Tradiioral | Haeey | Differ | Savings
Lok £ SuiIRJSPL I:h'E.C AT ol SHE DH'H'EEDF ] M H H
wcm{ Eﬂc b} el E‘A E’A E’A 5/
31479 L1 i3 29.2 12.59 1216 qumsm 26 I3 a7 302
Rank
Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre
Lok # Cron Yield Gosl PastCrop | Subsoil | Haney [ Faos K20 5 n Mz Fe Mn Cu Lim= T/

Reviewed By: Emily Shafto
Date:  12,29/2022

Regen Ag Lah, LLC
31740 Hwy 10, Pleasanton ME 68866

Gain Ground

Recommendstions Prowided by Regen Ag Lab, LLC
Analysis Performed by Regen Ag Lab, LLC

308-627-D065
regenaglab.com
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1421 Nirne:l DEBBIE REID (Grorer [ GERATER ELWARDS A CLIFEE ALLANE]
Invoice Mo Company-JEATER EDWARDS AQUIFER ALLIAN Fiel ID:]  wesr saoc oo mpwsmaes
Date Recd: 12/27/2022 Address] PO BOX 15618 Sample ID 1 17
Date Repd: 12,/26/2002 City, State, ZIFJ  SAN ANTONIO, T 78212 Sample ID 24
AglLab™ " Sample Depit o3
HANMNEY SOIL HEALTH ANALYSIS
Nitrogen Phosphorus
H34 Extract HZO0 Extract H3A Extract
Lok & Hitrate Ammonium hDrE. M Tokal M CI'E. H CI'E. H: I:II'E.N Rel. IZH'E H R il W Tofal F In:rE. P IIH'E P CI'E PRel IZH'E P Res. Al P
ppm WOE-H ppm HHA-H ppm M ppm W ppm N InorE. M el ppm M bhefa pom P pom PFOSF | ppm P ppm P ppm F Ihsa
31480 4.5 34 8.0 ZZ.8 145 ima 14.6 an s i3 15 0.3 o3 oo 33
Rank
Other Soil Measures Fertility
H3A Extract
Lok & SuiIPH Busffier pH Soluble SaRk Ed-I:BS Sodl D4 Pofmssium Calgurm M@'\r_':ium Soudivm Zinc Manganese ror Copper Alurrirasm Sulfur
11 Mod WDRF | mmhofom Limme % Lo pom K ppmi Ca ppm My ppm K oo 2 ppm An ppm Fe ppm Cln ppm Al pom S
314B0 -3 0.Z7 HIGH 25 £ 2839 2 4 [ 14 [ ] 3 ol 15 233
Rank
Soil Health Nitrogen Comparison Reviewer Comments
HZ0 Extract Tradmonal | Haney | Gifer. | Savings
Lok & SuiINEPL IJ'E.E MAC N SHE DH'H'EEDF M M H H
ﬂ oOE-C wﬂ{ b el ﬁl ﬁl IE‘A SPA
314B0 TE.E Fair] 389 13.83 1335 mLeﬁer-eE-ﬂﬂ‘:Emﬂ 22 405 -] 3310
Rank
Intended N Credits, lbs/A Fertility Recommendations, |bs of Required Nutrients per Acre
Lab & Crop Yield Goal PastCrop | Subsoil | Haney [ F203 K20 5 n [ Fe Mn Cu Lime= T/

Reviewed By: Emily Shafto

Date: 12/28/2022

Regen Ag Lab, LLC

31740 Hwy 10, Pleasanton NE 68866

Gain Ground

Recommendations Prowided by Regen Ag Lab, LLC
Analysiz Performed by Regen Ag Lsh, LLC

J08-627-D06E5
regenaglab.com
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Account Nao.:

1421 Mame] DEEEIE REID Grower: GEAA

Company: GEAX Fiedd ID:f  ounSRasEH TRALS DETENTION

City, State, ZIP SAN ANTONID, TX 78212 Sample 1D 2:

AglLab

HANEY SOIL HEALTH ANALYSIS

Irrnice No.: |
Diate Resed: 1/30,/2023 Address] PO BOX 15618 Sample 10 1: SAMPLE 18
Drate Repd: 2/1/2023

Sample Depth: 0-6

Nitrogen Phosphorus
H3A Extract H20 Extract H3A Extract
Lah & Mitrate Ammonium II'I:II"E. M Total W CIrE. H CIrE. H: I]E M R, IJ"E M Res_ il M Total P Irlan.F‘ I:h’s.F‘ IZI'E F Rl CIrE. P Rms. Eosail. P
ppm KO3 ppm MHA-N pom W ppmM | pomM Inorg. W pom M ppm N Ibsfa ppm P ppm PSP | ppm P ppm P ppm P T/
1278 F=kj 24 321 3332 18.6 0.38 156 0.0 53.1 7.3 3.2 23 3 0.0 vz
Rank
Other 5oil Measures Fertility
H3A Extract
Lsh § Soil pH Buffer pH Soluble Salt Exmsz | Soil Dk Potazsium Cailciem Megresium Sodium Iimnat Iron Comper Aluminum Sultur
11 Mod. WDRF |  mmhayon Lime: % LDI ppmi K ppm Ca pom Mg ppm Na ppm Zn pom kan ppm Fe pom Cu oom Al ppm 5
1278 7.5 - 0.33 HIGH 6.3 167 ITIT 140 73 0.14 13 10 [ da] 17 1623
—h“ - I I — I - - E— I - — - I
Soil Health Nitrogen Comparison Reviewer Comments
H20 Extract Traditional | Haney | Differ. | Sewings
Lok & Sl Reso I:II'E. C MaC oM — Coseerr D'I:IP M N M M
ppm 02 opm L ﬁ% LT IhsA A SIA
1378 175 263 443 1330 17.08 |-=E|-l'|"l= orass 33.3 53.1 396 4123
ik,
Intended N Credits, lbs/a Fertility Recommendations, Ibs of Required Nutrients per Acre
Lah & Crop Yisid Goal PestCrop | Sumsoil | Haney ] PO K20 5 ol A= F= Mn Cu Lime T/&

Revicwed By: Emily Shofta
Date  2/2/2023

Regen Ag Lab, LLC
31740 Hwy 10, Pleasanton NE 63866

Recommendations Provided by Regen Ag Lab, LLC
Analysis Performed by Regen Ag Lab, LLC
308-627-D065

Gain Ground regenagiab.com
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