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Abstract

Increased ambient temperature and soil salinity seriously affect the productwitgat{ Triticum
aestivumL.) whichis an important cereal second to rice as the main human food crop. However,
wheat plant is most susceptible to high temperatures and salinity at booting and flowering stages.
Several studiebave documentetthe effects of individual stresdike salinity and high temperature
streson wheat, nonetheless little is known abeffects of combined salinity and high temperature
at critical growth stage3.hereforethe objectives of this research weret¢ screen winter wheat
germplasnfor salinity tolerancet the germination stages and to determine seedling growth traits
associated with salinity tolerand@) to evaluate the independent and combined effects of high
temperature and salinistresson winter wheat genotypes at the booting stages thrgrmhith,
physiological, biochemical, and yield traiend (ii) to evaluate the independent and combined
effects of high temperature and salinstyesson winter wheat genotypes at the flowering stages
through growth, physiological, biochemical, and yitlgits. In the first experiment292 winter
wheatgenotypes (winter wheaermplasmwasscreened for salinity stress at germination stage
under controlled environmeniThe seeds were subjected to three lewesmlinity, 0, 60, and 120

mM NaClto quanify the effectof salinity on seed germinati@mnd seedling growthn the second
experiment, controlled environment syudvas conducted toquantity the independent and
combined hightemperature and salinity stresffectson growth, physiological,biochemical, and
yield traits of twelve winter wheat genotypdisring booting stagdPlants were grown at 20/18 °
(daytime maximum/nighttime minimungmperature witli6 h photoperiod. At booting stages,
theplantswereexposed t@ptimum @0/15 °Q or high temperatur€35/20 °Q and without (0 mM
NaCl) and with(60, andl20mM) NacCl. In the third experimenplants were exposed tptimum

or high temperaturand with and withoulNacCl levet at flowering stages he temperature regime



and salinity levels were same as experiment Il. The duration of stress was 10 d and after the stress
period the plants were brought to optimum temperature and irrigated with normal water (0 mM
NaCl). The results indicated thatf 420 mM NacCl, the final germination percentageas
decreased arttiemean daily germinatiowasdelayedlrrespective of the genotypealmity stress
significantly decreasedhe shoot and root length; seedling anatterproduction, andseedling

vigor. Basedntheseedling vigoindex,the genotyp&AGE, OK04507, MTS0531, TASCOSA,
ENDURANCE and GUYMON, werdound to bemost tolerant and CO04W320, 2108,
CARSON,OK1070275, TX02A0252 and TX04M410211 were the most susceptible to salinity at
germination stagegCombined stressex high temperature and salinity decreased photosiiothe
rateand grain yield. Based on grain yie|dhe genotyp@ ASCOSAwasfound to bemost tolerant

(64 %decreaseto combined stresseand AVALANCHE wasthe mostsusceptibléo combined
stresseq75 % decreasgat booting stages. Similarly, at flowering stage, TX04M410211 had
greater tolerance toombined stress€$5 % decline) as compared to GAGE (83 % decline). In
both expemnents tolerance was associated witligher spikelet number andeed set.In
conclusionthere is genetic variability among winter wheat genotypes that can be used in breeding
programs to improve winter wheat yield undmrmbined high temperature and salingtyess

conditiors.
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Abstract

Increased ambient temperature and soil salinity seriously affect the productwitgat{ Triticum
aestivumL.) whichis an important cereal second to rice as the main human food crop. However,
wheat plant is most susceptible to high temperatures aindysat booting and flowering stages.
Several studies have documenteddfiects of individual stresdike salinity and high temperature
streson wheat, nonetheless little is known abeffects of combined salinity and high temperature

at critical growth stagesThereforethe objectives of this research wenet¢ screen winter wheat
germplasnfor salinity tolerance at the germination stages and to determine seedling growth traits
associated with salinity tolerand@) to evaluate the independentdatombined effects of high
temperature and salinity on winter wheat genotypes at the booting stages through growth,
physiological, biochemical, and yield traiend (ii) to evaluate the independent and combined
effects of high temperature and salinitywinter wheat genotypes at the flowering stages through
growth, physiological, biochemical, and yield traits the first experiment292 winter wheat
genotypes (winter wheat germplaswasscreened for salinity stress at germination stage under
controlled environmest The seeds were subjected to three leg€kalinity, 0, 60, and 120 mM
NaClto quantify the effeaof salinity on seed germinaticand seedling growthn the second
experment, controlled environment styudvas conducted toquantity the independent and
combined high temperature and salinity stefésctson growth, physiological, biochemical, and
yield traits of twelve winter wheat genotypdisring booting stagdPlants weg grown at 20/15 °C
(daytime maximum/nighttime minimum) temperature with h photoperiod. At booting stages,
theplantswereexposed t@ptimum @0/15 °Q or high temperaturé35/20 °Q and without (0 mM

NaCl) and with(60, and 120nM) NacCl. In the thirdexperimentplants were exposed tptimum

or high temperaturand with and withoulNacCl levet at flowering stages he temperature regime



and salinity levels were same as experiment Il. The duration of stress was 10 d and after the stress
period the plats were brought to optimum temperature and irrigated with normal water (0 mM
NaCl). The results indicated that, at 120 mNiACI, the final germination percentageas
decreased artthiemean daily germinatiowasdelayedlrrespective of the genotypealmity stress
significantly decreasedhe shoot and root length; seedling anatter production, andeedling

vigor. Based othe seedling vigor indexhe genotyp&AGE, OK04507, MTS0531, TASCOSA,
ENDURANCE and GUYMON, werdound to bemost tolerant andCO04W320, 217405,
CARSON,OK1070275, TX02A0252 and TX04M410211 were the most susceptible to salinity at
germination stagegCombined stresses high temperature and salinity decreased photosynthetic
rate and grain yield8ased on grain yie|dhe genotyp TASCOSAwasfound to bemost tolerant

(64 %decreaseto combined stresseand AVALANCHE wasthe mostsusceptible taombined
stresseq75 % decreasgat booting stages. Similarly, at flowering stage, TX04M410211 had
greater tolerance toombined stregs (65 % decline) as compared to GAGE (83 % decline). In
both expemnents, tolerance was associated wittigher spikelet number and seed set. In
conclusionthere is genetic variability among winter wheat genotypes that can be used in breeding
programs toimprove winter wheat yield underombined high temperature and salingtyess

conditiors.
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Chapter1-L i t e r Retvu reew
Importance of the Wheat Crop

Wheat {riticum aestivumL.) is the world's most widely grown cereal crop and is a food staple
(Carte, 2002)Wheat is a widely adapted crop and is grown from mettedy irrigated to dry and

high rainfall areas and from temperate, humid to dry and cold regions (Dubcovsky et al., 2007).
The origin of wheat is thought to date back more than 10,000 years ago and has since spread
worldwide to become a major crop (Dubsky, 2007). There are different species of wheat
however, the most extensively cultivated one is common wheatitioum aestivum(Cooper,

2015) Global wheat production in 2015 was forecasted to be at about 735 million tones worldwide,
and the world trde for wheat in 20186 was forecasted to bel50 million tones (FAO, 2015).
Approximately 99% of the wheat crop is common wheat, which is used for making bread, cookies,
and pastries, and% is durum wheat, used for making pasta and other semolina pp¢@leson,

1994; Dubcovsky et al., 2007). Global production in 2QT6is projected to increase due to
increased acreage and production from several countries including Argentina, Australia, Canada,

Russia, Serbia, Ukraine, and the United Stgféa©, 2015.

With more than 700 million tons produced annually worldwide, wheat provides about 21
% of the calories consumed by humans (Nechaev and Gaponenko, 2013.). Like all grains, wheat
has two critical components, which are carbohydrates and prdtensyoimportant sources of
energy for the human bodwheat has the highest protein content of all the cereal gha@ance
et al., 1945Cooper, 201p Wheat starch itself is considered to be an important commereial by
product of wheat, and second in econor@lue to wheat gluteiCpoper, 201h Moreover wheat
foods are a good source of vitamins such as thiamine (vitamin B1) and other B vitamins as well as

vitamin A. Wheat also contains large amounts of fibers, minerals, fats, and other bioactive



compoundghat have been used as drugs for millennia. Wheat is mainly grown for use in human
food production; however, it is used as an animal feed including an additive to pet foods (Spragg,
2008). Wheat bran is rich in total antioxidant compounds, which play solEgin the health
benefits because of their antioxidant activity (Gao, 2002). Industrial uses of wheat grain include
starch for paste, alcohol, oil, and gluten. The stnasused formaking newsprint, paperboard,

and other products (Spragg008. Wheatis also used for ethanol and Higel production

(Hazzledine et al., 2011).

The world population has grown tremendously over the past two thousand years. In 1999,
the world population passed six billion (Kirkham, 2005). The latest official current world
population estimate, for migear 2016, is estimated to be about seven billion (7,432,663,275)
(http://www.worldometers.info/worlgp o pu |l at i on) . Over t he next f
population is forecasted to increase by an additioab®ion people and it will exceed 9 billion
people by 2050 (Cohen, 2003). Recent FAO estimates specify that, to meet the expected demand,
global agricultural production has twe increase by 60 % from its currentlevel (Barnes and
Shields, 1998 FAO, 2013). With wheta maize, and rice leading the way, the Green Revolution
reduced poverty and increased grain availability for consumption. Most of the calories that made
that increase possible have come from these ttnges. The oldest, most widespread and, until

recenty, the biggest of the three crops, is wheat (Hafner, 2003).

Global wheat production is projected to be the sagfer 2015 about 735 million tons in
201617 (FAO, 2013FAS, 2016. Currently, about 65 % of the wheat crop is used for food, 17 %
for animalfeed, and 12 % in industrial applications, including biofuels (Oleson, 1994; FAO, 2013).
To meet demand, the wor | déosnoré grainnme028. Most ofthe h a v e

increase in world wheat production has to result from greater yielieptare (Curtis, 2002). Both



genetically improved cultivars for yield and better cultural methods have contributed to the yield
increasesin the past(Oleson, 199% Yield stability has increased substantially across
environments largely due to the adoption of management responsive, high yielding, disease
resistant semilwarf wheat cultivars throughout much of the world, particularly in developing
countries. Improved ggonomic practices playn equally important role in enhancing the

dependability and sustainability of yields (Curtis, 2002)

The important wheat producing countries of the world are the United States, China, and
Russia; however, significant productios@lcomes from India, Europe, Canada, Argentina, and
Australia.China has the largest land area devoted to wheat production, and then comes the United
States, India, anRussia Curtis, 2002. In developing countries, increments in wheat productivity
gain B slowing, because varietal replacement has slowed compared to initial adoption. In addition,

environmental factors limit wheat production in developing countHessgy, 2002

Botany of the Wheat Plant

Wheat {riticum sp) is a cereal and a member thie family Poaceae (formerly called the
Gramineae family). This family also includes important cereals such as rice, rye, corn, sorghum,
and barley Peterson1965). Wheat is an herbaceous annual plant. The cultivated plant is green
when young, turning tgoldenyellow as it matures. The plant has two forms of roots, the seminal
roots and the nodal roots (adventitious roots), which arise from the lower nodes of the shoot (Kirby,
2002). Wheat has a single main stem (culm) in addition-@otiRers per plant The stems are
vertical and have a structure of cane, which means that they are hollow inside except at the nodes;

however, some species have varieties with solid s{@merson,1965. The leaves grow from



each node and include a leaf sheath that waiegsnd the stem and a leaf blade. Wheat has small
auriclesand thesevraps around the stem at the point where the leaf sheath meets the leaf blade
(Petersonl19659. Flowers are grouped in spikes (also called the ear or the head). A spike forms at
the top d the plant, and it usually has-3® grains (Kirby, 2002). Each spike consists of a main
axis from which some filaments arise terminated by the glumes that enclose the flowers until they
begin to mature (Shitsukawa et al., 2009). Wheat flowers do netdedsls or sepals. Each female
flower consists of an ovary from which two styles emerge, and it has two feathery, sticky stigmas.
Male flowers have three stamens that can be gold, green, or violet (Pet®&&9nyWheat spikes

are from two to eight inclee(5 to 20 cm) long and bear from 20 to 50 kernels. Each kernel is
protected by a pair of scal&e leaves, called glumes (Shitsukawa et al., 2009). A wheat grain
typically weighs 3666 mg Gooding et al., 1997 depending on the variety and growing
conditons. The kernel is made up of several layers of bran, forming a tough outer coat, the aleurone
layer, rich in proteins and minerals; it also includes the endosperm that is mostly starch, but also

contains proteins, and the embryo (Peterd@65.

Typesand Classes of Wheat

From the primitive variety of wheaf fiticum vulgari§ have developed different species, classes,
and varieties that may be classified into many types of wheats. Now they are classified into groups

depending on their genetics, growingbit, and grain quality.
From a genetic view, there are three varieties of wheat:

1- Diploid varieties: They have twasetsof chromosomes in each cell. These varieties include

species such as einkofiacdonald, 1994).



2- Tetraploid varieties: They have fousetsof chromosomes in each cell. These varieties include

species likeTriticum turgidumthat belong in the durum grogplacdonald, 1994).

3 - Hexaploid varieties They have sisetsof chromosomes in each cell. In this group there are

speies likeTriticum aestivunor Triticum speltalMacdonald, 1994).
Depending on grain quality, wheat is classified into two groups:

1- Soft wheat It is a group which includes somdeatvarietiesin whichthe protein matrix does

not adhere to the starclagules tightly.These varietieare destined essentially to make cakes
and biscuits. The most abundant species within this group is the common Wheaim
aestivum. Soft wheat is grown mainly in warm and temperate regions. The grains, when broken
open show a difference in texture between the edge, which is harder, and the center, which is
starchier. Their content in starch, fat, iron, phosphorus, and vitamin B is higher than in durum

wheat (Oleson, 1994).

2- Hard wheat: It is a group which includesome wheatvarietiesin which the protein matrix
adheres tightly to the starch granudesl milling causes breakage of the starch grantilissgrown

in drier areas. It has hard grains and the appearance of the interior of the grain, when it is broken,
is crystalline and uniform. It features a greater proportion of protein (gluten), water, and calcium
than soft wheat. Varieties of hard wheat are most widely used for the production of bread (Oleson,

1994).

Based on growing habit or growing conditions whesat be classified into two groups:

1- Winter wheat: They are wheats that are planted in the fall and harvested at the beginning of

summer(Macdonald, 1994).



2- Spring wheat: They are planted in the spring and harvested in late summer. They are planted

in cooler places (Macdonald, 1994).

3- Facultative wheat which can be grown as either winter or spring planted. They typically lack
strong winter hardiness and are grown in regions where there are less harsh winters (Braun and

Séulescu, 2002).
Based on grai color wheat can also be classified into two groups:
1 - Red wheat:They show a red coloration, due to their tannin content.

2 - White wheat: They areamber because thalleles for grain color do not expressed ribadish

tanninpigments (Oleson, 1994).

Growth and Developmental Stages of Wheat Plant

Wheat plant development is classified into three broad phases: the seed germination and seedling
establishment phase; the vegetative phase; and the reproductive and maturitylpbseia eal.,
2012).There are at least five scales commonly used worldwide to describe the developmental
stages of the wheat plant. The most commonly used scales are the Zadoks, Haun, and Feekes. The
Feekes scale is the most popular scale used in the U.S.; hpthevEadoks and Haun scales are

more descriptive (Miller, 199).



Zadoks Growth and Developmental Stages &le:

Zadoks growth scale is a9® scale follows plant development, which based on ten principal cereal
growth stages (first digit). Each primargogvth stage is divided into 10 secondary stages (second
digit), extending the scale from 00 to 99.

1. Germination stage (GS 00 09): Adequate temperature and moisture are needed for
wheat seeds to germinadinimum moisture for germination in wheat is 354%6% of kernel dry

weight Evans et al., 1975). At germination the seminal root extends first, followed by the
coleoptiles. Adventitious roots are produced in association with the coleoptile node. When the
coleoptiles emerge from the soil, their growtbpst so the first real leaf pushes through its tip
(Kirby, 2002. Under favorable conditions, seedling emergence occurs within seven days. Until
the first leaf becomes functional, the seedling depends on energy and nutrients stored in the seed
(Evans etl., 1975).

2. Seedling stage (GS10 19). After germination the vegetative shoot apex initiates
additional leaf primordia. The seedling stage begins with the appearance of the fastlleatls

with the emergence of the first tiller (Kirby, 2002). Up toseminal roots and three leaves support

the plant at this stage. The crown of the plant usually becomes noticeably distinct after the third
leaf has emergeirby, 2002).

3. Tillering stage (GS20i 29): It begins with the emergence of lateral shoots frbenaxils

of the true leaves at the base of the main stem of the plant. The tillers are formed from the auxiliary
buds located at each crown node. Crown formation is soon followed by the appearance of tillers
and development of a secondary or crown rodiesysThe crown root system provides the plant
with nutrients and waterefans, 197h At the base of each tiller is a sheath (small leaf like

structure) called the prophyll, from which the tiller leaves emerge. Tillers depend on the main stem



for nutritionduring their development. Once a tiller has developed three or more leaves, it becomes
nutritionally independent of the main stem and forms its own root sy&eam¢, 197h

4. Stem elongation stage (GS3D 39): At stem elongation, the stem nodes and irddes

appear above the soil surface and become visible. During the tillering stage, the nodes from which
leaves expand are telescoped at the crgwither, 1992). The beginning mark of stem elongation

is called jointing. As jointing starts, the internal eoggion extends, moving the nodes and the
growing point upward from the crown to create a long rigid stem that carries the head . This
synchronizes the start of the stem elongation stages of the main stem and tillers. The spike at this
stage is fully diférentiated, containing all potential spikelet and florets or seed forming branches
(Miller, 1992).

5. Booting stage (GS40 49): Throughout the booting stage, the head of the wheat develops
and becomes visible below the sheath on the stalk. At this stafjeltreg | eaf 6s | i gul €
and the leaf has totally emerged from the spiral. The leaf sheath extends and the head begins to
enlarge Miller, 1992). Also in this stage the head develops and becomes visible in the leaf sheath
directly below the flag |da Booting stage ends when the tips of the head, called awns, begin to
emergegMiller, 1992).

6. Heading stage (GS50 59): As the stem continues to elongate, the head is pushed out of
the flag leaf sheath, which is the beginning of the heading stage. atimdpestage begins when

the tip of the spike or the head can be seen rising from the flag leaf sheath, and emergence goes on
until the head completeppeargMiller, 1992).

7. Anthesis stage (GS60 69): Just after the wheat head has completely emerged, the
anthesis stage (flowering) occurs. Commonly, flowering in wheat begins within three or four days

after head emergenc®iiller, 1992, Peterson, 1965). Once flowering begins, pollination will be



complete in about four or five dayd/heat is seHpollinating Most florets are pollinated before
anthers are extrudéiller, 1992). Pollination begins in the head, starting first with the florets in

the central spikelet. Within the next few days flowering progresses both up and down the spike
(Miller, 1992).

8. Grain milk stage (GS70i 79): After anthesis, grain filling stages starts, this stage is
known as the period during which the kernel matures. Pollination occurs within a few hours, and
then the embryo and endosperm begin to form and photosynthetic produciéssperted to the
maturing grain from the leaf. Also, starches, proteins, and all other compounds earlier produced
and stored in leaves, stems, and roots are relocated to the maturing grain (PE2é8oim this

stage the kernel quickly increasessimne; however, it does not gather much dry mattéhdr,

1992. During the milk stage, white mHkke liquid can be squeezed from the kernel. By the end

of the milk stage, the embryo is fully formed (Peters®§5.

9. Grain dough stage (GS80 89): In this stage the kernel rapidly gathers starch and other
compounds, and, by the end of this stage, the green color begins to fade. Most of the kernel dry
weight has accumulated by this stage. In addition, the kernel becomes solid and hard. This is
becausete ker nel 6s moi sture content decreases. At
its highest dry weight (Petersalf65.

10. Ripening stage (GS90 99): When wheat begins to ripen, the kernel's moisture decreases
rapidly. The kernel becomes very haehd the plant turns to a straw color. Harvest can begin
when the grain has reached a suitable moisture level (Peté@&f, Grain is best harvested at

14 % moisture contentMiller, 1992).



Importance of Environmental Factors onWheat Productivity: Temperature

and Salinity

Crops are influenced by many climatic and environmental factors, which can be abiotic and biotic
factors. They respond directly to changes in temperature, carbon dioxidg (@er, light
intensity, the condition of the soil, and sn.Climatic change due to greenhouse gas emissions is
predicted to increase the mean global temperature by 1.0 t€2n7the next 100 years. Some

parts of the world are likely to experience higher temperature increases than the global average
(IPCC,2013). The rate of change of global average temperature projected forstberdry is in

the range of 0.1®.6 C per decade, which is much larger than any rates of change the climate has
experienced for at least the past ten thousand {idargghton,2005. Climate change is expected

to result in longterm shortages of water and other resources, poor soil conditions, drought and
desertification, disease and pest outbreaks on crops, ailevetaise (Kurukulasuriya, 2003).
Recent growth in agricultur@roduction has been uneven. In many regions, climate change has
brought irregular weather patterns such as rising temperatures, violent storms, higher atmospheric
CO; concentrations, increasing water and or soil salinity, and flash flooding. These £lsange
either increase or decrease plant production (Ludwig and Asseng, RO@Br and Semenov,

2005.

Abiotic stresses generally have negative impacts on plant growth and development, and
thus decrease plant yield. In the field, crops are normally exposed to a combination of one or two
or multiple abiotic stresses. Critical abiotic stresses that cropsoammonly exposed to include
drought,high temperaturesalinity, and lack of nutrienthe most widespread stresses have in
common their effect on plant water status. Water availability is a critical factor in determining the

impact of climate change inany places Kurukulasuriya, 2008 Plant species differ in their
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sensitivity and response to the decrease in water potential caused by drought, high and low
temperature, and high salinity. Water stress may affect plants by limiting their growth and
productvity (Bohnert, 1995) The three variables that have a large impact on plants, in general,
are rainfall change, temperature change, and increase of atmospheraoi@®@ntration. The
information regarding thecombined effects of changes in precipitatidemperature, and
atmospheric C@concentration on wheat yiee limited Studies have shown thétoughtis the

most inpuential aspect in low rainfall areas

Climate change factors could strongly affect the wheat cromteatunts for 2% of food
and 200 million hectares of farmland worldwide (Ortiz, 2008). ClinthEnge induced
temperature increases are likely to reduce wheat production in developing countri¢8®%620
(Andersen et al1999 Asseng et al., 20}5Sone studies found that global warming, as a result
of climate change, may negatively affect wheat grain yields potentially increasing food insecurity
and poverty; even though the magnitude and direction of climate impacts on crop yields will vary
locally (Tubiello, 2000Q. High temperature hasegativeimpact on change in average grain yield
(Nicolas et al. 1984; Wheeler et al1996; Modhej et al.2008;Narayanan et al., 2015) recent
study showed thaglobal wheat production is estimated to fall byo6for each degree centigrade
of further increase and become more variable in space andriother wordsprojecedchanges

in futuretemperature and precipitatiovill negatively influence wheatields (Tubiello, 2000).

To cope with environmental stresses, plants can develop adaptation strategies. There are
two distinct strategies used by plants to deal with different abiotic stresses. The first strategy is
stress avoidance, which allows the plant to avoid the exposplenbiystems to the stress factors

by excluding those factors or their effects from plant systems. The second strategy is stress
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tolerance, which is the ability of the plant to sustain plant function with the presence of stressed
conditions (Touchette ai., 2007).

Dehydration avoidance is defined as the pl &
potential under conditions of water stress. Plants have a number of defense mechanisms against
water stress. The first plant response to watersstse® avoid low water content and low water
potential and keep a balance between water uptake and water loss via transpiration. The way that
plants achieve this is by increasing water uptake and reducing water loss via evapotranspiration.
This requires tomatal closure, a thick cuticle, and an increase in the root system to reach and
absorb more water. When transpiration is reduced, the water potential of the plant will be
maintained as long as water in the soil is available for plant uptake. Underilovet®y content,
water potential of the soil will decrease and so does plant water potential. However, the plant has
mechanisms to avoid the lowering of water potential by accumulation of solutes and cell wall
hardening. Increasing the concentration déites leads to a decrease in water potential in plant
cells as compared to the surrounding medium, and this results in water moving from the soil or
surrounding medium (high water potential) into plant cells (low water potential). Also, leaf
movements, ldashedding, and leaf orientation are common responses to water stress in plants
(Morgan, 1984; Touchette et al., 2007). By leaf movements, plants can decrease the amount of sun
radiation that their leaves capture. Leaf movements give plants the abdiégtease the surface
area by folding and /or rolling the leaf. The benefit of leaf rolling is to reduce the damage caused
by increased leaf temperature, which results from solar radiation incident on leaf surfaces. With
leaf rolling, less radiation is inteepted by leaf tissue. Another way that plants may benefit from
leaf rolling is the reduction in transpiration rates. As the leaf is rolled up, it has a reduction in the

surface area that transpires and, therefore, water loss by transpiration is redaddiion, some
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plant species respond to water stress by changing leaf anatomy and structure, and tfais@ adap
include reduction in leaf area, decrease in the number of stomata; thickening of leaf cell walls,
waxing of leaf surfaces, and increasingtrsystems. Another mechanism that plants use to avoid
dehydration is the production of abscisic acid. Dehydration stress causes loss of water from leaves,
and this causes a loss of turgor in guard cells which induces the production of abscisic acid.
Absasic acid also accelerates the loss of stomatal turgor and leads to stomatal closure to reduce
water lossThe increased stomatal resistance under stressed conditions helps a plant keep water.
Dehydration tolerance strategies, such as osmotic adjustneeoebhwall elasticity, are important
mechanisms that some plants use to tolerate stressed condition (Touchette et al., 2007).
Dehydration tolerance usually involves the development of low osmotic potentials. Many
plants have the ability twithstand daydration stress by physical changes within the plant body
and commonly by creating signals for changing metabolism. Major tolerance mechanisms that
plant employ involve changes in membrane lipid composition, ion transporters, proteins, and
antioxidants (8vastava € al., 2012). In addition, accumulation of solutes such as proline,
glutathione, glycine betaine, mannitol, fructose, sucrose, raffinose, and polyamines in plants cells
results in tolerance to stresses (Krasensky and Ja2@k?). Maintenance ofurgor by
osmoregulation is an important tolerance response to dehydration stress (Morgan, 1984). This
increase of solutes in plant cells leads to a decrease in the osmotic potential and leads to higher
water absorption by plant roots. Studies on sometglancluding strawberry and black spruce,
reported that plants showed a tolerance mechanism to water stress based on high elasticgy of plant
tissues (Blake et al., 1991; Sest al, 1993), and they suggested that tissue elasticity was more

important or turgor regulation than osmotic adjustment (Blake et al., 1991). Also, abscisic acid
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induces the expression of some drought tolerance related genes such as late embryogenesis
abundant(EA).

In general, to cope with abiotic stresses, plant respamslesle changes in morphological,
physiological, biochemical, and molecul ar pr o
limit damage and facilitate recovery (Potters et2007). At the morphological and anatomical
level, a plant response ciundes three components: inhibition of cell elongation, localized
stimulation of cell division, and alterations in cell differentiation status. Also changes in
anatomical characteristics of plant organs such as roots, xylem, and leaves contributetioradapta
of the plant to critical environmental conditions. At the physiological level, phytohormones play
significant roles in abiotic stress tolerance. At the biochemical levelsynthesis and
accumulation obsmoprotectantantioxidant enzyme activati@md synthesis of antioxidanand
synthesis of polyamines are the mechanisms of stress toleRaiten@sabapayh 2000)and at
the molecular level, many genes are induced by abiotic stress. Products of those genes may
function in stress response attderance at the cellular level. Natural stress tolerance is a very
complex process involving several metabolites and metabolic pathways (Krasensky and Jonak,

2012).
High Temperature Stress

Temperature is an important factor controlling plant growth amdldpment. Temperatures above
the optimum are identified ds8gh temperaturehga) stress by all living organisms. Most plants
functionhasrelatively narrow range of temperaturesndow. The extremes of this range may be
considered Kkilling frosts at abbQ °C and death by heat and dehydration at about 40 °C. In fact,

each plant species grows and develops most rapidly at a favorable range of temperatures. This is
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called the optimum growth temperature range. For most crops the optimum functional efficiency

occurs mostly between 12 and 25 Yefit, 1953; Abrami, 1972)

As a cool season crop, wheat grows best when temperatures are in a range of 21 to 25 °C;
however, it requires different temperatures at different stages of plant growth and development.
In wheat, the optimum temperature for wheat germination is between 12 and 25 °C, but
germination will occur between 4 °C and 37 °C. At a temperature below or above the optimum
temperature, germination of the seed decredmsden et al., 2008 A temperaturdetween 20
25 °C is the ideal for vegetative and reproductive growth. The optimum temperature for wheat
anthesis and grain filling stages ranges from 12 to 2Fagpq et al., 20)1During reproductive
development, temperature extremes beyond the aptimrange affect development,
photosynthesis, and the reproductive parts. High temperature during the reproductive and grain
filling stageis one of the main causes of yield loss in wh&ardgoq et al., 20)1 Temperatures
above 30 °C during floret formatn cause complete sterilit&ini and Aspinall, 1982 Table 1

shows the critical temperature for each process and stage of wheat growth and development.

As a result of climate change, global temperature has increased and is predicted to increase
in thenear future in most of parts of the world. (IPQ013). Scientists expect that an increase in
average temperatures worldwide will lead to more frequent and extreme heat events. The change
will vary with regions. The projection is that changes will be égihn the high latitudes of the
northern hemisphere and that they will be significantly higher over land than over oceans.
Increasing global temperatures will impact negatively the whole ecosykligin.temperature
stress affects almost 7 million ha of @&t in developing countries, and terminal heat stress is a

problem in 40% of temperate environments, which cover 36 millior{fRaynolds et al., 2001).
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Effects onPhysiological andBiochemical Processes

Temperature plays an important role on plant groatid physiology. Plant growth and
development include several biochemical reactions that are sensitive to temperature. Also, many
physiological processes are regulated by temperature such as evapotranspiration and water stress
(Ritchie, 1972), cold hardemy (Hurry et al., 1995), vernalization (Brooking, 1996), leaf formation

and leaf senescence (Miglietta, 1989), and photosynthesis and respiration (Evans and Rawson,
1969 AzconBieto and Osmond, 1983). High temperature stress affects the stability of many
proteins, membranes, and RNA species and alters the efficiency of enzymatic reactions in the cell,
which affect all major physiological processes, and these changes create metabolic imbalance
(Hasanuzzaman et al., 2018)creased temperature may affectt@vaavailability to the plant so

that crop water requirements will increase with increased temperature (Shmrzgs et al.,
2003).This will affect physiological processes of plants. Some researchers tried to find out which
developmental stage is the roaffected by high temperature stress. They showed that
photosynthetic capacity decreases rapidly when temperate species are exposed to high temperature
stress during reproductive development, and they concluded that high temperature initially
acceleratedhylakoid membranebreakdown, an effect similar to normal senescence patterns
(Harding et al., 1990Djanaguiramaret al.,2011; Pradhan et al., 2012a). The effect of high
temperature on higher plants is primarily on photosynthetic functions, and thyfakaibirane is

highly susceptible to high temperature. A study by Weis and Berry (1988) indicated that CO
assimilation may be limited, in part, at high temperature by an imbalance in the regulation of
carbon metabolism, which is reflected in a down reguatdf ribulosel, 5-bisphosphate
carboxylase/ oxygenase. Also high temperature decreases leaf chlorophyll content and accelerates

senescence (Zhao et al., 2007; Pradhan et al., 2012a). A decrease of chlorophyll content is
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generally attributed to membranardage and leaf senescence (Simon, 1High temperature

stress decreased the photosynthetic rate because of ultrastructural damage to chloroplasts, mainly
breakdown of chloroplasts and the plasma membrane coupled with dilation of the thylakoid
membraneResearch on the impact of high temperature at the post antkesid showed that a

high temperature in the post antheperiod inhibits biomass production by promoting leaf
senescence and reducing radiation use efficiency, and the failureastihehte to supply grains

plays a dominant role in loweringrain yield in spring wheat subjected to a high temperature
(Acevedo et al., 2002; Kobata et al., 2012). In addittme of the major consequences of high
temperature stress is the excess generaticaotive oxygen species (ROS) such as accumulation

of singlet oxygen, the superoxide radical, hydrogen peroxide, and the hydroxyl radical, which leads

to plant oxidative stress (Hasanuzzaman, 208E2ayanan et al., 2015
Effects onGrowth and Yield

High temperature stress is one of the major abiotic stresses limiting the growth and development

of coolseason plants. High temperature stress is defined as the rise in temperature beyond a
threshold | evel for a peri odmagdto plantmgowtisamd y ci et
development (Wahid et al.,, 2007). In general, crops usually grow more quickly in higher
temperatures, which will create a shorter growing season and less time to produce grains. Because
high nighttime temperatures increase the irasipn rate,it reducel growth and yields of crops
(Narayanan et al., 2015). Many studies found that high temperatures severely limit plant growth

and yields Prasad and Staggenborg, 2008; Prasad et al., 2008; Pradhan et bj.H20fld and
Prueger2014 Narayanan et al., 2015). Also a study of maize showed that a decreasing diurnal
temperature amplitude increased leaf night respiration rate, which resulted in decreased

carbohydrate content and a decrease in overall biomass accum(Batnm) et al. 2016).
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The effects of increased temperature on plant growth depend on the location, so that an
increasing temperature for crops that grow in cold regions may result in increased yields, which is
not the case with crops that grow in warmer regions. iesns increasing temperature will lead
to decreased yields in those places, whereas change in cropping systems or a change in planting
dates and selection of tolerant varieties may be needed to avoid high temperature events. Some
studies also have repodtéhat high temperature is a major determinant of wheat development and
growth. For instance, one study by Gibson et al. (1999) found that yields decreased B33 to 5
per 1 °C increase above 15 °C in plants under controlled conditions. Under high taneserat
wheat plants tend to alter the phenological duration of different stages and the whole life period is
reduced. This leads to reduced germination period, days to booting, days to anthesis and maturity
and shorter grain filling periods, which negatweilffect yield components (Nahar et al., 2010).

High temperature affects plant growth and development at all growth stages. The germination
stage is very sensitive to high temperature. It may result in reduced germination percentage, low
germination ratereduced plant emergence, abnormal seedlings, decreased seedling vigor, reduced
root and shoot growth of germinated seedlings, and reduced dry matter production (Wahid et al.,
2007;Kumaret al., 2011; lloh et al., 2014 Also, high temperaturestressduring germination to
emergence results in seedling mortality and a poor crop stand (Acevedo et al., 2002). However;
high temperatures occur frequently during reproductive growth of temperate species and strongly
influence many plant processes during tleproductive stages. Aecent study found that
pollination is one of the most sensitive stages to high temperature across all species and during
this developmental stage high temperature will significantly afegtilization. The same study
concluded thathe major impact of high temperatures is during the reproductive stages of

development, and, in all cases, grain yield is significantly reduced by temperatures that do not fall
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within the optimum range 8@0 % of the time (Hatfield and Prueger, 2014). Matudies also

found thatyield and yield components are highly affected by high temperatures (Ferris et al., 1998;
Lobell et al., 2005; Rahman et al., 208@maret al., 2011; Kobata et al., 2012). The grain filling

stage is very sensitive to high temgteire, and, when it occurs at this stage, yield reduction is great
(Rahman et al., 2009; Kobata et al., 2012)egard to the most sensitive development stages of
wheat, Prasad and Staggenborg (2008) reported that the most sensitive stages of dewelopment
high temperature stress are generally during panicle development and during flowering. Another
study suggested that, since high temperature periods appear to be more severe around anthesis,
they may affect pollination processes (Prasad et al., 20til9eedsetsetarefound to be thenost

sensitivestagegPrasad et al., 2008; Narayanan et al., 2015).

Recent study on wheti quantify the impacs of short episodes of high temperature stress
andto identify thesensitive stages and threshdioistenperature and duraticof temperature was
conducted. The resultshowed that two periods (first @tto 8d before anthesis arsdcond at O
to 2d before anthesis) during reproductive stages of development were most sensitive to short
episodes (2 or 5 d)f high temperature stress (Prasad and Djanaguiraman, 2014). They also
observed that short episodes (5 d) of mean daily temperat@#&3>imposed at start of heading
guadratically decreased floret fertility, with the values reaching close to zero armamddaily
temperature of 35C. The floret fertility and individual grain weight decreased linearly with
increasing duration (in the range from 2 to 30 d) of high temperature stress when imposed at start
of heading or staxf grain filling, respectivelyThe combination of lower floret fertility (leading
to decreased grain numbers) and decreased individual grain weight can cause decreases in grain

yield under high temperature stress.
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Some studies concluded that grain set is reduced by temperatures tham&0 °C during
the period from the onset of meiosis in the male generative tissue to the completion of anthesis
(Smika and Shawcroft, 1986grris et al., 1998 Many researchers found thaigh temperature
accelerates the increase in grain dry weight shortens the grain filling period which causing a
yield reduction. The acceleration of the increase in grain dry weight cannot compensate for the
shortening of the grain filling period, and the reduction in yield is primarily caused by a failure of
the sink function (Nicolas et al., 1984; Wheeler et al., 1996; Dupont and AltenbachZabed;

and Jenner, 2003; Prasad et al., 2006dhej et al., 2008; Pradhan et al., 2012hheat grain

yield and pour quality arenstrongkenti dpuenged!l

period (abuschagne et al., 2009 Temperature inpuences the r
development, protein accumulation, and starch deposition in unique ways and by different
mechanisms (Nicolas et al., 1984; Dupont and Altenbach, 208Bedi and Jenner, 2003;
Labuschagne et aR009. Recent studies have been done to address the effect of high temperature
on different genotypes of wild wheakégilopsspecies), and they showed that high temperature at
the late grain filling period decreased yield of wild wheat, and the dedregigdd was mainly

due to a decline in individual grain weight. This study revealed that high temperature decreased
leaf chlorophyll by 38% due to electrolytic leakage from thylakoid membranes. The same study
found that high temperatudecreasedrainyield per plant by 706 (Pradhan et al., 2012a). Other
studies havesuggested that different genetic traits responded differently to temperature stress

(Prasad and Staggenborg, 2008; Rahman et al., 2009; Lagharkéta).
Response tdHigh Temperature Stress

Each plant species has its own optimal temperature for growing, and its distribution is determined

to some extent by the temperature range in which it can survive and function. Also, genotypes
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may vary in their responseshah temperaturstresgAsthir et al., 2012)Wheat is widely grown

cereal in temperate and tropical environments, where it is often grown as the winter season crop
in rotation with a number of other croggynolds et al., 2001l is grown under a wide range of
environmentatonditions where climatic factors such as temperature, drought, and light combined
with cropping practices, such as fertilizer and irrigation practices, have different effects on plant
growth and development. However, plant response to high temperatuiesswih variation of
temperatures, duration of exposure, crop growth stages, and the level of crop toleranceeldnder fi
conditions, it may be possible to regulate some environmental stresses, but air temperature is
impossible to regulate. Hence, breegifor high temperature tolerance is needed. High
temperature tolerance is an essential characteristic for crop prodwditdwide. Developing

high productivity genotypes that are tolerant to high temperatures will be very important to
improve crop prodction. However; under field condition, effects of high temperature are often
confused by the effects of drought stress. It is also possible that crops face combined effects of
high temperature and drought at the same tiftadhan et al., 20b2. Plants hae a number of
tolerance and avoidance mechanisms to deal with high temperature stress situations. To cope with
the high temperaturstress in many plants, they synthesize some proteins known as heat shock
proteins. These proteins provide protection andairethe cellular damage caused by high
temperatures (Mitra and Bhatia, 2008). Major tolerance mechanisms that plants employ are
changes in membrane lipid composition, ion transporters, proteins, and antioxidants (Srivastava el
al., 2012; Narayanan et akQ15). In term of morphological and anatomical defense, plants adapt

to high temperature by transpiration cooling, increasing root growth, decreasing leaf area, or even
narrowing the leaf, changing the leaf direction, and developing leaves with thickoatings on

the surface (Pandey et al., 201/%) semiarid regions considerable increases in day temperature
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during the period from anthesis to ripening of wheat are common (February to April). However it
can also often increase risk of freeze and fdashage in many areas. Therefore, planting dates
would be one way to avoid high temperature stress as well as low temperature stress. Other
agricultural practice can be used to minimize high temperature stress, and they could be important
ways to increaseigld in these environments. These practices include planting date, seeding rate,

fertilizer application, and water supply.

Salinity Stress

Salinity is a major factor reducing plant growth and productivity throughout the world. The FAO
expects that oveB800 million ha will be affected by salinity in the near future, and it considers
salinity as a major limitation to food production for an increasing population (Rengasamy, 2006;
FAO, 2008). The exact extent of salt affected soils is unknown due to abskngelated
information. Howeverbased on Pessarakli and Szabolcs, as cited in Behnassi et al. (2013), around
954.8 million ha of land has salt affected soils worldwidiés important to produce more crops

that require effective utilization of salt afted land and saline water resources. Qadir et al. (2008)
reported that atleast260f t he wor |l dés irrigated | and is saé
waters. In addition, about two million ha of cropped land are deteriorating because ofsadinjty

year Rengasamy2006;Tuteja, 2007). As a result of increased salinizatibagriculturalland, it

is projected that about 3@ of cropped land will be lost by the middle of thé'2&ntury (Wang

et al., 2007). In arid and sefiid regions, hig temperatures during the summer season cause
severe evaporation losses, which leaves behind large amounts oHsalesver, the problem

exists even in some of the world's dulmid and humid regions, especially in coastal areas
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The term salinity refer® the presence of the major dissolved inorganic solutes (essentially
Na', Mg?*, Ca&*, K*, CI, SQr, HCOs, NOs and CQ) in water and soil (Bernstein 1975; Taniji,
1990; Rhoades et al., 1999). The relationships of these salts to each other astheslliassoare
important and may differ greatly at different sites. A salinity problem occurs when salt accumulates
in the crop root zone to a concentration that causes a loss in yield (Francois et al., 1999). Inirrigated
areas, these salts often come frasaline, high water table or from salts in the applied water and
they are prevalent with shallow water tabldrrigation is considered to be an important sources
of salinity (Munns et al., 200#laut et al 2013) This is because irrigation watgansports
additional salts and releases immobilized salts into the soil through mineral dissolution and
weathering. Also water lost through evapotranspiration will concentrate the dissolved salts in the
soil solution (Gupta et al., 199Bjaut et al., 203; Francois et al., 1999Naturally founded salty
soils also are a major cause for salinity. Salty soils are most found where rainfall is fairly low and
in coastal regions where salty water has entered the soil or salt spray has been absorbed by plants
ard soil (Tanji, 1990) However, even in regions with sufficient rainfall, salt can accumulate in a
soil with poor drainage. Another source for soil salinity is substantial use of fertiRlarg €t al.,
2013) Atmospheric salt deposition, especially dastal regions, is an important source for salinity
in soils (Gupta et al., 1990). The relative impact of each source in contributing soluble salts
depends on the natural drainage conditions, soil properties, water quality, soil water content, and
croppingsystems and management practices used for crop production (Tanji, 1990). When soils
have the problem of excessive soil moisture in addition to high levels of soluble salts in the root
zone, plant growth is either limited or totally prevented (Gupta ,e1290). Salinity affects crop
plants in three major ways: (1) osmotic stress, decreasing water availability; (2) ioni¢c stress

causing ion homeostasiand (3) changes in the cellular ionic balance, which in turn leads to
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deyciency and/ outrients §Kist, 8989Alymadet al., 2010 &zooz et a2011

Carillo et al., 2011). Saline water has a low osmotic potential that results in decreased availability
of water to root cells, which, in turn, exposes the plant to secondary osmotic Aliebe
physiological responses that are the result of water deficit stress can also be observed under salinity

stress (Qadir et al., 2008).

Effects onPhysiological andBiochemical Processes

In general, water is taken up by the fine roots of plants éptbcess of osmosis, which involves

the movement of water from states of low salt concentration to states of high salt concentration.
However, when salt concentration in the soil is high, the movement of water from the soil to the
root is delayed. When ¢hsalt concentrations in the soil are higher than inside the root cells, the
soil will pull the water from the root. This is the simple way in which salinity affects plant growth
and reproduction (FAO, 2005). High salinity affects plant growth and develsgmmany ways:
causing water stress, resulting in ion toxicity, causing nutritional disorders, alteration of metabolic
processes, reducing the photosynthetic leaf area, and reducing cell division and expansion (Munns,
2002). Physiologically, salinity nyahave negative impacts on many processes, but the most
important impacts are reduced cell growth and decreased leaf area, biomass, and yield (Shannon,
1998; Acevedo et al., 2002 Plant biomass production depends on the accumulation of carbon
products byphotosynthesis. In fact, photosynthesis is determined by two main components: the
rate of photosynthesis per unit leaf area and the area of leaf surface available for photosynthesis
(Terry and Waldron, 1984). Many studies have shown that total dry matthugbion by cereals

is correlated with the amount of photosynthetic active radiation intercepted, which depends on leaf

growth and the balance between photosynthesis and respiration (Gallagher and Biscoe, 1979). In

24



addition, reactive oxygen species (RG8th as the superoxide radicabjOhydrogen peroxide

(H202), and the hydroxyl radical (OHare also produced during salinity stress and these free
radicals cause severe damage to membranes and other essential macromolecules such as
chlorophyll pigmentsproteins, and fatSS@iram et al., 2005; Kriegeriszkay et al., 2008ehairy

et al., 2012Djanaguiraman and Prasad, 2D13
Effects onGrowth and Yield

Salinity is one of the major abiotic stresses affecting germination, crop growth, and productivity
(Munns and Tester, 2008). Plants that grow in saline soils are affected by high levels of solutes,
which result in yield losses. Most plants are glycophytes, including most crop plants. They grow
under low soil salinity conditions and do not show saltrégiee. Thereforghey will not grow at

a high level of salinity and are severely inhibited or even destroyed bAMMM NaCl (Munns

and Termaat, 1986). Francois et al. (1986) reported that salinity above 45 el&strical
conductivity of the saturation extract decreases the percentage of plants established per unit area,
and, at 8.81Sm?, the emergence of wheat plants decreased to 50 percent. Salinity stress symptoms
include reduced seed germination, plant glgvand plant yield. Some studies showed that the
reduction of leaf area is often the first indication of salinity stress (Bernstein, 1975; Kingsbury et
al., 1984; Volkmar et al., 1998; Acevedo et al., 2002eK;i 2002). Shoot and root growth also

are rediced by salinity, but the shoot is usually more sensitive due to the inhibitory effect of salt
on cell division and enlargement in growing point, which, in turn, affects the normal growth of
wheat and the viability of tillers and decreases the numbeimépy and secondary tillers. Many
studies have reported that wheat is the most sensitive to salinity during germination and during
tiller appearance (Ayers et al., 1952). In wheat, tillering capacity is also reduced with increasing

salt concentrations. Ehnumber of effective ears per plant is the most seriously affected yield
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component in wheat under saline conditions (Maas and Hoffmann, 1977; Munns et al., 2006). In
addition, salinity causes reduction in the number of leaves in the main shoot andreditite
number of spikeletin the main spike, which result in reduction of seed set and grain yield (Maas

and Grieve, 1986-rank et al., 1987).
Responses t&alinity Stress

In an agronomic context, salt tolerance is described as a complex functietdafecline across

a range of salt concentrations (Maagl Hoffman 1977; vanGenuchten, 1984; Munns, 2002).

The ability of plant species to tolerate salinity is described in relative terms and is generally divided
into four categories: sensitive, modielg sensitive, moderately tolerant, and tolerant (Francois

and Maas, 1999). Plant salinity tolerance is basically thought of in terms of the inherent ability of
the plant species to tolerate the ef ffmests of
without a significant adverse effect on the plant (Munns and James, 2003). Salinity resistance is
another term that is mainly used for this phenomenon, although some have tried to differentiate
the two terms (Shannon, 1998). Plant species and gea®typhin species show differential
responses to salinity stress (Djanaguiraman and Prasad, 2013). The physiological responses of
cereals tcsalinity stress differ at different stages of growth and development and depend on the
time of exposure and the s#ity of the stress. Moreover, the nature of the salts present in the soill
may affect the response of plantsstdinity stress. However, continued growth of cereal plants
under saline conditions is dependent on their ability to control the influx ofis@itgheir shoots

through the transpiration stream (Greenway and Munns, 1988jlizaet al., 2008). Salt tolerance

in some plants can be developedidgntificationof new genetic materials through screening for
individual and combinations dfifferent adaptation mechanism3he various traits used for

selection wasccumulation of osmoprotectants, exclusion of sodium and chloride, tissue tolerance
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to accumulated sodium and chloride, and detoxification of RR$h{nasabapayh 2000; Zhang

et al., 2001Munns and Tester, 2008shraf et al 2010;Djanaguiraman and Prasad, 20Bant
species vary in regards $alinity tolerance. For examplepme crops sth as barley, cotton, and
sugabeet, are salt tolerant and they grow well in moderately salmw&onmentsMaas and
Grattan, 1999)However, some plant species adapt to saline conditions and become tolerant to
salinity. Wheat has a moderate tolerance to salinity (Maas and Hoffman, 1977; Ac208ap
However,some wheat species are more tolethan others. For example, bread wheat, seem to

be more tolerant to salinity than durum wheat (Maas and Grieve, 1986).

To surviveunder salinity stresglant species have evolved a number of physiological,
biochemical, and molecular mechanisms tortdke salinity by adjusting their metabolic processes.
These mechanisms include ion compartmentalization, ion transport and uptey@thesis of
osmarotectants, antioxidant enzyme activation, synthesis of antioxidantpadyamines, and
hormonal adjushent Rathinasabapayh 2000;Gupta and Huang014) To deal with high Na
and Cl, plants have developed a mechanism to keep ion balance within plant cells, and this
mechanism is called ion hemostats (Niu Xiaomu etL8B5). High concentrations of Nand Ci
in the soil solution reduce nutrieittn activities and create extreme ratios of ze?*, Na'/ K™,
Ca&*/Mg*", and CYNOg, which in turn, result in osmotic and specific ion injury (Alam, 1999;
Grattana and Grieveb, 1999). However, some @peties have the ability to maintain ion balance
within plant tissue. This mechanism mainly regulates tansport within plant cells. Naon
transport to the cel | &8 antipoctarsoPRrateins and eazyries that e d
regulate thigprocess and encode plasma membranéNantiporters play an important role. As
a result, plants undergo synthesis of such proteins that tend to maintain ion balance within plant

cells (Niu Xiaomu et a] 1995; Hasegawa 2013). Another mechanism that aeggilon balance is
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the ability of a plant species to increaseugptake and reduce Naptake its roots. This process

also is regulated by some proteins and enzymes (Sairam and 20@4). Inadditionsome plants

have the ability to exclude salt. Saltdrance in plants, to some extent, depends on the ability and
efficiency of root system (Alam, 1999). One function of plant roots, especially in a drying soil, is

to sense water stress. The performance of many crops depends upon the ability of Bysitanmst

to obtain water and nutrients. Il n fact, i n sa
95 % of soil salt can be excluded by the root (Gucci and Tattini, 1997). This degree of exclusion
occurs in most halophytes and in highly salerant crop species. In some dalerant species

roots maintain Kuptake despite competitive inhibition by Ndue to selectivity of Kuptake over

Na‘. However, salt contamination of soils can exploit and damage plant roots depending upon the
sensitvity of the species and environmental variables (Bernstein and K&fRaft). Plant species

have the ability to exclude Ndrom leaf blades; however, excluding Nay roots reduces Na

toxicity (Munns and TesteR008). Moreover; salt treated plants édawer stomatal conductance

and relative growth rate. Several studies showed that there is a relationship between salt tolerance
and stomatal conductance. Stomatal conductance affeg@sSinilation and growth rate (Munns

and Tester, 2008). Another patay to overcome the deleterious effects of Biad Cl is by the
accumulation in plant cells of solutes such as proline, glutathione, glycine betaine, mannitol,
sucrose, and polyamines, and this results in resistarsadingy stress because they cohtrie to

the osmotic pressure (Munns and Tester, 2008). This increase of solutes in plant cells leads to a
decrease in the osmotic potential. It is well known #adinity stress induces the production of

ROS such as OHO,, and HOz; however tolerantlpnts have a mechanism that detoxifies ROS

by synthesis of protective chemicals including antioxidants such as ascorbic acid and glutathione

and enzymes such as peroxidasesalasesand superoxide dismutase (Gupta and Hu2044).
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Another mechanism thalants use to tolerate saty stress is by the production and regulation of
some plant hormones such as abscisic acid and salicylic acid. Abscisic acid accelerates the loss of

stomatal turgor and leads to stomatal closure to reduce water loss (PbpbVvES85).
Combination of High Temperature andSalinity Stress

Il n the yeld, crops are normally exposed to a
Abiotic stresses such as drought, high and low temperatures, nutrient deficiencyighigh
intensity, and salinity stress can delay growth and development, decrease productivity, and may
cause plant deattasenskyand Jonak, 2012). Under natural conditions, combinations of two or
more stresses, such as drought and salinity, salinityhagid temperature, and drought, high
temperature, and light are common in many cultivated regions, especially in coastal areas all
around the world. Combined stresses become more acute and lethal threats to plant growth and
development compared to individsresses (Rizhsky et al., 2004; Mittler, 2006; Ramegowda and
SenthitKumar, 2015). The general effect of combined stresses on plants depends mainly on the
age of a plant, the inherent stressistant or susceptible nature of a plant, and the harshriéss o

two stressesRandeyet al., 201%. In many areas, like arid and seamid regions, crops encounter

a combination of these stresses, such as high temperature stress and salinity stress.
Effect of Combined Stresses orPhysiological andBiochemical Processes

The first steps of germination are imbibition and water absorption by seeds. Temperature plays an
important role in water absorption so that elevation of temperature, to some extent, accelerates the
imbibition process. However, under saline condgiavater absorption is decreased due to the low

water potential of the saline water. Water absorption by seeds depends on the water potential
gradient between the seeds and the soil solution. Under saline conditions, as a result of dissolved

salts, there Wl be a decrease in that gradient, which will decrease water uptake by seeds, and this
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will affect germination and seedling growth. Both high temperature and salinity cause a depletion
in cellular water content and osmotic potential, thus causing osstoggs and yield reduction.
Saline water has a low water potential; therefore, salinity always results in plant water stress. Also
high temperatures in many cases lead to water stress. Therefore, plant grown under high

temperature and saline conditions subjected to water stress and reduced plant water potential.

High temperature stress usually enhances transpiration, and, with combination of salinity
stress, this could result in enhanced uptake of salt, which may cause salt toxicity (Keles and Oncel,
2002). Temperature affects the movement of salts in the soil, uptake of salts, overall biochemical
processes in a plant, and transpiration (Gale, 1975). Hampson and Simpson (1990) in their study
showed that adverse temperature intensified the harmfutefiosmotic stress on germination
and early growth stages of wheat. High temperaturesatudity stress induce alterations in ion
transport and compartmentalization (Munns, 2002). A study on wheat plants showed that both of
these stresses reduced nebtpbBynthesis and increased the substomatal €|, leading to
lowered CQ assimilation by Rubisco. This study also reported that salinity and high temperature
stresses damaged gas exchange properties of the flag leaf, yield, yield components of some
varieties of wheat plants (Anjum et al., 2008). Gas exchange and chlor@fythrescence
transients were studied in leaves of sorghum grown under salt and high temperature stress by Yan
et al. (2012). They found that during salt treatment, photosyntlaticlecreased due to stomatal
closing. A study on wheat seedlings reported that high temperature inhibited growth and increased
the carotenoids and growth regulator activities of seedlings when they were grown under saline
conditions (Keles and Oncel, 2007 his study concluded that the effects of temperature stresses
on the antioxidative defense system may be altered byitgadtress. Another study on wheat

seeding growth showed that heat shock increased the harsh effect of salinity on seed germination
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and seedling growth, and it increased soluble carbohydrates and proline (Hamada and Khulaef,

1995).
Effects onGrowth and Yield

High temperature and salinity stresses affect plant growth and development at all growth stages of
plant development. Thgermination stage, for example, is affected by the combination of
temperature and salinity. Many studies have been done to address the effects of high temperature
and salinity on germination of different plants. One of these studies found that in suipflamier

at the optimum temperature for germination seeds were more tolerant to higher salinity levels and
lower osmotic potentials than at high temperatutdaftoun and Sepaskhah, 197%Also,
investigations done with many plants including wheat and ypankeve reported that the more the
temperature differed from the optimum for germination the more final germination became
dependent on the osmotic potential. They also have found that germination rate is affected by
temperature and that osmotic potenBadependent on temperatufie@afmor et al.1969; Sharma,

1976. Ahi and Powers (1938) reported that temperature is a main factor in the germination and
growth of plants under saline conditions. They suggested that temperature relations should be
considerd before recommending certain crops for saline soils. Salinity and high temperature
stresses affect not only the germination stages of the plants, but they are highly damaging to plant
growth and reduce productivity. Tloembined stressesdfects yield ofmany plants. A study on

bread wheat showed that high temperature and salinity stresses had effects on grain number per
spike, which led to decreased grain yield and harvest indigxr et al., 2008 This study also
suggested that salinity stress was relatively more damaging to grain filling and final yield than
high temperature. There is a shortage of information in the literature in regards to the effects of

high temperature and salinity on wheatnpéa However, the effects of temperature and salinity
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have been investigated on barley plants. An investigation found that there is significant interaction
of temperature and salinity on the number of tillers and growth of shoots and roots. The study
conduded that barley plants produced the highest number of tillers and the highest dry matter
under saline conditions when the root temperature was at intermediate levels of 1&tdRB6

study suggested that the adverse effects of salinity on the grobainl@y could be reduced if the
temperature of the rooting media could be kept at about 15 t6 @dozafar and Oertli, 199).
Another study on barley showed that high temperature may stimulate plant growth and reduce
some of the negative effects of sdtly stress, and it also showed that high temperature affected

the transcription of several stress related genes (Faralli et al., 2015).
Response tdPlants to Combined Stresses

Under field conditions, plants are often exposed to several abiotic stredsesame time, which

may result in yield loss. However, plants do not respond equally in their reaction to the combined
effect of salt and other climatic factors. Therefore, some crops are reduced equally in relative yield
at a given salt concentratioegardless of climate condition, whereas most crop yields at the same
salt concentration are decreased more in high temperature than in low temperature (Magistad et
al., 1943). Many plants have developed several physiological, biochemical, and molecular
adatations to defend themselves under such combined strésgeso(et al., 2014; Pandey al.,

2015. Natural stress tolerance is a complex process involving several metabolites and metabolic
pat hways (Krasensky and Jon arkbinatiod @flsfgsses arRel ant s
distinctive from individual stress responses. Plants also show common responses that are common
to individual stresses and stress combinations (Suzuki et al., RoA&tp, 2014; Pandest al.,

2015. Under saline conditions, plntend to maintain a high concentration of &d a low

concentration of Nain the cytosol. They have the ability to do that by regulating the expression
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and activity of K and Na transporters and of 'Hpumps that generate the driving force for
transpot (Zhu, 2003) Many plants have to cope with osmotic stress and molecular denaturation
caused by salinity and high temperature. They produce and accumsdad@rotectantsuch as
different sugars, proline, and amino acids. These biochemical compounilizesfaibteins and
membranes against the denaturing effects of high temperature and high concentrations of salts
(Kuznestov and Shevyakova, 19¥&ncey, 2005). A study on wheat seeding growth showed that
heat shock and salinity increased the producticsobible carbohydrates and proline, which may
cause resistandethe stresses (Hamada and Khulaef, 1995). Salinity and high temperature stresses
have a strong impact on gene expression, because many genes coding for enzymes involved in
cellular metabolisnare differentially expressed upon stress (Krasensky and Jonak, 2012). Also,
plant growth regulators, such as GA and kinetin, are effective in alleviating the inhibitory effects

of salinity under high and low salinity conditions (Khan and Rizvi,4)99

A study on tomato had contrasting results concerning the effects of the combined stresses
of high temperature and salinity compared to the studies reviab@ee This study showed a
positive effect of combined stresses on plant growth. The study fountiel@mbination of high
temperature and salinity offered a level of protection to tomato plants compared to the effects of
salinity alone Rivero et al., 201¢ Rivero et al. (2014) detected a specific response of plants to
the stress combination that inded accumulation of glycine betaine and trehalose. This study
concluded that the accumulation of these compounds under the stress combination was linked to
the maintenance of a high' Koncentration and a reduction in the'd ratio, which resulted in

a better performance of the cell water status and photosynthesis as compared with salinity alone.

Nevertheless, even though there have been numerous investigations to study the effect of

individual stresses on wheat , littlekisown about the biochemical and physiological mechanisms

33



underlying the tolerance of wheat to a combination of two different stresses such as high
temperature and salinity. Therefore, this work will give a better understanding of their combined

effects orgenotypes of winter wheat.

Dissertation Hypotheses

A The genetic variability for salinity tolerance in winter wheat germplasm can be explained
by mean daily germination percentage and seedling vigor ma@sr salinity stress

A The combined effects of saliy and high temperature stress during booting flowering
stageis more detrimental than the individual effects of salinity and high temperature stress
in winter wheat genotypes.

A The decreased grain yield undelisity, high temperature and t®mbned stressesduring

booting and flowering stages wile associated witpikelet and grain number.

Dissertation Objectives

The objectives of this research webet¢ screen winter wheat genotypes for salinity tolerance
at the germination stages anddentify seedling growth traits agsiated with salinity tolerance,
(ii) to evaluate the independent and combined effects of high temperature and saiagiyn
winter wheat genotypes at the booting stages through growth, physioldgaetiemical, ath
yield traits,and {ii) to evaluate the independent and combined effects of high temperature and
salinity stresson winter wheat genotypes at the flowering stages through growth, physiological,

biochemical, and yield traits
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Potential Outputs:

A Expandthe knowledge of the biochemical and physiological basis of high temperature and
salinity stresgolerancen winter wheat.

A Novel screeningtools for identifying high temperature and salinisyresstolerart
genotypesindercontrolled conditionsvill be known

A Offer diverse high temperature and/or salinity tolerant genetic materials to breeders for use

in their breeding programs.
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Figures and Tables

Tablel-1Summary of temperature C for wvarious pro
reported in Porter and Gawithodés diary (cited
Process Minimum Optimum Maximum
Tenperature(T min) Tenperaturg(Topy) Tenperaturg(Tmay)
Vernalization -1.3 4.9 15.7
Emergence 3.5 22.0 32.7
Leaf initiation -1.0 22.0 24.0
Shoot growth 3.0 20.3 >20.9
Root growth 2.0 <16.3 >25.0
Terminal spikelet 1.5 10.6 >20.0
Anthesis 9.5 21.0 31.0
Grain filling 9.2 20.7 35.4

57



Chapter2-Screening Winter fWhealatt Ger m

Tol erance during Germinatio
Abstract

Salinity is one of the major abiotic stressvhich limits wheat growth, development, and
yield. Identification of salinity tolerant genotypes is critical for yield improvement. Therefore, a
series of control environment experiments were carried out to evaluate the response of 292 winter
wheat cultiars (Triticum aestivumL.) to different leved of salinity. The experimentsvere
designed in a randomized complete block design (RCBD) with four replicalioesity seeds of
each germplasm were placed on-preistened filter paper in petri dishes, anccpthin incubator
at 20 °C. The seeds were subjected to three levels of salinity 0, 60, and 120 mM NaCl. Seedlings
were harvested after eight d and data on final germination percentage, rate of germination, mean
daily germination, shoot and root length, as®kdling fresh and dry weight was recorded. The
results indicated that the genotypes differed significantly for germination percentages, rate of
germination, mean daily germination, shoot and root lengths, and seedling fresh and dry weight.
At higher conentration of NaCl the germination rate and mean daily germination was delayed and
final germination percentage was decreased in most of the genotypes. The data also showed that
increasing salinity level, significantly decreased shoot and root lengthingeddy weight and
seedling vigor was recorded. Principal component analysis separated genotypes in to three groups
viz., tolerant, moderately tolerant and susceptible to salinity. The genotypes GAGE, OK04507 and
MTS0531 and AVALANCHE, NEO05496 and ENHANCERvere classified as tolerant and
moderately tolerant. The genotypes CO04W320, A154and CARSON were found to be

susceptible to salinity
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Introduction

Climatechange has brought irregular weather patterns such as rising temperatures, violent
storms, higher atmospheric COconcentration, increasing water and soil salinity, and flash
flooding (Ludwig and Asseng, 2005). Salinity is a major abiotic factor reducing plant growth and
productivity throughout the world. It is estimated that over 800 milliorwhiabe affected by
salinity in the near future (Rengasamy, 2006; FAO, 2008). Recent tendency and future
demographic projections propose that it is important to produce more crops which require effective
utilization of salt affected land and saline watesources. Qadir et al. (2008) found that at least
20 percent of the worldobés irrigated | and is
two million additional ha of cropping land are affected by salinity every year (Rengasamy, 2006;
Tuteja,2007). As a result of salinization increases of agriculture land, it is projected that about 50
% of crop land will be lost by the middle of the*dentury (Wang et al., 2007). Saline soils are
found where rainfall is fairly low and in coastal regionsevensaline water has entered the soill
(Tanji, 1990). However, even in regions with sufficient rainfall, salt can be accumulated in the soil
with poor drainage soils. Another source for soil salinity is substantial use of fertilizers (Plaut et

al., 2013).

Wheat {riticum aestivuni..) is the world's most widely grown cereal crop for food (Carte,
2002). Wheat is a generally grown in irrigated, dry and high rainfall areas and also from temperate,
humid to dry and cold conditions (Dubcovsky et al., 2007). With 620 million tonnes produced
annually worldwide, wheat provides about difth of the calories consumed by human (FAO,
2006). Taking into account the importance of wheat on an economic basis, the demand for wheat
is expected to increase in the future with the increase in globalgpopu(Barnes and Shields,

1998).Global wheat production is projected to be about 735 million tons in-2016A0, 2013).
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Currently, about 65 % of the wheat crop is used for food, 17 % for animal feed, and 12 % in
industrial applications, including bio¢ls (Oleson, 1994; FAO, 2013)o meet the demand, 40
percent more grain in 2020 is required (Andersen et al., 1999). Increases in cultivated area are
expected to contribute only about efiféh of the global cereal production between 1995 and 2020
(Andersen et al., 1999). Therefore, improvements in crop yields will be required to bring about the

necessary production increases.

Germination of seed is an important for seedling establishment for ensuing plant stand.
Salinity can affect germination and seadligrowth by producing an osmotic pressure that
prevents or reduces water uptake. Also, salinity may affect germination due to Na and Cl ions
toxicity (Munns, 2006). Wheat has a moderate tolerance to salinity (Maas and Hoffman, 1977;
Acevedo, 2002). Frane et al. (1986) found that salinity level of 45 dSmt electrical
conductivity of the saturation extract decreases the percentage of plants estatifighn unit area
and at 8.8 dSrhthe wheat plants emengee decreasa to 50 per cent (Francois et,al986).
Salinity stress symptoms include, reduced seed germination, plant growth, and plant yield.
However plant species and genotypes within species show differential responses to salinity stress
(Djanaguiraman and Prasad, 2013). To our knowledge, rsoge&vinter wheat germplasms to
salinity stress and understanding the genetic variability for seedling character was not studied in
detail. Therefore, the objective of this studyto screenwinter wheat genotypes for salinity
tolerance at the germinatistages and to determine seedling growth traitscéest®d with salinity

tolerance.
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Material and M ethods

Plant M aterials

The Hard Winter Wheat Association Mapping Panel (HWWAMP), developed by the Triticeae
Coordinated Agricultural Project (TCAP), containing about 300 cultivars and advanced lines
(Appendix 1)wereused in this study. Germplasm included 193 cultivars and d&limg lines,

of which 258 were hard red winter wheat and 41 were hard white winter wheat. Nine public
breeding programs contributed 270 entries and four private breeding programs contributed 27
entries. The public breeding programs that contributed v@lkrado, Kansas, Michigan,
Montana, Nebraska, North Dakota, Oklahoma, South Dakota, and Texas. The private breeding
programs were AgriPr&yngenta (AP WestBredMonsanto (WES), and a private breeding
sources (Hardeman) Grain and Seed. The historieesritr¢luded in this panel were the landrace
from Turkey; the two ancestral cultivars Cheyenne and Kharkof; and five cultivars released before

1960 (Comanche, Wichita, Kiowa, Bison, and Tascosa) (Awad, 2015; Grogan, 2015).
Experimental and Treatment Conditions

The experiments were conducted in controlled environmental facilities at Crop Physiology
Laboratory, Department of Agronomiansas State University. The plant material consisted of
about 292 genotypes of winter wheat and three different concentraficdveeCl (0, 60, and 120

mM NaCl with EC value of €©.7,7.5and14.5 dSnt') were used as salinity treatments. Salinity
solution prepared by dissolving the required amount of NaCl in tap water. Healthy seeds of each
genotype were surface sterilized with 5 % sodium hypochlorite solution for five min and washed
with distilled waterdried in air and used for the experiment. A set of 20 seeds were placed in a
Petridish with moisturized Whatman no. 1 filter paper discs. The filter paper was moisturized daily

by adding 5 mL of the appropriate NaCl solutidine filter papers were changedce every 2 d
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to prevent salt accumulation. The Petridishes were placed in the dark throughout the germination
period at 20 £ 2 °C in an incubator (Low temperature llluminated incubator, Mode USL8

Seeds were considered germinated when both shdabahextended more than 2 mm from the
seed. The germination rate and speed of germination, mean daily germination, shoot and root

length, seedling fresh and dry weight traits were collected on eight d

Data Collection

Germination percentage (%) was eypressed according to Nasri et al., 2011. TRé &(Number

of seeds germinated at the end of the experiment (8 d after sowing) / (Total number of seed sown)
x 100. Germination count was taken after 24 h from sowing to end of experiment (8 d).
Germination mdex (Gl %) was calculated according to the equation given by Karim et al. (1992).
Gl= (Germination % in each treatment)/ (Germination % in the control) x100. Number of seeds
germinated on daily basis was counted from first d of germination to 8 d aftggsd-rom this

data the germination rate (GR) was calculated according to the equation given yCRsdilio
(2003).GR = (nl1lt 1) + ( n/Xn @heret+nisdhe number déeedgerminate

on thefirst day of germinationt; is the days from start to fist germinatiand Xn is the total
number of seeds germinajeMeandaily germination (MDG) was calculated as per Gairola.et al
(2011) MDG = Total number of germinated seddsdl number of d to final germination.

Thereafter, 5 seedlings were selected from each replicate and dissected into shoot and root
to record the fresh and dry weight. The fresh weight was recorded using a balance (SALTER
BRECKNELL, MODEL ESA600 China) and then the shoot and root were dried in oven
maintained at 70 °C for 2 d to record the dry weight and expressed as mg seettiaglistance
from seed to the tip of the leaf blade were recorded and expressed in cm as the shoot length. The

distance from the seed to the tip of the root were recordedx@mdssed in cm as the root length.

62



The salhity tolerance (ST) index calculated according to the equation given by Tregay et al.
(2014). The ST= Seedling dry weight NaCI treatedéeedling dry weight in control x 100.
Seedling vigor index (SVI) calculed according to the equation given by Abdolil ef(2013)

SVI= seedling length (cm) germination percentagel00.

Experiment Design andData Analysis

The experiment design was a randomized complete block design (RCBD) with four replications.
The principal component analysis was done using XLstat program The analysis of variance of the
data and the comparison of the means was done using least significant difference (LSD) using SAS

9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Analysis of variane results showed that salinity had significant effect (P05)on germination

%, germination index, mean daily germination, germination rate and seedling vigor index.
However genotype and salinity x genotypes interaction had no significant effect ese th
parameters (Table 2.3). Also the results showed that salinity, genotype and their interaction had
significant effect (R 0.0001) on all seedling characteristics studied (Tables 2.3 and\R dhean

values of the 292 winter wheat genotypes for geatmm and seedling characteristio®re
presented in appendixes B and C, however in the result section onlyafesudtive genotypes
waspresented. These twelve genotypes were selected randomly from the 292 genotypes of winter
wheat after grouping the 29genotyesbased on the seedling vigor index, such that those with the

smallest and largest percent reduction over the control were ranked respectively as the most and
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least tolerantgenotypesAt 120 mM NaClthese genotypes wer@) tolerant to salinity at
germinationstage (GAGE, MTS0531, TASCOSAand GUYMON) (2)moderately tolerant to
salinity at germination staggAVALANCHE, OK05108, TX86A5606 and ONAGA) and (3)
susceptible to salinity at germination stage (CO04W320, ZB/4 CARSON and

TX04M410211).

Germination Parameters

Germination percentage (@) of wheatgenotypeswas significantly (P< 0.05) reduced by
increasing salinity levelsenotypesSAGE, OK04507, GUYMON and MTS0531 were tolerant to
salt stresswhereasgenotypes 004820, 217405, and CARSON were sgitive to salt stress at
120 mMNacCl. Mostly increasing level of saity stress resulted in the decrease in germination
percentage over control. Howeven, some gnotypes the germination percentageere not
affected at 60 mMNaCl, but decreasetdy 70 % at 120 mM NaCl over the cont(6lmM NaCl;

Fig. 2.4a).

The results showed that salinisignificantly reduced germination index (GIl) at all
concentrations with the largest decrease at 120 mM Naelrdsults showed a decline by 70 %
in germination index in some whegénotype217405, CO04W320 and CARSON under high
level of salinity 120 mM NaCl. However, under the same level of saligépptypedMTS0531
and TASCOSA had about 11 % decline in teringermination index (Fig..2b). In addition, the
analysis of variance showed that salinity significantly increasedQ(B5) germination rate (GR)
(Tables2.3 and 2.4). Figure 2.4c showed that increasing salinity concentration resulted in dramatic
increase in germination rat@enotype17405 and ONAGA showed an increase in germination
rate over the control by 77 % and 81 #éspectively at 120 mM NacCl, vereas genotypes

GUYMON, and MTSO0531 had percent increase of 23 % at the same level of salinity 120 mM
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NaCl over the control. Mean daily germination (MDG) was strongly decreased with salt stress in
all genotypesThe result showed that, in sogenotypesmoderate salinity decreased mean daily
germination by lesser extent and severe stress decreaseue@ter extent. Genotyp@47405
CO04W320, CARSON and TX04M410211 showed decline over the conti®,81, 80 and

81 % respectively whereasgenotyes GUYMON, GAGE, MTS0531 and TASCOSA showed

decline over the control by 47, 46, 42 and 49é&sgpectively (Fig 2.4d).

SeedlingParameters

All seedling parameters decreased with increasing salinity level (Tables 2.3 and 2.4). Under non
saline conditios gerotypesshowed no significant differences in texof shoot length. However,
under both levels of Na@bndition there were significant differences in responsgeobtypeso

salinity levels (Fig. 2.5a). Under high level of salinity, 120 mM NacCl,garotype217405,
TX04M410211, ONAGA and TX86A5606 had the greatest decrease in shoot lengénatygpes
GUYMON and GAGE had the lowest decrease in shoot length. Similarly, there were significant
differences amongenotypesn terms of root length in sponse to salinity stress. Increasing NaCl
level resulted in a significant decrease in root elongation as compared to the control. Increasing
salinity levels inhibited the root length of wheat genotypes. In fact, root length was more affected
by salt stres than shoot lengtiGenotypes217405, TX04M410211 and TX86A5606 showed a
percent declineof above 70 % Kig. 2.50. In addition, increasing salinity level consistently
reduced the growth and biomass production of almost all wjeraitypesised in this wdy. In
comparison with control, maximum reduction in seedling fresh weight was observed 02174
TX04M410211 with a per cent reduction of 48d 39 %, respectively. Seedling dry weight was
also decreased with increasing salt concentrations, (60 tmli2NaClt Fig. 2.5¢) The seedling

dry weight was decreased to higher level than fresh weight under high level of salinity 120 mM
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NacCl the highest decline of fresh weight was by 42 % in 25,4vhereas the dry weight declined
by 78 % in the same lindResults regarding salt tolerance (ST) of different winter wgeabtypes
showed thagenotypessUYMON and GAGE were tolerant galinity stress at germination stage,
whereaggenotypes X04M410211 and 21785 were sensitive tsalinity stress. On the basd
tolerance at germination staggenotypeswere grouped as tolerance, moderate, and sensitive
genotypes based on salinity tolerance index. The result showegtiwaype$sUYMON, GAGE,

and TASCOSA had a per cent reductiod 648, and 49 %respectivey over control. Therefore,
these genotypes were more tolerance to salinity stress, while the geitype€5, CO04W320,

and TX04M410211 had a per cent reduction of 77, 72 and 71 %, respectively and therefore these
genotypeswere sensitive to salt stress germination stages (Fig. 2.5d). Increasing salinity
concentrations from 0 to 120 mMacCl gradually decreased seedling vigor index. The highest
seedling vigor index was observed in contwatile salinity at 60 and 120 mMacCl decreased
significantly sedling vigor index. Significanlecrease was observed at 120 M&CI salinity in
genotype 21745. Data showed théhe genotype@17405 hal 92 % decline over control, while

the GUYMON has 45 % decline over control (Fig. 2.5e).

Grouping ofgenotpesvas dom using principal component analysis. (Table 2.1). The plot
of the PCA (Fig. 2.1) showed that the first two components (PBAPCA?2), account for about
76 % of the total variance (Table 2.1 and.RdLl). The first PCA was related to seedling vigor
index and seedling length, whereas the second PCA was related to germination index and
germination % (Table 2. 1). The traits, which contributed more positively to PCA1, were seedling
length, root length, shoot length, mean daily germination, and seedlingdtytwsuggesting that
these components reflected the salinity tolerance. In addition, the traits, which contributed

positively to PCA2, were germination index and germination percertageelation coefficients
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for all the traits showed that salinity éohnce positively correlated with all the traits. The most
noticeable relationships (shown in Figure 2.2) were a strong positive relationship between
germination % and germination index and seedling vigor; between mean daily germination and
salinity tolerance; between seedling dry weight and root length; between shoot length, seedling
length and fresh weight as indicated by the small obtuse angles between their vectors. There was
a negative correlation between germination rate and seedling length (Figigb®) 2.2 showed

that seedling vigor showed significant positive correlation with all traits except for germination
rate Germinationper cent and mean daily germinat&hwed strong correlation with germination

index Shoot and root length showed pogtstrongcorrelationwith seedling length. laddition,

seedling fresh weight showed positive correlation with seedling dry weight, and seedling dry

weight showed strong positive correlation with salinity tolerance index (Table 2.2).
Ranking of GenotypesBasedon PCA

Thegenotypesvas ranked based on the seedling vigor index, such that those with the smallest and
largest percent reduction over the control were ranked respectively as the most and least tolerant
genotypest 120 mM NacCl. Accordinga that, genotypes were divided into three categories. (1)
tolerant to salinity at germination stagéGAGE, OK04507, MTS0531, TASCOSA,
ENDURANCE and GUYMON, (2) moderately tolerant to salinity at germination stage
(AVALANCHE, NEO05496, ENHANCER, OKO05108, T86A5606 and ONAGAH and (3)
susceptible to salinity at germination stag@O04W320, 217405, CARSON, OK1070275,

TX02A0252 andl’ X04M41021).
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Discussion

Wheat is considered to be moderately tolerant to saliilig.PCA is multivariate data analysis
procedue used to know the relationship between various parameters for salinity tolerance. All the
ten parameters were taken for PCA. PCA analysis reduced the variables to two components
accounting for about 76 % of the total variation. The first component aezbiant5868 % of the
variability and the second component accounted for 318 of the variability. Principal
component analysis and correlation coefficients analysis in winter wheat genotypes simplify the
identification of desirable traits and thesorrelation with salinity tolerance and consistent

classification of genotypes,

The results showed that by increasing NaCl concentrations, the germination in winter
wheatgenotypesvas delayed and decreased, also the germination percentage gernmil&ixon
germination rate and mean daily germination were significantly QF05) decreased by salinity
stress. Similar results were reported by Rahman et al. \280@yatnezhad, and Gholamin,
(2010); Kumar et al. (2012gndHussain et al. (2013). Thestudies reported that theeists
genetic variability among wiak germplasm for salinity tolerance based on seed germination
percentage and seedling growth. Salinity affects germination in two ways: (1) high concentration
of salt in the growth medium dexased the osmotic potential to a level that prevented water uptake
and reduced utilization of nutrients essential for germinatiod(2) Na" and Cl ions are toxic to
the embryo (Kayani et al., 1990; Munns, 2008)nter wheatgenotypesesponded diffantly to
salinity level. It appears #t at concentration up to 120 niN&Cl in the growth solution, the water
potential of the seeds is still sufficiently low to bring adequate amount of water for the several
metabolic processes that lead to germinaticdheOstudies reported that the difficulty of growth

under salinity stress may result from decreased water potential of the seeds (Rahman et al., 2008;

68



Muhammad and Hussain, 2012). The results in this study are analogous to those described by other
researchrs (Catalan et al., 1994; Kazemi and Eskandari, 2011; Muhammad and Hussain, 2012).
Physiologically, salinity stress has negative impact on many processes, however the most
significant effects are reducing cell division and expansion, which result inadegyeshoot and

root length. With increasing NaCl concentration, it affected seedling fresh and dry weight.
Reduction of seedling dry weight relatively depended on shoot and root lengths and branches. The
results obtained in this study were consistent mivious findings that have indicated significant
differences in the salt tolerance of wheat genotypes anddifieirential responses to increased

salt concentrations (Catalab al., 1994; Rahman et al., 2008; Adjel et al., 2013). In additien

resuts showed that the most sensitive growth characters to salinity were root length and dry matter
production, while germination percentage was least sensitive under salinity. Nevertheless; the
genotypesvhich had higher germination percentage also had higla¢ length, shoot length, and

dry matter production. For this reason, seedling length and dry weight are considered as selection
criteria for salinity tolerance. It is estimated that in addition to higher dry weight, longer shoots
and roots developmentill allow more successful selection for high salt toleraie, root length

and dry weight can be considered as selection criteria only when there is a high germination
percentage. For these reasons, the seedling vigor index, which is a function gétoitration
percentage and seedling length, was determined to be a more consistent selection criterion

Genotypesuch GUYMON and TASCOSA were considered as salinity tolerant genotypes.

Conclusiors

In conclusion, this investigation was carried out to screen winter wheat genotypes for salinity
tolerance and to evaluate the effects of salinity on germination and seedling growth of 292 winter

wheatgenotypesGenotypic variability for salt tolerance wémund among different winter wheat
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genotype Seedling vigor index is a good parameter for evaluating salinity tolerance at germination
stages. According to that tigenotypesvere ranked based on the seedling vigor index, such that
those with the smallesind largest per cent reduction over the control were ranked respectively as
the most and leasolerantgenotypest 120 mMNaCl. According to that genotypes were divided

in to three categories (i9lerant to salinity at germination sta@@@AGE, OK04507 MTS0531,
TASCOSA, ENDURANCE and GUYMON (2) moderately tolerant to salinity at germination
stage(AVALANCHE, NE05496, ENHANCER, OK05108, TX86A5606 and ONAgANd (3)
susceptible to salinity at germination stag@O04W320, 217405, CARSON, OK1070275,
TX02A0252 and TX04M4102)1Overall, it can be determined that under con@®@ainM NacCl)
conditiors, all winter wheatgenotypeshad goodgermination and growth attributeslowever
wheatgenotypeshoweddifferential responset higher levels of salinityYet, salinity reduced all
germinationtraits of wheatgenotypesThese results indicate that genetic variation exists among
winter wheaigenotypesn terms of germination undealinity stress condition. Further studies are
needed to see the effect of stfess on the germination and seedling growth of theses germplasms

under field conditions.
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Tables and Figures
Figure 2-1 Scree plot showing eigenvalues in respdnseumber of components for the
estimated variables of winter wheat germinatibime first principal componerfPCl) explains
58.68 % of the variancendthe second principal compongfC2) explains 16.93 % of the

variance
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Figure 2-2 Plot of the first two PCAs showing relation among various traits measured in winter

wheatgermplasms.
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Figure2-3 Biplot of wheat genotypes based on first and secongponentsThe biplot did not

show all genotypes, it onlgresentsome genotypes.
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Figure 2-4 The effects of different salinity levels (0, 60,1280 NaCl) on (A) germination
percentage, (B) germinationdex (%), (C) mean daily germination and (D) germination i(ale
of twelve winter wheat genotypes. Percent decline of each trait due ttebelof salinity (120
mM NaCl) as compared to control is indicated. Vertical lines on top of bars indicatarst@ncbr

of meangn =4).
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Figure 2-5 Effect of different salinity levels (60,120mM NaCl) on (A) shoot lengtfcm), (B)
root length(cm), (C) seedling dry weigh(g) (D) salt tolerancéendex and (E) seedling vigor index
of twelve winter wheat genotypes. Percent reduction in all traits due to higlofesadinity (120

mM NacCl) as compared to control is indicated. Vertical lines on top of bars indicate standard error

of meangn =20).
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Table 2-1 Principal component analysis for the measured traits in winter wheat and the
contribution of the traits (%) of winter wheat germinatibf-F5 represent the contribution of all

the ten parameters taken for principal component analysis (PCA).

Traits PC1 PC2 PC3 PG4 PGS
Germination % 6.101 31.670 0.017 0.204 0.577
Mean daily germination 10.217 2.346  16.203 3.557 1.689
Germination ratéd™) 3.721 9.783 38.976 12.790 12.580
Germination index 5811 31.901 0.132 0.139 0.284
Shoot lengti{cm) 11.263 7.094 0.249 8.693 4.515
Root lengthicm) 12.368 4.161 0.056 6.036 4.240
Seedling fresh weigh) 7.718 2.303 18.084 1.256 50.676
Seedling dryweight(g) 9.103 1.512 19.747 9.189 1.322
Seedling lengtlicm) 12.537 5.903 0.145 7.785 4.653
Salinity tolerance 7.206 0.036 6.130 46.921 18.383
Seedling vigor index 13.956| 3.291 | 0.261 | 3.429 1.080
Eigenvalue 6.455 | 1.863 |1.007 |0.743 0.456
Variability (%) 58.684 16.932 9.155 6.757 4.145
Cumulative % 58.684 75.616 84.771 91.528 95.673
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Table 2-2 Correlation matrix (Pearson -(tf)) Values in bold are different from 0 with a

significance level alpha=0.05.

Variables
G %
MDG
GR
Gl
ShL
RL
SFW
SDW
SL
ST
SVI

G%

1
0.654
0.000
0.977
0.262
0.345
0.305
0.341
0.312
0.368
0.795

MDG

1
-0.577
0.635
0.575
0.633
0.384
0.470
0.622
0.505
0.798

GR

1
-0.014
-0.497
-0.471
-0.247
-0.269
-0.499
-0.305
-0.333

Gl

1
0.254
0.332
0.274
0.320
0.301
0.361
0.776

ShL

1
0.882
0.607
0.623
0.971
0.469
0.773

RL SFW SDW SL ST SVi

1
0.638 1
0.644 0.715 1
0.969 0.641 0.652 1
0.529 0.434 0.704 0.514 1
0.823 0.580 0.612 0.822 0.557 1

Germination % (G%), Mean daily germination (MDY Germinationrate (GR), Germination
index (GI), Shoot length (ShLRoot length (RL), Seedling fresh weight (SFW), Seedling dry
weight (SDW), Seedling length Salinity (SL), tolerance Seedling (ST)Saxedlling vigor index

(SVI)
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Table 2-3 Probability values of effects of salinity (S), genotype @i salinity x genotype
interaction on germination percentage, germination ind€%), mean daily germination,
germination ratgd), shoot lengti{cm), root length(cm), seedling lengtt{cm), seedling fresh
weight (g), seedling dry weightg), salt tolerancendex and seedling vigor indeaf 292 winter

wheat genotypes

Traits Salinity (S) Genotype (G) SxG
Germination % 0.0105 0.456 0.4982
Germination index%o) 0.0119 0.5206 0.5548
Mean daily germination 0.0032 0.2690 0.4327
Germinatiorrate(d ) 0.0048 0.3493 0.4163
Shoot length (cm) <0.0001 <0.0001 <0.0001
Root length (cm) <0.0001 <0.0001 <0.0001
Seedling length (cm) <0.0001 <0.0001 <0.0001
Seedling fresh wight (g) <0.0001 <0.0001 <0.0001
Seedling dry wight (g) <0.0001 <0.0001 <0.0001
Salt tolerancendex <0.0001 <0.0001 <0.0001
Seedling vigor index 0.0023 0.2350 0.3749
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Table 2-4 Effect of salinity stress on germination percentaggmination index (%), mean daily

germination, germination rate (d), shoot length (cm), root length (cm), seedling length (cm),

seedling fresh wght (g), seedling dry weight (g), salt tolerance ixdad seedling vigor indexf

292 winter wheat genotypes. Individual datum is the mean of four replications. Means that have

t

he same | etter

Traits

Germination %
Germination indexX%)
Mean daily germination
Germinatiorrate(d )
Shoot length (cm)

Root length (cm)
Seedlinglength (cm)
Seedling fresh wight (g)
Seedling dry wight (g)
Salt tolerancendex

Seedling vigor index

n each

trait

NaCl levels (mM)

0

98 a
100a
7a
2c

8a

7a
1l4a
0.16a
0.06a
100a
1l4a

86

60
92b
94a
4b

3b

5b

4b

9b
0.13b
0.04b
63b
9b

each ehem o t

120
60c
60b
2c

4a

2c

2C

4c
0.09c
0.02c
33c
2c

signi fi



Chapter3-The Combi sefd &dlfiecitty and
Temperature on Wi nter Wheat at

Abstract

Salinity and high temperatures are the major environmental factors that limit wheat
(Triticum aestivumL.) productivity. Climate change model forecast that in the future inland
salinity and short or long episaslef high temperature can decrease the crop productivity.
Therefore,the objective of this study wae evaluate the independent and combined &ffet
high temperature and salinity on winter wheat genotypes at the booting stages through growth,
physiological, biochemical, and yield traitaselve genotypes of winter wheat were grown in-non
saline conditions at optimum temperatures (25/L5d/ n; daytime maximum and nighttime
minimum) until booting stage. At booting stages, plants were irrigated with three diffevetd le
of NaCl (0, 60, 120 mM and exposed ttwo temperature regimesgtimum or high temperature
(35/ 20 °C d/ r)for 10 d High temperature, when combined with salingressduring booting
stage, negatively affeetithe gas exchangdgecreased contents sdluble sugars, starch, soluble
proteinsproline, MDA and grain yieldGreater impact on photosynthesis, stomatal conductance,
proline accumulation, soluble sugaoluble protein and grain yield was observed attmbined
stressesompared withndividual effects ofalinity and/or high temperature. In addition, the study
showed considerable variation in high temperature anditgaiolerance among winter wheat
genotypes for leaf photosynthesis, chlorophyll concentration, sugars, proline and soluble proteins
accumulation, seed set, grain number and grain yield per plant. The study conclude that genotypes
varied in their respons® independent and combined stresses and that genotype GUYMON,

TX04M410211 and TASCOSA were the more tolerant genotypes.
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Introduction

Wheat plants mature from seed germination to harvesting through distinct developmental phases
include, germination, sebdg emergence, vegetative, and reproductive phase. Each of these
phases classified into distinct growth stages. Booting stage (Feekes 10, Zadoks 45) begins when
the head of wheat is fully developed, but has not yet emerged from the leaf sheath belagv the f
leaf. The head can be seen in the swollen section of the leaf sheath below the flisfyléraf (
1992. The leaf sheath containing the fully developed head is called the boot (Herbek and Lee,
2009). This stage ends when the head is first visiblbeatlag leaf collar and the leaf sheath is
forced open by the head. The initiation of the pollen in the anthers and the embryo sac in the carpel
starts with booting stage#&\¢evedo et al., 2002 This stage is very sensitive to environmental
stresses sudiathigh temperaturedrought, lightand lowtemperatureln wheat, meiosis starts in
the middle of the spike, continuing later above and below this zone (Zadoks et al., 1974). Abiotic
stress includ@igh temperaturand droughstress around this stagevery critical for grain yield
as it ultimately leading teeedset failure Acevedo et al., 2002; Alghabari et al., 2D14

Temperature plays an important role on wheat granthdevelopment. &hy biochemical
and physiological processes are regulatedelnyperature such as evapotranspiration and water
stress (Ritchie, 1972), cold hardening (Hurry et al., 1995), vernalization (Brooking, 1996), leaf
formation and leaf senescence (Miglietta, 1989), photosynthesis and respiration (Evans and
Rawson, 1969Azcon-Bieto and Osmond, 1983), yield (Ferris et al., 199&bell et al., 2005
Rahman et al., 200¥Kobata et al., 2012), and grain filling (Rahman et al., 26@fhata et al.,
2012). High temperature stress is defined as the rise in temperature beyasthaldhievel for a
period of time sufycient to cause permanent d

al.,, 2007). Scientists expect that an increase in average temperatures worldwide will lead to more
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frequent and extreme heat events (Aydinal @rdsser 2008; Bita and Gerat2013). High
temperature usually affects water availability to the plant so that crop water requirements will
increase with increased temperature (Sim@eaijo et al, 2003; Saeedipour and Morad, 2011;
Pradhan et §l2012 Barber et al, 2015 The effect of high temperature on plants is primarily on
photosynthetic functions. Many studies indicated that &Similation is limited, in part, at high
temperature by an imbalance in the regulation of the carbon metabolism,isvhadlected in a
down regulation of the ribulosg,5-bisphosphate carboxylase oxygenase (Weis and Be38g3;
Apel and Hirt, 2004;Pradhan et al.2012; Narayanan et al., 2015). Another study by
Djanaguiraman et alfound that high temperature stressridg flowering decreased the
photosynthetic rate because of wstauctural damaging to chloroplast (Djanaguiraman et al.
2011; Pradhan et ak012). Many researchers agree that high temperature accelerates the increase
in grain dry weight, but shorterthe grain filling period, causing a yield reduction, that is,
acceleration of the increase in grain dry weight cannot recompense for the shortening of the grain
filling period and the reduction in yield is mainly caused by a failure of the sink funétioolés
et al, 1984; Wheeler et al1996; Modhej et al2008 Kunar et al., 2013arayanan et al., 2015).
In addition, high temperature stress induces synthesis of some harmful compounds such as reactive
oxygen species (ROS) like super oxides and yées. ROS damage membranes and causing
cellular damagel§janaguiramarand Prasad, 2018{arayanan et al., 2015).

Salinity affects crop plants in three major ways: (1) osmotic stress, decreasing water
availability; (2) ionic stress; and (3) changes indbkular ionic balance, which are in turn leading
to deyciency and/or toxi €amdK (Krst, 1989Muens andt r i e n-
Jermaat, 2003Ahmad et al., 2010; Azooz et @2011). As a result of high concentration in soil

solutionthe plant root are unable to uptake as much water from the soil as they require. At early
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growth stage, water stress inhibits cell elongation and cell division, which results in reduced leaf
area and so reduce photosynthesis rate (Prasad and Staggenborg, 20084t lplant, salinity
causes reduction of number of leaves in the main shoot and reduction of the number of spikelet in
the main spike (Maas and Grie\dl986). ROS damage membranes and causing cellular damage
(Djanaguiraman and Prasad, 2013). This leazkidative damages in several cellular components
such as proteins, lipids, nucleic acids and membranes (Pastori and Za#r Apel and Hirt

2004).

The studies on the response of wheat to abiotic stresses have been carried out widely and
advancedsignificantly during the last decade. However, the majority of these studies on the
response of wheat to abiotic stressors have focused on a single stresét faasobeen reported
that the response of plants to a combination of drought and high teompasadifferent from the
response of plants to each of these stressors applied individiralgihgn et al.2012).
Temperature stress usually enhances transpiration, and with combination of salinity stress, this
could result in enhanced movement andakptof salt (Gale, 1975). Regardless of the many
researchers have been carried out to study the effect of individual stress factor and in fact, little is
known about the molecular, biological, and physiological mechanisms underlying the acclimation
of plarts to a combination of temperature and salinity stresses. Some studies showed that salinity
has little effect on germination at low temperature, but that the effect of salinity is increasingly
inhibitory as temperature increased (Khan and Rizvi, 1993; iéhah, 2004). Salinity and high
temperaturean decrease tlgas exchange properties of flag leaf and yield and yield components
of some varieties of wheat (Anjum et al., 2008). Numerous works has been done to study the effect
of high temperature alonend@/or salinity alone. But, limited research has been done to study the

interaction between high temperature and salinity stress and its smgastheat growth at
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heading and reproductive stages. Therefore, the objectives of this study were to proeide bett
understanding of individual and combined effects high temperature and salinity on winter wheat
genotypes and to evaluate the interaction effects of salinity and high temperature stress on

physiological, biochemical, growth and yield of selected wintdeeat genotypes.

Materials and M ethods

This study was conducted in controlled environment facilities at the Department of
Agronomy, Kansas State Universiyanhattan, KS, USA. Experiments were conducted in spring
and summer of 2015 to determine the impattsalinity and high temperature stress on

physiological, biochemical, growth and yield, of winter wheat genotypes.

Plant M aterial

Twelve genotypes were used in the study and these genotypes were selected based on earlier
germination experiment. Thegenotypes were classified as tolerant to salinity include genotypes
(GAGE, MTS0531, TASCOSA AND GUYMON). Moderately tolerant include genotypes
(AVALANCHE, OKO05108, TX86A5606 and ONAGA). Susceptible include genotypes

(CO04W320, 21745, CARSON AND TX04M41021).

Experimental and Growth Conditions

Seeds of twelve winter wheat genotypes were sown-@md4deep trays containing
commercial Sunshine Metro Mix 360 potting soil (Hummert International, Topeka, KS, USA).
Seeds were sown at a depth of about 2 cm. Eedlsgs were raised in a growth chamber

(Conviron Model CMP 3244, Winnipeg, MB, Canada) maintained at 25/18 ACAfter 8 dthe

91



seedlings were vernalized for 56 days at 4/ith 8 h photoperiod. Following vernalization, three
seedlings of the same geype were transplanted into iL&pots (24 cm length and 10 cm width,
MT49 Mini-Treepot, Stuewe & Sons, Inc., Tangent, OR, USA). Rooting medium in pots was
commercial Sunshine Metro Mix 360 potting soil. The rooting medium was fertilized with
Osmocote (Satts, Marysville, OH, USA), a controllectlease fertilizer with 14: 14: 14 N2»®s:,
K2Orespectively, at 5 g per pot before transplantiivgo growth chamber were used for the study.
both growth chambsmere maintainedt optimumtemperature (OT; 25/15 °C d/ n) until booting
stage. At bootingpne growth chamber was maintairedoptimumtemperature (OT; 25/15 °C d/

n) and the other growth chamber was maintained at high temperature (HT; 35/25 °C d/ n) for 10
d. In each growth chaber there were 15 trays, and each tray has 12 pots. Twelve winter wheat
genotypes were in each tray, with a total of 180 pots in the growth chamber. Pots were watered
daily and kept in trays containing about 1 cm water during the experiment to avoidstmassr

Pots were moved randonflyr each week to avoid positional effects. After seedling establishment,
seedlings were thinned to two per pot, which was maintained until maAtritynning, a systemic
insecticide, Marathon 1 % G (a.i.: Imidacloprid:(@Gi Chlora 3i pyridinyl) methyly Ni nitroi 2i
imidazolidinimine), was applied at 1.5 g per pot to avoid infestation of sucking insectTests.
plants were maintained at a photoperiod of Mith a light intensity of 800 umain? st and 70

% relative humidly. The dayime maximum temperatuir@ghttime minimumtemperature was
maintained for 8 h with a transition period between daytime and night time tempetdtdite$o

imitate the diurnal temperature fluctuation of outside atmospheric conditivice-versa. Both

growth chambers were divided into three sets each set consist of 5 trays representing five
replications. At the onset of booting stages (Feekes growth stage 10.0), one set of plants were

irrigated with distilled water and served as control amddiier two served as salinity treatment.
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Two levels of salinity (6Gand120 mM of NaCJ| EC value of7.5 and 14.51Snt!) solution was

used to irrigate the plants. Salinity treatments were applied by irrigating each plant with 250 mL
of NaCl solution to altreated plants and as mentioned above in both growth chambers for 10 d.
Also, at the same time plants grown at high temperature were exposed to high temperature (HT;
35/25 °C d/ n) for 1@ after that, the plants were returned optimum temperature (OI% 26/d/

n) and irrigated with normal watéil plants attained physiological maturity. Similar management

practices were followed in both experiments

Data Collection

At booting stages, the main stem of all plants was tagged for the measurementsophghlo
content, chlorophyla fluorescenceandgas exchange. Measurements weaienon three plants

of each genotype in each treatment at e} 10 d after stress impositioheaf samples were
collected for biochemical analysis on 2,a5d10 d after stress imposition aatl maturity plant

height, tiller number per plant, spike number per plant, spike length, spikelet number per spike,
and grain number per spike were measured. All the above traits were measured on attached fully
expandedlag leaves of the main stems of three plants per genotype from each treatment during
10:00 and 14:30 h. The leaf chlorophyll was measured using-eadiblfating chlorophyll meter
(SPAD-502, Spectrum Technologies, Plainfield, IL, USA) on the fully expdritéeg leaf of the

main stem. Each time, data were taken four times from the middle portion of the leaf and the
readings were averaged to get a single value for a plant. The Chlomfihghescence parameters

were measured using a modulated fluoromé@330p; OptiSciences, Hudson, NH, USA). The
minimum fluorescence (Fo) and maximum fluorescence (Fm) measurements were taken after the

flag leaf was dark adapted for 1 h. The maximum quantum yield of PS Il is the ratio of variable
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fluorescence[difference letween maximum and minimum fluorescence (Fv) to maximum
fluorescence (Fnp) which decreases with stress (Rohacek, 2002). The leaf level photosynthesis
was measured using the-CIOR 6400 portable photosynthesis system@OR, Lincoln, NE,

USA). Measuremestwere taken at daytime growth temperature and ambient@ditions (390

mol?). The internal light emitting diode (LED) light source in the@DR 6400 was set at 1600

mol m? s1. For all the biochemical analysis, the flag leaf ardtleavesfrom man stem were
collected at 2, 5and 10 d during the stress period. Samples placed in aluminum paper and
immediately frozen in liquid nitrogen and transported to the laboratory where samples were stored
at- 80 °C until processing.

Carbohydrateontent:A known weight of (0.2 g) frozen leaf sample from each treatment
was ground in liquid nitrogen to a fine powder using a pestle and mortar followed by the addition
of 10 mL of 80 % ethanol and kept in a preheated ()Qvater bath for 30 mirAfter the epiry
of time, the homogenate was filtered through Whatman No. 1 filter paper and tbemacted
using 80 % ethanol (10 mL) and dried in a water bath to evapbreagthanoand then 10 mL of
distilled water was added and vortexed for 2 min. Thesaaidns then used to determine soluble
sugars, reducing sugar and aeaucing sugars.

Soluble sugars were determined based on the method of phenol sulphuric acid described
by Dubois et al. (1956). Briefly, 0.2 ml of sample exact was used with 0.8 ml distilled water. To
the diluted extract, 1 mL of phenol reagent and 5 ahl96 % sulphuric aid were added and
incubated for 30 min at 30 C. The opt-i cal
spectrophotometer.

The reducing sugars were quantitatively estimated in the obtained extract following the

method of Somogyi (1952). Briefly, Org@l of sample exact was taken and 0.8 mL of distilled water
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and 1 mL of alkaline copper tartrate was added and the reaction mixture was heated for ten min in
a boiling water bath and cooled rapidly in an ice bath. Then 1 mL of arsenomolybdate reagent and
10 mL of distilled water were added and mixed well. The reaction mixture was incubated for ten
min at room temperature. The optical density reading was measured at 620 nm using UV
spectrophotometer.

The difference between total sugar and reducing sugaespmnds to the nereducing
sugar. Starch content was determined using anthrone (Hedge and Hofreiter, 1962). A known
weight of 0.2 g of frozen leaf samples from each treatment were ground in liquid nitrogen to a fine
powder and homogenized in a pestld enortar using 10 mL of 80 % ethanol and kept in preheated
(70 C) water bath for 30 min. The homogenate was filtered through Whatman No. 1 filter paper
and then reextracted using 10 mL of 80 % ethanol for removing the soluble sugars. The residue
was retained and was washed with hot 20 % ethanol till the washing®tdgive color with
ant hhrone reagent . Sample residue was dried in
distilled water and 6.5 ml of 52 @erchloricacid were added. Starch was extracted& @r 20
min. The extract was retained after cdatation. The extraction was repeated with fresh
perchloricacid. The extracts were pooled after centrifugation and the volume was made up to 50
mL with distilled water. To 0.2 ml of the extract, 0.8 ml of distilled water and 4 ml of anthrone
reagent weradded. The reaction mixture was heated for 8 min in a boiling water bath and cooled
rapidly in ice bath. The optical intensity was read at 630 nm using-apBttrophotometer.

Free proline content was quantified according to the method of Batesl&7a).(Briefly,
0.5 g of frozen leaf sample from each treatment was ground in liquid nitrogen to a fine powder and
homogenized in a pestle and mortar #3w/v) sulfosalicylic acid, and the residue was removed

by centrifugation. From the supernatant, 2was mixed with 2 mL of glacial acetic acid and with
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2 mL of acid ninhydrin (1.25 g of ninhydrin was warmed in a mixture of 30 mL of glacial acetic
acid and 20 mL of 6 mM phosphoric acid until dissolved) for 1 h at 100 °C; the reaction was
terminated in A ice bath. The reaction mixture was extracted with 4 mL of toluene. The
chromophorecontaining toluene was warmed to room temperature and its optical density was
measured at 520 nm using USpectrophotometer. Proline content was calculated according to
Bates et al. (1973).

Lipid peroxidation was measured in terms of content of malondialdehyde (MBAS55
mmol* cm?) a product of lipid peroxidation, following the method of Heath and Packer (1968).
Briefly, 0.5 g of frozen leaf samples from each tresitrwere ground in liquid nitrogen to a fine
powder and homogenized in a pestle and mortar with 10 mL of extraction buffer (0.1% trichloro
acetic acid (TCA). The homogenate was centrifuged for 10 min at 10,000 rpm. For every 1 mL of
the aliquot, 4 mL of 28 TCA containing 0.5% thio barbituric acid (TBA) was added. The mixture
was kept in water bath at 95 °C for 30 min and cooled rapidly in an ice bath to stop the reaction.
The optical density reading of the mixture was immediately taken at 532 nm usingidible
spectrophotometer, and the value for the-specific absorption at 600 nm was subtracted. The
concentration of malondialdehyde (MDA) was calculated using coefficient of absorbance of 155
mM? cmit. MDA content expressed as mmol/g fw. The MDA @mmitwas calculated as follows:
MDA concentration =(Abs532bs500) xVx1000 (& x W) . Wher e: V = extr a
extinction coefficient and W = sample weight

Total soluble protein content was determined as by Bradford (1976). Briefly, 0.5 g of
frozen leaf sample from each treatment was ground in liquid nitrogen to a fine powder and
homogenized in a pestle and mortar with 15 mL of extraction buffer (0.1M Tris buffer 8 pH) and

then centrifuged at 12000 rpm af@ for 15 min. Then 5 ml of Coomasie light blue reagent
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(CBB) and 0.5 ml of distilled water were added to 0.5 ml of the supernatants. Spectrophotometer
cuvettes and absorbance were measured using &ikible spectrophotometer at 595 nm.

At maturity, plants were harldarvested by cutting &m at the soil level. Data on plant
height, number of tillers pla®t spike number per plarandspike length were recorded at the day
of harvesting on five plants per genotype from all the temperature and salinity levels. Plant height
was determined abe distance between base of the plant and the spike. For vegetative dry weight
measurements, plant parisaves, stems, and spikes (main spike and other spikes separately) were
collected and dried at 40 °C for 10 d. Vegetative dry weight was determséte weight of
leaves, stems, and spikes per plant. After drying for 5 d, spikelet number was counted for main
spike, then main spikes were hand threshed to separate grains, and grain number per spike was
counted manually. Grain yield for main spike grat plant were calculated and individual grain
weight was calculated by dividing grain yield per spike by grains number per spike. Harvest index

was calculated as the ratio of grain yield to the total vegetative dry weight foplaath

Experiment Design andData Analysis

The experimental design was a randomized complete block with a splipkulitreatment
structure in five replications. Temperature was the main plot factor, salinity was assigned to sub
plots and genotypes to sghbplots. For he treatments, temperature had two levels (OT and HT),
salinity had three levels (0, 60, 120 mM NacCl), and genotype had twelve levels (GAGE, MTS0531,
TASCOSA, GUYMON, AVALANCHE, OK05108, TX86A5606, ONAGA, CO04W320, 2174

05, CARSON AND TX04M410211). Data weanalyzed using MIXED procedure in statistical

software SAS 9.4 for mean and standard error estimation. Separation of means was carried out
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using the LSD test (P < 0.05). The PROC MIXED procedures were used with block, temperature,

salinity, and genotyseas classariables.
Results

The Rvalues for physiological, biochemical, growth and yield traits obtained with SAS PROC
MIXED are presented in tables 3.1, 3.2 and 3.3. The independent effagé tdmperature and
salinity were significant (P< 0.001)on leaf photosynthesis, stomatal conductance, maximum
guantum yield of PH, thylakoid membrane damage, chlorophyll concentration, soluble sugars,
reducing sugars, nemeducing sugars, starch, proline content, soluble proteins, MDA, plant height,
tiller number, spike numbespike length spikelet numbedry weight, grain numbeirindividual

grain weight, grain yieldandharvest indexThe main effect of genotype was significant Hfeaf
photosynthesis, stomatal conductance, maximum quantum vyield 8f Bfylakoid membrane
damage, chlorophyll concentration, soluble sugars, reducing suganecaring sugars, starch,
proline content, soluble proteins, MDA, pldaight, tiller number, spike number, spikelet number,

dry weight, grain number, and grain lgde Interaction effects of temperature x salinity were
significant (P< 0.05) forleaf photosynthesis, stomatal conductance, maximum quantum yield of
PSII, thylakoid membrane damage, chlorophyll concentration, soluble sugars, reducing sugars,
nontreducing sugars, starch, proline content, soluble proteins, MDA, spike lerggikelet
number, grain numbemdividual grain weight, grain yieldndharvestindex Interaction effet

of temperature x genotype were significantg{M®.05) for maximum quantum yld of PSII,
thylakoid membrane damage, chlorophyll concentration, soluble sugars, reducing sugars, non
reducing sugars, proline content, soluble protMi3A, spikelet number, grain number, and grain
yield. Interaction effects of salinity x genotype weignificant (P< 0.05) forleaf photosynthesis,

stomatal conductance, thylakoid membrane damage, chlorophyll concentration, soluble sugars,
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reducing sugars, proline content, soluble proteins, and MDA cofitemtemperature x salinity x
genotype interaains, were significant for thylakoid membrane damage, chlorophyll
concentration, soluble sugars, reducing sugars;redacing sugars, proline content, soluble

proteins, and MDA content.

PhysiologicalTraits
Results of the effect of high temperature, salinity amombined stressesn leaf level
photosynthesis are presented in (Table 3.1 and Figures 3.1a, 3.2a, and 3.4a). The photosynthetic
rate was significantly decreased by high temperature (28 %), salinity (17d®6parbined high
temperature and salinity stress (40 %) (Figures 3.1a, 3. 2a, 3.4a). Genotypes responded differently
to the stresses. Figure 3.3a shows that the genotypes GUYMON, TX04M410211 and TASCOSA
had the highest level of leaf photosynthesis. Tempezxand genotype interaction also affect leaf
photosynthesis Fig. 3.5a shows the percent reduction over the control in all genotypes due to high
temperature. GUYMON, TX04M410211 and TASCOSA had the lowest reduction of leaf
photosynthesis, which was abouyt %, whereas other genotypes had reductidi3® %. Salinity
and genotype interaction decreased leaf photosynthesis by 11 % in genotype TASCOSA as lowest
reduction and 21% in genotypes 210%3land CO04W320 as the highest reduction (Fig. 3.6a). The
interacions of high temperature, salinity and genotypes reduced leaf level photosynthesis in all
genotypes with genotypes GUYMON, TX04M410211 and TASCOSA having the lowest
reduction (Fig. 3.7a).

Stomatal conductance was significantly affected by high temperagalinity and
combined stressgJable 3.1). Results of the effect of high temperature, salinity and combined

high temperature and salinity stress on stomatal conductance are presented in (Table 3.1 and

99



Figures 3. 1b, 3.2b, and 3.4b). The mean valuesonfiatal conductance were 0.68 mmmA s™.
stomatal conductance was significantly decreased by high temperature 56 %, high salinity level 28
% andcombined stresse®6 % (Figures 3.1b, 3.2b, 3.4b), which indicates decreased stomatal
conductance due to gh temperatures, salinity and their interaction. Genotypes responded
differently to the stresses. The values of stomatal conductance ranged between 0.73 and 0.65 mmol
m2st. The result showed that genotypes GUYMON, TX04M410211 and TASCOSA had the
lowest reduction (Fig 3.3b and Table 3.1). High temperature and genotype interaction had no
significant effect on stomata conductance. Salinity and genotype interaction also affect stomata
conductance where stomata conductance reduced by 20 % in genotypes GUYMON
TX04M410211 and by 34 % in genotype 21049 (Fig. 3.6b). In addition, high temperature,
salinity and genotypes interactions significantly affected stomata conductance in all genotypes
tested (Table 3.1 and Fig. 3.7b).

Significant differences were obsed in maximum quantum vyield of PS II by high
temperature and salinity. The genotypes were also significanky)(65) differed themselves for
maximum quantum yield of PS Il (Table 3. 1). Values of Fv/Fm ratio were significantly decreased
by high temperire 10 %, salinity 8 % antbmbined stressds % (Figures 3.1c, 3.2c and 3.4c¢),
which indicates decreased photochemical efficiency df B&e to high temperatures, salinity and
their interaction. Genotype also significantly effects maximum quanturd pEPSII in all
genotype tested (data not shown). In addition, maximum quantum yieldlbias significantly
affected by temperature and genotype interaction (Table 3.1). However, salinity and genotype
interaction as well as high temperature, saljrétyd genotype interactions had no significant effect

on maximum quantum yield of A5(Table 3.1).
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Thylakoid membrane damage (Fo/Fm) was significantly affected by high temperature
salinity, genotype andombined stresses well as their interactionsglle 3. 1). Values of Fo/Fm
ratio were significantly increased by high temperature (19 %), salinity (10 %ramdined
stresse$34 %) (Figures 3.1d, 3.2d, 3.4d.), which indicates increased thylakoid membrane damage
due to high temperatures, salinity atftkir interaction. Genotype also significantly effects
thylakoid membranes in all genotype tested. Figure 3.3c showed that genotypes TX04M410211
and TASCOSA had the lowest value of thylakoid membrane damage, whereas genotype OK05108
had the highest membramamage. In addition, thylakoid membrane damage was significantly
affected by temperature and genotype interaction (Fig. 3.5c¢). The result indicated that genotypes
had diverse response to high temperature. The percent increase in membrane damageiwas 12 %
GUYMON and 25 % in ONAGA. Salinity and genotype interaction also affected membrane
damage in all genotypes tested (data not shawd)the same trend was found in high temperature,
salinity and genotype interactions (Table 3.1), where all genotypes shded respond in
increased thylakoid membrane damage due to high temperature x salinity interaction (data not
shown).

Chlorophyll concentration was significantly affected by high temperature, salinity and
combined stresseflable 3.1). Values of SPADnit were significantly decreased by high
temperature 9 %, salinity 7 % awmdmbined stresseb4 % (data not shown), which indicates
decreased chlorophyll concentration due to high temperatures, salinity and their interaction.
Genotypes responded differaaily to high temperature and salinity (data not shown). Interaction
effect of salinity and genotype; and high temperature, salinity and genotype was also significant
on chlorophyll concentration (Fig 3.7c). However; high temperature and genotype intehactio

no effect on chlorophyll concentratighable 3.1)
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Biochemical Traits

Analysis of variance for soluble sugars, reducing and rezlucing sugars, starch, proline, soluble
proteins and MDA obtained with SAS PROC MIXED are presented in table 3. ihddpendent
effects of temperature, salinity, and genotypes; and interaction effects of temperature x salinity
were significant (< 0.0001) for total soluble sugars, reducing and-rexucing sugars, starch,
proline, soluble protein, and MDA contents (Tal8.2). Interaction effect of temperature x
genotype was significant (R 0.05) for total soluble sugars, reducing and-nedfucing sugars,
proline, soluble protein, and MDA contents. Interaction effects of salinity x genotype was
significant (P< 0.05) br soluble sugars, proline, soluble protein, and MDA contents. Interaction
effects of temperature x salinity; and temperature x salinity x genotype were significaiO&)

for total soluble sugars, reducing and fteducing sugars, proline, soluble i, and MDA

contents (Table 3.2).

Total Soluble Sugars, Reducing Sugars, Non-Reducing Sugars, and Starch Contents

The mean value of starch, soluble sugars, reducing sagahsonreducing sugars were, 75, 54,

21, and 80 gkd, respectively The maiaffect of high temperature reduced starch content 9p 24

and increased soluble sugar, reducing sugar, anedrentuting sugar, by 42, 49 and 25 %,
respectively (Fig3.8a-d). Whereas, salinity stress reduced starch content by 10 % and increased
soluble sugr, reducing sugar, and noeducing sugar by 25, 23 and 3Q&spectively (Fig. 38

d). The combination of high temperature and salinity also resulted in a significant decrease in
starch content with about 34 % reduction over control and increastilvle sugar, reducing sugar

and norreducing sugar which were about 84, 83, 86 % of control, respectively (Figed.11
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Genotype responded differently to stresses. Total soluble sugars rahgedrbé2 and 7d@/kg.

The result showed that genotypeg 205, TX04M410211 and TASCOSA had the highest value

in soluble sugar accumulations (Fig.10a). High temperature and genotype interaction had
significant effect(P <0.05)on soluble sugar accumulation. Figure 3.12a shows the increase in
soluble sugarsc@umulation in each genotypes due to high temperature effect. The result showed
that genotypes OK05108 and GAGE had 47 % increase in soluble ssgjarity and genotype
interaction also affect soluble sugar accumulations Qf®801). Soluble sugars ireased by 17

30 % across all genotypes, with ONAGA accumulating the highest amount of soluble sugars and
TX86A5606 accumulating the lowest amount. In addition, high temperature, salinity and
genotypes interactions significantly (P 6:0001) affected sohle sugar accumulation in all
genotypes tested (Fig. 3.14a). The genotype TASCOSA showed the best performance under
combined stresse®ndition.

Genotypegesponded differently to these stresses in term of reducing sugars with values
of reducing sugars nging between 51 and 56 g/kg. The result showed that genotypes
AVALANCHE, TX04M410211 and TASCOSA had the highest value in reducing sugar
accumulations (Fig 3.10bHigh temperaturex genotype interaction had significant effect<P
0.0001) on reducing sag accumulation. The ressiishowed that in genotypes GAGE and
TASCOSAthereducing sugars increased by 64 and 60 % respec#adlyy 40 % in CO04W320
and CARSON genotypes (Fig. 3.12b). Reducing sugar accumulation also increased due to salinity
X genotype interaction. The interaction effect increased reducing sugar {30 26 in all
genotypes, with genotype ONAGA, AVALANCHE and MTSO0531 accumulated the highest
guantity and genotype CARSON accumulated the lowest quantity. Reducing sugars significantly

affected (P <0.01) by temperature salinity x genotypes interaction (Fig. 3.14b). The genotype
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TASCOSA showed the best performance umdenbined stressesndition.Non- reducing sugars
significantly (P < 0.0001) affected by high temperature, salinity and combinationhigh
temperature and salinistressesThe main effect of genotype significan{ly <0.0001)affected
nonreducing sugar aamulation. (Table 3.2). The values of r@ducing sugars ranged between

19 and 23 d&Q. Figure 3.10c show that genotypes ONAGA had the highest amount of non
reducing sugars accumulati@s compared to other genotypétigh temperaturex genotype
interactionhad significant (P <€0.0001)effect on norreducing sugar accumulatio The result
showed that in genotype 2185, the norreducing sugars increased by%land only by ?6 in
CARSON genotyp€Fig 3.129. Salinity x genotype interaction had no effect on freducing
sugars accumulations. On the contrast, high temperatsadinity X genotype interactions had
significant (P < 0.05) effect on noreducing sugars accumulation (Fig. 3.14c). The genotypes
GUYMON, ONAGA and 21745 showed the best performance undembined stresses
condition.In addition,the amount of starch wheat leavewere significantly decreased by high
temperaturgsalinity and combinedhigh temperature and salinistress. Genotypes responded
differentially to high temperature and salinity stress (data not shown). Interaction effect of high
temperaturex genotypes, salinity x genotype; and high temperature x salinity x genotype had no

significant effect on starctontent

Proline, SolubleProtein, and MDA contents

The mean vale of proline, soluble protein and MDA were u#oles/g 15 g/kg and 3imol/g,
respectively The main effect of high temperature resulted in a signifi¢@nt 0.0001)increase
proline soluble protein, anMDA content in almost all genotypes tested. High temperature

increased proline, soluble protein and MDA 197 62 and%4respetively (Fig. 3.15). While,

104



salinity stress increased proline, soluble protein and MD83¥4, and 68%, respectively (Fig.
3.16a-c). The combination of sality stress and high temperature also resulted in a signififant
<0.0001)increase in proline, solubfotein and MDA, which were 91385 and 450 % ofantrol,
respectively (Fig. 3.18c).

Proline content in all genotypes increased with increase in the level of temperature, salinity,
and combinedigh temperature and salinisgress (Fig. 35a, 3.16a and 3.48 andgenotypes
responded differently to the stresasthe values of proline ranged betwef and 4.moles/g
and genotype GUYMON, TX04M410211 and TASCOS#ad maximum values for proline
content as compared to theéher genotypes. In contrast genotype MTS0531 possessed the least
amount of proline (Fig. 3.1j. Temperature and genotypes interactrassignificant(P <0.0001)
on proline accumulatiorSalinity and genotype interaction had significéiait< 0.05)effect on
accumulation of prolineFigure 3.19a showed that accumulation of proline increased in all
genotypes with percent increase between-228 % in genotype CO04W320 and 2105}
respectively. A percent increase between 52 and¥®%vere recordedin CARSON and
AVALANCHE genotype respectively(Fig. 3.20a). An increase of proline accumulation was
significant (P <0.001)due to temperature x salinity and genotype interaction (Fig 3.21a). The
genotypes GUYMON, TX04M410211 and TASCOSA showed the best perfoentauaer stress
condition.

Salinity and high temperature significan{ly <0.0001)increased total soluble protein
concentrations in all genotypes (Fig. 3.15b and 3.&6b)a significantP <0.0001)interaction
between satity and high temperature wasen in term of total soluble protein. Protein content of
all genotypes tested varied at high temperature and high salinity levels\fd2aCl) treatments

when averaged across all genotypes.(Bi&). The values of soluble proteins ranged between
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14 and 15 g/lg. Genotypes TX04M410211 and TASCOSA had the highest accumulation of
soluble proteins and genotypes OK05108, GAGE, @@bD4W320 had thdowest protein
accumulation (Fig 3.13). High temperature and genotype interaction effect was signifjPasnt

0.05) in which genotypes showed increase in soluble protein accumulation due to high
temperature as compared to optimum temperature. Genotypes include GAGE, and ONAGA
showed percent increase of about@0and genotype CO04W320 showed% percent increas

in protein accumulation. (Fig. 3.19b). Salinity and genotypes interactiorsigadicant (P <
0.0001) effect omprotein accumulation. Figure 3.20b showed that genotypes GUYMON possessed
maximum values with percent increase oft88ollowed by genotype ASCOSA 36% increase

in soluble protein content as compared to the other genotypes. In contrast genotype CARSON
possessed thlvwest amount of protein with increase of 23 of soluble protein. Also high
temperature, salinity and genotypes interactions had signifieasfd.05)effect on soluble protein
accumulation (Fig. 3.21b). The genotypes GUYMON, TASCOSA, and TX04M410211 showed
the best performance undsymbined stresescondition.

The main effect of high temperature, salinity, and genotypes resulted in a sigrificant
0.0001)increasein MDA production. An enhanced level of lipid peroxidation was observed in
wheat leavevith increase of 14% in response to higiemperature, 686 in response to salinity,
and 450% in respond to combineligh temperature and salinistress when averaged across
genotypegFig. 3.15c¢, 3.16c an8.18¢). MDA values ranged between 2.7 and @iol/g). Figure
3.17c showed that genotyp&sUYMON, TASCOSA, and TX04M410211 accumulated less MDA
and genotypes GAGE and MTS0531 accumulated high amount of MDA. High temperature and
genotype interaction significantlP < 0.0001) increasedMDA content in wheat leage An

increase of 15% in MDA was seen in genotype AVALANCHE due to high temperature, whereas
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genotypes GUYMONE accumulated less MDA (14 under the same condition (Fig. 3.19c).
Salinity and genotype interaction was also signifi¢g@0.001).MDA induced in all genotypes

due to hgh salinity level. A increase of 746 was seen in genotypes TX86A5606 and dssdr
increase 62 % was seen in genotype TASCOSA (Fig. 3. 20c). Also high temperature, salinity and
genotypes interactions had significg/® <0.05)effect on MDA production (Fig. 3. 21c). The
genotypes GUYMON and TASCOSA showed the best performance as they accumulate less MDA

undercombined stresse®ndition.

Growth and Yield Traits

The mean effect of high temperatwas significantP <0.0001)on dant height, tiller number,
number of spike, spike length, spikelet number, dry weight, grain number, individual grain weight,
grain yield,andharvest indeXTables 3.3, 3.4, and 3.5). Thean effect of salinitwas significant

(P <0.0001)on spikeket number, dry weight, grain number, individual grain weight, grain yield,
andharvest indexandit was significant (P €.05) for gant height, tiller numbenumber of spike,
and spike length. The interaction effect of high temperature and salinisigvaficant (P <0.05)

on spike length andrain number per spikeandit was significant (P €.0001)for spike length,
spikelet number, grain yieldndharvest indexHowever,plant height,number of tiller, number

of spike,biomass dry weightandgrain number per plarwere not significantly influenced by
combinedhigh temperature and salinisgress The main effect of genotype was significant (P <
0.0001) onplant height, tiller number, numbeif spike, spikelet number, andagn numberand

it was significant (P €©.05)for dry weight, grain number per spike, grain yield, and harvest index
High temperatures x genotype interactivas significant (P < 0.05) ospikelet number, grain

number, grain yield per spik&alinity x genotype interactioand high temperature x salinity x
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genotype interactionead not significant effect on all yield traits measured in the experiment
(Table 3. 3)

The main effect of high temperature, saliniggnotype,and combined stressesf high
temperature and salinistress significantlyP <0.0001)decreased spikelet number per spike by
22, 17and 35%, respectively (Figures 3.22a, 3.23a, 8rzka). The same tren(P <0.0001)was
found in the effector high temperature, salinity, aggnotypeon grain number per plant. Figures
(Figures 3.22b, 3.23b, and 3@showednumber of grains per plastgnificantly decreased due
to high temperature, salinity, amdmbined stressds/ 30 21 and 46%, respectively. Also high
temperature, salinity, armbmbined stresses significantly decreased individual grain weight by 27,
19and 3%%, respectivelyGrain yield per plant significantlyP <0.0001)decreased b¥9, 36and
67 % due to high temperature, salinity, and combiriegh temperature and salinitstress
respectively (lures 3.22ac 3.23c, and 3c5In addition, the main effect of high temperature,
salinity, and combinetigh temperature and salinisjresses significantfp <0.0001)decreased
harvest index byi2, 30, and 59 %espectively (Fyures 3.22d, 3.23d, and 3d®5

Genotypes responded differently to the stress in term of spikelet number, grain number,
and grain yield and harvest index. The value of spikelet number ranged between and 17 and 18
spikelet per spike, the value of grain riaen ranged between 226 and 256 grains per plant, the
value of grain yield ranged between 8 and 10 gram per plant, and the value of harvest index ranged
between 0.43 and 0.46Figure 3.24a, b and ¢ showed that genotypes such as GUYMON,
TX04M410211 andfASCOSA had the highest value in term of spikelet number per, gpiia
number per plant, grain yield per plant, and harvest index. Whegerastypes 21705, OK05108
and MTS0531 had the lowest value in term of spikelet number per spike, grain numplanpe

grain yield per plantHigh temperatur& genotype interaction had significaf® <0.01) effect
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only on spikelet numbenumber of grain per spikand grain yield per spike (Table 3.3). Figure.
3. 26a, b, and c shows the percent reduahospikelet numbernumber of grain per spikend
grain yield per spike for all genotypes tested. Salinity X genotype interaction as well as temperature

X genotype x salinity interactions showed no significant effect on all yield. traits

Discussion

Under naturbconditions in arid and senrairid regions, wheat plant mostly subjected to
combined stresses of salinity and high temperature. Exposure to high temperatures and salinity
stress may vary with the stage of plant development, but all vegetative and repeostagies are
affected by high temperature stress (Wahid et al., 2007) and salinity stress (Munns and Termaat,
1986; Maas and Grattah999). Under high temperature and salisityesscondition plantsmay
subjectedto water stressvhich may result in m@uced in leaf photosynthesasnd stomata
conductancejamagedhylakoid membrane, reduced seed set, spikelet number per spike, and grain
number per plant, harvest index and ultimate yield per plmter stress condition, plants are
induced to synthesizmany biochemical substances such as proline, sugars, and soluble proteins.
Such biochemicals are called osmoprotectants (Hamada and Khulaef, 1995; Yang et al., 2009;
Radi et al., 2013; Sabbagh et al., 2014

In this study, weinvestigatedthe response aodifferent winter wheat genotypes to an
individual and combination of galty and high temperature stress in order to evaluate the response
of wheat to these stressds$ie results suggest that there is genetic variability among winter what
genotypes stha some genotypes were capable of adapting to salinity stress. More importantly,
our results revealed that in addition to their ability to adapt to high salinity, these genotypes are

also capable of adapting to high temperature stisss
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Elevated tempetare andsalinity directly affectedphotosynthetic enzymes addcreased
gas exchange and light reactions (Wahid et al., 2007; Djanaguiramay2étdal, Sabbagh et al.,
2014). Comparisons of leaf photosynthesis, stomata conductance, Fv/Fm, Fo/Fmoenhgtl
concentration between high temperature, salinity, and a combination of salt stress and high
temperature indicate that there was significant decrease of leaf photosynthesis, stomata
conductance, chlorophyll concentration, Fv/Fm, and increase imAader a combination of salt
stress and high temperature than under high temperature and/ or salinity individually. These results
suggest that satttressed plants led to enhanced sensitivity of plants to high temperature. High
temperature, salinity arithe combination of salt stress and high temperature led to a decrease in
stomatal conductance and such the decrease was greater under the combination of salt stress and
high temperature than under high temperature alone. These results indicated tleahpéyhture
and the combination of salt stress and high temperature were accompanied by closing of stomata,
which may cause reduction inOz uptake by wheat leaseln this study, photosynthetiate
stomatal conductance and limitation @@, uptake were ecreased under salinity but severely
dropped withthe addition ofhigh temperature stres§his finding agred with a study that
concluded that theombined stressagas much more severe on gas exchange and photosynthesis
processes underombined stressethan individual stresses (Anjum et al., 2008; Dadkhah and
Rassam, 2016 hese results suggest that the combination of salinity stress and high temperature
stress affects wheat plants differently than if salt stress or high temperature are applied
individually. The interaction effect was hygarlditive (negative interaction) the combined effect
(high temperature and salinity) was less than the sum of the individual effect (high temperature or
salinity) on all physiological traitéFig. 3.4a-d). In addition,the present study found that genotypes

responded differently to the individual andmbined stresseend that some genotypes such as
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GUYMON, TX04M410211 and TASCOSA performed well under individual @odnbined
stressess compared to other genotypes (RBiga-c). The tolerance of photosynthetic system to
salinity may be related to the capacity of some plant species to successfully compartmentalize the
salts in the vacuole (Sabbagh et al., 2014).

Salinity andhigh temperature induced an accumulation ofassigproline, and soluble
protein andreductionin starch content in wheat leaves. In fact, the accumulation of soluble
compounds in plants has been widely reported as a response to salinity and temperature (Yang et
al., 2009; Sabbagh et al., 2014; Dadkhall Rassam, 2016). It is well known that soluble sugars
play an important role in plant metabolism such as products of hydrolytic processes, substrates in
biosynthetic processes, and energy production. The present study indicates that salinity and high
temperature stress individually and/or in combination increased proline, soluble protein and
soluble sugars. The increase in proline and sugar content may be due to osmotic regulation. Some
plants are able to stand salinity by reducing the cellular osmotengal as a result of a net
increase in inorganic and solute accumulation (Yang et al., 2009; Sabbagh et al., 2014). Numerous
studies have tried to link the increase of soluble carbohydrate to temperature stress tolerance (Radi
et al.,, 2013) and salinitgtress tolerance (Ashraf and Tufail, 1995). The present result is in
agreement with other ressitbn wheat seedling treated with high temperature and salinity, which
also found that high temperature and salinity treatments resulted in a significargeninrealuble
sugar, reducing and ngeducing sugar, soluble protein and proline in some genofifsrada
and Khulaef, 1995)'he study herein reported thhagtinteraction effect waslditive or synergistic
(positive interaction) the combined effectghitemperature and salinity) was higher than the sum
of the individual effect (high temperature or salinity)smutesugaraccumulatior(Fig. 3.1%&-d).

High temperature and salinity treatments resulted in a significant increase, in the total of soluble
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sugar, reducing and needucing sugar in all genotypes, however there was a trend that some
genotypes accumulated high amount of these carbohydrates. TX04M410211 and TASCOSA
genotype were more tolerant to high temperature and salinity §figs3.10. Sarch is the most
abundant storage carbohydrate produced in plants. The result of this study found that starch
contents in what leave of all genotypes were reduced as a result of high temperature and salinity
stress. The result herein agreed with a sardhe effect of water stress on wheat plant (Saeedipour
and Morad 2011). The study reported that decreased starch content was due to decreased
photosynthesis ratalsoincreased soluble sugars may have related to degradation of starch in
wheat leave Another explanation of high sugar content in wheat Isavthe same time reduction
in starch content nyabe due to the inhibition of distribution of these sugars to storage tissues.
However, another study had reparteontrashg result and stated thatasch concentration of
wheatleaves increased with increasing salinity (Dadkhah and Rassam, 2016).

Proline is critical for osmoprotection in many plants, and one of the most common
responses of many plants subjected to abiotic stresses is the accunputdirien(Hare and Cress,
1997; Ashraf and Foolad, 2007). It has been reported that proline plays a protective role in plants
exposed to stressdis thought to be acting as a cellular osmotic regulator and plays a role in ROS
detoxification. (Hare and Css, 1997; Ashraf and Foola2D07;Tatar and GevreR008; Yuet al.,
2015). In the present study an increase of proline was seen in all genotypesindstedt he
interaction effect was hypadditive (negative interaction) the combined effect (high temperature
and salinity) was less than the sum of the individual effect (high temperature or saliqitg)ioe
accumulatior{Fig. 3.1&-c). Genotypicvariationin proline accumulation under high temperatures
were reported in this study as the increase was greater in GUYMON, TX04M410211 and

TASCOSA genotypes and lowest in AVALANCH&nd MTS0531 genotypes (Fi§.17a-cC).
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Similar result was obtained in another studpomed that genotypic differences in proline
accumulation under high temperatures weeenin 20 wheat genotypes (Ahmed and Hassan,
2011).In addition, nany studies found that proteins play a key role in salt stress acclimation and
plant cellular regulabtin as these proteins are utilized in many cellular processes associated with
salt acclimation Farooq et al., 2011Kosova et al., 2013). In this study an increase in soluble
proteins was found in all genotypes, however some genotypes accumulated meins pinain
others. Other studies also aggewith this study and they concluded that soluble protein were
increasedunder high temperaturestress Farooq et al., 20)1and underalso in salinitystres
condition (Radi et al., 2013yhe MDA content islinked with the oxidization of the cell membrane
and the content of MDA is often used as an indicator of lipid peroxidation resulting from oxidative
stress. MDA has been considered an indicator ofisdiltced oxidation in cell membranes and a
tool for deermining salt tolerance in plants (Ghafiyehsanj et al., 2013; Radi et al., 2013). In this
study, MDA content were significantiycreasedby high temperature, salinity arsbmbined
stressesHowever, the accumulation of MDA content wasreasedo a greter degreegn some
genotypes than in other genotypes, this suggest that within the genotypes tested there were some
susceptible genotypes that accumulated more MDA such as MTS053 and GAGE; and some were
tolerant genotypes include JWION, TX04M410211 and TARCOSA. Many studies agree that
increasing MDA content is linked with increasing the degree of stress in wheat plants (Tatar and
Gevrek, 2008; Mansoor and Naqvi 20X8)d that plarg that accumulate less MDA are more
tolerant.

In wheat, yield is determindaly the number of spikes per plant and yield components such
as spikelet number, grain number and grain weighH@tidawy et al., 2005). The result from this

study showed that spikelet number per spike had a positive and highly significant relatiotiship wi
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grain yield undehigh temperaturera salinity stress. This result agree wotherstudies, which
concluded that there was a reduction of spikelet number per spike and grain number per spike and
per plant under high temperatigteesgNaharet al., 210; Pradhan et al., 2012; Narayanan et al.,
2015), under salinity condition (Maas and Grieve, 1990; Sairam et al., 2002), under combined
salinity and ligh temperaturestress (Anjum et al., 2008@ndunder combined high temperature

and drought stress (Rifaan et al., 2012Alghabari et al., 2016 The different yield components
showed different responses to high temperature, salinitycamdined stresse3he individual

grain weight was least sensitive to salinity at booting stélgis.is because of tHact that grain

weight is determined between flowering and maturity, which was after the time of stress for the
plants in this studyHowever, spikelet number and grain number were the most sensitive yield
component at booting stage. This because ofatiethat spikelet number and grain number are
determined during the period of spike emergence to flowering, which in this experiment was the
stress period. This result agreed with-Heindawy et al., 2005The study herein reported that
spikelet number pespike was reduced due high temperature and salinity stress. This could be

due to the fact that spikelet number initiation occurs at the vegetative stage and stress may have
resulted in shortening the vegetative stage, in turn causing a reductiomixemafspikeletper

spike. This agrekwith thearother study which reported a positive correlation between the length

of the vegetative phase and the number of spikelet number per spike and that the increase the
duration of the vegetative stage of the apex induces more spikelet numbers per spike @ahman
al., 1977). However, another study showed that the actual number of spikelet is determined by the
length of the reproductive phase and reveled that short days from double ridge to terminal spikelet
initiation stimulate a large number of spikelet (Rahraad Wilson, 1978). This suggests that

assessment famombined stresseax high temperature and salt tolerance among genotypes can be
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based on the genetic diversity in spikelet number per spike. The yield component (seed set and
grain yield) reduction is gsitively related to some environmental conditions such as high
temperature, drought, light and cold during the stem elongation phase until after anthesis (Prasad
et al., 2008)Harvest index also had very significant relationship with grain yield undessst
condition. The study found that grain yield and harvest index of the twelve wheat genotypes tested
in this experiment significantly decreased with increasing temperature and salinity levels. The
study revealed that genotypes include GUYMON, TX04M4102id TASCOSA showed highest

grain yield and genotypes 210% and OK05108 showed the lowest grain yield and harvest index
values These results were similar to the results reported from other studietegBawy et al.,

2005; Asgari et al., 201Prasadtt al, 2008;Narayanan et gl2015). These studigsportecthat

grain yieldand harvest indewerereducedunder stress and thdtet interaction effect was hypo
additive (negative interaction) the combined effect (high temperature and salinity) wHmtess

the sum of the individual effect (high temperature or salinity) on grain yield and harvest index
(Fig. 3.2%-d). From this study & foundthat genotypes who performed well under stress were the
same genotypes that had high yield component. Theseygesdtad high level of photosynthesis

and high chlorophyll content, higher proline, soluble sugar and soluble protein content in their
leave. A good explanation for that that accumulation of osnarotectant may have enhanced the
maintenance of turgor by osmotic adjustment which may led to stomata opening and maintain CO
level to the level required for photosynthesis.this study and based on grain yield reduction,
genotype TASCOSA was the most tolerant to high temperature stress (46 % decline) and genotype
GUYMON was the most tolerant to salinity stress (32 % decline) at booting stage. These genotypes
are best adapted to the High Plaiagions which expected to havbetter drought tolerance and

because high temperature and salinity are a dehydration stresses, therefore these genotypes were
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high temperature and salinity tolerance. Whereas, genotypes CARSON was highly susceptible to
high temperature stress (52 % dee) and AVALANCHE was highly susceptible to salinity stress

(42 % decline) at booting stage.
Conclusiors

In conclusion, high temperature 36 and salinity 120nM NaCl and their combined
effects at booting stage were negatively influenced wheat growltlyiald. Combined stresses
was more damaging to wheat than the individual effect of each stress, which indicated that the
interaction effect was additive. High temperatures, salinity and their interaction at booting stage,
had negative effects on wheat plojogy, biochemical, yield and yield component as indicated by
the reduced leaf level photosynthesis, reduced chlorophyll content, starch content, increased
sugars, pline and soluble proteins, increased MDA level, and reduced grain yield and harvest
index. Also the study concludes that winter wheat genotypes diverse in their response to
combination stress of high temperature stress and salinity stress. GenGigEVON,
TX04M410211 and TASCOSA were the more tolerant ones. Tweresome traits that calpe
selected for breeding programs such as photosynthesis rate, leaf chlorophyll content, grain number
and weight. However, the screening for wheat genotypes can be based on characteristics related to
high yields under stress conditiofhese criteria bettebe stable and easy to evaluate especially
with the need to screen a high number of genotypes. Still, further research is needed to confirm

these interaction effects with other wheat genotypes and under field condition
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Figures andTables

Figure 3-1 The main effect of high temperature on (A) leaf photosyitmate (umol 't s2), (B)

stomata conductan¢enmol m? s1), (C) maximum quantum yield of REFv/Fmratio; unitless,

and (D) thylakoid membrane dama®/Fmratio; unitles} of twelve winter wheat genotypes.

Data are averaged across two experiments, twelve genotypes, three replications of each genotype
and three measurements taken on each plant on d 2, 5 ahdutihg the stress period. Each
datum indcates mean value and vertical lines on top of bars indicate standard error of means.
Means and standard errors were estimated using the MIXED procedure in SAS. Percent increase

ordecreasé each trait due to high temperature as compared to optimumrioneeis indicated.
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Figure 3-2 The main effect of salinity on (Agaf photosynthetic rate (umolfs?), (B) stomata
conductance (mmol %s?), (C) maximum quantum yield of PS Il (Fv/Fm ratio; unitless), and (D)
thylakoid membrane damage (Fo/Fm ratio; unitlegs)velve winter wheat genotypes. Data are
averaged across two experiments, twelve genotypes, three replications of each genotype and t
measurements taken on each plant @n®and 1@ during the stress period. Each datum indicates
mean value and vertical lines on top of bars indicate standard error of means. Means and standard
errors were estimated using the MIXED procedure in SA8cent increase decreasen each

trait due to salinity as compared to the control is indicated.
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Figure 3-3 The effect of genotype on (Agaf photosynthetic rate (umol$s?), (B) stomata
conductance (mmol ¥s?), and(C) thylakoid membrane damage (Fo/Fm ratio; unitleégyelve

winter wheat genotypes. Data are averaged across two experiments, twelve genotypes, and five
replications of each genotype. Each datum indicates mean valwerdiodl! lines on top of bars

indicate standard error of means. Separation of means was carried out using the LSD test (P <

0.05). Means with different |l etters are signi
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Figure 3-4 The effect ofcombined stressesf high temperature and salinity on (Agaf
photosynthetic rate (umol ts?), (B) stomata conductance (mmof2nst), (C) maximum
qguantum yield of PS II (Fv/Fm ratio; unitless), and (D) thylakoid membrane damage (Fo/Fm ratio;
unitless)of twelve winter wheat genotypes. Data are averaged across two experiments, twelve
genotypes, three replications of each genotype lane@ tmeasurements taken on each plant on d

2, 5and 1@ during the stress period. Each datum indicates mean value and vertical lines on top
of bars indicate standard error of means. Means and standard errors were estimated using the

MIXED procedure in S&. Percent increase decreasén each treatment as compared to control

is indicated.
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Figure 3-5 Theinteractioneffect of high temperature and genotgpe(A) leaf photosynttie rate

(umol m? s1), and(B) thylakoid membrane damage (Fo/Fatio; unitles of twelve winter wheat

genotypes. Data are averaged across two experiments, twelve genotypes, three replications of each

genotype and three measurements taken on each plant on d 2, Sdeshatibg the stress period.

Each datum indicates mean value and vertical lines on top of bars indicate standard error of means.

Means and standard errors were estimated using the MIXED procedure in SAS. iRerease

or decreasdue to high temperature as caangd to optimum temperature is indicated.
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Figure 3-6 Theinteractioneffect of salinity and genotype on XAeaf photosynthetic rate (umol

m?2 s1), (B) stomata conductance (mmo#?rat), and (C) thylakoid membrane damage (Fo/Fm

ratio; unitless)of twelve winter wheat genotypes. Data are averaged across two experiments,
twelve genotypes, three replications of each genotype and three measurements taken on each plant
ond 2, 5 and 1@ during the stress period. Each datum indicates mean value and vertical lines on
top of bars indicate standard error of means. Means and standard errors were estimated using the
MIXED procedure in SAS. Perceimticrease odecreasén each trait due to salinityas canpared

to the control is indicated.
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Figure 3-7 Theinteractionof high temperature, salinity and genotype on (A) leaf photostathe

rate (umol m?2s 1) (B) stomata conductandenmol m? s1) and (C)chlorophyll index(SPAD

units) of twelve winter wheat genotypes Data are averaged across two experiments, twelve
genotypes, three replications of each genotype and three measurements taken on each plant on
days 2, 5 and 10 during the stress period. Eagatum indicates mean value and vertical lines on

top of bars indicate standard error of means. Means and standard errors were estimated using the

MIXED procedure in SAS
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Figure 3-8 The main effect ohigh temperature on (A) total soluble suga#tkg), (B) reducing
sugar(g/kg), (C) nonrreducing sugafg/kg), and (D) starch contefg/kg) of twelve winter wheat
genotypes. Data are averaged across two experiments, twelve genotypes, and five replications
each genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard
error of means. Means and standard errors were estimated using the MIXED procedure in SAS.
Percent increase afecreasean each trait due to high tempene¢ as compared to optimum

temperature is indicated.
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Figure 3-9 The main effect of salinity on (Aptal soluble sugar (g/kg), (B) reducing sugar (g/kg),

(C) nonreducing sugar (g/kg), and (B)arch content (g/kgdf twelve winter wheat genotypes.

Data are averaged across two experiments, twelve genotypes, and five replications of each

genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard error

of meansMeans and standard errors were estimated using the MIXED procedure in SAS. Percent

increase odecreasén each trait due to salinity as compared to the control is indicated.
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Figure 3-10 The main effect of genotype on (A) total soluble sudgrkg), (B) reducing sugar

(9/kg), and (C) nonreducing suga(g/kg) of twelve winter wheat genotypes. Data are averaged
across two experiments, twelve genotypes, and five replicatioeachf genotype. Each tdan
indicates mean value and vertical lines on top of bars indicate standard error of means. Separation
of means was carried out using the LSD test (P < 0.05). Means with different letters are

signiycantly different according to the LSD t
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Figure 3-11 The interactionof combined stresses high temperature and salinity on (#tal

soluble sugar (g/kg), (B) reducing sugar (g/kg), (C)-redtucing sugar (g/kg), and (D) starch

content (g/kg)of twelve winter wheat genotypes. Data are averaged across two experiments,

twelve genotypes, and five replications of each genotype. Each datum indicates mean value and

vertical lines on top of bars indicate standard error of means. Means and stanoladvere

estimated using the MIXED procedure in SAS. Percent increagecoeasén each treatment as

compared to control is indicated.
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Figure 3-12 The interactionof high temperature and genotype on (&al soluble sugar (g/kg),

(B) reducing sugar (g/kgand (C) norreducing sugar (g/kg)f twelve winter wheat genotypes.

Data are averaged across two experiments, twelve genotypes, and five replications of each
gerotype. Each datum indicates mean value and vertical lines on top of bars indicate standard error
of means. Means and standard errors were estimated using the MIXED procedure in SAS. Percent
increase in each trait due to high temperature as comparedrtwoptemperature is indicated on

each genotype.
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Figure 3-13 Theinteraction okalinity and genotype on (Adtal soluble sugar (gg), (B) reducing

sugar (g/kg) andC) nonreducing sugar (g/Rgof twelve winter wheat genotypes. Data are
averaged across two experiments, twelve genotypes, and five replications of each genotype. Each
datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standardrers were estimated using the MIXED procedure in SAS. Percent increase

in each trait due to high salinity as compared to the control is indicated.
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Figure 3-14 Theinteractionof high temperature, salty and genotype on (Aptal soluble sugar

(g/kg), (B) reducing sugar (g/kgpnd (C) nonreducing sugar (g/Rgof twelve winter wheat
genotypes. Data are averaged across two experiments, twelve genotypes, and five replications of
each genotype. Each datundicates mean value and vertical lines on top of bars indicate standard
error of means. Means and standard errors were estimated using the MIXED procedure in SAS.
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Figure 3-15 The main effect of high temperature on @bpline content(umoles/g) (B) soluble
proteincontent(g/kg) and (C) MDAcontent(umoles/g)of twelve winter wheat genotypes. Data

are averaged across two experiments, twelve genotypes, and five replications of each genotype.
Each datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standard ersowvere estimated using the MIXED procedure in SAS. Pecergase

in each trait due to high temperature as compared to optimum temperature is indicated.
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Figure 3-16 The main effect of salinity o(A) proline content (umoles/g), (B) soluble protein
content (g/kg) and (C) MDA content (umoles/of twelve winter wheat genotypes Data are
averaged across two experiments, twelve genotypes, and five replications of each genotype. Each
datum indicates mean valand vertical lines on top of bars indicate standard error of means.
Means and standard errors were estimated using the MIXED procedure in SAS. Percent increase

in each trait due to salinity as compared to the control is indicated.

(A) 8
83%
[
%)@ 6 42%
S 3
eg
o2 i
& 2
0 J
B
@ 18- 24%
£ 11%
)
59 12
23
_g N—r
5 6
N
O J
(©) 4 68%
32%
g 3
D~
ED
Az
= 1-
0
0 60 120
mM NaCl
Salinity level

142



Figure 3-17 The main effect of genotype o(A) proline content(umoles/g) (B) soluble protein
content(g/kg) and (C) MDA content(umoles/g)of twelve winter wheat genotypes. Data are

averaged across two experiments, twelgaotypes, and five replications of each genotype. Each

datum indicates mean value and vertical lines on top of bars indicate standard error of means..

Separation of means was carried out using the LSD test (P < 0.05). Means with different letters

aresgnycantly different according to the LSD
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Figure 3-18 The interaction ofhigh temperature and salinitstresson (A) proline content
(umoles/qg) (B) soluble proteirtontent(g/kg) and (C) MDAcontent(umoles/g)of twelve winter

wheat genotypes. Data are averaged across two experiments, twelve genotypes, and five
replications of each genotype. Each datum indicates mean value and vertical lines on top of bars
indicate standard erraf means. Means and standard errors were estimated using the MIXED

procedure in SAS. Perceincreasdn each treatment as compared to control is indicated.
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Figure 3-19 Theinteraction othigh temperature and genotype (@) proline content(umoles/qg)

(B) soluble proteincontent(g/kg) and (C) MDA content(umoles/g) of twelve winter wheat
genotypes. Data are averaged across two experiments, twelve genotypes, and five replications of
each g@notype. Each datum indicates mean value and vertical lines on top of bars indicate standard
error of means. Means and standard errors were estimated using the MIXED procedure in SAS.
Percentincreasein each trait due to high temperature as compared timam temperature is

indicated on each genotype.
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Figure 3-20 Theinteraction ofalinity and genotype @A) proline content(umoles/g) (B) soluble
proteincontent(g/kg) and (C) MDAcontent(umoles/g)of twelve winter wheat genotypes. Data

are averaged across two experiments, twelve genotypes, and five replications of each genotype.
Each datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standardrers were estimated using the MIXED procedure in SAS. Pentergase

in each trait de to salinityas compared to the control is indicated.
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Figure 3-21 The interaction ofhigh temperature, salinity and genotype (&) proline content
(umoles/qg) (B) soluble proteirtontent(g/kg) and (C) MDAcontent(umoles/g)of twelve winter

wheat genotypes. Data are averaged across two experiments, twelve genotypes, and five
replicationsof each genotype. Each datum indicates mean value and vertical lines on top of bars
indicate standard error of means. Means and standard errors were estimated using the MIXED

procedure in SAS.
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Figure 3-22 The main effect of high temperature on (A) spikelet number per spike, (B) grain
number per plant, (C) grain yield per plant (g), and (D) harvest index of twelve winter wheat
genotypes. Data are averaged across two experiments, twelve genotypes, mepdi¢atons of

each genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard
error of means. Means and standard errors were estimated using the MIXED procedure in SAS.

Percentdecreasen each trait due to high tem@ture as compared to optimum temperature is

indicated.
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Figure 3-23 The main effect of salinity on (A) spikelet number per spike, (B) grain number per
plant, (C) grain yield per plant (g), and (D) harvest index of twelve winter wheat genotypes. Data
are averaged across two experiments, twelve genotypes, and five repdicitisach genotype.

Each datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standard errors were estimated using the MIXED procedure in SAS. Secoese

in each trait due to salinity as compatedhe control is indicated.
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Figure 3-24 The effect of genotype on (Apikelet number per spikéB) grain number per plant,

(C) grain yield per plant (g), and (D) harvest index of twelve winter ivpeaotypes. Data are
averaged across two experiments, twelve genotypes, and five replications of each genotype. Each
datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Separation of means was carried out ushggltSD test (P < 0.05). Means with different letters

are signiycantly different according to the
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Figure 3-25 The interaction ofhigh temperature and salinisgresson (A) spikelet number per

spike, (B) grain number per plant, (C) grain yield per plant (g), and (D) harvest index of twelve
winter wheat genotypes. Data are averaged across two experiments, twelve genotypes, and five
replications of each genotype. Eadtium indicates mean value and vertical lines on top of bars
indicate standard error of means. Means and standard errors were estimated using the MIXED

procedure in SAS. Percetiécreasén each treatment as compared to control is indicated.
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Figure 3-26 The interactionof high temperature and genotype on (A) spikelet number per spike

(B) grain number per spike, (C) grain yield per spike (g) of twelve winter wheat genotypes. Data
are averaged acse two experiments, twelve genotypes, and five replications of each genotype.
Each datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standard errors were estimated using the MIXED procedure in Sééht@ecrease

in each trait due to high temperature as compared to optimum temperature is indicated on each

genotype.

m25°C m35°C

A i% IZO% i% i% I% i% .23% i% i% .23% i% i%

04

40 - 250 [l 207 [ 23% [ 23% W56, [l 2506 [ 24% [ 21% B 250 (570, [ 2170l 26%
—~
% 30 -
X
o 4
&20
10 -
O 4

z

PR N

N (0] N
1 J

(o))
I

Spikelet number
(spike?)

=
A
o

Grain number

Grain yield (g/spiké) O

Genotypes

153



Table 3-1 Probability values of effects of temperature (T), salinity @notype (G), T x S

interaction, T x G interaction, S x G interaction and T x G x S interaction on vahgya®logical

traits.

Traits

Maximum quantum
yieldsof PSII (Fv/Fm
ratio; unitles$
Thylakoid membrane
damage (Fo/Fmatio;
unitless

Leaf photosynthesis
(umol ni2 s
Stomatal Conductance
(mmolmz s?)
Chlorophyllindex
(SPADunity

Tempera Salinity

ture (T)
<0.0001

<0.0001

<0.0001

<0.0001

0.0012

(S)
<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Genotyp
e (G)
<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

154

TxS

<0.0001

0.0267

0.0031

<0.0001

0.0002

TxG

0.0011

<0.0001

<0.0001

0.1526

0.0933

SxG

0.3041

<0.0001

<0.0001

0.0424

<0.0001

TxGXS

0.2904

0.0324

0.7034

0.0502

0.0001



Table 3-2 Probability values of effects of temperature (T), salinity @notype (G), T x S

interaction, T X G interaction, S X G interaction and T X G x S interactioraoousbiochemical

traits.

Traits

Soluble sugarsontent
(9/kg)

Reducing sugars
content(g/kg)

Non reducing sugars
content(g/kg)
Starchcontent(g/kg)
Proline contentontent
(umol/g)

Soluble proteins
content(g/kg)

MDA content (umol/g)

Tempera Salinity

ture (T)
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

(S)
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

Genotyp
e (G)

<0.0001
<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

155

TxS

<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

TxG

0.0016

<0.0001

<0.0001

0.8232
<0.0001

0.0304

<0.0001

S xG

<0.0001

0.0005

0.1877

0.7235
0.0338

<0.0001

0.0009

TxGXS

<0.0001

0.0085

0.0047

0.2812
0.0004

0.0371

0.0233



Table 3-3 Probability values of effects of temperature (T), salinity @notype (G)T x S

interaction, T x Gnteraction, S x G interaction and T X G x S interaction on various Yyield traits.

Traits Tempera Salinity Genoty TxS TxG SxG TxGX
ture (T) (S) pe (G) S
Plant height (cm) <0.0001 0.0060 <0.0001 0.3020 0.3355 0.3046 0.5863
Tiller number (plant) <0.0001 0.0004 <0.0001 0.6678 0.4230 0.8834 0.7249
Spike number (plart <0.0001 0.0043 <0.0001 0.1880 0.9975 0.9951 0.8873
Spike length (cm) <0.0001 0.0002 0.0973 0.0324 0.8675 0.0852 0.9213
Spikelet number (spik® <0.0001 <0.0001 <0.0001 <0.0001 0.0006 0.8450 0.8607
Dry weight (g plant) <0.0001 <0.0001 0.0018 0.4682 0.1803 0.9972 0.5578
Grain number (spiké <0.0001 <0.0001 0.0226 0.0041 0.0052 0.4582 0.2076
Grain number (plarf) <0.0001 <0.0001 <0.0001 0.2872 0.9851 0.9976 0.8953
Grainyield (g spike!) <0.0001 <0.0001 0.7469 <0.0001 0.0064 0.7202 0.8994
Individual grain weight (mg) <0.0001 <0.0001 0.9706 <0.0001 0.2369 0.6501 0.8540
Grain yield (plant) <0.0001 <0.0001 0.0008 <0.0001 0.6761 0.9919 0.9855
Harvest index <0.0001 <0.0001 0.1909 <0.0001 0.8698 0.9896 0.8839
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Table 3-4 Mean growth and morphological parameters for twelve winter wheat genotypes.

Separation of means was carried out using the LSD test (P < 0.05). Meausfferdnt letters

ar e

Genotypes

217405
GUYMON
OKO05108
GAGE
AVALANCHE
CO04W320
CARSON
TX04M410211
TX86A5606
MTS0531
TASCOSA
ONAGA

signiycantly

Plant height

68.5e
70.2d
70.4cd
70.2d
71.3abcd
71.5abc
71.9a
71.2abcd
71.5abc
71.6abc
71.8ab
70.6bcd

Number of
tillers plant!
8.4de
8.6bcd
8.4e
8.6bcd
8.3e
8.5cde
8.6bcd
8.8a
8.7abc
8.7ab
8.7ab
8.5bcde

157

di fferent

Spike number
paniclet
6.4cd
6.7bc
6.3d
6.7bc
6.5cd
6.6cd
6.6cd
7a
6.7bc
6.6C
6.9ab
6.6bc

according to t

he

Vegetativebiomass
(g plant)
19.9abc
19.7bc
19.4c
20.3ab
19.4c
19.7bc
19.4c
20.5a
20ab
19.4c
20.2ab
19.8bc



Table 3-5 Mean growth and yield parameters for twelve winter wheat genotypes. Separation of

meanswas ar r i ed

different according to the LSD test at P < 0.05.

Genotypes

217405
GUYMON
OKO05108
GAGE
AVALANCHE
CO04W320
CARSON
TX04M410211
TX86A5606
MTS0531
TASCOSA
ONAGA

Spikelet number Grain yield (g

(spike?

17.2d
17.8ab
17.5c
17.4cd
17.5
17.6bc
17.5cd
17.9a
17.3cd
17.3cd
17.8ab
17.3cd

out

plant?)
8.6de
9.l1abc
8.4e
8.9bcde
8.7cde
8.8cde
8.8cde
9.5a
9bcd
8.7cde
9.4ab
8.8cde
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he LSD

Grain number
plant?
227.2cd
245.7ab
225.6d
238.8bc
229.7cd
234bcd
234.4bcd
255.8a
240.1bc
236.3bcd
254.7a
237.bcd

test (P < 0.05)

Harvest
index
0.43b
0.46a
0.43b
0.43ab
0.44ab
0.44ab
0.44ab
0.45a
0.44ab
0.44ab
0.46a
0.44ab



Chapter4-The Combined Effect of Sali

on Winter Wheat at FI ower i

Abstract

Salinity and high temperature are the major abiotic stresses that reduce plant growth and
crop productivity worldwide. The objectives of this study were to quantify independent and
combined effects of salinity and high temperatureloysiologica) biochemical, growth and yield
characters of winter wheat genotypmsd to define if responses varied among winter wheat
genotypes.12 genotypes of winter wheat were grown in rgaline medium and at optimum
temperatures (25/15 S@aytime maximum/nighttime minimumgl/n) until flowering stages. At
flowering plants were irrigated with three different salingyels O, 60, 120 mM NaCl) and
exposed to optimum and high temperature (35/ 20 °C day/night) for 10 d. Physiological,
biochemical datavere collected during treatment period and yield data were collected at full
maturity. The studyndicatedthat high temperatures, salinity and their interaction at flowering
stage, had negative effects on wihglaysiology, biochemicalnd yield componeras indicated by
the reduced leaf level photosynthesis, reduced chlorophyll content, starch content, increased
sugars, pline and soluble proteins, increased MDA level, and reduced grain yield and harvest
index. Additionally, the study showed consideratégiation in high temperature and salinity
tolerance among winter wheat genotypes for leaf photosynthesis, chlorophyll concentration,
sugars, mline and soluble proteins accumulation, seed set, grain number and grain yield per plant.
The study concludehat there is genetic ariability among winter wheagenotypeand that
genotypesvaried in their response to independent and combined stresses amgrbipe

CARSON TX04M410211 and TASCOSA were the more tolerant genotypes.
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Introduction

Flowering staggFeekes growth stage 10.5.1, Zadoks 62). It starts jéstvaday after
headingis completed. Once flowering begins, pollination will be complete in about four or five d
(Peterson, 1965Flowering begins in the head and it is starting first withfithrets in the central
spikelet then progresses both up and down the spike. Flowering is usually noted by extrusion of
the anthers from each floret (Herbeck and Lee, 2009). If the anthers within a floret are yellow or
gray rather than green, it is reasolgatertain that pollination of the floret has occurred. The period
of pollination within a single head is about three to five d (Herbeck and Lee, ZD@®)g this
stage the kernels per spike are determined by the number of flowers that are pollinatedildAc
et al., 2002). This stage is very sensitive to environmental stressesshigjh temperature,
drought, and salinity. Under extreme environmental stress, all of the florets in each spikelet at the
top and bottom of the head may terminate priorawdring (Varrington et al., 19797

High temperatures severely limit wheat yield and decreases total-gbmwed biomass
and grain yield Acevedo et al., 2002Wheat is particularly subjected to high temperature stress
around anthesis stages and the ¢ffemarked by the reduction in kernel number and grain yield
(Nicolas et al. 1984; Fischer, 1985; Wheeler et ,al996 Acevedo et al.,, 2002; Modhej et,al.

2008; Barnabas et aR008; Farooq et al2011). The decrease in grain yield of wheat unddn hig
temperature stress is due to the reduction in number of spikes, number of fertile spikes per plant
or number of grain per spike and grain weight (Acevedo et al., 2002; Narayanan et al., 2015). High
temperature stress reduces plant photosynthetic dhe tixidative damage of chloroplast, which

result in grain yieldeduction(Seeman et al., 198&arooq et aJ.2011). Also high temperature
decreases leaf chlorophyll content and accelerates senescence (Zhao et al., 2007; Pradhan et al.,

2012).High tempeature decreases the duration of each growth stage and affects crop performance
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and yield. High night temperature resulted in decrease in time to flowering, grain set, and
physiological maturity in spring wheat (Prasad et al., 2008). During flowering sthmgs
temperature stress affected morphological abnormalities in pollen, stigma andisigtheresuled
in decreased grain numbers, decreased individual grain weights and decreases in grain yield
(Prasad and Djanaguiraman, 2014). High temperature nokers associated with membrane
stability, increased compatible solutes, increased protein stability and the synthesis of heat shock
proteins (Acevedo et al., 2002). Plants have developed adaptive mechanism to high temperature
stress. These mechanisms uad morphological, physiological, and biochemical changes such
that leaforientation leaf anatomy, stomata conductance, changes in membrane lipid composition,
ion transporters, and synthesize protective chemicals including protailise pantioxidantsuch
as ascorbic acid, glutathione, peroxidase and superoxide dismutase (Morgan, 1984; Touchette et
al., 2007; Srivastava el a2012).

Agricultural productivity is severely affected by soil salinity. Soil and water salinity is
caused by the presence atessive amounts of salts. Most commonly, high &a Ci cause the
salt stress. Wheat is moderately tolerant to salinity stress (Shannon, 1997). However, salt stress
effects plant as it reduces water potential, cause ions imbalance, disturbance®imaosthsis,
and toxicity(Maas, and Grattan. 1998lunns,2002;Sairam 2002. This results in changing of
water status, which leads to initial growth reduction and limitation of plant productivity due to
reduced cell growth and leaf area (Acevedo et28i02). Under saline condition, relative water
content, leaf water potential, water uptake, transpiration rate, water retention, and water use
efficiency decreased (Nishida et al., 200®hotosynthesis, altogether with cell growth, is among
the primary proesses to be affected by salt stress due to the production of ROS such as the

superoxide radical (§), hydrogen peroxide (#0), and the hydroxyl radical (OH These free
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radicals are produced during salinity stress and cause severe damage to meanitatbsr
essential macromolecules such as chlorophyll pigments, proteins, and fats (Sairam et al., 2005;
KriegerLiszkay et al., 2008; Behairy et al., 20¥anaguiraman and Prasad, 201d¥0, salinity

hastens all pgnological phases (Grieve et al.,9), decreases number of fertile tillers (Mass et

al., 1994; Abbas et al., 2013), reduces the number of spikelet number per spike (Frank et al., 1987),
kernel weight (Abbas et al., 2013s a result gain yield and aboveground biomass are reduced
due to slt stress. Additionally, the number of effective ears per plant is the most seriously affected
yield component in wheat under saline conditions (Maas and Hoffmann, 1977; Munns et al., 2006).
Plant salinity tolerance is the inherent ability of the plaetss to tolerate the effects of high salts
without a significant adverse effect on the plant (Munns and James, 2003). Some plant have
developed different adaptation mechanisms, which include the accumulation eposteciants,
exclusion of sodium and kiride, tissue tolerance to accumulated sodium and chloride, and
detoxification of ROS by producing antioxidants compouiRithinasabapagh 2000; Zhang et

al., 2001; Munns and Tester, 2008; Ashraf et al., 2010; Djanaguiraman and Prasad, 2013).

Due to inceased climatic variability and more frequent events of extreme conditions also
effect in plants being exposed to not only one single abiotic stress but also multiple abiotic stresses
at different stage of plant growth and development. Under filed congditibeat plant is subject
to combination of high temperature and salinity stress. Combined stresses become more acute and
lethal threats to plant growth and development compared to individual stresses (Rizhsky et al.,
2004; Mittler, 2006; Ramegowda and 8ehKumar, 2015). High temperature and salinity
stresses cause water stress leading to loss of turgor in guard cell which induces the production of
stress hormone, abscissic acid (ABA). As abscissic is produce it accelerates stomatal closure,

which limits the gas exchange and redud@.Concentration in mesophyll tissues. This leads to
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reduction in photosynthetic rate. High temperature stress influence germination (Tadmor et al.
1969; Sharma, 1976), and enhances transpiration, and, with combinatiomity séless, this

could result in enhanced uptake of salt, which may cause salt toxicity (Keles and Oncel, 2002;
Atkinson and Urwin 2012). High temperature and salt stress inhibit growth and increase the
carotenoids and growth regulator activities (Kedewl Oncel, 2002), induce alterations in ion
transport and compartmentalization (Munns, 2002mnage gas exchange properties of the flag
leaf, yield, yield components of some varieties of wheat plants (Anjum et al., 20@8js
recognize and respond tthese stresses by rapidly altering gene expression along with
physiological and biochemical alteratiofffie combined effect of high temperature and salinity
stress has received comparatively little study. Thereforeoliective of this research was to
investigate theeffect of salinity, high temperature, and their interactgoat flowering stage of

winter wheat genotypes.

Materials and M ethods
This study was conducted in controlled environment facilities at the Department of Agronomy,
Kansas Stat®niversity Manhattan, KS, USA. Experiments were comeldian spring and summer
of 2016 to determine the impact of salinity and high temperature stress on physiological,

biochemical, growth and yield, of winter wheat genotypes.

Plant M aterial

12 genotypeswere used in the study and these genotypes were selected based on earlier
germination experiment. These genotypes were classified as tolerant to salinity (GAGE,

MTS0531, TASCOSA AND GUYMON) moderately tolerant (AVALANCHE, OKO05108,
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TX86A5606 and ONAGA) ard wsceptible (CO04W320, 2105, CARSON AND

TX04M410211)to salinity stress

Experimental and Growth Conditions

Seeds of twelve winter wheat genotypes were sowrram4leep trays containing commercial
Sunshine Metro Mix 360 potting soil (Hummert Interoatl, Topeka, KS, USA). Seeds were
sown at a depth of about 2 cm. The seedlings were raised in a growth chamber (Conviron Model
CMP 3244, Winnipeg, MB, Canada) maintained at 25/15(d@ytime maximum/nighttime
minimum;d/n). After 8 d, the seedlings wevernalized for 56 days at 4 °C with 8 h photoperiod.
Following vernalization, three seedlings of the same genotype were transplanted-intoo1s6

(24 cm length and 10 cm width, MT49 Mifreepot, Stuewe & Sons, Inc., Tangent, OR, USA).
Rooting medium inpots was commercial Sunshine Metro Mix 360 potting soil. The rooting
medium was fertilized with Osmocote (Scotts, Marysville, OH, USA), a controdliedise
fertilizer with 14: 14: 14 N: BOs:, K>O respectively, at 5 g per pot before transplantingo

growth chamber were used for the study. Both growth chamber were maintained at optimum
temperature (OT; 25/15 °C d/n) untibwering stage. Atflowering, one growth chamber was
maintained at optimum temperature (OT; 25/15 98) cand the other growth chanmberas
maintained at high temperature (HT; 35/25 °C d/n) for 10 d. In each growth chamber there were
15 trays, and each tray has 12 pots. Twelve winter wheat genotypes were in each tray, with a total
of 180 pots in the growth chamber. Pots were watereg dad kept in trays containing about 1

cm water during the experiment to avoid water stress. Pots were moved randomly for each week
to avoid positional effects. After seedling establishment, seedlings were thinned to two per pot,

which was maintained untihaturity. At thinning, a systemic insecticide, Marathon 1 % G (a.i.:
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Imidacloprid: I ((6i Chlorai 3i pyridinyl) methyl) Ni nitroi 2i imidazolidinimine), was applied at

1.5 g per pot to avoid infestation of sucking insect pests. The plants were maintained at a
photoperiod of 16 h with a light intensity of 800 umo¥frat and 70 % relative humidity. The
daytime maximum temperature/nighttime minimum temperature was maintained for 8 h with a
transition period between daytime and night time temperatures of 4 hitageirthe diurnal
temperature fluctuation of outside atmospheric condition and vice versa. Both growth chambers
were divided into three sets each set consist of 5 trays representing five replications. At the onset
of flowering stages (Feekes growth sta@geQ), one set of plants were irrigated with distilled water

and served as control and the other two served as salinity treatment. Two levels of salamty (60
120mM NacClsolution EC value of7.5 and 14.51Sm?) was used to irrigate the plants. Salinity
treatments were applied by irrigating each plant with 250 mL of NaCl solution to all treated plants
and as mentioned above in both growth chambers for 10 d. Also, at the same time plants grown at
high temperature were exposed to high temperature (HTS3&2l/ n) for 10d. After that, the

plants were returned to optimum temperature (OT; 25/15 °Catidh)rrigated with normal water

till plants attained physiological maturity. Similar management practices were followed in both

experiments.

Data Collection

At flowering stages, the main stem of all plants was tagged for the measurements of chlorophyli
content, chlorophyla fluorescenceandgas exchangeéMeasurements were taken on three plants

of each genotype in each treatment at Zarisl 10 d after stres imposition Leaf samples were
collected for biochemical analysis on 2,amd 10 d after stress impositioheaf samples were

collected for biochemical analysis on 2,a8d10 d after stress imposition and at maturity, plant
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height, tiller number per aht!, spike number per plaht spike length, spikelet number per
spike!, and grain number per spikavere measured. All the aboyysiological taits were
measured on attached fully expanded flag leaves of the main stems of three plants per genotype
from each treatment during 10:00 and 14:30 hours. The leaf chlorophyll was measured using a
seltcalibrating chlorophyll meter (SPAB02, Spectrum Témologies, Plainfield, IL, USA) on
the fully expanded flag leaf of the main stem. Each time, data were taken four times from the
middle portion of the leaf and the readings were averaged to get a single value for a plant. The
Chlorophyll a fluorescence pameters were measured using a modulated fluorometer (OS30p;
OptiSciences, Hudson, NH, USA). The minimum fluorescence (Fo) and maximum fluorescence
(Fm) measurements were taken after the flag leaf was dark adapted for 1 h. The maximum quantum
yield of PS llis the ratio of variable fluorescence (difference between maximum and minimum
fluorescence (Fv) to maximum fluorescence (Fm), which decreases with stress (Rohacek, 2002).
The leaf level photosynthesis was measured using tHeQR 6400 portable photosymetis
system (LICOR, Lincoln, NE, USA). Measurements were taken at daytime growth temperature
and ambient C®conditions (390 mof). The internal light emitting diode (LED) light source in
the LI-COR 6400 was set at 1600 mofm'. For all the biochernal analysis, the flag leaf and
second leaf from the topere collected at 2, Bnd10 d during the stress period. Samples placed
in aluminum paper and immediately frozen in liquid nitrogen and transported to the laboratory
where samples were stored-&@ °C until processing.

Total arbohydratecontent ¢/kgdry weight dw) : A known weight of (0.2 g) frozen leaf
samples from each treatmenasground in liquid nitrogen to a fine powder using a pestle and
mortar followed by the addition A0 mL of 80% ethanol and kept in a preheated (Z) water

bath for 30 min After the expiry of time, the homogenate was filtered through Whatman No. 1
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filter paper and then rextracted using 80 % ethanol (10 mL) and dried in a water bath to evaporate
the ethanoland then 10 mL of distilled water was added and vortexed for 2 min. These
extracswereused to determine soluble sugars, reducing sugar ancedaning sugars.

Soluble sugargg/kg dw) contentswere determined based on the method of phenol
sulphuric a@ asdescribed by Dubois et.gl1956). Briefly, 0.2 ml of sample exact wasxed
with 0.8 mlof distilled water. To the diluted extract, 1 mL of phenol reagent and 5 mL of 96 %
sulphuric acid were added and i ityceadingwastdkerf or 3 (
at 490 nm using a W\spectrophotometer

The reducing sugacg/kg dw) contentvere quantitatively estimated in the obtained extract
following the method of Somogyi (1952). Briefly, 0.2 ml of sample exact was taken and 0.8 mL
of distilled water and 1 mL of alkaline copper tartrate was added and the reaction mixture was
heated for ten min in a boiling water bath and cooled rapidly in an ice bath. Then 1 mL of
arsenorolybdate regent and 10 mL of distilled water were added and mixed Wké reaction
mixture was incubated for ten min at room temperature. The optical density reading was measured
at 620 nm using UVspectrophotometeil.he difference between total sugar and reducing sugar
corresponds to the neneducing sugafg/kg dw).

Starch contenfg/kg dw) was determined using anthromeethod(Hedge and Hofreiter,
1962). A known weight of 0.2 g of frozen leaf samples from each treatment were ground in liquid
nitrogen to a fine powder and homogenized in a pestle and mortar using aD8®R6 ethanol
and kept in preheated (7(C) water bath for 30 minThe homogenate was filtered through
Whatman No. 1 filter paper and thene®tracted using 10 mL of 80 % ethanol for removing the
soluble sugars. The residue was retained and was wadtheldot 20 % ethanol till the washings

did not give color with anthrone reagent. Sample residue was dried in oven@t 76 the dry
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sample residue, 5 ml of distilled water and 6.5 ml of 52 % perchloric acid were added. Starch was
extracted at OC for 20 min. The extract was retained after centrifugation. The extraction was
repeated with fresh perchloric acid. The extracts were pooled after centrifugation and the volume
was made up to 50 mL with distilled water. To 0.2 ml of the extract, 0.8 ml dfetistvater and
4 ml of anthrone reagent were added. The reaction mixture was heated for 8 min in a boiling water
bath and cooled rapidly in ice bath. The optical intensity was read at 630 nm using a UV
spectrophotometer.

Free proline content was quareii according to the method of Bates et al. (1973). Briefly,
0.5 g of frozen leaf samples from each treatmeagguound in liquid nitrogen to a fine powder
and homogenized in a pestle and mortar in 3% (w/v) sulfosalicylic acid, and the residue was
removedby centrifugation. From the supernatant, 2 mL was mixed with 2 mL of glacial acetic
acid and with 2 mL of acid ninhydrin (1.25 g of ninhydrin was warmed in a mixture of 30 mL of
glacial acetic acid and 20 mL of 6 mol/L phosphoric acid until dissolved) foat 100 °C; the
reaction was terminated in an ice bath. The reaction mixture was extracted with 4 mL of toluene.
The chromophoreontaining toluene was warmed to room temperature and its optical density was
measured at 520 nm using USpectrophotometeiProline content was calculated according to
Bates et al. (1973).

Lipid peroxidation was measured in terms of content of malondialdehyde (MBAS55
mmof! cmt a product of lipid peroxidation, following the method of Heath and Packer (1968).
Briefly, 0.5 g of frozen leaf samples from each treatment were ground in liquid nitrogen to a fine
powder and homogenized in a pestle and mortar with 10 mL of extraction buffer (0.1% trichloro
acetic acid (TCA). The homogenate was centrifuged for 10 min at 1(h600-or every 1 mL of

the aliquot, 4 mL of 2®0 TCA containing 0.%% thio barbituric acid (TBA) was added. The
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mixture was kept in water bath at 95 °C for 30 min and cooled rapidly in an ice bath to stop the
reaction. The optical density reading of thextmie was immediately taken at 58&h using U\-

visible spectrophotometer, and the value for the setific absorption at 600 nm was subtracted.
The concentration of malondialdehyde (MDA) was calculated using coefficient of absorbance of

155 mMicntl. MDA content expressed as mmolfgsh weight; fw The MDA content was

calculated as follows: MDA concentration = (Abs&8b s 6 00) xVx1000/ (& x
extraction volume, & = extinction coefficien
Total soluble protein contentas determinedis by Bradford (1976). Briefly, 0.5 g of

frozen leaf samples from each treatmemts\ground in liquid nitrogen to a fine powder and
homogenized in a pestle and mortar with 15 mL of extraction buffer (0.1M Tris buffer 8 pH) and
then centrifugd at 12000 rpm at 4C for 15 min. Then 5 ml of Coomasie brilliant blue reagent
(CBB) and 0.5 ml of distilled water were added to 0.5 ml of the supernatants. Spectrophotometer
cuvettes and absorbance were measured using &isible spectrophotometer a5 nm.

At maturity, plants were harlkarvested by cutting them at the soil level. Data on plant
height, number of tillers plant spike number per plant, spike length were recorded at the day of
harvesting on five plants per genotype from all the tenipezaand salinity levels. Plant height
was determined as the distance between base of the plant and the spike. For vegetative dry weight
measurements, plant parisaves, stems, and spikes (main spike and other spikes separately) were
collected and driedt 40 °C for 10 d. Vegetative dry weight was determined as the weight of
leaves, stems, and spikes per plant. After drying for 5 d, spikelet number was counted for main

spike, then main spikes were hand threshed to separate grains, and grain humbke perssp

counted manually. Grain yield for main spike and per plant were calculated and individual grain
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weight was calculated by dividing grain yield per spike by grains number per spike. Harvest index

was calculated as the ratio of grain yield to thel teegetative dry weight for each plant.

Experiment Design andData Analysis

The experimental design was a randomized complete block with a sphplsplireatment
structure in five replications. Temperature was the main plot factor, salinitpssaged to sub

plots and genotypes to sshbplots. For the treatments, temperature had two legptinjum and

high temperatune salinity had three levels (0, 60, 120 mM NacCl), and genotype had twelve levels
(GAGE, MTS0531, TASCOSA, GUYMON, AVALANCHEDKO05108, TX86A5606, ONAGA,
CO04W320, 217405, CARSON AND TX04M410211). Data were analyzed using MIXED
procedure in statistical software SAS 9.4 for mean and standard error estimation. Separation of
means was carried out using the LSD test (P < 0.05). R@CPMIXED procedures were used

with block, temperature, salinity, and genotypes as class variables

Result

The Rvalues for physiological, biochemical, growth and yield traits obtained with SAS PROC
MIXED are presented ifables 4.1, 4.2 and 4.3he ind@endent effects of temperaturgas
significant (P < 0.0001for maximum quantum yield of PS Ithylakoid membrane damage, leaf
photosynth&c rate soluble sugars, reducing and Aeducing sugars, starch, proline, soluble
proteinscontens, MDA content,spike length, spikelet number, dry weight, grain number, grain
yield, individual grain weightand harvest indexThe incependent effect ofalinity stress was
significant (P < 0.0001) for aximum quantum yield of PS Ithylakoid membrane damageaf

photosynthesis, stomatabonductance, soluble sugars, reducing sugars, starch, proline, soluble
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protens contens, MDA contentplant height, spikelet number, dry weight, grain number, grain
yield, and harvest index The incependent effect of genotype wsignificant (P < 0.0001) for
maximum quantum vyield of PS |llthylakoid membrane damage, leaf photosyintheate
chlorophyll content reducing sugars, starcsoluble proteins, MDA contentglant height, spike
length, spikelet number, grain number, grgield, and harvest indexInteraction effects of
temperature x salinity were significant €20.05) maximum quantum yield of PS,Ithylakoid
membrane damage, leaf photosytitheate stomatal conductance, soluble sugars, reducing and
nonreducing sugarsstarch, prolingsoluble proteins, MDA conternplant height, tiller number,
spikelet number, dry weight, grain number, grain yield harvest indexInteraction effect of
temperature X genotypes were significant <F0.05) for thylakoid membrane dameg leaf
photosynth&c rate chlorophylicontent soluble sugars, reducing and Aealucing sugars, starch,
proling soluble proteins, MDA contenspikelet number, grain number, grain yield and harvest
index Interaction effects of salinity x genotype wesignificant (< 0.05) forleaf photosynthigc

rate chlorophyll content soluble sugars, reducing and mp@alucing sugars, starch, proline
content,spikelet numbe dry weight, and grain numhbeFhe temperature x salinity x genotypes
interactions, wasignificant (P < 0.05) onsoluble sugars, reducing and nAeducing sugars,

starch, proline content, spikelet number, grain yield, and harvest index.

PhysiologicalTraits

Results of the main effect of high temperature, salinity emohbined stressesn leaf level
photosynthesisraspresented in table 4.The mean value of photosynthesis wagii®| n? s,
Values of photosynthesis were significantly decreased by high temper@t@e salinity 16 %

and combined high temperature and salisitess 39 % (Figures 4.1a, 4.2a, 4.4a), which indicates
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decreased leaf level photosynthesis due to high temperatures, salinity and their interaction. Also
genotypes showed differem@sponse to these stresses, the value of photosynthesis ranged between
1 8&nd20 umol m? s?. Figure 4.3a show that genotypes GUYMON, CARSON, TX04M410211
and TASCOSA had the highest level of leaf photosynthesis. Temperature and genotype interaction
also significantly affected leaf photosynthesié® < 0.001)Fig. 4.5a shows agpcent reduction

over the control in all genotypes due to high temperature the result showed that genotypes
GUYMON, CARSON, TX04M410211 and TASCOSA had the lowest reduction of leaf
photosynthesis which was about @4 whereas other genotypes had reducbib29 %. Salinity

and genotype interaction also reduced leaf photosynthesis 8%. II/he interactions of high
temperature, salinity and genotype had no effect of leaf level photosynthesis.

Stomatal conductance was significar®/< 0.001)affected by hiyp temperature, salinity
andcombined stress€$able 4.1). Results of the effect of high temperature, salinitgambined
stressesn stomatal conductance were presented in table Figaces 4.1b, 4.2b, and 4.4bhe
mean value of stomatal conductaneas 0.86mmol m? s, The \alues of stomatal conductance
were significantly decreased by high temperature 67 %, high salinity level 31 %oaruhed
stresseg8 % (Figures 4.1b, 4.2b, 4.4b), which indicates decreased stomatal conductance due to
high temperatures, salinity and their interaction. Besigesotypes were significantly different
for stomatal conductanceThe values of stomatal conductarmamgedbetween 0.82 and 0.90
mmol m? st. The result showed that genotypes GUYMON, TX04M410211 and TASCOSA had
the lowest reductiorfor stomatal conductance (Fig. 4.3b). High temperaturgexotype
interaction; salinity xgenotype interaction; as Wes high tenperature x salinity xyenotypes

interaction had no significant effect on stomata conductance.
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Maximum quantum yield of P8 (Fv/Fm ratio; unitles} were significantl(P < 0.0001)
affected by high temperatyrealinity and genotype (Table 4.1). Valuek Fv/Fm ratio were
significantly decreased by high temperature 10 %, salinity 7 %cantbined stresses8 %
(Figures 4.1c, 4.2c and 4.4c), which indicates decreased photochemical efficiencly di@®
high temperatures, salinity and their interactidhe values of Fv/Fm ranged between 0.74 and
0.76 so genotypes showed different response to the stresses in term of maximum quantum yield of
PS II.The result showed that genotypes CARSON, TX04M410211 and TASCOSA had the lowes
reduction (Fig. 4.3c)Tenperaturex genotype interaction; salinity genotype interaadn; as well
as high temperature x salinity genotype interactions had no significant effect on maximum
guantum yield of P8.

Thylakoid membrane damage (Fo/Ratio; unitles¥y were significantly (P < 0.0001)
affected by high temperatyrsalinity, genotype andombined stressg§able 4.1).The mean
value of Fo/Fm ratio was 0.19%alues of Fo/Fm ratio were significantly increased by high
temperature 24 %, salinity % andcombined gesse29 % (Figures 4.1d, 4.2d, 4.4d.), which
indicates increased thylakoid membrane damage due to high temperatures, salinity and their
interaction. Genotypes respondaifferently to the stressaa term of Fo/Fm ratio. Figure 4.4c
showed that genotypeCARSON, TX04M410211 and TASCOSA had the lowest value of
thylakoid membrane damage, whereas genotype Ok05108 had the highest membrane damage. In
addition, thylakoid membrane damage was signifigaf® < 0.0001) affected by temperature x
genotype interd®n (Fig. 4.5b). The result indicated that genotypes had diverse response to high
temperature. The peent increase in membrane damages 17 % in genotype TASCOSA and

by 27 % in genotype Ok05108. Salinity genotype intera@n as well as high temperaieux
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salinity x genotype interactions had no significant effect on thylakoid membrane damage (Fo/Fm
ratio; unitles$.

Chlorophyll concentration was significan{ly < 0.001)affected by high temperature and
salinity stress (Table 4.1). The mean vatd&PAD was 50 SPADunits, the values of SPARere
significantly decreased by high temperatbge10 %, salinity 7 % which indicates decreased
chlorophyll concentration due to high temperatures and salieggectively Also, the result
indicated that genotgs had diverse response to high temperature. Thegmrdecrease in
chlorophyll concentration were by%s in genotypes TX04M410211 and TASCOSA and byd 2
in genotype GAGE(Fig 4.5c). High temperature sgalinity interaction; salinityx genotype
interacton; and high temperature x salinitygenotype interaction had no significant effect on

chlorophyll concentration.

Biochemical Traits

Analysis of variance for biochemical traits obtained with SAS PROC MIXED are presented in
table 4. 2. The independentextts of temperature, salinity, and genotypes; and interaction effects
of temperature x genotypes, salinity x genotype, temperature x salinity, and temperature, x salinity
X genotypes were significafP < 0.001)for total soluble sugar, reducing sugar, fmeducing

sugar, starch, proline, soluble protein, and MDA contentsss indicated otherwig&able 4. 2).
However, there were no significant effect of salinity on-neducing sugar. Also no significant
effects were found as a resulf the interactiorof salinity x genotype; and high temperatutre

salinity xgenotype interaction on total soluble protein and MDA content.
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Total soluble sugars, reducing sugars, nereducing sugar, and starchcontents

The mean value of starch, soluble sugars, redwsggs, nonreducing sugars werd), 5 321,

and &8 g/kg, respectively The main effect of temperature reduced starch content 9 &8d
increased soluble sugar, reducing sugar, and-@ducing sugar, by 27, 49 and %) respectively

(Fig 4.6). Whereaspnain effect of salinity stress reduced starch content b% Idnd increased
soluble sugar and reducing sugar bydd23 %, respectively (Fig. 4&c). The combination of
salnity stress and high temperature also resulted in a significant decreasehncstatent with

about 28% reduction over control and increase in soluble sugar and reducing sugar which were
about 50,and 86 % respectively (Fig. 4.22c). The value of total soluble sugar accumulation
ranged between 67 and 72 g/ kggenotypes CARSONTX04M410211 and TASCOSAFg

4.10a). High temperaturegenotype interaction had significgift < 0.001)ffect on soluble sugar
accumulation. Figure 4.14a shows the percent increase in soluble sugars accumulation in each
genotypes due to high temperat@féect. The result showed that genotypes 203had the
highest quantity of soluble sugar with percent increase of 3@/Bereas, genotype GAGE had

the leastincrease in soluble sugar accumulata about 20 %. Salinity genotype interaction

also significantly (P < 0.0001)affected soluble sugar accumulation. The interaction effect
increased soluble sugars 188 % in all genotypes, with genotype GUYMON accumulated the
highest amount of soluble sugars and genotypes MTS0531 accumulated the lowest amount (Fig
4.16a) In addition, hidp temperature x salinity genotypes interactions significan{ly < 0.0001)
affected soluble sugar accumulation in all genotypes tested (Fig. 4.17a). In respect to reducing
sugarsthe values of reducing sugars ranged between 46 and 50 g/kigearesultshowed that
genotypes CARSON, TX04M410211 and TASCOSA had the highest value in reducing sugar

accumulations (Figd.10b). High temprature xgenotype interaction had significaf® < 0.001)
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effect on reducing sugar accumulation. Figure 4.14b showed thease in reducing sugars
accumulation in each genotypes due to high temperature effect. The result showed that in genotype
TASCOSA the reducing sugars increased by 60 %, whereas it increased by 42 % in GAGE
genotype (Fig 4. 14b). Reducing sugar accunariako increased significantly (P < 0.01) due to
salinity x genotype interaction. The interaction effect increased reducing sugar3sy %6 with
genotype GUYMON accumulated the highest quantity of reducing sugars and genotypes
AVALANCHE accumulated thdowest quantity (Fig. 4.16b). Reducing sugars significafiRly

0.001) affected by temperature x salinkygenotypes interaction (Fig. 3.17b). The genotype
TASCOSA showed the best performance urndenbined stressesndition. Norreducing sugars
significantly (P < 0.0001) affected by high temperature saithity x temperature interaction. High
temperature >genotype interaction had significa® < 0.0001)effect on norreducing sugar
accumulation. The result showed the increase in reducing sugarawdation in each genotypes

due to high temperature effect and that in genotype TASCOSA theedoning sugars increased

by 34 and only by 2 % in ONAGA and OK05108 genotypegddot shown). Salinity genotype
interaction and high temperaturesalinity x genotypes interactions had significdRt< 0.0001)

effect on noreducing sugars accumulation (data not shown). The amount of starch in wheat leave
were significantly(P < 0.0001)decreased by high temperature salinity and combimgt
temperature andalinity stress. @notypes responded differentiatly the stresse§he value of

starch accumulated ranged between 80 argll&sl Figure 4. 10c, showed the starch content in all
genotypes and that genotypes include TX04M410211, CARSON and TASCOSAehaidtast
amount of starch as compared to other genotypes. Interagtiect of high temperature x
genotypes was significafP < 0.0001)and in some genotypes such as genotype CO04W320 the

starch contend decreased by 23 % and in genotypes TX04M4102IMASRDSA the starch
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content was reduced by 15 % (Fig 4.14c). In addition, salinity x genotype interaction and high
temperature x salinity x genotype interactisignificantly (P < 0.0001j)lecreased starch content

in all wheat genotypes (data not shown).

Proline, Soluble protein, and MDA contents
The mean vale of proline, soluble protein and MDA wereu®oles/ g 13 g/ kg and 2.4.mol/g),
respectively The main effect of high temperature resulted in a signifi(@nt 0.0001)ncrease
proline content in all genotypes tested. High temperature increased proline by 239 % (Fig. 4.7a).
While, salinity stres§P < 0.0001)ncreased proline content by 66 % (Fgda). The combination
of salinityand high temperatustressalso resited in a significan{P < 0.0001)ncrease in proline,
which was 567 % increase of proline content (Fig. 4.aBdpgenotypes responded differently to
the stressvhere the value of proline accumulation ranged between 3.2 and 3.7 unsuewg
genotype inude CARSON, TX04M410211 and TASCOSA accumulated maximum values for
proline content as compared to the other genotfpé&s 4.11a). Temperature genotypes
interaction had significar{P < 0.0001kffect on proline accumulation. Figure 4. 15a showed that
accumulation of proline increased in all genotypes with percent increase betwe@i3a38 in
genotype CARSON and TX04M4201, respectively. Salinity xjenotype interaction had
significant(P < 0.05)effect on accumulation of proline. A peent increaséetween/6 and113
% were reported in CARSON and GUYMON genotypes respectively (Fig. 4.16c¢). In addition, an
increase of proline accumulation was significdRt < 0.05)due to temperature x salinity X
genotype interactia(Fig 4.17c¢).

The main effect bhigh temperaturesalinity and genotypa®sulted in a significantP <

0.0001)increase soluklprotein contentHigh temperature increased soluble protein by 56 % (Fig.
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4. 7b). While, salinity stress increased soluble protein 14 %4Fb). The comination of salinity
stress and high temperature also resulted in a signifffaxt0.001)increase in soluble protein
with percent increase of 80 % (Fig. 4.13BGenotypes act differently in response to the stress,
where genotypes TX04M410211 and MTSO0%@H the highest accumulation of soluble proteins
and genotype GUYMON had the least protein accumulation ¢@iglb). High temperature x
genotype interaction effect was significgRt < 0.01) all genotypes showed increase in soluble
protein accumulationwk to high temperature as compared to optimum temperature. Genotype
CARSON showed percent increase of about 64 %, and genotype ONAGA showed 4Zeit per
increase in protein accumulation. (Fig. 4.15b). Salinity X genotype interaction and temperature x
salinity x genotype interactions had no significant effect on soluble protein accumulation.

The main effect of high temperatugalinity and genotypa®sulted in a significantP <
0.0001) increase INIDA contert. High temperature increased MDA by 190 % (Fig. 4.7c). While,
salinity stress increased MDA content by 68 % (Bi§c). The combination of salinistress and
high temperature also resulted in a signifiogh 0.001)increase in MDA content with percent
increase of 427 % over the control (Fig. 4.18wigenotype acted differentls the value of MDA
ranged between 2.1 and 2.9 umolMigure 4.11c showed that genotypes CARSON and
TX04M410211 accumulated less MDA and genotype CO04W320 accumulated hightasho
MDA. High temperature& genotype interaction significant{f? < 0.0001) increasedDA content
in wheat leave A percent increase of 217 % in MDA content was seen in genotype ONAGA due
to high temperature, whereas genotypes CARSON accumulat®dDésEl57 %) under the same
condition (Fig. 4.15c). Salinity x genotype interaction as well as high temperature x salinity x

genotypes interactions had no significant effect on MDA.
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Growth and Yield Traits

Plant Height, Tiller Numbers, Spike Numbers, Spike Length andVegetativeDry Biomass

The main effect of high temperature was signifiggh& 0.001)on plant height, spike length, and
biomass dry weight (Tables 4.344and 4.5), but there was atiect of high temperature on tiller
number and spike mober per plant. The main effect of salinity was signifigd@h& 0.0001pn

plant height and biomass dry weight, but not significant on tiller number, spike number per plant
and spike length (Tables 4.3, 4. 4, and 4.5). Also genotype effect was sigr{ificaiet0001)pn

plant height and spike length, but not significant on tiller number, spike number per plant, and
biomass dry weightCombined stressed high temperature and salinity was significéi 0.05)

on plant height, tiller number, and dry wisigout not significant on spike number per plant and
spike length. However, high temperature x genotype interaction, salinity x genotype interaction
and high temperature x salinity x genotype interactions had no significant effect on all parameters

mentiored above.

Spikelet Numbers, Grain Numbers, Grain Yield, Individual Grain Weight, andHarvest

Index

The main effect of high temperature stresses was signif(€art 0.0001)on spikelet number
grain numbergrain yield individual grain weight and harvest index. The results showed that high
temperature significantly decreasgukelet number by 19 %; grain number by 53 %; grain yield
by 59 % and harvest index by 58 % (Figures 4. 18). The madoteadf salinity stress (I2mM)

was significan{P < 0.0001pnspikelet numbemgrainnumbergran yield; and harvest index. The
results reprted that salinitygignificantly decreasesbikelet number by 14 %; grain number by 34

%; grain yieldby 37 % and harvest index by 35 %diies 4. 19). The interactieeffect of high
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temperature salinity was significan{P <0.0001)on spikelet numbergrain numbergrainyield,

and harvest index. The results shovggghificant decrease ispikelet numbeby 31 %; grain
number by 72 %; gra yield by 77 % and harvest index by 75 % (Figures &@1 Genotype
responded differently to the stresses in term of spikelet nungbain number, grain yield,
individual grain weight and harvest index. Figure 4.28d showed that genotypes such as
GUYMON, TX04M410211 and TASCOSA had the highest value in term of spikelet number per
spikeand genotypes TX04M410211, CARSON and TASCOSA had the highest value in term of
grain number per plant, grain yield per plant and harvest indgx4R2Gxc). High temperature x
genotype interaction had significa(® < 0.05)effect onspikelet numbergrain number,grain

yield, individual grain weight and harvest index (Table 4. 3). Figure.aa2@ bshowed the per

cent reduction, for hlgenotypes testedThe redation in grain yield was betweeA8 % in
genotypes CARSON and TX04M410211 and 64 % in genotypes GUYMON, OK05108 and 2174
05 (Fig. 4.22a). Alsd-ig 4.22b shows the pearent decrease in harvest index. It showed that
genotype TX04M410211 had peent reductia of 47 % and genotypes GUYMON had gent
reduction of 64 %. In additiosalinity x genotype interaction had significaiit < 0.05)effect on

some yield traits includgpikelet numbeand gran numbey but it had naignificanteffect of grain

yield andharvest index. The reduction of spikelet number ranged between 9 and 18 % (Fig. 4.
23a) ad the reduction of grain number ranged between 27 and 41 % (Fig. 4.23b). High teraperatu
x salinity x genotypes also significantly (P < 0.05) affeataabt of yieldtraits. Figure 4.24 and

b shows the rduction on grain yieldand harvest index due to salinity kigh temperature x
genotype and their interactions genotypes include CARSON, TX04M410211 and TASCOSA

showed good performance unadembined stresses
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Discussion

High temperatureand saliity stressesffect plant growth and development at all growth stages.
However, wheat plants are more sensitive to high temperature stress during reproductive stages
than at vegetative stages. Plants growing undertbigperature anshline condition are subjected
to suffer from drought stress, ion toxicity, and nutrient imbalance which may lead to reduced
growth and productivity. Exposure to high temperatures and salinity stress may vary with the stage
of plant develoment, but all vegetative and reproductive stages are affected by high temperature
stress (Wahid et al., 2007; Farooq et2011; Sultan et al., 2012) and salinity stress (Munns and
Termaat, 1986; Maas and Grattd899). Flowering stage in wheat is tharsition between two
growth stages, which are the vegetative stages and the grain filling stages. During vegetative the
reproductive initiation, and reproductive development occur and determine the final yield potential
and provide the photosynthetic fagt essential for maximum yieldAt the flowering stages,
fertilization has been shown to be highly sensitive to high temperatures in various plants. Therefore
stress in this stage mostly result in yield decline. Though, there are limited studies anlilmeedo
and independent effects of high temperature and salinity during this stage on winter wheat. Under
high temperature and salinity stress plants are encounter to water stress, which results in reduced
leaf photosynthesis, stomata conductance, caugtaktid membrane damage, reduced seed set,
spikelet number per spike, grain number per plant, harvest index and ultimate yield per plant. In
such situatioe many plants accumulate some osprotective compounds such as proline,
glycine-betaine, and carbotlyates (Poustiet al., 2007 Sultan et al., 2032Ghafiyehsan;j et al.,
2013;Sabbagh et al., 201%u et al., 2015Tavakolil et al., 2016).

This study has been done to evaluate the response of different winter wheat genotypes to

an individual andcombination of alinity and high tempetare stress. This study reporttht
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high temperature and salinity stresses had significant effect on physiological, biochemical, and
yield traits of winter wheat genotypeghe study also reported that, while tlegative impact of

high temperature stress was higher than the impact of salinity stressntbimed stresses high
temperature and salinity was much greater than each individual stress.

The study found that high temperature and salinity stressestlyliredluences
photosynthetic process and influences gas exchange anditadaeoid membrane damage. Also
stomatal conductance become more negative under high temperature and salinity stress, which led
to stomata closing and reduc®©£concentration ifeave. These results are in agreement with
otherstudies thahave been done on the effect of high temperature on wheat (Wahid et al., 2007;
Djanaguiraman et al2010; Farooq et aJ.2011 Sabbagh et al., 2014), and on the effect of salinity
on photosyntésis and gas exchange in whédingsbury et al., 1984; Sharma et al., 2005;
Dadkhah and Rassam, 2016). This study also in agreement with a study on the effedtioéd
stresse®n gas exchange and photosynthesis process gonddined stressethan indvidual
stress (Anjum et al., 2008; Dadkhah and Rassam, 2016). These results suggeststinassadt
plants led to enhanced sensitivity of plants to high temperature. These result®dthea the
combination of salinitystress and high temperatueal Ito closing of stomatayhich may cause
reduction in CQ uptake by wheat lease In this study, salinity high tenperatureand the
combination of salinity and high temperature decreased leaf chlor@pim#nt In addition, high
temperature induces Ighiperoxidation of chloroplast membranes that decreases leaf chlorophyll,
which is in agreement with previous research in sorghum and wheat (Esfandiayi2&0a!
Djanaguiraman et al., 2010; Narayanan et al., 2001 study also found thaindercombined
stresseenvironments, damage of photosystem Il was greater than the damage caused by high

temperature or salinity alon€he study herein reported thattinteraction effect was additive or
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synergistic (positive interaction) the combined eff@ugh temperature and salinity) was higher
than the sum of the individual effect (high temperature or salinity) on leaf photosynthesis and
thylakoid membrane damage (Fig. @dnd ¢l. On the other hanthe interaction effect was hypo
additive (negative imraction) orstomata conductanesmdmaximum quantum yield of PI$ (Fig.
4.4b and c Moreover, the present study found that genotypes responded differently to the
individual and combine stress and that some genotypes such as CARSON, TX04M410211 and
TASCOSA had performed well under individual amtbmbined stressess compared to other
genotypes (Fig. 4-8). The tolerance of photosynthetic systensabnity stressmay be related to
the capacity of some plant species to successfully compartmentalize tthénstide vacuole
(Sabbagh et al., 2014). Also the tolerance of photosynthetic system to high temperature and salinity
could be due to the production of some antioxidant enzymes which mayR@gsketoxification
(Esfandiari et al., 2007; Khan et al., 20Narayanan et al., 2015).

Under stress condition many plants accumulate some osmoprotective compounds such as
proline, glycinebetaine, and carbohydratédamada and Khulaef. 199®0oustinet al., 2007;
Sultan et al., 201Z5hafiyehsanj et al., 2018%abbagh et al., 201%u et al., 2015Tavakolil et
al., 2016). Soluble sugars, reducing sugars aner@ucing sugars have significant role in plant
metabolism such as products of hydrolytic processes, substrates in biosynthetic processes, and
energy prduction. The present study indicates that salinity and high temperature stress
individually and in combination increased sugar compounds. The increase of these substances may
play an important role in osmotic regulation. Some plants are able to staiitg bglieducing the
cellular osmotic potential as a result of a net increase in inorganic and solute accumulation (Yang
et al., 2009; Sabbagh et al., 2014). Numerous studies have tried to linke the increase of soluble

carbohydrate to temperature stressrimhce (Radi et al., 2013) and salinity stress tolerance (Ashraf
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and Tufail, 1995). The present result is in agreement with other result which reported that high
temperature and salinity stress resulted in a significant increase, in the total of soyanle su
reducing sugar and needucing sugar in some wheat genotypes (Hamada and Khulaef, 1995).
This study indicated that high temperature and salinity treatments resulted in a significant increase,
in the total of soluble sugar, reducing and4neducing sgar in all genotypes, however there was
a trend that some genotypes accumulated high amount of these carbohydrates. The genotype
CARSON, TX04M410211 and TASCOSA showed to be more tolerant to stress as compared to
other genotypes (Fig.10s-c). In additian the result of this study found decrease in starch content
in all wheat genotypes tested, which agree with previous study on the effect of water stress on
wheat plant (Saeedipour and Moy@@11). This reduction in starch content is due to decreased
photesyntheic rate, the main source of starch, under stress condition.

Proline accumulation has been demonstrated to be correlated with stress tolerance in plants
(Hare and Cress, 1997; Ashraf and Foolad, 20Datar and Gevrek2008). The proline
accumulatiorobserved in this study provides other evidence that increased proline levels create
an adaptive response for plants during water stress. This result is in agreement with previous
studies about high temperature stress on wheat (Sultan et al., 2012)imityl steéss on wheat
(Ashraf and Foolad 2007; Poustin et al., 2007; Ghafiyehsanj et al., 2013; Yu et al., 2015; Tavakolil
et al., 2016). In the present study, high temperature and salinity stress at flowering stages, increased
significantly the proline amumulation in all the wheat genotypes tested. And the increase was
greater in CARSON and TASCOSA and lowest in GUYMON and MTS0531 (Fig. 4.11a).

One of the most common responses of many plant species exposed to abiotic stresses is the
accumulation streselated proteins (Farooq et al., 2011; Kosova et al., 2013; Kumar et al., 2013;

Radi et al., 2013). In the present study, increase in total leaf soluble protein under high temperature
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and salinity stress was perceived at flowering stages. This increisal isoluble proteins under

stress condition is due to the production of stress proteins such as heat chock proteins and other
related stress proteins. These proteins are shown to be one adaptive strategy for many plants.
Variability was also found amondgifferent wheat genotypes for soluble proteins accumulation
under salt and high temperature stress where the accumulation of soluble proteins was grater in
TX04M410211 and lower in GUYMONR (Fig.11b).

MDA has been considered an indicator of stradsiced oxidation in cell membranes and
a tool for determining stress tolerance in plants (Dhyani et al., 2013; Ghafiyehsanj et al., 2013;
Radi et al., 2013). In this study, MDA content was significantly increased due to high temperature,
salinity andcombinedstressesHowever, the accumulation of MDA content was higher in some
genotypes than in other genotypes, this suggest that within the genotypes tested there were some
susceptible genotypes that accumulated more MDA such as CO04W320; and some were tolerant
genotypes include CARSON and TX04M410211 (Fig 4.11c). Many studies agree that increasing
in MDA content is linked with increasing of the degree of stress in wheat plants (Tatar and Gevrek,
2008; Dhyani etal., 2013; Mansoor and Nagw013)and that planthat accumulate less MDA
are more tolerant.

Improvement of grain yield in wheat is an important objective in breeding program.
Therefore, the assessment of final grain yield and other yield related parameters determining grain
yield is an important featarof breeding programs. This study showed that high temperature and
salinity at the flowering period decreased almost all yield traits of winter wheat. This research
reported that decrease in yield was due to a decrease in spikelet number per spike anchges
per spike (Fig. 4.2dandb), which agree with (EHendawy et al., 2005). In the present study, at

flowering stages high temperature, salinity anthbined stressesignificantly decreased grain set
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per plant in all the tested wheat genotypeds T in agreement with previous studies on high

temperature (Owen, 1971; Saini and Aspinall, 198&sad et al., 200&8radhan et al., 2012;

Reynolds et al., 2012; Prasad et al., 2014; Narayanan et al., 2015), where they conclude that high

temperature sess during reproductive stages of crop development resulted in a significant yield

|l osses in wheat. Thatodos because the stress
style and caused florets sterility which lead to decreased grain nuaniokinggh temperature stress
during meiosis in wheat can reduce yield by causing abnormal ovary development, which results
in reduced pollen tube growth and seed set (Saini and Aspinall, 1983). Also a study on salinity
agreed that salinity stress resultr@gduced gain number (Maas and Grieve, 1990; Sairam et al.,
2002; EtHendawy et al., 2005). This can be due to the fact that spikelet number and grain number
are determined during the period of spike emergence to flowering, which in this experiment was
the stress periodThis study reported thahé interaction effect was hygadditive (negative
interaction) the combined effect (high temperature and salinity) was less than the sum of the
individual effect (high temperature or salinity) on grain yield anddst index (Fig. 4.2dand d.

In addition, he result herein reported that the highest number grains per plant counted were in
CARSON, TX04M410211 and TASCOSA, and the lowest were in -0b5/40K05108, and
AVALANCHE (Fig 4.20b), which indicate that CARSON, TX04M410211 and TASCOSA are
tolerance to siss.Combined stressesso caused great reduction on grain number, however, to
my knowledge, no previous studies was done to evaluate the impamnbined stressex high
temperature and salinity on wheat at flowering stage. Therefore this obsenve#ida to be
confirmed with further studies. There was no effectommbined stressesn individual grain
weight, this may be due to fact that grain weight depends on the environmental condition post

flowering and at gain filling period, which in our stufdy these stages the condition was set back
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to optimum condition. Therefore the studgportedthat at flowering stage of the wheat growth,
grain number was the main determinant of grain yield under high temperature and salinity stress.
In this study and d&sed on grain yield reduction genotype TX04M410211 was the most tolerant to
high temperature stress (48 % decline) and to salinity stress (24 % decline ) at flowering stage.
This genotype is from Texas and is expected to be well adapted to high tempsmainan@ment.

This genotype was also tolerant to salinity which mean that selection in hot environments may
allow for selection of better tolerance to salinity strékswvever, genotype OK05108 was highly
susceptible to high temperature stress (65 % decland genotype MTS0531 was highly

susceptible to salinity stress (41 % decline) at flowering stage.

Conclusiors

In wheat, flowering stages the most sensitive stage to abiotic stresses such as high
temperature andalinity. High temperature 35 °C andisiy 120 mM NaCland their combined
effects at flowering stage were negativaffjectswheat growth and yield. The stress decreased
physiological function and resulted in yield reductidhis study conclude thabmbined stresses
was more damaging to wht development than the individual effect of each stress, which
indicated that the interaction effect was additive. High temperatures, salinity and their interaction
at flowering stages had undesirable effects on wheat physiology, biochemical, yielteldnd y
component as indicated by the reduced leaf level photosynthesis, reduced chlorophyll content,
starch content, increased MDA level, and reduced grain yield and harvest index. Also the study
concludes that winter wheat genotypes varied in their resgonsgelividual and combination
stress of high temperature and salinity stress. Genotype TX04M40@21ie nosttolerant ones.

This study conclude that there are some traits that can be selected for breeding programs such as
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photosynthesis rate, leaf chighyll content, grain number and grain yield. However, the
screening for wheat genotypes can be based on characteristics related to high yields under stress
condition. These criteria better be stable and easy to evaluate specially with high number of
gendypes screening. Still, further researgheeded to endorse these interaction effects with other

wheat genotypes and under field condition.
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Figure 4-1 The main effect of high temperature on (@af photosynthetic rate (umolhs?), (B)

stomata conductance (mmoFra?), (C) maximum quantum yield of PS Il (Fv/Fm ratio; unitless),

and (D) thylakoid membrane damage (Fo/fato; unitless)of twelve winter wheat genotypes.

Data are averaged across two experiments, twelve genotypes, three replications of each genotype
and three measurements taken on each plant on d 2, 5 and 10 during the stress period. Each datum
indicates rean value and vertical lines on top of bars indicate standard error of means. Means and
standard errors were estimated using the MIXED procedure in SAS. Percent increase or decrease

in each trait due thigh temperaturas compared to éimum temperatures indicated.
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Figure 4-2 The main effect of salinity on (Agaf photosynthetic rate (umolfist), (B) stomata

conductance (mmol %s?), (C) maximum quantum yield of PS Il (Fv/Fm ratio; unitless), and (D)

thylakoid membrane damage (Fo/Fm ratio; unitlegg)velve winter wheat genotypes. Data are

averaged across two experiments, twelve genotypes, three replications of each genotype and t

measurements taken on each plant on d 2, 5 and 10 during the stress period. Each datum indicates

mean value and vertical lines on top of bars indicate standard error of means. Means and standard

errors were estimated using the MIXED procedure in SAScent increase or decrease in each

trait due to salinity as compared to the control is indicated.
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Figure 4-3 The main effect of genotype on (kaf photosynthetic rate (umolfs?), (B) stomata
conductance (mmol %s?), (C) maximum quantum yield of PS Il (Fv/Fm ratio; unitless), and (D)
thylakoid membrane damage (Fo/Fm ratio; unitlegsgyvelve winter wheat genotypes. Data are
averaged across two experiments, twelve genotypes, anefieations of each genotype. Each
datum indicates mean value and vertical lines on top of bars indicate standard error of means..
Separation of means was carried out using the LSD test (P < 0.05). Means with different letters

are signiyceordingtp theliSD fes at B ©0.05.a
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Figure 4-4 The effect ofcombined stressesf high temperature and salinity on (Agaf
photosynthetic rate (umol ts?), (B) stomata conductance (mmof2nst), (C) maximum
qguantum yield of PS II (Fv/Fm ratio; unitless), and (D) thylakoid membrane damage (Fo/Fm ratio;
unitless)of twelve winter wheat genotypes. Data are averaged across two experiments, twelve
genotypes, three replications of each genotypetlare@ measurements taken on each plant on d

2, 5 and 10 during the stress period. Each datum indicates mean value and vertical lines on top of
bars indicate standard error of means. Means and standard errors were estimated using the MIXED

procedure in SASPercent increase or decrease in each treatment as compared to control is

indicated.
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Figure 4-5 The effect of high temperature and genotype interaction@pteaf photosynthetic

rate (umol n¥ st), (B) thylakoid membrane damage (Fo/Fm ratio; unitl@sgj(C) chlorophyll

index (SPAD unitpof twelve winter wheat genotypes. Data are averaged across two experiments,
twelve genotypes, three replications of each genotype and three measurements taken on each plant
ond 2, 5 and 10 during the stress period. Each datum indicates mean valudieaidiues on

top of bars indicate standard error of means. Means and standard errors were estimated using the
MIXED procedure in SAS. Percent increase or decrease due to high temperature as compared to

optimum temperature is indicated.
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Figure 4-6 The main effect of high temperature on (A) total soluble sgfay (B) reducing sugar

g/kg, (C) nonreducing sugag/kg, and (D) starch contegtkgof twelve winter wheat genotypes.

Data are averaged acrosso experiments, twelve genotypes, and five replications of each

genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard error

of means. Means and standard errors were estimated using the MIXED procedure in SAB. Perce

increase or decrease in each trait dukigh temperaturas comparetb optimum temperaturs

indicated.
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Figure 4-7 The main effect of high temperature on (gpline content(umol/g), (B) soluble
proteincontent(g/kg), and (C) MDAcontent(pmol/g) of twelve winter wheat genotypes. Data are
averaged across two experiments, twelve genotypes, and five replications of each genotype. Each
datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standardrers were estimated using the MIXED procedure in SAS. Percent increase

in eachtrait due to high temperatues compared to éimum temperature indicated.
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Figure 4-8 The main effect of salinity on (Aptal soluble sugaig/kg), (B) reducing sugaig/kg),

and (C) starch conterfg/kg), of twelve winter wheat genotypes. Data are averaged across two
experiments, twelve genotypes, and five replications of each genotype. Each datum indicates mean
value andrertical lines on top of bars indicate standard error of means. Means and standard errors
were estimated using the MIXED procedure in SAS. Percent incredsera@ase in each trait due

to salinity as compared to the control is indicated.
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Figure 4-9 The main effect of salinity ofA) proline content (umol/g)(B) soluble proteicontent

(g/kg), and (C) MDAcontent (umol/g)of twelve winter wheat genotypes Data are averaged across
two experiments, telve genotypes, and five replications of each genotype. Each datum indicates
mean value and vertical lines on top of bars indicate standard error of means. Means and standard
errors were estimated using the MIXED procedure in SAS. Percent increase ima@adihe to

salinity as compared to the control is indicated.
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Figure 4-10 The main effect of genotype on (A) total soluble su@gkg), (B) reducing sugar

(g/kg) and (C) starch contety/kg) of twelve winter wheat genotypes. Data are averaged across

two experiments, twelve genotypes, and five replications of each genotype. Each datum indicates
mean value and vertical lines on top of bars indicate standard error of means. Means and standard
errors were gtimated using the MIXED procedure in SAS. Separation of means was carried out
using the LSD test (P < 0.05). Means with dif

the LSD test at P < 0.05.
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Figure 4-11 The main effect of genotype qA) proline content (umol/g) (B) soluble protein
content (g/kg) and (C) MDA content (umol/g)of twelve winter wheat genotypes. Data are
averaged across two experiments, twelve genotypes, and five replicdteath@enotype. Each
datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standard errors were estimated using the MIXED procedure in SAS. Separation of
means was carried out using the LSD test (P 0.05 Means with different

different according to the LSD test at P < 0.05.
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Figure 4-12 The effect ofcombined stressed high temperature and salinity on (A) total soluble
sugar(g/kg), (B) reducing sugag/kg) and (C) starch conterfg/kg) of twelve winter wheat
genotypes. Data are averaged across two experiments, twelve genotypes, and five replications of
each genotype. Each datum indicates mean value and vertical linesobbaopindicate standard

error of means. Means and standard errors were estimated using the MIXED procedure in SAS.

Percent increase or decrease in each treatment as compared to control is indicated.
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Figure 4-13 The effect ofcombined stressesf high temperature and salinity ¢A) proline

content (umol/g) (B) soluble proteircontent (g/kg) and (C) MDAcontent (pumol/g)of twelve

winter wheat genotypes. Data are averaged atvas&xperiments, twelve genotypes, and five
replications of each genotype. Each datum indicates mean value and vertical lines on top of bars
indicate standard error of means. Means and standard errors were estimated using the MIXED

procedure in SAS. Perceimcrease in each treatment as compared to control is indicated.
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Figure 4-14 The effect of high temperature and genotype interactions on (A) total soluble sugar
(g/kg), (B) reducing sugafg/kg) and (Q starch contentg/kg) of twelve winter wheat genotypes.

Data are averaged across two experiments, twelve genotypes, and five replications of each
genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard error
of meansMeans and standard errors were estimated using the MIXED procedure in SAS. Percent
increase or decrease in each trait due to high temperature as compared to optimum temperature is

indicated on each genotype.
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Figure 4-15 The effect of high temperature and genotype interactionfAprproline content
(umol/g), (B) soluble proteircontent (g/kg) and (C) MDAcontent (umol/g)of twelve winter

wheat genotypes. Data are averaged across two imgres, twelve genotypes, and five
replications of each genotype. Each datum indicates mean value and vertical lines on top of bars
indicate standard error of means. Means and standard errors were estimated using the MIXED
procedure in SAS. Percent increas each triadue to high temperatuges compared topdimum

temperatures indicated on each genotype.
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Figure 4-16 The effect of salinity and genotype interaction on (A) total soluble digdey), (B)

reducing sugafg/kg) and (C) prolinecontentof twelve winter wheat genotypes. Data are averaged
across two experiments, twelve genotypes, and five replications of each genotype. Each datum
indicates mean value and vertical lines on top of barsatelistandard error of means. Means and
standard errors were estimated using the MIXED procedure in SAS. Percent increase in each trait

due to highsalinityas compared to the control is indicated.

(A) = 0 mM/L NaCl = 120 mM/L NaCl
»n 100 -
G % +30% 4140 0 o T23% 510
s 75 | +18% +14% +11% +12% +14% +11% +21% 4896 +15% +14%
i
Jo
3 9 50 -
o
%) 25 -
0 _
(g) 60 | 2496 *36% +29% 1199 yqgop +25% +21% *23% +30% ;o0 T24% +22%
@
(@)]
? . 40 -
(@)]
28
[&]
S~ 20 -
©
()
@
0 J

G

+111% +111%

6 +113%
+100%

+103% Lg50; +102% 108 L7600

+84% 8%

g 4
=
© 5
g8 27
§\—/
a
04
SO ISR I P\ A, SN SR SIS S
ST T TN IS
¢ 4?3) QO Q &AV ¥
Yy

Genotypes

215



Figure 4-17 The effect of high temperature, salinity and genotype interaction on (A) total soluble
sugar(g/kg), (B) reducing sugég/kg), and (C) prolinecontent(umol/g) of twelve winter wheat
genotypes. Data are averaged across two experiments, yeglogypes, and five replications of

each genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard

error of means. Means and standard errors were estimated using the MIXED procedure in SAS.
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Figure 4-18 The main effect of high temperature on (A) spikelet number per spike, (B) grain
number per plant, (C) grain yield per plant (g), and (D) harvest index of twelve winter wheat
genotypes. Data are averaged across two expetantwelve genotypes, and five replications of

each genotype. Each datum indicates mean value and vertical lines on top of bars indicate standard
error of means. Means and standard errors were estimated using the MIXED procedure in SAS.

Percent decrease each trait due to high temperature as compared to optimum temperature is

indicated.
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Figure 4-19 The main effect of salinity on (A) spikelet number per spike, (B) grain number per
plant, (C) grairyield per plant (g), and (D) harvest index of twelve winter wheat genotypes. Data
are averaged across two experiments, twelve genotypes, and five replications of each genotype.
Each datum indicates mean value and vertical lines on top of bars indicdeadtamor of means.

Means and standard errors were estimated using the MIXED procedure in SAS. Percent decrease

in each trait due to salinity as compared to the control is indicated.
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Figure 4-20 Theeffect of genotype on (A) spikelet number per spike, (B) grain number per plant,

(C) grain yield per plant (g), and (D) harvest index of twelve winter wheat genotypes. Data are
averaged across two experiments, twelve genotypes, and five replicationk géeatype. Each

datum indicates mean value and vertical lines on top of bars indicate standard error of means.
Means and standard errors were estimated using the MIXED procedure in SAS. Separation of
means was carried out using the LSDtest(P<0.0%9.Me wi t h different | ett

different according to the LSD test at P < 0.05.
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Figure 4-21 The effect ofcombined stresseasf high temperature and salinity on (A) spikelet
number per spike, (B) grain number per plant, (C) grain yield per plant (g), and (D) harvest index
of twelve winter wheat genotypes. Data are averaged across two experiments, twelve genotypes,
and five repications of each genotype. Each datum indicates mean value and vertical lines on top
of bars indicate standard error of means. Means and standard errors were estimated using the

MIXED procedure in SAS. Percent decrease in each treatment as comparediascmticated.
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Figure 4-22 The effect of high temperature and genotype interactions on (A) grain yield per plant
(g9) and (B) harvest ibdexf twelve winter wheat genotypes. Data are averaged abmmss
experiments, twelve genotypes, and five replications of each genotype. Each datum indicates mean
value and vertical lines on top of bars indicate standard error of means. Means and standard errors
were estimated using the MIXED procedure in SAS. Rerdecrease in each trait duehigh

temperature@s compared to optimum temperature is indicated on each genotype.
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Figure 4-23 The effect of salinity and genotype interactions on (A) spikelet number per spike and
(B) grain number per plant of twelve winter wheat genotypes. Data are averaged across two
experiments, twelve genotypes, and five replications of each genotype. Eanhrahtates mean

value and vertical lines on top of bars indicate standard error of means. Means and standard errors
were estimated using the MIXED procedure in SAS. Percent decrease in each trait due to high

salinity levelas canpared to contrak indicaed on each genotype.
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Figure 4-24 The effect of high temperature, salinity and genotype interaction on (A) grain yield
per plant and (B) harvest index of twelve winter wheat genotypes. Data are avenapsdhao
experiments, twelve genotypes, and five replications of each genotype. Each datum indicates mean
value and vertical lines on top of bars indicate standard error of means. Means and standard errors

were estimated using the MIXED procedure in SAS.
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Table 4-1 Probability values of effects of temperature (T), salinity @notype (G)f x S
interaction, T X G interaction, S x G interaction and T x G x S interaction on various physiological

traits.

Traits Temperat Salinity Genotyp TxS TxG SxG TxGxS
ure (T) (S) e (G)

Maximum quantum <0.0001 <0.0001 <0.0001 0.0003 0.3678 0.9043 0.9959

yields of PSI (Fv/Fm

ratio; unitles$

Thylakoid membrane <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.1204 0.4414

damage (Fo/Fmatio;

unitless

Leaf photosynthesis  <0.0001 <0.0001 <0.0001 0.0004 0.0005 0.0114 0.7861

(umol ni2 s

Stomatal Conductance 0.0003  <0.0001 0.0008 0.0005 0.7393 0.1077 0.0986

(m? st)

Chlorophyllindex 0.0008 0.0002 <0.0001 0.2035 <0.0001 0.2670 0.4021

(SPADunity

225



Table 4-2 Probability values of effects of temperature (T), salinity @notype (G),T x S

interaction, T X G interaction, S X G interaction and & x S interaction on variousochemical

traits.

Traits

Soluble sugarsontent(g/kg)
Reducing sugars contefg/kg)

Non reducing sugars content

(9/kg)
Starchcontent(g/kg)

Proline contenfumol/g)
Soluble proteins contel(g/k)

MDA content(umol/g)

Tempera Salinity

ture (T)
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001
<0.0001

<0.0001

(S) e (G)
<0.0001 0.0104

<0.0001 0.0001

0.5887 0.0174

<0.0001 <0.0001
<0.0001 0.0049
<0.0001 <0.0001

<0.0001 <0.0001

226

Genotyp

TxS

0.0216

0.0036

<0.0001

0.0004

<0.0001

0.0010

0.0006

TxG

0.0008

0.0004

<0.0001

<0.0001

<0.0001

0.0045

<0.0001

SxG

<0.0001

0.0027

<0.0001

<0.0001

0.0144

0.7893

0.7371

TxGXS

<0.0001

0.0001

<0.0001

<0.0001

0.0299

0.1918

0.5532



Table 4-3 Probability values of effects of temperature (T), salinity ¢&potype (G),T X S

interaction, T x G interaction, S x G interaction and T x G X S interaction on vi@lddraits.

Traits

Plant heigh{cm)

Tiller number(plant?)
Spike numberglant?)
Spike length(cm)
Spikelet numbe¢spike?)
Dry weight (gplant?)
Grain number (spiké
Grain numbeiplant?)
Grain yield (gspike?)
Individual grain weight
(mg)

Grain yield(plant?)

Harvest index

Tempera Salinity

ture (T)
0.0003
1000
0.1076
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001

(S)
<.0001
0.6690
0.9186
0.9626
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.3934

< 0.0001
< 0.0001

Genotyp
e (G)
<.0001
0.1780
0.2523
<0.0001
<0.0001
0.0945
<0.0001
<0.0001
<0.0001
0.0288

< 0.0001
< 0.0001

227

TxS

<.0001
0.0124
0.2738
0.1137
0.0006
0.0003
<0.0001
<0.0001
<0.0001
0.7907

< 0.0001
< 0.0001

TxG

0.1231
0.5618
0.9161
04705
0.0204
0.9016
<0.0001
<0.0001
0.0003
0.7105

0.0020
0.0108

SxG

0.1207
0.5092
0.7042
0.8192
0.0111
0.0084
<0.0001
0.0015
0.1898
0.9860

0.3512
0.1154

TxGxS

0.7424
0.4416
0.3715
0.1940
0.0387
0.1783
<0.0001
<0.0001
<0.0001
0.4022

< 0.0001
0.0171



Table 4-4 Mean growth andmorphological parameters for twelve winter wheat genotypes.

Separation of means was carried out using the LSD test (P < 0.05). Means with different letters

ar e

Genotypes

217405
GUYMON
OKO05108
GAGE
AVALANCHE
CO04W320
CARSON
TX04M410211
TX86A5606
MTS0531
TASCOSA
ONAGA

signiycantly

Plant height
(cm)
67.2cd
70.0a
69.1ab
69.8abc
68.6abc
67.8bc
68.7abc
68.9abc
64.9¢e
68.5abc
68.1abc
65.6de

Number of
tillers plant!
8.4c
8.5abc
8.4bc
8.7ab
8.6abc
8.7ab
8.5abc
8.5abc
8.7a

8.6ab
8.5abc
8.5abc

228

di fferent

according to the

Spike number Vegetativebiomass

plant?
6.5b

6.7ab
6.5b

6.8a

6.6ab
6.7ab
6.6ab
6.6ab
6.6ab
6.7ab
6.6ab
6.6ab

(g plant?)
23.0bcd

23.5a
22.8d
23.4ab
23.2abcd
23.3abc
22.8cd
23.1abcd
23.3abc
23.3abc
23.1abcd
23.0bcd



Table 4-5 Mean growth and yield parameters for twelve winter wheat genotypes. Separation of

means

different according to the LSD test at P < 0.05.

Genotypes

217405
GUYMON
OKO05108
GAGE
AVALANCHE
CO04W320
CARSON
TX04M410211
TX86A5606
MTS0531
TASCOSA
ONAGA

was

Spikelet number Grain yield (g

(spike?)

17.9c
19.1a
17.8c
17.7c
17.7c
17.9c
17.7c
18.5b
17.5¢c
17.5¢c
18.6b
16.9¢c

carried

out

plant?)
9.0defg
8.7fg
8.79
8.9efg
9.1defg
9.6abcd
10.1ab
9.9abc
9.5bcde
9.4cdef
10.2a
8.79

229

using the

Grain number
plant?
198.5f
209.0de
206.2¢ef
209.7cde
204.4ef
228.3b
241.3a
247.2a
217.9c
211.7cde
242 .4a
215.8cd

LSD

Harvest
index
0.39cde
0.37e
0.38cde
0.38de
0.39cde
0.41bc
0.44a
0.43ab
0.41bcd
0.40bcd
0.44a
0.38de

test (P

<



Chapter5-GeneCoanlc| usiFanh siDiagnedc t i on

In this research three experiments were conducted under the controlled environment conditions.
The objectives of this researalere {) to screen winter wheat genotypes for salinity tolerance at
the germination stages and to deternsaedlinggrowth traits associated wigalinity tolerance.

(if) to evaluate the independent and combined effects of high temperature and salviitijeon

wheat genotypes at the booting statpesughgrowth physiologicalbiochemical, angield traits

and (iii) to evaluate the independent and combined effects of high temperature and salinity on
winter wheat genotypes at the flowerisgageshroudh growth, physiological, biochemical, and

yield traits. Important conclusions from each experiment are as follows:

Experiment 1: Screening of 29%inter wheatgenotypedor salinity tolerance at the germination
and seedlingtage.

This researchindicatedthat genotypic variability for salt tolerance was found among
different winter wheagenotypesnd the variation was best explained by mean daily germination
percentage and vigor indekhe genotypesvere ranked based on the seedling vigor indagh
that those with the smallest and largest percent reduction over the control were ranked respectively
as the most and leastlerantgermplasm attl20 mM NaCl. According to that genotypes were
divided into three categories (1) tolerant to salinity engnation stagégenotypedike GAGE,
OK04507, MTS0531, TASCOSA, ENDURANCE and GUYMQN2) moderately tolerant to
salinity at germination stage genotypigse AVALANCHE, NE05496, ENHANCER, OK05108,
TX86A5606 and ONAGARNd(3) susceptible to salinity germination stage (CO04W320, 2174

05, CARSON, OK1070275, TX02A0252 and TX04M41021Wheat genotypesshowed
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differential response to higher leve{d20 mM NaCl)of salinity. Yet, salinity reduced adleed
germination and seedling attributaswheatgenotyes The salinity tolerantgenotypesdentified

hereinmaybe used irsalininty breedingprogram

Experiment 2: Assessing thendependent and combined effects of high temperature and salinity
on winter wheat genotypes thie booting stage

The experimentindicated thathigh temperature 380° C (daytime maximum and nighttime
minimum temperatujeand salinitylevel o120 mMNaCl and their combed effects at booting
stagenegatively influenced wheat growth and yie@bmbined stressesas more damaging to
wheat development than thadividual effect of each stresdigh temperatures, salinity and their
interactiors at booting stage, had negativénfluencethe leaf level photosynthesis, chlorophyll
content, photosystem |l efficiencyand starch contentHowever, it increased thdamaged
thylakoid membrandamageand the contents of totedrbohydratesproline and soluble proteins,
MDA. The changes in the above physiological traits have resulted in decreaseyglejtlaamd
harvest idex. Also the study concludes that winter wheat genotypes diverse in their response to
combired high temperature and salinigress Genotype GUYMON, TX04M10211 and
TASCOSA were the modblerant onesThe traits like photosynthec rate leaf chlorophit
content, grain number aigglain yield can be used for breeding salinity and high temperature stress

tolerant wheat breeding program

Experiment 3: Assessing thendependent and combined effects of high temperature and salinity

on winter wheat genotypes fldwering stage

231



High temperature 330 °C(daytime maximum and nighttime minimum temperature) and salinity

level of 120 mMNaCland their combined effectsfabwering stagesegativelyinfluenced wheat

growth and yield The studyshowed that combed effects of high temperature and salisiness

wasmore detrimental than thedividual effect of each stredsigh temperatures, salinity and their

interaction atflowering stages had undesirable effects on yield aaldl yjomponentThe study

showed that genotypes varied in thessponse to combined effects lnifh temperatureand

salinity stres, and genotype CARSONX04M410211and TASCOSA were the mastlerart as

indicated byincreasedeaf level photosynthesiphotosystenil efficiency, chlorophyll content,

starch contentand decreaseldDA level resulting in increasedjrain yield and harvest indekn

conclwsionthere are some traits that canusedfor breeding progams such as photosynthesis

efficiency, leaf chlorophyll content, grain number and grain yield. However, the screening for

wheat genotypes can be based on characteristics related to high yields under stress condition. These

criteriashouldbe stable and easy to evaluate specially with high number of genotypes screening.
From second and third experiments we conclude that spikelet number and grain number

werethe yield component associated with geesgolerance at thbooting and floweringtages.

In addition, from these experiments we conclude tigtt temperaturand salinity stress at both

stages of wheat growth and development severely reduced the performance of all tested wheat

genotypes. Yet, severity being higher at flowwg stage han booting stages$n this study and

based on grain yield reduction, genotype TASCOSA was the most tolerant to high temperature

stress (46 % decline) and genotype GUYMON was the most tolerant to salinity stress (32 %

decline) at booting stag@&hese gengpes are best adapted to the High Plains, which expected to

have better drought tolerance, therefore these genotypes were high temperature and salinity

tolerance. Whereas, genotypes CARS®é&S$ highly susceptible to high temperature stress (52 %
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decline) ad AVALANCHE was highly susceptible to salinity stress (42 % decline) at booting
stage.In addition, genotype TX04M410211 was the most tolerant to high temperature stress (48
% decline) and to salinity stress (24 % decline) at flowering stHge genotypes from Texas

and is well adapted to high temperature environprerdmayhavesalinitytolerancewhich mean

that selection in hot environments may allow for selection of tolerance to salinity Blo@gsver
genotype OK05108 was highly susceptible to high temperature stress (65 % decline) and genotype
MTS0531 was highly susceptible to salinity stress (41 % decline) at flowstaigg. However
genotype GUYMON flipped from tolerant at germination and boottagesand susceptible at
flowering stage and genotypes TX04M410211 flipped from susceptible at germination and booting
stagesand tolerant at flowering stage This may due to the fact that plants respond to the stress is
highly depend on the growth stageptant development and that response is different at different
developmental stageslowever, further studies are neededvadidatethese interactions under

filed conditionsand future studies should give more attention to physiological parameterasuch
leaf water potentialandosmotic potential as well as some biochemical analysis such*antla

CI content in plant tissue and antioxidamzymes.

Overall Outputs

1 Mean daily germination aneedling vigor index was the best germination $rihiatcarbe
used as a selection criterion for salinity toleraircevheat Based orthosegenotypes
GUYMON, MTS0531, TASCOSA, GAGE, and ENDURANCE were identified as tolerant

genotypes to salinity stress at germination stages.
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1 The combined effects of salinineynd high temperature stress during booting and flowering
stages was greater than the individual effects of salinity and high temperature stress as

evidenced by seed number and grain yield.

1 Grain yield and harvest index are the Kesits responsibleof high temperature and
salinity stresstolerance Therefore,genotype TASCOSA was the most tolerant genotype
to combined hightemperature and salinity stress at the booting steapes genotype
TX04M410211 was the most tolerant genotypedmbined highempeature and salinity

stress at flowering stages.

Future ResearchOpportunities

These investigations showed existence of significant genetic variability in winter wheat lines for
salinity stress at germination stages as well as focah#ined stressex high temperature and
salinity at booting and flowering stage. Therefore, additional research might be directed towards
following:

1) There is need to develop new screening teplio identify large germplasm
collection for salinity tolerance during germination and seedling stages of
development.

2) Studiescomparing the genotypes identified as tolefemin this studywith other
known salt tolerant genotypésheck) will increase outnowledge on mechanism

of tolerance and novel traits conferring tolerance to these stresses.
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3)

4)

5)

Investigate the effestof high temperature and salinity stress at the booting and
flowering stages of thedelerant and susceptible genotypesler field condions

to validate the results of study

To validate the croswmlerance for salininty and high temperature in the available
genotypes, so that it can ne used for breeding salinity and high temperature stress
This study focused on the effect of high tempera and salinity stress at booting

and flowering stages, therefore further research on the effects of high temperature
and salinity stress during the pdistwering stages (grain filling and seed
development)s needed to evaluate the effect of thesesstat later stages of wheat

growth and development
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Appendix A - List of entries in the hard winter wheat association mapping panel

(HWWAMP) used in this study with their names, year of release, type (C, cultivar; L, landrace; B,

breeding line), origin, NSGC accé&ss number, and pedigree

ENTRY | NAME Year | Ty p ¢ Origin | NSGC Pedigree
Accession
142 C003064 CO C0970547/Prowers 99
125 CO03W043 CO KS96HW94/C0980352
126 CO03W054 CO Arlin/KS89H20 (KS96HW94)/6/Trego/5/(C0960293
Pl 222668 / TAM 107 /4/(CO0850034) Novi Sad 14
Novi Sad 603 // Newton /3/ Probrand 835
128 CO004025 B CO C0940610/C0960293//CO99W189
129 CO004393 B CO Stanton/C0950043
130 C004499 B CcoO Above/Stanton
131 CO04W320 B CO C0950635/CO99W1126
283 C0050337 B Cco CO0980829/TAM 111
2
120 C0940610 B Cco GSTR10702 | H15A13333 /5* Larned // Eagle / Sage /3/ TAM 105
(KS87H22) /4/ (MWO09) Clark's Cream/5*KS75216
(Newton Sib)
84 TAM107- B Cco GSTR11601 | CO850034 / PI1372129 //5* TAM107
R7
141 ABOVE 2001 | C Cco P1631449 TAM 110*4/FS2
146 AKRON 1994 | C Cco P1584504 TAM 107 / Hail
285 ANTERO 2013 | C Cco P1 667743 Trego/Betty sib (KSO1HW152)//TAM 111
121 AVALANC |2001 |C Cco P1620766 RL6005 / RL6008 // Larned /3/ Cheney / Larned /4/
HE Bennett sib /5/ TAM107 (KS87H325) /6/ Rio Blanco
143 BILL 2007 | C Cco P1653260 Yumar/Arlin
BROWN
122 BONDCL |2004 |C CoO P1639924 Yumar//[TXGH12588120*4/FS2
284 BYRD 2011 | C Cco Pl 664257 TAM112//(CO9705477) Ike/Halt
133 CARSON 1986 | C CcoO P1501534 Anza / Scout // Centurk
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100 DAWN 1982 | C CcoO Cltr17801 11 21031 / Trapper /4/(CO 652363) Warrior // Kenya
/ Newthatch /2*( Cheyenne / Tenmarq / Mediterrang
)/ Hope /3/ Parker
282 DENALI 2011 | C (6{0)] Pl 664256 Yuma/T-57//C0850034/3/4*Yuma/4/NEWS12
(C0980829)/5/Tam 111
136 DUKE 1981 | C CcoO Cltr17856 3* Sonora 64 / Warrior // Selkirk /2* Cheyenne /5/
Scout /4/ Quivera /3/ Tenmark // Marquis 1 / Oro
134 HAIL 1982 | C CO P1470927 Mexican / USA // Scout /3/ Mara /4/ Scout /5/ Ciano
16/ Trapper /7/ Parker
137 HALT 1994 | C CoO P1584505 Sumner / CO820026 // PI372129 /3/ TAM 107
138 HATCHER | 2004 | C (6{0)] P1638512 Yuma /Pl 372129 /| TAM 200 /3/4* Yuma /4/
KS91H184 / Vista
147 JULES 1993 | C CO P1564851 Warrior *5/ Agent // Agate sib (NE76667)/3/ Hawk
132 LAMAR 1988 | C CcoO P1559719 74 F878 ( Mexican dwarf )/ Wings // Vona
124 LINDON 1975 | C Cco Cltr17440 Andes 64A / Sonora 64 // Tacuari (1121183)/4/(CO
652363) Warrior 2 / Kenya 58 / Newthatch // Cheyel
/ Tenmark / Mediterranean / Hope /3/ PafséLancer
/3/(KS 62136) Norin 16 / Cl 12500 // Kaw
234 OGALLAL 1993 | C Cco P1573037 TX81Vv6187 / Abilene
A
139 PRAIRIE 2000 | C CO P1605390 C0850034 / PI 372129 //5* TAM 107
RED
145 PROWERS | 1997 | C CO P1605389 CO850060 / PI 372129 //5* Lamar
144 RIPPER 2006 | C CcoO P1644222 PI 220127/P5//TAM200/KS87H66
(C0940606)/3/(TAM107R2) CO850034/PI
372129//5*TAM 107
135 SANDY 1981 | C Cco Cltr17857 Sonora 64A / Tezanos Pintos Precoz / Yaqui 54 //(
Frontana / Kenya 58 / Newthatch )/ Norin 10 / Brevg
Gabo 55B / Trapper // Centurk
127 THUNDER | 2008 | C Cco P1655528 FS2/KS97HW150//KS97HW349 (KSO1
CL 5539)/3/(CO99W165) KS92WGRC25/Halt
119 VONA 1976 | C Cco Cltr17441 Andes 64A / Sonora 64 // Tacuari (Il 21183) /4/ (CO
652363) Warrior // Kenya 58 / Newthatch /2*(
Cheyenne / Tenmarg / Mediterranean / Hope /3/ Pa|
/5/ Lancer /4/ KS 62136
148 YUMA 1992 | C ({0 P1559720 NS14 / NS25 //2* Vona
140 YUMAR 2000 | C CO P1605388 Yuma / PI 372129, F1 // CO850034 /3/4* Yuma
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115 HV906-865 KS G980039/0Onaga
110 HVOWO03- KS B1127/3/B1551W//ROWDY/RWA 671 MONT
1379R
108 HVOWO03- B KS B1043/PL2180
1551WP
111 HVIWO03- B KS B13971/WGRC33
1596R
112 HVOWO05- B KS SPARTANKA/G980761
1280R
113 HV9WO06- B KS (G982231/G982159//KS920709W
504
244 KSOOF520- B KS 0
3
237 wW04-417 B KS BULK POPULATION
251 WB411W B KS G3006/ARLIN
242 2145 2002 | C KS P1 631087 HBA142A/HBZ621A//Abilene
183 2180 1989 | C KS P1532912 TAM W-101 / Pioneer W603 // Pioneer W558
85 ARLIN 1992 | C KS P1564246 Selection from population of intercrossed hard red
winter wheat and hard red spring wheat genotypes
226 BAKER'S 2004 | C KS Pl 633865 Ponderosa/Jagger
WHITE
222 BISON 1956 | C KS Cltr12518 Chiefkan // Oro / Tenmarq
227 BURCHET | 2004 | C KS Pl 633863 W91-126/W18805205
T
210 CHENEY 1978 | C KS Cltr17765 Scout / Tascosa
225 COMANCH | 1942 | C KS Cltr11673 Oro/ Tenmarq
E
247 COSSACK | 1998 | C KS Pl 606780 BCD1828/83
228 CUTTER 2002 | C KS Pl 631389 JAGGER//(WI189189-14)Tam200/Stallion sib
280 DANBY 2007 | C KS P1 648010 Trego/Jagger 'S'
208 DODGE 1986 | C KS P1506344 KS73H530 ( Newton sib )/ KS7T6HN19718( Arkan
sib)
229 DUMAS 2001 | C KS Pl 619199 WI90-425/W189483
217 EAGLE 1970 | C KS Cltr15068 Selection from Scout
248 ENHANCE | 1998 | C KS P1606779 1992 Nebraska bulk selection
R
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246 FULLER 2007 | C KS Pl 653521 Ogallala/KS95WGRC33//Jagger
109 G1878 1995 | C KS Pl 591622 Hawk/Sturdy//Plainsman V
243 HEYNE 2001 | C KS P1612577 KS82W422 | SWM754308 / KS831182 / KS82W424
230 HONDO 1999 | C KS Pl 603958 W84-179/W8%
171/5/Sturdy/Hawk/4/Vona/3/NDD63/C0652643//C
turk
231 JAGALENE | 2002 | C KS P1 631376 JAGGER/ABILENE
78 JAGGER 1994 | C KS P1593688 KS82W418 / Stephens
207 KARL 92 1992 | C KS P1564245 Selection from Karl = Plainsman V /3/ Kaw / Atlas 5
Il Parker *5/ Agent
220 KAW61 1960 | C KS Cltr12871 purification and re release of Kaw = Oro //
Mediterranean / Hope /3/ Early Blackhull / Tenmarq
252 KEOTA 2007 | C KS Pl 648007 CUSTER/JAGGER
223 KIOWA 1950 | C KS Cltr12133 Chiefkan // Oro / Tenmarq
214 KIRWIN 1973 | C KS Cltrl7275 Parker *3/ Bison
204 LAKIN 2002 | C KS P1617032 KS89H130 / Arlin
212 LARNED 1976 | C KS Cltr17650 Ottawa /5* Scout
232 LONGHOR | 1991 | C KS P1552813 NS26301 / Thunderbird
N
233 NEOSHO 2006 | C KS Pl 639739 W91-376:20/W95084
211 NEWTON 1978 | C KS Cltr17715 Pitic 62 / Chris sib //2* Sonora 64 /3/ Klein Rendidor,
14/ Scout
209 NORKAN 1986 | C KS P1506345 Plainsman V /3/2*( KS76H3705 ) Larned / Eagle //
Sage
238 NUFRONTI | 2002 | C KS Pl 619089 2180/HBZ356A//Mesa
ER
239 NUHORIZ | 2001 |C KS Pl 619198 WI89-282/Arlin
ON
240 ONAGA 1998 | C KS HT43-231-19 (Pioneer bulk)
245 OVERLEY | 2004 | C KS P1 634974 TAM-107 *3/TA 2460 (U1275L-4-2-2)//Heyne
6S6/ 3/ Jagger
219 PARKER 1966 | C KS Cltr13285 Quivira /3/ Kanred / Hard Federation // Prelude /
Kanred /4/ Kawvale / Marquillo // Kawvale / Tenmar
213 PARKER 76| 1976 | C KS Cltr17685 Parker *5/ Agent
123 PLATTE 1997 | C KS P1 596297 Tesia 79 / Chat'S' // Abilene
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235 POSTROC | 2006 | C KS Pl 643093 Ogallala/KSU94U261//Jagger
K
241 RONL 2007 | C KS Pl 648020 Trego/3/(C0O9600293) P1222668/TAM
107//C0O850034
215 SAGE 1973 | C KS Cltrl7277 Agent /4* Scout
249 SANTAFE | 2006 | C KS Pl 641772 G1878/Jagger
218 SHAWNEE | 1967 | C KS Cltr14157 Mediterranean / Hope // Pawnee /3/ Oro / lllinois Nqg
1// Comanche
118 SHOCKER | 2006 | C KS Pl 646185 FREEDOM/TOMAHAWK//JAGGER
117 SMOKYHI | 2006 | C KS Pl 646184 97 8/64 MASA (Population developed by combining
LL several crosses with a common female "G2500")
114 SPARTAN | 2007 | C KS RL8400193/PL2180
205 STANTON | 2002 | C KS P1617033 Pl 220350 / KS87H57 // TAM200 / KS87H66 /3/
KS87H325
116 TARKIO 2006 | C KS OK90604/KSSB369-7//SnowWhite
236 THUNDER | 2000 | C KS P1 608000 ABILENE/KS90WGRC10
BOLT
206 TREGO 1999 | C KS P1612576 RL6005 / RL6008 // Larned /3/ Cheney / Larned /4/
Bennet sib /5/ TAM107 (KS87H325)/6/ Rio Blanco
216 TRISON 1973 | C KS Cltr17278 Triumph / Bison
250 VENANGO | 2000 | C KS HBE1066105/HBF0551137
76 WICHITA 1944 | C KS Cltr11952 Early Blackhull / Tenmarq
224 WICHITA 1944 | C KS Cltr11952 Early Blackhull / Tenmarq
281 E2041 B Mi Pioneer Brand 2552/Pioneer Brand 2737W
199 MT0495 B MT MT9640/NB1133
202 MT06103 B MT Composite cross
191 MT85200 B MT Froid/Winoka/3/TX55391-56-D8/Westmont//Trader
193 MT9513 B MT NuWest/MT8030
194 MT9904 B MT MT85200/Tiber
195 MT9982 B MT Promontory/Judith
200 MTS0531 B MT L'Govskayal67/Rampart//MT9409
279 BIG SKY 2001 | C MT P1619166 NuWest / Tiber
188 CREST 1967 | C MT Cltr13880 Westmont *2/ Pl 178383
201 DECADE 2010 | C MT P1660291 Composite
196 GENOU 2004 | C MT P1640424 Lew/Tiber//Redwin (MTS92015)/3/Vanguard/Norsta
203 JUDEE 2011 | C MT Pl 665227 Vanguard/Norstar//Judith/3/NuHorizon

240



190 JUDITH 1989 | C MT P1584526 Lancota / Froid // NE69559 / Winoka

197 NORRIS 2005 | C MT P1643430 BigSky//TAM110sib*4/FS2

192 NUSKY 2001 | C MT P1619167 NuWest / Tiber

189 ROSEBUD | 1981 | C MT P1473570 Lancer /2* BWH 13763

198 YELLOWS | 2005 |C MT P1643428 Selected from a composite of F2 seed from two clos

TONE related populations: Promontory/Judith and Judith

phenotypic dwarf selection/Promontory

83 JERRY 2001 | C ND P1632433 Roughrider // Winoka / NB66425 /3/ Arapahoe

287 NE02558 NE JAGGER/ALLIANCE

289 NE04490 NE NE95589/3/(NE94632)
ABILENE/NORKAN//RAWHIDE/4/(NE95510)ABIL
ENE/ARAPAHOE

290 NE05430 NE IN92823A1-1-4-5/NE92458

291 NE05496 NE KS87H325/RIO BLANCO (KS95HW62
6)//HALLAM

294 NE06607 B NE KS89H504/3/(NE90518)BRL//SXL/BENN
(NE98466)/4/WESLEY

63 NE99495 NE ALLIANCE/KARL 92

296 NIO6736 NE KM602-90/NE89657//ARLIN
(NW97S312)/3/(KS96HW13) KS91HW29// RIO
BLANCO/KS91H184

297 NIO6737 B NE KM602-90/NE89657//ARLIN
(NW97S312)/3/(KS96HW13) KS91HW29// RIO
BLANCO/KS91H184

298 NI07703 B NE 919021/B725//K92 (G97343,-R48)/5/(N100436) BEZ
1/CTK78//ARTHUR/CTK78/3/BENNET/4/NORKAN

299 NIO8707 B NE Yuma/T-57//CO850034/3/4*Yumd/NEWS1
(C0980829)/5/Wesley

300 NIO8708 B NE Yuma/T-57//CO850034/3/4*Yuma/4/NEWS1
(C0980829)/5/Wesley

288 NWO03666 B NE N94S097KS/NE93459

41 AGATE 1979 NE Cl17463 Ponca /3* Cheyenne // Kenya 58 / Newthatch //2*(
Cheyenne / Tenmarq / Mediterranean / Hope )/3/ Sq

42 ALLIANCE | 1993 | C NE PI573096 Arkan/Colt//Chisholm (sib)

43 ANTELOPE | 2005 | C NE P1633910 Pronghorn / Arlin

81 ANTON 2007 | C NE P1651044 WAB69121327 / P1 559717 // Platte
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44 ARAPAHO | 1988 NE P1518591 Brule /3/ Parker *4/ Agent // Belocerkovskaja 198 /
E Lancer
45 BENNETT | 1978 NE Cl17723 Scout /3/ Quivira / Tenmarq // Marquillo / Oro /4/
Homestead
46 BUCKSKIN | 1973 NE Cl17263 Scout/3/Quivera/Tenmarg//Marquillo/Oro
61 CAMELOT | 2008 NE P1653832 KS91H184/ARLIN
SIB//IKS91HW?29/3/NE82761/REDLAND
(NE91631)//VBFO168
47 CENTURA | 1983 NE P1476974 Warrior*5/Agent/NE68457/3/Centurk78
48 CENTURK | 1978 NE Cltrd7724 Selection from Centurk
78
50 COLT 1983 NE P1476975 Agate sib (NE69441 )// ( Tx65A156B) 39156-D8 /
Kaw
51 COUGAR 2000 NE P1613098 Warrior *5/ Agent // Kavkaz /4/ NE63218 / Kenya 58
13/ Newthatch /2* CTMH // Ponca /* 2 Cheyenne
(NE85707)/5/ Thunderbird ( CTMH = Cheyenne /
Tenmarq / Mediterranean / Hope )
52 CULVER 1999 NE P1606726 NE82419/Arapahoe
293 FREEMAN | 2013 NE P1 667038 ABI86*3414/Jagger//Karl 92 (KS9246-B-15-
1)/3/ALLIANCE
53 GAGE 1963 NE Cltr13532 Ponca /3/ Mediterranean / Hope // Pawnee
54 GOODSTR | 2002 NE P1632434 Len // Butte / ND526 (ND604) /6/ (SD2971) Agent /3
EAK ND441 // Waldron / Bluebird /4/ Butte /5/ Len
(SD3055) /7/ KS88H164 /8/ NE89646
55 HALLAM 2006 NE P1638790 Brule / Bennett // Niobrara
56 HARRY 2002 NE P1632435 Brule /4/ Parker *4/ Agent // Beloterkovskaia 198 /
Lancer /3/ Newton / Brule (NE90614) /5/ (NE87612
Newton // Warrior *5/ Agent /3/ Agate sib
57 HOMESTE | 1973 NE Cl17264 Scout /4/ Kenya / Newthatch // Cheyenne / Tenmarg
AD Mediterranean / Hopi/ Pawnee / Cheyenne
58 INFINITY 2006 NE P1639922 Windstar//Millennium sib/Above sib
CL
79 LANCER 1963 NE Cltr13547 Turkey Red / Cheyenne // Hope /2* Cheyenne
82 MACE 2007 NE P1651043 Yuma//PI

372129/3/C0O850034/4/4*Yuma/5/KS91H184/Arlin
SIIKS91HW29/3/NE89526
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286 MCGILL 2010 | C NE P1659689 Vona // Chisholm / PlainsmanV (OK83201)/3/Redla
(NE92458 )/4/ Ike
60 MILLENNI | 2000 | C NE P1613099 Arapahoe / Abilene /4/ Colt /3/ Warrior *5/ Agent //
UM Kavkaz
96 NEKOTA 1994 | C NE P1584997 Bennett/ TAM 107
64 NIOBRAR 1994 | C NE P1584996 TAM 105*5/AMIGO//Brule
A
65 NUPLAINS | 1998 | C NE P1605741 Abilene / KS831872 = Abilene /3/ Plainsman V //
Newton / Arthur 71
62 OVERLAN | 2007 | C NE P1647959 Millennium sib//(ND8974) Seward/Archer
D
292 PANHAND | 2014 | C NE BRIGANTINA/2*ARAPAHOE (NE97426)//NE98574
LE
66 PRONGHO | 1996 | C NE P1593047 Centura/Dawn//Colt
RN
67 RAWHIDE | 1990 | C NE P1543893 Warrior *5/ Agent // Kavkaz /4/ Parker *4/ Agent //
Belocerkovskaja 198 / Lancer /3/ Vona
68 REDLAND | 1986 | C NE PI1502907 Selection from Brule
295 ROBIDOU | 2010 | C NE P1659690 Odesskaya P / Cody // Pavon 76 /3* Scout 66
X (NE96644)/3/ Wahoo sib
69 SCOUT 66 | 1967 | C NE Cl13996 composite of 85 selections from Scout, Cltr 13546
(Scout = Nebred // Hope / Turkey /3/ Cheyenne /
Ponca)
80 SETTLER 2009 | C NE P1653833 Wesley sib // Millennium sib / Above sib
CL
70 SIOUXLAN | 1984 | C NE P1483469 Warrior*5/Agent*2//Kavkaz
D
72 VISTA 1992 | C NE P1562653 Watrrior // Atlas 66 / Comanche /3/ Comanche / Ottal
(NE68513)/5/(NE68457) Ponca /2* Cheyenne /3/
Illinois No. 1//2* Chinese Spring /T. timopheevii /4/
Cheyenne / Tenmarq // Mediterranean / Hope /3/ Sa
60 /6/ Centurk / Brule
73 WAHOO 2000 | C NE P1619098 Arapahoe *2/ Abilene
74 WARRIOR | 1960 | C NE Cltr13190 Pawnee / Cheyenne
75 WESLEY 1998 | C NE PI1605742 KS8319363 / NE86501 = Sumner sib ( Plainsman V

Odesskaya 51 )// Colt / Cody
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77 WINDSTA | 1996 | C NE P1597379 TAM103 / Newton sib (TX79A2729)// Caldwell /
R Brule field sel .6/3/ Siouxland
49 CHEYENN | 1933 | L NE Cl18885 selection from Crimean, CI 1435
E

71 TURKEY 1874 | L NE Cl 12137 The original Turkey (Nebr. No. 1) grown at Lincoln
since 1897. From it were selected Nebr. 6, 60, etc.

16 OK02405 B OK Tonkawa/GK50

23 OKO04111 B OK 2174*2/Jagger

24 0Ko04415 B OK N563/0K98G508W

19 OK04505 B OK 0OK91724/2*Jagger

21 0K04507 B OK OK95593/Jagger//2174

20 OK04525 B OK FFR525W/Hickok//Coronado

27 0OK05108 B OK Lut 13686/2174//Jagger

28 OKO05122 B OK KS94U337/NE93427

30 OKO05134 B OK OK97411/TX91D6825

34 OK05204 B OK SWM866442/0K95548

31 OK05303 B OK OK95548/TXHBG0358

32 OKO05312 B OK TX93V5919/WGRC40//0OK94P549/WGRC34

33 OKO05511 B OK TAM 110/2174

25 OKO05711W B OK G1878/0K98G508W

26 OKO05723W B OK SWM866442/Betty

22 OKO05830 B OK OK93617/Jagger

36 OK06114 B OK KS97P06304-5/CM95560//X920874C15
1/3/X84W0639-18/U132425-1-4

37 0OK06210 B OK KS901751-2/CMSW89Y271//K92/3/ABI
86*3414/X86035*BB-34//HBC 302E

39 0OK06318 B OK HBG0358/2174//2145

38 OK06319 B OK Enhancer/2174

40 OK06336 B OK Magvars/2174//Enhancer

276 OK07231 B OK OK92P577RMH 3099/Duster

277 OKO07S117 B OK [ALTAR84/AE.SQ//OPATA]/OK98G508W

278 0OK08328 B OK GK Keve/Ok101//OK93P658&MH3299

273 OK09634 B OK 0OK9561698-6756/Overley

274 OK10119 B OK JEI 110/Overley

265 0OK1067071 B OK TX98V9437/0K00316//Farmec

266 OK1067274 B OK GA9619128-4-5/0K02129//KristiK.K
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267 0OK1068002 B OK . EFECT/Jagalene//Deliver
268 0OK1068009 B OK . LADA/Jagalene//G980122
269 0OK1068026 B OK . ERYTHROSPERMUM 270/TAM 111//0K99212
270 0OK1068112 B OK . Farmec/Jagalene
272 OK1070267 B OK . VI.9/Guymon//G980411W
271 OK1070275 B OK . KNJAZHNA/KSO0HW1754//0K00611W
5 217405 1998 | C OK P1602595 IL71-5662/PL145(Newton sib)//2165
18 BILLINGS | 2009 |C OK P1656843 N566/0K94P597
12 CENTERFI | 2006 | C OK P1644017 TXGH12588105*4/FS4//2*2174
ELD
3 CENTURY | 1986 | C OK P1502912 Payne // TAM W101 / Amigo
CHISHOL | 1983 |C OK P1486219 Sturdy sib / Nicoma
M
4 CUSTER 1994 | C OK . F-29-76/TAM-105//Chisholm
10 DELIVER 2004 | C OK P1639232 Yantar/2*Chisholm (OK91724)//Karl
14 DUSTER 2006 | C OK P1644016 WO0405D/NE78488//W7469C/TX81V6187
9 ENDURAN | 2004 | C OK P1639233 HBY756A/Siouxland//2180
CE
275 GALLAGH | 2013 | C OK P1 667569 OK99711/Duster
ER
35 GARRISON | 2011 | C OK P1661992 OK956161/Hickok//Betty
13 GUYMON 2005 | C OK P1643133 Intrada/Platte
6 INTRADA 2000 | C OK P1631402 Rio Blanco / TAM 200
11 OK 2005 | C OK P1642415 KS96WGRC39/Jagger
BULLET
15 OK RISING | 2009 | C OK P1656382 KS96WGRC39/Jagger
7 OK101 2001 | C OK P1631493 OK87W663/Mesa//2180
8 OK102 2002 | C OK P1632635 2174/Cimarron
17 PETE 2009 | C OK P1656844 N40/0K94P455
29 RUBY LEE | 2011 | C OK P1661991 KS94U275/0K94P549
1 TRIUMPH | 1964 | C OK Cltr13679 Danne Beardless Blackhull /3/ Kanred / Blackhull //
64 Florence /4/ Kanred / Blackhull // Triumph
92 SD01058 B SD . XH1877/NE967430
91 SD01237 B SD . UNKNOWN
93 SD05118 B SD : Wesley/NE93613
94 SD05210 B SD : SD98444/SD97060
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95 SDO5W018 B SD SD98W302/SD98W175
86 ALICE 2006 SD P1644223 Abilene/Karl.
104 BRONZE 1974 | C SD Cltr14013 Hume / Gage /4/ Hume /3/ NE61943 , Mida / Kenya
117A /12* Hope /2* Turkey Red
98 CRIMSON | 1997 | C SD P1601818 TAM-105 / Winoka
87 DARRELL 2006 | C SD P1644224 2076W12-11/Karl92
88 EXPEDITI 2002 | C SD P1629060 Tomahawk / Bennett
ON
106 GENT 1974 | C SD Cltr17293 Agent /4* Scout
107 HARDING | 1999 |C SD P1608049 Brule // Bennett / Chisholm /3/ Arapahoe
105 HUME 1965 | C SD Cltr13526 crosses involving: Minter, Kharkof, Wichita, Nebred,
Cheyenne, and others
90 LYMAN 2009 | C SD Pl 658067 KS93U134/Arapahoe
102 NELL 1981 | C SD Cltr17803 Scout selection / Capitan
103 RITA 1980 | C SD Cltr17799 Seu Seun / Denton 8 // Westmont /3/ (SD 6689) Por
//3* Cheyenne / Kenya58 / Newthatch //2*( Cheyenr
Tenmarq // Mediterranean / Hope )
99 ROSE 1979 | C SD Cltr17795 Seu Seun / Denton 8 // Westmont /4/ Hume /3/ NE
63265
97 TANDEM 1997 | C SD P1601817 Brule / Agate
89 WENDY 2004 | C SD P1638521 Gent/Siouxland (SD89333) // Abilene
101 WINOKA 1969 | C SD Cltr14000 Selection from Winalta
180 TX00V1131 B X TX87V1613/KS91WGRC11
168 TX01A5936 B X JAGGER/3/PSN 'S'/BOW 'S'//T200
179 TX01M500 B X MASON/JAGGER//PECOS
9-28
174 TX01Vv5134 B X TAM-200/JAGGER
RC-3
171 TX03A0148 X TX89A7137/TIPACNA
172 TX03A0563 X X96V107/OGALLALA
173 TX04A0012 X TX95V4339/TX94VT9386
46
175 TX04M410 B X MIT/TX93V5722//W95301
164
176 TX04M410 B X MASON/JAGGER//OGALLALA
211
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177 TX04V0750 B TX JAGGER/TX93V5722//TX95D8905
80
260 TX05A0011 B X T107//TX98V3620/Ctk78/3/TX87V1233/4/N87V106
88 TX86V1540/T200
253 TX05A0018 B TX 2145/X9407866-7
22
258 TX05V7259 B TX T107//TX78V3620/Ctk78/3/TX87V1233/4/Arap//TX§
6V1540/T200
259 TX05V7269 TX HBG0358/4/T107//TX78V3620/Ctk78/3/TX87V1233
255 TX06A0011 TX HBG0358/4/T107//TX78V3620/Ctk78/3/TX87V1233
32
254 TX06A0012 B TX UNKNOWN
63
256 TX06A0012 B TX TX98VR8422/U3704A7-7
81
257 TX06A0013 B TX TX99A6030/CUSTER
86
264 TX06V7266 X TX99U8617/TX97U2001
261 TX07A0012 TX X9303324-1/TX97V2838
79
262 TX07A0013 B X TX98VR8431/TX95A3091
18
263 TX07A0014 B X U12541-5-2-1/TX81V6582//DESCONOCIDO
20
185 TX86A5606 B X TAM 105*4/AMI*4//LGO
186 TX86A6880 B X TAM 105*4/AMI*4//LGO
187 TX86A8072 B X TAM 105*4/AMI*4//LGO
182 TX96D1073 B X TX86D1310/Kavkaz//[TX86D1308 (=WX87D14¥0-
99-12-18)
178 TX99A0153 B X OGALLALA/TAM -202
-1
181 TX99U8618 B X TX84V1237/TX71C8130R
167 CAPROCK | 1969 TX Cltr14516 Sinvalocho / Wichita // Hope / Cheyenne /3/ Wichita
14/ Seu Seun 27
184 HG-9 2000 | C TX P1614118 TAM 200 outcross selection
163 LOCKETT | 2001 |C X P1604245 TX86V1540 / TX78V2434
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166 MIT 1980 | C TX Cltr17896 Sinvalocho / Wichita // Hope / Cheyenne /3/ Wichita
/4] Seu Seun 27 (TX3936-D1 - 24)/6/T. dicoccoides
Aeg. speltoides , amphiploid //2* Austin /3/ Supremd
(TX55C907)/4/ Bison /5/ Caddo/7/ Frontana / West3

164 STURDY 1966 | C TX Cltr13684 Sinvalaho / Wichita // Hope / Cheyenne /3/2* Wichi
/4] Seu Seun 27

165 STURDY 2005 | C TX P1636307 Sturdy Resel.

2K

150 TAM 105 1979 | C TX Cltr17826 " short wheat' / Sturdy composite bulk selection

151 TAM 107 1984 | C TX P1495594 TAM 105 *4/ Amigo

152 TAM 109 1991 | C TX P1554606 TAMW-101 *5/ Cl9321

153 TAM 110 1996 | C TX P1595757 TAM 107*5/Largo

154 TAM 111 2002 | C TX P1631352 TAM 107 // TX78V3630 / Centurk 78 /3/ TX87V123]
= TAM 107 /4/ Sturdy sib / Kaw // Centurk /3/ Centu
78 /5/ Sturdy sub / Kaw // Centurk /3/ Jupetaco /
Bluejay

155 TAM 112 2007 | C TX P1643143 TAM 200/TA2460 (U12547-9-2-1)//(TXGH10440)
TAM 107*5/Largo

170 TAM 113 2013 | C X P1 666125 TX90V6313/TX94V3724

156 TAM 200 1986 | C TX P1578255 Sturdy sib / Tascosa // Centurk *3/3/ Amigo

157 TAM 202 1992 | C TX PI1561933 Siouxland outcross

158 TAM 203 2009 | C TX P1655960 TX89V4132/704 L 42221

159 TAM 302 1998 | C TX P1605910 Probrand 812 / Caldwell // (TX86D1310) TAM300 si

160 TAM 303 2006 | C TX TX89D1253*2/TTCC404 (=WX93D208-1-2)

161 TAM 304 2009 | C X P1655234 TX92U3060/TX91D6564

162 TAM 400 2001 | C X P1614876 TAM-200//(TX82D5668) Era/TAMWL01

169 TAM 401 2010 | C TX P1658500 Mason/Jagger

149 TAM W- 1971 | C TX Cltr15324 Norin 10 /3/ Nebraska 60 // Mediterranean / Hope /4

101 Bison

221 TASCOSA | 1959 |C TX Cltr13023 Kanred / Hard Federation // Tenmarq /3/ Mediterran
/ Hope /4/ Cimarron

59 KHARKOF | 1900 | L Ukrain | P15641 KHARKOF
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Appendix B - The mean values for germination %, germination indmean daily
germination anderminationrateof 292 winter wheat genotyp&®ated with three level of salinity

(0, 60 and 120 mM/L).

Genotype name Salinity | Germination | Std | Germination| Std | Mean daily | Std | Germination| Std

level % Dev | index Dev | germination| Dev | Rate Dev
TRIUMPH64 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.01
CHISHOLM 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.04
CUSTER 0 96.3 4.8 | 100 0 6.4 0.32]| 21 0.05
217405 0 98.8 2.5 | 100 0 7.4 142121 0.05
INTRADA 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
OK101 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.04
0OK102 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.04
ENDURANCE 0 96.3 4.8 | 100 0 6.4 03221 0.03
DELIVER 0 97.5 5.0 | 100 0 6.5 0.33] 21 0.03
OK_BULLET 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.04
CENTERFIELD 0 98.8 2.5 | 100 0 6.2 0.96 | 2.2 0.05
GUYMON 0 98.8 2.5 | 100 0 8.2 1791 2.0 0.03
DUSTER 0 97.5 5.0 | 100 0 6.5 0.33]| 2.2 0.03
OK_RISING 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
OK02405 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.05
PETE 0 98.8 2.5 | 100 0 6.6 0.17| 21 0.03
BILLINGS 0 96.3 7.5 | 100 0 6.4 0.50]| 21 0.04
OK04505 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
OK04525 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
OK04507 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
OK05830 0 97.5 5.0 | 100 0 6.5 0.33]| 21 0.03
OK04111 0 98.8 2.5 | 100 0 6.6 0.17| 21 0.05
OK04415 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
OKO05711W 0 97.5 5.0 | 100 0 6.5 0.33| 2.2 0.06
OKO05723W 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
OK05108 0 98.8 2.5 | 100 0 7.4 14221 0.06
OK05122 0 97.5 5.0 | 100 0 6.5 0.33]| 21 0.02
OK05526 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
OK05134 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.06
OK05303 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.03
OK05312 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.05
OKO05511 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.04
OK05204 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.04
GARRISON 0 97.5 5.0 | 100 0 6.5 0.33]| 21 0.03
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OKO06114 0 96.3 7.5 | 100 0 6.4 0.50| 2.2 0.04
OK06210 0 100.0 0.0 | 100 0 6.3 0.83] 2.2 0.06
OK06319 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.06
OK06318 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
OK06336 0 97.5 5.0 | 100 0 6.5 0.33] 2.2 0.02
AGATE 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.00
ALLIANCE 0 98.8 2.5 | 100 0 6.2 0.79] 2.2 0.04
ANTELOPE 0 98.8 2.5 | 100 0 6.2 0.79] 2.2 0.05
ARAPAHOE 0 98.8 2.5 | 100 0 6.2 0.79] 2.2 0.07
BENNETT 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
BUCKSKIN 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.05
CENTURK78 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.05
CHEYENNE 0 97.5 5.0 | 100 0 7.3 117] 2.1 0.04
COLT 0 100.0 0.0 | 100 0 6.3 0.83] 22 0.04
COUGAR 0 98.8 2.5 | 100 0 7.4 173 2.1 0.05
CULVER 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
GAGE 0 98.8 2.5 | 100 0 8.2 1791 2.0 0.03
GOODSTREAK 0 100.0 0.0 | 100 0 7.5 167] 2.1 0.06
HALLAM 0 97.5 5.0 | 100 0 7.3 181]21 0.05
HARRY 0 98.8 2.5 | 100 0 6.2 0.79] 2.2 0.04
HOMESTEAD 0 100.0 0.0 | 100 0 7.5 16721 0.06
INFINITY_CL 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.06
KHARKOF 0 100.0 0.0 | 100 0 6.7 0.00| 21 0.03
MILLENNIUM 0 100.0 0.0 | 100 0 7.5 16721 0.06
CAMELOT 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
OVERLAND 0 98.8 2.5 | 100 0 6.6 017] 21 0.03
NE99495 0 100.0 0.0 | 100 0 8.3 192120 0.05
NIOBRARA 0 98.8 2.5 | 100 0 6.6 017] 21 0.04
NUPLAINS 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.02
PRONGHORN 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
RAWHIDE 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
REDLAND 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
SCOUT66 0 100.0 0.0 | 100 0 6.7 0.00| 21 0.04
SIOUXLAND 0 97.5 2.9 | 100 0 6.1 09222 0.03
TURKEY_NEBSEL 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.00
VISTA 0 97.5 2.9 | 100 0 6.1 0.74] 21 0.07
WAHOO 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
WARRIOR 0 100.0 0.0 | 100 0 8.3 19221 0.09
WESLEY 0 98.8 2.5 | 100 0 6.6 0.17) 21 0.03
WICHITA 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
WINDSTAR 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.05
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LANCER 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
ANTON 0 97.5 5.0 | 100 0 7.3 1.81]21 0.06
MACE 0 98.8 2.5 | 100 0 5.8 1.04| 2.2 0.03
TAM107-R7 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
ARLIN 0 96.3 4.8 | 100 0 6.0 0.72] 2.2 0.04
ALICE 0 100.0 0.0 | 100 0 6.3 0.83] 22 0.07
DARRELL 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
EXPEDITION 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.00
WENDY 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
SD001119 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.03
SD01237 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
SD01058 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.04
SD05118 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.05
SD05210 0 96.3 2.5 | 100 0 6.4 0.17] 2.2 0.05
SDO5wW018 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.02
NEKOTA 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
TANDEM 0 97.5 5.0 | 100 0 6.5 033]21 0.03
CRIMSON 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
ROSE 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.00
DAWN 0 97.5 5.0 | 100 0 6.5 033]21 0.06
WINOKA 0 97.5 2.9 | 100 0 6.5 0.19| 2.3 0.02
NELL 0 98.8 2.5 | 100 0 6.6 0.17) 2.2 0.02
RITA 0 98.8 2.5 | 100 0 6.6 0.17) 2.2 0.02
BRONZE 0 98.8 2.5 | 100 0 6.6 0.17| 2.3 0.02
HUME 0 97.5 5.0 | 100 0 6.5 0.33] 2.2 0.03
GENT 0 96.3 4.8 | 100 0 6.4 032] 21 0.05
HARDING 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
HVOWO03-1551WP 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.05
G1878 0 100.0 0.0 | 100 0 6.7 0.00| 21 0.03
HVOWO03-1379R 0 98.8 2.5 | 100 0 6.6 0.17| 2.3 0.01
HVOWO03-1596R 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.04
HVOWO05-1280R 0 97.5 5.0 | 100 0 6.5 033]| 21 0.02
HVOWO06-504 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.02
SPARTAN 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
HV906-865 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
TARKIO 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.05
SMOKYHILL 0 93.8 2.5 | 100 0 6.3 0.17| 2.2 0.03
SHOCKER 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.02
VONA 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
C0940610 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
AVALANCHE 0 98.8 2.5 | 100 0 7.4 14221 0.05
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BOND_CL 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
PLATTE 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
LINDON 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
CO03w043 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.05
SNOWMASS 0 96.3 4.8 | 100 0 6.4 032]21 0.03
THUNDER_CL 0 97.5 5.0 | 100 0 6.5 03321 0.05
C004025 0 97.5 2.9 | 100 0 6.1 0.74] 2.3 0.04
C0O04393 0 97.5 5.0 | 100 0 6.5 0.33]21 0.03
C0O04499 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
C0O04W320 0 98.8 2.5 | 100 0 7.4 142] 2.1 0.04
LAMAR 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
CARSON 0 98.8 2.5 | 100 0 7.4 142] 2.1 0.05
HAIL 0 97.5 2.9 | 100 0 6.5 0.19] 2.3 0.01
SANDY 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
DUKE 0 96.3 4.8 | 100 0 6.4 0.32]22 0.02
HALT 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.05
HATCHER 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
PRAIRIE_RED 0 97.5 5.0 | 100 0 6.5 0.33] 22 0.02
ABOVE 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
C0O03064 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.03
BILL_BROWN 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.02
RIPPER 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.02
PROWERS 0 98.8 2.5 | 100 0 6.6 0.17) 2.2 0.03
AKRON 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
JULES 0 100.0 0.0 | 100 0 6.7 0.00| 21 0.04
YUMA 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.03
TAMW-101 0 97.5 5.0 | 100 0 6.5 033| 21 0.03
TAM105 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.05
TAM107 0 98.8 2.5 | 100 0 6.6 017] 21 0.05
TAM109 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
TAM110 0 98.8 2.5 | 100 0 6.2 0.96| 2.2 0.03
TAM111 0 96.3 4.8 | 100 0 6.4 0.32| 22 0.01
TAM112 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
TAM200 0 98.8 2.5 | 100 0 6.2 0.79| 2.2 0.07
TAM202 0 96.3 4.8 | 100 0 6.4 0.32] 22 0.02
TAM203 0 96.3 4.8 | 100 0 6.4 0.32| 22 0.05
TAM302 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
TAM303 0 100.0 0.0 | 100 0 7.5 16721 0.09
TAM304 0 98.8 2.5 | 100 0 6.6 0.17) 21 0.05
TAM400 0 97.5 2.9 | 100 0 7.3 178 2.2 0.13
LOCKETT 0 100.0 0.0 | 100 0 7.5 16721 0.06
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STURDY 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.02
STURDY_2K 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
MIT 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.02
CAPROCK 0 97.5 5.0 | 100 0 6.5 03321 0.05
TX01A5936 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
TAM401 0 100.0 0.0 | 100 0 6.3 08321 0.07
TX02A0252 0 97.5 2.9 | 100 0 6.5 0.19] 2.3 0.04
TX03A0148 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
TX03A0563 0 98.8 2.5 | 100 0 7.4 142] 2.1 0.05
TX04A001246 0 95.0 4.1 | 100 0 6.3 0.27] 21 0.03
TX01V5134RG3 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
TX04M410164 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.05
TX04M410211 0 98.8 2.5 | 100 0 7.4 142] 2.1 0.05
TX04V075080 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.03
TX99A01531 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
TX01M500928 0 98.8 2.5 | 100 0 6.2 0.79] 2.2 0.07
TX00V1131 0 96.3 2.5 | 100 0 8.0 1.98]| 2.0 0.05
TX99U8618 0 100.0 0.0 | 100 0 7.5 167] 2.1 0.04
TX96D1073 0 98.8 2.5 | 100 0 7.4 142] 2.1 0.05
2180 0 95.0 7.1 | 100 0 6.3 04721 0.01
HG-9 0 96.3 2.5 | 100 0 7.2 154121 0.04
TX86A5606 0 98.8 2.5 | 100 0 7.4 14221 0.04
TX86A8072 0 100.0 0.0 | 100 0 7.5 16721 0.03
CREST 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
ROSEBUD 0 98.8 2.5 | 100 0 6.6 0.17) 2.2 0.05
JUDITH 0 98.8 2.5 | 100 0 6.6 017] 21 0.05
MT85200 0 100.0 0.0 | 100 0 7.5 16720 0.03
NUSKY 0 97.5 2.9 | 100 0 5.7 0.95]| 2.2 0.07
MT9513 0 98.8 2.5 | 100 0 7.4 14221 0.05
MT9904 0 97.5 5.0 | 100 0 7.3 18121 0.05
NORRIS 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.00
YELLOWSTONE 0 100.0 0.0 | 100 0 6.7 0.00| 21 0.04
MTO0495 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.00
MTS0531 0 98.8 2.5 | 100 0 8.2 17921 0.05
DECADE 0 97.5 2.9 | 100 0 6.5 0.19| 21 0.05
MTO06103 0 96.3 4.8 | 100 0 6.4 0.32| 22 0.02
JUDEE 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
LAKIN 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
STANTON 0 98.8 2.5 | 100 0 6.6 0.17) 21 0.03
TREGO 0 98.8 2.5 | 100 0 6.6 0.17) 21 0.03
KARL_92 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
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DODGE 0 96.3 4.8 | 100 0 6.4 0.32] 22 0.02
NORKAN 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
CHENEY 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.00
NEWTON 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.04
LARNED 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
PARKER76 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.04
KIRWIN 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
SAGE 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.04
TRISON 0 96.3 4.8 | 100 0 6.4 032]21 0.04
EAGLE 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.04
SHAWNEE 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
PARKER 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.00
KAWG61 0 96.3 7.5 | 100 0 6.4 050 2.1 0.02
TASCOSA 0 97.5 2.9 | 100 0 8.1 1.64| 2.0 0.03
BISON 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.01
KIOWA 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
WICHITA 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
COMANCHE 0 97.5 2.9 | 100 0 7.3 1.48] 2.0 0.03
BAKERS_WHITE 0 95.0 7.1 | 100 0 6.3 04721 0.03
BURCHETT 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
CUTTER 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
DUMAS 0 96.3 4.8 | 100 0 6.4 032]22 0.02
HONDO 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.02
JAGALENE 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.02
LONGHORN 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
NEOSHO 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.02
OGALLALA 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
POSTROCK 0 96.3 4.8 | 100 0 6.4 032]21 0.03
THUNDERBOLT 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.05
W04-417 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.02
NUFRONTIER 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
NUHORIZON 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
ONAGA 0 98.8 2.5 | 100 0 7.4 142] 2.1 0.04
RONL 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.00
2145 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
HEYNE 0 96.3 4.8 | 100 0 6.4 0.32]22 0.04
KSO00F520-3 0 96.3 4.8 | 100 0 6.4 032]21 0.05
OVERLEY 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.01
FULLER 0 97.5 2.9 | 100 0 6.5 0.19] 21 0.04
COSSACK 0 96.3 4.8 | 100 0 6.4 032]21 0.03
ENHANCER 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
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SANTA_FE 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
VENANGO 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
WB411W 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.05
KEOTA 0 97.5 2.9 | 100 0 6.5 0.19] 2.2 0.05
TX05A001822 0 96.3 4.8 | 100 0 6.4 0.32]22 0.05
TX06A001263 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.01
TX06A001132 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
TX06A001281 0 97.5 5.0 | 100 0 6.5 0.33] 22 0.04
TX06A001386 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
TX05V7259 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.05
TX05V7269 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.02
TX05A001188 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.05
TX07A001279 0 97.5 5.0 | 100 0 6.5 0.33] 2.2 0.04
TX07A001318 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
TX07A001420 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.04
TX06V7266 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.00
OK1067071 0 96.3 4.8 | 100 0 6.4 032]21 0.04
OK1067274 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.04
OK1068002 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
OK1068009 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
OK1068026 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.04
OK1068112 0 98.8 2.5 | 100 0 6.6 0.17) 2.2 0.04
OK1070275 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.00
OK1070267 0 98.8 2.5 | 100 0 6.6 017] 21 0.03
OK09634 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.03
OK10119 0 97.5 2.9 | 100 0 6.5 0.19| 2.2 0.04
GALLAGHER 0 100.0 0.0 | 100 0 6.7 0.00| 21 0.03
OK07231 0 98.8 2.5 | 100 0 6.6 017] 21 0.04
OKO07S117 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
OK08328 0 98.8 2.5 | 100 0 6.6 017] 21 0.00
BIG_SKY 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
DANBY 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.05
E2041 0 97.5 5.0 | 100 0 6.5 0.33| 2.2 0.03
DENALI 0 96.3 4.8 | 100 0 6.4 032] 21 0.02
C0O0503372 0 96.3 7.5 | 100 0 6.4 0.50]| 21 0.05
BYRD 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
CO07W245 0 100.0 0.0 | 100 0 6.7 0.00| 2.2 0.03
MCGILL 0 96.3 4.8 | 100 0 6.4 0.32] 22 0.05
NE02558 0 97.5 5.0 | 100 0 6.5 033| 21 0.02
NWO03666 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.00
NE04490 0 98.8 2.5 | 100 0 6.6 0.17| 2.2 0.03
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NEO05430 0 100.0 0.0 | 100 0 6.3 0.83] 2.2 0.08
NEO05496 0 98.8 2.5 | 100 0 6.6 0.17] 2.2 0.03
NEO05548 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
NEO06545 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
NEO06607 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.03
ROBIDOUX 0 100.0 0.0 | 100 0 6.7 0.00| 2.1 0.03
NI06736 0 98.8 2.5 | 100 0 6.6 0.17] 21 0.05
NI06737 0 96.3 4.8 | 100 0 6.4 032]21 0.04
NIO7703 0 97.5 5.0 | 100 0 7.3 1.81]21 0.05
NI08707 0 97.5 5.0 | 100 0 6.5 0.33] 2.2 0.02
NI08708 0 96.3 4.8 | 100 0 6.4 0.32] 22 0.04
EVEREST 0 97.5 5.0 | 100 0 6.5 0.33] 21 0.03
TRIUMPH64 60 90.0 7.1 | 91.2 7.5 | 3.8 0.66 | 2.9 0.17
CHISHOLM 60 90.0 7.1 | 924 8.6 |4.0 0.50| 2.7 0.11
CUSTER 60 88.8 25 | 924 51 |42 1.24] 2.8 0.20
217405 60 87.5 6.5 | 88.6 50 |39 0.46 | 2.7 0.18
INTRADA 60 91.3 25 | 924 28 |39 0.43] 2.9 0.13
OK101 60 91.3 25 | 93.6 24 | 3.7 0.10| 3.0 0.12
OK102 60 92.5 50 |93.6 28 | 3.7 0.20| 3.0 0.11
ENDURANCE 60 93.8 25 | 97.6 6.7 | 4.5 0.45] 25 0.15
DELIVER 60 93.8 25 |96.4 6.5 | 3.8 0.10| 3.0 0.09
OK_BULLET 60 92.5 2.9 |925 29 |39 0.55| 3.0 0.14
CENTERFIELD 60 82.5 2.9 | 836 24 |35 0.35]| 2.9 0.23
GUYMON 60 96.3 25 | 975 29 |56 1.02|25 0.15
DUSTER 60 85.0 0.0 | 874 47 | 3.4 0.00| 2.9 0.15
OK_RISING 60 88.8 2.5 | 88.8 25 | 3.8 049 2.8 0.12
OK02405 60 92.5 2.9 | 93.7 25 | 3.7 0.12| 2.9 0.08
PETE 60 93.8 25 | 949 0.1 | 4.0 0.52| 3.0 0.21
BILLINGS 60 81.3 25 | 8438 6.7 | 3.3 0.10| 3.0 0.20
OK04505 60 92.5 2.9 |925 29 |39 0.39| 2.8 0.23
OK04525 60 90.0 4.1 | 90.0 41 | 3.6 0.16| 2.8 0.04
OK04507 60 93.8 25 | 938 25 |40 0.35]| 2.7 0.12
OK05830 60 91.3 25 | 938 48 | 3.9 0.43] 2.9 0.18
OKO04111 60 93.8 25 | 950 41 | 3.8 0.10| 3.1 0.27
OK04415 60 91.3 25 | 913 25 |39 0.43| 3.0 0.15
OKO05711W 60 93.8 25 |96.4 6.5 | 3.8 0.10| 2.9 0.12
OKO05723W 60 95.0 0.0 | 95.0 0.0 | 3.8 0.00| 2.9 0.05
OK05108 60 95.0 0.0 | 96.3 25 |38 0.00| 3.0 0.05
OK05122 60 86.3 2.5 | 88.6 45 | 3.5 0.10| 3.1 0.17
OK05526 60 92.5 2.9 |925 29 | 3.7 0.12| 3.1 0.08
OK05134 60 93.8 25 |95.0 41 | 3.8 0.10| 3.0 0.05
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OK05303 60 91.3 25 | 924 2.8 | 3.7 0.10| 3.0 0.04
OK05312 60 93.8 25 | 950 41 | 4.0 0.52] 3.0 0.16
OKO05511 60 91.3 4.8 | 925 6.5 | 3.7 0.19 3.0 0.18
OK05204 60 93.8 25 | 950 41 | 3.8 0.10| 3.1 0.11
GARRISON 60 95.0 0.0 | 97.6 53 |43 0.55] 2.8 0.22
OK06114 60 93.8 25 | 97.9 9.5 | 3.8 0.10| 3.1 0.13
OK06210 60 93.8 2.5 | 938 25 | 3.8 0.10| 2.8 0.05
OKO06319 60 92.5 29 | 93.7 25 | 3.7 0.12] 31 0.03
OK06318 60 85.0 16.8 | 85.0 16.8| 3.4 0.67] 3.1 0.14
OK06336 60 95.0 0.0 | 97.6 53 |38 0.00| 2.9 0.18
AGATE 60 93.8 25 | 94.9 0.1 (4.0 0.52] 2.9 0.10
ALLIANCE 60 91.3 7.5 | 925 8.7 | 3.7 0.30| 2.9 0.04
ANTELOPE 60 95.0 0.0 |96.3 25 | 3.8 0.00| 3.1 0.05
ARAPAHOE 60 95.0 0.0 |96.3 25 |43 0.55] 2.9 0.19
BENNETT 60 95.0 0.0 | 95.0 0.0 |38 0.00| 3.1 0.11
BUCKSKIN 60 92.5 29 |925 29 | 3.7 0.12] 2.8 0.05
CENTURK78 60 95.0 0.0 |96.3 25 |40 0.48 2.9 0.18
CHEYENNE 60 95.0 0.0 | 97.6 53 | 4.0 0.48 2.9 0.25
COLT 60 92.5 29 |925 29 | 3.7 0.12] 2.9 0.12
COUGAR 60 93.8 4.8 |94.9 41 | 4.0 0.54] 28 0.15
CULVER 60 95.0 4.1 |96.2 25 |38 0.16| 3.0 0.07
GAGE 60 96.3 25 | 975 29 |48 0.13| 2.6 0.02
GOODSTREAK 60 95.0 4.1 | 95.0 41 | 3.8 0.16| 3.0 0.09
HALLAM 60 93.8 25 |96.4 6.5 | 3.8 0.10| 3.1 0.03
HARRY 60 95.0 0.0 | 96.3 25 |38 0.00| 3.1 0.12
HOMESTEAD 60 93.8 4.8 |93.8 48 | 4.0 0.39| 2.8 0.10
INFINITY_CL 60 93.8 25 | 949 0.1 |38 0.10| 2.9 0.12
KHARKOF 60 93.8 25 | 938 25 (4.2 049 2.7 0.13
MILLENNIUM 60 92.5 2.9 |925 29 | 3.7 0.12| 3.0 0.04
CAMELOT 60 96.3 25 | 975 29 |39 0.10| 3.0 0.11
OVERLAND 60 95.0 0.0 | 96.3 25 | 3.8 0.00| 3.0 0.09
NE99495 60 96.3 2.5 |96.3 25 |39 0.10| 2.9 0.09
NIOBRARA 60 92.5 2.9 |93.8 48 | 3.9 0.55| 2.8 0.21
NUPLAINS 60 93.8 4.8 | 95.0 58 | 4.0 0.54| 2.7 0.04
PRONGHORN 60 93.8 25 | 949 0.1 | 4.0 0.35] 2.9 0.17
RAWHIDE 60 92.5 2.9 |93.8 48 | 3.7 0.12| 2.9 0.13
REDLAND 60 95.0 4.1 |96.3 6.4 | 3.8 0.16| 3.0 0.15
SCOUT66 60 92.5 2.9 |925 29 | 3.7 0.12| 3.0 0.05
SIOUXLAND 60 83.8 2.5 | 859 24 | 3.6 0.30| 2.8 0.19
TURKEY_NEBSEL 60 95.0 0.0 | 975 29 | 3.8 0.00| 3.1 0.04
VISTA 60 91.3 25 |93.6 24 |39 0.43| 2.8 0.19
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WAHOO 60 93.8 4.8 | 93.8 4.8 | 3.8 0.19] 3.1 0.17
WARRIOR 60 95.0 4.1 | 95.0 41 | 4.0 0.50| 2.8 0.20
WESLEY 60 93.8 25 | 950 41 | 4.0 0.52] 2.9 0.09
WICHITA 60 93.8 6.3 | 93.8 6.3 | 3.8 0.25] 2.9 0.06
WINDSTAR 60 93.8 6.3 | 94.9 4.3 | 3.8 0.25] 31 0.17
LANCER 60 92.5 29 |925 29 | 3.7 0.12] 3.0 0.12
ANTON 60 91.3 2.5 | 938 4.8 | 3.7 0.10| 2.9 0.21
MACE 60 93.8 48 | 95.1 7.2 | 3.8 0.19] 2.9 0.09
TAM107-R7 60 92.5 29 | 93.7 25 | 3.7 0.12] 2.9 0.03
ARLIN 60 93.8 25 | 975 29 | 3.8 0.10| 3.0 0.14
ALICE 60 96.3 25 |96.3 25 |39 0.10| 2.9 0.18
DARRELL 60 95.0 0.0 |96.3 25 |40 0.48 | 2.9 0.23
EXPEDITION 60 92.5 29 |94.9 41 | 3.7 0.12] 3.0 0.08
WENDY 60 96.3 25 |96.3 25 |39 0.10| 3.0 0.03
SD001119 60 93.8 25 |96.3 4.8 | 3.8 0.10| 3.0 0.07
SD01237 60 93.8 25 | 94.9 0.1 (4.0 0.52] 2.9 0.20
SD01058 60 96.3 25 | 975 29 |41 0.45] 2.9 0.23
SD05118 60 95.0 0.0 | 95.0 0.0 |47 1.20| 2.7 0.22
SD05210 60 91.3 7.5 |94.8 74 |43 1.40| 2.8 0.20
SDO5wW018 60 93.8 25 |96.3 4.8 | 3.8 0.10| 3.0 0.11
NEKOTA 60 95.0 0.0 | 96.3 25 |40 048] 2.9 0.17
TANDEM 60 95.0 0.0 | 97.6 53 | 3.8 0.00| 3.0 0.06
CRIMSON 60 96.3 2.5 |96.3 25 |39 0.10| 3.0 0.11
ROSE 60 91.3 4.8 | 93.7 6.3 |4.1 051|238 0.18
DAWN 60 96.3 2.5 |98.9 50 | 3.9 0.10| 3.0 0.07
WINOKA 60 93.8 2.5 |96.3 48 | 3.8 0.10| 2.9 0.09
NELL 60 93.8 25 |95.0 41 | 4.2 0.61| 2.8 0.17
RITA 60 93.8 48 |95.1 7.2 | 3.8 0.19| 2.9 0.18
BRONZE 60 95.0 4.1 |96.3 48 | 3.8 0.16| 3.0 0.12
HUME 60 93.8 6.3 | 96.1 26 |38 0.25| 3.0 0.12
GENT 60 93.8 25 | 97.6 53 | 3.8 0.10| 2.9 0.15
HARDING 60 93.8 4.8 |93.8 48 | 3.8 0.19| 3.0 0.09
HVOWO03-1551WP 60 95.0 0.0 | 95.0 0.0 | 3.8 0.00| 2.9 0.04
G1878 60 93.8 25 | 938 25 | 3.8 0.10| 2.9 0.13
HVOWO03-1379R 60 95.0 4.1 |96.2 25 | 3.8 0.16| 3.0 0.07
HVOWO03-1596R 60 93.8 25 | 950 41 | 3.8 0.10| 2.9 0.06
HVOWO05-1280R 60 93.8 2.5 |96.3 25 |38 0.10| 3.0 0.12
HVOWO06-504 60 95.0 0.0 | 96.3 25 |38 0.00| 3.1 0.11
SPARTAN 60 93.8 25 949 0.1 |38 0.10| 3.0 0.08
HV906-865 60 95.0 0.0 | 95.0 0.0 | 3.8 0.00| 3.0 0.13
TARKIO 60 93.8 25 |95.0 41 | 3.8 0.10| 2.9 0.03
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SMOKYHILL 60 85.0 0.0 | 90.7 25 | 3.6 0.43] 2.9 0.13
SHOCKER 60 93.8 25 |94.9 0.1 4.0 0.52] 2.8 0.14
VONA 60 93.8 4.8 | 93.8 4.8 | 3.8 0.19 3.0 0.14
C0940610 60 93.8 2.5 | 938 25 | 3.8 0.10| 3.0 0.10
AVALANCHE 60 97.5 29 |98.8 25 | 438 1.10| 2.8 0.29
BOND_CL 60 93.8 2.5 | 938 25 | 3.8 0.10| 2.9 0.07
PLATTE 60 93.8 25 | 950 41 | 3.8 0.10| 3.0 0.07
LINDON 60 95.0 41 |96.3 4.8 | 3.8 0.16 | 3.0 0.11
CO03w043 60 96.3 25 |96.3 25 |39 0.10| 3.0 0.08
SNOWMASS 60 92.5 29 |96.2 25 |39 0.39] 2.8 0.20
THUNDER_CL 60 93.8 25 964 6.5 | 3.8 0.10| 2.9 0.09
C004025 60 95.0 41 | 97.4 3.0 |38 0.16 | 3.0 0.10
C0O04393 60 92.5 29 | 951 7.3 |39 0.55] 2.8 0.15
C0O04499 60 95.0 0.0 | 95.0 0.0 |38 0.00| 3.1 0.18
C0O04W320 60 77.5 50 | 78.6 6.0 |45 064 2.6 0.01
LAMAR 60 93.8 4.8 | 93.8 48 | 4.2 0.64| 2.7 0.11
CARSON 60 86.3 25 | 874 27 139 0.44 | 3.0 0.33
HAIL 60 88.8 25 | 911 4.7 | 3.6 0.10| 2.9 0.11
SANDY 60 93.8 2.5 | 93.8 25 | 3.8 0.10| 2.9 0.09
DUKE 60 95.0 0.0 |98.9 50 |38 0.00| 3.0 0.06
HALT 60 93.8 2.5 | 938 25 |38 0.10| 3.0 0.07
HATCHER 60 82.5 2.9 |825 29 |33 0.12| 3.3 0.25
PRAIRIE_RED 60 93.8 25 |96.4 6.5 | 3.8 0.10| 3.0 0.11
ABOVE 60 96.3 2.5 |96.3 25 |39 0.10| 3.0 0.03
CO03064 60 93.8 2.5 |96.3 48 | 3.8 0.10| 3.0 0.08
BILL_BROWN 60 88.8 2.5 |89.9 40 | 3.6 0.10| 3.2 0.27
RIPPER 60 91.3 25 | 936 24 | 3.7 0.10| 3.0 0.12
PROWERS 60 93.8 25 |95.0 41 | 3.8 0.10| 3.0 0.15
AKRON 60 92.5 2.9 |925 29 | 3.7 0.12| 3.0 0.13
JULES 60 93.8 4.8 |93.8 48 | 3.8 0.19| 2.9 0.15
YUMA 60 93.8 25 |96.2 25 | 3.8 0.10| 3.1 0.15
TAMW-101 60 93.8 25 |96.4 6.5 | 3.8 0.10| 3.1 0.07
TAM105 60 95.0 0.0 | 96.3 25 | 3.8 0.00| 3.0 0.07
TAM107 60 91.3 25 925 50 | 3.7 0.10| 2.9 0.13
TAM109 60 96.3 25 | 97.6 51 |39 0.10| 3.0 0.07
TAM110 60 93.8 25 | 950 41 | 3.8 0.10| 2.9 0.15
TAM111 60 95.0 0.0 | 98.9 50 | 3.8 0.00| 3.0 0.13
TAM112 60 93.8 25 |95.0 41 | 3.8 0.10| 3.0 0.13
TAM200 60 95.0 4.1 |96.2 25 | 4.0 0.50| 2.8 0.15
TAM202 60 78.8 48 | 81.8 2.8 |33 0.32| 2.9 0.13
TAM203 60 95.0 0.0 | 98.9 50 | 4.0 0.48| 3.0 0.26
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TAM302 60 95.0 0.0 | 95.0 0.0 | 3.8 0.00| 2.9 0.05
TAM303 60 87.5 29 | 875 29 |35 0.12] 3.0 0.07
TAM304 60 93.8 25 | 950 41 | 4.0 0.52] 2.9 0.16
TAM400 60 80.0 0.0 | 821 24 | 3.2 0.00| 3.2 0.06
LOCKETT 60 93.8 2.5 | 938 25 | 3.8 0.10| 3.2 0.23
STURDY 60 85.0 41 | 87.2 4.8 | 3.8 0.38] 2.9 0.25
STURDY_2K 60 93.8 6.3 | 95.0 7.1 | 3.8 0.25] 3.2 0.23
MIT 60 87.5 6.5 | 89.7 44 | 4.6 1.05| 2.8 0.32
CAPROCK 60 92.5 29 |950 41 | 3.7 0.12] 2.9 0.12
TX01A5936 60 95.0 41 | 95.0 41 | 3.8 0.16 | 3.0 0.16
TAM401 60 95.0 41 | 95.0 41 | 4.0 0.50| 2.9 0.26
TX02A0252 60 95.0 0.0 | 97.5 29 |38 0.00| 2.9 0.10
TX03A0148 60 88.8 2.5 | 88.8 25 | 3.6 0.10| 3.1 0.05
TX03A0563 60 87.5 29 | 88.6 24 |35 0.12] 3.0 0.14
TX04A001246 60 91.3 48 |96.1 50 |41 0.35] 2.8 0.27
TX01V5134RG3 60 97.5 29 | 975 29 |39 0.12] 2.9 0.09
TX04M410164 60 90.0 41 |91.2 4.7 | 3.6 0.16 | 3.0 0.23
TX04M410211 60 95.0 0.0 |96.3 25 |40 0.48 | 2.8 0.14
TX04V075080 60 85.0 0.0 | 87.2 26 |34 0.00| 3.1 0.07
TX99A01531 60 87.5 6.5 | 87.5 6.5 | 4.2 0.68| 2.6 0.13
TX01M500928 60 87.5 5.0 | 88.6 4.7 | 3.5 0.20| 2.9 0.05
TX00V1131 60 92.5 29 |96.1 2.6 |37 0.12| 3.0 0.07
TX99U8618 60 93.8 4.8 | 93.8 48 | 3.8 0.19] 2.9 0.13
TX96D1073 60 91.3 4.8 | 925 6.5 |43 041 2.7 0.27
2180 60 95.0 4.1 | 100.5 9.8 | 3.8 0.16| 2.9 0.15
HG-9 60 88.8 4.8 |92.3 6.5 | 3.6 0.19| 3.0 0.12
TX86A5606 60 95.0 4.1 |96.3 48 | 4.0 0.33| 2.8 0.12
TX86A8072 60 90.0 4.1 | 90.0 41 |45 0.20| 2.6 0.04
CREST 60 96.3 7.5 |96.3 75 (4.1 0.13| 2.9 0.23
ROSEBUD 60 95.0 0.0 | 96.3 25 | 3.8 0.00| 2.9 0.04
JUDITH 60 91.3 4.8 | 925 6.5 |41 0.51| 2.8 0.22
MT85200 60 92.5 5.0 | 925 50 |44 0.46| 2.6 0.11
NUSKY 60 91.3 6.3 | 93.7 7.7 | 3.7 0.25| 2.9 0.10
MT9513 60 91.3 48 |92.4 3.0 |41 0.73| 2.7 0.12
MT9904 60 93.8 25 |96.4 6.5 | 4.0 0.35| 2.8 0.16
NORRIS 60 91.3 48 |92.4 50 | 3.7 0.19| 2.9 0.12
YELLOWSTONE 60 95.0 4.1 | 95.0 41 | 3.8 0.16| 2.9 0.14
MTO0495 60 92.5 2.9 |93.7 25 | 3.7 0.12| 3.0 0.09
MTS0531 60 98.8 2.5 |100.1 42 |1 4.9 126 2.7 0.19
DECADE 60 95.0 41 | 97.6 6.6 | 3.8 0.16| 3.0 0.05
MTO06103 60 88.8 25 1924 6.4 | 4.0 0.46| 2.7 0.14
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JUDEE 60 88.8 2.5 |89.9 4.0 | 3.6 0.10| 3.0 0.14
LAKIN 60 91.3 25 | 924 2.8 | 3.7 0.10| 3.1 0.05
STANTON 60 92.5 29 |93.8 4.8 | 3.7 0.12] 3.0 0.14
TREGO 60 90.0 41 |91.2 4.7 |43 0.33] 2.6 0.15
KARL_92 60 92.5 50 |93.8 6.3 | 3.7 0.20| 2.9 0.05
DODGE 60 93.8 4.8 | 97.6 6.6 | 3.8 0.19] 2.9 0.13
NORKAN 60 93.8 25 | 950 41 | 3.8 0.10| 2.9 0.07
CHENEY 60 91.3 7.5 | 924 6.5 | 3.7 0.30| 2.9 0.04
NEWTON 60 91.3 4.8 | 925 6.5 | 3.9 0.28] 2.8 0.13
LARNED 60 91.3 7.5 | 925 8.7 | 3.9 0.36| 2.8 0.08
PARKER76 60 92.5 29 | 938 4.8 | 3.7 0.12| 3.0 0.11
KIRWIN 60 95.0 41 | 96.3 4.8 | 3.8 0.16 | 3.0 0.04
SAGE 60 95.0 41 | 96.3 4.8 | 3.8 0.16 | 2.8 0.08
TRISON 60 93.8 25 | 97.6 6.7 | 3.8 0.10| 2.9 0.11
EAGLE 60 90.0 58 [ 924 6.5 | 3.6 0.23] 2.8 0.08
SHAWNEE 60 95.0 41 |96.2 25 | 3.8 0.16 | 3.1 0.07
PARKER 60 93.8 6.3 | 95.0 7.1 |40 0.21] 28 0.14
KAW61 60 93.8 25 | 97.9 95 | 4.2 06126 0.17
TASCOSA 60 95.0 41 | 97.6 6.6 |51 0.60| 2.5 0.07
BISON 60 91.3 4.8 | 93.6 49 | 3.7 0.19] 2.9 0.13
KIOWA 60 96.3 48 | 975 50 | 3.9 0.19| 2.9 0.15
WICHITA 60 91.3 25 925 50 |41 047 2.8 0.16
COMANCHE 60 91.3 4.8 | 93.7 6.3 | 3.7 0.19| 2.8 0.08
BAKERS_WHITE 60 91.3 4.8 | 96.3 6.9 | 3.7 0.19] 2.9 0.03
BURCHETT 60 93.8 25 | 949 0.1 |38 0.10| 3.0 0.09
CUTTER 60 93.8 6.3 | 95.0 7.1 | 4.0 0.21| 2.8 0.21
DUMAS 60 92.5 2.9 |96.2 25 |39 0.55| 2.8 0.21
HONDO 60 93.8 6.3 | 95.0 7.1 | 47 031| 26 0.04
JAGALENE 60 92.5 2.9 | 93.7 25 | 3.7 0.12| 3.0 0.06
LONGHORN 60 92.5 5.0 | 93.8 6.3 | 3.7 0.20| 3.0 0.08
NEOSHO 60 91.3 25 1924 2.8 | 3.7 0.10| 3.0 0.14
OGALLALA 60 93.8 4.8 | 94.9 41 | 3.8 0.19| 3.0 0.11
POSTROCK 60 93.8 25 | 975 29 | 3.8 0.10| 3.0 0.08
THUNDERBOLT 60 91.3 6.3 | 93.8 8.6 | 3.9 0.32| 2.8 0.17
WO04-417 60 96.3 2.5 |98.38 25 |39 0.10| 3.0 0.08
NUFRONTIER 60 92.5 2.9 |93.8 48 | 3.7 0.12| 3.0 0.11
NUHORIZON 60 91.3 25 1924 2.8 |39 0.43] 2.9 0.16
ONAGA 60 96.3 48 | 97.6 6.6 |4.1 0.48| 2.9 0.26
RONL 60 92.5 6.5 | 93.8 75 | 3.7 0.26| 3.0 0.04
2145 60 90.0 0.0 |91.2 24 | 3.8 0.45]| 2.8 0.13
HEYNE 60 91.3 48 |95.1 9.3 | 3.7 0.19| 2.9 0.11
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KSO00F520-3 60 95.0 4.1 | 98.8 49 4.0 0.33] 2.9 0.15
OVERLEY 60 95.0 41 | 96.3 6.4 | 3.8 0.16 | 3.0 0.05
FULLER 60 91.3 2.5 | 93.6 24 139 0.43] 2.8 0.12
COSSACK 60 91.3 6.3 | 94.9 59 |37 0.25] 2.9 0.07
ENHANCER 60 90.0 7.1 | 911 51 | 3.6 0.28] 2.9 0.11
SANTA_FE 60 95.0 41 |96.3 6.4 | 3.8 0.16 | 3.0 0.08
VENANGO 60 91.3 48 |92.4 3.0 |37 0.19] 2.9 0.03
WB411W 60 88.8 6.3 | 88.8 6.3 | 4.0 0.39] 2.7 0.20
KEOTA 60 95.0 41 | 97.4 3.0 |38 0.16 | 3.1 0.07
TX05A001822 60 90.0 41 | 93.8 7.5 | 3.8 0.62] 2.8 0.18
TX06A001263 60 92.5 6.5 | 93.7 6.3 | 3.7 0.26 | 3.0 0.11
TX06A001132 60 90.0 41 | 911 26 | 4.1 0.66 | 2.7 0.23
TX06A001281 60 92.5 29 |95.0 41 | 3.7 0.12] 2.9 0.07
TX06A001386 60 95.0 7.1 | 96.3 8.6 |4.0 0.18| 2.8 0.17
TX05V7259 60 90.0 7.1 | 911 51 |43 044 2.7 0.08
TX05V7269 60 91.3 7.5 | 925 8.7 | 3.9 0.10| 2.9 0.16
TX05A001188 60 92.5 29 |93.8 48 | 3.9 0.55] 2.9 0.18
TX07A001279 60 93.8 4.8 |96.3 4.8 | 3.8 0.19] 3.0 0.05
TX07A001318 60 90.0 9.1 |911 7.7 | 3.8 0.45] 2.8 0.13
TX07A001420 60 88.8 7.5 | 88.8 75 | 3.8 0.43] 2.8 0.23
TX06V7266 60 93.8 6.3 | 95.0 7.1 |40 0.57| 2.8 0.09
OK1067071 60 91.3 4.8 | 94.9 43 | 3.9 0.60| 2.8 0.22
OK1067274 60 91.3 75 | 913 75 |39 0.76| 2.9 0.16
OK1068002 60 86.3 10.3 | 87.2 9.0 [ 4.2 0.57| 2.8 0.34
OK1068009 60 93.8 6.3 | 93.8 6.3 | 3.8 0.25| 3.0 0.05
OK1068026 60 93.8 6.3 | 95.0 7.1 | 3.8 0.25| 3.0 0.08
OK1068112 60 90.0 7.1 | 91.2 75 | 3.6 0.28| 2.9 0.07
OK1070275 60 97.5 29 | 975 29 |39 0.12| 3.0 0.06
OK1070267 60 88.8 4.8 | 89.9 41 | 3.8 0.52| 2.7 0.17
OK09634 60 92.5 6.5 | 949 7.1 |39 0.28| 2.9 0.16
OK10119 60 92.5 2.9 | 949 41 | 4.2 0.55| 2.8 0.12
GALLAGHER 60 91.3 6.3 | 91.3 6.3 |39 0.49]| 2.8 0.10
OK07231 60 87.5 8.7 | 88.8 10.3 | 3.7 0.73| 2.7 0.16
OKO07S117 60 91.3 48 |91.3 48 | 3.7 0.19| 2.9 0.03
OK08328 60 87.5 6.5 | 88.8 85 |35 0.26| 2.9 0.09
BIG_SKY 60 93.8 25 | 938 25 | 3.8 0.10| 2.9 0.08
DANBY 60 93.8 6.3 | 95.0 7.1 | 4.0 0.21| 2.8 0.15
E2041 60 95.0 41 |97.8 9.2 | 3.8 0.16| 3.0 0.03
DENALI 60 87.5 6.5 | 91.1 8.5 | 3.9 0.60| 2.7 0.18
C0O0503372 60 88.8 4.8 |92.9 12.8| 4.0 0.62| 2.7 0.17
BYRD 60 93.8 6.3 | 95.0 7.1 |38 0.25| 2.9 0.07
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CO07wW245 60 90.0 9.1 |90.0 9.1 |38 0.28] 2.8 0.14
MCGILL 60 93.8 6.3 | 97.6 8.8 | 3.8 0.25] 2.9 0.07
NEO02558 60 90.0 41 | 925 6.5 | 3.6 0.16 | 2.9 0.06
NWO03666 60 92.5 29 | 93.7 25 | 3.7 0.12] 2.9 0.00
NE04490 60 90.0 41 |91.2 4.7 | 3.6 0.16 | 2.8 0.06
NEO05430 60 91.3 48 | 913 4.8 | 3.9 0.46| 2.8 0.15
NEO05496 60 91.3 7.5 | 925 8.7 | 3.7 0.30| 2.9 0.15
NEO05548 60 91.3 4.8 | 925 6.5 | 4.1 0.51] 28 0.15
NEO06545 60 88.8 4.8 | 89.9 41 | 3.8 0.36| 2.8 0.17
NEO06607 60 91.3 7.5 | 92.6 9.7 |39 0.36| 2.8 0.20
ROBIDOUX 60 88.8 4.8 | 88.8 4.8 | 4.0 0.62] 2.7 0.17
NI06736 60 93.8 6.3 | 94.9 43 | 4.0 0.21] 2.8 0.15
NI06737 60 91.3 48 | 95.1 8.4 | 3.7 0.19] 2.9 0.09
NIO7703 60 92.5 50 | 949 03 |37 0.20| 2.9 0.07
NI08707 60 91.3 7.5 | 93.6 6.3 | 3.9 0.36| 3.0 0.26
NI08708 60 92.5 50 |96.4 8.7 | 3.7 0.20| 2.9 0.09
EVEREST 60 91.3 7.5 |93.9 10.5]| 3.7 0.30| 2.9 0.07
TRIUMPH64 120 65.0 58 | 65.9 70 |24 0.04| 35 0.29
CHISHOLM 120 86.3 4.8 | 88.4 28 | 3.2 0.19] 31 0.20
CUSTER 120 38.8 7.5 | 40.2 6.7 | 1.6 0.18 | 3.4 0.44
217405 120 28.8 25 |29.1 29 |11 0.13| 3.7 0.45
INTRADA 120 45.0 58 | 455 52 |17 0.27| 3.6 0.49
OK101 120 41.3 6.3 | 423 6.1 | 1.7 0.07| 3.6 0.49
OK102 120 42.5 5.0 | 43.0 48 | 1.6 0.15| 3.8 0.53
ENDURANCE 120 81.3 4.8 | 845 39 |28 0.29| 3.4 0.27
DELIVER 120 42.5 8.7 | 44.0 11.6| 1.8 0.37| 3.4 0.19
OK_BULLET 120 42.5 9.6 | 425 9.6 |15 0.43| 3.7 0.34
CENTERFIELD 120 60.0 7.1 | 60.9 8.0 |19 0.21| 4.0 0.11
GUYMON 120 86.3 25 | 874 2.7 |43 0.13| 25 0.06
DUSTER 120 60.0 4.1 |61.8 73 |21 0.11| 3.8 0.16
OK_RISING 120 51.3 4.8 |51.3 48 | 1.9 0.30| 3.7 0.43
OK02405 120 52.5 2.9 |53.2 24 |18 0.10| 3.9 0.34
PETE 120 51.3 25 |51.9 24 | 1.7 0.08| 4.0 0.14
BILLINGS 120 56.3 2.5 | 58.7 4.7 | 1.9 0.08| 4.0 0.11
OK04505 120 68.8 4.8 | 68.8 48 | 2.2 0.09| 3.9 0.48
OK04525 120 47.5 10.4 | 475 10.4| 2.0 0.52| 3.3 0.15
OK04507 120 87.5 29 | 875 29 |28 0.27| 3.8 0.17
OK05830 120 53.8 2.5 | 553 45 | 1.7 0.20| 4.1 0.24
OKO04111 120 41.3 10.3 | 41.7 10.0| 1.5 0.23| 3.8 0.49
OK04415 120 45.0 9.1 | 45.0 9.1 |18 0.14| 3.5 0.33
OKO05711W 120 68.8 4.8 | 70.7 6.7 |24 0.19| 3.6 0.18
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OK05723W 120 70.0 41 | 70.0 41 | 2.5 0.27] 35 0.31
OK05108 120 60.0 4.1 | 60.9 56 |27 0.40| 3.2 0.32
OK05122 120 53.8 4.8 | 55.3 6.1 |20 0.36| 3.8 0.47
OK05526 120 48.8 2.5 | 48.8 25 |16 0.08 4.1 0.13
OKO05134 120 46.3 13.1| 46.8 131 15 04441 0.06
OKO05303 120 47.5 50 |48.1 47 | 1.6 0.17] 41 0.29
OK05312 120 55.0 4.1 | 55.7 31 |18 0.14| 4.2 0.14
OKO05511 120 47.5 6.5 | 48.2 69 |16 0.22] 3.7 0.17
OK05204 120 48.8 6.3 | 494 6.6 | 1.6 02141 0.16
GARRISON 120 70.0 0.0 | 71.9 39 |23 0.00| 4.1 0.06
OK06114 120 47.5 2.9 | 49.7 6.5 | 1.6 0.10| 4.4 0.16
OK06210 120 82.5 6.5 | 825 6.5 | 2.8 0.22] 3.7 0.27
OKO06319 120 50.0 4.1 | 50.7 43 | 1.7 0.14| 4.2 0.15
OK06318 120 58.8 2.5 | 58.8 25 |21 0.24] 4.0 0.39
OK06336 120 51.3 25 | 52.6 3.1 |17 0.08 | 4.0 0.21
AGATE 120 41.3 6.3 | 41.7 57 |15 0.37] 3.8 0.44
ALLIANCE 120 51.3 2.5 | 519 24 116 0.17| 4.4 0.28
ANTELOPE 120 42.5 8.7 |43.1 90 |14 0.29] 4.0 0.14
ARAPAHOE 120 38.8 8.5 | 394 9.7 |14 0.27] 3.9 0.32
BENNETT 120 50.0 0.0 |50.0 00 |21 0.83| 3.6 0.60
BUCKSKIN 120 40.0 4.1 | 40.0 41 |15 05241 0.78
CENTURK78 120 46.3 9.5 | 46.8 9.1 |18 0.31]35 0.59
CHEYENNE 120 72.5 50 | 746 75 |25 0.34| 3.8 0.24
COLT 120 48.8 2.5 | 48.8 25 |18 0.25] 3.7 0.31
COUGAR 120 75.0 41 |76.0 45 |25 0.14] 41 0.06
CULVER 120 57.5 29 | 583 4.0 |20 0.27] 3.9 0.30
GAGE 120 85.0 0.0 |86.1 22 |44 094 2.6 0.12
GOODSTREAK 120 86.3 25 | 86.3 25 129 0.08 | 3.8 0.08
HALLAM 120 86.3 2.5 | 88.8 75 |28 0.13| 3.8 0.30
HARRY 120 38.8 25 | 393 3.0 |17 0.40| 3.4 0.49
HOMESTEAD 120 73.8 25 | 73.8 25 |25 0.08 | 3.9 0.09
INFINITY_CL 120 50.0 8.2 | 50.7 83 |17 0.27] 3.8 0.07
KHARKOF 120 68.8 4.8 | 68.8 48 |23 0.16 | 4.0 0.14
MILLENNIUM 120 45.0 8.2 |45.0 8.2 |18 0.33| 35 0.37
CAMELOT 120 42.5 9.6 | 429 89 |16 0.33] 3.8 0.48
OVERLAND 120 48.8 8.5 | 493 83 |16 0.28 | 3.8 0.14
NE99495 120 83.8 4.8 | 83.8 48 | 2.7 0.31] 3.8 0.11
NIOBRARA 120 83.8 6.3 | 84.7 45 | 2.8 0.21] 3.8 0.14
NUPLAINS 120 71.3 25 | 72.2 26 |25 0.22] 4.0 0.41
PRONGHORN 120 48.8 25 | 494 32 |16 0.08 | 4.1 0.36
RAWHIDE 120 58.8 25 | 595 34 |20 0.08 | 4.0 0.34
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REDLAND 120 53.8 4.8 | 545 52 |20 0.22] 3.6 0.28
SCOUT66 120 71.3 48 | 713 48 | 24 0.16 | 3.9 0.19
SIOUXLAND 120 56.3 8.5 | 57.6 7.4 |22 0.48 | 3.6 0.28
TURKEY_NEBSEL 120 67.5 29 | 693 36 |22 0.22] 3.9 0.16
VISTA 120 58.8 4.8 |60.4 6.6 |24 0.19| 3.4 0.02
WAHOO 120 56.3 2.5 |56.3 25 |19 0.08 | 3.9 0.29
WARRIOR 120 67.5 6.5 | 67.5 6.5 | 2.3 0.22] 3.9 0.09
WESLEY 120 85.0 41 | 86.2 6.2 | 2.8 0.14| 4.0 0.15
WICHITA 120 67.5 29 | 675 29 |23 0.10| 3.9 0.11
WINDSTAR 120 57.5 6.5 | 58.3 70 |19 0.28 | 3.8 0.17
LANCER 120 63.8 2.5 | 63.8 25 |20 0.15] 4.3 0.23
ANTON 120 53.8 25 | 551 03 |19 0.23] 3.9 0.30
MACE 120 46.3 10.3| 46.7 9.7 | 1.7 0.49 | 3.7 0.50
TAM107-R7 120 46.3 2.5 | 46.8 24 |16 0.15| 3.8 0.28
ARLIN 120 51.3 6.3 | 53.6 93 | 1.7 0.21] 4.0 0.21
ALICE 120 55.0 4.1 | 55.0 41 | 1.9 0.23] 4.0 0.24
DARRELL 120 72.5 29 | 735 43 | 2.4 0.10| 3.9 0.11
EXPEDITION 120 66.3 2.5 |68.0 21 |22 0.08 | 3.9 0.15
WENDY 120 85.0 7.1 |85.0 7.1 |26 0.37] 4.0 0.34
SD001119 120 52.5 8.7 |53.9 9.7 |20 0.46 | 3.9 0.68
SD01237 120 72.5 29 | 734 24 |24 0.10| 3.9 0.20
SD01058 120 48.8 25 494 3.2 |19 0.28| 3.6 0.60
SD05118 120 77.5 6.5 | 77.5 6.5 | 2.6 0.22] 4.2 0.08
SD05210 120 55.0 41 | 57.2 54 |22 0.16 | 3.5 0.06
SDO5wW018 120 72.5 50 | 743 44 |24 0.20] 41 0.43
NEKOTA 120 62.5 29 | 633 24 |21 0.10| 4.1 0.18
TANDEM 120 72.5 29 | 744 32 |24 0.10| 3.9 0.20
CRIMSON 120 58.8 2.5 | 58.8 25 |20 0.08 | 4.0 0.16
ROSE 120 36.3 6.3 | 37.3 73 |15 0.26 | 3.5 0.41
DAWN 120 72.5 50 | 74.6 75 |24 0.17| 3.9 0.18
WINOKA 120 36.3 95 | 371 91 |14 0.22] 3.9 0.13
NELL 120 73.8 7.5 | 747 7.1 |25 0.25] 4.0 0.13
RITA 120 72.5 29 | 735 43 | 2.4 0.10| 4.0 0.09
BRONZE 120 51.3 25 | 520 39 |17 0.08 | 4.1 0.21
HUME 120 48.8 6.3 | 50.3 86 |18 0.16 | 3.7 0.45
GENT 120 51.3 25 | 533 25 |21 0.10| 3.1 0.05
HARDING 120 56.3 4.8 | 56.3 48 | 1.9 0.16 | 4.1 0.29
HVOWO03-1551WP 120 43.8 4.8 | 438 48 |15 0.14| 3.8 0.41
G1878 120 58.8 2.5 | 58.8 25 |20 0.08 | 4.0 0.20
HVOWO03-1379R 120 47.5 5.0 |48.2 56 |16 0.17] 4.1 0.21
HVOWO03-1596R 120 72.5 29 | 735 43 | 2.4 0.10| 3.9 0.22
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HVOWO05-1280R 120 47.5 5.0 | 48.8 48 |16 0.17] 4.1 0.19
HVOWO06-504 120 71.3 25 | 72.2 45 | 2.7 0.44| 35 0.19
SPARTAN 120 63.8 25 | 64.6 35 |20 0.15] 3.9 0.15
HV906-865 120 66.3 2.5 | 66.3 25 |20 0.15] 4.0 0.14
TARKIO 120 50.0 7.1 | 50.6 6.6 | 1.7 0.24] 3.9 0.18
SMOKYHILL 120 56.3 25 |60.1 44 119 0.08 4.1 0.13
SHOCKER 120 68.8 4.8 | 69.7 54 |23 0.16 | 4.2 0.16
VONA 120 53.8 4.8 | 53.8 48 | 1.8 0.16 | 4.1 0.21
C0940610 120 63.8 4.8 | 63.8 48 |21 0.16 | 3.8 0.08
AVALANCHE 120 61.3 8.5 | 62.2 99 |3.2 1.01| 3.0 0.18
BOND_CL 120 58.8 2.5 | 58.8 25 |20 0.08 | 3.8 0.13
PLATTE 120 51.3 6.3 | 51.8 56 |17 0.21] 4.0 0.19
LINDON 120 47.5 5.0 |48.2 6.4 | 1.6 0.26 | 3.9 0.49
CO03w043 120 72.5 50 | 725 50 |26 0.49 ] 3.6 0.44
SNOWMASS 120 75.0 41 | 781 72 |25 0.14| 3.9 0.20
THUNDER_CL 120 72.5 29 | 74.6 6.3 |24 0.10| 3.9 0.10
C004025 120 67.5 29 |69.2 09 |23 0.10| 3.9 0.07
C0O04393 120 73.8 25 | 75.8 55 |25 0.08 | 3.9 0.15
C0O04499 120 71.3 48 | 713 48 | 2.4 0.16 | 4.1 0.06
C0O04W320 120 36.3 25 | 36.7 24 |14 0.25] 34 0.50
LAMAR 120 77.5 50 | 775 50 |25 0.04| 4.0 0.06
CARSON 120 36.3 25 | 36.8 36 |15 0.19] 3.3 0.44
HAIL 120 37.5 29 | 385 32 |13 0.10| 3.7 0.15
SANDY 120 51.3 48 | 513 48 | 1.7 0.16 | 4.0 0.23
DUKE 120 48.8 2.5 |50.8 45 |16 0.08 4.1 0.16
HALT 120 57.5 29 | 575 29 |19 0.10| 4.0 0.21
HATCHER 120 36.3 6.3 | 36.3 6.3 |14 0.16 | 3.6 0.51
PRAIRIE_RED 120 63.8 10.3| 65.6 11.2| 2.1 0.34| 3.8 0.21
ABOVE 120 71.3 48 | 713 48 | 2.4 0.16 | 3.9 0.16
C0O03064 120 57.5 29 |59.1 47 |21 0.25] 35 0.29
BILL_BROWN 120 36.3 25 | 36.8 36 (14 0.25] 3.7 0.68
RIPPER 120 35.0 0.0 | 359 11 |14 0.28 | 35 0.58
PROWERS 120 78.8 25 | 79.7 05 |26 0.08 | 3.9 0.15
AKRON 120 47.5 29 | 475 29 |16 0.10| 4.1 0.23
JULES 120 61.3 48 | 613 48 |20 0.15] 3.9 0.15
YUMA 120 62.5 50 |64.1 44 |21 0.17| 4.2 0.10
TAMW-101 120 72.5 29 | 74.6 6.3 |24 0.10| 4.1 0.11
TAM105 120 66.3 25 | 67.2 43 |22 0.08 | 4.0 0.07
TAM107 120 50.0 4.1 | 50.6 3.2 |19 05741 0.83
TAM109 120 75.0 41 |76.0 45 | 2.4 0.11| 4.0 0.27
TAM110 120 75.0 0.0 | 76.0 20 | 25 0.00| 3.8 0.18
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TAM111 120 57.5 2.9 |59.9 50 |19 0.10| 4.0 0.21
TAM112 120 76.3 25 | 77.2 26 |25 0.08 | 4.0 0.14
TAM200 120 57.5 2.9 |58.2 24 120 0.27] 3.9 0.22
TAM202 120 28.8 2.5 | 300 36 |16 0.48 | 3.0 0.71
TAM203 120 48.8 2.5 | 50.7 34 |16 0.08 | 3.8 0.16
TAM302 120 82.5 6.5 | 825 6.5 | 2.6 0.25] 3.8 0.15
TAM303 120 37.5 29 | 375 29 |21 0.74] 2.9 0.65
TAM304 120 66.3 6.3 | 67.2 8.2 |22 0.21] 4.0 0.17
TAM400 120 35.0 41 | 35.9 44 |14 0.39] 3.6 0.55
LOCKETT 120 57.5 29 | 575 29 |20 0.15| 3.8 0.27
STURDY 120 30.0 0.0 | 30.8 09 |15 0.41] 3.2 0.27
STURDY_2K 120 53.8 25 | 544 12 |18 0.08 | 3.7 0.20
MIT 120 47.5 2.9 | 48.8 33 |19 0.44 | 3.7 0.44
CAPROCK 120 71.3 25 | 73.2 39 |24 0.08 | 3.8 0.23
TX01A5936 120 70.0 41 |70.0 41 |23 01441 0.18
TAM401 120 75.0 41 | 75.0 41 |25 01441 0.14
TX02A0252 120 36.3 9.5 | 371 9.1 |15 0.34| 34 0.73
TX03A0148 120 35.0 0.0 |35.0 00 |15 0.29] 3.3 0.21
TX03A0563 120 37.5 29 |38.0 25 |15 0.36| 3.7 0.51
TX04A001246 120 75.0 41 |79.0 4.0 | 2.7 0.21] 35 0.26
TX01V5134RG3 120 86.3 4.8 | 86.3 48 |29 0.16 | 3.7 0.09
TX04M410164 120 57.5 29 |58.2 24 119 0.10| 3.9 0.16
TX04M410211 120 38.8 25 |39.2 16 |14 0.13] 3.3 0.25
TX04V075080 120 36.3 48 | 37.2 48 |14 0.50| 3.7 0.78
TX99A01531 120 47.5 29 | 475 29 |16 0.10| 41 0.38
TX01M500928 120 52.5 29 |53.2 24 |21 0.48 | 3.4 0.28
TX00V1131 120 48.8 2.5 | 50.7 25 |18 0.25] 3.8 0.48
TX99U8618 120 83.8 6.3 | 83.8 6.3 | 2.8 0.21] 3.8 0.15
TX96D1073 120 62.5 29 | 634 41 |21 0.10| 4.0 0.11
2180 120 47.5 29 |50.3 6.0 | 1.7 0.12] 3.9 0.38
HG-9 120 37.5 6.5 | 38.9 6.6 |14 0.16 | 3.9 0.60
TX86A5606 120 58.8 4.8 | 595 42 |25 0.24] 3.3 0.23
TX86A8072 120 66.3 4.8 | 66.3 48 |21 0.16 | 4.0 0.29
CREST 120 52.5 29 | 525 29 |18 0.10| 3.9 0.05
ROSEBUD 120 58.8 4.8 | 59.6 6.3 | 2.0 0.16 | 3.8 0.04
JUDITH 120 63.8 25 | 64.6 35 |21 0.08 | 4.0 0.14
MT85200 120 65.0 8.2 | 65.0 82 |22 0.27] 3.6 0.17
NUSKY 120 38.8 4.8 |39.8 55 | 1.7 0.27] 3.3 0.42
MT9513 120 77.5 29 | 78.6 44 |26 0.10| 3.7 0.11
MT9904 120 72.5 50 | 744 52 |24 0.17| 3.7 0.31
NORRIS 120 72.5 29 | 734 24 |24 0.10| 3.8 0.19
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YELLOWSTONE 120 58.8 2.5 | 58.8 25 |21 0.10| 3.8 0.31
MTO0495 120 40.0 7.1 | 404 6.3 | 1.5 0.41 3.7 0.47
MTS0531 120 87.5 6.5 | 88.6 6.3 | 4.8 1.06| 2.5 0.08
DECADE 120 71.3 8.5 | 73.0 8.0 |29 0.76 | 3.6 0.59
MT06103 120 68.8 25 | 715 1.8 |24 0.27] 3.8 0.40
JUDEE 120 47.5 29 |48.1 24 |15 0.16 | 4.2 0.24
LAKIN 120 67.5 6.5 | 68.3 53 |22 01441 0.06
STANTON 120 60.0 41 | 60.7 3.0 |20 01441 0.16
TREGO 120 73.8 25 | 747 3.7 | 3.0 0.10| 3.3 0.11
KARL_92 120 73.8 6.3 | 74.6 4.7 | 2.5 0.21] 4.0 0.15
DODGE 120 76.3 25 | 795 6.6 | 2.5 0.08 | 4.0 0.14
NORKAN 120 56.3 25 |57.0 24 |21 0.64| 3.9 0.75
CHENEY 120 36.3 4.8 | 36.6 41 |15 0.36| 35 0.77
NEWTON 120 63.8 4.8 | 645 42 |21 0.16 | 4.0 0.13
LARNED 120 75.0 41 |76.0 45 |25 01441 0.13
PARKER76 120 70.0 41 |71.0 58 |23 01441 0.17
KIRWIN 120 77.5 29 | 78.6 44 |26 0.10| 3.9 0.14
SAGE 120 65.0 41 | 65.9 57 |22 0.14| 4.2 0.10
TRISON 120 57.5 5.0 | 60.0 8.2 |19 0.17| 4.0 0.23
EAGLE 120 52.5 50 |53.8 43 |20 0.39| 3.7 0.57
SHAWNEE 120 57.5 29 | 583 40 |21 0.41| 3.8 0.72
PARKER 120 72.5 6.5 | 734 52 |24 0.22] 3.8 0.17
KAW61 120 72.5 29 | 75.6 51 |29 0.12| 34 0.13
TASCOSA 120 86.3 25 | 88.6 46 | 4.1 0.33] 2.6 0.24
BISON 120 75.0 41 |76.9 3.0 |25 0.14| 4.0 0.25
KIOWA 120 73.8 25 | 747 3.7 |25 0.08 | 4.2 0.07
WICHITA 120 66.3 25 | 67.2 43 |22 0.08| 4.1 0.20
COMANCHE 120 72.5 6.5 | 743 48 | 2.4 0.22] 3.9 0.17
BAKERS_WHITE 120 48.8 48 | 515 6.5 | 1.6 0.16 | 4.1 0.24
BURCHETT 120 36.3 4.8 | 36.7 47 |15 0.36| 3.5 0.60
CUTTER 120 72.5 29 | 735 43 |29 0.12| 3.6 0.17
DUMAS 120 57.5 5.0 |59.9 6.4 | 1.9 0.24] 4.2 0.42
HONDO 120 41.3 25 | 418 24 |20 0.55] 3.2 0.58
JAGALENE 120 66.3 48 |67.1 48 |20 0.20| 4.2 0.11
LONGHORN 120 57.5 29 | 583 40 | 1.9 0.10| 4.0 0.40
NEOSHO 120 73.8 25 | 747 3.7 |25 0.08 | 3.9 0.08
OGALLALA 120 53.8 4.8 | 54.4 43 | 1.7 0.19| 45 0.71
POSTROCK 120 40.0 41 | 416 39 |17 0.32] 3.3 0.59
THUNDERBOLT 120 75.0 0.0 |77.0 23 | 25 0.00| 4.1 0.08
W04-417 120 36.3 6.3 | 37.1 57 | 1.7 0.64| 3.3 0.59
NUFRONTIER 120 55.0 8.2 | 557 83 |18 0.25] 4.1 0.45
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NUHORIZON 120 66.3 48 |67.1 48 |22 0.16 | 3.9 0.10
ONAGA 120 60.0 9.1 |60.7 8.2 |22 0.39| 3.7 0.43
RONL 120 62.5 29 | 634 41 |21 0.10| 4.3 0.15
2145 120 48.8 25 494 3.2 |19 0.25] 3.7 0.49
HEYNE 120 60.0 41 | 62.6 7.2 |20 02241 0.59
KSO00F520-3 120 43.8 6.3 | 45.3 4.7 | 1.8 0.32] 34 0.72
OVERLEY 120 42.5 8.7 |43.0 85 |16 0.22] 3.7 0.50
FULLER 120 72.5 50 | 743 44 |25 0.34] 3.9 0.22
COSSACK 120 75.0 0.0 | 78.1 4.0 |25 0.00| 3.8 0.14
ENHANCER 120 75.0 41 | 75.9 28 | 25 0.14| 4.0 0.20
SANTA_FE 120 62.5 29 | 633 24 |21 0.10| 4.1 0.13
VENANGO 120 71.3 25 | 72.2 26 |24 0.08| 4.1 0.19
WB411W 120 72.5 29 | 725 29 |23 0.15] 4.0 0.20
KEOTA 120 67.5 6.5 | 69.3 7.8 | 2.2 0.30| 4.0 0.13
TX05A001822 120 43.8 4.8 | 45.7 6.6 | 1.8 0.60| 3.6 0.75
TX06A001263 120 50.0 4.1 | 50.6 3.2 |17 01441 0.05
TX06A001132 120 57.5 5.0 |58.2 4.7 | 2.0 0.20| 3.9 0.27
TX06A001281 120 67.5 6.5 | 69.3 6.5 | 2.2 0.34] 4.2 0.11
TX06A001386 120 61.3 6.3 | 62.0 54 |20 0.21] 4.0 0.14
TX05V7259 120 70.0 41 | 71.0 58 |23 0.22]4.2 0.23
TX05V7269 120 43.8 4.8 | 443 43 |14 0.22] 4.2 0.37
TX05A001188 120 43.8 25 | 443 31 |15 0.19] 41 0.45
TX07A001279 120 63.8 75 | 654 7.1 |21 0.25] 4.0 0.18
TX07A001318 120 72.5 29 | 734 24 |24 0.10| 3.9 0.19
TX07A001420 120 72.5 29 | 725 29 |24 0.10| 4.0 0.07
TX06V7266 120 71.3 25 | 72.2 26 |24 0.08 | 4.1 0.11
OK1067071 120 50.0 41 | 521 6.1 | 1.6 0.08 | 4.0 0.18
OK1067274 120 70.0 41 |70.0 41 |23 0.14| 3.9 0.16
OK1068002 120 76.3 85 | 771 71 |26 0.23] 3.8 0.43
OK1068009 120 71.3 48 | 713 48 | 2.4 0.16 | 4.1 0.09
OK1068026 120 48.8 48 | 493 43 |23 03131 0.05
OK1068112 120 45.0 4.1 | 455 33 |17 0.40| 3.6 0.64
OK1070275 120 42.5 5.0 | 425 50 |16 0.32] 3.6 0.45
OK1070267 120 72.5 29 | 735 43 |25 0.32] 3.8 0.17
OK09634 120 48.8 2.5 |50.0 21 |18 0.45] 3.9 0.67
OK10119 120 42.5 6.5 | 435 55 |16 0.48 | 3.6 0.65
GALLAGHER 120 73.8 48 | 738 48 | 2.4 0.28 ] 3.9 0.47
OKO07231 120 71.3 48 | 721 34 |24 0.16 | 4.0 0.09
OK07S117 120 66.3 4.8 | 66.3 48 |22 0.16 | 4.0 0.16
OK08328 120 62.5 6.5 | 634 80 |21 0.51 3.9 0.45
BIG_SKY 120 71.3 25 | 713 25 |24 0.08 | 3.8 0.14
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DANBY 120 68.8 6.3 |69.5 49 |23 0.21]3.9 0.13
E2041 120 46.3 6.3 | 47.5 6.5 | 1.9 0.55| 3.5 0.53
DENALI 120 73.8 6.3 | 76.5 3.6 |24 0.17] 3.9 0.26
C00503372 120 75.0 0.0 | 78.3 6.6 | 2.5 0.00| 3.9 0.14
BYRD 120 70.0 0.0 | 70.9 1.8 |23 0.17 ] 4.1 0.60
CO07W245 120 71.3 48 [ 713 48 |24 0.16 | 3.8 0.12
MCGILL 120 52.5 50 [54.5 43 |18 0.17] 3.7 0.16
NEO02558 120 57.5 5.0 | 59.0 49 |21 0.37| 3.5 0.35
NWO03666 120 66.3 25 |67.2 43 22 0.08 | 4.0 0.22
NE04490 120 73.8 25 |74.7 07 |25 0.08] 3.9 0.19
NEO05430 120 48.8 6.3 | 48.8 6.3 | 1.9 0.62| 3.8 0.70
NE05496 120 67.5 29 [68.4 42 |23 0.10 | 4.0 0.19
NE05548 120 57.5 29 |583 40 |19 0.20| 4.4 0.56
NE06545 120 52.5 29 |[53.2 24 |20 0.37]3.7 0.52
NE06607 120 67.5 29 |68.4 42 |23 0.10| 4.0 0.17
ROBIDOUX 120 51.3 6.3 |[51.3 6.3 | 2.0 0.24 3.7 0.58
NI06736 120 45.0 4.1 | 457 52 | 1.6 0.20| 3.8 0.36
NI06737 120 62.5 5.0 |65.0 43 |20 0.25] 4.1 0.58
NI0O7703 120 73.8 25 |75.8 55 |25 0.08] 3.9 0.22
NI08707 120 63.8 4.8 |65.7 84 |21 0.16 | 4.1 0.19
NI08708 120 71.3 4.8 | 74.2 6.7 | 2.3 0.17| 3.9 0.28
EVEREST 120 70.0 58 | 721 89 |23 0.19| 4.0 0.30
Appendix C - The mean values for sholength(cm), root length(cm), seedling fresh
weight (g), seedling dry weighfg), salinitytolerance and seedling vigor indek292 winter
wheat genotypeseated with three level of salinity (0, 60.120 mMjL
Genotype name salinity | Shoot | Std | Root | Std | Seedling| Std | Seedling| Std | Salinity Std | Seedling| Std
level length | Dev | length | Dev | fresh Dev | dry Dev | Tolerance| Dev | vigor Dev
weight weight index
TRIUMPH64 0 8 04 |6 0.3 | 0.15 0.01| 0.06 0.01]| 100 0 14 0.5
CHISHOLM 0 8 05 |6 0.5 | 0.15 0.02] 0.06 0.01]| 100 0 14 0.9
CUSTER 0 8 0.2 |6 0.3 | 0.15 0.01| 0.06 0.01]| 100 0 14 0.6
217405 0 8 06 |7 0.6 | 0.16 0.01| 0.07 0.01]| 100 0 15 0.2
INTRADA 0 8 0.8 |6 0.6 | 0.15 0.01] 0.06 0.00| 100 0 14 0.5
OK101 0 8 0.3 |6 0.3 | 0.16 0.01] 0.05 0.00| 100 0 14 0.4
OK102 0 8 0.3 |6 0.4 | 0.15 0.01] 0.05 0.01]| 100 0 14 0.4
ENDURANCE 0 8 04 |6 0.4 | 0.16 0.01] 0.06 0.01]| 100 0 13 0.5
DELIVER 0 8 0.7 | 6 0.3 | 0.15 0.01] 0.05 0.00| 100 0 14 0.8
OK_BULLET 0 8 04 |6 0.4 | 0.16 0.01] 0.06 0.01]| 100 0 14 0.3
CENTERFIELD 0 8 05 |6 0.3 | 0.15 0.01] 0.06 0.00| 100 0 14 0.6

270




GUYMON 0 8 04 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.1
DUSTER 0 7 06 |6 0.4 |0.15 0.01| 0.05 0.01] 100 0 12 0.7
OK_RISING 0 8 05 |6 0.3 | 0.15 0.01| 0.06 0.01] 100 0 14 0.2
OK02405 0 8 04 |6 0.3 | 0.16 0.01| 0.06 0.01] 100 0 14 0.4
PETE 0 8 05 |6 0.3 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.6
BILLINGS 0 7 03 |6 0.3 | 0.16 0.01| 0.05 0.01] 100 0 13 11
OK04505 0 7 06 |6 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.7
OK04525 0 7 0.2 |6 0.3 | 0.16 0.01| 0.06 0.01] 100 0 13 0.2
OK04507 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.5
OKO05830 0 7 03 |6 0.3 | 0.15 0.01]| 0.06 0.01] 100 0 13 0.6
OK04111 0 7 04 |6 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.2
0OK04415 0 8 04 |6 0.4 |0.15 0.01| 0.06 0.01] 100 0 14 0.3
OK05711W 0 8 06 |6 0.6 | 0.16 0.01| 0.06 0.01]| 100 0 14 11
OK05723W 0 8 08 |6 0.4 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.3
OK05108 0 8 06 |7 0.5 | 0.16 0.01| 0.07 0.01]| 100 0 15 0.3
OKO05122 0 8 06 |6 0.5 | 0.16 0.01| 0.06 0.01]| 100 0 14 0.5
OK05526 0 8 0.7 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.3
OKO05134 0 7 05 |6 0.3 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.4
OK05303 0 7 04 |6 0.3 | 0.15 0.01| 0.05 0.01]| 100 0 13 0.3
OK05312 0 7 04 |6 0.3 | 0.16 0.01| 0.06 0.01] 100 0 13 0.2
OKO05511 0 7 04 |6 0.4 |0.15 0.01| 0.06 0.01| 100 0 13 0.5
OK05204 0 7 05 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 13 0.5
GARRISON 0 8 05 |7 0.6 | 0.16 0.01| 0.06 0.01| 100 0 14 1.0
OK06114 0 8 05 |6 0.3 | 0.16 0.01| 0.06 0.01| 100 0 13 14
OK06210 0 8 07 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.7
OK06319 0 8 08 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 1.2
OK06318 0 8 05 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.3
OK06336 0 8 08 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.9
AGATE 0 8 05 |7 0.4 |0.15 0.01| 0.06 0.01| 100 0 14 0.4
ALLIANCE 0 8 05 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 0.5
ANTELOPE 0 7 04 |6 0.3 | 0.16 0.01| 0.06 0.01| 100 0 13 0.3
ARAPAHOE 0 7 04 |6 0.2 | 0.16 0.01| 0.06 0.01| 100 0 13 0.4
BENNETT 0 8 04 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.7
BUCKSKIN 0 8 05 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 0.5
CENTURK78 0 8 05 |6 0.3 | 0.16 0.01| 0.06 0.01| 100 0 14 0.3
CHEYENNE 0 7 05 |6 0.5 | 0.15 0.01| 0.06 0.01| 100 0 13 0.8
COLT 0 8 0.7 |7 0.4 |0.15 0.01| 0.06 0.01| 100 0 14 0.3
COUGAR 0 8 0.7 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 0.5
CULVER 0 8 05 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.3
GAGE 0 8 05 |7 0.5 | 0.16 0.01| 0.05 0.01| 100 0 15 0.4
GOODSTREAK 0 8 06 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 0.4
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HALLAM 0 7 05 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 14 1.0
HARRY 0 7 06 |6 0.4 |0.15 0.01]| 0.06 0.00| 100 0 13 0.3
HOMESTEAD 0 8 06 |6 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.5
INFINITY_CL 0 8 05 |6 0.3 | 0.15 0.01| 0.06 0.01] 100 0 14 0.2
KHARKOF 0 8 0.7 | 6 0.5 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.3
MILLENNIUM 0 7 09 |7 0.7 | 0.16 0.01| 0.06 0.01] 100 0 14 1.2
CAMELOT 0 7 05 |6 0.3 | 0.16 0.01| 0.06 0.00| 100 0 13 0.6
OVERLAND 0 7 06 |7 0.7 | 0.15 0.01| 0.06 0.01] 100 0 14 0.3
NE99495 0 8 03 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.4
NIOBRARA 0 8 05 |6 0.3 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.4
NUPLAINS 0 8 03 |6 0.2 | 0.16 0.00| 0.06 0.01]| 100 0 14 0.5
PRONGHORN 0 7 05 |6 0.3 | 0.16 0.01| 0.06 0.01] 100 0 13 0.5
RAWHIDE 0 7 04 |6 0.6 | 0.15 0.01| 0.06 0.01]| 100 0 14 0.3
REDLAND 0 7 04 |6 0.3 | 0.16 0.01]| 0.06 0.01] 100 0 13 0.6
SCOUT66 0 8 0.7 |7 0.6 | 0.16 0.01| 0.06 0.01]| 100 0 14 0.8
SIOUXLAND 0 7 04 |6 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.6
TURKEY_NEBSEL | 0 7 04 |6 0.2 | 0.16 0.00| 0.06 0.01] 100 0 13 0.7
VISTA 0 8 05 |6 0.2 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.5
WAHOO 0 8 08 |7 0.6 | 0.16 0.01| 0.06 0.01]| 100 0 15 0.5
WARRIOR 0 7 06 |6 0.5 | 0.16 0.01| 0.06 0.00| 100 0 14 0.5
WESLEY 0 8 04 |6 0.4 |0.16 0.01| 0.06 0.01| 100 0 14 0.0
WICHITA 0 8 05 |7 0.2 | 0.16 0.01| 0.06 0.01| 100 0 14 0.1
WINDSTAR 0 7 05 |6 0.4 |0.16 0.01| 0.06 0.01| 100 0 13 0.7
LANCER 0 8 05 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 15 0.2
ANTON 0 7 03 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 0.8
MACE 0 7 03 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 13 0.3
TAM107-R7 0 7 04 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 0.5
ARLIN 0 8 05 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 0.9
ALICE 0 8 04 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 15 0.5
DARRELL 0 8 05 |6 0.3 | 0.16 0.01| 0.06 0.01| 100 0 14 0.4
EXPEDITION 0 8 05 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 13 0.2
WENDY 0 8 05 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 15 0.4
SD001119 0 8 05 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 0.7
SD01237 0 7 04 |7 0.4 |0.15 0.01| 0.06 0.01| 100 0 14 0.3
SD01058 0 7 05 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 13 0.6
SD05118 0 8 05 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.5
SD05210 0 8 0.7 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 13 0.5
SD05wW018 0 7 04 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 0.2
NEKOTA 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.8
TANDEM 0 8 03 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 1.0
CRIMSON 0 7 03 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.2
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ROSE 0 7 04 |6 0.5 | 0.16 0.01| 0.06 0.01] 100 0 13 0.5
DAWN 0 8 04 |7 0.5 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.8
WINOKA 0 7 05 |6 0.2 | 0.15 0.01| 0.06 0.01] 100 0 12 0.2
NELL 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.4
RITA 0 7 04 |6 0.3 | 0.15 0.01]| 0.06 0.01] 100 0 13 0.2
BRONZE 0 7 03 |6 0.4 | 0.16 0.01| 0.06 0.01] 100 0 13 0.4
HUME 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.6
GENT 0 7 05 |6 0.3 | 0.15 0.01| 0.06 0.01] 100 0 13 0.6
HARDING 0 7 04 |6 0.3 | 0.15 0.01| 0.06 0.01] 100 0 13 0.2
HVOWO03-1551WP | 0 8 05 |7 0.5 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.6
G1878 0 8 06 |7 0.4 |0.17 0.01| 0.06 0.01]| 100 0 15 0.3
HVOWO03-1379R 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.1
HVOWO03-1596R 0 7 04 |6 0.3 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.5
HVOWO05-1280R 0 7 04 |6 0.2 | 0.15 0.01| 0.05 0.01] 100 0 12 0.5
HVOWO06-504 0 7 02 |6 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.5
SPARTAN 0 7 06 |7 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 14 0.3
HV906-865 0 8 09 |7 0.8 | 0.16 0.01| 0.07 0.01] 100 0 15 0.5
TARKIO 0 7 03 |6 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.5
SMOKYHILL 0 7 05 |6 0.6 | 0.16 0.01| 0.06 0.01]| 100 0 13 0.6
SHOCKER 0 7 05 |7 0.7 | 0.16 0.01| 0.06 0.01] 100 0 13 0.6
VONA 0 7 04 |6 0.4 |0.16 0.01| 0.06 0.01| 100 0 13 0.3
C0940610 0 7 05 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.3
AVALANCHE 0 8 05 |7 0.4 |0.16 0.01| 0.06 0.01| 100 0 15 0.4
BOND_CL 0 7 05 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 0.4
PLATTE 0 7 04 |6 0.3 | 0.16 0.01| 0.05 0.01| 100 0 13 0.4
LINDON 0 7 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.7
CO03wW043 0 7 06 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.5
SNOWMASS 0 7 06 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 11
THUNDER_CL 0 8 05 |7 0.6 | 0.16 0.01| 0.06 0.01| 100 0 14 0.7
C0O04025 0 7 03 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 0.2
C0O04393 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 11
C0O04499 0 7 05 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.3
CO04W320 0 9 09 |7 0.5 | 0.16 0.01| 0.07 0.01| 100 0 16 0.5
LAMAR 0 8 06 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 0.5
CARSON 0 9 09 |8 0.7 | 0.17 0.01| 0.07 0.01| 100 0 16 0.5
HAIL 0 8 0.7 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.4
SANDY 0 7 03 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.4
DUKE 0 7 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 13 0.9
HALT 0 8 0.7 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.6
HATCHER 0 7 03 |6 0.2 | 0.15 0.01| 0.06 0.01| 100 0 13 0.1
PRAIRIE_RED 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 1.0
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ABOVE 0 7 04 |6 0.5 | 0.16 0.01| 0.06 0.00| 100 0 13 0.3
CO03064 0 7 03 |6 0.5 | 0.15 0.01]| 0.06 0.01] 100 0 13 0.6
BILL_BROWN 0 8 06 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 14 0.4
RIPPER 0 7 05 |7 0.6 | 0.16 0.01| 0.06 0.01] 100 0 14 11
PROWERS 0 8 08 |7 0.6 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.8
AKRON 0 8 05 |7 0.6 | 0.16 0.01| 0.06 0.01] 100 0 14 0.3
JULES 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.6
YUMA 0 8 06 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 15 0.7
TAMW-101 0 8 06 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 15 1.2
TAM105 0 8 06 |7 0.4 | 0.16 0.01]| 0.06 0.01] 100 0 15 0.6
TAM107 0 7 03 |6 0.5 | 0.16 0.01| 0.05 0.01]| 100 0 13 0.3
TAM109 0 7 04 |6 0.2 | 0.15 0.01| 0.05 0.01] 100 0 13 0.1
TAM110 0 8 05 |7 0.6 | 0.16 0.01| 0.05 0.00| 100 0 14 0.9
TAM111 0 8 06 |7 0.6 | 0.16 0.01| 0.05 0.00| 100 0 14 1.0
TAM112 0 8 04 |7 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 15 0.6
TAM200 0 7 05 |6 0.5 | 0.16 0.00| 0.05 0.01]| 100 0 13 0.4
TAM202 0 7 05 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 14 1.0
TAM203 0 7 04 |7 0.6 | 0.16 0.00| 0.05 0.00| 100 0 13 0.9
TAM302 0 8 0.7 |7 0.3 | 0.16 0.01| 0.06 0.01]| 100 0 15 0.5
TAM303 0 8 04 |7 0.8 | 0.15 0.01| 0.05 0.01] 100 0 14 0.8
TAM304 0 7 03 |6 0.6 | 0.16 0.01| 0.05 0.00| 100 0 14 0.7
TAM400 0 8 06 |7 0.4 | 0.16 0.01| 0.05 0.00| 100 0 14 0.6
LOCKETT 0 8 05 |7 0.7 | 0.16 0.01| 0.06 0.01| 100 0 14 0.6
STURDY 0 7 05 |7 0.4 |0.16 0.01| 0.05 0.00| 100 0 13 0.6
STURDY_2K 0 7 03 |6 0.3 | 0.15 0.01| 0.06 0.01| 100 0 13 0.4
MIT 0 7 03 |6 0.4 | 0.16 0.01| 0.05 0.00| 100 0 13 0.3
CAPROCK 0 8 05 |7 0.7 | 0.16 0.01| 0.05 0.00| 100 0 14 0.8
TX01A5936 0 7 05 |6 0.4 | 0.16 0.01| 0.06 0.01| 100 0 13 0.5
TAM401 0 8 07 |7 0.6 | 0.16 0.01| 0.05 0.00| 100 0 15 0.7
TX02A0252 0 6 05 |6 0.2 | 0.16 0.01| 0.05 0.00| 100 0 12 0.7
TX03A0148 0 7 05 |6 0.3 | 0.15 0.01| 0.05 0.01| 100 0 13 0.3
TX03A0563 0 7 05 |6 0.2 | 0.15 0.01| 0.06 0.01| 100 0 13 0.6
TX04A001246 0 8 06 |7 0.6 |0.17 0.01| 0.06 0.01| 100 0 13 0.6
TX01V5134RG3 0 8 05 |7 0.3 | 0.16 0.01| 0.05 0.00| 100 0 15 0.2
TX04M410164 0 6 06 |6 0.3 | 0.15 0.01| 0.06 0.01| 100 0 12 0.2
TX04M410211 0 9 08 |8 0.5 |0.17 0.01| 0.07 0.01| 100 0 16 0.4
TX04Vv075080 0 8 03 |7 0.3 | 0.16 0.01| 0.05 0.01| 100 0 15 0.6
TX99A01531 0 7 05 |6 0.2 | 0.15 0.01| 0.06 0.00| 100 0 13 0.4
TX01M500928 0 8 05 |7 0.5 | 0.16 0.01| 0.05 0.00| 100 0 15 0.5
TX00V1131 0 7 05 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 13 0.9
TX99U8618 0 7 04 |7 0.6 | 0.16 0.01| 0.06 0.01| 100 0 14 0.6
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TX96D1073 0 7 06 |7 0.6 | 0.16 0.01| 0.05 0.00| 100 0 14 0.8
2180 0 7 05 |6 0.3 | 0.16 0.01| 0.05 0.01] 100 0 13 1.2
HG-9 0 7 05 |6 0.3 | 0.15 0.01| 0.05 0.01] 100 0 12 0.7
TX86A5606 0 9 0.7 | 8 0.5 | 0.17 0.01| 0.07 0.01] 100 0 16 0.4
TX86A8072 0 8 0.7 |7 0.6 | 0.16 0.01]| 0.06 0.01] 100 0 15 0.4
CREST 0 7 03 |6 0.4 | 0.16 0.01| 0.05 0.00| 100 0 13 0.5
ROSEBUD 0 8 0.7 |7 0.6 | 0.16 0.01| 0.05 0.01] 100 0 15 0.2
JUDITH 0 7 05 |6 0.4 |0.15 0.01| 0.05 0.01] 100 0 13 0.7
MT85200 0 8 04 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 15 0.2
NUSKY 0 8 06 |7 0.5 | 0.16 0.01]| 0.06 0.01] 100 0 15 1.2
MT9513 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01]| 100 0 14 0.4
MT9904 0 8 03 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.9
NORRIS 0 8 04 |7 0.6 | 0.16 0.01| 0.06 0.01]| 100 0 15 0.5
YELLOWSTONE | O 8 04 |7 0.6 | 0.16 0.01]| 0.06 0.01] 100 0 15 0.4
MTO0495 0 7 0.7 |7 0.7 | 0.16 0.01| 0.05 0.01]| 100 0 14 1.0
MTS0531 0 8 04 |7 0.4 | 0.16 0.01| 0.05 0.01]| 100 0 15 0.3
DECADE 0 8 05 |6 0.3 | 0.15 0.01| 0.06 0.01] 100 0 14 0.7
MT06103 0 8 0.7 |7 0.5 | 0.16 0.01| 0.06 0.01]| 100 0 14 1.0
JUDEE 0 8 05 |6 0.3 | 0.15 0.01| 0.06 0.01]| 100 0 14 0.4
LAKIN 0 7 0.7 |6 0.5 | 0.15 0.01| 0.06 0.01] 100 0 14 0.8
STANTON 0 7 06 |7 0.4 |0.15 0.01| 0.06 0.01| 100 0 14 0.6
TREGO 0 8 05 |7 0.6 | 0.16 0.01| 0.05 0.01| 100 0 15 0.4
KARL_92 0 7 05 |6 0.4 |0.15 0.01| 0.05 0.01| 100 0 13 0.5
DODGE 0 8 06 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 11
NORKAN 0 7 06 |6 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 0.4
CHENEY 0 7 06 |6 0.4 |0.15 0.01| 0.05 0.01| 100 0 13 0.6
NEWTON 0 8 08 |7 0.6 | 0.15 0.01| 0.06 0.01| 100 0 15 0.6
LARNED 0 8 05 |6 0.5 | 0.16 0.00| 0.06 0.01| 100 0 14 0.7
PARKER76 0 7 0.7 |6 0.3 | 0.15 0.01| 0.05 0.01| 100 0 13 0.9
KIRWIN 0 8 10 |7 0.6 | 0.15 0.01| 0.05 0.01| 100 0 14 1.2
SAGE 0 8 06 |6 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 11
TRISON 0 7 08 |7 0.4 |0.15 0.01| 0.05 0.01| 100 0 14 0.7
EAGLE 0 7 04 |6 0.2 | 0.15 0.01| 0.05 0.01| 100 0 13 0.4
SHAWNEE 0 8 04 |7 04 |0.14 0.02| 0.05 0.01| 100 0 14 0.5
PARKER 0 8 05 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 0.4
KAW61 0 8 04 |7 0.5 | 0.15 0.01| 0.06 0.00| 100 0 14 11
TASCOSA 0 8 04 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 15 0.5
BISON 0 8 04 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 0.5
KIOWA 0 8 05 |6 0.4 |0.15 0.01| 0.06 0.01| 100 0 14 0.6
WICHITA 0 7 05 |6 0.2 | 0.15 0.01| 0.06 0.00| 100 0 13 0.6
COMANCHE 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.7
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BAKERS_WHITE |0 8 06 |7 0.4 |0.15 0.00| 0.06 0.01] 100 0 13 14
BURCHETT 0 7 0.7 |6 0.2 | 0.15 0.01]| 0.06 0.01] 100 0 13 0.4
CUTTER 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.5
DUMAS 0 7 0.7 |6 0.3 | 0.15 0.01| 0.05 0.00| 100 0 13 0.3
HONDO 0 7 06 |6 0.2 | 0.15 0.01]| 0.06 0.01] 100 0 13 0.6
JAGALENE 0 7 05 |6 0.3 | 0.15 0.01| 0.05 0.01] 100 0 13 0.6
LONGHORN 0 7 04 |6 0.2 | 0.15 0.01| 0.05 0.00| 100 0 13 0.3
NEOSHO 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 14 0.6
OGALLALA 0 7 06 |6 0.3 | 0.15 0.01| 0.05 0.00| 100 0 13 0.7
POSTROCK 0 7 04 |6 0.2 | 0.15 0.01]| 0.06 0.01] 100 0 13 0.9
THUNDERBOLT 0 8 03 |7 0.3 | 0.16 0.01| 0.06 0.01]| 100 0 15 0.3
W04-417 0 7 05 |6 0.4 |0.15 0.01| 0.05 0.01] 100 0 13 0.6
NUFRONTIER 0 8 05 |7 0.4 |0.15 0.01| 0.06 0.01]| 100 0 14 0.3
NUHORIZON 0 7 05 |6 0.4 |0.15 0.00| 0.05 0.01] 100 0 13 0.5
ONAGA 0 9 09 |8 0.7 | 0.16 0.01| 0.06 0.01]| 100 0 17 0.9
RONL 0 7 05 |6 0.6 | 0.15 0.01| 0.06 0.00| 100 0 14 0.4
2145 0 8 05 |6 0.4 | 0.15 0.01| 0.06 0.01] 100 0 14 0.5
HEYNE 0 7 05 |6 0.5 | 0.15 0.01| 0.06 0.00| 100 0 13 0.4
KSO00F520-3 0 7 04 |6 0.5 | 0.15 0.01| 0.06 0.01]| 100 0 13 0.7
OVERLEY 0 7 06 |7 0.5 | 0.15 0.01| 0.06 0.01] 100 0 14 0.7
FULLER 0 8 01 |7 0.4 |0.16 0.01| 0.06 0.01| 100 0 15 0.4
COSSACK 0 8 03 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.8
ENHANCER 0 8 00 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 15 0.3
SANTA_FE 0 8 00 |7 0.3 | 0.15 0.01| 0.05 0.01| 100 0 15 0.3
VENANGO 0 8 04 |7 0.4 |0.15 0.01| 0.05 0.01| 100 0 14 0.5
WB411W 0 8 04 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.2
KEOTA 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.5
TX05A001822 0 7 05 |7 0.5 | 0.15 0.01| 0.06 0.00| 100 0 13 0.7
TX06A001263 0 7 05 |6 0.4 |0.15 0.01| 0.06 0.01| 100 0 13 0.7
TX06A001132 0 7 06 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 0.9
TX06A001281 0 8 04 |6 0.4 |0.15 0.01| 0.05 0.01| 100 0 14 0.9
TX06A001386 0 7 04 |6 0.4 |0.15 0.01| 0.06 0.00| 100 0 13 0.5
TX05V7259 0 8 04 |7 0.4 |0.15 0.01| 0.06 0.01| 100 0 14 0.5
TX05V7269 0 8 04 |7 0.5 | 0.15 0.01| 0.06 0.01| 100 0 14 0.6
TX05A001188 0 8 03 |6 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.4
TX07A001279 0 7 04 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.5
TX07A001318 0 8 05 |7 0.6 | 0.16 0.01| 0.06 0.01| 100 0 14 0.4
TX07A001420 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.2
TX06V7266 0 8 04 |7 0.6 | 0.16 0.01| 0.06 0.01| 100 0 14 0.8
OK1067071 0 8 04 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.9
OK1067274 0 8 04 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.2
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OK1068002 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.4
OK1068009 0 8 08 |7 0.5 | 0.16 0.01| 0.05 0.00| 100 0 15 0.3
OK1068026 0 8 0.7 |7 0.4 | 0.16 0.01| 0.06 0.01] 100 0 15 0.8
OK1068112 0 8 05 |7 0.5 | 0.15 0.01| 0.06 0.01] 100 0 14 0.6
OK1070275 0 8 05 |7 0.4 | 0.16 0.01]| 0.06 0.01] 100 0 14 0.3
OK1070267 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.4
OK09634 0 8 04 |7 0.5 | 0.15 0.01| 0.06 0.01] 100 0 14 0.3
OK10119 0 8 04 |7 0.5 | 0.15 0.01| 0.06 0.00| 100 0 14 0.3
GALLAGHER 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.3
OKO07231 0 8 05 |7 0.5 | 0.16 0.01]| 0.06 0.01] 100 0 15 0.6
OKO07S117 0 8 05 |7 0.6 | 0.15 0.01| 0.06 0.01]| 100 0 15 0.3
OK08328 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01] 100 0 15 0.7
BIG_SKY 0 8 05 |6 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 14 0.2
DANBY 0 8 03 |7 0.3 | 0.16 0.01]| 0.06 0.01] 100 0 15 0.6
E2041 0 8 05 |7 0.5 | 0.15 0.01| 0.06 0.01]| 100 0 15 0.8
DENALI 0 8 04 |7 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 14 1.2
C0O0503372 0 8 0.7 |7 0.3 | 0.15 0.01| 0.06 0.00| 100 0 14 1.3
BYRD 0 8 03 |7 0.4 | 0.16 0.01| 0.06 0.01]| 100 0 15 0.3
CO07wW245 0 8 05 |7 0.5 | 0.15 0.01| 0.06 0.00| 100 0 15 0.2
MCGILL 0 8 01 |7 0.3 | 0.15 0.01| 0.05 0.01] 100 0 15 0.9
NE02558 0 8 06 |7 0.4 |0.16 0.01| 0.06 0.01| 100 0 15 0.6
NWO03666 0 8 03 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.3
NE04490 0 8 04 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.6
NE05430 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.3
NE05496 0 8 03 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 15 0.4
NE05548 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.7
NE06545 0 8 04 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 15 0.4
NE06607 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.5
ROBIDOUX 0 8 05 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.4
NI06736 0 8 05 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 15 0.4
NI06737 0 8 04 |7 0.3 | 0.16 0.01| 0.06 0.01| 100 0 14 0.8
NI07703 0 8 06 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.7
N108707 0 8 06 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 14 11
NI108708 0 8 0.7 |7 0.5 | 0.16 0.01| 0.06 0.01| 100 0 14 0.7
EVEREST 0 8 06 |7 0.4 | 0.16 0.01| 0.06 0.01| 100 0 15 0.5
TRIUMPH64 60 6 06 |4 0.3 | 0.12 0.02| 0.04 0.00| 66 11 |9 1.0
CHISHOLM 60 6 03 |4 0.6 |0.14 0.01| 0.05 0.01| 77 9 10 0.7
CUSTER 60 6 05 |4 0.3 | 0.13 0.01| 0.04 0.00| 75 15 |9 0.4
217405 60 5 06 |4 0.6 |0.14 0.01| 0.04 0.01| 58 9 9 0.8
INTRADA 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.00| 50 8 8 0.4
OK101 60 5 03 |4 04 |0.14 0.01| 0.03 0.01| 65 15 |8 0.5
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OK102 60 6 05 |4 0.7 | 0.13 0.01| 0.03 0.01| 60 12 |9 0.7
ENDURANCE 60 6 02 |5 0.3 | 0.15 0.01| 0.04 0.00| 76 10 |11 0.4
DELIVER 60 5 04 |4 0.8 | 0.14 0.01| 0.03 0.01]| 58 17 |9 1.0
OK_BULLET 60 5 05 |4 0.6 | 0.14 0.01| 0.03 0.01]| 57 14 |8 0.2
CENTERFIELD 60 5 04 |4 0.6 | 0.12 0.01| 0.03 0.01]| 59 11 |8 0.6
GUYMON 60 7 10 |6 0.8 | 0.14 0.01| 0.05 0.01]| 80 15 |12 11
DUSTER 60 5 04 |4 0.5 | 0.14 0.01| 0.03 0.01]| 52 13 |8 0.5
OK_RISING 60 5 04 |4 0.5 | 0.13 0.01| 0.05 0.01| 81 14 |8 0.5
OK02405 60 5 03 |4 0.6 | 0.14 0.01| 0.03 0.01| 60 18 |9 0.9
PETE 60 5 03 |4 0.6 | 0.14 0.00| 0.04 0.01| 75 13 |9 0.4
BILLINGS 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 65 14 |8 0.7
OKO04505 60 5 05 |4 0.3 | 0.14 0.01] 0.04 0.01| 78 13 |9 0.5
OK04525 60 6 03 |4 0.4 |0.13 0.01| 0.03 0.00| 51 9 9 0.4
OK04507 60 6 04 | 4 0.3 | 0.14 0.01| 0.04 0.01| 71 14 |9 0.3
OK05830 60 6 04 |4 0.8 | 0.13 0.01| 0.03 0.00| 51 9 9 0.6
OK04111 60 5 05 |4 0.8 | 0.14 0.01| 0.04 0.01| 64 14 |9 0.5
OK04415 60 5 03 |4 0.7 | 0.13 0.01| 0.03 0.01]| 59 15 |8 0.4
OKO05711W 60 5 04 |4 0.4 | 0.15 0.01| 0.04 0.01| 71 14 |9 0.6
OK05723W 60 5 03 |5 0.5 | 0.15 0.01| 0.04 0.01| 76 11 |9 0.4
OK05108 60 6 0.7 |5 0.9 | 0.15 0.01| 0.05 0.01| 71 16 |10 0.3
OK05122 60 5 04 |4 04 |0.12 0.02| 0.04 0.01| 77 13 |8 0.5
OK05526 60 5 05 |4 0.7 | 0.13 0.01| 0.04 0.01| 62 12 |9 0.2
OK05134 60 5 05 |4 0.5 | 0.13 0.01| 0.04 0.01| 65 14 |9 0.7
OK05303 60 5 03 |4 0.6 | 0.14 0.01| 0.03 0.01| 65 10 |8 0.5
OK05312 60 5 03 |4 0.6 |0.14 0.01| 0.03 0.00| 57 11 |9 0.7
OKO05511 60 5 04 |4 0.7 | 0.13 0.01| 0.03 0.00| 59 11 |9 0.4
OK05204 60 5 03 |4 0.6 | 0.13 0.01| 0.04 0.01| 65 11 |9 0.2
GARRISON 60 5 03 |4 04 |0.14 0.01| 0.05 0.01| 77 8 9 0.2
OK06114 60 6 03 |4 0.6 | 0.14 0.01| 0.03 0.00| 54 7 9 0.3
OK06210 60 5 04 |5 0.4 |0.15 0.01| 0.04 0.01| 74 9 9 0.5
OK06319 60 5 05 |4 0.5 | 0.13 0.01| 0.04 0.01| 72 11 |9 0.7
OK06318 60 6 05 |4 0.2 | 0.13 0.01| 0.04 0.01| 74 9 8 1.6
OK06336 60 5 03 |4 0.5 |0.12 0.01| 0.03 0.00| 58 8 9 0.1
AGATE 60 5 03 |4 0.3 | 0.13 0.02| 0.03 0.00| 53 9 8 0.3
ALLIANCE 60 6 03 |4 0.2 |0.12 0.01| 0.03 0.00| 56 9 9 0.8
ANTELOPE 60 5 03 |4 0.5 | 0.13 0.01| 0.03 0.00| 53 10 |9 0.3
ARAPAHOE 60 6 03 |4 0.5 | 0.13 0.01| 0.03 0.00| 57 8 9 0.5
BENNETT 60 6 0.2 |5 0.5 | 0.14 0.01| 0.04 0.01| 77 13 |10 0.4
BUCKSKIN 60 5 04 |4 0.6 |0.14 0.01| 0.04 0.01| 70 17 |9 0.6
CENTURK78 60 5 03 |4 0.3 | 0.14 0.01| 0.05 0.00| 78 12 |9 0.3
CHEYENNE 60 5 04 |4 0.5 | 0.14 0.01| 0.04 0.01| 73 10 |9 0.6
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COLT 60 5 04 |4 0.7 | 0.13 0.02| 0.03 0.00| 58 11 |9 0.2
COUGAR 60 5 04 |4 0.7 | 0.13 0.02| 0.03 0.00| 58 8 9 0.9
CULVER 60 5 04 |4 0.7 | 0.13 0.01| 0.03 0.01| 61 12 |9 0.7
GAGE 60 7 0.7 |5 0.7 | 0.14 0.01| 0.04 0.01| 81 16 |11 0.6
GOODSTREAK 60 5 04 |4 0.4 |0.15 0.01| 0.04 0.01| 75 10 |8 0.6
HALLAM 60 4 04 |3 0.2 | 0.13 0.01| 0.04 0.01]| 66 12 |7 0.2
HARRY 60 5 04 |4 0.6 | 0.14 0.01| 0.03 0.00| 54 5 9 0.8
HOMESTEAD 60 6 05 |4 0.3 | 0.14 0.01| 0.04 0.01| 73 9 9 0.7
INFINITY_CL 60 5 03 |4 0.6 | 0.13 0.01| 0.04 0.01| 64 10 |9 0.5
KHARKOF 60 5 04 | 4 0.4 | 0.14 0.01| 0.05 0.00| 76 8 9 0.3
MILLENNIUM 60 5 03 |4 0.7 | 0.14 0.01| 0.04 0.01| 61 10 |8 0.5
CAMELOT 60 5 05 |4 0.5 | 0.13 0.01] 0.04 0.01| 60 9 9 0.6
OVERLAND 60 5 04 |4 0.4 | 0.14 0.01| 0.03 0.01]| 58 11 |9 0.4
NE99495 60 4 0.2 |4 0.2 | 0.14 0.01| 0.05 0.01| 74 9 8 0.2
NIOBRARA 60 5 03 |4 0.2 | 0.14 0.01| 0.04 0.01| 71 10 |8 0.5
NUPLAINS 60 5 04 |4 0.3 | 0.13 0.02| 0.04 0.01| 60 13 |8 0.7
PRONGHORN 60 5 04 |4 0.6 | 0.14 0.01| 0.03 0.00]| 60 13 |8 0.5
RAWHIDE 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01]| 63 14 |9 0.3
REDLAND 60 5 03 |4 0.7 | 0.13 0.01| 0.03 0.00]| 60 14 |9 0.2
SCOUT66 60 5 04 |4 04 | 0.14 0.01| 0.04 0.01| 73 11 |9 0.6
SIOUXLAND 60 6 04 |4 0.6 | 0.14 0.01| 0.04 0.01|61 13 |8 0.6
TURKEY_NEBSEL | 60 5 05 |4 0.5 | 0.13 0.02| 0.04 0.01| 65 12 |9 0.4
VISTA 60 5 05 |4 0.5 | 0.13 0.02| 0.03 0.00| 55 8 9 0.3
WAHOO 60 5 03 |4 0.6 |0.12 0.02| 0.03 0.01| 58 11 |9 0.7
WARRIOR 60 5 04 |4 05 | 0.14 0.01| 0.04 0.01| 72 9 9 0.4
WESLEY 60 5 03 |4 0.2 | 0.14 0.01| 0.04 0.01| 73 12 |8 0.4
WICHITA 60 5 05 |4 04 |0.14 0.00| 0.04 0.01| 74 9 9 1.0
WINDSTAR 60 5 05 |4 0.5 | 0.13 0.01| 0.03 0.01| 60 8 9 0.8
LANCER 60 5 05 |4 0.3 | 0.14 0.01| 0.05 0.01| 75 7 8 0.6
ANTON 60 6 04 |4 0.3 | 0.13 0.02| 0.04 0.01| 62 11 |8 0.4
MACE 60 5 04 |4 03 (011 0.02| 0.04 0.00| 64 9 8 0.5
TAM107-R7 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00| 60 14 |9 0.6
ARLIN 60 6 05 |4 0.5 | 0.14 0.01| 0.04 0.01| 68 16 |9 0.4
ALICE 60 5 04 |4 0.3 | 0.13 0.02| 0.03 0.00| 59 11 |9 0.3
DARRELL 60 5 03 |4 0.3 | 0.13 0.01| 0.03 0.00| 57 10 |9 0.4
EXPEDITION 60 5 03 |4 0.3 | 0.13 0.01| 0.03 0.01| 60 10 |8 0.3
WENDY 60 5 03 |4 0.2 | 0.14 0.01| 0.04 0.01| 68 10 |8 0.3
SD001119 60 5 04 |4 0.3 | 0.13 0.02| 0.03 0.00| 57 8 8 0.5
SD01237 60 5 03 |4 0.5 | 0.12 0.02| 0.03 0.00| 57 9 9 0.4
SD01058 60 5 04 |4 0.5 | 0.13 0.02| 0.03 0.00| 58 9 9 0.2
SD05118 60 5 05 |4 04 |0.14 0.01| 0.04 0.01| 72 12 |9 0.6
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SD05210 60 5 03 |4 0.6 | 0.13 0.02| 0.03 0.00]| 55 10 |8 1.0
SDO5W018 60 5 03 |4 0.6 | 0.13 0.01| 0.03 0.00| 56 9 9 0.4
NEKOTA 60 5 05 |4 0.3 | 0.14 0.01| 0.05 0.01| 78 11 |9 0.4
TANDEM 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 71 9 9 0.2
CRIMSON 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00| 57 11 |9 0.3
ROSE 60 5 03 |4 0.5 | 0.13 0.02| 0.03 0.00| 57 10 |8 0.8
DAWN 60 5 04 |4 0.3 | 0.14 0.01| 0.05 0.01| 76 12 |9 0.3
WINOKA 60 5 04 |4 0.3 | 0.14 0.01| 0.03 0.00| 57 17 |8 0.4
NELL 60 5 05 |4 0.5 | 0.14 0.01| 0.04 0.00| 73 12 |9 0.3
RITA 60 5 05 |4 0.5 | 0.13 0.02]| 0.03 0.00| 61 12 |9 0.6
BRONZE 60 5 03 |4 0.5 |0.11 0.02]| 0.03 0.00| 56 8 9 0.2
HUME 60 5 04 | 4 0.7 | 0.13 0.02| 0.03 0.00| 52 12 |9 0.0
GENT 60 5 04 |4 0.4 |0.13 0.02]| 0.03 0.01]| 62 16 |8 0.6
HARDING 60 5 04 | 4 0.4 |0.13 0.02]| 0.03 0.00| 58 10 |8 0.8
HVOWO03-1551WP | 60 5 05 |4 0.2 | 0.14 0.01| 0.04 0.01| 76 13 |9 0.6
G1878 60 5 04 |4 0.5 | 0.13 0.01| 0.05 0.01| 75 12 |9 0.5
HVOWO03-1379R 60 5 05 |4 0.4 |0.13 0.02| 0.03 0.00| 52 7 9 0.9
HVOWO03-1596R 60 5 06 |4 0.5 | 0.13 0.01| 0.03 0.00]| 55 11 |8 0.6
HVOWO05-1280R 60 5 04 |4 0.5 | 0.13 0.02| 0.04 0.01| 71 15 |9 0.4
HVOWO06-504 60 5 04 |4 0.7 | 0.13 0.01| 0.03 0.00| 61 11 |9 0.4
SPARTAN 60 5 05 |4 0.4 |0.13 0.01| 0.04 0.01| 64 16 |9 0.8
HV906-865 60 5 05 |4 0.3 | 0.13 0.01| 0.05 00171 8 9 0.4
TARKIO 60 5 05 |4 0.5 | 0.13 0.01| 0.03 0.00| 57 10 |9 0.6
SMOKYHILL 60 6 05 |4 0.5 |0.12 0.02| 0.04 0.01| 68 13 |8 0.6
SHOCKER 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.01| 57 11 |8 0.5
VONA 60 5 04 |4 0.4 |0.13 0.02| 0.03 0.00| 54 9 8 0.6
C0940610 60 5 04 |4 0.5 |0.12 0.02| 0.03 0.00| 55 11 |8 0.6
AVALANCHE 60 6 09 |5 0.7 | 0.13 0.01| 0.04 0.01| 69 15 |10 0.8
BOND_CL 60 5 05 |4 0.6 | 0.13 0.02| 0.03 0.00| 59 10 |9 0.5
PLATTE 60 5 05 |4 0.6 | 0.13 0.01| 0.03 0.00| 61 11 |9 0.4
LINDON 60 5 04 |4 0.4 |0.13 0.01| 0.04 0.01| 62 11 |8 0.7
CO03wW043 60 5 05 |4 0.5 | 0.13 0.01| 0.03 0.01| 60 12 |9 0.4
SNOWMASS 60 5 05 |4 0.5 | 0.13 0.02| 0.03 0.01| 59 10 |8 0.4
THUNDER_CL 60 5 04 |4 0.2 | 0.13 0.01| 0.04 0.01| 72 10 |9 0.5
C004025 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00| 57 11 |9 0.7
C0O04393 60 5 05 |4 0.4 |0.13 0.01| 0.04 0.00| 74 11 |9 0.4
C004499 60 5 04 |4 04 |0.14 0.01| 0.03 0.00| 54 9 9 0.6
CO04W320 60 6 09 |5 1.0 | 0.14 0.01| 0.04 0.01| 56 17 |9 0.7
LAMAR 60 5 04 |4 0.5 | 0.14 0.01| 0.04 0.01| 69 10 |9 0.8
CARSON 60 6 09 |5 0.8 | 0.15 0.01| 0.04 0.01| 59 8 10 0.1
HAIL 60 5 02 |4 0.7 | 0.14 0.01| 0.03 0.00| 52 5 8 0.7
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SANDY 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00| 56 8 9 0.7
DUKE 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00| 57 8 9 0.4
HALT 60 5 05 |4 04 |0.14 0.01| 0.05 0.01| 73 10 |9 0.2
HATCHER 60 5 04 |4 0.6 | 0.13 0.01| 0.03 0.00| 57 8 8 0.5
PRAIRIE_RED 60 5 05 |5 0.4 |0.13 0.01| 0.04 0.01]| 63 14 |9 0.4
ABOVE 60 5 03 |4 0.6 | 0.13 0.00| 0.03 0.00| 57 9 9 0.6
CO03064 60 5 03 |4 0.6 | 0.13 0.01| 0.04 0.01| 68 13 |9 0.6
BILL_BROWN 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.01]| 59 12 |8 0.3
RIPPER 60 5 04 |4 0.6 | 0.12 0.02| 0.03 0.00| 53 6 9 0.3
PROWERS 60 5 04 | 4 0.3 | 0.13 0.01| 0.04 0.01| 64 11 |8 0.4
AKRON 60 5 05 |4 0.5 | 0.13 0.01| 0.04 0.01]| 67 14 |9 0.6
JULES 60 5 04 | 4 0.3 | 0.14 0.01] 0.04 0.01]| 66 11 |9 0.9
YUMA 60 5 05 |4 0.5 | 0.13 0.01] 0.04 0.01]| 66 11 |8 0.7
TAMW-101 60 5 04 | 4 0.3 | 0.13 0.01| 0.04 0.01]| 67 10 |8 0.4
TAM105 60 5 04 |4 04 |0.14 0.01| 0.03 0.01]| 58 10 |9 0.4
TAM107 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 65 10 |8 0.2
TAM109 60 5 04 |4 0.5 | 0.13 0.01] 0.04 0.00| 73 10 |9 0.3
TAM110 60 5 04 |4 0.2 | 0.14 0.01| 0.04 0.00| 70 10 |9 0.5
TAM111 60 5 05 | 4 04 | 0.14 0.01| 0.04 0.01| 76 17 |9 0.5
TAM112 60 5 05 |4 0.2 | 0.12 0.01| 0.04 0.00| 77 10 |8 0.4
TAM200 60 5 03 |4 0.3 | 0.13 0.02| 0.04 0.01| 77 13 |8 0.3
TAM202 60 5 05 |4 0.3 | 0.13 0.01| 0.03 0.01| 62 12 |7 0.8
TAM203 60 5 05 |4 0.2 | 0.13 0.01| 0.04 0.00| 75 8 8 0.5
TAM302 60 5 04 |4 04 |0.13 0.01| 0.04 00171 9 8 0.3
TAM303 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.00| 63 14 |8 0.6
TAM304 60 5 04 |4 0.2 | 0.13 0.01| 0.04 0.01| 67 11 |8 0.4
TAM400 60 5 03 |4 0.3 | 0.14 0.01| 0.03 0.01| 65 10 |7 0.2
LOCKETT 60 5 05 |4 04 |0.14 0.01| 0.03 0.01| 63 11 |9 0.6
STURDY 60 5 03 |4 0.5 | 0.13 0.01| 0.04 0.01| 70 14 |8 0.6
STURDY_2K 60 5 05 |4 0.6 | 0.13 0.01| 0.04 0.00| 79 12 |9 0.3
MIT 60 5 04 |4 0.3 | 0.13 0.02| 0.04 0.01| 74 14 |8 0.6
CAPROCK 60 5 04 |4 0.4 |0.13 0.01| 0.04 0.00| 71 10 |9 0.5
TX01A5936 60 5 06 |4 0.2 | 0.13 0.01| 0.03 0.00| 61 13 |8 0.4
TAM401 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.00| 72 10 |9 0.3
TX02A0252 60 5 05 |4 0.4 |0.13 0.01| 0.04 0.01| 80 12 |9 0.5
TX03A0148 60 5 04 |4 0.6 | 0.13 0.01| 0.04 00171 12 |8 0.2
TX03A0563 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 64 12 |8 0.8
TX04A001246 60 5 03 |4 0.5 | 0.12 0.02| 0.05 0.01| 84 13 |8 0.7
TX01V5134RG3 60 4 04 |4 0.3 | 0.13 0.01| 0.04 0.00| 76 11 |8 0.1
TX04M410164 60 5 04 |4 0.4 |0.13 0.01| 0.04 0.01| 66 13 |8 0.6
TX04M410211 60 6 06 |5 0.8 | 0.15 0.01| 0.04 0.01| 59 17 |11 0.6
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TX04V075080 60 5 04 |4 0.4 |0.13 0.01| 0.04 0.00| 72 8 7 0.4
TX99A01531 60 5 04 |4 0.6 | 0.14 0.01| 0.04 0.01| 63 9 8 0.6
TX01M500928 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.00| 75 8 8 0.8
TX00V1131 60 5 04 |4 0.6 | 0.13 0.01| 0.04 0.00| 71 9 9 0.3
TX99UB8618 60 4 04 |4 0.4 |0.13 0.01| 0.04 0.01| 64 12 |8 0.8
TX96D1073 60 5 04 |4 0.4 |0.13 0.01| 0.04 0.01| 69 11 |8 0.4
2180 60 5 03 |4 0.6 | 0.14 0.01| 0.03 0.00| 58 9 9 0.6
HG-9 60 5 04 |4 0.5 | 0.14 0.01| 0.04 0.01]| 69 15 |8 0.4
TX86A5606 60 6 0.7 |5 0.7 | 0.15 0.01| 0.05 0.01| 69 9 11 0.5
TX86A8072 60 5 04 | 4 0.4 | 0.14 0.01| 0.04 0.00| 77 9 8 0.4
CREST 60 5 05 |4 0.4 |0.13 0.01| 0.04 0.01| 68 12 |9 0.9
ROSEBUD 60 5 05 |4 0.4 |0.13 0.01] 0.04 0.00| 70 9 9 0.3
JUDITH 60 5 05 |4 0.6 | 0.13 0.01] 0.04 0.01]| 65 10 |8 0.6
MT85200 60 5 05 |4 0.3 | 0.14 0.01| 0.04 0.01| 71 15 |9 0.8
NUSKY 60 5 04 |4 0.5 | 0.14 0.01| 0.03 0.00| 59 13 |8 0.8
MT9513 60 5 03 |4 0.5 | 0.14 0.01| 0.04 0.01| 69 13 |8 0.5
MT9904 60 5 04 |4 0.4 |0.13 0.01] 0.04 0.01| 72 11 |9 0.2
NORRIS 60 5 03 |4 0.5 | 0.14 0.01| 0.03 0.01]| 59 9 8 0.2
YELLOWSTONE | 60 5 04 |4 0.5 | 0.14 0.01| 0.03 0.01]| 57 12 |9 0.9
MT0495 60 5 04 |4 0.5 | 0.12 0.02] 0.04 0.01| 78 15 |8 0.3
MTS0531 60 6 09 |5 0.8 | 0.13 0.01| 0.04 0.01| 80 14 |11 15
DECADE 60 6 04 |4 0.3 | 0.13 0.01| 0.04 0.01| 68 16 |9 0.5
MTO06103 60 5 04 |4 05 | 0.14 0.01| 0.04 0.01| 64 11 |8 0.5
JUDEE 60 5 03 |4 0.3 | 0.13 0.00| 0.04 0.01| 63 11 |8 0.1
LAKIN 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.00| 59 10 |9 0.5
STANTON 60 6 05 |4 0.4 |0.13 0.01| 0.04 0.01| 67 12 |9 0.2
TREGO 60 5 03 |4 04 |0.14 0.01| 0.04 0.00| 70 13 |9 0.7
KARL_92 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00| 62 9 9 0.5
DODGE 60 5 03 |4 0.5 | 0.13 0.01| 0.04 00171 21 |9 0.5
NORKAN 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 63 10 |9 0.6
CHENEY 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.00| 61 11 |8 0.4
NEWTON 60 5 04 |4 0.4 |0.12 0.02| 0.04 0.01| 64 11 |8 0.6
LARNED 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 67 13 |8 0.7
PARKER76 60 5 03 |4 0.6 | 0.13 0.01| 0.03 0.00| 59 6 8 0.2
KIRWIN 60 5 04 |4 0.4 |0.12 0.01| 0.03 0.00| 60 6 9 0.7
SAGE 60 5 05 |4 0.6 |0.12 0.02| 0.03 0.00| 61 10 |9 0.5
TRISON 60 5 04 |4 0.6 |0.12 0.02| 0.03 0.00| 60 13 |9 0.5
EAGLE 60 5 04 |4 0.6 |0.12 0.02| 0.03 0.00| 57 7 8 0.5
SHAWNEE 60 5 04 |4 0.6 | 0.13 0.02| 0.03 0.00| 60 11 |8 0.5
PARKER 60 5 04 |4 0.3 | 0.14 0.01| 0.04 0.01| 65 14 |9 1.0
KAW61 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.01| 59 8 8 0.5
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TASCOSA 60 7 08 |5 09 | 0.14 0.01| 0.04 0.01| 79 16 |11 0.3
BISON 60 5 03 |4 0.5 | 0.12 0.02| 0.03 0.01| 62 14 |9 0.7
KIOWA 60 5 05 |4 0.2 | 0.13 0.02| 0.03 0.01| 64 12 |8 0.5
WICHITA 60 5 04 |4 0.2 | 0.13 0.01| 0.04 0.01| 64 12 |8 0.1
COMANCHE 60 5 04 |4 0.4 |0.13 0.01| 0.04 0.01]| 58 9 8 0.4
BAKERS_WHITE | 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00]| 60 9 8 0.5
BURCHETT 60 5 04 |4 0.6 | 0.13 0.01| 0.03 0.00| 54 7 8 0.4
CUTTER 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.01]| 58 13 |9 0.9
DUMAS 60 5 03 |4 0.6 | 0.13 0.02| 0.03 0.01| 64 10 |8 0.5
HONDO 60 5 04 | 4 0.5 | 0.13 0.02]| 0.03 0.00| 56 6 8 1.0
JAGALENE 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.00| 62 12 |9 0.5
LONGHORN 60 5 04 | 4 0.5 | 0.13 0.01| 0.03 0.00| 62 10 |8 0.5
NEOSHO 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.00]| 54 8 9 0.5
OGALLALA 60 5 04 | 4 0.6 | 0.13 0.01| 0.03 0.00| 57 5 9 0.7
POSTROCK 60 5 03 |4 0.8 | 0.13 0.01| 0.03 0.00]| 53 7 8 0.8
THUNDERBOLT 60 5 04 |4 0.7 | 0.13 0.01| 0.03 0.01]| 55 11 |8 0.4
WO04-417 60 5 04 |4 0.6 | 0.13 0.01| 0.03 0.01| 54 8 9 0.4
NUFRONTIER 60 5 03 |4 0.6 | 0.12 0.02| 0.03 0.00| 57 6 8 0.3
NUHORIZON 60 5 05 | 4 0.5 | 0.13 0.01| 0.03 0.00| 57 9 8 0.3
ONAGA 60 6 05 |5 0.7 | 0.15 0.01| 0.04 0.01| 64 9 11 0.9
RONL 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.01| 53 11 |8 0.7
2145 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.00| 49 9 8 0.3
HEYNE 60 5 05 |4 0.2 | 0.13 0.01| 0.03 0.01| 50 10 |8 0.4
KSO00F520-3 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.00| 52 8 9 0.8
OVERLEY 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.00| 51 8 9 0.4
FULLER 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.01| 50 9 8 0.5
COSSACK 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.01| 55 11 |8 0.8
ENHANCER 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.00| 52 6 8 0.9
SANTA_FE 60 5 04 |4 0.6 | 0.13 0.01| 0.03 0.00| 54 8 9 0.2
VENANGO 60 5 04 |4 0.5 |0.12 0.02| 0.03 0.00| 54 8 8 0.5
WB411W 60 5 04 |4 0.6 | 0.13 0.01| 0.03 0.00| 56 10 |8 0.8
KEOTA 60 5 05 |4 0.5 | 0.13 0.00| 0.03 0.00| 53 5 9 0.4
TX05A001822 60 6 04 |4 0.6 | 0.13 0.00| 0.03 0.00| 52 5 8 0.4
TX06A001263 60 5 05 |4 0.5 | 0.13 0.00| 0.03 0.00| 56 8 8 0.7
TX06A001132 60 5 04 |4 0.5 | 0.13 0.00| 0.03 0.00| 56 8 8 0.7
TX06A001281 60 5 04 |4 0.5 | 0.13 0.00| 0.03 0.00| 56 6 9 0.5
TX06A001386 60 5 04 |4 0.4 |0.13 0.00| 0.03 0.00| 55 6 9 0.8
TX05V7259 60 5 04 |4 0.6 | 0.13 0.02| 0.03 0.00| 50 9 8 0.6
TX05V7269 60 5 04 |4 0.5 | 0.13 0.00| 0.03 0.00| 55 5 8 0.8
TX05A001188 60 5 03 |4 0.5 | 0.13 0.00| 0.03 0.00| 54 5 8 0.3
TX07A001279 60 5 04 |4 0.6 | 0.13 0.00| 0.03 0.00| 57 8 9 0.7
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TX07A001318 60 5 04 |4 0.6 | 0.13 0.00| 0.03 0.00| 58 11 |8 0.7
TX07A001420 60 6 05 |4 0.5 | 0.13 0.01| 0.03 0.01]| 58 7 8 0.9
TX06V7266 60 5 05 |4 0.5 | 0.13 0.00| 0.03 0.01| 61 8 9 0.7
OK1067071 60 5 04 |4 0.4 |0.13 0.00| 0.04 0.01| 64 12 |8 0.9
OK1067274 60 5 04 |4 0.4 |0.13 0.00| 0.03 0.00| 57 7 9 0.8
OK1068002 60 5 04 |4 0.4 |0.13 0.00| 0.04 0.01]| 62 10 |8 11
OK1068009 60 6 05 |4 0.7 | 0.13 0.00| 0.03 0.00| 62 10 |9 0.9
OK1068026 60 5 04 |4 0.5 | 0.12 0.02| 0.03 0.00| 57 9 9 0.6
OK1068112 60 5 04 |4 0.5 | 0.13 0.02| 0.03 0.01]| 59 10 |8 0.6
OK1070275 60 5 03 |4 0.7 | 0.13 0.00| 0.03 0.00| 60 9 9 0.5
OK1070267 60 6 05 |4 0.5 | 0.13 0.00| 0.03 0.01]| 59 6 8 0.6
OK09634 60 5 03 |4 0.5 | 0.13 0.00| 0.03 0.00| 61 9 9 0.8
OK10119 60 5 04 |4 0.5 | 0.13 0.00| 0.03 0.00| 59 7 8 0.4
GALLAGHER 60 5 05 |4 0.5 | 0.13 0.01| 0.03 0.01]| 58 7 9 0.9
OKO07231 60 5 04 |4 0.5 | 0.13 0.00| 0.03 0.01| 64 15 |8 0.9
OKO07S117 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.01| 60 10 |8 0.8
OK08328 60 5 04 |4 0.6 | 0.13 0.00| 0.03 0.00| 59 7 8 0.9
BIG_SKY 60 5 03 |4 0.4 | 0.13 0.01| 0.03 0.01]| 62 10 |8 0.2
DANBY 60 6 05 | 4 0.6 | 0.13 0.01| 0.03 0.01]| 59 10 |9 0.5
E2041 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.00]| 55 7 9 0.5
DENALI 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.00| 55 9 8 0.8
CO0503372 60 5 04 |4 0.3 | 0.13 0.00| 0.03 0.00| 58 11 |8 0.5
BYRD 60 5 04 |4 0.3 | 0.13 0.01| 0.03 0.01| 56 8 9 0.8
CO07W245 60 5 04 |4 04 |0.13 0.00| 0.03 0.00| 60 10 |8 0.7
MCGILL 60 5 05 |4 0.5 | 0.13 0.01| 0.03 0.00| 61 10 |9 0.5
NE02558 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.01| 62 11 |8 0.6
NWO03666 60 5 04 |4 0.3 | 0.13 0.01| 0.04 0.01| 70 17 |8 0.2
NE04490 60 5 04 |4 0.4 |0.13 0.01| 0.03 0.01| 62 9 8 0.5
NE05430 60 5 05 |4 0.3 | 0.13 0.01| 0.04 0.01| 62 9 8 0.2
NE05496 60 5 04 |4 0.5 | 0.13 0.00| 0.04 0.01| 63 7 9 0.7
NE05548 60 5 04 |4 0.5 | 0.13 0.00| 0.04 0.01| 63 8 8 0.3
NE06545 60 5 05 |4 0.5 | 0.13 0.01| 0.04 0.01| 62 12 |8 1.0
NE06607 60 5 05 |4 0.5 | 0.13 0.01| 0.04 0.01| 65 10 |8 0.8
ROBIDOUX 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 62 8 8 0.2
NI06736 60 5 04 |4 0.5 | 0.13 0.01| 0.03 0.01| 59 8 8 0.4
NI06737 60 5 05 |4 0.5 | 0.13 0.01| 0.03 0.01| 59 10 |8 0.5
NI07703 60 5 03 |4 0.5 | 0.13 0.01| 0.03 0.01| 57 12 |8 0.7
N108707 60 5 04 |4 0.4 |0.13 0.00| 0.03 0.01| 61 11 |8 0.4
N108708 60 5 04 |4 0.5 | 0.13 0.01| 0.04 0.01| 61 9 8 0.3
EVEREST 60 5 05 |4 0.5 | 0.13 0.01| 0.04 0.01| 61 7 8 0.8
TRIUMPH64 120 2 06 |2 0.4 | 0.08 0.01| 0.02 0.01| 28 11 |3 0.5
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CHISHOLM 120 3 05 |2 0.4 |0.10 0.01| 0.02 0.01| 35 16 |4 0.5
CUSTER 120 3 06 |2 0.5 | 0.09 0.01| 0.02 0.01]| 38 16 |2 0.4
217405 120 3 08 |2 0.7 | 0.10 0.02| 0.02 0.01| 23 11 |1 0.2
INTRADA 120 2 05 |1 0.4 | 0.08 0.01] 0.01 0.01]| 26 10 |2 0.3
OK101 120 3 06 |2 0.3 | 0.10 0.01| 0.02 0.01| 41 18 |2 0.4
OK102 120 3 05 |2 0.4 | 0.08 0.01| 0.02 0.01| 31 15 |2 0.4
ENDURANCE 120 4 03 |3 0.2 | 0.10 0.01| 0.03 0.01]| 44 7 6 0.4
DELIVER 120 3 06 |1 0.4 | 0.09 0.01| 0.02 0.01| 30 16 |2 0.5
OK_BULLET 120 3 06 |2 0.4 | 0.09 0.01| 0.02 0.01] 33 12 |2 0.6
CENTERFIELD 120 3 06 |2 0.4 | 0.09 0.01| 0.02 0.01]| 28 13 |3 0.2
GUYMON 120 6 10 | 4 0.6 |0.11 0.01| 0.03 0.01] 53 18 |8 0.4
DUSTER 120 3 06 |2 0.5 | 0.08 0.01| 0.02 0.01| 31 16 |3 0.5
OK_RISING 120 3 04 |2 0.4 | 0.10 0.01| 0.02 0.01| 30 17 |2 0.5
OK02405 120 2 05 |2 0.4 | 0.10 0.01| 0.02 0.01]| 28 15 |2 0.3
PETE 120 3 06 |2 0.4 |0.10 0.01| 0.02 0.01]| 38 17 |2 0.3
BILLINGS 120 2 05 |2 0.5 | 0.08 0.01| 0.02 0.01] 33 15 |2 0.4
OKO04505 120 2 04 |1 0.5 | 0.10 0.01] 0.01 0.01]| 26 17 |2 0.5
OK04525 120 3 06 |2 0.5 | 0.09 0.01| 0.02 0.01]| 29 15 |2 0.6
OK04507 120 3 03 |3 0.3 | 0.10 0.01| 0.02 0.01]| 38 13 |5 0.4
OKO05830 120 3 05 |2 0.5 | 0.09 0.01| 0.02 0.01]| 32 19 |2 0.3
OK04111 120 3 05 |2 0.4 | 0.09 0.01| 0.02 0.01|31 15 |2 0.5
OK04415 120 3 05 |2 0.4 | 0.09 0.01| 0.01 0.01| 27 14 |2 0.6
OKO05711W 120 3 06 |2 0.2 | 0.10 0.01| 0.02 0.01| 35 16 |3 0.2
OKO05723W 120 2 04 |1 0.3 | 0.10 0.01| 0.01 0.01| 26 16 |2 0.3
OK05108 120 3 06 |2 06 011 0.01| 0.02 0.01| 32 9 3 0.1
OK05122 120 3 06 |2 0.4 | 0.09 0.01| 0.02 0.01| 41 19 |2 0.4
OK05526 120 3 06 |2 0.5 | 0.09 0.01| 0.02 0.01| 28 14 |2 0.4
OK05134 120 3 06 |2 0.5 | 0.10 0.01| 0.02 0.01| 27 15 |2 0.8
OK05303 120 2 06 |2 0.5 | 0.09 0.01| 0.02 0.01| 36 15 |2 0.5
OK05312 120 3 05 |2 0.3 | 0.10 0.01| 0.02 0.01| 30 15 |2 0.3
OKO05511 120 3 06 |2 0.4 | 0.09 0.01| 0.01 0.01| 25 14 |2 0.5
OK05204 120 3 04 |2 0.4 |0.10 0.01| 0.02 0.01| 39 18 |2 0.5
GARRISON 120 3 04 |2 0.4 |0.10 0.01| 0.02 0.01| 35 13 |3 0.3
OK06114 120 3 05 |2 0.6 | 0.09 0.01| 0.02 0.01| 27 13 |2 0.5
OK06210 120 3 04 |2 0.3 | 0.10 0.01| 0.02 0.01| 41 17 |4 0.4
OK06319 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01| 33 17 |2 0.4
OK06318 120 2 04 |2 0.3 | 0.10 0.01| 0.02 0.01| 35 17 |2 0.2
OK06336 120 2 0.2 |2 0.5 | 0.10 0.01| 0.02 0.01| 37 16 |2 0.3
AGATE 120 2 03 |1 0.4 |0.10 0.01| 0.01 0.01| 25 14 |1 0.4
ALLIANCE 120 2 04 |1 0.5 | 0.09 0.01| 0.01 0.01| 26 16 |2 0.1
ANTELOPE 120 2 03 |1 0.5 | 0.08 0.01| 0.01 0.01| 23 16 |2 0.5
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ARAPAHOE 120 2 04 |1 0.6 | 0.10 0.01| 0.02 0.01]| 29 13 |1 0.6
BENNETT 120 3 06 |2 0.4 |0.10 0.01| 0.02 0.01| 34 15 |2 0.3
BUCKSKIN 120 2 05 |2 0.5 | 0.09 0.01| 0.02 0.01| 34 17 |2 0.2
CENTURK78 120 3 06 |2 0.5 | 0.10 0.01| 0.02 0.01]| 37 16 |2 0.6
CHEYENNE 120 3 05 |2 0.3 | 0.10 0.01| 0.02 0.01]| 37 17 |3 0.2
COLT 120 2 04 |1 0.6 | 0.10 0.01| 0.02 0.01]| 29 15 |2 0.4
COUGAR 120 2 05 |2 0.6 | 0.09 0.01| 0.02 0.01]| 29 15 |3 0.6
CULVER 120 2 06 |2 0.5 | 0.08 0.01| 0.02 0.01]| 32 18 |2 0.4
GAGE 120 4 05 |3 0.8 | 0.10 0.01| 0.03 0.01]| 52 19 |7 0.5
GOODSTREAK 120 3 0.2 |2 0.3 | 0.10 0.01| 0.02 0.01]| 36 15 |5 0.1
HALLAM 120 3 03 |2 0.2 | 0.09 0.01] 0.01 0.01]| 26 14 |4 0.2
HARRY 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01]| 28 14 |1 0.3
HOMESTEAD 120 3 05 |2 0.3 | 0.10 0.01| 0.02 0.01| 34 16 |3 0.1
INFINITY_CL 120 2 04 |2 0.4 | 0.09 0.01| 0.02 0.01]| 29 18 |2 0.5
KHARKOF 120 3 06 |2 0.3 | 0.10 0.01| 0.02 0.01| 34 16 |3 0.3
MILLENNIUM 120 2 05 |2 0.4 | 0.09 0.01| 0.02 0.01]| 32 15 |2 0.4
CAMELOT 120 2 04 |1 0.4 | 0.09 0.01| 0.02 0.01]| 27 13 |2 0.5
OVERLAND 120 3 06 |2 0.4 | 0.09 0.01| 0.02 0.01| 34 17 |2 0.5
NE99495 120 3 03 |2 0.2 | 0.10 0.01| 0.02 0.01] 33 14 |5 0.3
NIOBRARA 120 4 04 |3 0.2 | 0.10 0.01| 0.02 0.01]| 38 18 |5 0.5
NUPLAINS 120 2 05 |2 0.5 | 0.09 0.01] 0.02 0.01]| 26 16 |3 0.4
PRONGHORN 120 2 03 |2 0.5 | 0.09 0.01| 0.02 0.01]| 28 16 |2 0.2
RAWHIDE 120 2 04 |1 0.6 | 0.09 0.02| 0.02 0.01]| 35 19 |2 0.3
REDLAND 120 2 05 |2 0.5 | 0.09 0.01] 0.02 0.01| 30 15 |2 0.4
SCOUT66 120 3 05 |2 0.3 | 0.10 0.01| 0.02 0.01]| 36 18 |3 0.2
SIOUXLAND 120 2 05 |1 0.5 | 0.09 0.01| 0.02 0.01]| 32 13 |2 0.3
TURKEY_NEBSEL | 120 2 04 |2 0.6 | 0.09 0.01| 0.02 0.01]| 32 18 |3 0.4
VISTA 120 2 05 |1 0.5 | 0.09 0.01| 0.02 0.01| 34 19 |2 0.5
WAHOO 120 2 05 |1 0.6 | 0.09 0.01| 0.01 0.01| 25 16 |2 0.4
WARRIOR 120 3 06 |2 0.6 | 0.09 0.01| 0.02 0.01]| 35 13 |3 0.3
WESLEY 120 3 02 |2 0.5 | 0.10 0.01| 0.02 0.01]| 38 18 |5 0.5
WICHITA 120 3 06 |2 0.6 | 0.09 0.01| 0.02 0.01]| 38 16 |3 0.3
WINDSTAR 120 2 05 |2 0.6 | 0.09 0.01| 0.02 0.01| 30 19 |2 0.6
LANCER 120 2 06 |2 0.7 | 0.10 0.01| 0.02 0.01] 33 15 |3 0.3
ANTON 120 2 05 |1 0.6 | 0.09 0.01| 0.02 0.01| 34 15 |2 0.4
MACE 120 2 04 |1 0.5 | 0.08 0.01| 0.01 0.01| 25 18 |2 0.5
TAM107-R7 120 2 05 |2 0.5 | 0.09 0.01| 0.01 0.01]| 23 16 |2 0.3
ARLIN 120 3 0.7 | 2 0.4 | 0.10 0.01| 0.02 0.01] 40 19 |2 0.3
ALICE 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01]| 28 12 |2 0.5
DARRELL 120 2 04 |2 0.7 | 0.09 0.01| 0.02 0.01]| 32 12 |3 0.5
EXPEDITION 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01| 30 18 |3 0.3
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WENDY 120 3 03 |2 03 |0.11 0.01| 0.02 0.01| 41 13 |5 0.5
SD001119 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01| 30 12 | 2 0.5
SD01237 120 2 04 |2 0.6 | 0.09 0.01| 0.02 0.01]| 32 15 |3 0.4
SD01058 120 2 04 |1 0.4 | 0.09 0.01| 0.02 0.01]| 32 13 |2 0.2
SD05118 120 3 0.7 | 2 0.6 | 0.10 0.01| 0.02 0.01]| 37 18 |3 0.3
SD05210 120 2 05 |1 0.4 | 0.09 0.01] 0.01 0.01]| 27 17 |2 0.3
SDO5W018 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01]| 27 14 |3 0.6
NEKOTA 120 3 06 |2 0.3 | 0.10 0.01| 0.02 0.01]| 38 16 |3 0.2
TANDEM 120 3 06 |2 0.4 | 0.10 0.01| 0.02 0.01| 35 17 |3 0.2
CRIMSON 120 2 04 |1 0.6 | 0.09 0.01| 0.02 0.01| 31 15 |2 0.4
ROSE 120 2 03 |1 0.5 | 0.09 0.01| 0.02 0.01]| 27 16 |1 0.2
DAWN 120 3 04 |2 0.5 | 0.10 0.01| 0.02 0.01]| 35 14 |3 0.4
WINOKA 120 2 05 |2 0.5 | 0.09 0.01| 0.02 0.01| 31 20 |1 0.6
NELL 120 3 05 |2 0.5 | 0.10 0.01| 0.02 0.01]| 36 16 |3 0.5
RITA 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01| 30 16 |3 0.3
BRONZE 120 2 05 |1 0.4 | 0.08 0.01| 0.02 0.01]| 28 15 |2 0.3
HUME 120 3 05 |2 0.4 | 0.09 0.01| 0.02 0.01| 31 14 |2 0.4
GENT 120 2 04 |2 0.6 | 0.09 0.01| 0.02 0.01]| 28 15 |2 0.5
HARDING 120 2 06 |1 0.5 | 0.09 0.01| 0.02 0.01]| 32 16 |2 0.4
HVOWO03-1551WP | 120 2 06 |2 0.3 | 0.10 0.01| 0.02 0.01] 33 17 |2 0.2
G1878 120 2 05 |2 0.6 | 0.10 0.01] 0.02 0.01| 34 16 |2 0.3
HVOWO03-1379R 120 2 03 |1 0.5 | 0.09 0.01| 0.01 0.01]| 26 16 |2 0.3
HVOWO03-1596R 120 2 04 |2 0.6 | 0.08 0.01| 0.02 0.01]| 28 16 |3 0.4
HVOWO05-1280R 120 2 06 |2 0.7 | 0.09 0.01] 0.02 0.01] 33 19 |2 0.6
HVOWO06-504 120 2 05 |2 0.5 | 0.09 0.01| 0.02 0.01| 30 16 |3 0.3
SPARTAN 120 2 05 |1 0.6 | 0.09 0.01| 0.02 0.01]| 28 16 |2 0.4
HV906-865 120 2 06 |2 0.6 | 0.10 0.01| 0.02 0.01]| 36 16 |3 0.4
TARKIO 120 2 05 |1 0.6 | 0.09 0.01| 0.02 0.01]| 32 18 |2 0.3
SMOKYHILL 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01] 33 17 |2 0.5
SHOCKER 120 2 04 |1 0.5 | 0.10 0.01| 0.02 0.01]| 27 16 |2 0.4
VONA 120 2 04 |2 0.5 | 0.08 0.01| 0.02 0.01| 31 16 |2 0.4
C0940610 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01]| 32 16 |2 0.3
AVALANCHE 120 3 09 |2 0.8 | 0.10 0.01| 0.02 0.01] 40 17 |3 0.4
BOND_CL 120 2 05 |2 0.5 | 0.09 0.01| 0.02 0.01]| 29 16 |2 0.5
PLATTE 120 2 03 |1 0.6 | 0.09 0.01| 0.02 0.01]| 32 14 |2 0.4
LINDON 120 2 04 |1 0.5 | 0.08 0.01| 0.02 0.01]| 32 18 |2 0.2
CO03w043 120 2 05 |1 0.6 | 0.10 0.01| 0.02 0.01]| 29 12 |3 0.4
SNOWMASS 120 2 05 |2 0.5 | 0.09 0.01| 0.02 0.01]| 28 11 |3 0.8
THUNDER_CL 120 3 05 |2 0.4 | 0.10 0.01| 0.02 0.01] 33 15 |3 0.4
C0O04025 120 2 04 |2 0.6 | 0.09 0.01| 0.02 0.01| 30 16 |3 0.5
C0O04393 120 3 04 |2 0.5 | 0.10 0.01| 0.02 0.01]| 37 16 |4 0.5
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C0O04499 120 2 05 |2 0.6 | 0.09 0.01] 0.01 0.01| 25 17 |3 0.9
C0O04W320 120 4 0.7 | 2 0.8 | 0.11 0.01| 0.02 0.01| 28 11 |2 0.5
LAMAR 120 3 05 |2 0.5 | 0.10 0.01| 0.02 0.01| 35 18 |3 0.4
CARSON 120 4 0.7 | 2 0.9 | 0.10 0.02| 0.02 0.01]| 33 10 |2 0.3
HAIL 120 2 0.7 | 2 0.5 | 0.10 0.01| 0.02 0.01]| 28 13 |1 0.2
SANDY 120 2 05 |2 0.5 | 0.10 0.01| 0.02 0.01| 30 16 |2 0.4
DUKE 120 2 06 |1 0.6 | 0.09 0.01| 0.02 0.01| 31 14 |2 0.3
HALT 120 3 05 |2 0.5 | 0.10 0.01| 0.02 0.01] 33 16 |3 0.1
HATCHER 120 2 05 |2 0.4 | 0.09 0.01] 0.01 0.01]| 27 15 |1 0.4
PRAIRIE_RED 120 3 06 |2 0.5 | 0.10 0.01| 0.02 0.01] 33 17 |3 0.7
ABOVE 120 2 04 |2 0.5 | 0.10 0.01| 0.02 0.01| 30 16 |3 0.5
CO03064 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01] 33 18 |2 0.4
BILL_BROWN 120 2 05 |1 0.6 | 0.09 0.01| 0.02 0.01]| 27 16 |1 0.2
RIPPER 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01| 30 12 |1 0.2
PROWERS 120 3 05 |2 0.6 | 0.10 0.01| 0.02 0.01| 34 17 |4 0.4
AKRON 120 2 05 |2 0.4 | 0.10 0.01| 0.02 0.01]| 35 17 |2 0.2
JULES 120 3 06 |2 0.5 | 0.10 0.01| 0.02 0.01] 33 17 |3 0.3
YUMA 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01]| 29 18 |2 0.4
TAMW-101 120 2 04 |1 0.5 | 0.10 0.01| 0.02 0.01| 34 17 |3 0.3
TAM105 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01]| 32 18 |2 0.4
TAM107 120 2 04 |1 0.4 | 0.08 0.01] 0.02 0.01| 30 14 |2 0.6
TAM109 120 2 04 |1 0.4 | 0.08 0.01| 0.02 0.01]| 39 21 |3 0.6
TAM110 120 3 06 |2 0.4 |0.10 0.01| 0.02 0.01] 40 18 |3 0.2
TAM111 120 3 06 |2 0.4 | 0.10 0.01] 0.02 0.01| 31 15 |3 0.4
TAM112 120 3 05 |2 0.5 | 0.09 0.01| 0.02 0.01]| 36 18 |3 0.2
TAM200 120 3 03 |2 0.3 | 0.09 0.01| 0.02 0.01| 31 15 |3 0.2
TAM202 120 2 04 |2 0.4 | 0.09 0.01| 0.02 0.01]| 29 11 |1 0.2
TAM203 120 2 04 |2 0.6 | 0.09 0.01| 0.02 0.01]| 29 15 |2 0.4
TAM302 120 3 0.2 |3 0.3 | 0.10 0.01| 0.02 0.01]| 35 14 |5 0.5
TAM303 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01] 33 19 |1 0.3
TAM304 120 2 03 |1 0.3 | 0.09 0.01| 0.01 0.01]| 27 16 |2 0.2
TAM400 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01| 31 14 |1 0.3
LOCKETT 120 3 05 |2 0.1 | 0.10 0.01| 0.02 0.01]| 39 15 |3 0.2
STURDY 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01| 34 16 |1 0.1
STURDY_2K 120 2 04 |1 0.5 | 0.08 0.01| 0.02 0.01| 31 17 |2 0.3
MIT 120 2 04 |1 0.5 | 0.08 0.01| 0.01 0.01]| 28 15 |2 0.3
CAPROCK 120 3 06 |2 0.4 | 0.10 0.01| 0.02 0.01| 35 15 |3 0.4
TX01A5936 120 2 02 |1 0.3 | 0.08 0.00| 0.02 0.01] 33 17 |2 0.3
TAM401 120 2 03 |2 0.4 | 0.10 0.01| 0.02 0.01]| 32 17 |3 0.5
TX02A0252 120 2 04 |1 0.5 | 0.09 0.01| 0.01 0.01]| 29 17 |1 0.4
TX03A0148 120 2 04 |1 0.5 | 0.08 0.01| 0.01 0.01]| 28 16 |1 0.3
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TX03A0563 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01| 31 17 |1 0.3
TX04A001246 120 2 02 |1 0.5 | 0.09 0.01| 0.02 0.01| 31 22 |2 0.4
TX01V5134RG3 120 3 0.2 |2 0.5 | 0.10 0.01| 0.02 0.01]| 39 14 |5 0.2
TX04M410164 120 2 02 |1 0.3 | 0.09 0.01] 0.01 0.01| 24 14 |2 0.3
TX04M410211 120 3 0.7 | 2 0.7 | 0.10 0.01| 0.02 0.01]| 29 15 |2 0.3
TX04V075080 120 2 04 |1 0.5 | 0.09 0.01| 0.02 0.01]| 32 13 |1 0.4
TX99A01531 120 2 04 |1 0.5 | 0.08 0.01] 0.01 0.01]| 27 17 |2 0.2
TX01M500928 120 2 05 |2 0.4 |0.10 0.01| 0.02 0.01| 35 12 |2 0.3
TX00V1131 120 2 06 |1 0.5 | 0.08 0.01| 0.02 0.01]| 38 20 |2 0.3
TX99U8618 120 3 01 |2 0.3 | 0.10 0.01| 0.02 0.01| 34 16 |4 0.4
TX96D1073 120 2 04 |1 0.5 | 0.08 0.01] 0.01 0.01]| 26 14 |2 0.1
2180 120 2 03 |1 0.5 | 0.09 0.01| 0.02 0.01| 30 16 |2 0.2
HG-9 120 2 04 |2 0.5 | 0.09 0.01] 0.01 0.01]| 27 15 |1 0.4
TX86A5606 120 3 0.7 | 2 0.7 | 0.11 0.01| 0.03 0.01] 40 11 |3 0.5
TX86A8072 120 3 05 |2 0.3 | 0.10 0.01| 0.02 0.01]| 38 15 |3 0.5
CREST 120 3 05 |2 0.2 | 0.09 0.01| 0.02 0.01| 30 16 |2 0.2
ROSEBUD 120 3 05 |2 0.3 | 0.10 0.01| 0.02 0.01]| 37 19 |3 0.3
JUDITH 120 2 04 |1 0.5 | 0.08 0.01] 0.01 0.01]| 28 16 |2 0.3
MT85200 120 3 05 |2 0.6 | 0.10 0.01| 0.02 0.01]| 36 18 |3 0.3
NUSKY 120 2 05 |1 0.5 | 0.08 0.01| 0.02 0.01| 30 19 |1 0.4
MT9513 120 2 06 |2 0.5 | 0.10 0.01] 0.02 0.01]| 37 16 |3 0.3
MT9904 120 3 0.7 |2 0.5 | 0.10 0.01| 0.02 0.01]| 35 14 |3 0.7
NORRIS 120 3 06 |2 0.5 | 0.10 0.01| 0.02 0.01]| 32 14 |3 0.4
YELLOWSTONE 120 2 05 |1 0.5 | 0.10 0.01] 0.02 0.01]| 32 14 |2 0.3
MT0495 120 2 03 |1 0.4 | 0.08 0.01| 0.02 0.01| 30 18 |1 0.3
MTS0531 120 4 0.7 | 4 0.7 | 0.10 0.01| 0.03 0.01| 50 19 |7 0.6
DECADE 120 2 04 |1 0.5 | 0.10 0.01| 0.02 0.01]| 32 18 |3 0.5
MT06103 120 2 02 |1 0.4 | 0.10 0.01| 0.02 0.01] 33 18 |2 0.3
JUDEE 120 2 04 |2 0.5 | 0.09 0.01| 0.02 0.01| 30 17 |2 0.3
LAKIN 120 2 03 |1 0.4 | 0.10 0.01| 0.02 0.01| 34 19 |2 0.5
STANTON 120 2 03 |1 0.5 | 0.09 0.01| 0.02 0.01| 31 18 |2 0.3
TREGO 120 2 01 |1 0.3 | 0.10 0.01| 0.02 0.01]| 32 19 |2 0.0
KARL_92 120 2 04 |1 0.4 | 0.09 0.01| 0.02 0.01]| 32 17 |3 0.3
DODGE 120 2 04 |2 0.4 | 0.09 0.01| 0.02 0.01]| 32 18 |3 0.4
NORKAN 120 2 02 |1 0.3 | 0.08 0.01| 0.01 0.01]| 28 18 |2 0.1
CHENEY 120 2 04 |1 0.4 | 0.08 0.01| 0.02 0.01| 30 16 |1 0.3
NEWTON 120 2 02 |1 0.4 | 0.08 0.01| 0.01 0.01]| 28 15 |2 0.4
LARNED 120 2 05 |2 0.4 | 0.10 0.01| 0.02 0.01]| 32 15 |3 0.2
PARKER76 120 2 02 |1 0.4 | 0.09 0.01| 0.02 0.01]| 32 14 |2 0.3
KIRWIN 120 2 05 |2 0.5 | 0.10 0.01| 0.02 0.01| 30 16 |3 0.4
SAGE 120 2 04 |1 0.5 | 0.08 0.01| 0.01 0.01]| 28 18 |2 0.3
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TRISON 120 2 03 |1 0.5 | 0.08 0.01] 0.01 0.01| 30 18 |2 0.2
EAGLE 120 2 03 |1 0.3 | 0.08 0.01| 0.02 0.01]| 29 18 |2 0.1
SHAWNEE 120 2 01 |1 0.4 | 0.08 0.01] 0.01 0.01]| 27 18 |2 0.1
PARKER 120 2 04 |2 0.6 | 0.10 0.01| 0.02 0.01]| 36 16 |3 0.5
KAWG61 120 2 04 |2 0.5 | 0.10 0.01| 0.02 0.01]| 29 12 |3 0.4
TASCOSA 120 4 05 |3 0.5 |0.11 0.01| 0.03 0.01| 51 14 |7 0.1
BISON 120 2 06 |1 0.5 | 0.08 0.01| 0.02 0.01| 30 19 |3 0.3
KIOWA 120 2 02 |1 0.2 | 0.09 0.01] 0.01 0.01]| 28 17 |2 0.2
WICHITA 120 2 02 |1 0.4 | 0.09 0.01| 0.02 0.01]| 29 19 |2 0.2
COMANCHE 120 2 05 |2 0.5 | 0.10 0.01| 0.02 0.01| 34 16 |3 0.6
BAKERS_WHITE | 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01]| 29 16 |2 0.1
BURCHETT 120 2 05 |1 0.4 | 0.08 0.01] 0.01 0.01| 25 15 |1 0.3
CUTTER 120 3 05 |2 0.5 | 0.10 0.01| 0.02 0.01] 33 17 |3 0.3
DUMAS 120 2 03 |1 0.4 | 0.08 0.01] 0.01 0.01]| 28 15 |2 0.2
HONDO 120 2 01 |1 0.2 | 0.08 0.01] 0.01 0.01]| 27 16 |1 0.1
JAGALENE 120 2 04 |2 0.4 | 0.09 0.01| 0.02 0.01| 30 18 |3 0.3
LONGHORN 120 2 01 |1 0.2 | 0.08 0.01] 0.01 0.01]| 28 13 |2 0.1
NEOSHO 120 2 05 |2 0.4 |0.10 0.01| 0.02 0.01]| 26 14 |3 0.4
OGALLALA 120 2 02 |1 0.4 | 0.08 0.01] 0.01 0.01]| 28 16 |2 0.4
POSTROCK 120 3 05 |2 0.5 | 0.09 0.02| 0.02 0.01]| 39 23 |2 0.4
THUNDERBOLT 120 2 04 |2 0.4 | 0.10 0.01] 0.02 0.01]| 35 16 |3 0.3
WO04-417 120 2 02 |1 0.3 | 0.09 0.01| 0.02 0.01]| 29 16 |1 0.2
NUFRONTIER 120 3 05 |2 0.6 | 0.08 0.01| 0.02 0.01| 31 17 |3 0.3
NUHORIZON 120 2 02 |1 0.3 | 0.10 0.01] 0.02 0.01]| 29 17 |2 0.2
ONAGA 120 4 0.7 |2 0.5 | 0.12 0.02| 0.02 0.01]| 37 11 |4 0.5
RONL 120 2 02 |1 0.3 | 0.09 0.01| 0.02 0.01]| 29 17 |2 0.1
2145 120 2 02 |1 0.2 | 0.09 0.01| 0.01 0.01]| 26 16 |1 0.0
HEYNE 120 2 02 |1 0.2 | 0.09 0.01| 0.01 0.01]| 27 15 |2 0.1
KSO00F520-3 120 2 03 |1 0.3 | 0.08 0.01| 0.01 0.01| 25 14 |1 0.2
OVERLEY 120 3 07 |1 0.6 | 0.09 0.01| 0.02 0.01] 33 19 |2 0.4
FULLER 120 3 06 |2 0.4 | 0.10 0.01| 0.02 0.01| 30 13 |3 0.5
COSSACK 120 3 06 |2 0.5 | 0.10 0.01| 0.02 0.01] 33 15 |3 0.4
ENHANCER 120 3 03 |2 0.2 | 0.10 0.01| 0.02 0.01| 31 16 |4 0.4
SANTA_FE 120 2 02 |1 0.3 | 0.10 0.01| 0.01 0.01]| 28 14 |2 0.2
VENANGO 120 2 03 |1 0.3 | 0.08 0.01| 0.01 0.01]| 28 18 |2 0.1
WB411W 120 2 04 |2 0.4 | 0.10 0.01| 0.02 0.01| 30 11 |3 0.4
KEOTA 120 2 04 |1 0.5 | 0.09 0.01| 0.01 0.01| 25 14 |2 0.1
TX05A001822 120 2 02 |1 0.3 | 0.08 0.01| 0.01 0.01| 25 17 |1 0.1
TX06A001263 120 2 03 |1 0.3 | 0.08 0.01| 0.01 0.01]| 27 18 |2 0.1
TX06A001132 120 2 03 |1 0.3 | 0.08 0.01| 0.01 0.01]| 27 18 |2 0.3
TX06A001281 120 2 07 |1 0.5 | 0.10 0.01| 0.02 0.01]| 38 22 |3 0.4
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TX06A001386 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01| 28 14 |2 0.2
TX05V7259 120 2 02 |1 0.5 | 0.09 0.01| 0.02 0.01| 30 15 |2 0.3
TX05V7269 120 2 02 |1 0.2 | 0.08 0.01] 0.01 0.01| 25 12 |1 0.2
TX05A001188 120 2 02 |1 0.2 | 0.08 0.01| 0.02 0.01]| 28 16 |1 0.1
TX07A001279 120 2 03 |1 0.3 | 0.08 0.01] 0.01 0.01]| 28 15 |2 0.4
TX07A001318 120 2 02 |1 0.2 | 0.10 0.01| 0.02 0.01]| 27 14 |2 0.2
TX07A001420 120 2 05 |2 0.4 | 0.10 0.01| 0.02 0.01| 30 13 |3 0.3
TX06V7266 120 2 03 |1 0.4 | 0.09 0.01] 0.01 0.01]| 27 14 |2 0.1
OK1067071 120 2 02 |1 0.3 | 0.08 0.01| 0.02 0.01]| 28 15 |2 0.2
OK1067274 120 3 04 |2 0.3 | 0.10 0.01| 0.02 0.01]| 32 15 |3 0.5
OK1068002 120 3 05 |2 0.2 | 0.10 0.01| 0.02 0.01]| 35 16 |4 0.4
OK1068009 120 2 02 |1 0.2 | 0.10 0.01| 0.02 0.01] 33 12 | 2 0.2
OK1068026 120 2 01 |1 0.3 | 0.08 0.01] 0.01 0.01]| 27 17 |2 0.2
OK1068112 120 2 02 |1 0.2 | 0.08 0.01] 0.01 0.01] 25 16 |1 0.1
OK1070275 120 2 02 |1 0.2 | 0.08 0.01] 0.01 0.01]| 26 18 |1 0.1
OK1070267 120 2 03 |2 0.5 | 0.10 0.01| 0.02 0.01]| 32 17 |3 0.3
OK09634 120 2 02 |1 0.3 | 0.08 0.01| 0.02 0.01| 30 18 |1 0.1
OK10119 120 2 01 |1 0.3 | 0.08 0.01| 0.02 0.01| 31 18 |1 0.2
GALLAGHER 120 2 02 |1 0.3 | 0.10 0.01| 0.02 0.01]| 36 16 |2 0.0
OKO07231 120 2 05 |1 0.4 |0.10 0.01| 0.02 0.01| 31 18 |3 0.4
OKO07S117 120 3 06 |1 0.5 | 0.09 0.01] 0.02 0.01]| 39 23 |3 0.4
OK08328 120 2 02 |1 0.3 | 0.09 0.01| 0.02 0.01]| 29 17 |2 0.1
BIG_SKY 120 2 02 |1 0.3 | 0.09 0.01| 0.02 0.01]| 29 14 |2 0.2
DANBY 120 2 04 |1 0.3 | 0.10 0.01] 0.02 0.01| 30 15 |2 0.3
E2041 120 2 02 |1 0.2 | 0.09 0.01| 0.01 0.01] 25 15 |1 0.1
DENALI 120 2 05 |2 0.5 | 0.10 0.01| 0.02 0.01] 33 13 |3 0.7
C0O0503372 120 2 03 |1 0.4 | 0.10 0.01| 0.02 0.01| 30 15 |3 0.2
BYRD 120 2 05 |2 0.4 | 0.10 0.01| 0.02 0.01] 33 13 |3 0.3
CO07wW245 120 3 02 |2 0.2 | 0.10 0.01| 0.02 0.01] 33 18 |4 0.3
MCGILL 120 2 02 |1 0.3 | 0.09 0.01| 0.02 0.01| 31 19 |2 0.2
NEO02558 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01| 31 19 |2 0.2
NWO03666 120 2 05 |1 0.5 | 0.10 0.01| 0.02 0.01| 30 17 |2 0.5
NE04490 120 2 06 |2 0.5 | 0.10 0.00| 0.01 0.01]| 27 15 |3 0.3
NEO05430 120 2 01 |1 0.3 | 0.08 0.01| 0.01 0.01]| 27 17 |1 0.2
NEO05496 120 3 05 |2 0.5 | 0.09 0.01| 0.02 0.01| 30 18 |4 0.3
NEO05548 120 2 02 |1 0.3 | 0.10 0.01| 0.02 0.01]| 29 19 |2 0.1
NEO06545 120 2 02 |1 0.3 | 0.09 0.01| 0.01 0.01| 25 18 |2 0.1
NEO06607 120 2 03 |1 0.4 | 0.09 0.01| 0.02 0.01]| 28 12 |2 0.2
ROBIDOUX 120 2 02 |1 0.2 | 0.09 0.01| 0.01 0.01| 25 14 |1 0.3
NI06736 120 2 02 |1 0.2 | 0.09 0.01| 0.02 0.01| 30 17 |1 0.2
NI06737 120 2 02 |1 0.3 | 0.10 0.01| 0.02 0.01| 30 15 |2 0.2
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NI07703 120 2 00 |1 0.3 | 0.10 0.01| 0.02 0.01| 31 11 |2 0.2
NI08707 120 3 03 |2 0.5 | 0.09 0.01| 0.02 0.01| 31 16 |4 0.6
NI08708 120 2 02 |1 0.3 | 0.10 0.01| 0.02 0.01| 35 16 |2 0.2
EVEREST 120 2.6 06 |2 0.5 | 0.10 0.01| 0.02 0.01]| 38 14 |3 0.4

AppendixD-Pi ctur es

Picture 1. Growth chambers used in the experiments.

Picture 2. Winter wheat seedlings were raised in 4 cm tray. (B) After vernalization, they were

|

transplanted into plastic pots (Chapter 3 and 4).
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Picture 3. Sample instruments used in collecting physiological data.

(A) SPAD Meter {o measurdeaf chlorophyll) and(B) Chlorophyll Fluorometert¢ measure
Maximum Quantum yield dPhotosystem II)

!
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(C) LI-6400XT Portable Photosynthesis Sysigo measure gas exchange and photosynthesis
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