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ABSTRACT

TRAIT EVALUATION OF SECOND GENERATION LINES OBISTICHLIS SPICATA

Converting to more drought-tolerant, low-input gress varieties that can help conserve
water in the landscape is critical for the futufeéusf in the arid portions of the western United
States. This study attempts to address the groslentand for native, low-input turfgrass by
breeding a turf-type variety of inland saltgraBsstichlis spicata) that is well adapted to grow in
arid and salty sites while maintaining acceptabiality. Two breeding cycles have been
completed for improving the turf quality of inlasdltgrass and the current elite lines were
selected out of the second-generation nurseryitiatenCycle 3. The goal of this thesis is to
evaluate turf-type traits in all second-generatioes. Objectives of this research are three-fold:
(1) document, analyze, and report the second-geoensursery of 2,933 saltgrass plots grown
at the Horticulture Research Center between 2008,2@) compare improvements of saltgrass
through cycles of selections, and (3) maintain evaluate Cycle 3 crossing blocks for survival,
seed yield, and spread.

Seed yield increased through cycles of selectiahoamer half the flowering females in
the second-generation elite population showed biiggyato produce commercially acceptable
levels of seed (448-673 kg/ha). Selecting for sbanopy height and greater spread/fill was
effective and second-generation lines were unigua the wild types and first-generation
breeding populations in both of these traits. Nega0% of second-generation elite lines showed
no signs of leaf rusPuccinia aristidae) infection in 2008 and roughly 38% showed no sighs
leaf shredding and/or browning after mowing. Tdye % elite lines recommended for potential

vegetative variety releases from the second-gaparatere: A37-15x84-6 (M), A37-15xA50-
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20-1 (F), 84-8x84-6-1B (F), 84-8x84-6-2A (M) and A38xA34-18-4B (M). The variability
observed in leaf shredding (relating to mowing dupsuggests that more work needs to be
done before a uniform, seeded turf-type may basel@; however, there is potential to release
improved seed for native revegetation projects gwinthe increased seed yield and spread in
the second-generation lines. Third generation seedharvested in 2013 and is available for

future progeny evaluations.
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CHAPTER 1: INTRODUCTION

Use of saltgrassin the landscape

Water scarcity is an important issue in Coloradd emuch of the arid western United
States. Finding ways to conserve water in thedeaple, such as through reducing landscape
irrigation requirements and irrigating with non-gble water sources, are critical to meeting the
water supply demands of our growing populationny¥&sting to native and drought tolerant
landscape plants is encouraged as a way to haljgeexitdoor water use, however, when it
comes to our lawns and golf courses options arngdlthior drought-tolerant turfgrass varieties
that maintain acceptable visual quality at low magviheights.Another increasingly important
issue in the arid West is the build-up of saltthe soil having a negative impact on turfgrass
growth and plant community structure. This studgrapts to address the growing demand for
attractive, mowable, drought and salt tolerantgia$s by developing a turf-type variety of
inland saltgrasdistichlis spicata).

Inland saltgrass is indigenous to western North Acaeand Australia where it has
adapted to grow in specific niches of wet, alkglianed saline soils, but is also found on drier and
less salty sites. It is not uncommon for saltgtastominate saline sites that exclude other plants
(Cluff, 1983); saltgrass is classified as a haldpland has shown to tolerate full strength
seawater soil salinity under dry salt playa coodsi (Kemp and Cunningham, 1981). Further,
many of the selections under observation at Cotmftdte University remained green under
levels of drought stress that induced dormancyue grama, buffalograss, and bermudagrass,
other known drought tolerant grasses (Hughes, 200Bg¢se stress adaptations inherent in

saltgrass contribute to its high potential valueuse in the water smart landscape. The planting



of saltgrass on fairways and roughs could help gmlirses conserve potable water because of its
tolerance to lesser quality (reclaimed water, safjround and surface waters) water resources
while maintaining attractive turf and still provij excellent playing conditions (Qian, 2007).

On a broader scale, inland saltgrass has valugstin re-vegetation projects and can act as a
buffer in areas such as roadsides that commonlg heh salinity levels. Plus, it could have an
advantage in home lawns as an option for an attearought tolerant turf that doesn’t require

as much water as a typical cool season lawn togtsn.

Challengesin breeding saltgrass

Saltgrass is a perennial, warm season grass tbetasious with separate male and
female plants, but mainly reproduces vegetativielgugh vigorous rhizomes in the wild (Fults,
1959). The main challenges faced with reproducti@ithat native saltgrass stands generally
produce little seed, and that seed usually exhitwtsgermination rates (Cluff, 1983). On the
positive side, techniques have been found to erghgamination, and breeding efforts appear to
have yielded lines that produce more seed. Dewstop of a seeded variety is important for
keeping cost down and because deep rhizome groakiesrsod production difficult (Qian,
2006, Harrington, 2000, and Shahba, 2008). Ev#énitsis possible to establish vegetatively
propagated saltgrass varieties through the usetbfdprigs and plugs, as shown in CSU
research plots and large-scale native restoratigjegis in California, although these techniques
can be more labor and time intensive than direstlisg. Another finding that has not been fully
explored is that saltgrass’ relatively deep rhizamess may be moving closer to the surface due
to breeding for turf-type traits. This could hangplications for sod production in the future;

however, this characteristic may also lessen drotodgrance. Nonetheless, both seeded and



vegetatively propagated varieties can be succdgsfsilablished in the field and many elite
females have shown to produce commercially adedeatds of seed.

Acceptable visual quality is of major concern fdrigh quality turfgrass variety,
however it is not easy to achieve in a seededraakidine due to saltgrass’ plasticity and diverse
genome (Vogel and Pederson, 1993). A plant’s Viga# expression, or phenotype, is a
product of its genotype, environment and genotyperyironment interaction, with each of the
three factors having varying degrees of influencdimal appearance for each species.
Phenotypic plasticity in saltgrass means that Viappearance is highly dependent on the
environment. In addition, saltgrass is heterozggou most loci and populations can easily
change to adapt to growing conditions (Castler 3200Evaluations need to be performed over
multiple environments and years to help ensurepabe visual quality across conditions.
Moreover, relating to its diverse genome, whenfiigant genetic variation is maintained
during sexual reproduction saltgrass will suffemfrinbreeding depression, or a reduction in
performance associated with an increase in homawyggressive loci (Nielson, 1956).
Maintaining a breeding population of at least 2&ivrduals is recommended to avoid negative
genetic effects and as a result, producing a hygaitfjrass cultivar is not a viable option.
Consequently, breeding is designed to improve tpiation through increasing the frequency
of desired alleles for quantitative turf-type tsaithile maintaining sufficient genetic variability.

Breeding for saltgrass follows the phenotypic reenir selection procedure. Male and
female plants showing the best trait values amecsadl from the nursery and duplicated for
isolated crossing blocks. Open pollination is\ad among these top lines and the new gene
combinations produce a greater proportion of seiéid desired trait values compared to the

previous population, hence improving mean poputatialues. Seed is collected from mother



plants, space planted in the field, then evalutdatetermine which parental combinations
produce offspring with the best trait values andcivhines should be carried on for further
cycles of population improvement. These repeayetes of selection, crossing and evaluation
continue until enough progeny appear with satistgoquality and uniformity (Falkoner, 1996,
and Poehlman and Sleper, 1995). As a positivehsaltgrass breeding program, high narrow
sense heritability estimates for turf-type trastsch as canopy height and shoot density, indicate
that phenotypic recurrent selection is an effeatheans of improving these traits (Christensen,
2009). On the downside, however, this is a lorag@ss since one cycle of selection alone for
saltgrass takes at least three years to allowgtareach adequate sexual maturity for seed
production (Heide, 1994).

In order to speed the improvement process, singkeses were also made during
breeding cycles to evaluate combining ability od@fc pairs of plants and take advantage of
potential hybrid vigor. Hybrid vigor is the fumabal opposite of inbreeding depression,
resulting in progeny with superior trait values gared to their parents and it was found in
shoot density and rate of spread (Falkoner, 19896Cimistensen, 2009). Making single crosses
does entail the risk of uncovering deleteriousl@ediéor other traits of interest; however, all
intermittent hybrids were subsequently placed iaropollination crossing blocks as a way to re-
diversify the population genome in general and hdfyeavoid inbreeding. Full effects of
mating closely related saltgrass individuals aitewstknown and it is possible that select crosses

have resulted in a decrease in performance for googeny.



Evaluation of saltgrassat Colorado State University

The turf-type saltgrass breeding program was cerdeiluring a collection trip made in
1995. Wild accessions were observed to form laawgrg, high-density stands with attractive
color under high traffic and compacted soil comhs, indicating turf potential. Additional
studies in Arizona reaffirmed saltgrass’ turf paiginand shortly after the breeding program
began as a collaborative effort between ColoradteStniversity and the University of Arizona
with support provided by the United States Golf dgation (Kopec and Marcum, 2001). The
program was unique in that it was the first attetogireed for turf-type traits in the non-
domesticated grass. The long-term goal was tceeaelgolf course quality of a seeded turf-type
saltgrass variety. Colorado State University lammeted two breeding cycles improving the
turf quality of inland saltgrass and turf qualisyriow high in several improved accessions.

The inland saltgrass source nursery was constractedf 158 accessions collected from
four regions, the Front Range of Colorado, the GBasin, South Dakota and Nebraska, during
1999-2001. The first two breeding cycles took plaom 2001 to 2009 and Cycle 3 began in
2010. Cycle 1 is described below, while backgroftomdCycles 2 and 3 are covered in the
introductions for subsequent chapters to go aloitlyg thve data analysis for those breeding

cycles.

Cycle 1:

In 2001, the top 26 turf-type individuals out oétbource nursery were selected to cross
for Cycle 1 seed (Christensen, 2009). Inspectidheoriginal source nursery warranted that
the four traits most in need of improvement foriaeimg higher turf quality in saltgrass were

resistance to rusP(ccinia aristidae), short height, shoot density and seed yield.igh h



incidence of rust greatly detracts from turf healtid quality, short height is beneficial for
reducing mowing requirements, high shoot densityaeces turf appeal, and high seed yield is
important for commercial production. Cycle 1 s&tats were made based on a selection index

ranking values for these four primary traits oenest.

The top 26 accessions selected for Cycle 1:

Females: AS53, A138, A126, A24, A35, A61, A50, A34, A18, A21, A97, 84, A123, A37

Males: 92, A48, A107, A73, A124, 86, A136, A137, AG0, A39, A51, A4l

All top lines selected for further improvement an@ted along the Front Range of
Colorado. Front Range accessions showed the raestdle trait values for turf-type traits of
interest, plus they were most cold hardy to Colonathters, making them ideal for a turf-type
saltgrass breeding program in Fort Collins, COstR&ing selection to Front Range accessions
also helped ensure matching chromosome numbeosicaim in breeding because cytological
work showed evidence that saltgrass lines in tf& Bre delineated by chromosome count, with
coastal types having 40 chromosomes and inland tiypeing 38 chromosomes (Reid, 2001).
Mismatching chromosome numbers in crosses couldtr@sinfertile or no seed production.
Therefore, it was decided to maintain a breedingupadion with 38 chromosomes, originating
from along the Front Range of Colorado.

Breeding the top individuals for Cycle 1 involvestablishing open pollination crossing
blocks, as well as making single crosses. Seedamested from mothers in both crossing
techniques and transplanted into the first germratursery in 2003 (this nursery contained a

total of about 17,000 genotypes). Clonal matdrah the 26 parents, as well as 26 random or



‘native’ checks, was also included in the nursergider to make heritability estimates. Results
from the first cycle of selection were publishedhidissertation, “Heritability Estimates,
Accession Evaluation, and Digital ImagingDwstichlis spicata” (Christensen, 2009). Overall,
the first breeding cycle resulted in an improvegydation with average increase in rust
resistance of about 20 percent, a decrease int@i@i3 cm, an increase in shoot density by
0.78 shoots per ¢mand an increase in seed yield by 30 percentiand harvest yield of 194.8

grams per squaraeter.

Sngle crosses madein Cycle 1:

A138xA86, A138x72, A138xA107, A126xA60, A126xA51, A126xA48, A126xA107, A126xA49,
A126xA86, A126x72, ASOxA49, ASOXAGO, ASOXAS1, ASOxA48, ASOXA107, AGIXAS1,
AB1IXA48, A61xA107, A61xA49, A61XAG0, AS3XAGO, AS3XAS51, AS3XA48, AS3XA107,

AS3xA49

Information was also collected on other turf-typats of interest. Data was recorded on
sex and flowering time to ensure pollen and seeduymtion are in sync when crossing elite
varieties. The ratio of seed head height over pameight was recorded to assist in selecting
females with taller seed heads for ease of hartiestever, only source nursery data exists for
this trait and it may need to be reconsidered énftiiure. In addition, saltgrass lines appeared
that were slow to spread vegetatively, or otherwisifill in completely, which is not desirable.
Accordingly, data was collected on gap and ratepogéad as measures of how completely and
quickly accessions fill in after planting. Thes®racteristics are important for establishment

and visual appeal of the turf variety. Significaraf each recorded characteristic will vary



depending on what type of variety release is madereover, the lineage and selection of the
saltgrass germplasm makes it particularly well &eldpo mountain desert conditions found
along the Front Range of Colorado and it can be&keted accordingly.

Improved saltgrass germplasm left remaining fothieir study and distribution included
the elite parents in the Cycle 3 crossing blocksyell as bulk seed collected from the second-
generation nursery. The program has yet to releaseiety, and resources are now too limited
to perform further cycles of genetic advancemetih@tCSU Horticulture Research Center. A
plan to distribute the improved germplasm is neetleth seeded and vegetative releases will be

considered.

Challengesin varietal release

In terms of a variety release, a turf-type saltgi@sdtivar can be the progeny of a cycle or
progeny from a smaller combination of parents ad¢hse of a seeded line, or a clone for a
vegetative variety. If quality of Cycle 3 seedleemed acceptable following future progeny
evaluations, parents from the current crossingkslasay potentially be released as a synthetic
(seeded) variety. Golf course quality in a sedatedwill likely require more cycles of selection,
however, due to the challenges in achieving acbéptasual quality discussed above. A
common practice in breeding perennial grasses, asislaltgrass, is to release a clonal variety in
the short-term while selection cycles for improweits and uniformity continue. If an
individual accession is identified with acceptafpglity it is easier to ensure uniformity through
vegetative propagation. A final considerationeigeasing a seeded variety for native re-
vegetation projects. Visual quality of the currgatmplasm should be acceptable for this

market since uniformity is not a major concernstkmaits of higher importance will be seed



yield and origin. In any case, evaluating theasnmg improved germplasm and describing its
unique turf-type characteristics will assist ingagng for a potential variety release, or
distribution for further breeding work. The godltbis study is to provide these analyses so the

benefits of turf-type saltgrass may be taken adigabf in the landscape.

Objectives of this study

This study began in Fall 2012. The objectives efgtudy are to:

1) Document, analyze, and report the second-geaenatirsery of 2,933 saltgrass plots
grown at the Horticulture Research Center betw&&622009;

2) Compare improvements of saltgrass through cyafleslections;

3) Maintain and evaluate Cycle 3 crossing blocksstovival, seed yield and spread;



CHAPTER 2: TURF-TYPE TRAIT DESCRIPTIONS FROM THE GEND GENERATION

NURSERY

The grass breeding program at CSU, under the direof Dr. Christensen, has
completed 2 cycles for improving the turf-qualitiimand saltgrassistichlis spicata)
compared to wild stands. As discussed in thetysif the breeding program in the first
Chapter, traits of interest from Cycle 1 were reeorin 2004 and 2005 then analyzed and
published in “Heritability Estimates, Accession Eaion and Digital Imaging, iDistichlis
gpicata” (Cristensen, 2009). Results comparing mean vedites of first-generation accessions
and wild types were encouraging, showing promiseniproving the turf-quality of saltgrass
through continued recurrent selection breedingasyciConsequently, a second breeding cycle
ensued and turf-type traits of interest were reedrflom second-generation accessions in the
2008 nursery. These traits were never documesystemically analyzed, and published
however, and the current elite lines were selectgdf the second-generation nursery based on
overall visual turf-quality without needing to apzé specific trait values. Hence, since it has
yet to be done, this chapter will document and repo second-generation nursery data from
2008 as a means to evaluate change in trait véthuesgh the most recent breeding cycle and

identify uniqueness of turf-type traits in elitdtgeass lines.

Cycle 2 selections and crossing:

The second breeding cycle began in 2005. In siityileo Cycle 1, a selection index
ranking the 4 primary traits of interest (rust sésnce, canopy height, shoot density and seed

yield) was used to determine top individuals infir&-generation nursery. For Cycle 2,
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however, additional top lines were also selectexttdan turf appearance under mowed, drought,
and saline conditions to incorporate desirable phgres under these conditions into the
improved gene pool. Mowing quality is a concernvisual quality and ball playability in the

new turf variety, while drought and salt toleraace the important physiological traits that drew
us to this grass for use as a turf in the arid weste first place. The additional top lines for
Cycle 2 were identified visually from field conditis, without using a selection index, to speed
the process and because maintaining an overalptatile appearance under stress is what is
most important for the improved turf variety. btdl, 35 high quality turf-type individuals (the

21 females and 14 males listed below) were chosenfdhe first-generation nursery to advance
the breeding population. When interpreting the @esanthe number after the dash indicates which
number progeny it was from the mother listed betbeedash. Single crosses were made among
these lines in order to produce Cycle 2 seed, dliisecond-generation lines are the result of

hybrid crosses.

The top 35 accessions selected for Cycle 2:

Females: A53-14, A53-3, A53xA48-11, A37-28, 84-19, A126-27, 84-2, A126-46, AS0-9, AS0-
4, A61-4, A37-25, A37-15, A126xA107-6, 84-5, 84-8, AS0-19, A138-31, A5S0xA107-13, A138-
16, A50-1

Males: 84-6, 84-12, 84-21, A126-5, A24-32, A35-6, A137-25, A34-18, A61-32, A126xA49-19,

A53-5, A138-29, A50-7, A50-20

11



Second-generation traits of interest:

For clarity in discussion, generations in term&m@eding cycles are defined as follows:
Cycle 0 includes the native ecotypes that wereectdd from the wild from 1999-2001 (or wild
types) and established in the source nursery.ytheCl top quality wild types were selected and
crossed to produce first-generation improved prggetich were then space planted in the first-
generation nursery for trait analysis in 2004 a@@% Wild types were also included in the first-
generation nursery for calculating heritabilityiesttes, thus Cycle 1 data from 2004 and 2005
includes wild type and first-generation trait vaevaluated under similar growing condition.
Cycle 2 consisted of selecting and crossing thegtagity first-generation lines, establishing
their progeny in the second-generation nurseryracording second-generation turf-type traits
in 2008. Finally, the elite saltgrass lines ddsaxiare the breeding population selected out of the
second-generation nursery to commence Cycle 3.

Each second-generation turf-type trait will compiéue elite lines selected for Cycle 3 to
the rest of the second-generation nursery. Theamvpnevious data is available, trait values for
second-generation lines will be compared to thet-fieneration and wild types. Finally, any
significant differences in trait values will be évated among elite lines.

Turf-type traits recorded from the second-genenatiorsery in 2008 include: sex,
flowering date, number of seed heads, canopy hgigintent spread, leaf rust and leaf
shredding. Shoot density and gap were not measlugag Cycle 2 due to time and resource
constraints; as a way to compensate, however, Mestimates of percent spread in this cycle
accounted for not only area of coverage, but oVéliednd density of turf cover. Leaf shredding

was a new trait added in Cycle 2 as a measure wfimgoquality.
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Materialsand Methods:

Seeds for the™ generation nursery were germinated in the greesgnou2005, and in
summer 2006, nearly 3,000 saltgrass plugs of 10 e were randomly transplanted into the
field. This total number of plots accounts forgbly 1,500 different saltgrass accessions in the
nursery since two replicates of each accession inehaded. In some instances, however, there
were multiple clones next to each other labeleth Wie same name, resulting in more than two
clones for an accession. Two elite lines had nttwaa 2 clones: 84-2xA126-5-2 (F) had 4
clones and A126-27xA35-6-3B (M) had 5 clones. tlmeo cases, there were accessions where
only 1 clone was planted in the nursery. Threte éimales had 1 clone: 84-19xA50-7-11, 84-
2xA126-49-19 and 84-2xA35-6-3A. All clones (reglions) of elite lines were included in the
analysis to account for variation in trait expressacross environments. Variability is unknown
for the three accessions with 1 clone.

The second-generation nursery was located at theHBticulture Research Center
(HRC) in Fort Collins, CO. The field site receivad average 18 cm of rain per year, from 1999
to 2006. The minimum winter temperature is -32rdeg C and the frost-free growing season
lasts from May 20 to September 20. The soil isifoan, deep Nunn clay loam (Aridic
Argiustolls). Well water for irrigation has salipilevels approximately 2-3 dS/m and soil
salinity was between 3-5 dS/m. Nursery managemasatminimal, including irrigating plugs
with an overhead linear irrigation system aftemfilag to assist in establishment, after which
irrigation was only applied once yearly before feawng in mid-May. Soil nitrogen tested at 180
kg per hectare and no additional fertilizer wasligop(Christensen, 2009).

Turf-type traits of all second-generation saltgnassery accessions were recorded

throughout the 2008-growing season. Sex was deted@long with date of first flower.
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Number of seed heads per plant was approximatediitiples of 5. On July 23 and 24, un-
mowed canopy height was measured with a yardsfigkead was measured by imagining a 1.5
x 1.5 meter frame, and accounting for turfgrassigdocover and gap to estimate percent fill of
the ‘box’; measurements were taken on August 2&watting for growth since establishment in
2006. Leaf rust was rated throughout October scade of 0,1,5,10,15,20 or 25; scale values
represent percent leaf area affected by uredidediagd where 0= no rust, 1= minimum rust
present and 25= maximum rust present. Leaf Rigtc{nia aristidae) is naturally present on site
therefore no artificial inoculation was used. Tughout the summer, half of each plot was
mowed to a height of 7.5 cm when 12 cm height weashied. Leaf shredding was measured
after mowing on October 15 and 16 on a scale of3, tvhere 1= no shredding, 2= 1.3 cm
shredding, and 3= 2.5+ cm shredding/browning o$giaades.

SAS version 9.3 was used to perform the statistinalysis. Review of each turf-type
trait provides general descriptive statistics conmggthe elite lines selected for Cycle 3 (n=56
total surviving plots including all replications) the rest of the second-generation nursery
(n=2933 total surviving plots including all replicans). The PROC UNIVARIATE procedure
was used to generate means and standard deviatidngeate histograms for comparing elite
and general second-generation populations. The®PRXED procedure was used to test
significant differences in population least squanesans at a 0.05 level; however, the large
difference in population sizes made significantetténces hard to detect.

Contrasts of mean trait values are then made tbrtegeneration and wild types to
evaluate turf-type saltgrass improvement over tifAeevious data on first-generation and wild
type accessions was taken from “Heritability EstesaAccession Evaluation and Digital

Imaging, inDistichlis spicata” (Cristensen, 2009).
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Finally, LS means estimates for individual accassiwithin the elite population are
generated and compared with the MIXED procedur&in@ to the large number of comparisons
made among accessions, Tukey-Kramer adjustmentsapglied to control maximum
experiment-wise error rate. Confidence interv@&) were included in the results to assist

with interpreting LS means estimates.

Results and Discussion:
Sex:

Sex was recorded to assist in selecting femalesratels for future breeding cycles. The
second-generation nursery contained 2,933 totahdhkaltgrass plots after accounting for death
since establishment. Nursery population propostiomken down by sex are 50.2% female
(1472 total plots), 45.2% male (1326 total plots)l 4.6% unknown (didn’t flower). Previously
over 7 years, 22 accessions (14%) never formed $@hkds; not all males and females will
flower and when these reproductive organs are nggsis hard to identify the sex of the plant.
Moreover, in the second-generation nursery there Wdlowering accessions marked as both
male and female, further showing how complicateshidication may be. It should be noted
that Eppley et al. (1998) found that gender ingsakts is genetically determined and individual
accessions will remain male or female.

The 14 females and 13 males still alive in theentrCycle 3 crossing blocks, discussed
in more detail in the next chapter, are the eltigeasions being described out of the second-
generation nursery. After accounting for deatltsiestablishment there are 56 total plots
among all replications of elite lines. In totddete are 27 female (48.2%) and 29 male (51.8%)

elite plots.
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Days to first flower:

First flowering date was recorded to assist in Byoeizing seed and pollen production
for crossing. Average first flowering dates foe tgeneral nursery population fell in the range of
May 23 to July 27, 2008, while the range in datedlie elite lines lasted from May 23 until
June 21, 2008. First flowering date was conveidetlimber of days until first flower by
counting consecutive days from January 1, 2008 th&iflower date recorded in order to
provide a numerical value for statistical analysis.

As shown in Figure 2.1, the general nursery pomuidtas a similar distribution in
number of days to first flower as the elite liné&unded to the nearest whole number, mean
number of days to first flower in 2008 was 159ttoe general population versus 158 for elite
lines and both populations had a standard deviatighdays. The similarity in distributions is
not surprising since first flower dates were natsidered in the breeding selection criteria.
Hence, selection pressure was not directly appdiethis trait and first flower dates remained
relatively random in the population. Correlatiorainother trait under selection such as seed
yield is possible however and could be the reasoy elite lines fall in the range of earlier
flowering times (i.e. relating to higher seed praiitan). Nonetheless, the means of second-
generation populations remain nearly equal dubdartuch smaller population size of elite lines.
In addition to genetics, environmental effects lonal development also play a role in
determining first flower timing and they could cohtite to the distinct peaks (around 160 days)
observed in all second-generation accessions.

The environmental effect on floral development cboapes comparisons of first flower
dates to past generations. Different climates mepeed across years will result in changes in

mean number of days to first flower due to the terafure, light and water effect on
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reproductive development, which is beyond the sajfpbkis chapter. Nonetheless, past trait
values are presented here for reference. Evatuafimean number of days to first flower in the
original saltgrass source nursery (Cycle 0) in 26l8@wved Front Range accessions had 147
mean days, with no significant difference in act®@sscollected from Nebraska or the Great
Basin (Christensen, 2009). This trait was not réed in Cycle 1 due to lack of time so no other
prior data exists for comparison. Results fromnEfRange accessions in Cycles 0 and 2 do
appear different (147 vs. 159 mean days); howekierincrease in mean number of days to first
flower in 2008 compared to 2000 most likely indesat colder spring in 2008.

More informatively, individuals in the second-gest@wn elite population were further
compared amongst each other since they were alunsdin 2008 under similar environmental
conditions. Differences of least squares means Wikey-Kramer adjustments showed 3
groups in first flower timing between elite lineeg Table 2.4). Two accessions 84-2xA126-49-
19 (F) and 84-2xA50-7-1A (M) stood out for fewealyd until first flower since they only
belonged to group C with the smallest mean, angwere significantly different from accession
A61-4x84-21-1 (M) with most days until first flower group A. These 3 accessions with means
furthest apart, however, were not significantlyfetiént from other accessions in the elite
population and the remaining elite accessions wendarly grouped. Comparisons of elite
accessions by replication showed variability ota2 weeks difference in observed first flower
timing, to first flowering between replications acdng on the same day. The 2-week
variability between replications is similar to thheviation around the estimated mean, and a
likely reason for the overall similarity in grougis.

In terms of potentially correlating first flower t@ato seed production, data on male first

flower dates is of less use since the origin ofrttade pollen contribution is unknown in most
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crosses. Looking at female data, 84-2xA126-49A1Grioup C was the first to flower in 2008
and the best seed producer in 2013 (discussedapté&h3). Again, comparisons of results are
hard to make across years but it is possible Heagearly first flowering time for female 84-
2xA126-49-19 correlates to higher seed yield throadonger overall flowering period and
increased chance of receiving pollen. If this eation can be confirmed, females with fewer
days to first flower can be preferentially seledt@das another means to improve seed yield.
Additionally, the exact range in number of daysitst flower allowing successful
pollination has yet to be studied, thus valuepaesented here for reference for future breeding
efforts. Certain males and females at the extreshédse range might be preferentially crossing
without our knowledge. The link between first flemtiming, seed and pollen production, and

population diversity could be the topic of fututady.

Number of seed heads:

Number of seed heads was recorded to provide anofdeeed and pollen production,
since measuring seed yield directly is very timestmming. It was measured by approximating
the total number of heads per accession (each vphatlein multiples of 5. Data on number of
seed heads presented below was already multipjiédtd represent an estimation of total
number of seed heads per accession.

Distribution in number of seed heads between therskgeneration general and elite
populations was not significantly different (segue 2.2). The general population produced an
average 120 seed heads per accession, while taédiredis (B) produced an average 122 seed
heads per accession. The lack of difference &ylidue to the small sample size of the elite

population and the large peak in distribution obedraround 120 seed heads for all accessions.
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In fact, over 70% of accessions in both populatjgmgluced roughly 120 seed heads per
accession in 2008.

Despite the significant mode of 120 seed headsagaession, when examining the
extreme accessions, the observed range was largetfopopulations: 25 to 625 seed heads per
accession for the general nursery and 25 to 30 lse&ds per accession in elite lines. These
ranges indicate that higher seed yielding typesanenm the general population over what was
selected for in the elite lines and potential rerado improve seed yield through further
breeding and selection of high yielding types. tmother hand, because the elite lines were
selected based on overall visual turf-quality mad surprising that the very high seed yielding
types were not included; production of too manyddeeads may detract from visual turf-quality.
Thus, lower seed yielding types might be preferédrie vegetative variety release where seed
production is not of concern. In consequence, taaimg large ranges (extreme observations)
in the populations is beneficial for accommodatiogh ends of the breeding spectrum.

Mean seed yield can also be compared from pasta@mes. Results from Cycle 1,
evaluated in 2005 and 2006, showed an increaseeh eld from wild types to their first-
generation progeny, in addition to a very significgear effect on seed yield. LS means
estimates presented only include accessions watitgr than 0 kg/ha seed yield (see Table 2.1
below). In 2005, mean seed yield for first-generaaccessions was 513 kg/ha, with a standard
deviation of 32 kg/ha, whereas their wild type pésehad an estimated yield of 373 kg/ha and
standard deviation of 62 kg/ha. The first-generaprogeny outperformed their wild type
parents again in 2006, plus overall seed yieldtyr@acreased in both populations. In 2006, the
first-generation accessions had a mean 1966 kgédhygeld and 45 kg/ha standard deviation,

compared to their parental wild types with a me@0d3lkg/ha yield and 128 kg/ha standard
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deviation. The large difference in yield betweeang is likely due to the sexual maturity level
of the perennial saltgrass plants since not atitgldad time to reach maturity by 2005, in

addition to possible environmental effects on gaeduction.

Table 2.1: Cycle 1 mean seed yield (kg/ha)

Population Y ear Estimate | St. Error
Wild-type parents 2005 373 62

1*' generation 2005 513 32
Wild-type parents | 2006 1603 128

1°' generation 2006 | 1966 45

The primary interest in measuring seed yield iartswer whether or not improved turf-
type saltgrass accessions produce commerciallyptadde levels of seed. Seed production in
the range of 400 to 600 pounds per acre is gegarafisidered acceptable, equivalent to roughly
448 to 673 kilograms per hectare. The high seeld yibserved in 2006 among all accessions
surpasses commercially acceptable production level2005, no wild types achieved
acceptable seed production levels however seviesabeneration accessions did. First-
generation accessions producing at least 448 kd/e@ed in 2005 include: A97, A24, A37,
A138, A61, 84, A126, A50, A35 and A21. Thus, itss@ncluded selecting for high seed yield
in wild types improved seed production in first-geation progeny. Furthermore, the ability to
produce commercially levels of seed, as witnessé&06, should pass on to the second-
generation and future generations. As of ye§ Itard to make direct comparisons to the 2008
measurements because more data is needed to ér&kggvnumber of seed heads to seed yield.
Once this done, however, a more accurate ideaarfgehin seed yield throughout the breeding

generations can be gathered from the 2008 datariezthere.
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Differences among elite lines were also evaluatedemerating LS means estimates for
seed head production in 2008 (see Table 2.5).ldarge span in estimated means (25-300)
shows high variability among elite accessions imhear of seed heads. After applying Tukey-
Kramer adjustments, 3 different groups appeared(and C); however, the majority of
accessions (21 out of 27) belonged to all 3 grauigs no significant difference between them.
Two males, A37-28xA34-18-4B and A61-4R7-1B, stood &t the high end of the groupings
with male A37-28xA34-18-4B producing significantiyore seed heads than any other
accession. Lineage from the high performing medégsbe incorporated in future populations for
increasing pollen, and thus seed production. thteh, large 95% confidence intervals for
accessions indicate that a lot of variability wassent between replications, and a likely reason
for the overall similarity in significant groupinggdwo males and two females stood out at the
low end of the groupings (in groups BC and C). &tbrless, accessions with low LS means
estimates for number of heads produced shouldenatlbd out as potentially adequate seed
producers due to environmental and sexual matefigcts on seed yield. It is recommended

this trait be recorded again over multiple yearsruher to better explain the variability.

Canopy height:

The second-generation nursery had a 16.5 cm meéaraheanopy height in 2008, with a
standard deviation of 4.1 cm. In contrast, thiediines were 4.2 cm shorter: elites had a 12.3 cm
mean canopy height and 3.0 cm standard deviatagure 2.3 depicts how the proportion in
height varied throughout both second-generatiorufadions in 2008. The general nursery
ranged in height from 3.8 to 35.6 cm, while elitee§ ranged in height from 6.4 to 21.6 cm. It

can be seen in the Figure that elite lines werecsad from the lower end of the general nursery
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height distribution. This was done to apply setetpressure on low canopy height as a turf-
type trait and hopefully lower the mean heightref third generation. Low canopy height is
beneficial in a maintained turfgrass variety falueing mowing requirements.

In order to evaluate change over time, mean caheght estimates were compared to
past generations. Cycle 1 results varied by yaset on precipitation, thus results are presented
by year (see Table 2.2). Precipitation receivetth@field site (from March 1 until August 23)
was 18.6 cm in 2004 versus 23.7 cm in 2005, andtbater precipitation in 2005 resulted in
taller canopy heights across populations. Evéin atsimilar relationship among the populations
existed in both years. In 2004 and 2005, paremtdltypes and their first-generation progeny
had significantly shorter mean canopy heights thargeneral wild-type population, as a
response to selection. An unexpected result apgdawever when comparing the wild type
parents to their first-generation progeny. Sherght was being selected for in the parents yet in
both years progeny were taller than their parefitsus, hybrid vigor was observed in canopy
height but in this case it is not beneficial sitme canopy height is preferred. Dr. Christensen
posited that future gene recombination could mdddrgbrid vigor owing to the desired
response in trait change from all wild types tstfigeneration progeny. A comparison to Cycle
2 is made below to see what effect hybrid crosselsom canopy height in the second-generation.

Table 2.2: Cycle 1 results for canopy height ¢m) c

Population Y ear Estimate | St. Error
All wild types 2004 20.6 0.4
Parental wild types 2004 16.8 0.3
1st. generation 2004 18.1 0.1
All wild types 2005 23.1 0.4
Parental wild types | 2005 19.5 0.3

1st. generation 2005 20.0 0.1
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When comparing Cycle 2 results to Cycle 1, the tfSnean height of the second-
generation nursery in 2008 is shorter than anyipusvbreeding population. Precipitation must
also be considered for a more reliable comparigsmeghe environment can play a role in trait
expression. A nearby CoAgMet weather stationlEBR& measured 23.8 cm of precipitation
from March 1 to September 1, 2008, which is neagyal to 2005 levels (The ARDEC station is
not referenced due to incomplete data in 2008he Jecond-generation height, at 16.5 cm, is
significantly shorter (by at least 3 cm) than alldwypes and first generation progeny measured
in 2005 under similar levels of moisture. Thesauts indicate that further gene recombination
has proven effective in lowering mean saltgras®pgteight in the second-generation.
Moreover, the selection pressure for low heighthmelite lines could decrease mean canopy
height of the third generation compared to the sdgeneration. Genetic gain between
generations is also related to the amount of viityapresent for selection however, and
variability of height within populations also appe#o be decreasing over time. Trait
improvement will be less distinct as there is Mmsability for selection and populations become
more uniform.

Differences in height between the elite lines was® examined more closely.
Untransformed results were provided above for eds#erpretation, but height was log
transformed to correct unequal variances for furthatistical analysis between elite lines. After
making Tukey-Kramer adjustments, no significantesidnces appeared in log height between
elite accessions (see Table 2.6). This lack dédihce is probably due to the fact there were
only 2 replications per elite accession; the largefidence intervals show the variation between
replications was similar to that between accessieans. Certain patches in the nursery, for

instance, could receive different amounts of prgaijon, resulting in varying canopy heights
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among the 2 replications and a lack of signifiadifference among the elite population. As a
result, log height of elite clones in 2008 may ksatibed by the estimated mean of 2.48 cm.
When back transformed this value roughly equal® &&, with a 95% confidence interval of
11.2 to 12.8 cm that coincides with our unadjusteén estimate of 12.3 cm. In summation,
the naturally low canopy height of all elite lines2008 is a unique characteristic distinguishing
them from wild types and first-generation accessiona potential variety release. Due to the
plasticity of canopy height as discussed in Chabtéuture trials testing potential vegetative
varieties should be performed across multiple @mirents. Then the most desirable individual

under all conditions can be selected and a bedtanate of canopy height can be provided.

Spread:

Spread is accounting for how much ground areafgrags accession covers, in addition
to how well it fills in without gaps. More rapigheead and complete fill assist in establishment,
weed control and overall turf appeal. As showFigure 2.4, the distributions for spread in both
populations are similar. The second-generatioseryrpopulation and elite lines both had a
75% mean spread in 2008, with standard deviatibdd .6% and 11.4%, respectively.
Measurements were taken in a 1.5 by 1.5 meter feardeaccounted for 2 years growth (since
establishment in 2006). Therefore, mean 75% speqadtes to an approximate coverage of
1.74 square meters per accession over 2 yearssifiar distribution of spread in elite lines
and the general population can be contributededithited variability of the trait in the general
population and the small sample size of the elijgutation. Variability of the trait is discussed

more below, in reference to past generations forparison.
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Spread estimates were compared to previous gemesati order to evaluate change in
trait expression over time, although different meament techniques were used in Cycle 1. In
2004, digital imaging analysis was used to meageareent spread in order to minimize possible
human error when calculating heritability estimatésaddition, measurements were based on
percent cover of a 1.8 by 1.8 meter plot after amg year’s growth. Results showed a
significant increase in spread from wild type p#&sdn their first-generation progeny (see Table
2.3 below). First-generation accessions had a rh8d% spread versus their parental wild
types with a 10.9% spread. When comparing acaesswithin a generation, however, little
difference in spread was observed. The generdltyie population was similar to the parental
wild type population (selected for Cycle 1 cros$jngith an 11.8 mean percent spread compared
to 10.9%. Thus, the limited variability in spremthong accessions within the same generation is
found throughout the saltgrass breeding cyclesenEstill, as a positive for the breeding program

the mean trait value does appear to be improvimy tine.

Table 2.3: Cycle 1 results for percent spread @x1.8 m plot, over 1 year’s

growth)
Population Y ear Estimate | St. Error
(%)
All wild types 2004 11.8 0.7
Parental wild types 2004 10.9 0.6
1st. generation 2004 18.0 0.4

The different measurement techniques used in 2668ug 2008 make direct
comparisons difficult, however, a general ideangbiovement is provided. Percent spread
estimates from 2004 equate to an area of coverageighly 0.35 square meters for parental
wild types versus 0.58 square meters observeckifirft-generation. Cycle 1 measurements

were all taken after one year’s growth since esthbilent, under similar growing conditions.
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Thus, it can be concluded that the first-generatiath 1.7 times greater spread than their wild
type parents in 2004 after 1 year of growth. Canspas to Cycle 2 are more difficult because
measurements in 2008 accounted for two year’s dgrewice establishment. The environment
can influence trait expression, plus the changgaomvth rate over time is unknown, therefore it
is hard to extrapolate differences in growth in @aesus two years. As mentioned previously,
the second-generation accessions covered roughlystjuare meters in 2008 after two years
growth, which is more than twice the growth obsdriefirst-generation accessions in 2004
after 1 years growth. Future studies includindtiple generations in the same nursery will help
compare change in spread over time with more centd.

Nonetheless, significant increase in spread it-§ieneration accessions beyond what
was observed in their parental wild types indicéeterosis in this trait. Heterosis, or hybrid
vigor, in spread means that by making hybrid (€hgtosses between accessions, progeny with
even greater spread will appear. All Cycle 2 sgad the result of hybrid crosses, thus it is
likely second-generation accessions do have inedtesisread over the first-generation. What is
more, spread can continue to improve in future gaimns beyond what is currently observed as
a result of breeding. Too rapid of a spread maypbee undesirable if the grass gains a tendency
to invade, therefore rapid spread should also b&uated for its potential negative consequences
and an upper bound on rate of spread may be detedmi

The elite lines were compared more closely to erarany uniqueness among the
existing vegetative germplasm. After applying Tyskgamer adjustments, no significant
difference appeared in mean percent spread amaeagetessions (see Table 2.7). This is not
surprising considering the limited number of reglions within the elite population and overall

low variation within second-generation accessidagen still, spread in all second-generation
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accessions can be considered unique from wild typagpotential variety release. Furthermore,
when considering a potential vegetative varietgasé from the current elite population, the lack
of significant difference in spread means selectopgaccessions visually based on cover and fill

might be preferred.

Leaf rust

Upon evaluation of the inland saltgrass sourceeryrsom 1999-2001, it became
apparent that presence of the leaf Rigicinia aristidae detracts from the health and quality of
certain saltgrass accessions. Therefore, resestarieaf rust was measured during Cycle 1 as an
important trait for breeding a turf-type saltgraasiety. Puccinia aristidae is naturally found on
field site and it was prevalent again in 2004 aillayfor field evaluations to be made.
Comparing resistant versus susceptible accessiomsthe wild type parent population and the
first-generation progeny showed a dominant gewensrolling resistance (Christensen, 2009).
Thus, it was determined if homozygous dominant ssio@s are identified they can be crossed
into the desired population to confer resistange.an additional consideration however there
are over a hundred different known races of lesf amd specific resistance must consider the
local race present plus its potential to evol\vdot to mention, breeding for general resistance
takes a long time. Consequently, even though tietethe dominant gene is beyond the scope
of this project, visual leaf rust ratings from 20&¥@ presented here in order to give an idea of
resistance in the second-generation nursery andderoeference for potential future work.

Leaf rust was rated in 2008 on a scale of 0, @ 25tin increments of 5, with the rating

representing percent cover of telia and urideahergtass blades. Refer to Figure 2.5 for a
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visual representation of rust rating scores 1 to @&nerally, a score of 20 or 25 will be
detrimental to the grass plant, as depicted bytioefarthest right grass blades in the Figure.

Population proportions of rust rating in the setgeneration nursery (n=2882) versus
the elite population (n=56) are shown in Figure ZI&e majority of accessions had minimal
signs of infection and there were individuals inHbpopulations displaying zero signs of
infection. These results are promising for bregdor rust resistance in saltgrass, although as
mentioned general resistance to the rust remaisisidied and it is possible a less virulent race
of Puccinia aristidae was present in 2008. On the other end of thetgpac2.4% of the entire
nursery population and 3.6% of elite lines dispthli@h rates of infection with a rating of 20 or
25, indicating that homozygous recessive individuak likely present. Accessions also fell in
the middle ratings hence a range of rust resistarists in the second-generation population due
to the out crossing nature of the species.

Ratings from the elite lines were examined morsellpsince they are the parents for the
third-generation and therefore the contributorsesfstance genes to future breeding populations.
As a result of selection the majority of elite Bnghow minimal signs of infection, however,
there were two plots in the elite population thatt g rating of 20. It turns out they were from the
same male accession A126-27xA35-6-3B (see Tab)e Zl8s accession had 5 clones in the
nursery and since the other 3 clones with the ssang have minimal infection rates, it is
possible there was a labeling error. LS means@trgiven due to non-normality of data, thus
ratings are provided for each plot. Plots witlatng of O, indicating no sign of infection to the
leaf rust race present in 2008, are good candidatest for finding homozygous dominant
genes. What is more, crossing the elite linesishincrease the proportion of accessions with

dominant resistance genes in the third-generation.
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Leaf shredding:

Leaf shredding was measured to evaluate mowintitggudowing quality in turn relates
to visual quality and ball playability, and thusais important characteristic for a maintained
turfgrass variety. Since leaf shredding was ratgtiree categories, population proportions for
the categories are presented rather than histogisseag=igure 2.7). Proportions for the general
nursery population are out of 2853 total plots,le/proportions for the elite population are out
of 55 total plots. A rating of 1 represents noeslaling and is the most desired result. A rating of
1 was assigned to 12.2% of the second-generatimery) compared to 38.2% of the elites. A
significantly greater proportion of elites do nbos signs of leaf shredding after mowing
because the elite lines were selected out of tbenskgeneration nursery based on their high
visual quality. The majority of accessions in bptpulations got a rating of 2, representing 1.3
cm leaf shredding and/or browning. This categagjuded 79.5% of second-generation nursery
accessions and 56.4% of elites. A rating of 3es@nts 2.5+ cm of leaf shredding and/or
browning, which would significantly detract fromswval quality and hence is undesirable.
Luckily, these proportions remained small; 8.3%h&f second-generation nursery and 5.5% of
elite parents got a rating of 3. The differenteshratings observed among second-generation
accessions indicates that variability is presensé&ection and most accessions do shred/brown
after mowing, although not much more than 1.3 cm.

As mentioned, leaf shredding was not recordedewipus saltgrass breeding cycles
therefore data is not available for comparisorurtifermore, since heritability estimates for
mowing quality are unknown, it is hard to prediothselecting for the trait will influence
population proportions in future generations. Nbekess, due to the presence of many elite

accessions with good mowing quality, a vegetateneety may still be considered for releasing a
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high-quality turf type saltgrass cultivar. Leafeth scores for all elite parents are listed in €abl
2.9; LS means were not calculated due to non-nodaial. Seven elite lines had a shred rating
of 1 in all replications, indicating good mowingaiity (females 84-19xA50-7-11, 84-5x84-6-5,
84-8x84-6-1B and A37-15xA50-20-1, and males 84-8882A, A37-15x84-6 and A37-28xA34-

18-4B).

Conclusion:

The second-generation turf-type inland saltgrassstare documented and reported on in
this Chapter in order to evaluate breeding progaesisprovide reference for potential future
study and/or a variety release. Turf-type traialeated in 2008 included: sex, flowering date,
number of seed heads, canopy height, percent spgeasdidust and leaf shredding.

The sex ratio of the second-generation nurseryrawaghly 50:50 and 4.6% of accessions
did not flower in 2008. The range in days to fitstver was 1 month shorter for the elites than
the general population; however, mean days toffoster were similar for both populations
peaking around 160 days. Number of seed headsausded in 2008 as a measure of seed
production and over 70% of all second-generati@essions produced on average 120-122
seeds heads per plot. In 2008, the mean canoghthaielite lines (12.3 cm) was significantly
shorter than the general second-generation nupggrylation (16.5 cm) as a result of selection.
Spread of saltgrass accessions is another traib#isabeen improving throughout breeding
cycles, yet it remains fairly uniform within accesss from the same generation. All second-
generation accessions covered an area roughly eglial4 square meters after 2 years growth

since establishment. Nearly 50% of second-gemeratite lines showed zero signs of rust
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infection in 2008. Additionally, 38.2% of eliteqis had a leaf shred rating of 1, which signifies
no leaf shredding or browning after mowing.

Although more work needs to be done to improvearmity before a seeded turf-type
variety of inland saltgrass can be released, th&t ohesirable elite lines from the second-
generation may be tested for a potential vegetaawviety releaseConsidering all the traits, the
5 most promising elite accessions for a vegetataresty release are (starting with the top 3):
A37-15x84-6 (M), A37-15xA50-20-1 (F) and 84-8x84tB-(F) because they had the most
desirable ratings for rust resistance and mowiradityl plus they were on the low end of the
spectrum for canopy height. The other 2 males gathd mowing quality, 84-8x84-6-2A and
A37-28xA34-18-4B, may also be considered for futtagety trials since they had decent rust
ratings and high values for spread/density, pliesaseng a male is preferred to protect the rights
of the improved germplasm. These selections didnotude seed yield because that is not an
important trait for a vegetative variety; howevadt elite lines are further examined in the Cycle
3 crossing blocks and their progeny (third-generaticcessions) are now available for continued

analysis of the progress toward a uniform seedddype saltgrass variety.
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Distribution of Days
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Figure 2.1: Distribution ofumber of days to first flower f secondgeneration populatics.
Pop=0 (above) includes all flowering plots in sad-generation nursery minus elite lir

(n=2727). Pop=1 (below) includes flowering elitetp (elite lines selected out ¢ gen.
nursery) (n=55).
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Distribution of Heads
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Figure 2.2: Distribution of maber of seed heads per | for secondgeneration populatio.
Pop=0 (above) includes all plots in sec-generation nursery minus elite lines (n=2838). Hc
(below) includes elite plot&lite lines selected out 0™ gen. nursery) (n=55).
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Distribution of Height
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Figure 2.3: Distribution foheight (in cm) fo second-generation populatiorop=0 (above
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Distribution of Spread
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Figure 2.4: Disthution of percent spread secondgeneration accessions in 1.5x1.5m fr.
Pop=0 (above) includes all plots in sec-generation nursery minus elite lines (n=2). Pop=1
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Figure 2.5: Drawing showing the disease classeefsed by percent leaf area affected by
uredia and telia oBistichlis spicata var.stricta. The causal organismiccinia aristidae.
Adapted from the key “Leaf Rust of Cereals’ by Jar(i971).
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Table 2.4 LS means days to first flower for secgederation elite accessions with Tukey-
Kramer adjustments:£0.05)

Accession Sex Mean 95% Confidence Limits ~ Group
84-2xA126-49-19 Female 145 135.0 155.0 C
84-2xA50-7-1A Male 145 135.0 155.0 C
A37-28xA34-18-3B Female 149 141.9 156.1 BC
84-19xA35-6-13 Male 149 141.9 156.1 BC
84-2xA35-6-3A Female 150 140.0 160.0 ABC
84-5xA35-6-3A Female 151.5 144.4 158.6 ABC
A37-28xA34-18-4B Male 151.5 144.4 158.6 ABC
A37-28x?-7TA Male 152.5 145.4 159.6 ABC
AG1-4R7-1B Male 154.5 147.4 161.6 ABC
A126-27xA50-7-11 Male 156 148.9 163.1 ABC
84-5x84-6-5 Female 156 148.9 163.1 ABC
84-19xA126-5-1 Male 158.5 151.4 165.6 ABC
84-2xA126-5-2 Female 159 154.0 164.0 ABC
A126-27xA35-6-3B Male 159.2 154.7 163.7 ABC
A37-15x84-6 Male 159.5 152.4 166.6 ABC
A37-25xA126-5-2A Female 160 152.9 167.1 ABC
84-8x84-6-1B Female 160 152.9 167.1 ABC
A37-25xA126-5-5 Female 160.5 153.4 167.6 ABC
84-8x84-6-2A Male 160.5 153.4 167.6 ABC
A50-4R9-3A Male 160.5 153.4 167.6 ABC
84-2xA61-32-3 Female 160.5 153.4 167.6 ABC
A126-27x?-4 Male 161 151.0 171.0 ABC
84-19xA50-7-11 Female 161 153.9 168.1 ABC
A37-15xA50-20-1 Female 163 155.9 170.1 ABC
A50-4R8-2 Female 164.5 157.4 171.6 ABC
A37-15xA50-20-7 Female 168.5 161.4 175.6 AB
AB1-4x84-21-1 Male 171 163.9 178.1 A

A,B,C grouping indicates significant differencesang LS-means (accessions with the same
letter are not significantly different).
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Table 2.5 LS means estimates for number of seedsh@s second-generation elite accession,
with Tukey-Kramer adjustments<£0.05)
# Heads 95% Confidence

Name Sex LSMEAN  Limits Group
A37-28xA34-18-4B Male 300 223 377 A
A61-4R7-1B Male 263 185 340 AB
A50-4R9-3A Male 200 123 277 ABC
84-5xA35-6-3A Female 200 123 277 ABC
A37-15x84-6 Male 150 73 227 ABC
84-19xA126-5-1 Male 150 73 227 ABC
84-2xA126-49-19 Female 150 41 259 ABC
84-19xA35-6-13 Male 138 60 215 ABC
84-2xA50-7-1A Male 125 16 234 ABC
84-2xA61-32-3 Female 125 48 202 ABC
A37-25xA126-5-2A Female 125 48 202 ABC
A37-25xA126-5-5 Female 125 48 202 ABC
A50-4R8-2 Female 125 48 202 ABC
84-2xA126-5-2 Female 119 64 173 ABC
84-5x84-6-5 Female 113 35 190 ABC
A126-27xA50-7-11 Male 100 23 177 ABC
A37-15xA50-20-1 Female 100 23 177 ABC
Al126-27x?-4 Male 88 10 165 ABC
84-8x84-6-1B Female 88 10 165 ABC
A37-15xA50-20-7 Female 88 10 165 ABC
A37-28xA34-18-3B Female 88 10 165 ABC
84-8x84-6-2A Male 75 -2 152 ABC
A126-27xA35-6-3B Male 75 26 124 ABC
A37-28x?-7TA Male 63 -15 140 BC
84-19xA50-7-11 Female 50 -59 159 BC
84-2xA35-6-3A Female 50 -59 159 BC
A61-4x84-21-1 Male 25 -52 102 C

A,B,C grouping indicates significant differencesarg LS-means (accessions with the same
letter are not significantly different).
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Table 2.6 LS means log canopy height of secondfgéina elite accessions, with Tukey-Kramer
adjustmentso=0.05)

Accession Sex tg?\AHeight 95% Confidence Limits
84-8x84-6-1B Female 2.0 1.7 2.3
A37-28x?-7TA Male 2.1 1.8 2.4
Al126-27x?-4 Male 2.3 2.0 2.5
84-2xA50-7-1A Male 2.3 2.0 2.5
84-19xA50-7-11 Female 2.3 1.9 2.7
84-2xA35-6-3A Female 2.3 1.9 2.7
84-5x84-6-5 Female 2.3 2.0 2.6
A37-15x84-6 Male 2.4 2.1 2.6
84-5xA35-6-3A Female 2.4 2.1 2.7
84-19xA126-5-1 Male 2.4 2.1 2.7
84-19xA35-6-13 Male 2.5 2.2 2.8
A37-15xA50-20-1 Female 25 2.2 2.8
A61-4x84-21-1 Male 2.5 2.2 2.8
A61-4R7-1B Male 2.5 2.2 2.8
A37-25xA126-5-5 Female 25 2.2 2.8
A50-4R8-2 Female 2.5 2.2 2.8
84-8x84-6-2A Male 2.5 2.2 2.8
84-2xA61-32-3 Female 2.5 2.2 2.8
A126-27xA50-7-11 Male 2.5 2.3 2.8
A37-15xA50-20-7 Female 25 2.3 2.8
A37-25xA126-5-2A Female 25 2.3 2.8
84-2xA126-49-19 Female 2.5 2.1 2.9
A37-28xA34-18-3B Female 2.6 2.3 2.9
A50-4R9-3A Male 2.6 2.4 2.9
84-2xA126-5-2 Female 2.6 2.4 2.8
A37-28xA34-18-4B Male 2.7 2.4 3.0
A126-27xA35-6-3B Male 2.8 2.6 3.0

All accessions were in 1 significant group
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Table 2.7 LS means % spread of second-generaiteraetessions in 1.5x1.5m frame, with
Tukey-Kramer adjustments£0.05)

0

Accession Sex ?Sf/lpErZaNd 95% Confidence Limits
A37-28xA34-18-4B Male 87.5 73.3 101.7
84-5x84-6-5 Female 87.5 73.3 101.7
A37-15xA50-20-7 Female 87.5 73.3 101.7
A37-25xA126-5-2A Female 85 70.8 99.2
84-8x84-6-2A Male 82.5 68.3 96.7
A37-15xA50-20-1 Female 82.5 68.3 96.7
A37-28xA34-18-3B Female 82.5 68.3 96.7
A61-4x84-21-1 Male 80 65.8 94.2
84-2xA61-32-3 Female 80 65.8 94.2
A37-15x84-6 Male 77.5 63.3 91.7
A50-4R9-3A Male 77.5 63.3 91.7
Al26-27x?-4 Male 77.5 63.3 91.7
A37-25xA126-5-5 Female 77.5 63.3 91.7
A126-27xA35-6-3B Male 77 68.0 86.0
84-19xA35-6-13 Male 75 60.8 89.2
84-2xA126-49-19 Female 75 54.9 95.1
84-5xA35-6-3A Female 75 60.8 89.2
A50-4R8-2 Female 75 60.8 89.2
A126-27xA50-7-11 Male 72.5 58.3 86.7
84-19xA126-5-1 Male 70 55.8 84.2
84-19xA50-7-11 Female 70 49.9 90.1
84-2xA35-6-3A Female 70 49.9 90.1
A37-28x?-7TA Male 67.5 53.3 81.7
84-2xA126-5-2 Female 65 54.9 75.1
A61-4R7-1B Male 62.5 48.3 76.7
84-2xA50-7-1A Male 55 40.8 69.2
84-8x84-6-1B Female 52.5 38.3 66.7

All accessions were in 1 significant group
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Table 2.8 Leaf rust rating of second-generatiote @liots

Rust Rust
Accession Sex Rating Accession Sex Rating
84-19xA126-5-1 Male 0 A126-27xA35-6-3B Male 20
84-19xA126-5-1 Male 0 A126-27xA35-6-3B Male 20
84-19xA35-6-13 Male 0 A126-27xA50-7-11 Male 1
84-19xA35-6-13 Male 0 A126-27xA50-7-11 Male 5
84-19xA50-7-11 Female 1 A37-15x84-6 Male 0
84-2xA126-49-19 Female 1 A37-15x84-6 Male 0
84-2xA126-5-2 Female 0 A37-15xA50-20-1 Female 0
84-2xA126-5-2 Female 0 A37-15xA50-20-1 Female 0
84-2xA126-5-2 Female 0 A37-15xA50-20-7 Female 0
84-2xA126-5-2 Female 1 A37-15xA50-20-7 Female 5
84-2xA35-6-3A Female 0 A37-25xA126-5-2A Female 0
84-2xA50-7-1A . 1 A37-25xA126-5-2A Female 0
84-2xA50-7-1A Male 1 A37-25xA126-5-5 Female 0
84-2xA61-32-3 Female 1 A37-25xA126-5-5 Female 1
84-2xA61-32-3 Female 1 A37-28x?-7A Male 0
84-5x84-6-5 Female 1 A37-28x?-7TA Male 1
84-5x84-6-5 Female 1 A37-28xA34-18-3B Female 0
84-5xA35-6-3A Female 0 A37-28xA34-18-3B Female 1
84-5xA35-6-3A Female 1 A37-28xA34-18-4B Male 0
84-8x84-6-1B Female 0 A37-28xA34-18-4B Male 1
84-8x84-6-1B Female 0 A50-4R8-2 Female 1
84-8x84-6-2A Male 0 A50-4R8-2 Female 1
84-8x84-6-2A Male 1 A50-4R9-3A Male 0
Al126-27x?-4 Male 5 A50-4R9-3A Male 0
Al126-27x?-4 Male 5 A61-4R7-1B Male 1
A126-27xA35-6-3B Male 1 A61-4R7-1B Male 5
A126-27xA35-6-3B Male 1 A61-4x84-21-1 Male 0
A126-27xA35-6-3B Male 5 A61-4x84-21-1 Male 0

Ratings are given for all 56 elite clones, orddygdccession name
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Table 2.9 Leaf shred rating of second-generatine plots

Shred Shred
Accession Sex Rating Accession Sex Rating
84-19xA126-5-1 Male 1 A126-27xA35-6-3B Male 2
84-19xA126-5-1 Male 2 A126-27xA35-6-3B Male 2
84-19xA35-6-13 Male 1 A126-27xA50-7-11 Male 1
84-19xA35-6-13 Male 2 A126-27xA50-7-11 Male 2
84-19xA50-7-11 Female 1 A37-15x84-6 Male 1
84-2xA126-49-19 Female 2 A37-15x84-6 Male 1
84-2xA126-5-2 Female 1 A37-15xA50-20-1 Female 1
84-2xA126-5-2 Female 2 A37-15xA50-20-1 Female 1
84-2xA126-5-2 Female 2 A37-15xA50-20-7 Female 2
84-2xA126-5-2 Female 2 A37-15xA50-20-7 Female 2
84-2xA35-6-3A Female 2 A37-25xA126-5-2A Female 2
84-2xA50-7-1A Male 2 A37-25xA126-5-2A Female 3
84-2xA50-7-1A Male 3 A37-25xA126-5-5 Female 1
84-2xA61-32-3 Female 2 A37-25xA126-5-5 Female 3
84-2xA61-32-3 Female 2 A37-28x?-7TA Male 1
84-5x84-6-5 Female 1 A37-28x?-7TA Male 2
84-5x84-6-5 Female 1 A37-28xA34-18-3B Female 2
84-5xA35-6-3A Female 2 A37-28xA34-18-3B Female 2
84-5xA35-6-3A Female 2 A37-28xA34-18-4B Male 1
84-8x84-6-1B Female 1 A37-28xA34-18-4B Male 1
84-8x84-6-1B Female 1 A50-4R8-2 Female 2
84-8x84-6-2A Male 1 A50-4R8-2 Female 2
84-8x84-6-2A Male 1 A50-4R9-3A Male 2
Al126-27x?-4 Male 2 A50-4R9-3A Male 2
Al126-27x?-4 Male 2 A61-4R7-1B Male 1
A126-27xA35-6-3B  Male 1 A61-4R7-1B Male 2
Al126-27xA35-6-3B  Male 1 A61-4x84-21-1 Male 2
A126-27xA35-6-3B  Male 2 A61-4x84-21-1 Male 2

Ratings are given for all 56 elite clones, orddygdccession name
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CHAPTER 3: EVALUATING THE CURRENT CYCLE 3 CROSSINBLOCKS

Cycle 3 began in 2009 by visually selecting the3@pndividuals (18 females and 13
males) out of the second-generation nursery basegmiure. After two breeding cycles,
desired trait values were appearing in greater @oce, thus it was decided a visual
determination of which types overall looked thetlassa turfgrass was sufficient for Cycle 3
selection. Names of the elite individuals areetisbelow. When interpreting the names, the
mother’s name is listed before the “x” and the éatis listed after (named from his mother). For
instance with female 84-2xA126-49-19, the motheé¥4<2 and the father is A126-49-19 from
female A126. The number after the dash indicatestwnumber progeny it was in the space

planting.

The top 31 saltgrass accessions selected for Cycle 3:

Females: 84-2xA126-49-19, 84-2xA35-6, 84-2xA61-32-3, 84-2xA126-5-2, 84-2xA50-7-1A,
84-5xA35-6-3A, 84-5x84-6-5, 84-8x84-6-1B, 84-8x84-6-3, A61-4R3-6, A37-15xA50-
20-1, A37-15xA50-20-7, A37-25xA35-6-2, A37-25xA126-5-5, A37-25xA126-5-2, A37-
28xA34-18-3B, AS0-4R8-2, A53-14xA124-32-6

Males: 84-8x84-6-2A, 84-19xA35-6-13, 84-19xA50-7-11, 84-19xA126-5-1, A37-15x84-6,

A37-28xA34-18-4B, A37-28x?-7A, AS0-4R9-3A, A61-4x84-21-1, A61-4R7-1B, A126-27xA50-

7-11, A126-27xA35-6-3B, A126-27x?-4
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The 31 elite saltgrass accessions selected obheafdcond-generation nursery represent
the best turf-type individuals produced to datéeywere cloned and planted in open
pollination crossing blocks in 2010 in order to gwoe third generation (Cycle 3) seed, and then
the saltgrass breeding program was put on holdl 20i2. In 2012 when this project was
initiated, not all the elite clones were still @iin the crossing blocks and those that did remain
were small in size. Therefore, objectives of tthapter are to record the survival and spread of
the remaining elite individuals as well as to remor seed production. A small amount of third
generation seed was produced and harvested in ROd2yver any yield was too insignificant to
report. On the plus side, by 2013 clones filledmd seed production was more substantial.
Seed was harvested, weighed and analyzed foripid@d13, then stored to preserve third
generation progeny. Additionally, vegetative malerom the best representative of each
surviving accession is currently being duplicatethie greenhouse as a backup source of elite

germplasm and to have material available for congsanterested in a potential variety release.

Materials and methods:

On June 20, 2010 the second-generation elite ypd-saltgrass accessions were planted
in 4 replicated crossing blocks at the CSU Hortio@ Research Center in Fort Collins, CO.
Two rows of 8 females (16 total) were surroundedviy outer rows of 13 total males in the first
and fourth replications, while a total of 17 fensaéand 12 males were used in the second and
third replications. Field conditions were simitarthe 2% generation nursery described in
Chapter 2. The Cycle 3 crossing blocks receivedmal maintenance between 2010 and 2012.
Plants were mowed once yearly in spring to rem@asdyrowth and control weeds. Weeds

were hand pulled for the rest of the growing seas@912 and 2013 after the first mowing.
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Seed yield was determined from hand harvest on®a@0 square from August 29 to
September 1, 2013. Seed heads were placed irea Ipag, air dried at ambient temperature and
weighed for seed head weight. Seed heads weréntrehthreshed and weighed to get seed
yield for each mother clone. Spread was determiryeglstimating percent grass cover in a 46 x
46 cm square frame on September 12, 2013. Clangsrithan the frame were marked as 100%
without being measured further. Clones with l&sst5% fill of the frame were marked as not
surviving, while all clones filling over 5% of tHeame were recorded as surviving.

Microsoft Excel was used to construct data tabtes calculate percent survival rates.
SAS 9.3 was used to perform additional statisacellysis. Seed yield by mother was compared
with PROC MIXED and a fitted regression line foedénead weight and seed yield was formed
using PROC REG. Spread of the clones was analyg@daking a histogram with PROC

UNIVARIATE.

Results and Discussion:
Survival:

As of September 2013, 27 elite accessions (14 fesvald 13 males) remain in at least
one replication in the Cycle 3 crossing blockshe B females 84-8x84-6-3, A37-25xA35-6-2,
A53-14xA124-32-6, and A61-4R3-6 no longer exisany replication, whereas there remains at
least one clone of every male. Among all replmadithere were a total of 58 surviving clones
out of 116 originally planted, for an overall swai rate of 50%. Roughly 44% of the female
clones survived (29 out of 66), while roughly 58%ile males survived (29 out of 50).
Coincidently, both females and males ended witeqral number of 29 surviving clones, since

they started with different population sizes. EaBll shows which female and male clones
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survived in which replications. Rep 1 had 6 fermaad 8 males remaining, rep 2 had 7 females
and 7 males remaining, rep 3 had 7 females andé&smamaining, and finally rep 4 had the
most survivors with 9 females and 8 males.

The mortality observed in elite clones between®&id 2012 is thought to be due to lack
of irrigation. The crossing blocks are located gltime fence at the edge of the Research Center.
An overhead irrigation system is set up to wateratljacent corn crop and only the last sprinkler
head on the line reaches the crossing block dltamally saltgrass would be tolerant of dry
conditions; however, the crossing block clones weneer able to fully establish and grow deep
roots to access alternate water sources. As nmaatiabove, many clones were small in size in
2012 even though they were planted two years eaidding to the lack of irrigation were
record-breaking heat waves. The summer of 2012pagdgularly hot with several days
reaching over 37 degrees Celsius. The soil irttbssing block replications was so dry it was
visibly cracking open. These conditions may haektb death of clones before they could
establish. Significantly more males survived tfamales, which could be the subject of further

study: whether males are better able to establishi&e under drought conditions.

Seed yield:

Sorting by mother shows that 9 different elite fégraccessions produced seed in 2013.
5 out of 14 females never produced seed head® i@yhle 3 crossing blocks (38%). Table 3.2
shows all seed yielding female clones. Differemhéles were assigned numbers to assist in
graphing and analysis since their names are so long

The primary research question is whether or notcdrlye females were able to produce

commercially acceptable levels of seed (equivalenbughly 448 to 673 kilograms per
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hectare)? Seed production in four different femateimbers 2,3,4 and 6, was within these
levels, producing around 450 to 500 kg/ha. Femahaber 5 yielded even more seed at roughly
740 kg/ha, while number 2 had the highest yieldiloge at nearly 1,045 kg/ha. Numbers 2 and
3 were the only two females that produced seedl fowr replications. In summation, as can be
seen in Figure 3.1, females numbered 2 throughréathed or surpassed commercially
acceptable levels of seed production, for a tdtal different females with adequate seed
production. Considering the fact that the crag&ilocks were only planted three years earlier
and they were under visible drought stress, 5 b@tfemales reaching commercial seed
production levels shows promise for commercial potidhn of a seeded saltgrass cultivar.

One-way ANOVA, comparing difference in mean seeddyby mother, gave a non-
significant p-value (p=0.4453), so we cannot codelthat means are different between females.
Moreover, the sample size is small and uneven l@tweplications. These complications, in
addition to the uneven environmental conditiond,ttethe decision to not perform any further
statistical analysis comparing mean seed yield bther.

Pollen is also an important component of seed priialu and should be considered in the
analysis. As mentioned in Chapter 1, any of tHeeperoducing males in the crossing blocks
can potentially be fathers due to the unknown distgollen will travel. Therefore, the exact
location of the males in relation to females isaotajor concern. There were 11 different
males (see list below) that flowered in 2013. c8ithere were 13 surviving males total, roughly
85% flowered in 2013. The 2 males that did notpoe pollen were A37-15x84-6 and A61-
4x84-21-1. Maintaining a breeding population ofeaist 25 individuals is recommended to

avoid the negative effects of inbreeding. The Hesand 9 females producing pollen and seed
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respectively, gives a total of 20 individuals, ifadl short of the recommended requirement.

Inbreeding effects should be considered in futuogeny analysis.

Males with pollen (in at least one replication):

84-2xA126 84-2xA50-7-1A, 84-8x84-6-2A, 84-19xA35-6-13, 84-19xA126-5-1, A37-
28xA34-18-4B, A37-28x?-7A, AS0-4R9-3A, A61-4R7-1B, A126-27xA50-7-11, A126-

27xA35-6-3B, A126-27x?-4

Flowering females and males were also sorted bicegjon to evaluate field variability
(see Table 3.3). With the females, replicatiorad hoticeably higher number of flowering
females than the others; 8 compared to 3 and 4foureps 1-3. Males overall performed better
in total number of pollinators, however, replicati® was noticeably low. Replications 1,2 and 4
each had 7 pollinating male clones, while replmat only had 4 pollinating males.

There is a possibility that replication 4 had mfanerable growing conditions for the
females. The highest seed-yielding female, howevas from replication 1 on the opposite end
of the crossing blocks. One commonality is thahlyeplications 1 and 4 were on the edges of
the crossing blocks and thus bordered by othertagga (mostly weeds). Soil samples were not
taken, so it is unknown exactly what variabilityisgégd throughout the plots and only conjectures
can be made. As discussed previously, based aalwsaluations, the variability in survival
and subsequent seed production is most likely digck of water and dry soil conditions during
establishment. It is possible that due to watesstnot all female clones were well enough
established to reach maturity for adequate seatuption. Therefore, conclusions about which

mothers did not reach commercial levels should bdenwith caution.
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Seed head weight by seed vyield:

On a different note, inland saltgrass producesl|sseal that is tedious to clean after
harvest. Thus, seed heads were weighed beforethegsding in order to answer the question of
whether seed head weight is a good predictor fiimasng seed yield. Results showed 90% of
the variability in seed yield is explained by theehr regression on seed-head weight, making
seed-head weight a good predictor of seed yietddiEted average yield increases by 0.28
grams for every 1-gram increase in average seatiweight, as shown in Figure 3.2. Due to
the high correlation, this relationship can be usegredict seed yield from seed head weight
without threshing the seed. Future studies mightiom this relationship however owing to the

relatively small sample size of seed yielding asmass (n=30).

Spread:

Spread was recorded to give an idea of the siteecfurviving crossing block clones.
The distribution of spread can be seen in FiguBe@rcent cover is on the x-axis. Out of the 58
total male and female clones recorded, the medtarept cover was 70%. Seventy percent
spread equates to coverage of a 0.15 square nneter @he largest quarter of the population
covered 100% of the frame or more, while the sretati@arter of the population covered 25% of

the frame or less.

Conclusion:
In conclusion, the variation observed in environtaboonditions throughout the crossing
block replications and the uneven numbers of surgiclones makes current visual analysis of

traits less reliable, which is the reason why noaigs were not characterized in this section.
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Thus, observations of the Cycle 3 elite lines talkkem the second-generation nursery are a more
reliable source for trait descriptions. The edigeond-generation population is being propagated
vegetatively in the greenhouse and is availabléuidher study and/or a variety release.

Females 84-2xA126-49-19 and 84-5x84-6-5 show thst m@mise for improving the seed yield
of inland saltgrass and should be utilized in fatarosses. Third generation seed saved from the

crossing blocks may be used for conducting potefutiare progeny evaluations.
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Distribution of Yield
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Figure 3.1: Seed yield (kg/ha) of flowering fales in Cycle8 crossing blocksNum on x-axis
corresponds to female names listed below and iesladl clones producing seed for that fen
(ranging from 14 clones/female’

A37-15xA50-20-7
A37-28xA34-18-3B

Name Num
84-19xA50-7-11 1
84-2xA126-49-19 2
84-2xA126-5-2 3
84-2xA35-6 4
84-5x84-6-5 5
84-5xA35-6-3A 6
84-8x84-6-1B 7
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Figure 3.2: Seed head weight by seed yield. Sead Wweight (x-axis) and seed yield (y-axis)
are both measured in grams. Dots in figure reptdeenale clones in Cycle 3 crossing blocks.
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Distribution of Spread
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Figure 3.3: Distribution of percent spread fCycle 3 crossing block clon€s=58. X-axis
represents % grass cover in a 45.7 x 45.7 cm sd@ene on September 12, 2(.
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Table 3.1: Survival of Cycle 3 crossing block clemgy sex

Crossing Block Survival: Females

Name Rep 1 Rep 2 Rep 3 Rep 4
84-2xA126-49-19 X X X X
84-2xA35-6 X X
84-2xA61-32-3 X X X
84-2xA126-5-2 X X X
84-5xA35-6-3A X X
84-5x84-6-5 X X
84-8x84-6-1B X X X
84-19xA50-7-11 X
A37-15xA50-20-1 X
A37-15xA50-20-7 X
A37-25xA126-5-5 X
A37-25xA126-5-2A X
A37-28xA34-18-3B X X
A50-4R8-2 X
Survivors: 6 7 7 9
Original clones: 16 17 17 16
% Survival: 375 41.2 41.2 56.3
Crossing Block Survival: Males
Name Rep 1 Rep 2 Rep 3 Rep 4
84-2xA50-7-1A X X X
84-8x84-6-2A X X X
84-19xA35-6-13 X
84-19xA126-5-1 X X X
A37-15x84-6 X
A37-28xA34-18-4B X X X
A37-28x?-7TA X
A50-4R9-3A X X X
A61-4x84-21-1 X X
A61-4R7-1B X
A126-27xA50-7-11 X X X
Al126-27xA35-6-3B X X
Al26-27x?-4 X X X
Survivors: 8 7 6 8
Original clones: 13 12 12 13
% Survival: 61.5 58.3 50.0 61.5
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Table 3.2: Seed yielding females in Cycle 3 cragsilocks

Name Num Rep Seed Yield
(kg/ha)
84-19xA50-7-11 1 4 172.2
84-2xA126-49-19 2 1 1044.1
84-2xA126-49-19 2 2 150.7
84-2xA126-49-19 2 3 258.3
84-2xA126-49-19 2 4 495.1
84-2xA126-5-2 3 2 157.9
84-2xA126-5-2 3 1 409
84-2xA126-5-2 3 3 379.9
84-2xA126-5-2 3 4 452.1
84-2xA35-6 4 4 484.4
84-5x84-6-5 5 2 742.7
84-5x84-6-5 5 4 419.8
84-5xA35-6-3A 6 3 484.4
84-5xA35-6-3A 6 4 215.3
84-8x84-6-1B 7 1 75.3
84-8x84-6-1B 7 2 43.1
84-8x84-6-1B 7 3 114.8
A37-15xA50-20-7 8 4 64.6
A37-28xA34-18-3B 9 4 340.9

Table 3.3: Number of flowering females and malesdpfication in Cycle 3 crossing blocks

Repl Rep2 Rep3 Rep4d

Females 3 4 4 8
Males 7 7 4 7
Total 10 11 8 15
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