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ABSTRACT

Three Taxodium salinity studies and one Taxodium genotype study were
conducted from 2007 to 2009. The purpose of the salinity studies was to
evaluate growth and ion uptake of Taxodium genotypesi two varietal collections
and one hybridi exposed to acute and chronic application of saline solutions.
The purpose of the genotype study was to evaluate growth and performance of
Taxodium genotypes, varieties, and seedlings at the SFA Gardens, Stephen F.
Austin State University, Nacogdoches, TX.

Three genotypes of Taxodium were evaluated for salinity tolerance:
Baldcypress (Taxodium distichum var. distichum), Montezuma cypress
(Taxodium distichum var. mexicanum), and Taxodium distichumé Nanj i ng
(a hybrid between baldcypress and Montezuma cypress tested as T302 by the
Nanjing Botanical Garden, Nanjing, China), abbreviated as BC, MC, and T302
respectively.

In the first Taxodium salinity study, beginning July 11, 2007, four sea salt
concentrations (0, 204, 408, and 612 moles@®) were applied one time per week
for eight weeks to container plants. A two-way factorial design with three
randomized blocks was used in the statistical design. Three genotypes with two
plants per genotype per block were randomly assigned to the four salt treatments
for a total of 24 plants per blocki 72 total plants in the experiment. When no salt

damage was visually evident, the treatment frequency was changed to two times

Beaut



per week and that regime continued for the final eight weeks of the sixteen-week
project. In spite of doubling the application frequency in midcourse of this study,
all plants survived and few exhibited salt damage. However, there were
significant effects of the salt treatments on leaf tissue elemental concentrations
and growth (plant height change and relative growth rate). Increasing salt rates
reduced growth in all three genotypes. Leaf Na concentrations reached elevated
levels in the sea salt treatments.

In the second Taxodium salinity study, BC, MC, and T302 were subjected
to acute salt applications for eight weeks in a container study to test the effect of
NaCl and KCI/CaCl, on the leaf water potential and tissue elemental
concentrations. Beginning Oct 19, 2008, three genotypes with 24 plants per
genotype per block were subjected to four levels of salinity (0, 51, 102, 204
moles®) from two sources (NaCl and a combination of KCIl and CaCl, ) of salt
solutions. The experiment utilized a randomized block design. Leaf water
potentials were measured predawn once a week. Analysis of plant tissues were
made at the end of the experiment. In the KCI/CaCl; solution, T302 exhibited the
highest content of Ca and K; BC had the lowest content of K. In the NaCl
solution, T302 exhibited the highest content of K and leaf Na. BC had the lowest
content of K. All three genotypes had higher contents of Ca, K and lower
contents of Na, Mg in KCI/CaCl, solution than in NaCl solution. BC showed the

most damage, followed by MC, T302 showed the least. The leaf water potential



in Taxodium decreased as the salt rates increased. T302 had the highest leaf
water potential, BC had the lowest, and MC was in between. This may indicate
that MC and T302 have more salt tolerance than BC. In the NaCl solution, the
concentration of Na in Taxodium significantly increased as the salt rates
increased. In the KCI/CaCl, solution, the concentration of K and Ca in Taxodium
increased as the salt rates increased.

In a third salinity study, BC and T302 were subjected to salt exposure of
four rates of NaCl solution (0, 51, 102, and 153 moles@®) in a container study.
Beginning July 24, 2009, the plants were flooded in salt solution in small wading
pools for six weeks. A split block experimental design with two genotypes, four
salinity treatments, and three blocks was utilized. Eight plants per genotype per
pool were subjected to each salinity treatment for a total of 64 plants per blocki
192 total plants in the experiment. Two plants per genotype were selected at
random out of each pool and cut into three partsi leaf, stem, and rooti for
elemental content analysis at one, two, four, and six weeks. Electrical
conductivity (EC) of the salt solution was monitored daily. BC foliage began to
brown before T302. BC for low, medium, high salt rates and the hybrid for
medium, high salt rates exhibited salt damage symptoms by the end of the
experiment. Total Na in BC significantly increased with increasing salt rates.
Total Na in T302 did not significantly increase with increasing salt rates. Total

Na concentration in BC was higher than in T302. T302 appeared to have the



ability to regulate the Na uptake, while BC did not. There was no significant salt
rate effect on K, Ca, Mg, S, and P in BC. There was no significant salt rate effect
on Ca, Mg, S, and P in T302. The ratio of Na to K in both genotypes significantly
increased as the salt rates increased. Leaf, stem, root Na in BC increased as the
salt rates increased. Based on the salt damage symptoms and the apparent
capacity for excluding Na, it appears that the salt tolerance of T302 was higher
than BC.

In these acute and chronic application salt tolerance studies, it was found
that variation existed in Taxodium genotypes (BC, MC, and T302) for salt
tolerance. There were significant effects of salt rates on leaf tissue nutrient
levels and growth. Increasing salt rates reduced growth in Taxodium genotypes.
The concentration of Na in the leaf tissue increased as the sea salt concentration
increased. The salt tolerance of Taxodium was improved in a hybrid cross
between T. distichum var. distichum (BC) and T. distichum var. mexicanum (MC)
genotypes. The benefits of using a hybrid cross (T302) that maintains greater
biomass than BC or MC across a range of salinities must be weighed against the
negative effects created by plagiotropic growth form relative to BC and MC, and
reduced flood tolerance relative to BC.

Seventeen Taxodium genotypes were evaluated for growth performance.
No significant difference in height growth was found among genotypes during the

period from 2006 to 2010. However, based on leaf color retention in the fall and



the time for leaf emergence, it was concluded that the overall performance of the
hybrid T302 was the best of all 17 Taxodium genotypes under natural plantation
conditions without imposed stress. The SFA Gardens have specimens over
twenty years old that are of known provenance and accession records. As part
of this portion of this dissertation, the collection was listed and described, utilizing

existing digital maps and databases of the SFA gardens.
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CHAPTER |

INTRODUCTION

Many coastal wetlands of the southeastern United States are threatened
by increases in flooding and salinity as a result of both natural processes and
human-induced hydrologic alterations (Allen, 1992; Conner and Toliver, 1990;
Craig et al., 1979; Templet and Meyer-Arendt, 1988; Wicker et al., 1981).
Degradation of coastal forests and associated wetland habitats by excessive
flooding and saltwater intrusion is a serious problem, especially in the Mississippi
River Delta (Allen, 1992; Earles, 1975; Krauss et al., 1999). In recent years,
there has been great concern about the degradation of the entire Mississippi
River Delta biotic system, much of which can be traced to human-caused
changes in the hydrology of the Mississippi River. The loss of coastal forests
south of New Orleans is severe and has left this city more vulnerable to the
impact of hurricanes. Sea level rise will cause increased flooding and salt water
intrusion in many coastal areas (Daniels, 1992; Kerr, 1991; Smith and Tirpak,
1989; Titus, 1988; Wigley and Raper, 1993).

While the largest degree of salt stress occurs near the coast, salt-affected
soils are a problem in many parts of the world. Thirty-three percent of irrigated
land worldwide is affected by salinity (Marschner, 1995). In regions where road

salt is used in the winter, vegetation along paved roads is often quite damaged.



The planting of a coastal windbreak forest near the mouth of the Yangtze
River was initiated in China in 2005. There are numerous forest establishment
projects on the mainland side of the coastal dike that runs along the sea, both
north and south of the mouth of this major river. These projects have received
both provincial and federal financial support, and millions of trees will be planted
by the year 2038. Taxodium distichum (baldcypress) plays a very important role
in these projects in China, due to the characteristics of Taxodium distichum.

Salt may enter the soil from tidal flooding, sea spray, and road salting
(Marschner, 1995). Salinity inhibits plant growth by inducing physiological
dysfunctions. Salt in the soil can adversely affect soil structure and damage tree
roots, causing the crown to thin. Salt damage may take various forms: delayed
bud break, reduced leaf size, desiccated leaf margins and tips, premature fall
coloration and leaf fall, bud and stem dieback, and reduced shoot growth. Salt
produces these symptoms by altering osmotic potentials and upsetting the
mineral nutritional balance. These symptoms may also be induced by specific
ion toxicity resulting from the accumulation of CIand Na* (Wahome et al., 2001).
Some plants can tolerate salinity by osmotic adjustment and by salt exclusion.
Osmotic adjustment results from synthesis of compatible organic solutes in the
cytoplasm. The cytoplasm often contains high concentrations of organic
compounds that counterbalance the high salt concentrations in the vacuoles, but
do not inhibit the functioning of enzymes and membranes (Hanson and Hitz,

1982). The adjustment allows the plant to take up water despite the osmotic



gradient. This works at low salinities, until higher salinities give rise to toxicities
in glycophytes. Some plants tolerate the salt stress by reducing uptake and
accumulation of Na* and CI', and other ions in leaf tissues (Greenway and
Munns, 1980; Allen et al., 1994).

Damage to trees can be minimized by avoiding the use of salt around
landscape plants. However, the salt content of ocean spray or storm-caused
inundations cannot be avoided. It is therefore prudent that superior trees be
selected for resisting flooding and saltwater intrusion in coastal environments.

Of all native swamp forest tree species in the southern United States,
Taxodium distichum has been recognized as being among the most tolerant to
flooding (Hook, 1984) and salinity (Krauss et al., 2007). Baldcypress is an
important wetland species of river and coastal floodplains. This long-lived and
generally pest-free deciduous conifer is also popular in southern landscapes and
is quite tolerant of alkalinity and hurricanes (Arnold, 2008).

At least one leading taxonomic authority has Taxodium distichum as a
single species with three botanical varieties (Arnold and Denny, 2007), which |
adopt herein.

Taxodium distichum (L.) Rich.var. distichum (Baldcypress - BC)
Taxodium distichum var. imbricarium (Nutt.) Croom (Pondcypress - PC)
Taxodium distichum var. mexicanum Gordon (Montezuma cypress - MC)

Combining the best characteristics in the three botanical varieties of

Taxodium distichum offers potential for locating superior genotypes and



propagating clones that fit a range of potential site requirements perhaps not

possible by past research targeting single-varietal selections (Allen et al., 1994,

Krauss et al., 2000; Conner and Inabinette, 2005). Chinese scientists have

found that controlled Taxodium hybridization can combine the best

characteristics of superior parents, and allow for selection of superior clones. In

this study, the term Ahybrido refers to th

varieties of Taxodium distichum. In several studies in China, hybrids

demonstrated strong salt tolerance and improvements in growth rate, salt

tolerance, form, and vigor. Taxodium distichumo6é Nanj i ng Beautyd (a c

and MC, tested as T302) is recommended in China for soils with pH 8.0-8.5 and

salt concentrations < 2 ppt (34 moles@™). Other attributes of T302 included

159% faster growth than BC, longer foliage retention in fall and early winter, and

the absence of pneumatophores (knees) (Chen et al., 1987). Huang et al. (2006)

reported that the growth of T302 had Astro
| investigated the adaptive characteristics of Taxodium hybrids to salinity

in this dissertation to determine if hybrids represent viable use in roadside and

wind break planting programs in Asia, and potential local restoration projects

along the Louisiana and Texas coasts.



LITERATURE REVIEW
Description of Taxodium

Taxodium is a deciduous conifer genus in the family of Cupressaceae,
one of several genera in the family commonly known as cypresses. Current
taxonomy has Taxodium distichum as a single species with three botanical
varieties (Arnold and Denny, 2007) (see page 3).

While BC and PC natural ranges certainly overlap in many areas across
the south, the overlap of BC and MC natural ranges is less defined (Fig. 1).
Baldcypress in the western part of its range is often MC-like and there is some
speculation this is the result of natural introgression present between BC and
MC.

Baldcypress (BC)i BC is native to much of the southeastern United
States, from Delaware to Texas and inland up the Mississippi River to southern
Indiana (Fig. 1). It occurs mainly along rivers with alluvial flood deposits. BC is a
durable, long-lived deciduous conifer particularly well-adapted to wetland habitats
(Cox and Leslie, 1988). The tree is pollution-tolerant and tolerates compacted
soils, low-oxygen or swampy conditions. It stands strong in the face of
hurricanes, is amazingly long lived (1000+ years) and, with time, can reach 25-44
m tall. BC is easy to grow from seed and is relatively free of pests and diseases.
The prevalence of pneumatophores (knees) is considered a negative in most

landscaping situations as they interfere with routine maintenance



Baldcypress

Taxodium distichum (L.) Rich.var. distichum

Pondcypress

Taxodium distichum var. imbricarium (Nutt.)
Croom

Montezuma cypress

Taxodium distichum var. mexicanum Gordon

Fig. 1. Natural ranges of Taxodium botanical varieties in the USA and Mexico.



programs, such as mowing. However, although the functions of pneumatophores
are unknown, they may contribute to the wind-throw resistance celebrated
among coastal arboriculturalists (Lamborn, 1890).

While superior clones for tree morphology and salt tolerance have been
available for years, they have not captured a large portion of the baldcypress
market in the US. Most plants sold by nurseries in the US are seedlings from
unselected seed sources and there is considerable diversity in form, shape, and
salt and alkalinity tolerance. While common in China and not in the US,
propagation by cuttings can be successful with vigorous shoots as the cutting
source, particularly if the clonal material is from younger trees.

BC in the western regions of its range is generally more salt and alkalinity
tolerant, and is less prone to produce knees than more eastern sources. Eastern
genotypes of Taxodium planted in San Antonio, Texas, US, often turn chlorotic
and sometimes fail to survive. Botanists and horticulturists are convinced that
Central to West Texas BC are perhaps commingled with MC and represents
transitional genetics.

Pondcypressi PC occurs in the southern portion of the range of BC and
only on the southeastern coastal plain from North Carolina into Louisiana (Fig. 1).
It occurs in still blackwater rivers, ponds, bayous and swamps, usually without
alluvial flood deposits. PC is relatively easy to distinguish via the nature of its
feathery foliage which is ascendant, rather than more splayed and flat as in BC,

but this is not always consistent. Hardin (1971) was first to speculate on the



nature of intermediates where BC and PC ranges overlap. Landscapers often
use PC as a specimen, particularly when moist soil conditions exist and a smaller
stature is desired.

Montezuma cypress (MC)i Less well known in southern US landscapes,
MC is native to Mexico, the tip of South Texas with populations in and near Las
Cruces, New Mexico (Fig. 1). MC differs from BC and PC in being substantially
evergreen, produces smaller seed, does not produce distinct knees, and is
generally more salt and alkaline tolerant. It is less likely to survive extended
periods of flooding than either BC or PC. MC forces new growth early in the
spring and continues to grow late into the fall. Observations of MC in Planting
Zone 8 and lower suggest that there may be hardiness and winter damage
issues, particularly with trees derived from lowland, tropical Mexico genotypes.
These may fail in Planting Zones 7 and lower in the US. This may be a seed
source provenance problem and there is a good reason to believe that MC can
be grown much farther north if the proper genotypes are selected as seed
sources. A genotype from near Las Cruces, New Mexico shows great promise
for hardiness. This disjunct population is reported to have endured - 31.7 °C.
MC is not usually considered a superior landscape tree; it often fails to form a
strong central leader and often develops a somewhat wild and unbalanced form.
In addition, MC genotypes are often more susceptible to Cercospora needle
blight (McDonald et al., 2008). Landscapers in Texas and Louisiana often report

that MC fails to grow old gracefully. However, there are many exceptions to this



rule and MC can be quite balanced and uniform. MC can become very large,
and live for thousands of years. A MC near Oaxaca, Mexico, the famous 2500
yearrol d fiArbole de Tule, 0 features a trunk o
referredtoas t he worl doés | argest tree.

Nurserymen rarely grow MC and only a few varieties have been named.
The San Antonio Botanical Garden introduce
which is a modestly weeping variety of MC (Paul Cox, personal communication,
the San Antonio Botanical Garden, San Antonio, TX ). Cedar Lodge Nursery in
New Zeal and has a form they named OMcCIl ar e
unknown proportions at maturity. Unfortunately this clone has been a poor
performer elsewhere for unknown reasons, such as at the SFA Gardens in
Nacogdoches, TX. Atthe SFA Mast Arboretum, there is one MC specimen worth
noting. One MC, first planted in 1988, survived the December 23, 1989 freeze (-
17.8°C) with no damage. In the SFA Mast Arboretum, MC has withstood
droughts of considerable magnitude. The SFA Montezuma cypresses have lost
their foliage in summer droughts several times, but each time they have quickly
established new growth when rain or irrigation arrived. Vigorous trees often keep
their foliage through mid-winter.
Hybrids

In 1988, clones T302 (BC X MC), T401 (PC X MC), and T202 (PC X BC)
were selected in China primarily for growth rate and tolerance to alkaline and

salt-rich coastal floodplains. All hybrids were intermediate types as far as



photosynthetic activities were concerned and the genetic influence of the male
parent was reported to be greater than that of the female (Wu et al., 1990). The
height and diameter of the hybrids had positive correlation with photosynthetic
intensity (Wu et al., 1990). The mean annual increment and current annual
increment curve of volume indicated that T302 grew well under alkaline soil
conditions (up to pH 8.5), while BC was comparatively inhibited (Zhou et al.,
2000).

In one study, growth rate (height and root diameter), and biomass above-
ground as well as twig structure of the first backcrossed generations (BCf;) of
Taxodium6 Zhongshansha 3026 X MC were monitorec
after planting. The results indicated that the average growth of height and
biomass above ground of BCg;102, BCg;118, BCg;161, and BCg;149 was
significantly higher than the mother plant T302. Experiments in saline-alkali soil
(pH 8.5) indicated that the growth rates of BCg;102, BCg;118, and BCg1149 were
superior to T302, except the growth of BCg161 was slightly less (Yin et al., 2003).

T302 has been in the US since January 2002 and is currently under
evaluation in over 30 locations in the southern US and is offered by several
nurseries in the southern US. The clone was named O6Nanjir
a cooperative introduction by SFA Mast Arboretum and Nanjing Botanical
Garden (Creech and Yin, 2003). T302 has horizontal branchlets with two-ranked
leaves. It has a Christmas-tree shaped architecture with wide, somewhat open

branching, and does not produce knees.
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T140 and T27 were selected from a field population of T302 X MCi with
strong MC characteristics and improvements in growth rate, salt tolerance, form
and vigor. The clones hold green foliage longer than T302 and both demonstrate
strong salt tolerance. T140 grows faster than T27, which produces a wider
profile. The foundation of the most recent selections comes originally from
crosses made by Professors Chen and Liu in 1992 at the Nanjing Botanical
Garden. Pollen from MC was applied to a female T302 and fifteen selections
were made in 1995. The main characteristics for selection were 1) fast growth
rate; 2) dark green color during the growing season; and, 3) a red-orange leaf
color in the autumn. Selections were made from large full sun fields, usually
located in high pH and salinity soils in commercial nursery plots.

Most recently, Chinese scientists reported to have successfully
established a seed producing technique for the hybrid combination of A MC X BC.
El even hybridized seedlings were developed
(T405, T406, T407, and T502) were selected and have been analyzed by
molecular identification, salt tolerance, growth rate, etc.
(http://sfagardens.sfasu.edu/UserFiles/File/PLANTS/Taxodium%20breeding%20
brochure%20feb%2020100.pdf). In China, nursery observations have confirmed
that Montezuma hybrids show super-parent advantage in the growth of height,
diameter, and biomass. These hybrids also have a prominent adaptability to
salinity and drought prone habitats. In addition, they keep the characteristics of

semi-evergreen-leaf and high landscape value. Moreover, some show prominent
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resistance to Cercospora needle blight. With great potential in timber, energy,
carbon sinks, and water conservation forests, MC hybrids can be widely used for
urban and rural greening, shelterbelts for farmland, and afforestation and
reforestation of coastal areas.

Genetic Variation in Taxodium

Genetic variation in Taxodium has received limited attention in the US.
Superior genotypes as a seed source and horticultural varieties are rarely
encountered outside of botanical gardens and arboreta. While most studies
conclude that BC and PC are not distinctly different enough to be a separate
species, researchers note there is considerable variation in characteristics and
the genetic foundation for improvement is quite broad (Lickey and Walker, 2002).
I n many | andscapes across the southern USA
planting almost always evolves into varied forms, growth rates, foliage color, limb
structure, etc.

In China, the veracity of parentage in controlled crosses was determined
by a number of laboratory strategies. Yin et al. (2002) analyzed the isohyets of
peroxides (POD) and super oxide disputes (SOD) in leaves of MC, T302 and four
strains of their hybrids. The result indicated that SOD expressed only in May and
POD isohyets had a certain difference among six samples in May and July, but
notable differences existed in September and POD isohyets were a suitable

enzyme system to distinguish the various hybrids (Yin et al., 2002).

12



Li (2006) completed a genetic analysis of 18 Taxodium genotypes and
found considerable diversity using RAPD (Random Amplified Polymorphic DNA).
According to cluster analysis, the results indicated that BC and PC are
genetically nearer than other Taxodium genotypes, while T302 is genetically
closer to BC than MC. Yu et al. (2009) completed the identification of Taxodium
hybrids by SRAP (Sequence-related Amplified Polymorphism) analysis. In this
study, the authenticity of 4 reciprocal progenies from BC and MC were identified
by SRAP markers. Authenticity of 4 progenies from BC and MC was identified by
12 polymorphism primer combinations. The results indicated that 4 progenies
were true hybrids due to specific bands from the male parent.

Tsumura et al. (1999) found very little genetic difference between BC and
PC, but their study included only 20 individuals from each of six populations of
BC and seven populations of PC in Florida and extreme southern Georgia.
Beilman (1947), Flint (1974), McMillan (1974), and Sharma and Madsen (1978)
reported on seed source and provenance variation. Faulkner and Toliver (1983)
found seed source effects for cone size and seed weight, but failed to find
geographic variation for number of insect galls per cone or height and diameter
of seedlings propagated from cones. They concluded that because the scope of
their work was rather limited they were unable to detect geographic variation. In
another study, seed characteristics and young seedling growth of BC from 11
locations in six US states were studied in China and the results indicated there

were significant differences among 34 progenies in seed length, seed weight,
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seed vigor, length of leaves of 60-day-old seedlings, height growth of young
seedlings, diameter growth, and biomass of seedlings (Cao et al., 1995). Ina
final study, seed origin of MC had no effect on cumulative germination
percentage for two seed sources from New Mexico (St. Hillaire, 2001).

All of the above-mentioned studies dealt with Taxodium as a forest tree
and not as an ornamental for the nursery and landscape industry. Denny et al.
(2006) screened genotypes for salt tolerance and good landscape form in Texas
(Appendix A). They have reported influence of seed source on tolerance to salt,
high pH and alkalinity, and Mexico MC and western BC were generally less
adversely affected by higher alkalinity levels than more eastern populations
(Denny et al., 2006). Dr. Donald Rockwood in Florida evaluated Taxodium seed
sources and had repositions of superior trees from known seed sources and elite
tree populations. Finally, genotypes from different seed sources of BC
expressed a wide range of growth patterns when planted on salt-impacted sites
in Louisiana and South Carolina (Krauss et al., 2000; Conner and Inabinette,
2005).

Salt Tolerance

There is little doubt there is considerable salt tolerance in many Taxodium
genotypes. Pezeshki et al. (1995) found salt tolerance differences among
populations of BC. In that study, populations from freshwater provenances had
greater height growth, net shoot biomass, and net root biomass, when compared

to brackish populations. They identified a need for further investigation to
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explore population variations in performance to identify plants tolerant of
environmental stresses. In another study, the salt tolerance of BC from different
provenances was varied and individuals exhibited good pollution tolerance
(Wang and Cao, 2002). Compared to Nyssa aquatica, BC seedlings were able
to grow unaffected by fly ash concentrations up to 10% in sand, concluding that
BC was highly recommended for wetlands containing fly ash (McLeod and
Ciravolo, 1997). In Louisiana, Allen et al. (1994) and Krauss et al. (1996, 1998,
and 1999) studied intraspecific variation of salinity tolerance in BC and found
genotypes with significantly improved tolerances up to around 3-4 ppt salinity, but
not beyond.

In one study, Wang and Cao (2004 a) reported the effects of salt stress on
growth and uptake of nutrients of BC under varying soil water content. The
results indicated that there were significant effects of soil water content (W1,
flooding; W2, 75% of field water capacity; W3, 25% of field water capacity) and
soil salt (NaCl) content (0, 0.15%, 0.3%, and 0.45% of dry weight of soil) on
growth and uptake of nutrients by BC.

Wang and Cao (2004 c) reported the effects of soil water and salt content
on photosynthetic characteristics in Taxodium. The results indicated that the net
photosynthetic rate, stomatal conductance, chlorophyll a concentration,
chlorophyll b concentration, and chlorophyll content decreased with increasing of
soil salt (NaCl) contents (0, 0.15%, 0.3%, and 0.45% of dry weight of soil) at

varying soil water contents (W1: flooding; W2: water logging; W3: 75% of field
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water capacity; W4: 50% of field water capacity; W5: 25% of field water
capacity), but transpiration rate and respiration rate did not follow similar trends.
The net photosynthetic rate decreased with decreasing soil water content at
varying soil salt contents, and the water treatment of W3 among five soil water
levels had a higher intercellular CO, concentration, chlorophyll a concentration
and chlorophyll content, but stomatal conductance, transpiration rate, respiration
rate, chlorophyll b concentration and chlorophyll a/b had no unanimous tendency
(Wang and Cao, 2004 c).

In a related project, Wang and Cao (2004 d) reported the effect of soil
water content on elemental uptake, including Na, and allocation of nutrients in
the leaves, stems, and roots of BC. The results were as follows: (1)The total N
concentration of root, stem, and leaf of BC increased with increasing soil water
content, and the total P concentration of root, stem, and leaf of W3 among five
water treatments (W1, flooding; W2, water logging; W3, 75% of field water
capacity; W4, 50% of field water capacity; W5, 25% of field water capacity) was
the lowest, flooding or drought stress increased the total P concentration, and the
total Ca, K, Na, Mg, and Fe concentration in root, stem, and leaf had no
unanimous tendency; (2) Total N, P, Ca, K, Na, Mg, and Fe concentration in leaf
was the greatest, followed by root, then by stem; (3) The total accumulation of
elemental concentrations in BC decreased with decreasing of soil water content,

and the allocation ratio of root and stem increased with decreasing of soil water
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content, while the allocation ratio of leaf decreased significantly with decreasing
soil water contents (Wang and Cao, 2004 d).

Krauss et al. (2000) reported the effects of a natural salinity gradient on
growth and nutrition of BC. The results indicated that the survival, height,
diameter, and leaf biomass differed significantly among salinity treatments in the
field sites. Leaf Na, and Cl increased with the increase of site salinity; the mean
K/Na ratios decreased as the salinity levels increased. In another study
(Pezeshki et al., 1988), BC seedlings were subjected to flooding with salinity
levels ranging from O - 8.3 parts per thousand (0-140 moles® ) NaCl. The
effect of salt water on leaf tissue ion concentrations and subsequent changes in
net photosynthesis were measured. The results indicated leaf concentrations of
Na, K, Ca, and Mg increased as salinity of floodwater increased. The net
photosynthesis decreased as the salinity increased (Pezeshki et al., 1988).

Javanshir and Ewel (1993) reported Taxodium distichum seedling
resistance to NaCl was considerable until 102 moles@n™, then at 136 moles@™
the responses were quite different among seedlings, and at 170 moles@n there
was no seedling survival at the end of the seven-month experiment. Growth at
34 moles® was the highest. Water consumption of seedlings was almost
similar at the levels of 0, 17, and 34, but declined to 53% in 102 and 15% in 170
moles ™ NaCl compared with controls. They concluded that height of seedlings

was not a good indicator of plant response to salinity in their study for treatments
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0-102 moles@n® salinity, but diameter and root or shoot biomasses were reliable
indicators of salinity effects.

Conner and Inabinette (2005) found that the only seedlings surviving from
acute pulses at the salinity level of 18.5 ppt were those from LA, AL, and FL.
After 5 years in the field, LA seedlings were the best performers with a mortality
rate of only 27%. Conner et al. (1997) reported the flooding and salinity effects
on growth and survival of four common forested wetland species. In this study,
the survival, growth, and biomass of BC, water tupelo (Nyssa aquatica L.),
Chinese tallow (Sapium sebiferum (L.) Roxb.), and green ash (Fraxinus
pennsylvanica Marsh.) seedlings were examined in an experiment varying water
levels and salinity levels. All seedlings, except for those flooded with 10 ppt
saltwater, survived to the end of the experiment. In 10 ppt saltwater, flooded BC,
water tupelo, and green ash survived two weeks, whereas, Chinese tallow
survived for 6 weeks. The diameter and growth (height) of each species was not
affected when watered with 2 ppt saltwater, except for the effects of the height
growth of BC. The height growth of BC was reduced with 2 ppt saltwater.
Growth was reduced for all species when watered with 10 ppt saltwater. The
diameter growth of green ash was reduced by freshwater flooding. The diameter
growth of BC and water tupelo was greater when flooded with fresh water.
Flooding with 2 ppt saltwater caused a significant reduction in diameter growth in
water tupelo, green ash, and Chinese tallow, but not in BC. Root and stem

biomass values were not significantly different for any species between the 0 and
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2 ppt salinity watering treatments. However, seedlings watered with 10 ppt
saltwater had significantly lower root and stem biomass values, except for BC
roots and green ash stems. BC was least affected by flooding with 0 and 2 ppt
saltwater, although there were slight reductions in root biomass with increasing
salinity.

A submergence experiment was performed by Iwanaga et al. (2009) to
test effects of total submergence in saltwater on growth and leaf ion content of
preflooded and unflooded BC saplings. The results indicated that continuous soil
flooding with freshwater as a control did not inhibit growth in height and
stimulated diameter increment of the saplings. Saplings submerged in saltwater
and freshwater also showed no morphological changes during submergence
treatments. However, leaf injury and shoot dieback were observed in drained
saplings that had been submerged in saltwater. Leaf Na and K ion
concentrations increased with increases in salt concentration. They concluded
that preflooding does not have a large impact on growth and survival of BC
saplings along the flooding gradient with respect to hurricane associated
temporal submergence.

In another study, Souther and Shaffer (2000) investigated the effects of
complete submergence and variable light regime on two age classes of BC
seedlings. The results indicated that newly germinated seedlings (under two
weeks of age) subjected to complete submergence began to show clear signs of

stress after approximately one month and substantial mortality following 45 days
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of submergence. In contrast, one-year-old seedlings submerged for as much as
five months experienced up to 75% survival. At 100% light transmission, the
newly germinated seedlings suffered complete mortality after 35 days of
submergence, whereas the one-year-old seedlings were largely unaffected by
prolonged flooding or light regime. Fertilized one-year-old seedlings that were
submerged for an entire month had considerably greater growth in height and

diameter than seedlings grown under mesic conditions without fertilizer.
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CHAPTER I

SALT EFFECTS ON GROWTH AND TISSUE ION CONTENT IN THREE
TAXODIUM GENOTYPES

Salt-affected soils pose serious problems for plant growth in many parts of
the world. Thirty-three percent of irrigated land worldwide is affected by salinity
(Marschner, 1995). In regions where road salt is used in the winter, the
vegetation along paved roads can be damaged. Taxodium distichum is an
important wetland species of river and coastal floodplains, harboring resilience to
windthrow (Conner et al., 2002) and providing a number of important forest
products (Mattoon, 1915). In addition, this long-lived and generally pest free
deciduous conifer is popular in southern landscapes and is also quite tolerant of
alkalinity (Arnold, 2008), which is responsible in part for its expanding distribution
as a roadside and public park landscape tree in the United States and China.
The combination of Taxodium characteristics described to date provides a great
opportunity for locating superior genotypes and propagating clones that fit a
range of potential site requirements.

In this study, | evaluated growth and leaf ion content changes in three
Taxodium genotypes (BC, MC, and one BC x MC hybrid) exposed to applications
of four rates of salt solution. Arboricultural operations could benefit from
combining the best characteristics of these disparate Taxodium distichum
genotypes as a mechanism for improving growth and productivity on salt-
impacted, or otherwise stressful, sites outside of wetland settings. Selections

based on growth rate, form, salt and alkalinity tolerance, tolerance to inundation,
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and other characteristics are certain to have an audience with land use planners,
horticulturists and foresters seeking longed lived urban trees with those
attributes.
Material and Methods

Three genotypes representing two varieties (BC, MC) and one hybrid
(T302) of Taxodium were evaluated. BC seed was collected from a natural
source near Caddo Lake, Texas, US and MC seed was obtained from a
nurseryman who reported to have originally collected seed from trees south of
Las Cruces, New Mexico, US, in a mountain canyon. While that population
provenance has yet to be verified, the trees are strongly MC in appearance,
foliage, habit, growth, and seed(Cmeclze. Hy
and Yin, 2003) represents a cross between BC and MC, and was propagated
from cuttings of existing trees for this study. T302 has been described as having
improved alkalinity and salinity tolerance (Chen et al., 1987; Zhou et al., 2000), a
major reason for its use in this study.

The experiment began on July 11, 2007 and ended on November 11,
2007. Salt treatments included a control with no sea salt (C), a low salt (L)
concentration of 12 ppt ( 204 mol@™), a medium salt (M) concentration of 24 ppt
(408 mol@), and a high salt (H) concentration of 36 ppt (612 mol@). The
chemical composition of the artificial sea salt used (SaltWorks™, Woodinville,
WA, US) mimics that of actual sea water in concentrations of major ions (Table

1),
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Sea salt application was intended to simulate repetitive, acute exposure to
roots, but to allow for some flushing as well as some cumulative build-up of
salinity within pots. Only substrate salinity tolerance was tested in this container
study. From experimental initiation, 500 ml of each sea salt solution (i.e., C, L,
M, H) was applied to the surface of each respective container. Salt solutions
were applied one time per week for 8 weeks to container plants. After 8 weeks of
salt treatment applications, no significant salt damage symptoms were noticed in
the appearance of the trees. For this reason, the salt application frequency was
changed to two times per week and that regime continued for the final eight
weeks of the sixteen week project. The experiment was conducted on the
nursery pad in the sun container yard at the Pineywoods Native Plant Center at
Stephen F. Austin State University, Nacogdoches, TX. Salt solutions remained
in containers for at least 24 hours after each salt application before irrigation with
Nacogdoches city water, which has low conductivity (<0.35 dS m™) and Na below
50 ppm. The plants were watered as needed with overhead sprinklers for
approximately 40 minutes per irrigation; plants were watered in this fashion two
to three times per week to simulate horticultural irrigation. Plants were fertilized
with 12.8 g of a slow-release 18-6-12 N-P-K fertilizer (Osmocote®, Scotts
Miracle-Gro Company, Marysville, OH, US) 14 June 2007. Electrical conductivity
of the leachate flowing out of the treatment pots was measured with a portable
Myronl Agri-meter (Model ag-5, Myronl Company, Carlsbad, CA, USA) as an

indication of salt retention within sample pots.
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Plants were harvested on November 20, 2007. A two-way factorial design
with three randomized blocks was used in the statistical design. Three
genotypes with two plants per genotype per block were randomly assigned to the
four salt treatments for a total of 24 plants per blocki 72 total plants in the
experiment. Plant heights were measured at the beginning and end of the
experiment, and height growth was calculated. Dry weights were measured at
the end of the experiment. Relative growth rates (RGR) were calculated
(Pattison et al. 1998). RGR were calculated as follows: RGR = (In W27 In
W1)/t2 71 t1l. Where: In = natural logarithm; t1 = time one (in days); t2 = time two
(in days); W1 = Dry weight of plant at time one; W2 = Dry weight of plant at time
two. The dried leaf samples were ground in a cyclone grinder and analyzed for
plant nutrient concentration. A nitric acid (HNO3) and 30% hydrogen peroxide
wet acid digestion were used to prepare the samples for Na analysis using
Inductively Coupled Argon Plasma Spectroscopy in the Soil, Plant & Water
Analysis Laboratory, the Department of Agriculture, Stephen F. Austin State
University, Nacogdoches, TX.

The General Linear Model (GLM) procedure of SAS (SAS Institute Inc.,
2007) was used to detect significant differences in plant height growth, RGR, and
Na concentrations for the different genotypes and treatments. Data were

analyzed as a full-factorial using MSE; interactions between genotype and

salinity were alsotested. A Tukeyo6és studentized range
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to identify statistical groupings if a significant effect was detected with GLM
analysis.
Results and Discussions:

In spite of doubling the application frequency in midcourse of this study, all
plants survived and few exhibited salt damage. BC showed leaves browning in 8
days, followed by MC (10 days), and T302 showed browning last (15 days) (Fig.
2).

Because interactions between salinity and genotype were not significant
for height growth or RGR (Table 2), it was feasible to evaluate salinity effects
across all genotypes. Significant differences were detected in T. distichum
height growth among the salinity treatments (F=24.66; P=0.0009; Table 2).
Height growth of BC and MC significantly decreased as salt rates increased (Fig.
3). Height growth of BC and MC at 24 and 36 ppt salt rates were significantly
lower than at 0 and 12 ppt salt rates. Height growth of T302 did not decrease
significantly as salt rates increased (Fig. 3). This may be explained by the fact
that T302 was derived by rooted cuttings, which often exhibit plagiotropic growth
with more branching. Because T302 is commonly propagated by cuttings, and
there are many more lateral branches available for sources of cuttings than
apical stems, the result is often propagated trees that act like branches when
planted, at least initially (Zobel and Talbert, 1984). Significant differences in
height growth were found among the three Taxodium genotypes when analyzed

across all four salinity treatment (F=63.19; P=0.0009; Table 2). The mean height
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growth of T302 was significant greater than height growth of BC and MC across
all four salinity treatments (Fig.4). For comparison, Pezeshki et al. (1995) found
salt tolerance differences among populations of BC. In that study, populations
from freshwater provenances had greater height growth, net shoot biomass, and
net root biomass, when compared to brackish populations. They identified a
need for further investigation to explore population variations in performance to
identify plants tolerant of environmental stresses.

RGRs were significantly different among the three genotypes when
analyzed across all four concentrations of sea salt (F=69.98; P=0.0008; Table 2).
The mean relative growth rates of T302 were significantly greater than relative
growth rates of both BC and MC across all four salinity treatments (Fig.5, Table
3). This result is consistent with a previous study in which T302 had greater wet
weights than BC and MC exposed to the acute pulses of salinity at
concentrations up to 12 ppt (Zhou et al., 2010). This result indicates that T302
tended to perform better without regard to the salinity treatments and perhaps
would even be expected to perform better under a range of environmental
conditions besides salinity. In support of this idea, volume growth of T302 was
331% of BC for T302 grown on an alkaline low-land area in China (Zhou et al.,
2000). Chen et al. (1987) reported that T302 had 159% faster growth than BC,
longer foliage retention in fall and early winter, and the absence of
pneumatophores (knees). Huang et al. (2006) reported that the growth of T302

had Astrong adaptability. o
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The RGRs of Taxodium genotypes were significantly different among the
salinity treatments (F=29.32; P=0.0006; Table 2). The RGRs decreased as sea
salt concentrations increased. The RGRs in M and H treatments were
significantly lower than the RGRs in C treatments (Fig. 6, Table 4). Wang and
Cao (2004a) reported the effects of salt stress on growth and uptake of nutrients
of BC under varying soil water content. The results indicated that there were
significant effects of soil water content (W1, flooding; W2, 75% of field water
capacity; W3, 25% of field water capacity) and soil salt (NaCl) content (0, 0.15%,
0.3%, and 0.45% of dry weight of soil) on growth and uptake of nutrients by BC.
The relative height growth, relative ground diameter growth, and biomass
increment decreased with increasing solil salt content and decreasing soil water
content.

The RGRs of T. distichum genotypes in L treatment were not significantly
different from C treatment (Fig. 6, Table 4). Although the T. distichum genotypes
were exposed to salinities that would have certainly been detrimental to growth
with chronic exposure (Pezeshki et al., 1986; 1987; Pezeshki, 1990; Conner,
1994; Krauss et al., 1999), the acute pulses of salinity at concentrations up to 12
ppt had no effect on the relative growth rates of plants (Fig. 6) and leaf Na (Fig.
7) in this study. This result is consistent with a previous study in which the acute
pulses of salinity at concentrations up to 6 and 12 ppt had no effect on the wet
weights of plants (Zhou et al., 2010). Pezeshki (1990) also found that height

growth, net photosynthesis, and stomatal conductance were unaffected when BC

27



seedings were watered with 3 ppt salinity for 60 days. Conner et al. (1997)
reported flooding with 2 ppt saltwater caused a significant reduction in diameter
growth in water tupelo, green ash, and Chinese tallow, but notin BC. Root and
stem biomass values were not significantly different for any species between the
0 and 2 ppt salinity watering treatments. This indicates that exposure to short
pulses of salinity, as might be expected by deicing salts along roadsides, or an
infrequent misapplication of a fertilizer or limestone product in the landscape,
would have small effects on Taxodium genotypes if they were flushed within days
of application.

Since interactions between salinity and genotype were not significant for
leaf Na in this study (Table 2), it is feasible to evaluate salinity effects across all
genotypes. Significant differences of leaf elemental content of Na among
treatments were found in this study (F=6.43; P=0.0264; Table 2). Overall
concentrations of Na in leaves of all Taxodium genotypes increased as sea salt
concentration increased (Fig. 7), but to a somewhat different degree among
genotypes. Leaf Na values in BC, MC, and T302 rose to 1.8%, 2.2%, and 1.8%,
respectively, when exposed to 36 ppt in this study compared to 0.1% in the
control. For comparison, Allen et al. (1997) reported that foliar Na concentrations
were slightly greater than 1.0 % for BC seedlings exposed to 8 ppt floodwater
salinity for over 3 months. Salt treatment via watering with 3 ppt had a significant
effect on the concentrations of leaf Na, K, and S, as well as Na/K ratios

(Pezeshki, 1990). Pezeshki et al. (1988) reported a significant increase in Na, K,
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Ca, and Mg concentration of leaf tissue of BC subjected to saltwater flooding
relative to freshwater flooding. Significant differences of leaf Na content among
treatments were also found in a previous study (Zhou et al., 2010). In this study,
it was apparent that leaf Na concentration increased with increasing sea salt
application rates, indicating that Taxodium was not adept at excluding Na.
However, uptake of the salts to the leaves was not proportional to sea salt
concentrations applied, suggesting that differential uptake and/or exclusion of
salts by plants may be occurring. Exclusion of ions, especially Cl, has been
suggested as a primary mechanism for salt tolerance among non-halophytic

trees (Townsend, 1989; Allen et al., 1994).
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Table 1. Chemical composition of sea salt used in the experiment.

Components Typical Range (%)
NaCl 99.50 - 99.88
H,O 0.87 - 2.50
Ca 0.02 - 0.06
Mg 0.01-0.05
SOq4 0.05-0.21

SaltwWorks™, Woodinville, WA, USA

30



16

14
12
10
2
& 8
(]
6
d -
2 -
0 -
BC MC T302
Genotypes

Fig. 2. Days to first observation of browning of three Taxodium genotypes exposed to 36 ppt sea
salt solution. BC = baldcypress; MC = Montezuma cypress; T302 = BC x MC cross.
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Fig. 3. Effects of four salts rates on height growth (cm) of BC, MC, and T302. Values represent

means + SE, n=6. Means for a particular genotype (BC, MC, or T302) represented by the same

letter among treatments (C, L, M, and H) are not significantly different at the 0.05 level of

probability accordingtoTuk ey 6s studenti zed range test. BC = bal
cypress; T302 = BC x MC cross. C-Oppt; L-12ppt; M-24ppt; H-36ppt.
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Fig. 4. Height growth (cm) in BC, MC, and T302 exposed to 0 ppt, 12 ppt, 24 ppt, and 36 ppt sea
salt solution for 16 weeks. Values represent means + SE, n=24. Means represented by the

same letter are not significantly differentatthe 0 . 0 5
studentized range test. BC = baldcypress; MC = Montezuma cypress; T302 = BC x MC cross.
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Fig. 5. Relative growth rates (g/day) in BC, MC, and T302 exposed to 0 ppt, 12 ppt, 24 ppt, and
36 ppt sea salt solution for 16 weeks. Values represent means = SE, n=24. Means represented
by the same letter are not significantly different at the 0.05 level of probability according to
Tukeyds st ude ntBCz batlicypress @ = Mortazama cypress; T302 = BC x MC
Cross.
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Fig. 6. Relative growth rates (g/day) of all three Taxodium genotypes exposed to sea salt
applications of 0 ppt (C), 12 ppt (L), 24 ppt (M), and 36 ppt (H) for 16 weeks. Values represent
means + SE, n=18. Means represented by the same letter are not significantly different at the
0.05 level of probability accordingto Tuk ey ds studenti zed range
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Table 2. General linear model analysis of variance for (A) mean height growth,
(B) relative growth rates, and (C) leaf Na of Taxodium genotypes exposed to
different sea salt application rates.

(A) Height growth

Source of variation df SS MS F value Pr>F
Salinity 3 125.78 41.93 24.66 0.0009
Genotype 2 86.89 43.44 63.19 0.0009
Salinity x Genotype 6 6.04 1.06 0.53 0.7758
(B) Relative growth rates
Source of variation df SS MS F value Pr>F
Salinity 3 0.004 0.0014 29.32 0.0006
Genotype 2 0.005 0.0023 69.98 0.0008
Salinity x Genotype 6 0.0002 0.00004 0.69 0.6607
(C) Leaf Na
Source of variation df SS MS F value Pr>F
Salinity 3 2.629 0.876 6.43 0.0264
Genotype 2 0.872 0.436 7.28 0.0465
Salinity x Genotype 6 0.958 0.160 2.11 0.1271
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Table 3. Relative growth rates (g/day) of three genotypes among the four salt
rates.
Genotype C L M H
BC 0.020(0.002)b 0.021(0.004)b 0.009(0.002)b 0.008(0.002)b
MC 0.026(0.002)b 0.024(0.002)b 0.010(0.002)b 0.009(0.002)b
T302 | 0.042(0.003)a 0.040(0.004)a 0.030(0.003)a 0.020(0.005)a

Means in the same column followed by the same letter in each treatment are not significantly
differentat 0.05levelaccor di ng t o Tukeyds Multiple range test.
Montezuma cypress; T302 = BC x MC cross. C-Oppt; L-12ppt; M-24ppt; H-36ppt NaCl solution.
Values in parenthesis indicate standard error (SE), n=6.

37



Table 4. Effects of four salt rates on relative growth rates (g/day) among three

genotypes.
Treatment BC MC T302
C 0.020(0.002)a 0.026(0.002)a 0.042(0.003)a
L 0.021(0.004a 0.024(0.002)a 0.040(0.004)ab
M 0.009(0.002)b 0.010(0.002)b 0.030(0.003)b
H 0.008(0.002)b 0.009(0.002)b 0.020(0.005)b

Means in the same column followed by the same letter in each treatment are not significantly

di fferent at O0.05 | evel according to Tukeydés Multip
Montezuma cypress; T302 = BC x MC cross. C-Oppt; L-12ppt; M-24ppt; H-36ppt NaCl solution.

Values in parenthesis indicate standard error (SE), n=6.
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CHAPTER Il

EFFECTS OF SALT SOURCE AND RATES OF APPLICATION ON THREE
TAXODIUM GENOTYPES

Saline soils are common in semiarid and arid regions due to insufficient
rainfall for substantial leaching (Marschner, 1995). Salt may also enter soils from
tidal flooding, sea spray, and road salt (Marschner, 1995). Salinity inhibits plant
growth by inducing physiological dysfunctions. Salt in the soil can adversely
affect soll structure and damage tree roots, causing tree crowns to thin. Salt
damage may take various forms: delayed bud break, reduced leaf size,
desiccated leaf margins and tips, premature fall coloration and leaf fall, bud and
stem dieback, and reduced shoot growth. Salt produces these symptoms by
altering osmotic potentials and upsetting the mineral nutritional balance. These
symptoms may also be induced by specific ion toxicity resulting from the
accumulation of ClI"and Na* (Wahome et al., 2001). Some plants can tolerate
salinity by osmotic adjustment and by salt exclusion. Osmotic adjustment results
from synthesis of compatible organic solutes in the cytoplasm. The cytoplasm
often contains high concentrations of organic compounds that counterbalance
the high salt concentrations in the vacuoles, but do not inhibit the functioning of
enzymes and membranes (Hanson and Hitz, 1982). Some plants tolerate the
salt stress by reducing uptake and accumulation of Na* and CI', and other ions in
leaf tissues (Greenway and Munns, 1980; Allen et al., 1994). Exposure to salt

may affect plant metabolism by an osmotic effect or by specific ion effect, which
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may depend on the types of salt. The dominant salt is NaCl in salt impacted
areas, although other types of salts may be a problem as well (Marschner, 1995).

Taxodium distichum is an important wetland species of river and coastal
floodplains, harboring resilience to windthrow (Conner et al., 2002) and providing
a number of important forest products (Mattoon, 1915). In addition, this long-
lived and generally pest free deciduous conifer is popular in southern landscapes
and is also quite tolerant of alkalinity (Arnold, 2008), which is responsible in part
for its expanding distribution as a roadside and public park landscape tree in the
United States and China. The combination of Taxodium characteristics
described to date provides great opportunity for locating superior genotypes and
propagating clones that fit a range of potential site requirements.

In this 8-week study, leaf water potential and elemental concentrations
were analyzed in three Taxodium genotypes (BC, MC, and T302) exposed to
four levels of salinity from two sources of salt. One salt type was NaCl, the other
was a combination of KCl and CaCl,. The two types of salt were used to test
which mechanism might be responsible for plant damage symptoms. An
understanding of responses of plants to salinity is of great importance to
understand the mechanism that plants use in the tolerance of salt stress.
Material and Methods

BC, MC, and T302 were planted in 2-gallon plastic nursery pots containing
a commercial potting substrate (Woods #2, Bailey Bark Materials, Nacogdoches,

TX, US) and placed in the greenhouse at the Pineywoods Native Plant Center
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(PNPC) nursery, Stephen F. Austin State University, Nacogdoches, Texas, US.
The nutrient content of the mix was analyzed in the Soil, Plant & Water Analysis
Laboratory, the Department of Agriculture, Stephen F. Austin State University,
Nacogdoches, TX (Table 5). The experiment followed a three-way factorial
randomized block design. Three genotypes (BC, MC, and T302) with 24 plants
per genotype per block were subjected to four levels of salinity created by two
types of salt solution. One salt type was NaCl, the other was a combination of
KCl and CaCl,. The nutrient content of the salt solution was analyzed in the Soil,
Plant & Water Analysis Laboratory, the Department of Agriculture, Stephen F.
Austin State University, Nacogdoches, TX (Table 6). The experiment utilized 3
blocks with a total of 216 plants in the experiment. The salinity levels used were
0, 51, 102, and 204 mol@ 3. Treatment applications started on Aug. 19, 2008.
500 ml salt of solution was applied daily to the substrate of each container.
Predawn leaf water potentials were measured using a pressure chamber (Model
610, PMS Instrument Company, Albany, OR) once a week. This experiment was
terminated on Oct 19, 2008. At the end of the experiment, each plant was cut
into 3 parts-tops (tips and branches), stem, and root. The dried plant samples
were ground in a cyclone grinder and analyzed for plant nutrient concentrations.
A nitric acid (HNO3) and 30% hydrogen peroxide wet acid digestion were used to
prepare the samples for P, K, Na, Ca, and Mg analysis using Inductively Coupled
Argon Plasma Spectroscopy. The General Linear Model (GLM) procedure of

SAS (SAS Institute Inc., 2007) was used to test significant differences in leaf
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water potential and tissue nutrient concentrations for the different genotypes, salt

types, and treatments. Data were analyzed as a full-factorial using MSE;

interactions between genotype and salinity, interactions between genotype and

salt types were also testedt (B FuBGe@bdr wa:
used to identify statistical groupings if a significant effect was detected with GLM

analysis.
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Table 5. Potting substrate analysis before treatment based on saturated extract
using deionized water. EC = Electrical Conductivity (dS m™); ion concentrations
reported in mg L™*; SAR = Na Adsorption Ratio.

pH 7.06 Mg 45.00
EC 2.10 Na 109.02
SAR 1.90 Fe 1.03
N 1.00 Mn 0.43
P 10.50 Zn 0.07

255.27 Cu 0.04
Ca 191.90

Values represent means of three replicates.
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Results and Discussion
Foliage browning symptoms

From 24 days after salt application, BC began to exhibit damage
symptoms, then MC at 28 days, and T302 exhibited foliar damage 30 days after
salt application. At the end of the experiment, the browning percentage
(percentage of plants) of BC and MC in the KCI/CaCl, solution were both 25%.
The browning percentage of T302 exposed to the KCI/CaCl; solution was 15.3%.
With the NacCl solutions, the browning percentage of BC was 15.3%; the
browning percentage of MC was 2.7%; and there was no browning of T302
(Fig.8).

In general the salt damage symptoms are induced in three ways. First,
salinity can cause water deficit (Marschner, 1995; Wahome et al., 2001).
Second, the plant can experience toxic effect of ions (Marschner, 1995; Wahome
et al., 2001). Third, salinity can cause imbalance of the uptake of nutrients
(Marschner, 1995; Wahome et al., 2001).

At the same level of osmotic potential of the two salt types of solution, the
browning rate of Taxodium in NaCl solution was much lower than that in
KCI/CaCl, solution. A possible explanation might simply be the slightly higher EC
values of the KCI/CaCl, solutions (Table 6). However, it is plausible that
Taxodium evolved under Na exposures for millions of years and thus has
adapted to high Na environments. On the other hand, it is reasonable to believe

that Taxodium evolution involved fewer high K and Ca exposures, thus little
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adaptation occurred over time. Visual appearance of landscape plant material is
very important to its successful usage (Devitt et al., 2003). In this study, T302
began to exhibit damage symptoms last and browning percentage of T302 was
the lowest of three genotypes. This may suggest T302 has more salt tolerance
than the other two varieties. The evaluation of foliage browning symptoms in this
study is useful for screening material for salt tolerance because it is important in
aesthetics in landscape horticulture and urban forestry, as well as reflecting on

the overall health of the plant.
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Table 6. Chemical composition of salt solution used in the experiment. EC =
Electrical Conductivity (dS m™); ion concentrations reported in mg L™.

Solution  Treatment pH EC (dSm™) Ca K Mg Na
Control C 7.66 0.6 5.3 4.8 3.0 37
KCl/CaCl, L 7.11 22.4 621.2 1063.0 4.4 63
M 7.27 46.5 1151.0 2265.0 5.1 88
H 7.79 76.9 1836.0 3690.0 6.1 129
NaCl L 7.12 17.5 10.9 5.1 4.1 1224
M 7.39 32,5 8.5 5.4 4.2 2442
H 7.48 64.8 13.3 8.2 4.6 5095

C-0 mol@3, L-51 mol@ ™, M-102 mol@n, and H-204 mol@>. Values represent means of three
observations.
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Leaf Water Potential

Leaf water potential is an evaluation of the internal moisture status of a
plant. Non-halophyte plants having a leaf water potential of -1 MPa (predawn)
are probably limited in certain physiological processes. As the leaf water
potential declines below -1 MPa the non-halophyte plant becomes more severely
limited until it either becomes dormant or it dies (Cleary and Zaerr, 1980).

In this study, leaf water potential remained steady until the fourth or fifth
week after salt solution applications before finally decreasing (Fig. 9). Leaf water
potential in Taxodium became increasingly more negative with the corresponding
increase in salt concentrations (Fig. 10), indicating that Taxodium experienced
osmotic stress in response to increase in salinity. These results agree with
Karimi and Ungar (1984). Karimi and Ungar (1984) reported a high correlation
(r=0.87) between leaf water potential and media salinity levels in Atriplex
prostrata.

At the end of the experiment, the mean of leaf water potential of BC, MC,
and T302 subjected to KCI/CaCl, solution was -2.4, -1.8, and -1.4 MPa,
respectively. All were below -1 MPa which means the plants were severely
impacted. At the same time, Taxodium subjected to KCI/CaCl, solution showed
severe salt damage symptoms. The browning percentage (percentage of plants)
of BC, MC, and T302 subjected to KCI/CaCl, solution was 25%, 25%, and 15.3%
respectively (Fig. 8). In the KCI/CaCl, solution, BC and MC were experiencing

more water stress than T302. At the end of the experiment, the mean of leaf
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water potential of BC, MC, and T302 subjected to NaCl solution was -1.6, -0.7,
and -0.5 MPa, respectively. Only BC subjected to NaCl solution showed severe
damage symptoms. MC and T302 did not exhibit severe water stress. The
browning percentage of BC, MC, and T302 subjected to NaCl solution was
15.3%, 2.7%, and zero, respectively (Fig. 8).

Reduction in leaf water potential of plants grown in saline soil may have
resulted in internal water deficit in the plants, which in turn, produced salt
damage symptoms and reduced the growth of shoots and roots. Of the three
genotypes, T302 had the highest leaf water potential, BC had the lowest, and MC
was in between. This indicated that T302 had more water stress tolerance under
the elevated salt concentrations.

The leaf water potential in Taxodium in this study decreased for high NaCl
rate and KCI/CaCl; rate with time (Fig.10). For comparison, Denny (2007) found
that pre-dawn xylem water potential differed significantly among five open-
pollinated families of Taxodium distichum within four salinity levels. Krauss et al.
(1996) reported that predawn and midday leaf water potentials of BC decreased
only for the 6ppt salinity treatment. At the end of the experiment the mean of leaf
water potential of Taxodium in the control treatment was -0.5 MPa, while the
mean of the leaf water potential of Taxodium in the high KCI/CaCl, treatment was
-4 MPa (Fig.10, Table 7). The leaf water potentials of all three genotypes were
same in the high KCIl/CaCl, treatment at the end of the experiment. The mean of

the leaf water potential of Taxodium for the high KCI/CaCl, treatment was 8 times
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lower than that of Taxodium in the control treatment. At the end of the
experiment, the mean of the leaf water potential of Taxodium in the high NaCl
rate was -2 MPa (Fig.10, Table 7). The mean of the leaf water potential of
Taxodium for high NaCl rate was 4 times lower than that of Taxodium in the
control treatment. The leaf water potential of BC in high NaCl treatment was the
lowest; the leaf water potential of T302 in high NaCl treatment was the highest.
This result indicted that T302 had more water stress tolerance. Taxodium
subjected to KCI/CaCl, solution showed more damage symptoms than those
subjected to NaCl solution. The browning percentage of Taxodium subjected to

KCl/CaCl , was much higher than that of Taxodium subjected to NaCl solution.
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Fig. 9. Effect of two salt source treatments on mean predawn leaf water potentials of
Taxodium over time. A.) Predawn leaf water potential of three genotypes subjected to KCI
and CaCl, solution over seven weeks. B.) Predawn leaf water potential of three genotypes
subjected to NaCl solution over seven weeks. BC = baldcypress; MC = Montezuma cypress;

T302 = BC x MC cross. Values represent means of four observations.
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Table 7. Predawn leaf water potential (MPa) of three Taxodium genotypes at
four levels of salinity solution at the seventh week.

Salt Type Treatment BC MC T302
KCl/CaCl, C 10.7 10.5 i0.3
L 711.0 10.7 i1.0

M 714.0 12.0 710.6

H 14.0 14.0 14.0

NaCl C 10.7 710.3 0.4

L 710.8 710.6 0.5

M 1.1 710.6 0.6

H 4.0 i1.4 i0.7

BC = baldcypress; MC = Montezuma cypress; T302 = BC x MC cross. C-0 mol@®, L-51 mol@n®,
M-102 mol@, and H-204 mol@™. Values represent one observation.
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Elemental Concentration

There were significant salinity effects on tissue elemental concentrations
in Taxodium genotypes in this study. Leaf, stem, and root Na concentration in
BC, MC, and T302 subjected to NaCl solution significantly increased as sea salt
concentrations increased (Table 8). Leaf, stem, and root Na concentration in BC,
MC, and T302 subjected to NaCl solution at the high salt treatment (204
moles@®) were significantly higher than in the control treatment (Table 8). BC
leaf Na concentration at L, M, and H treatments were 195%, 176%, and 390%
above the control, respectively. MC leaf Na concentration at L, M, and H
treatments were 254%, 291%, and 1180% above the control, respectively. T302
leaf Na concentration at L, M, and H treatments were 183%, 225%, and 466%
above the control, respectively. The high salt treatment resulted in leaf Na
concentrations in BC, MC, and T302 up to 8,200 ppm, 130,000 ppm, and
205,000 ppm, respectively (Table 8). Leaf, stem, and root K, Ca concentration in
BC, MC, and T302 subjected to KCI/CaCl, solution increased as salt
concentration increased (Table 9).

For comparison, Allen et al. (1997) reported foliar Na concentrations
slightly greater than 10000 ppm for BC seedlings exposed to 8 ppt floodwater
salinity for over 3 months.

With KCI/CacCl, treatment, leaf K, leaf Ca, stem Ca, root Ca in T302 was
significantly higher than BC and MC (Tables 10, 14). Leaf Na and leaf Mg were

not significantly different among three Taxodium genotypes (Tables 11, 14).

55



With NaCl treatment, leaf Ca in BC and T302 was significantly higher than MC
(Tables 12, 14). Root Ca in T302 was significantly higher than BC and MC
(Tables 12, 14). Root K in T302 and MC was significantly higher than BC
(Tables 12, 14).

With the KCI/CaCl, treatments, interactions between salinity and genotype
were significant for stem K and stem Na (Tables 10, 11); with the NacCl
treatments, interactions between salinity and genotype were significant for leaf
Na, leaf K, stem K and stem Mg (Tables 12, 13, 18). Itis therefore not feasible to
evaluate salinity effects across all genotypes. The interactions between salinity
and genotype indicated that leaf Na, leaf K, stem K, stem Na, stem Mg in
Taxodium genotypes may be salinity influenced.

With the KCI/CacCl, treatments, stem K in T302 was significantly higher
than BC (Table 15); in the control, stem Na in T302 was significantly higher than
BC and MC,; in the L treatment, stem Na in BC was significantly higher than MC
and T302; in the M and H treatments, there were no significant differences of
stem Na among the three genotypes (Table 15).

With the NaCl treatments, in the control, L, and M treatments, leaf K in
T302 was significantly higher than BC and MC; in the H treatment, leaf K in T302
and MC was significantly higher than BC (Table 16). In the control and L
treatment, stem K in T302 was significantly higher, followed by MC, and then
BC; in the M and H treatments, stem K in T302 and MC was significantly higher

than BC (Table 16). In the control, M, and H treatments, leaf Na in T302 was
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significantly higher than BC; in the L treatment, leaf Na in T302 was significantly
higher than MC (Table 17). No significant differences in stem Mg were found
among genotypes at 0, L, and H treatments; in the M treatment, stem Mg in MC
and T302 was significantly higher than BC (Table 17).

All three genotypes had higher contents of Ca, K, and lower contents of
Na with the KCI/CaCl, treatments than with NaCl treatments (Table 14). With the
KCl/CaCl;, treatments, among the Taxodium genotypes, T302 exhibited the
highest leaf, stem, and root content of Ca and K; BC had lowest stem and root
content of Ca, and leaf, stem, and root content of K (Table 14). With the NaCl
treatments, T302 exhibited the highest content of leaf Na, leaf K, stem K, root K,
and root Ca of the genotypes. BC had lowest root Ca, leaf K, stem K, root K, leaf
Na, and root Na (Table 14). This result is not consistent with a previous study in
which T302 exhibited lower content of leaf Na than BC, when BC and T302 were
subjected to acute pulses of salinity at concentrations up to 12 ppt (Zhou et al.
2010). However, there are several plausible explanations for what appears to be
a contradiction. In the 2010 study, plants were subjected to acute pulses once
per week for 8 weeks and the project was continued an additional eight weeks
with two pulses per week. In between applications of salt solutions, all the plants
in the study were irrigated normally. Thus there was significant leaching potential
between salt applications. In this dissertation experiment, all applications made
were either 0, Low, Medium or High rate and not with interspersed with sprinkler

irrigation. In this study plants reacted within four to five weeks with lower leaf
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water potentials and the evidence of foliage browning. If one assumes that
foliage browning means the reduction or elimination of ion movement into the
plant, then it is not a surprise that the levels encountered might be lower in those
plants shutting transpiration down early to salt stresses. T302, on the other
hand, maintains green foliage longer, thus the transpirational stream functions
longer, thus an explanation for higher ion buildup in leaves. In the 2010 study,
this was not the case - a 14 week study with salt pulses interspersed with normal
sprinkler irrigation regimes, essentially a leaching environment.

Other studies have shown the effect of salinity on ion contents. Pezeshki
et al. (1988) reported there was a significant increase in Na, K, Ca, and Mg
concentration in leaf tissue of BC subjected to saltwater flooding compared to
freshwater flood-stress plants. Clough (1984) reported in salt-resistant plants
such as mangrove, salinity treatments had little effect on the concentration of K,
Ca, and Mg in leaves. Wang and Cao (2004 a) reported that the total N, P, and
Na content in root, stem, and leaf and the total Ca and Fe content in leaf for BC
increased with increase of soil salt content under the soil condition of flooding,
while the K/Na ratio decreased with increasing soil salt content.

The results indicate that the salt type and salinity levels had effects on the
different elemental contents in different Taxodium genotypes. The mechanism of
salt tolerance in Taxodium could involve a balance between ion accumulation

and osmotic adjustment. At high salt concentrations, salt damage occurs
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because of the plantds inability to adjust

may have caused damage symptoms.
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Table 8. Effect of NaCl on Taxodium leaf, stem, and root Na concentration (%) in

three genotypes.

Treatment BC
Leaf Stem Root
C 0.21(0.029)b 0.02(0.004)b 0.13(0.016)c
L 0.41(0.110)ab 0.07(0.012)b 0.47(0.078)b
M 0.37(0.065)ab 0.10(0.012)b 0.51(0.020)b
H 0.82(0.114)a 0.49(0.073)a 0.84(0.037)a
MC
Leaf Stem Root
C 0.11(0.012)b 0.02(0.001)b 0.13(0.020)c
L 0.28(0.045)b 0.07(0.008)b 0.38(0.037)b
M 0.32(0.029)b 0.11(0.008)b 0.48(0.061)b
H 1.30(0.274)a 0.49(0.057)a 0.78(0.069)a
T302
Leaf Stem Root
C 0.44(0.045)c 0.05(0.006)c 0.18(0.016)b
L 0.73(0.057)b 0.12(0.001)b 0.54(0.049)ab
M 0.99(0.078)b 0.14(0.001)b 0.64(0.069)ab
H 2.05(0.118)a 0.37(0.028)a 1.02(0.110)a

Means in the same column followed by the same letter in each genotype are not significantly

different at 0.05 level accordingtoTuk ey 6 s Mul ti pl e range test. BC
Montezuma cypress; T302 = BC x MC cross. C-0 mol@™, L-51 mol@n, M-102 mol@n®, and H-

204 mol@>. Values in parenthesis indicate standard error (SE), n=6.
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Table 9. Effects of four salt rates of KCIl/CaCl, on BC, MC, and T302 leaf, stem,
and root K and Ca concentration.

BC Leaf, stem, and root K, Ca concentration (%) in KCI/CaCl, treatments:

K Ca
Leaf Stem Root Leaf Stem Root
0 | 1.14(0.09)b 0.21(0.01)d  0.41(0.02)b | 1.30(0.04)a  0.71(0.04)a  0.48(0.03)b
L | 2.39(0.07)a 0.34(0.03)c  0.73(0.05)a | 1.58(0.16)a  0.69(0.04)a  0.64(0.04)b
M | 1.99(0.03)ab 0.66(0.05)b  0.71(0.03)a | 1.45(0.15)a  0.68(0.05)a  0.61(0.05)b
H | 2.34(0.06)a 1.02(0.10)a  0.86(0.03)a | 1.70(0.05)a  0.90(0.07)a  0.83(0.03)a
MC Leaf, stem, and root K, Ca concentration (%) in KCI/CaCl, treatments:
K Ca
Leaf Stem Root Leaf Stem Root
0 | 1.23(0.03)b 0.52(0.02)c  0.50(0.02)c | 0.97(0.11)a  0.61(0.07)c  0.57(0.03)a
L | 2.67(0.03)ab 0.76(0.03)bc 0.89(0.02)ab | 1.20(0.09)a  0.61(0.07)c  0.64(0.03)a
M | 4.33(0.16)a 0.99(0.07)b  0.83(0.06)b | 1.52(0.29)a  0.83(0.08)b  0.71(0.02)a
H |247(0.04)ab 1.90(0.16)a 1.08(0.05)a | 1.50(0.14)a 0.97(0.11)a  0.77(0.04)a
T302 Leaf, stem, root K, Ca concentration (%) in KCI/CaCl, treatment:
K Ca
Leaf Stem Root Leaf Stem Root
0 | 1.44(0.12)b 0.62(0.07)b  0.63(0.06)a | 1.47(0.07)b  0.70(0.08)b  0.65(0.03)b
L | 3.89(0.04)a 0.97(0.07)b  0.97(0.07)a | 2.36(0.13)a  0.83(0.03)ab 0.75(0.04)ab
M | 4.60(0.07)a 1.63(0.15)a  0.93(0.07)a | 2.16(0.23)ab 0.93(0.04)ab 0.99(0.03)ab
H | 4.09(0.08)a 1.70(0.11)a  0.96(0.03)a | 2.45(0.18)a 1.11(0.04)a  1.13(0.07)a

Means in the same column followed by the same letter in each genotype are not significantly
different at 0.05 level accordin g
Montezuma cypress; T302 = BC x MC cross. 0-0 mol@n®, L-51 mol@®, M-102 mol@, and H-
204 mol@ > KCl/CaCl,. Values in parenthesis indicate standard error (SE), n=6.
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Table 10. General linear model analysis of variance for (A) mean leaf Ca, (B)
mean stem Ca, (C) mean root Ca, (D) mean leaf K, (E) mean stem K, and (F)
mean root K of Taxodium genotypes exposed to four levels of concentrations of
KCl/CaCl, application.

(A) LeafCa
Source of variation df SS MS F value Pr>F
Salinity 3 4.045 1.348 4.37 0.059
Genotype 2 8.583 4.291 40.89 0.002
Salinity x Genotype 6 1.313 0.219 1.84 0.173
(B) Stem Ca
Source of variation df SS MS F value Pr>F
Salinity 3 1.091 0.364 25.08 0.0009
Genotype 2 0.326 0.163 62.54 0.0010
Salinity x Genotype 6 0.182 0.030 1.990 0.1455
(C) RootCa
Source of variation df SS MS F value Pr>F
Salinity 3 0.429 0.143 1.38 0.3356
Genotype 2 0.577 0.288 97.79 0.0004
Salinity x Genotype 6 0.281 0.047 3.09 0.0457
(D) LeafK
Source of variation df SS MS F value Pr>F
Salinity 3 55.34 18.44 16.26 0.0028
Genotype 2 28.43 14.21 42.51 0.0020
Salinity x Genotype 6 15.53 2.58 2.89 0.0558
(E) Stem K
Source of variation df SS MS F value Pr>F
Salinity 3 12.36 4.12 92.62 <0.0001
Genotype 2 5.784 2.89 175.25 0.0001
Salinity x Genotype 6 1.463 0.24 7.70 0.0015
(F) RootK
Source of variation df SS MS F value Pr>F
Salinity 3 0.722 0.241 1.20 0.3871
Genotype 2 0.486 0.243 5.74 0.0668
Salinity x Genotype 6 0.235 0.039 0.94 0.5047
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Table 11. General linear model analysis of variance for (A) mean leaf Na, (B)
mean stem Na, (C) mean root Na, (D) mean leaf Mg, (E) mean stem Mg, and (F)
mean root Mg of Taxodium genotypes exposed to four levels of concentrations of
KCl/CaCl, application.

(A) LeafNa
Source of variation df SS MS F value Pr>F
Salinity 3 0.108 0.036 0.60 0.6372
Genotype 2 0.026 0.013 0.22 0.8145
Salinity x Genotype 6 0.449 0.075 1.29 0.3321
(B) Stem Na
Source of variation df SS MS F value Pr>F
Salinity 3 0.008 0.0025 14.94 0.0034
Genotype 2 0.003 0.0013 11.48 0.0220
Salinity x Genotype 6 0.006 0.0009 4.74 0.0106
(C) Root Na
Source of variation df SS MS F value Pr>F
Salinity 3 0.023 0.008 1.53 0.3010
Genotype 2 0.040 0.020 2.44 0.2033
Salinity x Genotype 6 0.049 0.008 1.05 0.4399
(D) Leaf Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.059 0.019 4.29 0.0612
Genotype 2 0.010 0.005 5.66 0.0682
Salinity x Genotype 6 0.008 0.001 0.27 0.9427
(E) Stem Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.00545 0.0018 19.92 0.0016
Genotype 2 0.00003 0.0002 0.52 0.6300
Salinity x Genotype 6 0.00257 0.0004 1.83 0.1755
(F) Root Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.0031 0.0010 0.55 0.6682
Genotype 2 0.0023 0.0012 10.40 0.0260
Salinity x Genotype 6 0.0032 0.0005 1.79 0.1838
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Table 12. General linear model analysis of variance for (A) mean leaf Ca, (B)
mean stem Ca, (C) mean root Ca, (D) mean leaf K, (E) mean stem K, and (F)
mean root K of Taxodium genotypes exposed to four levels of concentrations of
NacCl application.

(A) Leaf Ca
Source of variation df SS MS F value Pr>F
Salinity 3 0.9306 0.3102 4.42 0.0579
Genotype 2 4.3635 2.1817 40.56 0.0022
Salinity x Genotype 6 1.2342 0.2057 2.16 0.1213
(B) Stem Ca
Source of variation df SS MS F value Pr>F
Salinity 3 0.1739 0.0579 2.62 0.1451
Genotype 2 0.0589 0.0295 4.97 0.0824
Salinity x Genotype 6 0.1076 0.0179 0.96 0.4900
(C) RootCa
Source of variation df SS MS F value Pr>F
Salinity 3 0.0512 0.0171 0.93 0.4814
Genotype 2 0.4105 0.2052 64.32 0.0009
Salinity x Genotype 6 0.0557 0.0093 1.13 0.4015
(D) LeafK
Source of variation df SS MS F value Pr>F
Salinity 3 3.2979 1.0993 6.01 0.0307
Genotype 2 8.5844 4.2922 138.98 0.0002
Salinity x Genotype 6 1.9364 0.3227 3.38 0.0346
(E) Stem K
Source of variation df SS MS F value Pr>F
Salinity 3 0.1652 0.0551 10.26 0.0089
Genotype 2 2.1481 1.0740 435.35 <0.0001
Salinity x Genotype 6 0.2442 0.0407 6.63 0.0028
(F) RootK
Source of variation df SS MS F value Pr>F
Salinity 3 0.7564 0.2521 152.33 <0.0001
Genotype 2 0.4203 0.2101 32.22 0.0034
Salinity x Genotype 6 0.1558 0.0259 2.73 0.0657
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Table 13. General linear model analysis of variance for (A) mean leaf Na, (B)
mean stem Na, (C) mean root Na, (D) mean leaf Mg, (E) mean stem Mg, and (F)
mean root Mg of Taxodium genotypes exposed to four levels of concentrations of
NacCl application.

(A) Leaf Na
Source of variation df SS MS F value Pr>F
Salinity 3 13.356 4.4518 54.14 <0.0001
Genotype 2 5.3422 2.6711 21.82 0.007
Salinity x Genotype 6 1.9507 0.3251 3.30 0.0372
(B) Stem Na
Source of variation df SS MS F value Pr>F
Salinity 3 1.9243 0.6414 1216.68 <0.0001
Genotype 2 0.0003 0.0002 0.01 0.9898
Salinity x Genotype 6 0.0671 0.0112 1.12 0.4080
(C) Root Na
Source of variation df SS MS F value Pr>F
Salinity 3 4.9337 1.6446 56.67 <0.0001
Genotype 2 0.2931 0.1466 4.04 0.1095
Salinity x Genotype 6 0.0634 0.0106 0.42 0.8500
(D) Leaf Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.0475 0.0158 4.87 0.0478
Genotype 2 0.0273 0.0136 5.47 0.0716
Salinity x Genotype 6 0.0044 0.0007 0.18 0.9754
(E) Stem Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.0003 0.00009 0.34 0.7968
Genotype 2 0.0026 0.0013 9.32 0.0312
Salinity x Genotype 6 0.0027 0.00045 3.61 0.0278
(F) Root Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.0022 0.0007 1.21 0.3824
Genotype 2 0.0100 0.0050 25.60 0.0052
Salinity x Genotype 6 0.0029 0.0005 2.44 0.0886
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Table 14. Effects of salt solution on BC, MC, and T302 leaf, stem, and root

elemental concentration. These means are obtained by averaging over the four

salt treatment concentrations of each salt type.

BC, MC, T302 leaf, stem, and root elemental concentration (%) in KCI/CaCl, treatments

Ca K
Leaf Stem Root Leaf Stem Root
BC 1.51(0.061)b 0.75(0.031)b 0.64(0.031)b | 1.97(0.161)c 0.56(0.069) 0.68(0.037)b
MC 1.30(0.094)b  0.76(0.047)b  0.67(0.022)b | 2.68(0.288)b 1.04(0.116) 0.82(0.047)a
T302 | 2.11(0.110)a  0.89(0.039)a 0.88(0.045)a | 3.50(0.298)a 1.23(0.106) 0.88(0.041)a
Na Mg
Leaf Stem Root Leaf Stem Root
BC 0.16(0.016)a 0.036(0.004) 0.12(0.006)a | 0.22(0.010)a  0.065(0.004)a  0.093(0.002)a
MC 0.16(0.073)a  0.026(0.004) 0.08(0.004)b | 0.24(0.012)a  0.063(0.004)a  0.081(0.004)b
T302 | 0.20(0.029)a 0.022(0.002) 0.07(0.006)b | 0.24(0.012)a  0.064(0.004)a  0.095(0.004)a

BC, MC, T302 leaf, stem, and root elemental concentration (%) in NaCl treatments

Ca K
Leaf Stem Root Leaf Stem Root
BC 1.51(0.076)a 0.66(0.202)a 0.49(0.014)b 1.15(0.082) 0.17(0.006) 0.27(0.027)b
MC | 1.12(0.053)b 0.73(0.029)a 0.51(0.014)b | 1.43(0.098)  0.47(0.010) 0.38(0.016)a
T302 | 1.72(0.057)a  0.69(0.027)a  0.66(0.022)a | 1.98(0.080)  0.58(0.033) 0.46(0.033)a
Na Mg
Leaf Stem Root Leaf Stem Root
BC 0.46(0.061) 0.17(0.041)a 0.49(0.055)a | 0.25(0.010)a 0.066(0.002) 0.11(0.004)b
MC 0.50(0.116) 0.18(0.039)a 0.44(0.053)a | 0.29(0.010)a  0.079(0.004) 0.11(0.004)b
T302 | 1.05(0.131) 0.17(0.027)a  0.59(0.069)a | 0.30(0.008)a  0.077(0.002) 0.13(0.004)a

Means in the same column followed by the same letter in each element are not significantly
di fferent

at 0.

05 |

evel

according
Montezuma cypress; T302 = BC x MC cross. There are interaction effects (salinity x genotype)
among the means without letters. 0-0 mol@n, L-51 mol@ >, M-102 mol@™, and H-204 mol@n™.

Values in parenthesis indicate standard error (SE), n=24.
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Table 15. Effects of KCl/CaCl, solution on BC, MC, and T302 stem K and stem

Na concentration (%).

Genotype C
K Na K Na
BC 0.207(0.012)b 0.017(0.001)b 0.342(0.029)c 0.029(0.008)a
MC 0.522(0.016)ab  0.016(0.003)b 0.757(0.033)b 0.009(0.001)b
T302 0.621(0.073)a 0.033(0.004)a 0.968(0.065)a 0.009(0.001)b
M
K Na K Na
BC 0.659(0.053)b 0.048(0.008)a 1.022(0.098)b 0.050(0.007)a
MC 0.986(0.073)b 0.025(0.004)a 1.896(0.159)a 0.053(0.012)a
T302 1.632(0.147)a 0.018(0.004)a 1.704(0.114)a 0.027(0.002)a

Means in the same column followed by the same letter in each treatment are not significantly
di fferent at O

Montezuma cypress; T302 = BC x MC cross. 0-0 mol@, L-51 mol@ >, M-102 mol@n®, and H-

.05 |l evel

according

t o

204 mol@n KCl/CaCl, solution. Values in parenthesis indicate standard error (SE), n=6.
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Table 16. Effects of NaCl solution on BC, MC, and T302 leaf K and stem K
concentration (%).

Genotype C
leaf stem leaf stem
BC 1.017(0.057)b 0.189(0.008)c 1.219(0.245)b 0.179(0.012)c
MC 1.101(0.057)b 0.492(0.020)b 1.118(0.082)b 0.459(0.024)b
T302 1.519(0.102)a 0.683(0.041)a 1.980(0.082)a 0.738(0.057)a
M
leaf stem leaf stem
BC 1.229(0.180)b 0.145(0.008)b 1.134(0.151)b 0.183(0.012)b
MC 1.657(0.057)b 0.476(0.020)a 1.829(0.294)a 0.446(0.008)a
T302 2.443(0.102)a 0.474(0.041)a 1.979(0.082)a 0.442(0.020)a

Means in the same column followed by the same letter in each treatment are not significantly
05 | ev @lrametest BC=ibaldrypress;, MCa k ey 6 s
Montezuma cypress; T302 = BC x MC cross. C-0 mol@n®, L-51 mol@, M-102 mol@n, and H-

di fferent at 0.

204 mol@n™ NaCl solution. Values in parenthesis indicate standard error (SE), n=6.
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Table 17. Effects of NaCl solution on BC, MC, and T302 leaf Na and stem Mg.

Genotype C L
leaf Na stem Mg leaf Na stem Mg
BC 0.207(0.029)b 0.075(0.004)a 0.406(0.110)ab 0.067(0.004)a
MC 0.112(0.012)b 0.072(0.004)a 0.276(0.045)b 0.079(0.004)a
T302 0.442(0.045)a 0.066(0.002)a 0.728(0.057)a 0.067(0.008)a
M H
leaf Na stem Mg leaf Na stem Mg
BC 0.375(0.065)b 0.056(0.001)b 0.818(0.114)b 0.063(0.004)a
MC 0.319(0.029)b 0.085(0.008)a 1.298(0.274)ab 0.081(0.004)a
T302 0.991(0.078)a 0.084(0.002)a 2.051(0.118)a 0.074(0.004)a

Means in the same column followed by the same letter in each treatment are not significantly

di fferent at O0.05 | evel according to Tukeydés Multip
Montezuma cypress; T302 = BC x MC cross. C-0 mol@®, L-51 mol@, M-102 mol@n, and H-

204 mol@n™ NaCl solution. Values in parenthesis indicate standard error (SE), n=6.
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Table 18. Levels of significance of analysis of variance for leaf Na and leaf K.

Source of variation Leaf K Leaf Na
Genotype woxk? *
Treatment ok *
Salt type * **
Genotype x treatment * *
Genotype x salt type * *
Treatment x salt type * *kk
Genotype X treatment x salt type ns ns

i significantatP O 0 .

) o5, 0.01, 0.001, O0.00012
not significantatPO 0. 05
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CHAPTER IV

EFFECT OF ELEVATED SALT CONCENTRATIONS AND
FLOODING ON BC AND T302

Many coastal wetlands of the southeastern United States are threatened
by increases in flooding and salinity as a result of both natural processes and
human-induced hydrologic alterations (Allen, 1992; Conner and Toliver, 1990;
Craig et al.,1979; Templet and Meyer-Arendt, 1988; Wicker et al., 1981).
Degradation of coastal forests and associated wetland habitats by excessive
flooding and saltwater intrusion is a serious problem, especially in the Mississippi
River Delta (Allen, 1992; Earles, 1975; Krauss et al., 1999). In recent years,
there has been great concern about the degradation of the entire Mississippi
River Delta biotic system, much of which can be traced to man-made changes in
the hydrology of the Mississippi River. The loss of coastal forests south of New
Orleans is severe and has left the city more vulnerable to the impact of
hurricanes. In addition, if predicted climate changes occur, the consequent rise
in sea level will cause increased flooding and salt water intrusion in many coastal
areas (Daniels, 1992; Kerr, 1991; Smith and Tirpak, 1989; Titus, 1988; Wigley
and Raper, 1993).

Past studies using only BC genotypes found evidence for modest potential
gains in salt tolerance improvement in the species (Allen et al., 1994; 1997,
Krauss et al., 2000), but with almost complete mortality of all BC genotypes at
salinities above 6 ppt (102 moles@®) in as little as 30 to 90 days (Krauss et al.,

2007).
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This study was conducted to evaluate the effect of chronic elevated salt
concentrations and flooding on the elemental concentrations in roots, stems, and
shoots of BC and T302 to select superior plant material for coastal restoration
efforts.

Material and Methods

Two Taxodium genotypes BC and one hybrid (T302) were evaluated. BC
was obtained from Rennerwood nursery, Palestine, TX. T302 represents a cross
between BC and MC and was propagated from cuttings of existing trees for this
study. Ninety-six plants per genotype were planted in one-gallon plastic nursery
pots containing a commercial potting substrate (Woods #2, Bailey Bark Materials,
Nacogdoches, TX, USA) (Table 5) on July 1, 2009. The containers were placed
under full sunlight at the Pineywoods Native Plant Center (PNPC) nursery,
Stephen F. Austin State University, Nacogdoches, Texas, US for 3 weeks before
treatment application. There were different starting points in terms of plant size
of the two genotypes utilized in this study. The BC plants averaged 24 inches tall
and T302 plants averaged 8 inches tall.

Beginning July 24, 2009, BC and T302 were flooded in salt solution up to
one-half the height of the pots in small wading pools for six weeks (Fig. 11). The
pools were placed on the nursery pad in the sun container yard at PNPC (Fig.
11). BC and T302 were subjected to chronic exposure of four concentrations of
salt solution. The treatments included a control with no sea salt, a low salt

concentration of 3 ppt (L:51 mol@®), a medium salt concentration of 6 ppt
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(M:102 mol@3), and a high salt concentration of 9 ppt (H:153 mol@™). The
chemical composition of the artificial sea salt used (SaltWorks™, Woodinville,
WA, US) mimics that of actual sea water in concentrations of major ions (Table
1).

E.C. of the solutions was monitored daily and adjusted as needed. A split
block design with two genotypes, four salinity treatments, and three blocks was
utilized. Eight plants per genotype per pool were subjected to each salinity
treatment for a total of 64 plants per block 1 192 total plants in the experiment.
Two plants per genotype were selected at random out of each pool and cut into 3
parts (leaf, stem, and root) for elemental content analysis at one, two, four, and
six weeks. The plant samples were dried in a convection oven for 3 days at
60 C. The dried plant samples were ground in a cyclone grinder and analyzed
for plant nutrient concentration. A nitric acid (HNO3) and 30% hydrogen peroxide
wet acid digestion was used to prepare the samples for P, K, Na, Ca, and Mg
analysis using Inductively Coupled Argon Plasma Spectroscopy (IRIS Intrepid
Inductively Coupled Argon Plasma Training Manual). The General Linear Model
(GLM) procedure of SAS (SAS Institute Inc., 2007) was used to detect significant
differences in tissue nutrient concentrations for the different genotypes and
treatments. Interactions between genotype and salinity were also tested. A

Tukey6s seddeange test (U = 0.05) was wused t

groupings if a significant effect was detected with GLM analysis.
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Results and Discussion

Visual appearance of plant material is one important measurement of salt
tolerance. Visual appearance of landscape plant material is very important to its
successful usage (Devitt et al., 2003). In this study BC began to exhibit foliage
browning at the medium and high salt rates on the second week after salt
exposure. T302 started to show foliage browning at the high salt concentrations
on the third week after salt exposure. BC was quickest to show salt damage
symptoms and at the end of the experiment BC exhibited foliage browning at the
low, medium, and high salt rates, while T302 produced salt damage symptoms
only at the medium and high salt concentrations. This result was consistent with
the result of the previous study (Chapter Ill). lwanaga et al. (2009) reported that
leaf injury and shoot dieback were observed in drained saplings that had been
submerged in saltwater. Souther and Shaffer (2000) reported that newly-
germinated BC seedlings (under two weeks of age) subjected to complete
submergence began to show clear signs of stress after approximately one month
and substantial mortality following 45 days of submergence. In contrast, one-
year-old seedlings flooded for as much as five months experienced up to 75%
survival. The results may suggest T302 has more salt tolerance than BC. The
evaluation of visual foliage browning symptoms in this study is still useful for
screening plant material for salt tolerance for coastal restoration efforts in

wetland settings.
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Interactions between salinity and genotype were significant for total Na,
total K, total Ca, total Mg, total S, and total P (Tables 19, 20), and therefore it is
not feasible to evaluate salinity effects across all genotypes for these
parameters. Interactions between salinity and time were significant for total Na
(Table 20), and therefore it is not feasible to evaluate salinity effects across the
experimental time. Significant differences in Na concentration in BC among
treatments were found in this study (Table 21). Na concentrations in BC in
treatment H were significantly higher than the control and L treatments. No
significant differences in Na in T302 among treatments were found in this study
(Table 21). In this 6-week chronic salt rate study, BC and T302 differed in
response to increasing salt rates. Na in BC significantly increased with
increasing salt concentrations. However, Na in T302 did not significantly change
with increasing salt concentrations (Table 21). One possible explanation was
that BC did not have the ability to prevent Na from reaching high levels in the
transpiring leaves when the salt concentration increased, while T302 was able to
exclude Na when the salt concentration reached about 6 ppt. Pezeshki et al.
(1988) reported a significant increase in Na, K, Ca, and Mg concentration of leaf
tissue of BC subjected to saltwater flooding relative to freshwater flooding.

There was no significant salt treatment effect on K, Ca, Mg, S, and P in
BC (Table 22). There was no significant salt treatment effect on Ca, Mg, S, and
P in T302 (Table 22). Other studies have shown the effect of salinity on ion

concentrations of Taxodium. There was no significant difference in leaf P, Ca,
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and Mg content for BC, MC, and T302 among the salinity treatments ranging
from O to 12 ppt in an earlier acute salt exposure study (Zhou et al., 2010).

Wang and Cao (2004) reported the effects of salt stress on uptake of nutrients of
BC under varying soil water content. The results indicated that there were
significant effects of soil water content (W1, flooding; W2, 75% of field water
capacity; W3, 25% of field water capacity) and soil salt (NaCl) content (0, 0.15%,
0.3%, and 0.45% of dry weight of soil) on uptake of nutrients by BC. The total N,
P, and Na content in root, stem, and leaf and the total Ca and Fe content in leaf
increased with increase of soil salt content under the soil condition of flooding,
while the total Fe, Ca, and Mg content in stem and root had little differences.

The total N, Na, Ca, and Fe content in root, stem, and leaf and the total P, K, and
Mg content in stem and leaf increased with increase of soil salt content under the
soil condition of W2 (75% of field water capacity), while the total P, K, and Mg
content in stem decreased under higher soil salt content. The total N, P, and K
content in leaf, the total Ca and Mg content in Taxodium stem and leaf and the
total Na content in root, stem, and leaf increased with increase of soil salt content
under the soil condition of W3 (25% of field water capacity), while the total N, P,
and K content in stem and root and the total Fe content in root, stem, and leaf
decreased with increase of soil salt content (Wang and Cao, 2004 a and b).
Wang et al. (2004 b) reported the effects of soil salt content on uptake of
nutrients of BC. The results are as follows: (1) The total N, Ca, Na, and Fe

concentration of root, stem, and leaf increased with increasing soil salt content
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(0, 0.15%, 0.3%, and 0.45% of dry weight of soil), and total P, K, and Mg
concentration of root decreased with increasing soil salt content, and total P, K,
and Mg concentration of stem and leaf increased with increasing soil salt content;
(2) The Ca/Na ratio of roots increased with increasing soil salt content, and the
Ca/Na of stem and leaf, K/Na, Mg/Na, and Fe/Na ratios of root, stem, and leaf
decreased with increasing soil salt content; (3) The order of total N and P
concentration of root, stem, and leaf was leaf>root>stem, and total Ca
concentration was leaf>stem>root, and total Fe concentration was
root>leaf>stem, and the order of total K, Na, and Mg concentration of root, stem,
and leaf was different with varying soil salt contents.

Accordingly, no evidence of different foliar Ca concentrations were
discovered for BC genotypes subjected to salinities ranging from O to 8 pptin a
previous study (Allen et al., 1997); however progressive salinity increases did
throw Na/Ca ratios out of balance in greenhouse and field BC studies (Allen et
al., 1997; Krauss et al., 2000). Iwanaga et al. (2009) reported that leaf Na and K
ion concentrations increased with increases in salt concentration.

Interactions between salinity and genotype were significant for leaf Na,
stem Na, and root Na (Table 23); therefore, it is not feasible to evaluate salinity
effects across all genotypes. Na concentration in BC leaves, stems, and roots
was higher than in T302 plant parts (Table 24). Leaf Na in T302 was significantly
lower than that in BC in the high NaCl treatment at the end of the experiment

(Table 25). This result was not consistent with the result of the previous study
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(Chapter Ill). The reason was not clear. This result may indicate that T302 was
able to exclude Na thus decreasing the uptake rate of salt and its accumulation in
plants. T302 appeared to have the ability to regulate Na uptake, while BC did
not.

Leaf Na concentrations also differed among genotypes (Table 24). At the
same experimental time, BC had a higher content of Na in the foliage than T302
in the same level of salinity treatments, suggesting that BC takes up some ions
associated with salinity more readily than T302. Greenway and Munns (1980)
reported that in glycophytes salt exclusion is predominant salt avoidance
mechanism. Considering selectivity of ions by root cells, it is still unclear which
cell types control the selectivity of ions from the soil solution. A failure to exclude
Na and additional ions from leaf tissue can readily lead to increased osmotic
stress, ion toxicity, or ion and hormone imbalances (Flowers et al., 1977;
Greenway and Munns, 1980). Failure to exclude Na can result in development of
symptoms of salt damage. It appears that T302 had a greater capacity for
excluding deleterious ions such as Na than BC; ion exclusion is likely to be an
important mechanism for increasing salt tolerance in baldcypress, even among
individual populations of BC (Allen et al., 1996). Exclusion of Na from the foliage
of T302 is most promising, and may be a primary reason why T302 showed fair
tolerance to salinity in past trials (Creech and Yin, 2003). As foliar Na
concentrations increase in BC, the photosynthetic capacity of BC decreases

linearly (Pezeshki et al., 1988).
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K values decreased significantly in T302 with increasing salt rates (Table
22). The Na/K ratio in the two genotypes significantly increased as salt rates
increased (Fig. 12). At the end of the experiment, the ratio reached above 1.0 for
L, M, and H treatments. Na/K ratios provide an effective tool for selecting
genotypes in BC; ion ratios below 1.0 represent a relatively stress-free condition
for non-halophytes (Wyn Jones et al., 1979). Increases in site salinity beyond
those tolerable for BC quickly raised foliar Na/K ratios above 1.0 on field
plantation sites south of New Orleans, Louisiana, USA (Krauss et al., 2000). lon
ratios offer a tool to assist wetland scientists and arboriculturalists with selection
of perspective Taxodium genotypes harboring greater tolerance to low salinity
levels (Allen et al., 1997). Based on salt damage symptoms and the capacity for
excluding Na, the salt tolerance of T302 seemed to be improved and this clone
might be suitable on sites with salt and flooding issues normally deleterious to

baldcypress.
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Table 19. General linear model analysis of variance for (A) total Na, (B) total K,
(C) total Ca, (D) total Mg, (E) total S, and (F) total P concentration in BC and

T302 exposed to different sea salt application rates during six weeks.

(A) Total Na
Source of variation df SS MS F value Pr>F
Salinity 3 35.2839 11.7613 48.56 <0.0001
Genotype 28.3246 28.3246 69.90 <0.0001
Salinity x Genotype 3 19.8866 6.628 27.37 <0.0001
(B) Total K
Source of variation df SS MS F value Pr>F
Salinity 3 9.152 3.05 6.55 0.0008
Genotype 112.254 112.254 326.58 <0.0001
Salinity x Genotype 3 5.984 1.99 4.28 0.0093
(C) Total Ca
Source of variation df SS MS F value Pr>F
Salinity 3 1.333 0.444 1.36 0.2662
Genotype 18.3961 18.3960 119.19 <0.0001
Salinity x Genotype 3 5.652 1.884 5.77 0.0019
(D) Total Mg
Source of variation df SS MS F value Pr>F
Salinity 3 0.15081 0.05027 4.48 0.0075
Genotype 1.74090 1.74090 241.35 <0.0001
Salinity x Genotype 3 0.15696 0.05232 4.66 0.0061
(E) Total S
Source of variation df SS MS F value Pr>F
Salinity 3 0.23901 0.07867 3.69 0.018
Genotype 2.15455 2.15455 242.66 <0.0001
Salinity x Genotype 3 0.31110 0.10371 4.80 0.0053
(F) Total P
Source of variation df SS MS F value Pr>F
Salinity 3 0.56287 0.18762 6.14 0.0013
Genotype 0.10631 0.10631 7.39 0.0152
Salinity x Genotype 3 0.30534 0.10178 3.33 0.0271
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Table 20. Levels of significance of analysis of variance for total Na, total K, total
Ca, total Mg, total P, and total S.

Source of variation Total Na Total K Total Ca Total Mg Total P Total S
G enotype *kkkZ *kkk *kkk *kkk * *kkk
Time ok ns *x ns ns *x
Treatm e nt *kkk *kk ns *% *% *
Genotype x time ns ns ns ns ns ns
Genotype x treatment Forkk *x *x *x * *x
Treatment x time ok ns ns ns ns ns
Genotype x treatment x time ns ns ns ns ns ns

Z'l'significantatPQ 0.05, 0.01, 0.001, O0.000O01
not significantatPO 0. 0 5.
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Table 21. Effects of four salt concentrations (0-Oppt; L-3ppt; M-6ppt; H-9ppt) on
total Na concentration (%) in BC and T302 during six weeks. W1-Week 1; W2-

Week 2; W4-Week 4; W6-Week 6.

Genotype | Treatment Time
W1 W2 W4 W6

BC C 0.42(0.07)c 0.33(0.03)c 0.34(0.02)c 0.26(0.01)c
L 0.67(0.03)b 0.94(0.01)bc 1.26(0.05)b 1.80(0.13)b
M 0.83(0.05)b 1.51(0.09)ab 2.03(0.08)a 2.80(0.19)a
H 1.39(0.14)a 1.89(0.23)a 2.30(0.12)a 3.13(0.22)a

T302 C 0.18(0.10)a 0.19(0.04)a 0.24(0.06)a 0.12(0.03)a
L 0.47(0.08)a 0.48(0.18)a 1.18(0.23)a 1.89(0.56)a
M 0.28(0.10)a 0.42(0.09)a 0.96(0.31)a 1.17(0.39)a
H 0.18(0.05)a 0.25(0.10)a 0.52(0.24)a 1.08(0.40)a

Means in the same column followed by the same letter in each genotype are not significantly

di fferent

at

0.05

| evel

according

tess; T30 K BCyx 06 s

MC cross. C-0 ppt; L-3 ppt; M-6 ppt; H-9 ppt NaCl solution. Values in parenthesis indicate

standard error (SE), n=6.

83

Mul ti p



Table 22. Effects of four salt rates of NaCl solution on elemental concentration
(%) of two genotypes of Taxodium.

Genotype Salt Rates K Ca Mg S P

BC C 2.41a 1.53a 0.36a 0.48a 0.36a
L 2.47a 1.52a 0.34a 0.46a 0.31a
M 2.43a 1.70a 0.35a 0.47a 0.29a
H 2.33a 1.75a 0.35a 0.48a 0.30a

T302 C 1.14ab 1.07a 0.19a 0.28a 0.32a
L 1.34a 1.36a 0.23a 0.36a 0.38a
M 0.73ab 0.94a 0.15a 0.24a 0.24a
H 0.31b 0.66a 0.08a 0.16a 0.14a

Means in the same column followed by the same letter in each genotype are not significantly
different at 0.05 level accordingto Tuk ey 6s Mul t i pl e range test.
MC cross. C-0 ppt; L-3 ppt; M-6 ppt; H-9 ppt NaCl solution. n=24.
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Table 23. Levels of significance of analysis of variance for leaf Na, stem Na, and
root Na.

Source of variation Leaf Na Stem Na Root Na
Genotype *kkkZ ** *hkk
Tlme *kkk *% *%
Treatment *kkk *kkk *kkk
Genotype x time * ns *
Genotype x treatment Forkk Forkk Fokkk
Treatment x time Fkkk *x ns
Genotype x treatment x time ns ns ns

Z'l'significantatPQ 0.05, 0.01, 0.001, O0.000O01
not significantatPO 0. 05.
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Table 24. Effects of four salt concentrations (0-Oppt; L-3ppt; M-6ppt; H-9ppt) on
leaf Na, stem Na, and root Na concentration (%) in BC and T302 during six
weeks. W1-Week 1; W2-Week 2; W4-Week 4; W6-Week 6.

Ela?rrt]t Genotype | Treatment | W1 W2 W4 W6
Leaf BC C 0.22(0.07)ab 0.17(0.02)a 0.19(0.02)c 0.12(0.01)c
L 0.16(0.03)b 0.29(0.01)a 0.70(0.06)b 1.21(0.09)b
M 0.27(0.02)ab 0.60(0.10)a 1.22(0.07)a 1.85(0.16)a
H 0.39(0.09)a 0.74(0.07)a 0.28(0.07)a 1.98(0.11)a
T302 C 0.15(0.09)a 0.14(0.04)a 0.19(0.04)a 0.05(0.03)a
L 0.22(0.08)a 0.20(0.11)a 0.78(0.22)a 1.32(0.39)a
M 0.17(0.07)a 0.17(0.09)a 0.60(0.22)a 0.77(0.01)a
H 0.11(0.05)a 0.02(0.01)a 0.26(0.22)a 0.49((0.42)a
Stem | BC C 0.04(0.004)b 0.04(0.008)b 0.05(0.004)d 0.04(0.004)b
L 0.09(0.020)ab  0.10(0.012)b 0.18(0.020)c 0.27(0.033)ab
M 0.12(0.024)ab  0.18(0.020)ab 0.31(0.020)b 0.52(0.053)ab
H 0.27(0.024)a 0.31(0.037)a 0.39(0.012)a 0.74(0.086)a
T302 C 0.002(0.0006)a 0.009(0.0053)a 0.016(0.013)a  0.04(0.0143)a
L 0.045(0.0348)a 0.327(0.0278)a  0.152(0.0604)a 0.46(0.1809)a
M 0.003(0.0013)a 0.025(0.0135)a 0.145(0.0976)a 0.27(0.1870)a
H 0.001(0.0003)a  0.003(0.0001)a  0.008(0.0032)a 0.41(0.2400)a
Root BC C 0.16(0.016)c 0.13(0.008)b 0.10(0.004)c 0.11(0.016)b
L 0.42(0.020)b 0.56(0.020)a 0.38(0.029)b 0.31(0.086)ab
M 0.45(0.053)b 0.73(0.029)a 0.51(0.033)ab  0.44(0.078)a
H 0.74(0.065)a 0.85(0.061)a 0.64(0.037)a 0.42(0.041)a
T302 C 0.04(0.012)b 0.04(0.012)a 0.04(0.016)b 0.04(0.012)a
L 0.21(0.049)a 0.25(0.065)a 0.26(0.065)a 0.13(0.033)a
M 0.11(0.049)ab  0.23(0.045)a 0.22(0.033)a 0.13(0.049)a
H 0.07(0.024)ab  0.24(0.098)a 0.25(0.041)a 0.19(0.057)a

Means in the same column followed by the same letter in each genotype in each plant part are

not

significantly

di fferent

at 0.

05

evel

T302 = BC x MC cross. C-0 ppt; L-3 ppt; M-6 ppt; H-9 ppt NaCl solution. Values in parenthesis
indicate standard error (SE), n=6.
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Table 25. Leaf Na (%) of BC and T302 at four salt rates during six weeks.

Week Genotype C L M H
W1 BC 0.22a 0.16a 0.27a 0.39a
T302 0.15a 0.22a 0.17a 0.11a
W2 BC 0.17a 0.29a 0.60a 0.74a
T302 0.14a 0.20a 0.17a 0.02a
w4 BC 0.19a 0.70a 1.22a 1.27a
T302 0.09a 0.78a 0.60a 0.26a
W6 BC 0.12a 1.2l1a 1.85a 1.98a
T302 0.05a 1.32a 0.77a 0.49b

Means in the same column followed by the same letter in each week are not significantly different
at 0.05 | evel a Maltple digetgst. BO= baldcypress;61802 = BC x MC cross.
C-0 ppt; L-3 ppt; M-6 ppt; H-9 ppt NaCl solution, n=6.
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Fig.12. Effect of four salt concentrations on leaf Na/K ratios for two Taxodium genotypes over six
weeks of salt exposure. BC = baldcypress; T302 = BC x MC cross.
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CHAPTER V
EVALUATION OF TAXODIUM GENOTYPES

The SFA Mast Arboretum has many specimens over twenty years old that
are of known provenance and accession records. In this portion of this
dissertation, the plantings of Taxodium genotypes were described and located at
the SFA Gardens utilizing existing digital maps of the garden property (Appendix
B). Appendix B represents a 2006 planting of genotypes planted in 2006 along
LaNana creek. The most current planting plans of the complete Taxodium
collection at SFA Gardens in Excel format can be accessed from the plants web
page of SFA Gardens:

http://sfagardens.sfasu.edu/index.php?option=com content&view=article&id=5&lt

emid=5#T .

In a 2006-2010 study, 17 Taxodium genotypes representing a wide range
of provenances were evaluated. Performances were reported here to provide
comparative analyses of BC, MC, and T302 relative to a suite of Taxodium
genotypes under natural plantation conditions without imposed stress.
Taxodium Collections at SFA Garden

The SFA Mast Arboretum, Nacogdoches, Texas, USA has a long history
of collecting and planting a wide range of cultivars and genotypes of Taxodium
distichum. In addition, the SFA Mast Arboretum includes seedling Taxodium
representing a wide range of provenances from across the southern US. The

following list includes a general location at SFA Gardens, which includes
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Taxodium in the SFA Mast Arboretum, Pineywoods Native Plant Center, Ruby M.
Mize Azalea Garden, and in the plantings along LaNana Creek.
Baldcypress

Taxodium distichum 'Sofine' PP 13, 431 ( Aut udecypres§oé | d E
Mast Arboretum, east of Art building’ 10 yearsi Christmas tree form, dense
branching, selected by Jim Berry of PDSI, Loxley, Alabama. Cuttings are
reported to root at good percentages. Good fall color and holds foliage well.

Taxodium distichum é P e n d & MastéArboretum, S sidei twenty years
old i this clone develops into an attractive Christmas tree form and features only
modestly weeping branch tips.

Taxodium distichum' Mi ckel son' S h & MaseAgborBtuma v e E
T a single specimen which is a strongly pyramidal deciduous conifer. Introduced
by Earl Cully, Hertitage® Trees, Inc., Jacksonville, Illinois.

Taxodium distichum 6 f a s t ii {laseArbarétum, East of Art building T
10 years oldi Stanley and Sons, Oregon, this clone has been less than
impressive; widely spaced branches and has yet to reveal a significant columnar
nature.

Taxodium distichum 6 Tom C| a rikVadt Arlboratam, East of the
Art building i 10 years old i this grafted tree is via Jack Price, Austin, TX and
was reported to have a weeping form, something not yet demonstrated.

Taxodium distichum 6 S WTiSL&Nana Creek, N end, west side i

established in 2006 i this genotype is represented along the creek several times
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as seedlings from several fAgood formo tree
Texas. Slower growing and may represent transitional genetics between MC and
BC. Acquired via Peter Loos, Chireno, Texas.
Taxodium distichum é Co nt 6 RubyaM Mize Azalea Garden, W side
i five years i this clone via Michael Richards of Live Oak Gardens, New Siberia,
Louisiana, has been very slowly growing but does demonstrate decidedly
contorted branching.
Taxodium distichum 6 S e ¢ ri eRably Kl. Mize Azalea Garden i 10
yearsi sl ow growing witchdés broom cultivar di
Ohio. Features attractive horizontal branching.
Taxodium distichum é Hu r | e yi NRiderPNRBC i a very dwarf BC
acquired from Stanley and Sons, Oregon, and planted in 2010 at the North end
of the PNPC.
Taxodium distichum 'Peve Minaret' 1 N side PNPC i young tree i
Selected in the Netherlands by Pete Vergeldt. The dense, compact spire has
soft, rich-green foliage and forms a tight dense tree with irregular branching.
Taxodium distichum 'Peve Yellow' 7 N side PNPC 1 a seedling
selection found by Piet Vergeldt (=Peve) from Lottum, Holland. This clone
features very fine foliage and is reported to reach a modest size. Soft yellow new
growth blending to lime yellow green as it matures. Reported to be difficult to

establish, but once established develops into a small tree.
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Taxodium distichumé J i mdé s L il tNtsideePNBQiya@BC less than
five years old - from Jim Berry, JBerry Nursery, Grand Saline, TX, this new clone
is a natural witchodéds broom found on t
Dark green foliage and features very short branching, very tight internodes,
which produces a stiff appearance. This clone has rooted at modest

percentages.

Taxodium distichum 'Cody's Feathers'i Nside PNPC ia wi t choés

S i

broom found in Wooster, OH, aka O6Wooster B

form with a modes leader and lateral branches are flat. Reported to grow one
foot (0.3 m) per year if cones are removed.

Taxodium distichum 6 Ca v e i N side PNPC i a dwarf BC cultivar,
planted in 2010, is essentially a round ball sporting short branches and short
internodes, a witch's broom selection from Cave Hill Cemetery in Tennessee.
Reported to develop into an attractive, small deciduous tree that needs good
moisture and full sun.

Taxodium distichum 'Cascade Falls' i PP#12296 1 showcased in three
locations at SFA Gardens; N end of the arboretum, and an allee at Ruby M. Mize
Azalea Garden, W side - a strongly weeping baldcypress found at Cedar Lodge
Nursery in New Zealand. This clone must be staked to achieve any height.
Foliage is dark green and branches weep to the ground.

Taxodium distichumé Fa |l | i n § MasAtberetuim, Ruby M. Mize

Azalea Gardeni ast rongly weeping form via Don
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Tennessee reported to be very similar

more upright shoots on weeping limbs from the high point of any stake, thus
protecting the curved leader from the harshest rays of the sun. A clone found in
Germany that should be used more. Not patented.

Taxodium distichum i LaNana creek, N end i 2006 plantingi BC
seedlings from an Atchafalaya basin genotype in south Louisiana, collected by
Peter Loos, Chireno, Texas. This genotype features good form and dark green
color.

Pondcypress

Taxodium distichum 'Prairie Sentinel' T Mast Arboretum, South side i
20 year-old specimen PC has fine, bright-green spring foliage. Selected in the
Midwest, this narrow form has performed well here in a naturally moist location.

Taxodium distichum é J . iBconfainer plants at SFA Mast Arboretum 1
this new selection comes to SFA Gardens via John Barbour of Bold Springs
Nursery, Hawkinsville, Georgia. Found in a park, the clone is very columnar.
Montezuma cypress

Taxodium distichum 'Maclaren Falls' i five years i slow growing
mounding MC and sensitive to drought. A strong mounding weeper, this cultivar
acquired from Stanley and Sons is represented at the PNPC by several young
trees (< 5 years old) in several locations but has yet to become fully established.

Taxodium distichum 6 S e n tiiMast Arboretum S side and E of Art

building 7 10 years old MC i a fine form found in a landscape in McAllen, Texas
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by Paul Cox of the San Antonio Botanical Garden. While it develops an
attractive form, it also has strong horizontal branching with ends strongly
weeping. Has not shown needle blight.

Taxodium distichum T an unknown MC clone i Mast Arboretum, SW
corner i 22 years old, this tree was provided by Lynn Lowrey and was reported
to be a South Texas collection of seed from an old tree. This tree survived the
0°F (-17.8 C) event of December 23, 1989.

Taxodium distichum i New Mexico Provenance i LaNana Creek, N
end, West side i this MC genotype was provided as seed from old trees near
Las Cruces, New Mexico by Michael Melendez and is reported to withstand -
25°F. This genotype has been difficult to grow into good form, often multi-leader
and irregular and has been very susceptible to Needle blight in the nursery.

Taxodium distichum i La Nana creek, N end i 2006 planting (SFA
69501 i Yuccadoo Nursery D1304) from MC seed from Durango, Mexico i multi-
leader form.

Taxodium distichum i LaNana creek S end, W side 1 2010 planting i a
MC seedling from the San Antonio River Walk, San Antonio, TX

Taxodium distichum i LaNana creek S end, W side 1 2010 planting i
an MC-like seedling from Midlothian, Texas, found in a landscape and collected
by Louis Truett, Midlothian, TX. Parent tree features very dark green foliage,
good form and alkalinity tolerance. This genotype has been successfully rooted

at the arboretum. Branches on young plants are often quite curvy and splayed.
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Taxodium distichum i LaNana creek, S end, W side i Daniel's Ranch
FM 787 at the Trinity riveri this genotype represents a Central Texas population
via Peter Loos, Chireno, Texas, and is perhaps transitional genetics.

Taxodium distichum i LaNana creek, N end 1 seedling via Dan Hosage
from a South Texas location and may represent transitional genetics. Good
form.

Hybrids from the Taxodium Improvement Program of the Nanjing Botanical
Garden

Taxodium distichum é Na nj i n g | BastwAworgtuin, various
locations i ten years i acquired from Professor Yin Yunlong, Nanjing Botanical
Garden,t est ed as 6Zhongshansha 3026. A
clone was selected in 1978 from the breeding work of Professor Chen Yong Hui
at the Nanjing Botanical Garden and has been registered in China at both the
national and provincial level. This clone appears to have strong salt and
alkalinity tolerance (Creech 2007a, b). Cuttings root at good percentages and
the clone is available in commerce. Fast growing in the Mast Arboretum, the tree
develops into a tree as wide as it is tall, more irregular than commercially
acceptable norms. Reported not to produce knees. Foliage drops late, often in
mid-winter, and resumes growth early.
(http://ag.sfasu.edu/UserFiles/File/PLANTS/Taxodium)

Taxodium distichum 6 T 2i7L8Nana creek, N end, W side 1 2009

planting i purported T302 X MC cross which has been very vigorous in our trials.
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Acquired in 2007 via the Taxodium Improvement program of Professor Yin
Yunlong, Nanjing Botanical Garden, Nanjing, China. Planted in March 2008, T27
reached 18 feet (5.49 m) by Dec 2010. Can develop good form with training in
early years.
Taxodium distichum 6 T 1 4 @ 6e planted in December 2011 into
LaNana creek plantingsi same cross as O0T2706, a purporte
Similar to 06T276 but not as wide a profile
Taxodium distichum 6 T 4 0 Bablana creek, N end, W side i acquired
in 2009 via the Taxodium program of Professor Yin Yunlong, Nanjing Botanical
Garden, Nanjing, China. Tested as 6é6Zhongs
fast growing, forms a central leader and demonstrates strong salt and alkalinity
tolerance. 6 V45 6, and the three that follow, have
protection and approved by the Forestry Department of China. A complete
description of this clone and the following three introductions can be found at the
SFA Mast Arboretum website
(http://sfagardens.sfasu.edu/UserFiles/File/PLANTS/Taxodium%20breeding%20
brochure%20feb%2020100.pdf).
Taxodium distichum 6 T 4 0 Bablana creek, N end, W side T acquired
in 2009 via the Taxodium Improvement program of Professor Yin Yunlong,
Nanjing Botanical Garden, Nanjing, China.
BC X MC hybrid forms a strong leader, and demonstrates strong salt and

alkalinity tolerance.
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Taxodium distichum 6 T 4 0 Zablana creek, N end, W side i acquired
in 2009 via the Taxodium Improvement program of Professor Yin Yunlong,
Nanjing Botanical Gar doenng,s hGhnisnhaa. 4 0T7ebs,t etdnh ias
forms a strong leader, grows fast, and demonstrates strong salt and alkalinity
tolerance.
Taxodium distichum é T 5 0 Rilbbe planted into the LaNana creek
collection in December 2011 i acquired in 2010 via the Taxodium Improvement
program of Professor Yin Yunlong, Nanjing Botanical Garden, Nanjing, China.
Yet to be acquired
There are other genotypes and varieties not yet acquired by SFA
Gardens. Many of these fall into the catergory of genetic dwarfs or witches
brooms. Two dwarfs reported in Europe include Taxodium distichum 'Schwerin’
and OHerten'. Ot her varietiesTarodigpgmort ed an

distichum' Li ttl e Twi ster which was found by De
'‘Geewiz' which was found by Gary Gee, and 'Crazy Horse'. Taxodium distichum
0Debonairod ("Morris'") PPAF is reported to
foliage and was introduced by Earl Cully and the Morris Arboretum. Two

Taxodium distchumé Caj un S n o wekra plantéd apthe SRAtMast

Arboretum, a Greg Grant introduction, but both eventually died; a very weak slow

growing clone with yellow-cream foliage, but lacks sufficient chlorophyll to grow

properly in our garden.
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Genotype Evaluation
Materials and Methods

Thirteen genotypes acquired from Florida, three genotypes from the
National Wetlands Research Center, and T302 from SFA were planted in 2-
gallon plastic nursery pots on January 20™, 2006 (Table 26). Six plants per
genotype were placed on the nursery pad in the sun container yard at PNPC for
10 months. These Taxodium genotypes were planted along La Nana creek at
SFASU in December 2006. Plant heights were measured in December each
year to determine plant growth rates. DBH was measured in December 2009.
Leaf color ratings were recorded in December 2009 utilizing a 1-5 rating system.
Foliage color ratings were assigned on a scale of 1-5 based on percent of the
foliage showing green. Ratings were assigned as follows: 1 1 0% foliage color
was green, 21 1-30%, 3131-75%, 47 76-99%, 5 i 100% foliage color was
green. A randomized block design was utilized with two plants per genotype per
block for a total of thirty-four plants per block with three blocks for a total of one
hundred and two plants in this study. The GLM of SAS was used to detect
significant differences of plant height and diameter growth among genotypes.
Fr i ed ma sparanetncdest and rank test were used to detect significant
differences in foliage color in 2009. This dissertation includes data and analysis

of growth rates during the first four years of establishment.
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Table 26. Genotypes acquired from Florida, Louisiana, and China.

Acc  Prog \Variety Origin Origin
T302 Hybrid  Nanjing Botanical Garden Dr. Yin"
61° E3 Bald FL clone Dr. Rockwood”
108 P3 Pond Blountstown, FL, tree Dr. Rockwood
132 P8 Pond Mayo, FL, tree Dr. Rockwood
154 P10 Pond Deland, FL, tree Dr. Rockwood
172 B8 Bald W FL Bulk Dr. Rockwood
190 B8 Bald E FL Bulk Dr. Rockwood
263 P4 Pond Desmore, FL, tree Dr. Rockwood
327 P11 Pond Deland, FL, tree Dr. Rockwood
339 P15 Pond Mayo, FL, tree Dr. Rockwood
342 B15 Bald FL Tree Dr. Rockwood
AK Bald AK Bulk Dr. Rockwood
BC Bald W FL Bulk Dr. Rockwood
PC Pond W FL Bulk Dr. Rockwood
sc’ Bald Waccamaw River, Georgetown, SC Dr. Krauss"
GA Bald Lower Savannah River, Port Wentworth, GA  Dr. Krauss
LA Bald Mash, cypress transtition near Houma, LA Dr. Krauss
“Accessions 61, 108, 132, 154, 172, 190, 263, 327, 339, and 342 were in a seed orchard.
For example, 108, one of approximately 480 treesinDr . R o c lkeypess deédsorchard, was

a seedling derived from seed collected from P3, a naturally occurring tree near Blountstown,
Florida.

YSC and GA collections were from strongly tidal sites, while LA collections were from remnant
microtidal sites that are now impounded from tidal activity.

*Donald L. Rockwood, Professor, School of Forest Resources and Conservation, University of
Florida, Box 110410, Gainesville, FL 32611-0410; office: 352 846-0897; 352 846-1277 (fax);
email: dir@ifas.ufl.edu

“Ken W. Krauss, Ph.D.Research Ecologist,U.S. Geological Survey,National Wetlands Research
Center, 700 Cajundome Blvd, Lafayette, LA 70506 office: 337-266-8882; 337-266-8592 fax; E-
mail: kkrauss@usgs.gov; http://www.nwrc.usgs.gov/

‘Institute of Botany of Jiangsu Province and the Chinese Academy of Sciences, Nanjing 210014,
P.R. China.
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Results and Discussion

Significant differences of height among Taxodium genotypes were found
at the beginning of this study (Tables 27 and 28). Of seventeen Taxodium
genotypes, the height of genotype 154 in January 2006 was the greatest. The
height of genotypeT302 was the least.

No significant differences of height and height growth among Taxodium
genotypes were found in this study during the period from December 2006 to
December 2010 (Tables 27 and 28). Of seventeen Taxodium genotypes, the
height growth of genotype 263 was the greatest. The height growth of genotype
T302 was the third greatest. The height growth of genotype GA was the least.
Significant differences in leaf color of Taxodium genotypes (P=0.0016) were
found in December 2009 (Table 29). The leaves of T302 in December were the

most green. Leaves of genotype 172 were the most brown.
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Table 27. General linear model analysis of variance for (A) mean height Jan.
2006, (B) mean height Dec. 2006, (C) mean height 2007, (D) mean height 2008,
(E) mean height 2009, (F) mean height 2010, (G) mean height growth between
2006 and 2010, and (H) mean DBH 2009.

(A) Height Jan. 2006

Source of variation df SS MS F value Pr>F
Genotype 16 6325.35 395.33 7.09 <0.001
(B) Height Dec. 2006

Source of variation df SS MS F value Pr>F
Genotype 16 3144.39 196.52 1.18 0.3349
(C) Height 2007

Source of variation df SS MS F value Pr>F
Genotype 16 9403.59 587.72 0.96 0.5183
(D) Height 2008

Source of variation df SS MS F value Pr>F
Genotype 16 39155.43 2447.21 1.38 0.2170
(E) Height 2009

Source of variation df SS MS F value Pr>F
Genotype 16 64872.45 4054.52 0.83 0.6417
(F) Height 2010

Source of variation df SS MS F value Pr>F
Genotype 16 158686.28 9917.89 1.46 0.1812
(G) Height growth (2006-2010)

Source of variation df SS MS F value Pr>F
Genotype 16 155036.88 9689.80 1.43 0.1920
(H) DBH 2009

Source of variation df SS MS F value Pr>F
Genotype 16 28.295 1.768 0.64 0.8306
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Table 28. Height and height growth (cm) of Taxodium genotypes (Jan. 2006-

2010).
Genotype Height Height growth
Jan. 2006 Dec. 2006 2007 2008 2009 2010 2006-2010
154 72.9a 133.1 150.9 221.6 301.6 396.2 323.4
339 59.0b 115.8 141.3 176.8 259.6 313.9 254.9
132 56.8bc 122.7 147.6 194.9 273.1 377.2 320.5
108 56.8bc 116.4 141.9 195.1 265.2 338.3 281.6
172 50.4bcd 122.8 135.5 187.9 280.9 390.1 339.7
327 48.8bcd 115.6 130.9 179.8 288.0 326.1 277.4
263 48.6bcd 122.7 161.3 240.9 327.3 449.6 400.9
61 47.9cd 120.4 150.3 216.3 271.8 325.1 277.2
190 47.2cde 118.9 155.1 2235 343.3 424.2 377.0
AK 46.0cdef 109.2 148.2 191.8 277.3 350.5 304.6
342 44 .2def 126.7 160.5 216.4 333.3 441.9 397.7
PC 43.0def 128.3 155.7 216.3 295.9 378.5 335.5
SC 43.0def 113.8 138.2 187.6 289.2 350.5 307.6
LA 42 .2def 115.9 139.2 201.5 295.5 345.4 303.2
GA 39.4def 118.5 142.5 174.6 252.1 293.4 253.8
BC 36.6ef 115.3 136.7 183.8 269.7 332.8 296.1
T302 35.8f 127.9 160.9 237.1 335.7 403.9 368.1

Means in the same column followed by the same letter are not significantly different at 0.05 level
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Table 29. Rank for leaf color ratings of Taxodium genotypes (December 2009).

Genotype Rank for leaf color
T302 5.0a
154 4.0ab
LA 3.5abc
108 3.4abcd
132 3.0bcd
61 3.0bcd
190 2.7bcd
327 2.4cd
GA 2.3cd
PC 2.2cd
263 2.2cd
AK 2.2cd
BC 2.2cd
339 2.2cd
342 2.0d
scC 2.0d
172 1.8d

Means in the same column followed by the same letter are not significantly different at 0.05 level
according to Ducands multiple range test.
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The DBH of genotype 190 was the greatest. The DBH of genotype T302
was the second greatest. The DBH of genotype 339 was the least (Table 30).
There were no significant differences in DBH (P=0.8306, Table 27) among 17
Taxodium genotypes in December 2009.

The timing of genotype LA and T302 leaf emergence was earlier than the
other genotypes (Table 31).

Leaf color retention in the fall and the time for leaf emergence of T302 was
better than other genotypes. The height, height growth, and DBH of the hybrid
were top three greatest of all the genotypes. In support of this result, volume
growth of T302 was 331% of BC for T302 grown on an alkaline low-land area in
China (Zhou et al., 2000). In several studies in China, hybrids demonstrated
strong salt tolerance and improvements in growth rate, salt tolerance, form, and
vigor. T302 is recommended in China for soils with pH 8.0-8.5 and salt
concentrations < 2 ppt (34 moles@™). Other attributes of T302 included 159%
faster growth than BC, longer foliage retention in fall and early winter, and the
absence of pneumatophores (knees) (Chen et al., 1987). Huang et al. (2006)
reported that the growth of T302 had fAstro

We can conclude that the overall performance of the hybrid T302 was the
best of all 17 Taxodium genotypes under natural plantation conditions without

imposed stress.
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Table 30. DBH of Taxodium genotypes (December 2009).

Genotype DBH(cm)
190 492 a
T302 468 a
263 452 a
342 412 a
la 398 a
ak 393 a
bc 3.80 a
61 3.77 a
sc 3.68 a
pc 358 a
154 350 a
108 3.46 a
172 3.26 a
327 3.14 a
132 298 a
ga 278 a
339 250 a

Means in the same column followed by the same letter are not significantly
according

di fferent

at

0.

05

| evel
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Table 31. Time of leaf emergence of Taxodium genotypes (March 2008).

Genotype Julian Date
T302 65
LA 65
SC 68
339 71
61 71
GA 73
PC 73
342 74
BC 74
327 74
132 76
154 76
263 76
172 76
190 76
108 77
AK 80
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CHAPTER VI
SUMMARY

Of all native swamp forest tree species in the southern United States,
Taxodium distichum has been recognized as being among the most tolerant to
flooding (Hook, 1984) and salinity (Krauss et al., 2007). Baldcypress is an
important wetland species of river and coastal floodplains of the southern US.
This long-lived and generally pest-free deciduous conifer is also popular in
southern landscapes and is also quite tolerant of alkalinity and hurricanes
(Arnold, 2002).

Combining the best characteristics present in the three botanical varieties
of Taxodium distichum indicates promise for locating superior genotypes and
propagating clones that fit a range of potential site requirements. Controlled
Taxodium hybridization can combine the best characteristics of superior parents,
and allow for selection of superior clones. In several studies in China, the
hybrids demonstrated strong salt tolerance and improvements in growth rate, salt
tolerance, form and vigor. Taxodium distchumo6 Nanj i ng Beautydé (a c
and MC, tested as T302) is recommended in China for soils with pH 8.0~8.5 and
salt concentrations < 2 ppt (34 moles@™). Other attributes of T302 included
159% faster growth than BC, longer foliage retention in fall and early winter, and
no production of knees (Chen et al., 1987). Huang et al (2006) reported that the

growth of T302 haddtfge®trong adaptabi
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In these acute and chronic application salt tolerance studies, | concluded
that some Taxodium genotypes were somewhat more salt tolerant. There were
significant effects of salt rates on leaf tissue nutrient levels and growth.
Increasing salt rates reduced growth in Taxodium genotypes. The concentration
of Na in the leaf tissue increased as the sea salt concentration increased. This
suggested that salinity caused excess accumulation of Na in leaf tissue. While
T302 and MC were able to partially prevent the accumulation of Na in the foliage,
BC was not able to do so. BC showed the most severe damage symptoms, then
MC, and T302 showed the least. The leaf water potential in Taxodium
decreased as the salt concentrations increased. T302 had the highest leaf water
potential, BC had the lowest, and MC was in between. T302 and MC also had a
faster growth rate than BC and also yielded higher relative growth rate than BC.
The results indicate T302 and MC had more salt tolerance than BC.

Our studies showed that there were significant genotypic differences in
salt tolerance among Taxodium genotypes. It appears that the salt tolerance of
Taxodium was improved in a hybrid cross between T. distichum var. distichum
(BC) and T. distichum var. mexicanum (MC) genotypes. The benefits of using a
hybrid cross (T302) that maintains greater biomass than BC or MC across a
range of salinities must be weighed against the negative effects created by
plagiotropic growth form relative to BC and MC, and reduced flood tolerance
relative to BC. The greater tolerance of BC to flooding may preclude major gains

in salt tolerance improvement for use in coastal wetland restoration programs
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(Krauss et al., 2009); however, combining the best characteristics of different
varieties of T. distichum may facilitate the production of favorable genotypes
tolerant to a number of soil physico-chemical fluctuations for arboricultural
operations.

Further research is needed to evaluate the salt tolerance of the best
Taxodium genotypes. Additional gains might be made by additional genetic
selection work with other Taxodium hybrid, such as T27, T140 (a T302 X MC
cross), and T405 (a BC X MC hybrid). The evaluation of Cl content in Taxodium
hybrids is also needed to have a better understanding of a mechanism for salt

tolerance among Taxodium genotypes.
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APPENDIX A

Texas A & M University Inventory.

Michael A. Arnold, Professor, Department of Horticultural Sciences, Texas A&M
University, College Station, TX 77843-2133. Phone: 979-845-1499; Fax: 979-
845-0627. E-mail: ma-arnold@tamu.edu

BC  Austin, Texas, USA

BC Blanco, Texas, USA

BC Waring, Texas, USA

BC Hunt, Texas, USA

BC *Vanderpool, Texas, USA
BC Leakey, Texas, USA

BC Sabinal, Texas, USA

BC Poteet, Texas, USA

BC New Braunfels, Texas, USA
BC San Marcos, Texas, USA
BC  Tiawichi Creek, Texas, USA
BC Lake Cherokee, Texas, USA
BC Orange, Texas, USA

BC  Franklin, Louisiana, USA
BC Lake Verret, Louisiana, USA
BC Vidalia, Louisiana, USA

BC Mobile Bay, Alabama, USA
BC Dapghne, Alabama, USA
BC *Fairhope, Alabama, USA
BC  *Biloxi, Mississippi, USA

BC  Columbia, Mississippi, USA

PC  *Weeks, Louisiana, USA

PC  Paradise Beach, Florida, USA
PC  Mobile Bay, Alabama, USA
PC  *Mobile Bay, Alabama, USA
PC  Fowl River, Alabama, USA
PC  Biloxi, Mississippi, USA

PC  Kiln, Mississippi, USA

MC Rio Nazas, Durango, Mexico

MC  San Juan Teotihuacan, Estado de Mexico, Mexico
MC Bolleros, Estado de Mexico, Mexico

MC  Sabinas, Coahuila, Mexico
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MC  Salineno, Texas, USA
MC  Progresso, Texas, USA
MC  Southmost, Texas, USA

* denotes probable hybrid
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APPENDIX B

Map of Taxodium genotype planting along LaNana Creek at Stephen F.
Austin State University.

17 block 1
21 block 2
371 block 3
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