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EXECUTIVE SUMMARY

Initially, ths2016Moody Foundatiorfundedproject had four goals: 1) create a GIS
(Geographic Information Systems) map of the research plot that characterized the slopes,
drainage patterns and soil nutrient levels, including sodium, 2) Develop a long term evaluation
program for woody ornamental trees and shrubs, 3) Initiate a Master of Science thesis research
project to study treatments that affect soil amelioration and plastablishment in the project
area, and 4) Initiate a Master of Scierdmgreeto assess and characterize microbial
communities in the salt affected soil on Galveston Island and the opportunities for mycorrhizal
colonization of select species to enhanceittsalt tolerance and performanc&hose goals
have beerachieved and othedeliverables are described initi-inal Report to the Moody
Foundation.

A major goal of this project is ®valuate woody ornamentals in a salt and wind challenged
environment. The site selected for the research ploaisthe West end of Moody Gardens and
North of and adjacent to th&choles International Airport. Our footprint consistabbut two
acresay R 4 SQNB dza Ay 3 I Mosdahbe PR maeBats ard planNtedibiSa & @
YAT R cé (2 -isiahd sans Nboat fodr feet dvideF Bark has been tiiflecdind we use
mulching, herbicides and base of plant hand weeding to keep the wedms/aEverything is
drip irrigated. We have a fertilization philosophy that leans to light applicatiapglied
infrequently. The plots are onBn Q | 6 2 @ Sandza $duplef oBh@rBired feet frothe bay.
At about tvo feetand belowyoufind ahighsalt soil environmentwhich meansnosttrees and
shrubs have poor chance of thriving, or surviving. An additional challenge is wind. Plant
materials tendo lean toward the north. Branches on the south side of a tree trunk find
themselves soon growinto thenorth.

Our latest inventory reveals over 260 woody plants attempting to thrive or survive in this tough
landscape situation. Most accessions are three to five plants of each. We already have winners

and losers. Of course, many of the palmghmmmmmodity and rare, are performing well. At

this writing, August 2013he SFA Gardens introductionNHzy dza - Wt dzN1LJX S t NA RS ¢
prosper. Leucophyllum langmania¢ [ @ yy Qa [ S3IF 0eQ Aa 1SSLAYy3IT SEO!
bloom all the time. Our pomegnate varieties are thrivingHibiscus dasycalythe Neches

river rose mallow, is an endangered planth which we have considerabéxperience It s

surprisingly strong in our plots with great flowerirgipowsno salt damage and seems

unaffected by the sawfly, a terrific problem in its home further nof@nevillea robustand

Salix floridanusleserve further trials on the island. We have high hoped®fgicianthes

fragrang { AYLJA2Y Qa4 &K 2 ¢ 3 avergds idliEge, @xoliabrg bafkSwhite dzNB

flowers and attractive fruit. The hybrid Taxodium selections selected for salt tolerance via the

Nanjing Botanical garden are growing welitwind is the big challenge for tree form and

structure. Several Rars via the University of Florida have been surprises with fast growth
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and unaffected foliage. There are losers, some surprising, some not. The Mexit@oaks

fought a bdtle with aerial salt. As candidates fall, they are being replaced with nemt pla

materials for testing. Most importarid the Moody Gardens missipthis grant has created a

long term platform for evaluating plants in a windy and salt challenged landscape. Malcolm
Turner is the Technician in charge of this projecton the grouné Qa R2 Ay 3 | 3INBI
things happenand | haveenewed confidence that the maintenance part is covered. Danny
Carsonyecently retiredMoody Gardens Horticulturist, and Donita Brannon, Rairdpreave

been greato work with. Sabino Bilon of Mmly Gardensleserves a special thank yowe ks

taken a personal interest in the project and has beegreft help when needed

It should not go unmentioned that this project has been a really fine learning experience for so
many undergraduate and gradte students at SFA. They have been given an opportunity for a
real world environmental project. With climate change a growing reality in the scientific
community, our youngest citizens have the most reason for interest and enthusiasm for a
project of this nature. Facts do matter.

In addition to plant evaluation, the project has allowed other collaborative research projects.
Dr. Hua Jianfeng, our visiting scienfretim Nanjing Botanical Garden established a planting to
testthe use ofHibiscus hamatas a rootstock foHibiscus syriacufRose of Sharoriwe will
answer the question whetharsing the salt tolerant hamabas arootstockallow the popular
Rose of Sharon to grow in a more salt challenged environmBEm¢?verdict is not irbut to

date, the results are promisingor. Farrish anélSccandidate Daniel Morgan have some very
interesting research that will help landscapers whtbrticultural strategies to deal with salt
chalenges. Drs. Wagner and Taydoe wrapping up a study on theyworrhizal statusf that
portion of Moody Gardens and thepportunities for improving plant performancélhese and
other studies are outlinechithe following annual reports fd2016,2017, 2018, and 2019.

This research project has enjoyed good publicity and outreach. A full listing of paper
presentations, publications and tours for the project can be found in Section 8, Publications and
Presemations.

9PSNE2YS LQ@S YSi 2y GKS AaflyR A& ljdzaO1l G2
disaster. But this is Galvestand the Islanders know that. Ours is not a project for the timid.
{GAfTEX AGQa Iy STT2 NIdersiakkding of delliyig witrSpfanid idad 3+ Ay
challengingcoastalenvironment. If the prognostications are right on climate change, Texas is
destined to be warmer in all four seasossd subject to more intense droughts and violent

storms. If the predictionsof sea level rise for 2050 and 2080 and beyond are correct, then

finding climate change friendly plants and better strategies to grow them is indpeadant

causefor land use planners along the coastlines.
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BUDGERND REMAINING BALANCE

Moody Grant

265041

Beginning Balance Forward

Revenue

Private Grant Funds

Expenditures

Faculty Salaries
Graduate Asst Salaries
Student Wages
Classified Wages

Benefits
Travel
O&M

Capital Outlay

Balance

Yril

Yr2

Yr3

Yr4

Yr5

4/9/15-4/8/16 4/9/16-4/8/17 4/9/15-4/8/17 4/9/16-4/8/18 4/9/19-7/3/19

42,023.23 65,306.51 122,199.72 69,185.59

83,989.66 83,989.66 83,989.68 0.00 0.00
83,989.66 126,012.89 149,296.19 122,199.72 69,185.59
0.00 0.00 0.00 2,700.00 0.00
10,932.53 11,075.10 3,783.32 2,200.00 200.00
517.62 252.48 905.90 2,938.09 242.16
8,605.72 6,446.74 7,097.90 10,025.09 2,717.27
2,818.59 1,773.64 2,779.82 4,957.66 868.35
4,066.57 3,947.63 4,787.83 5,395.75 584.62
15,025.40 37,210.79 7,741.70 16,630.54 158.64
0.00 0.00 0.00 8,167.00 0.00
41,966.43 60,706.38 27,096.47 53,014.13 4,771.04
42,023.23 65,306.51 122,199.72 69,185.59 64,414.55
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WOODY ORNAMENTAL EVALUATION
Dr. Dave Creech

This project was initiated in 2016 as the
result of a three year grant from the Moody
Foundation. The first year was spent
building the infrastructure for a two acre
research plobn the west side of Moody
DFNRSya |yR I Ral OSyi
side Over the last 4 years, SFA and Mood
Gardens have collaborated to constructa .
GNBJ2t gAy3 R22NE ydzNI
acquires interesting plant materials from a
wide variety of sources, plants three to five,
andthen evaluates their performance.
Superio performers are noted and
propagated fordistribution; poor performers
are discarded and replaced with new
candidates for testing. THatest planting
plan is in the Appendix of this document.

We have maintained an Exceltdbase for
plant growth (diameter, height, width)fdhe
individual plants. Ae superior performers
have been impressive with tree trunk
RAIFYSGSNE S EdOdhSsRecigsd
The Taxodium collection is extensive with
numerous hybrid selections incled in the
dGdzReé Ay 3INRdzJa 27
is a Montezuma cypress with evergreen |
tendencies, no knees and fine salt toleranceg
It deserves greater use. .

) KAt R
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GRAFTING STUDB¥:a result of our e
collaboration with the Nanjing

,dzyf 2y 3Qa LINE INI
the efficacy of grafting Rose of
Sharon (Hibiscus syriacus) on H.
hamaboas a rootstockHamabo is
extremely salt tolerant.lt appears to
graft easilywith the popular and well
know Rose of Sharon (Althaea). Th
grafts heal quickly and plagrowth
has been exceptionaMWe have high S
hopes his rootstockwill alow
popular R®se of Sharon varieties to &
move into saltier locationsWe still

have aerial salt issues to study and
that may limit the opportunity
ahead. Time will tell.

Hibiscus svriacus on H. hamabo |
< B X Y :




This winter will conclude the evadtions for a good number of the species established in 2016
and 2017.

The superior performers will be dug and
planted at Moody Gardens or in nearby civic
projects as it seems fitThe empty spaces will
be planted in mid to late winter 2020 to new
candidates and the process will begin again.
Acquire, Evaluate, Propagate pRrote and
Distribute is the mantra of this program.

Grivillea robusta

While we have a number of standouts, there
are a few that deserve mentionind-or
instance, we have multiplieBalix floridanusa
rarely encountered Florida coastalllow
specieqdescribed in the 208 annual report)
and we now have 25 one gallons to plant in
winter 2020. One of the more successful trees &=
tested isGrivellia robustdsilk Oak) which is fasg
growing, tolerant of light freezes, with an
attractive flower and form.

This project has regved good publicity and
outreach tofuture land use managerdn the
past year, & presented an oral papen
Birmingham, Alabamdseb 22019 to the
Southern Region of the American Society for
Horticultural Science oaur research worlat
Moody Gardens We were pleased to host a

PatStephen Williams, SFA Forestry, May 22,
2019. We provideda tour and seminar for the
Annual State Conference of County Extension
agentswhich was held in Galveston, Texas, on July 30, 2019.




Soil Amelioration, Aerial Salt Deposition, and Groundwater Study
Dr. Ken Farrish
Project Overview

Two graduate students, both seeking the Master of Science degree in Environi@eietate,

conducted their research projects on the Moody Gardens site. Elaine Harris focused her
research on soil amelioration treatments aimed at improving plant survival and growth,

specifically live oakQuercus virginiang hybrid bald cypres§axodum- W ¢ anad yelRw

hibiscus ibiscus hamabo on the salt affected soils. Her work also sought to quantify the

amount of annual aerial deposition of salts from sea spray on the study area. Daniel Morgan
F2tf26SR dzZLJ 2y 9f | »pinSeasuranieNtd, evaldatipiof hylRig Baidl A 2 y |- f
cypress Taxodium distichuifoliage Naconcentrationsand a groundwater characterization

and monitoring study.

Soil Amelioration and Aerial Deposition Study, Elaine Harris
Objectives
The specific objectived this research were to:

w Quantify the salinity of soils found at the storm surge impacted coastal site.

w Evaluate soil Neamelioration practices for efficacy in displacement and reduction of
soil Na+.

w Conduct a plant trial of live oak@ercus virginiaa), hybrid bald cypres§ axodiumX
Wennc QU3 | yRHbisQsadao KA 6 A & Odza o

w Measure survival and growth response of the three plant species to applied soil
amelioration treatments.

w Quantify the aerial input of Ngsea spray) to the site through deposition during both
wet and dry weather events. Current inputs of sodium salts fromsgpeay aerosols
and during precipitation events were also quantified using a precipitatiorfaliy
automated collector at the stugsite over one year with monthly measurements.

10



Study siteplantings of live oakQ@uercus virginianga

hybrid bald cypresst(l E 2 R A dzY , and yellgighibisousQ 0
(Hibiscus hamaboon soil amelioration plots at the Moody
Gardens study site.

N ‘Q.'\

Image of the Precipitation Collector used
to quantify the annual aerial Naeposition at the Moody
Gardens study site.
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Methods

Principal methods of elevated soil sodium (Na+) amelioration include increasing sodium
leaching via irrigation, incorporating orgarmulches, mploying elevated planting beasd

adding chemical amendments. In this study, elevated beds were constructed with
uncontaminated soil originating from an affland source, pine bark wased for the

incorporated mulchand the chemical amemdent was calcium sulfate (gypsum). The study
evaluated the effectiveness of the soil management treatments using the survival and growth
of three plant species, live oak (Quercus virginiana), hybid dgpress (Taxodium distichum)
and yellow hibiscus (biscus hamabo). A randomized factorial design using the eight
treatment combinations with the three plant species was replicated six times on an area that
was salt affected from the hurricane storm surge near Galveston Bay.

Results and Discussion

Plantsurvival and growth for all three species was very good on all soil amelioration treatments
and control plots. The treatments had little effect on either survival or growth, probably in part
RdzS (2 dzyNBljdzSaid SR 02y Ay dzSWwith rewddodmosisitraayed 6 &
water well into the second growing season. Measurement of soil parameters indicated that Na
levels appeared to be somewhat reduced in the gypsum treated plots. In retrospect, a higher
gypsum rate of application may have pgraed desirable results. Clean soil brought into the

site to build the raised beds did not contain appreciable amounts oiritally, however, Na

levels increased within the first year in these beds to levels comparable to the native sbil. Na
may have moved up into the beds via diffusion from below, from input of aerial deposition, or
most likely both. The indication is that building raised beds with clean soil may not be an
effective means of addressing high soil'ldancentrations.

Annual aeriadeposition of Nawas relatively small, but also quite variable during the year.
Greatest deposition of Naccurred during storm events as wet deposition. However, total
annual aerial deposition of Navas only 0.39 percent of the Neontent in the bp 10cm of sail,
and therefore may not be a large contribution to soif"Naut could directly adversely impact
plant foliage in the short term.

12
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Foliage and Groundwater Study, Daniel Morgan

Objectives

The purpose of this study was to develop an understanding of whetsdlla accumulate in
the Galveston coaal system of groundwater, s@hd plants, what factors affect érate of
accumulation of saltand to observe how a series of native and nonnative plants tolerate Na
intake through the ground and through aerial deposition.

The specific objectives dfis research were to:

1 Evaluate third growing season survival and growth of the three spetaa®diumX
W ¢ n Quer@us virginianaandHibiscus hamabaused in the soil amelioration study and
to determine elemental concentrations, especially*Naresent in the foliage of the
Taxodiunplants on the study area.

1 Monitor the depth and quality of the groundwater by determining fluctuations iri, Na
Ct, pH, electrical conductivity (E@hd temperature through a ongear period.

1 Relate the groundwateconditions with weather data and aerial deposition data to help

characterize the movement of salts in the environment of the study area.

Methods
13



Nine piezometers were installed at the Moody Gardens site in 2017. Three of the piezometers
were equipped ith Solinst Leveloggers, water level dataloggers that can also detect electrical
conductivity and water temperature at a predetermined interval.

Each piezometer was constructed out of 3.175 cm Schedule 40 PVC pipe. At the bottom of
each piezometera 25 cm section of 0.25 msiotted PVC pipe was attached to the main body
of the piezometer. The piezometers that did not contain Leveloggers were capped at the top
with PVC pipe caps. The piezometers equipped with Leveloggers used a 3.175 cm to 5.08 cm
coupling attached to a 15 cm 5.08 cm diameter PVC pipe, to allow the installation of the
Levelogger well cap.

Compacted Soil
Filled Soil from Pit

Pea Gravel Filter Pack

Diagram of the design of the piezometers used for

collection of groundwater data, as well as the design for the
piezometer pits. The dimaions of the piezometers and the
pits varied based on the location of each point. Part A shows
the design of a standard piezometer used for groundwater
sampling and measurements. Part B shows the design for a
piezometer to be used in conjunction wighSolinst Levelogger.

14



Image of typical installed piezometer at the Moody
Gardens research site.

The Solinst Leveloggers collect data on wideel, electrical conductivitgnd water
temperature. They can be left onsite to collect continuous aatadings to supplement data
found from the water samples. The Leveloggers collected diaan interval of 30 minutes
and ran continuously for the duration of the study. Data was collected from the loggers during
the biweekly sample collections in orderensure the safety of the data, as well as check for
abnormalities. Upon completion of groundwater collection, the piezometers were used to
determine soil characteristics in the study area. The Leveloggers were removed and
recalibrated for the slug tes, with the sample interval being changed from 30 minutes to 2
seconds, the fastest possible sample interval. Groundwater depth data was compared to
precipitation data collected from the nearby airport weather station.

Groundwater was collected fromach of the piezometers every two weeks for a period of
one year. Groundwater samples were tested for pH, electrical conductivity (EC), carbonates,
bicarbonates, sodium, calcium, magnesium, potassium, iron, sulfate, chloride, phosphate and

15



nitrate. To @termine the presence of salts in the plants of interest, foliage samples were
collected from theTaxodiumT406 close to the end of the growing season, to allow for an
adequate accumulation of salts in the leaves before fall leaf senescencagdsaimples were
dried, groundand then analyzed for select element content at the SFA Plant, Soil, and Water
Analysis Laboratory.

Third year survival and growth measurements on the plants in the soil amelioration plots
were made as before by Elaine Harri

Results and Discussion

Groundwater depth and chemistry varied considerably at the study site, both spatially and
temporarily (Table 1)For example depth to the groundwater varied from 56 to 93 cm, while
Na" and Cllevels varied from 67 to over 902 rhig and 73 to over 2400 mgLrespectively.

In comparison, typical seawater has about 10,556 rhiyd* and 18,980 mg+CH. EC values
ranged from 0.99 to 6.99 mS/cm, Weelow that of typical seawateat 50 mS/cm. So, the
groundwater at the Moogl Garden site, while salt affected, is currently far less salty than
seawater.

Table 1. Means of groundwater parameters for the Moody Gardens study area, over
the duration of the study. Water parameters are pH, electrical conductivity (EC),
Na’, Cland depth to water table (DTWT).

Piezometer Mean pH Mean EC Mean Nd Mean Ci Mean
(mS/cm) (mg 1) *(mg L-1) DTWT (cm)

1 7.93 2.77 269.7 843.4 64.5
2 8.03 1.52 188.7 289.9 68.8
3 7.78 0.78 67.5 73.5 93.6
4 7.85 5.41 789.7 1975.2 59.5
5 8.10 2.57 342.7 634.7 74.3
6 7.94 0.99 96.4 133.4 91.6
7 7.85 5.98 876.6 2051.2 56.6
8 7.76 6.99 902.7 2436.8 79.5
g 8.05 1.45 237.9 175.19 81.9

Foliage samples on the soil amelioration plots showed no significant differences in Na+
concentrations among the treatments. However considerable variation in foliage Na+
concentrations existed on nearby plots where differ@iaixodiumgenotypes were plamd,

16



ranging from just over 6400 mgk¢p over 11000 mg k§ The highest concentrations were
found in the T406 and T405 genotypes, which are known to have the highest Na+ tolerance.

Table 7. Select elemental concentrations, for Trexodiumgenotypes within the
Moody Gardens study site.

Genotype Na(mg K(@mgkg Ca(mgkg Mg(mg S (mgkg
kg-1) 1) 1) kg-1) 1)
T. distichum 6412.64  9269.92 1229547 2957.54  1881.92
T.'Oaxaca child" 7236.63 16743.72 7702.69 3022.98 1813.83
T407 9373.53 9860.28 12256.20 3690.60 1820.91
T406 11059.84 12278.70 8790.98  3401.17 1990.16
T405 10579.38 10852.37 9453.77 3209.54  1853.30
T27 8700.53 11664.61 9092.05 3057.79  1948.55
T502 9062.56 9569.70 8765.69 3169.62  1753.47

T406North Plots  8662.15 10939.84 10637.03 3382.27 1360.97

Plant survival and growth on the soil amelioration plots remained largely unchanged from the
previous two years of measurement, with no significant treatment effects.

Table 1.Concentrations of nutrients imaxodiumgenotypes, listed in ppm.

Genotype K (ppm)  Ca (ppm) Mg (ppm) S (ppm) Na (ppm)
T. distichum 9269.92 1229547 2957.54 1881.92 6412.64
T.'Oaxaca child" 16743.72 7702.69 3022.98 1813.83 7236.63
T407 9860.28 12256.20 3690.60 1820.91 9373.53
T406 12278.70  8790.98  3401.17 1990.16 11059.84
T405 10852.37 9453.77 3209.54 1853.30 10579.38
T27 11664.61 9092.05 3057.79 194855 8700.53
T502 9569.70 8765.69 3169.62 1753.47 9062.56

T406North Plots 10939.84 10637.03 3382.27 1360.97 8662.15

Table 2.Concentrations of nutrients imaxodiumgenotypes, listed in percentages.

Genotype K (%) Ca (%) Mg (%) S (%) Na (%)

T. distichum 0.9270 1.2295 0.2958 0.1882 0.6413
T. 'Oaxaca child" 1.6744 0.7703 0.3023 0.1814 0.7237
T407 0.9860 1.2256 0.3691 0.1821 0.9374
T406 1.2279 0.8791 0.3401 0.1990 1.1060
T405 1.0852 0.9454 0.3210 0.1853 1.0579
T27 1.1665 0.9092 0.3058 0.1949 0.8701
T502 0.9570 0.8766 0.3170 0.1753 0.9063
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T406North Plots 1.0940 1.0637 0.3382 0.1361 0.8662

Figures:
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Drs.Stephen Wagner and Josephine Taylor

Project Overview

9SSy G(K2dzZaK YAONR2NHIyAaYa 0O2YLI2aS fSaa GKIyY
role in the growth, health, anduccess of plants growing in that soil. Beneficial organisms, such

as mycorrhizal fungi and nitrogdixing microbes not only promote plant growth and health

but also help reduce the need for nitrogen and phosphorus fertilization. We have investigated
the role that these microbes have on the growth of plant species being studied at the Moody
Gardens research site.

Project Objectives
We have focused on three specific objectives:

1. Assess the effects of soil amelioration approaches on microbial populatrahs
activities at the Moody Gardens Research Site.

2. Determine native mycorrhizae populations at the Moody Gardens study area.

3. Test the efficacy of mycorrhizae inoculants on plant species being evaluated at the
Moody Gardens site,

Soil Microbial PopulatiofActivity Study. Because microbial species play an intricate role in
the success of thelibiscus hamahdQuercus virginianand Taxodium distichurplants growing

in the soil amelioration study at the Moody Gardens site, research included assessing
indigenous microbial populations and activity. This work was the subject of a Master of Science
thesis project conducted by Elaine Fowler (Environmeatiénce) and was directed by Stephen
Wagner. Soil samples were collected in July and October 2016 and January 2017 to estimate
total bacteria and fungi populations. These were determined by serial dilution plating on
selective media using a spiral platisgstem. Soil respiration rates were determined using a
Model EGM4 Environmental Gas Monitor for @@volution. Bacteria populations ranged from
4.07 to 5.12 and 3.73 to 4.26 log CFUimg soils collected in July and October, respectively.
Fungi rangedrbm 3.27 to 3.58 and 3.09 to 3.71 log CFU Bungal populations were not
significantly different between treatments. Bacteria populations were significantly higher only
in control bedded and mulch flat treatments. Likewise soil respiration rates rangedd.873

to 3.07 g Com? hr -2 but showed little response to soil amendment$iese results indicate

that there are relatively large and active soil microbial communities inhabiting soils at the field
site. However, soil amendments had little effect mncrobial populations and activities. Elaine
successfully completed and defended her thesis and graduated in May, 2017. Additionally,
these results were reported in a poster presentation given at the Soil Science Society of
America Annual meeting held fTrampa, FL in October 2017.
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Effect of Soil Amendments on Microbial Populations at Moody Gardens Study Site
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Hfect of SoilAmendments on Soil Respiration Rates at Moody Gardens Study Site

Treatment Respiration SNK
Mulch Bedded 3.07 A
Mulch Flat 2.56 A, B
Gypsum Flat 2.56 A B
Control Flat 2.25 A, B
Mulch Gypsum Flat 2.13 A B
Gypsum Bedded 1.84 A B
Control Bedded 1.63 A, B
Mulch Gypsum Bedded 0.87

Soil samples were also collected from each treatment in this study to determine the effect of
the treatments on endomycorrhizae populations. A most probable number technique,
whereby soil samples were grown on tall fescue plants in a greenhouse was satdup
conducted by several undergraduate students to determine these populations. The
greenhouse work was accomplished during the 22089 academic year and will be analyzed
this fall.

Native Mycorrhizal Fungi StudiesWe have characterized the colonization of these fungi on

the roots of several nativgrass and wildflower species all as determine most probable

numbers (MPN) of endomycorrhizae at the field research site. Dr. Josephine Taylor led an
investigation ly undergraduate students to ascertainND dz& Odzf  NJ Y& O2 NNKAT I S
KSND I 0S2dza NP2 (i D2XYLIKNSY ol &S SISy igekid A0S | SNIRRA | LJdzt
6! aGSNI OSASVARILMIPIR 6t 21 OSF SO 02ttt SOGSR FTNRBY (f
YAONR&O2LIAO SEFYAYLFLGA2Y Al 6Fa&8 RSGSNX¥AYSR (KI
F3a20AF0GA2Yy&aS AaSPOSREFOTRzy AR fl YRS LINKBZE OG5 K O
GKSANI NR20G GA&adsSao ¢ KS | 0dzy R{Yy2AER 32 T | INBESdRE (Be
GKS LI IFyd K2adas AYRAOFGAY3 GKFEG | . ydzYoSN 27

Mycorrhizae in Stained Rootsf a Native Species at Moody Gardens
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In the MPN analysis, presence or absence of AM colonization in each soil dilution was assessed

AY 2NRSNJ (2 SAGAYFGS yIFGdzNYf LRLMAFGA2y f SOSH
MAG2 Y2NB (Xlay LINEMJI B ds/Sa LISNXBNBY EFABBK SRBOICH
AYRAOIUKYG&I 2y LDI f P5adO)F GE&RI gRAOKNBY | OGA GBS ! .
a0dzRSy G ! y3aStl wAGiSyoSNNE 0{ SO2YyRI NBE 2FRdzO}
{ OASYyOS aSSiAy3a Ay al NOK wnanmt |G alNB | NRAY
wSaSINOK /2yFSNBYOS 2y ! LINAf HAZX HAMTO®

Effect of Mycorrhizal Fungi Inoculation on Growth of Candidate Hibiscus Spevieshave

also begun studying the utilizatioof plant growth-promoting microorganismssuch as
mycorrhizal fungi, on the growth of candidate plant species. An initial greenhouse and
subsequent field study (transplanted in February, 2017) is assessing the effect of two different
endomycorrhizae commetial inoculants on the growth dflibiscus hamabo.lInitial growth
measurements (plant height and diameter) showed that the inoculdidsnot improve plant
growth. However, research indicates that there arendrterm effects of inoculants.
Gonsequently, weare continuing to collect data on the growth and development of these
plants.

Hibiscus hamabo/Mycorrhizae Study Plant Height and Diameter

10/13/17
140.0
120.0
g 100.0
= 800
5 60.0
O 400
20.0
0.0

+FERT +FERT/Y +FERT/Z -FERT -FERT/Y -FERT/Z
TREATMENT

m MEAN HEIGHT m MEAN DIA
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Hibiscus hamab&tudy at Moody Gardens Field Site

Undergraduate students directed by Dr. Tayoepared samles from theHibiscus hamabo
greenhousestudy for scanning electron microscoggd generated images of control dn
mycorrhizal inoculated roots.

SEM micrographs of Hibiscus hamabo control
roots —no mycorrhizal inoculation

100pm

SEM micrographs of Hibiscus hamabo roots
inoculated with mycorrhizal preparation Z

e
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Effect ofEndo/EcteMycorrhizae Inoculation offaxodiumCandidate GenotypesA study was

initiated in 2018 to determine the effect of inoculation of three candidate genotypes of cypress
GNBSa 6AGK I O2YYSNOAIf SyR2Y@O2NNKAT ISk SO(2
and development. These genotypes (A, B and C) weréeBahit selections of crosses made
betweenTaxodium distichumaar distichumandT. distichunvarmexicanum Saplings of each

genotype weretreateds A 0 K G KS F2ff2¢Ay3 | YSYRYSyGay MO
YEO2NNKATIFS 6/ b¢O T TH lo OF SYNIIORENINIKSANI | 1SE 2 v @ y6SC vad, /
YEO2NNKAT IS -ayr®Odz I YH(I SNI9 vk S KBA MK a3 Fl2aN2 i X SY 3 |
a, kyR @9W¢ i NBISBYHSAiEoSNIes BFREHE OGN DYHFRNI HRY 2
HooX HloyHp H N IEF2ieLIS . SFYRRommoDYHFAN APy 2 (¢
RAFYSGSNI I GaobBl B KESNBHAKS -Abt> i0BWEY Sy i/a INBR
GSNBE oclyyRyreY o2 NJ 3Sy 2§ &/1RS o!2NYAEY 200@31IBEm = | Y R

ot YR nmc YY F2N) 3Sy26GeLllsS / o lf K2dAK GKSNB g1
3Sy2Ge1IS !'s Ay20dzZ FiA2y 6A0GK Y@O2NNKATIFS asSsSy
3Sy2G4eLlSa . FyR [/ @ 5FGF F2N G§KS &SGR yasSS [AEF2

0KSaS GNBYRa O2y i ANSASSYRRKE®NI | NB 3ISy2ieLIS

Taxodium/Mycorrhizae Inoculation Study at Moody Gardens Field Site
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Effect of Mycorrhizae Inoculants on Taxodium Genotype A
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Effect of Mycorrhizae Inoculants on Taxodium Genotype B
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Effect of Mycorrhizae Inoculants on Taxodium Genotype C
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Dr. Steve Wagner and Josephine Taylor, Biology, SFASU
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Effect of Mycorrhizae Amendment on Three Cypress Genotypes Grown in Hurricane Impacted
Soils

Stephen Wagner]Josephine Taylor, and David Creech

Hurricanes and tropical storms, such as Hurricanes Ike and Harvey in Texas, continue to

devastate US coastal plant communities. Consequently, a project has been initiated at a field

site on Galveston Island to &wuate,introduceand promote a wide range of safind

hurricane tolerant plants. Because most land plants depend upon mycorrhizal fungi for proper

growth and development, an important element of this project is to test the efficacy of

mycorrhizae on plants being evaluated. A study was initiated i8 2®#letermine the effect of

inoculation of three candidate genotypes of cypress trees with a commercial endomycorrhizae/
SOG2Y2O2NNKAT IS O2yaz2Nliadzy 2y (GKS LXIydaQ 3IANP
and C) were 3 different selections of crossemde betweenTraxodium distichuraar distichum

andT. distichunvar mexicanum Saplings of each genotype were treatech 1t K G KS F2f f 26
' YSYRYSyGay MO Y2 FTRRAGADGSE 2F FSNIATAT SNI 2N
YEO2NNKAT I STlIi@yS26K, FSNIAf AT SNall Yy R oY e OF NISRA G |
FANRG &SI aRS/AZa KUSH yF 20NNBISK S /-, ¢/x COBICEY &y & a | MRaA IC
GSNBE HCNEYRpPREPHPFEHENI ISyooX HopX HNndP YR HpI
HTS0 HpMY RHden OY F2N) ASy20eLIS fid 0&5SHY RRINY 8K
CoOwe> a, /a l/yRiNPMWEYSyida NBa&LWSGH A6 2 MISHNBY e & L.
nmE oPfR 2 NIYASY 2(&LIS [.ySR InycR YiYm 3F 2bND BKSayul2Fike LIS  /
GKSNBE gt a y2 RAFFSNBYOS 06SisSSy GNBFGYSyida ¥F2
SSYSR G2 AYLINR@GS YSIy GNBS KSAIKG F2NJoz2diK 3
gAtft 0SS 02ttt SOGSR | YR NB LR NES R yiRrk 2RN\I dl SN\\NBY A3/SSy/ 240
RSLISYRSyiGo®
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Hibiscus Plots and "Taxiway"

[Taxodium50p 101 [ 102 [ 103 |

104 | 201 | 202 | 203 | 204 | 301 |
Genotype A

302 | 308 | 304 | 401 | 402 ]

703 | 404 | 501 | 502 | 503 | 504 ]

[Taxodium40f 101 T 102 T 103 ]

104 | 201 | 202 | 203 | 204 | 301 |
Genotype B

302 | 308 | 304 | 401 | 402 ]

703 | 404 | 501 | 502 | 508 | 504 ]

[Taxodium40p_101 | 102 | 103 | 104 | 201 | 202 | 203 | 204 | 301 | 302 | 303 | 304 | 401 | 402 | 403 | 404 | 501 | 502 | 503 | 504 |
Genotype C
Farish Plots and Bayou
Taxodium 502 Treatment Assignment Taxodium 407 Treatment Assignment
Treatment Rep 1| Rep 2| Rep 3| Rep 4| Rep 5| Treatment Rep 1| Rep 2| Rep 3| Rep 4| Rep 5|
Control 103 | 202 | 301 | 403 | 501 Control 101 | 201 | 301 | 404 | 502
Fertilizer Only 102 | 201 | 303 | 401 | 502 Fertilizer Only 103 | 203 | 302 | 403 | 504
Mycorrhizae Only 101 | 204 | 302 | 402 | 503 Mycorrhizae Only 102 | 204 | 304 | 401 | 503
Myrorrhizae and Fertlize{ 104 | 203 | 304 | 404 | 504 Myrorrhizae and Fertlijf 104 | 202 [ 303 | 402 | 501
axodium reatment Assignment
Treatment Rep 1| Rep 2| Rep 3| Rep 4| Rep 5|
Control 102 | 202 | 303 | 404 | 504
Fertilizer Only 103 | 204 | 304 | 403 | 503
Mycorrhizae Only 101 | 201 | 302 | 402 | 501
Myrorrhizae and Fertlize[ 104 | 203

301 | 401 | 502
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Stephen F. Austin State University
The Moody Foundation Project Update
Mar 2018
SUMMARY

1. Since the last Project Update (Oct 1, 2017)
we continue to make progress. The cold
snap in early January 2018 brought a very
light freeze to the research plots but only
minor damage to some of the more i
sensitive species. A little over ¥% of the plQEEHids
is occupied by a wide range of interesting§
plant maerials. The open rows have bee
kept clean of weedsand the nutgrass is
almost eliminated by the use of Image.
The open rows on the west end will be
filled by plants we have accumulated an
organized at the SFA Gardens nursery.
had intended to planthem at the first of
the year but decided to wait until
February/March. Currentlyur two
growing seasons reveplenty of standouts §
and a few failures. The failures (whether &
performing poorly because of aerial salt o
soil conditions) will be removeahnd .
replaced with more promising candidates.
We remain pleased with the study by Dr.
Hua to test the impact of using a Hibiscus
hamabo rootstock (very salt tolerant)
grafted toHibiscus syriacufRose of
Sharon) to determine if this will allow —
growth of this popular ornamental. Finallyj, % o,
by March 2018, the entire plot area will be ¢
occupied. At the end dhis growing ¢
season, we recommend digging the
standouts and moving them to locations i
the Moody Gardens landscape or to
appropriate civic projects on the island.  EX*
We have a backlog of plants destined for 5,

Salix floridana

the research plot. One example shown isfa®
very salt tolerant rare endemic from “
Florida,Salix floridanawhich makes a -}

small tree.
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An experiment to test the performance of Hibiscus syriacus on their own roots or grafted on to
Hibiscus hamabo. Hamabo is very salt tolerant.

3. Dr. Ken Farrish, Environmental Science. Elaine Harris, Graduate Research Assistant, is in the
LINEPOS&da 2F gNAGAY3I KSN) a{ (GKSarao I SNJ LINE 2 S
planted to evaluate the effectiveness of soil management treatmentshergrowth and
survival of three specieQuercus virginianaHibiscus hamaband Taxodium distichumThe
eight treatments were the Control Flat, Control Bedded, Mulch Flat, Mulch Bedded, Gypsum
Flat, Gpsum Bedded, Mulch Gypsum Fatd Mulch Gypsum Beddeiihe trees were
measured during and at the end of the growing season for the past two years determining
the groundline stem diameter and height of each plant. Using this data, the average
cumulative growth for each parameter can be used to evaluate tfecti¥eness of each
treatment. Daniel Morgan (a GRA provided by Dr. Farrish) will be inheriting this project to
determine treatment impacts on growth. In addition, Daniel has undertaken a new project.

He has installed nine groundwater sampling piezometanging 1.0 to 1.5 meters in depth
which have been built and installed on the site. These piezometers are used to collect
bimonthly water samples, as well as to record the depth to the water table throughout the
site. The samples collected on the sigvk been sent to the Stephen F Austin Soil, Plant &
Water Analysis Laboratory to be tested for pH, electramanductivity, sodium, calciuand

other metals. In addition to the testing of extracted samples, three Solinst Leveloggers are
installed in piezoraters onsitewhere they ollect water level, temperaturand electrical
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conductivity on a thirty minute interval. With these instruments, data can be continuously
collected to form a more complete understanding of the factors that affect the site.

Soil Microbial Population/Activity Study.Dr. Steve Wagner and Josephine Taylor, Biology,
have a number of projects that focus on mycorrhiza in this salty environment. Because
microbial species play an intricate role in the success oHibescus hamahduercus
virginianaand Taxodium distichurplants growing at the Moody Gardens study site,

research included assessing indigenous microbial populations and activity. This work was
0KS &ddzo2SO00 2F | alaiSNna 2F {O«xSyOS (KSaia
(Environmental Science) and was directed by Stephen Wagner. Soil samples were collected
in July and October 2016 and January 2017 to estimate total bacteria and fungi populations.
These were determined by serial dilution plating on selective mediausspiral plating

system. Soil respiration rates were determined using a Model B@&vivironmental Gas

Monitor for CQ evolution. Bacteria populations ranged from 4.07 to 5.12 and 3.73 to 4.26
log CFUgin soik collected in July and Octobesspectivey. Fungi ranged from 3.27 to 3.58
and 3.09 to 3.71 log CFU.d~ungal populations were not significantly different between
treatments. Bacteria populations were significantly higher only in control bedded and mulch
flat treatments. Likewise soil respirati rates ranged from 0.873 to 3.07 g00? hr 2but
showed little response to soil amendmenihese results indicate that there are relatively
large and active soil microbial communities inhabiting soils at the field site. However, soil
amendments hadittle effect on microbial populations and activities. Elaine successfully
completed and defended her thesis and graduated in May, 2017. Additionally, these results
were reported in a poster presentation given at the Soil Science Society of Americd Annua
meeting held in Tampa, FL in October 2017.

Drs. Steve Wagner and Josephine Taylor initiated a second study at the Moody Gardens site
in June, 2017 whereby another species of Hibiscus was inoculated with a commercial
endomycorrhizae ormendomycorrhizaectomycorrhizae inoculant under two fertilization
levels. Initial growth measurements were collected in November, 2017 and are currently
being analyzed. We will continue to manage and measure this study during the 2018
growing season.

A third study $ being designed now to test the impact of a commercial mycorrhizal
inoculant on three selections of bald cypress planted on the West side with a total of 60
trees in the project.

In the next two months, Malcolm Toer, our SFA Gardens Techniczaud | wil be

collecting growth and visual ranking data on the species and varieties in the plant
evaluation project. We will also be collecting leaf tissue to analyze for Na levels to
document if there are significant differences that explain plant performanikalcolm will

be staking and repositioning plants. We will be planting new plants and think our strategy
to plant five of each is appropriate. We will also be applying a layer of mulch down the
rows and will be bringing the SFA Gardens tractor/front radler to accomplish this task.



Dr. Ken Farrish, Environmental Science

Summary: Dr. Ken Farrish provided the
following update for this report. He provided
the Graduate Research Assistantship (GRA)
for the MS thesis project of Elaine Harris. ¥
Elaine is currently finishing the writing part
her MS thesis. Dr. Farrish ismproviding
the GRA for Daniel Morgan who will be
continuing the data collection for that projec
¢ and is continuing to measure wet fall/dry
fall in an aerial salinity monitoring project we
have at Moody Gardens. In addition, Danie
Morgan is undertaking very interesting
project to sample ground water beneath the g
research plots using an instrument called a
peizometer.

1. In 2016, 288 trees were planted on the
Moody GardendJNR LIS NI & Of ;
Bayouto evaluate the effectiveness of soif
management treatments on the growth
and survival of three specieQuercus 3 :
virginiang Hibiscus hamaband Taxodium distichumThe eight treatments were the
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Mulch Gypsum Fland Mulch Gypsum Bedded. The trees were measured during and at the

Control Flat, Control Bedded, Mulch Flat, Mulch Bedded, @Gygdat, §psum Bedded,
end of the growng season for a twgear periodin order to determine the groundline stem
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Growth (cm)

Growth (mm)

Two-Year Diameter Growth
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Dr. Ken Farrish and GRA Daniel Morgan installedgrmendwater sampling piezometers

ranging 1.0 to 1.5 meters in depth. These piezometers are used to collect bimonthly water

samples, as well as to record the depth to
the water table throughout the site. The
samples collected on the site have been
sent tothe Stephen F Austin Soil, Plant &
Water Analysis Laboratory to be tested fo
pH, electricaconductivity, sodium, calciu
and other metals. In addition to the testing
of extracted samples, three Solinst
Leveloggers are installed in piezometers
onsite, wrere they ollect water level,
temperatureand electrical conductivity on
a thirty minute interval. With these 5
instruments, data can be continuously
collected to form a more complete
understanding of the factors that affect the:
site.




Peziometer data reveals ground water levels and variation over time.
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Moody Gardens Project Microbiology Studies
Directed by Stephen Wagner and Josephine Taylor

Soil Microbial Population/Activity Study.Because microbial species play an intricate role in

the success of thelibiscus hamahduercus virginianand Taxodium distichumplants growing

at the Moody Gardens study site, research included assessing indigenous microbial populations
and activity. This work was the subject of a Masters of Science thesis project conducted by
Elaine Fowler (Environmental Science) and was dideeyeStephen Wagner. Soil samples were
collected in July and October 2016 and January 2017 to estimate total bacteria and fungi
populations. These were determined by serial dilution plating on selective media using a spiral
plating system. Soil respiraticdates were determined using a Model E@NEnvironmental Gas
Monitor for CQ evolution. Bacteria populations ranged from 4.07 to 5.12 and 3.73 to 4.26 log
CFU g in soik collected in July and Octobespectively. Fungi ranged from 3.27 to 3.58 and
3.09to 3.71 log CFUYg Fungal populations were not significantly different between

treatments. Bacteria populations were significantly higher only in control bedded and mulch
flat treatments. Likewise soil respiration rates ranged from 0.873 to 3.07.gnC@r but

showed little response to soil amendmenidiese results indicate that there are relatively large
and active soil microbial communities inhabiting soils at the field site. However, soil
amendments had little effect on microbial populations aawdivities. Elaine successfully
completed and defended her thesis and graduated in May, 2017. Additionally, these results
were reported in a poster presentation given at the Soil Science Society of America Annual
meeting held in Tampa, FL in October 201

Effect of Soil Amendments on Microbial Populations at Moody Gardens Study Site
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Treatment Respirati SNK

Mulch Bedded 3.07 A
Mulch Flat 2.56 , B
Effect of Soil Amendments on Soil Respiration Rates at Moody Gard2a6 StudvASil
Control Flat 2.25 A, B
Mulch Gypsum Flat 2.13 A B
Gypsum Bedded 1.84 A B
Control Bedded 1.63 A, B
Mulch Gypsum Bedded 0.87 B
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of several native grass and wildflowgregies asvell as determind most probable numbers

(MPN) of endomycorrhizae at the field research site. Dr. Josephine Taylor led an investigation

by undergraduate students to ascertdinNDd dz& Odzf F NJ Y@ O2 NNKAT 'S O2¢t 2y A
NRE2Ga 2F oDENOLKKSY ®ULIFS NBI UK AGSHSNIRSD F & HI8BND RSt 61
FYRAIAZGWINR 6t 2F OSSO O2ff SOKRRAzZAKZ YA OKB & QB BIS O N
SEFYAYLFGA2Y AG 61 &8 RSGSNNYAYSR GKFEG it GKNBS
SOARSYOSRSYOSGRKD ERGBAIIKY RELND &ETOGSEAH BEXKRY
¢CKS FodzyRIFyOS 2F | NbdzaOdSHESRA0BEHESY al K &S RIN.
AYRAOIFGAY3T GKFG | ydzYoSNI 2F RAFFSNBY G Fdzy3Ilrf

Mycorrhizae in Stained Roots of a Native Species at Moody Gardens

200 pm
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MAG 2 Y2NB Klay LINGMJ BdaiSa LISNCHNSEIABRNRAKS A8 ¢ IR
AYRAOILES ylikal 2y DI fl GSa0CeAyr GLSERE HoyARI KE NB/ | OGUA @S | &
a0dzRSy G !'y3asStl wAaldSyoSNNE 0{ SO2YyRI NBE 9RdzOI (.
I OF RSYe 2F { OASyOS aSSIiNMRAI Ayl eafl 2N K yRANGSINEFAll ea
DNJ RdzZ iS wSaSINOK /2yFSNBYyOS 2y ! LINAE HAZX HAM

We have also begun studying the utilization of plant greytbmoting microorganisms, such as
mycorrhizal fungi, on the growth of candidate plant species. An inrggdnouse and

subsequent field study (transplanted in February, 2017) is assessing the effect of two different
endomycorrhizae commercial inoculants on the growthHdfiscus hamabolnitial growth
measurements (plant height and diameter) showed that the inoculants did not improve plant
growth. However, research indicate that there are laagn effects of inoculants.

Consequently, growth parameters will be continued to be measdrgihg the second season

of growth in the field.

Hibiscus hamabo/Mycorrhizae Study Plant Height and Diameter
10/13/17
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Undergraduate students Jessica Bronstad and Taylor Williams prepared samples from the
Hibiscus hamabo greenhouse study for scanning electron microscopy and generated images of
control and mycorrhizahoculated roots.
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We also initiated a new study at the

Moody Gardens site in June, 2017 whereby
another species of Hibiscus was inoculated
with a commercial endomycorrhizae or a
endomycorrhizae/ectomycorrhizae
inoculant under two fertilization levs.

Initial growth measurements were

collected in November, 2017 and are

SEM micrographs of Hibiscus hamabo control currently being analyzed.
roots — no mycorrhizal inoculation
i Oy W o e = We will continue to manage and measure

this study during the 2018 growing season.

SEM micrographs of Hibiscus hamabo roots
inoculated with mycorrhizal preparation Z

"

Future Work. Studies will continue to address understanding the microbial community that
inhabits the field research area, focusing on the role that these organisms play in the growth
and development of plant species being tested. We will conduct the followingestirdthe

next year:

1. Determine mycorrhizae most probable numbers in soils collected from the soil
amendment study.

2. Continue second season of field study of the two Hibiscus species.

3. Initiate mycorrhizae inoculant study on Taxodium trees planteth@Moody Gardens
site.
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4. Prepare publications for submission to peeriewed journals.

CONSTRAINTS ENCOUNTERED AND OVERCOME
Only one surpriseccurredin the last year. Recently, the airport is putting up a fence and that
will take out two rows next to théarmac. We cheerfully moved plants in thosevsoto some
on the west sideand watered them in. Back in business. While that pressures us with space for
plants now, we can find new space to the WEST.
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Stephen F. Austin State University
The Moody Foundation Project Update
May 2017

1. Plant materials under Evaluation. At this writing the research plot beds are in place. A little
over half of the plots have been planted. The research plot is divided into two blocks. The East
side block is now planted and the first plantings are mowlace on the west side block.

In general, the plantings have fared well. An
excel spread sheet map of the area is
attached. Image is of Grevillea robusta, a
silk oak.

Dave Creech, Kenneth Farrish, and Elaine
Harris. 2017. Woody Ornamentdafit
Establishment Studies on a SAffected

Soil, Galveston Island, Texas. Presentation
to 2017 Annual Conference of the Southern
Region American Society for Horticultural
Science, Mobile, Alabama, Fel632017.
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2. Elaine Fowl€ S thesis project has been completed and is attached. This interesting
LINE2SOG 61 & dzyRSNJ GKS RANBOGAZ2Y 2F 5NX¥ {(S@S
on mycorrhizal populations at the Moody Gardens Research plot. Her paper presentation:
November 11, 2016. E. Fowler, S.C. Wagner, K. Farrish, E.Harris, D. Creech. 2016. Assessment
and Characterization of Microbial Communities in Salt Affected Soil on Galveston Island. Arthur
Temple College of Forestry and Agriculture, Stephen F. Auatie Bhiversity, Nacogdoches,

Texas. A presentation to the Texas Branch Fall Meeting of the American Society for

Microbiology, UDallas, TX

:\SS(‘SS"](‘II( and hara ter f\ robial Commupjj
C Clel 1zation ¢ Microbi 1}

Salt Aff i A‘A
A ] 95:9)(1 on Galveston [slang
e foes Farh £ Hari 0 Crech mcamns h

Figure 1: Effect of Soil Amelioration Trestmentyon
Microbial

Bacteria and Pseudomonads

f!ll!!

SFA Biology Professor Steve Wagner
RANSBOGSR 9ftlAySQa GKSah
funded herassistantship. Moody funding
supported her lab costs and traly

LINA YI NR f & © youletiekid y SQa K
attached.
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3. Elaine Harr@ S thesis project is nearly completethd she graduates this summer. Her
study investigated the impact of raiseédbs, gypsum applications and compost on growth of
three salttolerant plants: Bald cypress, Live cakd a beach Hibiscus, Hibiscus hamabo. All
plants in all treatments performed well, no doubt due to adequate water via the irrigation
system. This is &tee year project just into the second year and growth will be followed this

season and next. Daniel Morgan, a new Graduate research assistant under Dr. Farrish will carry
GKS LINR2SOG FT2N¥I NR® 5 yAStQa AN R S | a3

Science program at SFA. The Moody Endowment Foundation fund will be utilizedsto assi
Daniel with travel, supplieand soil/plant analyses.

’“’?ai E.Harris, K.W. Farrish, D. Creexid J.L.

; 4 Young. 2016. Soil Amelioration and Plant
| Establishment on Sodiuffected Soils

' on Galveston Island, Texas. Arthur

" Temple College of Forestry and
Agriculture, Stephen F. Austin State
University, Nacogdoches, Texas. A
presentation to the Society for Ecological

November 11, 204.

Soil Amelioration and Plant Establishment on Sodium Affected

A A A Soils on Galveston Island, Texas %
‘H!

Moom G\mm ; Harris, E., Farrish, K.W., Creech, D., l-l-» : 8
- Divislon of Emronmental cience, Stephen F University | L

Introduction |

Hibiscus hamabbas been a strong
performer in this windy and salt burdened
environment and is currently putting on
an excellent show of flowers. The
Taxodium are doing welbut wind is
affecting the shape of the plant material.
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