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Abstract:

Drought reduces alfalfa yield and quality. The objectives of this study were to: 1) develop screening
procedures to assay alfalfa germ- plasm for drought resistance traits, and 2) determine if genetic
progress could be made for these traits.

. Traits studied included stomatal density, seedling root pattern, resistance to wilting, leaf color, leaflet
size, and germination salt tolerance.

The considerable amount of within-plant variability for stomatal density existing in alfalfa,
necessitating the sampling of leaflets from an extremely large number of stems, prevented the use of
this trait as a selection criterion for drought resistance in alfalfa.

Selection for seedling root pattern and for resistance to wilting indicated that these traits were lowly
heritable. Selection for these traits will result in slow progress.

Selection for leaf color, leaflet size, and germination salt tolerance indicated that these traits were
highly heritable. Selection for these traits will result in rapid progress.
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" ABSTRACT

Drought reduces alfalfa yield and quality. The objectives of this
study were to: 1) develop screening procedures to assay alfalfa germ-
.plasm for drought resistance traits, and 2) determine if genetic
progress could be made for these traits.

‘Traits studied included stomatal density, seedling root pattern,

resistance to wilting, leaf color, leaflet size, and germination salt
tolerance. -

The considerable amount of within-plant variability for stomatal
density existing in alfalfa, necessitating the sampling of leaflets
from an extremely large number of stems, prevented the use of this
- trait as a selection criterion for drought resistance in alfalfa.

Selection for seedling root pattern and for resistance to wilting
indicated that these traits were lowly heritable. Selection for these
‘traits will result in slow progress. '

-Selection for leaf color, leaflet size, and germination salt
tolerance indicated that these traits were highly heritable. Selec-
tion for these traits will result in rapid progress.




CHAPTER I
INTRODUCTION

Alfalfa (Medicago sativa L.) is the most important forage crop in

the United States and the wo;ld. It has been cultivated in the United
States for nearly 250 &ears and has the highest feeding value of 3gll
commonly grown hay crops. - Alfalfa}poséesses a broad range of adapta-‘
tion which ﬁas enaﬁled its successful establishment worldwide. Although
alfalfa is tetraploid and highly self—incoﬁpatible, its breeding has
been highly successful. | |

Moisture is-one of the most impoftant factors limiting alfalfa
growth. Drougﬁt reduces yield and quality. it is complex and there
is little information onlthe factoré affecting drought resistance in
alfalfa...There is also a lack of efficient selection techniques to
screen large populations of alfalfa required to make genetic progress
for drodght reéistaﬁce; To develop-drought—resistanf alfalfa cultivars
selection criteria must be identified and incorporated into alfalfa
breeding‘programs.

The objectives of this study were to: 1) devéiop efficient
screehing procedures for physiological and morphological traits related
to drought resistance of alfalfa, and 2) determine if progress through

divergent selection can be made for these traits.




CHAPTER I1I
LITERATURE REVIEW

Alfalfa (Medicago sativa L.) was the first domesticated forage crop

(34). Alfalfa, now worldwide in distribution (38, 112), probably
'originated'in the Near East and/or Central Asi# (34). It 1s believed
to have been fifst cultivated in Iran, and the first documented attempt
ta grow alfalfa in the United States was in Georgia in 1736 (112). It
is now the most important forage crop in the United States and the world,
and it has th; highest feeding value of all commonly gréwn hay crops
(112). |
In the semi-arid western plains, moisture 1s one of the mdst

important factors limifing plant growth and breeders have been trying

to develop drought-hardy forage crop cultivars for dryland production
(26, 36, 91, 195, 232, 303). Drought reduces crop yield, quality, plant
héight, and vigor (214), and influences almost all physiological
- processes (207). Although alfalfa 1is relétively drought resistant due
to ifs extensive root syétem (49) and its ability to hardén during
periods of droughg (43), there is little information on the factors
affecting drought resistance (139).

Drought resistance is complex, involving interrelationships between
plant and environméntal factors (117, 132,‘148, 209, 237). I;‘presents
a ;hallenge fo plant breeders as drought resis;ance must first be
identified and then transferred to high;yielding and agronomicaily-

acceptable cultivars (27, 51). Keim and Kronstad‘(145) and Parsons
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‘(209) describe the ideai cultivar aé possessing a relatively high .
| yield in dry environments without saérificing yield in environments
where adequate moisture is available, Pethaps breeders should not
strive for aﬁ "{deal" cultivar, but should develop cultivéfé adapted
for specific dryland envifonments. '

Although alfalfa is tefraploid and highly seif-incompatible, its
breeding has been highl& successful (33, 34, 188). Progress has beep '
made in improving alfalfa yields, quality,'longevity, seed prod;ctivity,
and resistance to diseases and insects (280). Progress in any breeding
program is dependent on how accﬁrately the breeder is able to identify
and.select superior plants fromAlarge populations and this is deter-
mined by the gené;ic variability in the population and the heritabiiity
jof.thé desired trait(s) (12). Thus, any effort to improve drought
'resistaqce tﬁrouéh genetic manipulation wiil'not only require the proper
’.seiectibn ciitgria but also a religblé procedure to screen available
Vgermpiasm,(238) The selection procedure, which would most likely
include a combination of traits (191, 209, 237), should be simple, rapid,

and enable the efficient screening of large populations (78, 198).

The Influence of Drought on Plant Growth

Viets (284) defines drought as a "sustained period of signifi-
cantly subnormal water or soil moisture supply.”" Low rainfall is the

basic cause of drought, but other meteorological factors (e.g+, wind,
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air temperature, radiation, etc.) alsp costribute to water deficit
(256). 1In dryland agriculture most of the waterlloss is due to evapora-
tion either directlf from the grsundvsurface or indirectly via transpira-
tion (evapotranspiration) from plants. | ‘ |

| Most physiological processes in‘planfs are affected by water deficifs
(155). Most of a plant's fresh weight is comprised of watef (288). Kramer
(155) states that water serves four general functions.in piants. It is 1)
a major constituent of physiologically sctive tissue, 2) a reagent in
photosynthesis and hydrolyticiprocesses (e.g., starch digestion), 3) the
solvent in which sugars, salts and other solutes move.in the plant, and
4) important in maintaining turgorfot'ce11’enlargement and growth.

Water stress has its gfeatest influence on rapidiy groﬁing tissues
(302). Cermination and rate of initial seedling growth srs significsntly
‘reduced by moisture-sfress (103, 150,k170). Germinating seeds afe
particularly susceptible to water stress which may alter their metabo-
lism to the point.where internal processes delay or even halt germina-
tion (265). Root initiation may be délayed and subsequent root growth
" {nhibited by water stress (110). Species differ considerably with
respest to their drought tolerance during germination (245).

Water stfess may retard or stunt plant growth (3, 11, 13, 38, 164,
214, 230, 248). Drought at different stages of development affects
. growth in different ways (69, 212). Ths organ growingvmsst rapidly at

the time of stress is the one most affected (16, 92). Reduced leaf




5

.area (1, 38, 47, 166, 220, 573, 298), fluctuations in stem diémeter (45),
stomatal closure (10, 11, 31, 220, 227; 259, 268), incyeased senescence
(136,‘166; 171), éndlasso;iated reductions‘in overall yield and vigor
(3, 11, 13, 38, 71, 72, 89, 92, 99, 154, 166, 179, 242, 248) may oceur
in thé'presence of water deficits. _Growfh»may be stofped with slight
drops in tissue water potential since cell division and cell expansion
are affected by even a.proionged mild stress (89, 90, 95, 101, 273).
Stfuctural changes in the protbplasm (294) due to water loss in cells,
'inducing mechanical stresses, are beiieved to be a major cause of drought
injury (234). |

Water stress reduces both yield and quality in élfalfa (71, 99).

.Lqﬁ yields are due.fo iess leaf tissue, réduced leaf area, and

smalier..ﬁore'densely packed leaf cells'(3§). D?ought results in

fewer stems pér plant, fewér internodes per stem, reduced internode

length, 1eés regr§Wth, and iﬁﬁaired root growth in alfalfa (118, 214,

217). | |

Drought influences many of the physiological processes in plants.

Re&uced efficiency and rate of photoéynthesis (4, 20, 45, 104,'166,-290,
304), inc;easéd réspiration (39, 84, 155, 166, 250), reduced protein
synthesis (64, 116, 242, 244), altered nitrate reductase activity (4,
203, 220), increased activity of peroxidase (275) and other enzymes
(8, 58, 242), and feduced'nﬁtrient uptake (3, 92, 290, 305) are charac-

teristic of water-stressed plants. Alexander et al. (8) determined
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" that measuring enzyme levels alone was not a sufficiently sensitive pro-
eedure to indicate water status when water supply is altered. Measure-
ment of several physiologieal prooesses (e.g., photosynthesis, respira-k
tion, nitrate reductase actiuity) might prove a better index of plant
water status (4). |

Internal water balanoe is the most important aspect of plant water
relations. Internal water balance and turgidity are affected by a
complex combination of envirommental factors (77, 139) and are related
to the rates of several physiological prooesses (154), which are all
adversely affected by water stress (208). Maximum crop ylelds are
dependent on the uninterrupted maintenance of adequate moisture supply
throughout the growing season (256); thus, magnitude, time, and dura-
tion of water stress become important in determining how well the plant
recovers (3 54). | |

Blum (29) believes that present physiologieal knowledge of plant
- responses to water stress is sufficient for tne initiation of breeding
programs for resistance to water deficits. In order.to capitalize
on this knouledge, breeders must determine which physiological criteria
are most important in eonditioning drought resistance and how-efficiently
.they may be implemented into breeding programs to insure significant

and rapid progress.
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Resistance to Drought and Its Measurement -

Generél Forms of Drought Resistance .
Many comprehensive reviews suﬁmarize thé drought and drought
 resistance literature (17, 29, 93, 115, 119, 124, 125, 126, 135, 138,
154, 155, i64, 167, 168, 169, 180, 189, 206, 209, 234, 246, 261, 262,
.276, 278, 283, 284; 302), However, there has been very limited success
in bréeding for drought resisﬁance (139, 182). 'Genetic variability
has been observed for dféﬁght resist#nce within almost all agronomically-
1mportaﬂt crops., Somé‘plants can evenvsﬁrvive afteé almost éomplete
tissue dehydration without serio#s damage (88),

Ruséell (234) defined dréught rgsistance as "the overall éuita-
bility of plants for cyltivation under dry conditions.” iWilson et al.
(288, 299) define drought resistance as a plant obtaining "tﬁe maximum
supply of water from the roofs compared wi;h that needed for sufvival." '

There are three general categories of drought resistance in plants (11,

169, 261, 264). Drought escape involves completion of the plant's life
9yc1e during a short, favorable period when sufficient moisture is

available., Drought avoidance is the ability of the plant télevade

drought injury by leaf shedding, stomatal closure, development of a
thick cuticle, reduced growth, or any other mechanism which "shieldsv

thé plant from desiccation. Drought tolerance (261) or hardiness (48,

234) 1is the ability of a plant to survive varying degrees of tissue
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desiccatioﬁ. All three of>these mechanisms may be present to some
extént in a plant (261), but avoidance is the most common type employed
by agronomically-important crops (27, 28, 226, 236, 259, 263, 298, 299)
so that photosyhthesis and growth may proceed despite environmental
water stress. | |

Drought.resistance may be related ;o winterhardine;é and éalt
tole:#nce since all three conditions may in#olve similar protoplasﬁic
effectsi(165, 167, 169, 173), Resistance to one type of stress‘may
imply resisfance to the other (167). Unfortunately, there may be a

négativg correlétion between drought resistance and yield in many

instances (29) even though a plant which does not survive obviously
does not yield. Smaller? low-growing plants are less affepted by
Hrying winds and haveileSS'evapbratiye surface area, thus avoiding
deéiccation. Siquregrowth after cutting and bud dormancy are cohtfi—
bufing factors to dryland sur#iv#l in alfalfa (57, 151) and séverai
forage'grass species (18, 179, 190) which may result in lower yields

when ﬁoisture is available.

Morphological and Anatomical Drought Resistance Factbrs'
Among.the-initiai'stﬁdies dealing with the problem of drought
resistance in plants wéré those pertaining to morphologicalycharécter-
istics. Morpholdgical characteristics which reduce4water ioss>he1p
plants avoid desiccation and could be selected to develop droﬁght-

resistant alfalfas.




1. Topgrowth Factors

Plants with thiék cuéicles (11, 154, 213, 253), increased pubescence

v(98, 300), and decreased leaf area (11, 231, 267, 268, 298) have been"
purported to be drought resistant. Thick, waxy cuticles resist moisture
loss through epidermal cells not associated with stomata,'and pubescence
slows air movement_and réduces transpirétion. Reduced leaf area fesults
in a smaller evaporative surface, thus cdnserving water, Plants with |
succulent leaves avoid desiccation by'maintaining a high moisture con-
tent during-drought (167, 213).

Leaf color may also be important in conditioning drought resistance,
Dark leaves uged‘water more efficiently tﬁan'pale leaves in studies with

barley (Hordeum.vulgare L.) (2). Pale-leaved lines posseséed lower

'canopy témﬁeratures; higher albedos, higher net radiation, and greater
sensible heat loss But yielded sigﬁificaﬁtly less than dark-leaved
lines (2, 81,782). The cooler canopies in pale-leaved barley lines
ar; probably &ue to increased reflectibn (81). Variability exists for
this trait in alfalfa, so this trait could be implemented into a breed-
ing program for drbught resistance.

There are man& studies (4, 10, 32, 41, 47, 50, 53, 59, 61, 67, 85,
87, 113, 121, 127, 128, 134, 137, 141, 166, 167, 183, 186,‘191, 194,
201, 213, 219, 227, 240, 241, 247, 259, 266, 268, 269) on stomata and
their relationship‘to drought resistance. Plants with lower stomatal

densities are generally thought to be more drought resistant (67, 134).‘
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~ Jones (134) suggests sé;ection for smaller pore size and lower densities
to improve drought resistance in barley. Theée traits are heritable
in some species (32, 113, 186), but other studies (128, 191) have failed
to reveal a corfelatioﬁ between density and/or size and transpiration.

| Alfalfa leaves developed in the suh haﬁe more stomata per unit ;rea
than those developed in shade (53), and adaxial leaf‘surfacés have more
stomata thanvdo abaxial surfaces (50, 53), Cole and Dobrenz (50)
compared stomatal densities of seven aif#lfa cultivars by sampling five
microscopic fields from thebabaxial and adéxial surfaces of éingle leaf-
lets from the top four nodes on one stém from each of two plants ﬁet
cultivar in four feplications. Sighificant differences as small as
- 9% were detected among cultivars for stomatal densities on the adaxial
surfaces. Larger differences amoﬁg cultivars were needed to detectrr
significant differences for the #baxial surfaces. The importance of
within-plaﬁt vatiability influencing stomatal density in élfalfa»has
not been determiﬁéd{ , .

~ Stomatal behaviorAis probably more important in enabling plants to

avoid desiccation than either dénsity or pore size. The ability of a
plant to s&iftly close its>stomata during brief dr& periods is a
measyre to conserve watef even though growth may be cuftailed for a
short time (4, 87, 127, 166, 194,‘220, 259, 268). Leaf diffusion
porometers measuré resistance to gas flow (4, 28, 76, 108;‘249), and

are used to monitor stomatal behavior. Stout and Simpson (259)
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sdggested that stomatal closure is only important when water stres;
becomes severe, Somé of the droughf resistance of alfalfa may be
accounted for by its characteristic "midday closure" (183) of stomata,
but Muénscher (191) concluded that the differential water los$ observed
- #mbng épecies is govérﬁed by a complex of factors and not just the

stomata.

2. Root Factors

A large and well-developed root system is conducive to plant
survival in dry areas (7, 40, 42, 62, 66, 111, 123, 124, 149, 167, 216,
221, 235, 268, 272), Extensive roots make 1t possible for plants td
use available moisture from a large root zone (222, 272).’ Roots may
be studied dynaﬁicaliy.by using radioactive dyes such as P321(105) or
with glass-faced grovtﬁ boxes (192). | '

Cohén and Striékiing (49) found that the most important moisture
for crop use in alfalfa was that in soil horizons close to the surface,
so.&eep-rootedness might not necessarily be an.advantage under certain
" conditions. Dittmer and Tally (65) suggest that plants possessing an
extensive shallow root system supplemented by a déep, vertical one
possess the.greatest water use efficiency. Alfalfa has been observed .
to deplete moisture uniformly at several depths (79). Persistent root
hairs and the ability of a plant to secrete mucilaginous substances

have also been implicated in drought resistance (216). ‘Smaller, less
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- extensive root systems have even been purported to be bet;er, esﬁeéiaiiy
during long drought periods (156, 225).

High;r foot/shoot ratios are considered to be advantageous for
dryland survival (197, 200, 211, 226). Slight decreases.in soil water
potential may significantly increase root/shoot ratios (226). Root/
shoo; ratios, howevef, may be greatly influenced by several environ-
mental factors (211) such as moisture, temperature, and soil type, so
the heritability of this trait could be low,

Although considerable variability exists for rooting habit in
alfalfa (243, 254), observation of root growth is difficult, tédious,
and littlé is still known about what constitutes an effective rodt
system (228). Droughf resistance 1s most likely not simply related to -

differences in rooting depth or other rooting characteristics as has

been suggested by Steckel and Gray (257) for potatoes (Solanum tuberosum

Lo)c "

3. Anatomical Faétors

Anatomicgl characteristics in plants have also been studied (28,
38, 56, 80, 100, 152, 167,»199, 234). Drought-tolerant plants have
been purported to have smaller, more densely-packed cells (38, 56, 65,
167, 234) since smaller cells, when desiccated, undergo a smaller pro-
portionate feduction in volume (234). Cell wall élasticity may also
be important in preventing desiccation injury (28). Modified vascular

~_anatomy in the roots such as increased wall thickening in théAendodermal
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cells, wellfdeueloped root xylem, wider Casparian strips, and a reduced
cortex (80, iOO) would most likely“increase the efficiency of water
transport (199). A well-deveioped vascular system allous for better
translocation of photosynthates and water (38).

Morphological and/or anatomical characters are hard to directly'
relate to drought resistance or yield (32). Since drought resistance
‘is governed by a complex of characters (237, 234), it would probably
" not be advantageous simply to rigidly select for one or more morpho-
logical and/or anatomical traits to isolate superior germplasm (68)
but to use these traits in conjunction with drought resistance screen-
ing and evaluation techniques. Once heritable, adaptive morphological
plant characters are identified, they can be implemented into breeding

programs (81).°

Physiologicai DroughtiResistance Factors and Se1ection Techniques
' Elaborate procedures to measure drought resistance in crop plants
have been described (15, 27, 28 35, 76, 146, 156, 157, 159, 181, 286)
Although these procedures are useful in identifying drought-resistant
plants, simpler techniques are needed-to more rapidly assay large,
segregating populations (35, 78, 198). .Seedling screening techniques
that correlate to mature plant resistance would be very valuabie since

a minimum of time and space would be involved (237).
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1. Germination Under Stress

Several attempts have been made to relate germination in sodium
chloride, mannitol (163), polyetﬁylene glycol, and similar solutes to
drought resistance or winte;hardiness. The most common‘sélection tech;
nique ﬁas been to place seed on blotters or filter paper in closed
contaiﬁers and to moisten with salf solution (44, 73, 282, 305). Others
(14,v174) have used saline soil or water cultures to measure salt toler- .
ance of germinating seeds, Workman and West (301) used agar contaiging

NaCl to test germination in winterfat (Eurotia lanata (Pursch.) Moq.).

They observed genetic differences within the species which enabled
certain strains to beftéf germinate at higher Naci levéls.

Croughan et al. (55) studied cell growth of alfalfa grown in agar
containing 17 (w/v)‘NaCI. _The& observed differences in grbwth between‘
a salt-tolérant line of alfalfa and a nonselected line from the same
original population. They suggested increased NaCl tolerance in the
selected line due to ifs better relative growth at high ievels of N#Cl.
Since the salt-tolerant line perforﬁed poorly in the ébsencévof NaCl,
they hypothesized that a substantial amount of NaCl was required for
optimal growth, | |

Plants éfe usually most sensitive to osmotic stress during germina-
tion and early seedling development (14); Osmotic stress, induced by
. saline conditions, affects plaﬁt growth similarly to drOught stress

such as increasing root/shoot ratios (44), decreasing yilelds (14, 74,
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86, 109, 130, 160, 196, 208, 288), and delaying or reducing gefminaudn
(14, 52, 70, 73, 114, 150, 174, 175, 245, 260, 282, 295, 297). Although
genetic variability exists for salt tolerance (24, 83, 144, 245, 298),
the relationship between salt tolerance and drought tolerance is contro-
versial (178)., No correlation has been found befween abilit& fo ’
'germinafe in osmotic solutioés and drought tolerance in mature plants
(172, 245, 305) probably because osmotic sﬁbstrates induce effects,
including toxicity, more complex than simple drought (130, 184, 282),
Thus, even though alfalfa is relatively salt.tolerant (37,.153), the

same mechanisms may not condition drought tolerance.

2, Water Potential Measurements

Water reteﬂtion of plant tissues is one of the simplest measurements
used in aésessing a plant's ability to avoid desiccation (158). Hydro- |
phillic colloids in the plant cytoplasm are purpqrted to be the most sig-
nificant f;cto: in water retention (195). Dedio (60) observed genotypic

differences in wheat (Triticum aestivum L,) for water retention in excised,

drying leaves. Martin (179) fouﬂd that stalks of sorghum (Sorghum bicolor
L.), a relatively drought-resistant crop, dried more slowly than those of.
corn. Teoh (270) suggests that drought-tolerant plants lose water less
readily than susceptible plants when they ére cut. Howéver, Salim and
Stutte (236) and Saﬁdhu and Laude (239) suggest that water retention may

provide only a "fair" means of assessing drought tolerance.
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Leaf water potential measurements are more complex ahd time~
consuming. Iﬁsfruments such és pressure bombs (35, 63, 291), psychrom-
efers (35, 152, 176, 177,A187, 224), and beta gauges (181, 193) measure |
 water poten;ial. Many studies (6, 27, 28; 31 35, 76, 143, 148, 152,-
210, 292, 293) reléte water potential and relﬁted factors (matrié
potential,'turgor pressure, suction tension, and relative water coﬁtent)
to planf Qater status and drought resistance in plants. Blum (27)
measured leaf water potential in sorghum‘periodically during the‘g;owing
season ;nd found geriotypic differences in drought resistance, Al-Saadi
~ and Wiebe (6) deterﬁined that different species had different capacities
.to bind water by matric férces, probably due to different properties
of colloidal materials. Hﬁwever,vthe correlation between drought
' télerance and matric pbtential was low and variable. Water potential
measurements provide useful and accurate estimates of plant water status,
but are too tiﬁe—consuming to use fér the screening of large, hetero-
genebus plant populations.

3. Concentration of Ethylene and'Abscissic Acid

Increased concentrations of ethylene and abscissic acid iﬁitiate
leaf abscission and méy Be an index of dréught resistance, The role of
ethyleﬁe and abscissic acid has béen stu&iéd in many species (5, 21;‘23,
25, 75, 102, 162; 215, 218, 223, 229, 289) and their acCumulatién often

results from water stress (22, 136,.171, 229, 289). Ben-Yehoshua and
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Alohi (22) found that as water stress increased, more ethylene was pro-

duced in'Valencia' oranges (Citrus simensis Osbeck.). McMichael et al.

(171) evaluated the effects of water deficits in cotton (Gossypium
hirsutum L.) and found a linear relationship bétweep ethylene produc-
tion, leaf absgission, and water deficit. ‘Water stress was also related
to a decrease in auxins and enhancéd production of hydrolytic enzymes

in the ébéciséion,zone. Walton et al. (289) diséovered an association

between water gtress and abscissic acid 1e€els in bean roots (Phaseolus

vulgaris L.).

Both ethylene and abscissic acid can be readily measured, Assess-
ment of their concentration following drought stress may be useful in

a breeding program for drought resistance.

4, Proline Accumulation

Freé proline accumulates in the leaves of many species following
water stress (19, 30, 106, 107, 118, 120, 204, 205, 233, 251, 277, 279,
285, 286). Large proline accumulations foliowing water stress may be
‘a positive index of drbught tolerance (19, 30, 261, 285). However,
Waldren et al., (286) point out that proline accumulation is not a very

sensitive indicator of drought stress, since it only accumulated after

yield was severely affected in sorghum and soybeans (Glycine ﬁax Merr.)..

Tymms and Goff (279) found that proline accumulation was not related to

the extreme drought tolerance of "resurrection" plants., Hanson et al.
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(106, 107) suggest that proline-accumulating potential should not be
used as a positive index of drought tolerance as the massive proline
“accumulation in barley is merely a symptom éf severe water stress and
has no survival value during drought. They further suggest that selec-
tion for high proline accumulation may even result in a shift in the:
population in the direction of drought susceptibility. Even though
proline—éccumuléting ability may be a heritable trait, isolation pro-
cedures currently in use are too timé-consuming for use in initial germ-
plgsm screeﬁing. Measu;ement of proline accumulation may be useful

for ev#luation of prospective drought-tolerant cultivars selected by

other methods.

5. Other Techniques

Recovery féllowing4droﬁght‘stress, whether artificially imposed or
in the field, haé been used‘to asQess dfoﬁght tolerance (13, 42, 54,
116, 122, 156, 167, 185, 196, 198, 202, 274, 298). In 1936, Hunter
ét al., (122) simulated drought under laboratdry conditions b& with-
holding water. They were able to distinguish among eight corn (Zea
mays L.) inbred lines differing in drought resistance andvfield data
coﬁfirmed the validity of their proéedure. Todd and Wefster (274,
simulated';epeated drought periods in thg greenhouse and results Cofre-

lated well with known field drought resistance for several cereals.

P ra—————
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0'Toole et al. (202) withheld water for 10 days from rice (Oryza sativa‘
L.) seedlings in a growth chamber and found differences in survival
among plants, Nbur et'#l. (198) subjected sorghum seedlings to four
successive cycles of water stress in a growth chamber and measufed
. pefcept survivél. They concluded their.technique éo be a simple and‘
effective scréening method., However, Chinoy (46) points out that
severe stress may not be useful in showing cultivar differences.

Osmotic substrates, such as polyethylene glycol (108, 129, 131;
142, 144,:161, 207, 208, 271) are used to simulate drought in the
laboratory or greenhouse, Johnson and Asay (131) tested emergence of
120 crested wheatgrass (Agropyron spp,) lines under polyethylene glycol-
induced drought stre#s. Cellulose acetate membranes were used to avoid
direct contact betweenvgrowth media and ésmoticum. They found differ—
ences émoﬁg lines for emergence under the imposed stress. However,
selection under a;tificially—imposed stress in the greenhouse resulted
in low correlationé with field drought reéistance (133) since field
conditions were more complex and bariable (137).

Kaloyereas (140) proposed the chlorophyll stability index (CSI)
as a possible measure of drought resistance of pine (Pinus taeda L.)
seedlingQ. The less readily chlorophyll degraded under heat stress,

which often accompanies drought (94), the higher the drought resistance.

T
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Kilen and Andrew (147) measured CSI to assess drought tolerance in sweet |

corn (Zea mays L.). Susceptible lines had an index of 5.6, while
resistant lines had an index of 1.6, in a test involving 12 dentiand
sweet corn lines differing in phenotypic response to field drought.

Chlbrophyll concentration can be'easily measured with portable reflec-

tance meters (287) so this characteristic may warrant further considera-

tion as a écreening tool.

Génkel et al. (96) and‘Génkel and Schelamova (97) believe that
starch hydroljsis in the roots of many species is negatively correlg-
ted with drought résistance. Excised root tips were stainéd with
_'Lugol's solution following desicéa;ion and were then rated on a 1-4
scale under the microscope for starch‘hydrolysis. Seedlings- in which
less tﬁan 30% starch hydrolysis tbok place following an artificial
desiccation stress wefe considered drbught:tolerant.' The authors

suggest that this méthod is reliable for selecting drought-toleraﬂt
cultivars,

Kessler (46) described the relationships between cell size, nucleic
acid fraction and the tolerancé of bean aﬁd péa plants to heat and
| water stress, He concluded that the plants with greater heat and
drought tolerance had more adenine. The DNA to RNA ratio also increased
with greatér drought tolerance. |

The problem of drought has presented a challenge to plaht breedera

in obtainihg yield improvement in drought-stricken regions without

———
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irrigation (27, 124). Dronght resistance 1is véry complex and little

progress has been made through breeding. In order to be successful in

developing a dryland alfalfa, heritable Characterintics conditioning

drought resistance must first be identified and later incorporated &

into high-~yielding and agronomically acceptable cultivars.

e




CHAPTER fII
SAMPLING‘STOMATAL DENSITY IN ALFALFA
fhe relative importance of ﬁithin-plant var;ability influencing
stomatéi density in alfalfa has nét.been determined and sample size
requiremen;s are not documented. The objectives of this study were to
detérmihe 1) the magnit;de of within-plant variabili;y for stomatal
density associated with stems, leaf position, and microscopic fields
in alfalfa§ 2) opfimum allocation of samplihg resources to obtain
maximumvprecisioﬁ for detecting differénceé among individual genotypes;
‘and 3) whether within;plant variébility was too large to use stomatal
‘ density as a possible rapid sereening criterion in breeding for drought

resisténce in alfalfa.

Materials and Methods

Five>a1fa1fa'p1ants were randomly chosen in 1§7§ from a 1977,
ﬁozeman. Mbqtéha planting of diversé'progehy rows. The plants had been
h#rvested onéé and were at £he early bud stage. Leaf samples were taken
from 10 stems per plant from three successive nodes. Node 1 was the
first node from the top of the plant that appeared to have fully
expanded leaves. Nodes.Z and 3 were immediately below noée 1. The
tﬁo lateral leaflets from each trifoliolate leaf were removed and the
adaxial surface of one and the ébaxial surface of the other were

. sprayed with acrylic Tuffilm. The spray was allowed to dry for
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5 minutes before applying clear plastic tape to the sprayed leaf
surf#ce. The hardened qufilm was peeled from the leaflet and taped
- to a micréscope slide. |

A‘microprojector was used to couﬁt stomata. from 10 random micro-
scopic fields'(0.128 mm? per field), 5 on each si&e of thevmidvein.
If at least one-half of a stomate was in view, it was counted as in
the field. TFields obscured with vascuiar tissue,‘epidermél tears or
other obétrﬁctions were nbt sampled. Epidermal cells were éounﬁed
simultaneously from a 0.03‘mm2 pie-shaped section from the séme fields
used fSr the stomatal counts; Porfions of epidermal celis within the
f;eld.werg rounded to the nearest one-fourth and were added to the
number of whole cells‘present'in the field to arrivé at total epidermal'
cells per 0.03 mn? field.

Analyses of variance were conducted for'stométal density ;t
‘each node and then combined over nodes. Stems and fields were con-
sidered.a; randoﬁ'ahd plants and nodes és fixedAéffécts‘in the analy-
sis. Variance compoﬁent estimates for within-plaﬂt sources of varia-
tion, stems,Aapd.fields, wefe obtained by:equating observed mean
squares to their éxpect#tions and sblving for the appropriate

variance components.
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Various sampling combinations were compared to the specific case
of sampling-lo.fields per leaflet, 3 nodes per stem, and'IO stems per

plant.' Relative efficiency was defined to be (255):

)

. 2 a2
o_z_/(a S/P/N + 3 F/S/P/N
y ™m rnm

where: &3 = variance of a plant mean with 10 stems per plant

¥ and 10 fields per node on each of 3 nodes;
a2

S/P/N = variance component for stems from the combined
analysis of variance;

o F/S/P/N - variance component for fields from the combined
analysis of variance;

m = number of fields per node;
n = number of stems per plant; and
r= number‘of.nodes per stem.
The within-plant variance componente were also used to estimate
,sampiing requirenents needed to detect pre-chosen differences between
plants fuifiliing given probability levels fof‘fype I (a) and Type II

(B) errors using the formula
n= 2(za +’zB)282/d2

where: n = number of stems;

z, = the z value corresponding to the two-tailed significance
level a for a normal variable' and

zg = the t value corresponding to the desired probability 1-8
of detecting a significant result if the true difference,
expressed as a percent of the mean, is d.
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, Results and Discussion

Signifiéant differehges were obserQed among planfs for étomatal
density at egch node énd combined over nodes on both tﬁé abaxial and
adaxial leaflet surfaces (Table III-1)., Stomatal density decreased from
node 1 to‘nodg 3. Although data are not presented, epiderﬁal cells were
qounted along with stomata., The ratio of stomata to epidermal cells
increased from upper to lower nodes (0.225, 0.239, and 0.250 for abaxial
leaflet Surfacés and 0,242, 0.254, and 0.267 for adaxial leaflet sur-
faces at nodes 1, 2, and 3, respectively). Plant x node interaction was
not significant for’either leaf surface indicating that relative differ-
ences amoné plants are similar provided that leaflets from the same nodes

are sampled on all genotypes. o ‘ . 1

The two within—pl#nt variance components were élways less for the
abaxial'leaflet surface at any given node (Table III-2), In general,
within-plant variability declined from'node 1 to node 3.

Becauée efficiency of different sampling schemes was nearly identi-
cal for both leaflet surfaces, only data for the abaxial surface are
plotted in Figure IiI-l. An efficiency of 100 percent has been
arbitrarily defined to be the sampling of 10 fields on leaflets from
3 nodés on’éach of 10 stems. Increasing the number of fields sampled
from leaflets on ; given stem has little-efféct on increasing efficiency

compared to sampling leaflets from more stems. In practice one should




Table III-1. Mean stomatal densities (stomata per mZ) of five alfalfa plants at three
-8uccessive nodes. .

Node :
1 , 2 : 3 : Mean

Plant Abaxial Adaxial = Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial

1 196.4  240.3 192.0  236.9 177.4  217.3 188.6  23L.5

2 155.1  192,3 157.3  186.0 147.1  175.3 ‘153,2 184.5

3 167.6  234.6  166.6  225.7  161.5 ”217.7 165.2  226.0

4 180.6  221.3 173.5°  215.3  167.1 ° 204.4 - 173.7  213.8

5 206.8  238.3 191.9  234.3 181.1  219.5 i92.34 230.7

LSD (0.05) 16.3 22.0 16.1  18.2 14.8 - 17.5 13.0 . 15.8

Mean 181.3 = 225,4 176.3 219.6 166.8 206.8 174.6 217.3

9¢
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Table III-2, Withinfplant components of variance for alfalfa stomatal
- density (stomata per mm2) for three successive nodes.

’ Stems 3:- : Microscopic fields 3;
Node : Abaxial Adaxial Abaxial Adaxial
1 WeTE 5934131 276418 365424
2 | 316+70 3‘941 90 212414 375+25
3 | 261459 372+ 83 238416 274418

Combined 298439 453+ 59 . 242+ 9 338+13
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allocate samples to 1eaf1ets from more stems as opposed to more nedes
- on the same stem to insure that all leaflets are of similar age.A
Sampling requirements needed to detect differences between plants,
-hqlding Type i and II errors at 0.05 and 0.10, respectiveiy, are pre-
sented in Table III-3. Because node 3 1s less variable and more mature,
only stem and field combinations for node 3 are shown. Ihese data"
again corroborate that sampling resources should be allocated to leaf-
lets from additional stems as opposed to more fields on leaflets from
the same stem. Sample sizes could be reduced if one is willing to
accept larger Type I and Type II errors. However, for selection
purposes the plant breeder is concerned with minimizing both Type I and
Tyne‘II errors, since it is important to detect differences among geno-

. types when_they do exist and to have those differences be real and not

due to random.chance.

Genetic.variability exists for stomatal density; however, the con-
siderable amount of within-plant variability necessitates the sampling
of leaflets from an extremely large number of stems to discriminate
among plants differing by less than 10%. As a result, stomatal density .
wvas not used as a selection criterion in breeding for drought resist-
ance in alfalfa, Many factors affect stomatal densitj and this study
was conducted at only one location and in one year. However, testing

plants in more environments would probably further increase the number

of total samples required.
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Table III-3, Estimates of stem numbers required to detect a given
difference (d) between any two alfalfa plants at node 3
for stomatal density when 4, 10, and 40 fields per
leaflet are sampled on each side. _Z_l_/

Abaxial Adaxial

d 4 10 40 4 10 40
2 ‘ |
5 97 87 81 87 79 75
10 25 22 21 22 20 19
20 7 6 6 6 5 5
40 2 2 2 2 2 2

l/ a - .05, 1-8 - .90.

!




CHAPTER IV |

DIVERGENT SELECTION FOR SEEDLING ROOT PATTERN IN ALFALFA

Variability exists for rooting habit 1ﬁ alfalfa (243,.254), but
little is known about what constitﬁtes gn effective root system (228).
Sqme alfalfa seealing roots have many secondary roots and appear
fibrous in nature. Others possess a single, vertical tap root with
little or no branchiﬁg. Siﬁce rooting habit is believed to be related
t6 drought fesistancé, thisbtrait could be used as a rapid seiection
criterion fpr alfalfa. The objectives of this study were 1) to deter-
‘mient the extent of the variability existing for seedling foot pattern
in alfalfg; 2) to determine 1if progress from divergent selection can

be made; and 3) to estimate heritability of seedling root score.

Materials and Methods

Initial Selection

. Ladak 65 alfalfa seeds remaining on a 0.13 cm round screen were

planted 1 cm deep in 50 x 30 x 8 cm aluminum flats coﬁtaining‘no 3 terra-

lite. Each flat had 10 rows, 30 cm long, with apbroximateiy 25 seeds
per row. The flats were watered daily with nutrient solution (2.3 g N,

2.3 g P20S 2.3 g K20, and 18.9 1 HZO). Upon emergence the plants were

thinned to 13 plants per row (130 plants per flat). At the unifoliolate

leaf stage (10 days) the plants were caréfuily removed from the terra-

lite and scored for rooting pattern using a 1-5 scale (1 = tap root
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only, no secondary roots; 5 = tap root and numerous secondary roots)
(Fig. 1Iv-1). Only'plants at the unifoliate leaf stage (1,409 plants)
were scored to insure uniformity. P;anﬁ scoringA"l" as well as "4's"
and "5's" were saved to comprise cycle one "tap-rooted" (TRl) and
'cyéle one "fibrous-foéted" (FR1) population, respectively. Selected
plants were transplanted into 20-cm pats containing Bozeman éilt loam
soil and grown in the greenhouse at 22 C with a 16-hour photoperiod.
Seed was increased in an isolatéd greenhoﬁse room containing a hive
of honey bees (beeroom). Each populafion was separately intercrosséd
and seed from each plant was individually harvested, cleaned, and
p#cketed; Several successive isolated seed increases were needed to

obtain enough seed for a cycle one progeny test for each population.

Cycle One Progeny Test

Séed from 38 TRl and 38 FR1 plants were mechanically scarifigd
for 5 éeconds using a Forsberg scarifier containing sandpaper. The
seed was planted 1 cm deep in replicated progeny rows in 50 x 30 x 8 cm
aluminum flats containing no.-3 terralite. Six blocks of TRl progenies
and five blocks of FR1 progenies were seeded in separate experiments’
along with unselected Ladak 65 in a randomized compiete-block design.
Ten 30 cm rows were seeded in each flat with 25 seedg perrrow. The
plants were grown in the greenhouse at 22 C wifh a'lé-hOur photoperiod

- and watered daily with nutrient water. Upon emergence, the plants were
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Figure IV-1.

I1lustration of the 1-5 scoring
system (1 = tap root only, no
secondary roots; 2,3,4 = inter-
mediate types; and 5 = tap root
and numerous secondary roots)
used in evaluating alfalfa seed-
ling roots at the unifoliate leaf
stage.
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thinned to 15 plants per progeny row (150 plants per flat). At the

| first trifoliolate leaf stage (14 days) the plants were carefﬁlly
removed from the fléts, one b}ock at a time, and individually scored

for seedling root pattern. A 1—7'sca1e‘(1 = tap root only, no secondary
roots; 7 = tap root and numerous secondary roots) (Fig. IV-2) was used
since mqfe variability was observed at the first trifoliolate leaf
stage than at ;he unifoliate leaf stage. Plants were selected from
within progeny rows to initiate a second recurrent selection cycle.
“Selectedvplants were transplanted into 20-cm pots and grown in the
greenhouse under the conditions previously described.  At maturity each
cycle two population was 1niercrossed éeparat;iy in the beeroom and

the seed from each plant individually hgrvested, cieaned, and pdcketed.'
Additionally, the top five surviving maternal clones (based on progeny
test results) from each cycle one population,were intercrossed

separately in the beeroom and the seed harvested from individual plants,

Cycle Two Progény Test
Seed harvested from 55 cycle two tap-rooted (TR2) plants, 49 cycle
two fibrous-rooted (FR2) plants, several TRl and FR1 progenies,
unselectéd Ladak 65, and the five genotypically selected TRl and FR1
plants (hereafter designated TRGl and FRGl, respectively) were seeded‘
~in # replicated progeny test in the greenhouse using the préviously

described procedures. Twelve rows, 30 cm long, were planted per flat
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Figure IV-2,

Illustration of the 1-7 scoring
system (1 = tap root only, no
secondary roots; 2,3,4,5,6 =
intermediate types; and 7 = tap
root and numerous secondary roots)
used in evaluating alfalfa seed-
ling roots at the first trifolio-
late leaf stage.
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with approximately 20 seeds per row. A completely-randomized design
with four replicates per progen& was used‘ana the plants were watered
daily with nutrient water. Upon emergence, the plants were thinned
to a ﬁaximum ofvlo plgngs per progeny row (120 plants per flat). At
the first trifolioiate leaf stage (14 days) the plants were carefuily'
removed from the ferral;te and seored using‘the 1-7 scale (Fig. 1IV-2).
Seléctions were again made withiﬁ progeny rows to initiate the third
selection_cyéle. | | |

Realized heritabilities were calculated using a modification of

the genetic gain formula (9):
B=G/()() W

where: H = the heritability coefficieﬁt;

k = the standardized selection differential;

o, = the phenotypic standard deviation of the population
. the plants were selected from; and

G‘- gain froﬁ selection.
Gain was calculated by subtracting the mean seedlingAroot score of the
previous cycle from §he mean seedling root score of the selected popu-
lation. The selection differential was 2.06 based on a 5 percent

selection intensity (9).
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Cultivar and Germplasm Survey

Variability in seedling root scores was detefmihed for 16 germ-
plasms and 10 commercial cultivars (Appendix table 1), Seeds from each
source were planted 1 cm deep in a greenﬁouée bench containing no. 3
terralite. A randomized complete-block design with four replications
was used. Fifty seeds from each source were seeded ih each block. The
plants were watered daily with nqtrienﬁ water and grown with-a 16~hour
photoperiod at 22 C, Upon emergence, the plénts wefe thinned to‘25
plants per row. At'tﬁe first trifoliolate leaf stage (14 days) the

plants were carefully removed from the terralite and scored using the

1-7 scale (Fig. 1V-2),

Results and Discussion

Initial Selection
Seedling root scofés were obtained from 1,409Ladak_65 alfalfa
plants., The mean seedliﬁg root score for all plants was 2.67 and flat
means varied from 2,56 to 2.77. The distribution of seedling root
" scores was skewed toward the lower (fap-rooted)vend of the curve (Fig.
IV-3).‘ There were six times as many "1's" as “5's,”" Selection intensity
at each end of the distribution was 5 percent (71 "1's" and 68 "4's"

and "5's"'saved).




Figur? Iv-3.
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alfalfa seedlings using a 1-5 seedling root score (1 =

tap root only, no secondary roots; 5 = tap root and
numerous secondary roots).
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Cycle One Progeny Test

Two seéarate progeny tésts, one involving 38 TR1 progenies and the
dther 38 Fkl progenies, were conducted. Uﬁselected Ladak’65 was
included as a‘check in both tests, |

The mean seedling root score of progenies from tﬁev38 TR1 clones
was 3.30, significantly lower than the mean (3.71) of the unselected
Ladak 65 plants (Table IV;l); Seventeen TRl progenies had significantly
lbwef seedling root.scores than Ladak 65. The realized heritability
§f‘the tap-rooted habit was 11.4 percent. This low heritaﬁility
indicates thatlenvironmeht plays a largg role inlthe expression of this
trait, and that progress through selection will probabiy‘be slow.

~ The mean seedling root score of progenies from.the 38 FR1 clones

was 3.98Aand not siénifigantly different thah the mean (3.80) of the
unselected Ladak 65 plaﬁtsv(rable IV-2), Four FR1 progenies had
significantly higher seedling root score than Ladak 65. The realized
heritability ofvfibrousfrootedness was 8.6 percent.

Signifiéant block effects were detected for both TRl and FR1
progénies. Plants evélﬁated later.in the 2 to 3 aay‘scoring period
had higher seedling root séores than thbse'initially evaluated (Figé
-4).

kRootiﬁg pattern was lowly hefitable following one cycle of diver~

gent selection (Fig., IV-5). Initial selections were made at the uni-
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Table IV-1l. Mean seedling root scores (SRS) using a 1-7 scale 1/ for

the progeny of 38 TR1 clones and Ladak 65.

No. of No. of
plants plants

Clone no. evaluated SRS Clone no. evaluated SRS
TR1- 2 63 2,91 TR1-54 48 3.30
TR1- 9 102 2,95 TR1-26 93 03,33
TR1- 7 98 2,99 TR1-44 33 3.36
TR1-55 27 2.99 TR1-27 106 3.38
TR1-29 111 3.00 TR1-52 35 3.4
TR1-33 99 3.03 TR1-18 58 3.44
TR1-30 103 3.04 TR1- 4 96 3.47
TR1-50 74 3.05 TR1-19 117 3.48
TR1-12 86 3.13 TR1-49 40 3.49
TR1-13 91 3.13 TR1-51 90 3.50
TR1-21 33 3.15 TR1-20 81 3.53
TR1- 8 103 3.17 TR1-56 48 3.54
TR1- 3 21 3.19 TR1-40 42 - 3.55°
TR1-24 112 3.21 TR1-28 80 3.70
TR1-22 127 3.22 TR1-23 . 99 3.71
TR1-25 95 3.22 Ladak 65 130 3.71
TR1-32 82 3.22 TR1~10 53 3.73
TR1- 6 54 3.30 TR1-31 101 3.78
TR1-16 126 3.30 TR1-53 92 3.80
TR1-37 99 3.30

Mean of Progenies 3.30

LSD (0.05) = 0.42
oV = 11.2%

1/ 1 = tap root only, no secondary roots; 7 = tap root and numerous

secondary roots.
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Table IV-2, Mean séedling root scores (SRS) using a 1-7 scale 1/ for
the progeny of 38 FR1 clones and Ladak 65.

~ No., of . No. of
plants _ plants
Clone no. evaluated SRS Clone no, evaluated SRS
FR1=-45 64 4,67 FR1-39 64 3.93
FR1-40 . 20 4,65 FR1-11 - 77 3.87
FR1-38 57 4,59 FR1-13 61 3.87
FR1-42 54 4,48 FR1-25 - 28 3.87
FR1-29 69 4,30 FR1-41 36. 3.84
FR1-55 53 4,27 FR1~- 3 45 3.83
FR1-23 32 4,19 FR1-51 69 3.83
FR1-20 89 4,15 FR1-19 29 3.81
FR1-48 75 4,15 FR1-17 47 3.80
FR1- 6 68 4,13 Ladak 65 129 3.80
FR1- 2 78 4,09 FR1-22 29 3.77
FR1- 5 52 4,05 FR1- 8 60 3.73
FR1-44 . 30 4,04 FR1-56 40 3.70
FR1-28 47 4,02 FR1- 1 83 3.69
FR1-46 - 68 4,01 . FR1-36 ' 75 3.67
FR1-52 33 3.99 FR1-50 85 3.63
- FR1- 7 62 3.97 FR1-32 72 3.61
FR1-54 75 3.95 FR1-53 ' 60 3.47
. FR1-10 22 3.94

(%)
.

0
o]

Mean of progenies

LSD (0.05) = 0.56
CV = 11.4%

1/ 1 = tap root only, no secondary roots; 7 = tap root and numerous
secondary roots,
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Figure IV-4, Variability in seedlihg root scores (1 = tap root only, no secondary roots; 7 =
. tap root and numerous secondary roots) as affected by sequence of scoring of the

blocks.
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foliate leaf stage and progeny evaluations were made at the first
trifoliolate leaf stage. These heritability estimates may be biased

due ﬁo‘e&aluating plants at different growth stages.

Cycle Two Progeny Test

Significant differences were detec;ed among progeniés. Progenies
of FR2-57, FR2-44, FR2-48, FR2-39, FR2—55, FR2-11, and FR1-45 had
significantly greater.seedling roogpscores than Ladak 65, and progeﬁies
of TR2-38, TR2-65, TR2-1, TR2-57, TR2-19, TR2-36, TRG1-12, TR2—33,
TR2-13, TR2-56, TR2-6, and TR2-60 had siguificantly lower seedling
root scores than Ladak 65 (Appendix table 2). Mean seedling root
scores for TR2 (3.36) and FR2 (3.95) progenies (Table IV-3) repre-
sented an 8.4 percent and a 7.6‘percént differgntial, réspecti§e1§;
from unselectedALadak 65 (3.62). Alfhough mean seedling root scores
for TR2 and FR2 progenies were not significantly different than the
mean of Ladak 65, they were different from each other. The mean scores
were nearly identical to the scores obtained following the first cycle
of selection (Tables IV-1 and IV-2). Mean seedling root scores for
the TRG1 (3.27) and FRG1 (3.93) progenies differed from each otherl
They represented a 10.9 percent and a 7.1 percent differential, res-
pectively, ﬁromvunselected Ladak 65. The scores were not signifiéantly

different from Ladak 65 and were. similar to the scores obtained
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Table IV?3. Mean seedling root scofes (SRS) using a 1-7 scale 1/ of
TR2, FR2, TR1, FR1, TRGl, and FRGl progenies and
unselected Ladak 65.

‘ : - Progeniles Plants
Population - Mean SRS* evaluated evaluated
TR2 3.36 a 55 1,317
R2 . 3.95b 49 1,241
TR1 3.34 a 3 : 214
FRI 3.91 b 8 209
mel  3.27ac 5 o5
FRG1 3.93b 5 | 107
Ladak 65 3.67ab - 96

*Means not followed by the same letters differ at 0.05 probability
level .

l/ 1l -itap root only, no secondary roots; 7 = tap root and numerous
secondary roots. _ :




46
following one and two cycles of phenotypic recurrent selection.
Frequency histograms are shown in Figure IV-B. The heritabilities
of the tap-rqoted habit and the fibrous-rooted habit were both zero
following the second.cycle of divergent phenotypic recurrent sélec-
tion. | |

Se&en TR1 and seven FR1 ﬁrogenieé were evaluated in both the
cycle one and cycle two progeny tests to assess the repeatability
of the seedling root screening technique (Table IV-4). The correla-
tion among fhese tests fof ail‘ﬁrogeniéé‘was 0.85**. Spearman rank
correlations for the TRl and FR1l progenies were 0.87*%* and 0.,96%%,
respectively. Thus, even though.seedling root score may §ary from
test to test, tﬁe relative rankings of the progenies remained the
same.

Following two compiete cycles of divergent phenotypic recurrent
selection the sgédling root scréening method is repeatable but little
progress was réalized from selection (Fig. IV-6). Following one
cycle of phenot&pic recurrent selectioﬁ no progress was made either
through an addigional phenotypic selection cycle or by intercrossing
superior clones on the»b#sisvof the cyclé one progeny test. Another

selection cycle is needed to determine if further progress can be

. made.
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‘Table IV-&. Comparison of seedling root scores (SRS) using a 1-7
' scale 1/ for several TR1 and FR1 progenies and Ladak 65
in the cycle one (1) and cycle two (2) progeny tests.

Progeny SRS(1) - SRS(2)
TR1- 2 2.91 3.07
TR1- 9 2.95 3.04
TR1-29 | 3.00 3.29
TR1-30 : S 3.04 3.47
TR1-12 3.13 3.29
TR1- 8 3.17 3.68
TR1-24 3.21 3.58
FR1-28 4.02 3.73
FR1-14 4.07 3.52
FR1- 2 . 4.09 3.75
FR1-20 4.15 3.92
FR1-29 = 4.30 4.02
FR1-42 4.48 4,22

~ FR1-45 4.67 4.35
Ladak 65 3.75

w
[=)}
T~

1/ 1 = tap root only, no secondary roots; 7 = tap root and numerous
secondary roots.
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Cultivar and Gérmplasm,Survey

Sixteen germpiasms and 10 commercial cultivars vere assayed for
seedling root score. Highly significant differences were éetected among
entries (Table IV-S). Félcata composite and many of the cultivars
possessing a M. falcata background such as 'Rhizoma', 'Drylander’,
'Orenburgf, 'Kane', and 'Ranger' all had relatively lower seedling
root scores indicating a strong tendency toward a tap-rooted habit,
Ladak 65, though, whiéhihad a seedling root score.of 3.78, was inter-
mediate in rooting haBit but exceeded by only one cultivar, fhor.
The heat resistant ﬁypes (HR1), selected from‘tadak 65 and most of
the other cultivars and some germplasms. Plants selected for heat
resistance Qere able to regrow from the crown after being subjected
to 50 C for 12 hours in a drying oven. Thus, seedling survival of
heat-stressed plants may be related to the fibrosity of their root
system. | |

Significant differences for seedling root score were not detected
between prostréte (?Rl) and erect (ER1l) types, regrowth (MR1l) and non-
regrowth (MN1) types, wilt susceptible (WS1l) and wilt resistant (WR1)
types, large leaflet (LGl) and small leaflet (SM1) types; and pale
leaf (PAl) and dark leaf (DK1) types iﬁdicating that selection for

these traits does not affect the rooting habit. Many of these germ-
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Table IV-5. Mean seedling root scores (SRS) using a 1-7 scale 1/ for
16 germplasm and 10 commer;ial cultivars.,

. Number of
Germplasm or cultivar plants evaluated Mean SRS

Heat resistant types (HR1) 98 4.30
Low photorespiring progeny ("C-4") : 93 4,27
Prostrate types (PR1) ' 99 4,27
Pale leaf types (PAl) 99 4,13
Nonregrowth types (MN1) 97 4,10
Erect growth types (ER1) , : 90 4,07
Regrowth types (MR1) ' , 98 4,00
Wilt susceptible types (WS1l) ' o 104 3.96
Large leaf types (LGl) 103 3.95
Thor 105 3.95
Small leaf types (SM1) 100 - 3.90
Wilt resistant types (WR1l) : 95 3.88
Dark leaf types (DK1l) ' 102 3.80
Anchor , , 103 3.78
Ladak 65 : 105 3.78
Grimm 102 - 3.74
Early maturing types (EM1) 85 3.70
C-6 germplasm pool : 104 3.67
Orenburg _ 92 3.63
C-3 germplasm pool _ 98 3.62
Vernal 96 3.60
Rhizoma ' 106 3.58
Drylander 102 3.57
Kane 98 3.54
Ranger 108 3.49
Falcata composite 105 3.20

LSD (0.05) = 0,36
CV = 6,72
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plasms were again tested during the cycle two progeny test and similar
results were again obtained (Appendix table 3) indicating the repeat-
ability of the trait.
Considerabie variability exists for the seedling root trait and
exploitation of éeQeral germplasm poolé will most likely raise or,

conversely, lower seedling root scores beyond that already realized

by drought selection within Ladak 65.




CHAPTER V
DIVERCENT SELECTION FOk RESISTANCE TO WILTING USING CONETAINERS
vSome alfaifa seedlings wilt early when expoéed to drought condi-
tions and thus may #void drought through reduction in exposed surface.
Other seedlings remain turgid throughout a dry pefiod thus resisting
- water stress. Divergent phenotypic selection wifhin Ladak 65 was used
to determine if progress for these traits could be madé and to deter-

mine their heritabilities.

Materials and Methods

-Preliminéry Study

On October 26, 1977,'18 conetainers (66 cm3 pine cells’ were filled
with no. 3 terralite. The open bottoms were covered with cheesécloth‘
held in plaée by strapping tape. Ladak 65 was planted 1.3 cﬁ deep in |
nine cohetainérs and nine others remained without seed. The cone-
tainers, in é conetainer rack, were placed in a growth chamber.thét
had fans and a 12-hour diurnally alternating 21-24 C temperature
and 16,000 lux light'intensity. All conetainers were alterﬁatély »
watefed with tap and nutrient (2.3 g N, 2.3tg PZOS’ 2.3 g Kzo; and
18.9 2 H20) waterAfour times weekly.

After 50 days, wﬁen all fhe plants had reached the fifth trifolio-
lafe leaf stage, the conetainers wete‘subirrigatéd for'12 hours to
saturate the terralite, and then allowed to dry for 158 hours, The

conetainers were weighed periodically during the drying period to moni-
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tor watér loss. Data recorded included time of initial Qilt symptoms
- (top leaf ﬁilted) during the drying period, dry weight of tops ané rooté
at inifiallwilt, and weight of the terralite and empty conetaineré at
the end of the experiment. The terralite was dried.iﬂ an oven at 82 C
for 24 hours before weighing. Water content of each conetainer was

estimated from these data at various times during the drying period.

Inifial Selections

Number 3 terralite was ground in a soil grinder and mixed thor-
oughly in a cement mixer to obtain samples of uniform density. One
thousand conetainers were filled with ground terralite and weighed.
Ladak 65 seeds remainihg on a 0.13 cm wire mesh screen were planted 1.3
cm deep in the conetainers and the seedlings were grown as in the pre?
liminary study.

The seedlings were tested in three‘groups of approximately 275
plants each. At the second trifoliolate leaf stage the terralite in
these conetainers was saturated and dried as in the preliminary study.
Plants not at this stage of development were discarded to insure
uniformity.

Plants which were the first to wilt in each group as well
as those which wilted last were saved. Plants were considered wilted

when the top leaves of the plant appeared to wilt. A random samplé
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of plants were weighed periodically durihg the drying period in
each of the three groups to monitor water loss. Plants sa§ed com~
prised the cycle one wilt—susceptible (Ws1) an; cycle one wilt-
resistant (WR1l) populations. Each population wae separately intef-
crossed in the greenhouse beervom and the seed from each plant was

indi&idually harvested, cleaned, and packeted. Repeated periods of -

intercrossing were needed to obtain enough seed from each plant for

. a progeny test.

Progeny Test

- Progenies of the wilt-susceptible and the wilt-resistant plants
were tested in a g:owth chamber at 21 C and a.12-hour photoperiod.
The wilt-susceptible and the wilt-reéistant progenies were testea in
separate e*periments using a randomized complete-block design with
three replications and eeven plants per replication. Procedures
used were identical to those used fof the initial population screening,
except the seeds were not sized. Data feceraed 1nc1uded>initial »
weights of all the conetainers with terralite, the day ehe plant dis-
played initial wilt s&mptoms, weights of the conetaiﬁers when the>p1ant
wilted, moisture content of the terralite at wilt. shoot and root wet
weight and dry weight, percent plant moisture at wilt, and root to
shoot ratios. Moisture content of the terralite was estimated by

subtrecting the initial weight of the conetainer containing dry
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térralite and the‘wet plant weight at wilt from the weight of the cbné-
tainer, terralite, and plant at wilt, Wet weight measurements were taken
immediafely-af;er the plant wilted. ‘Dry weights were Fecorded after the
plants had dried for 7 days in‘an oven at 82 C. Selected plants could.
not be weighed'sihce this would have impaired survival. Harvgy's least-
squares analysis was used to analyze variables, since plant numbers in
each replicate varied due to differential survival and discarding plants
not at the second frifoliolate leaf stage at the beginning of the dry;

down period.A

Results and Discussion

Preliminary Study

Considerable variability Qas observed for rate of water loss from
~ the conetainers (Table V-1). Rates of water loss from conetainers with-
out plants were less variable and had decreased total water loss (Fig.
V-1). The most striking difference in rate of water loss occurred
between 0 and 25 hours when conetainers with plants.dried at an average
of 0.63 g/hr whereas those without plants dried at 0.26 g/hr. After
25 hours the rate of water loss was.similar for conetainers whether
with or withouf plants., Trénspiration incfeased the rate §f watef loés
substantially early in the drying period.

All the plants showed initial wiltvsymptoms by 145vhours (Table V=2).

Plants having the most topgrowth weré the first to wilt and those with
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Table V-1, Average rates of water loss (g/hr) from conetainers con-
taining terralite with and without plants.

Time sequence after saturation (hrs)

Cone no. 0-25 25-54 54=74 74-101 101-122 122-158

Without plants

1 0.26 0.23 0.22 0.19 0.09 0.14

2 0.28 0.26 0.20 0.12 0.07 0.10

3 0.24 0.20 0.15 0.10 0.07 0.12

4 0.29 0.27 0.24 0.18 0.08 0.13

5 0.29 - 0.19 0.14 0.11 0.08 0.12

6 0.28 0.26 0.26 0.17 0.08 0.10

7 0.22 0.20 0.21 0.18 0.09 0.08

8 0.30 0.25 0.21 0.15 0.07 0.09

9 0.22 0.22 0.22 0.17 0.09 0.12

Mean and 0.26 0.23 0.21 - 0.15 0.08 0,11
Std. Error +0.009  +0.009  +0.012  +0.012  +0.003  +0,006

With plants

1 0.53 0.23 0.33 0.20 0.09 - 0.08

2 0.79 0.26 0.21 0.10 0.04 0.03

3 0.49 0.20 0.25 0.15 0.08 0.09

4 0.78 0.27 0.21 0.11 0.06 0.05

5 0.70  0.19 0.26 0.13 0.06 0.06

6 0.38 0.26 0.27 0.17 0.08 0.11

7 0.79 0.20 - 0.15 0.08 0.03 0.02

8 0.77 0.25 0.25 0.12 0.06 0.05

9 0.40 0.22 0.31 0.21 0.14 - 0.12

' Mean and 0.63 0.23 0.25 0.14 ©0.07 0.07
Std. Error +0.057  +0.009 0.018  +0.015 0.012 '40.012
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Figure V-1, Comparison of percent water loss (mean and range) expressed as percent of total
water present at saturation during the drying period among conetainers with and
without alfalfa seedlings.
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Table V-2. Approximate hour of expression of initial wilt symptoms,
percent of total initial moisture remaining in the terra-
lite at wilt, dry weights of tops and roots, and root to

shoot ratios for nine Ladak 65 alfalfa seedlings drying
in conetainers.

Percent Hj0

Conetainer Hour of in terralite Top Root .

no. wilt at wilt weight weight Root/Shoot *
7 77 7.2 0.21 0.15 0.71
2 88 7.6 0.20 0.13 0.65
4 88 10.8 0.16 0.11 0.69
8 92 10.2 0.21 0.15. 0.71
5 117 7.5 0.16 0.08 0.50
9 117 19.5 0.14 - 0.08 0.57
1 134 7.2 0.14 0.10 0.71
3 134 14.1 0.12 0.14 1.17
6 145 16.8 0.04 0.06 1.50
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theAleaSt wilted last. The correlation betwéen top dry weight and
wilting time was -0.87%*, (Conetainers Qith plants that wilted at 88
hours lost water at the rate of 6.79 g/hr versus ;hosevwith plants which
wilted after 122 hours at 0.47 g/hr (Fig. V-2). The correlation between
rate of water loss between 0 gnd 25 hours and tbp dry weight was'0.85**,
vhereas between 122 and 158 hours the correlation was -0,81%*, Plants
with relatively ﬁore topgroﬁtb lose water more rapidly early in the
drying period. Later in the drying period, as‘these lgrger plants
Acontinue'to wilt, they lose water less rapidly than smaller planté that
have not wilted,

Root to shoot ratios (dry weightbbasis) averaged 0.68 for plants
which wilted by 88 hours and 1.13 for plants which wilted after 122
hours. The correlation between root to shoot ratio (dry ﬁeight basis)
and time of wilt was 0,62%% indicating that plants with a higher pro-
portion of root growth are able to resist wilting for a longer period.

Variability pf drying rates for conetainers without plants indi-
cates that more uniformity is needed if this méthod is to be employed
to screen plants, Terralite particle size and density should be as
uniform as possible from conetainer to conetainer, Since top dry weight
is correlated with wilting time, it is imperative to screen plants at
the same growﬁh stage. This might enable selection of plants which do

not merely avoid water loss through reduced topgrowth, but are truly
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desiccation tolerant. Initiating the drying period when all the plante

are at an earlier growth stage might insure better uniformity.

Initial Selections
Plants (834) were screened for resistance to wilting in three

groups of successiQe times to insure similar developmental growth stages.
Both early-wilting plants (WS1l) and late-wilting plants (WR1l) were
" saved. The selection intensities for the WS1 and WR1 populations were
8.3 (69 plants) and 8.5 (71 plants) percent, respectively. The distri-
bution was skewed toward the early-wilting types (Fig. V-3),

. Drying rates were very similar during each ef the three runs moni-
ﬁored‘(Table V-3). Thus, using ground and mixed terralite and sizing
plants pfior to dfydowﬁ reduced variability and probably eﬁhaneed selec-

tion of superior genotypes.

Progeny Test

Twenty-five WS1 progenies were tested with four WR1 progenies,
composited TRl and FR1 progenies, and Ladak 65 as a check. The first
plant wilted 36 days following the start of the drying period. The
drying period extended for another 41 days and 27 plants never wilted.
Significant differences were detected among pfogenies for day of wilt
(Appendix table 4). After 60 days of drying, 50.3 percent of the WSl
plants had wilted, whereas only 38.5 percent of the Ladak 65 plants had

wilted (Fig. V-4). After 76 days of drying, only 4.6 percent of the
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Table V-3. Average rates of water loss (g/hr) during successive time
intervals during the drying period for the initial screening
of Ladak 65 alfalfa seedlings using conetainers.

: Time intervals (hrs) during drying period
Group 0-96 96-192 192-288 288-384 384-480 480-576

1 0.25 . 0.19 0.16 0.09 0.01 0.01
2 0.26 - 0.20 0.16 0.08 0.01 0.01
3 0.25 0.19 0.15 0.10 0.02 0,01
Mean and 0.25 '0.19 0.16 0.09 0.01 0.01

Std. Error +0,003  +0,003  +0.003  +0.005  +0.003 ~ +0.000
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WSl plantsAremained unwilted whereas 7.7 percent of fhe Ladak 65kpiant§_
had not wilted. Two progeniés, WS1-11 and WSl;IS, wilted significantly
earlier than Ladak 65 (Table V-4), The meaﬁ wilting time of all WSl
progenies was‘59.9 dayé, significantly lower than the mean of the Ladak
65 piants tested (62.9 days). The TRl plants tested also wilted earlier
- than Ladak 65 indicating'a poésible relationship between 5 tap-rooted
habit and early wilt. ) _ |

Thirty WR1 progehies were tested with two WS1 progenies and Ladak
65 as a cﬁeck. The first plant wilted 38 days following the start of
‘the'drying period. The drying period exiended for another 23 days and
103 piants had not yet wilted. These plants were saved to use as the
source population for further selection cycles.

Significant differences were detected among progenies for days to
wilt (Table V-5)., After 51 days of drying, 26.1 percent of the WR1
plants had wilted wheréas 28.2 percent of the Ladak 65 plants had
wilted (Fig.TV—S). After 60 days, 17.7 percent of the WRl plants had
not wiltgd whereas 11.3 percent of the Ladak 65 plants remained
unwilted. Five WR1 progenies, WR1-5, WR1-27, WR1-38, WR1-41 and WR1-44,
wilted significantly later than Ladak‘65. The'mean wilting time for
all WR1 progenies was 54 S days, significantly higher than the mean of
the Ladak 65 plants tested (53.5 days).

| Cbrrelations between day of wilt and sévefal variables were deter-

mined for both WS1 and WR1 progenies (Table V-6). Since plant weights
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Table V-4. Mean day of wilt for 25 WS1 progenies, 4 WR1l progenies,
Ladak 65, TR1 plants, and FR1 plants after drying in cone-
tainers containing terralite in a growth chamber.

Progeny No. of plants Mean Variance
ws1-15 17 54.9 : 135.06
ws1-11 16 55.1 90.25
- WS1-43 14 56.4 _ » 98.57
wWs1l-21 - 18 56.9 136.88
WS1-23 18 57.3 82.59
WS1-39 ' 18 | 57.4 50.85
WS1-35 16 57.6 47.85
WS1-18 14 58.6 _ 68.42
WS1-33 , 15 58.7 . 91.09
WS1-1 - 12 59.0 68.91
WsS1l- 8 16 ’ 59.2 68.33
Ws1-27 11 . 59.3 94.02
wS1-10 : 14 " 59.6 . 178.88
WS1l- 9 18 60.7 94.33
wsS1-34 16 60.7 _ 99.27
- Ws1-14 12 61.1 73.36
WS1-42 15 ' 61.8 85.17
WS1-26 13 62.1 _ 150.41
Ws1-30 | 20 62.1 " 74.52
wWs1-31 12 © 62,1 112.08
WS1-41 16 62.2 130.70
WS1l- 2 15 62.3 75.92
Ws1l-12 16 62.7 145.96
WS1-52 6 64 .4 55.06
WS1l- 4 13 ' 65.2 45.03
Mean 59.9 :
WR1-18 ' 15 " 57.1 57.07
WR1- 5 , 15 : 61.1 70.92
WR1-57 21 ' 62.9 » 62.95
WR1-27 16 68.6 46.53
Ladak 65 37 62.9 62.92
TR1 16 54.6 146.40
FR1 17 62.0 ' 91.37
LSD (0.05) 6.7

cvz | 16.2
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Table V-5. Mean day of wilt for 30 WR1l progenies, 2 WS1l progenies, and
Ladak 65 after drying in conetainers containing terralite
in a growth chamber.

Progeny " No. of plants Mean ‘ Variance
WR1-12 20 - 48.5 41.73
. WR1l- 8 17 50.5 39.14
WR1- 9 19 . 50.6 : 55.13
WR1-10 19 : o 50.6 51.25
WR1- 4 16 51.1 : 32.92
WR1- 1 19 52.0 43.16
WR1-39 16 52.1 30.20
WR1-13 16 52.6 ' 43.32
WR1-32 19 53.0 23.22
WR1-15 18 53.8 19.91
WR1-29 18 53.9 30.61
WR1-36 18 ‘ 54.1 30.93
WR1-24 18 - 54.7 " 36.35
WR1-28 17 . 55.1 ' 37.31
WR1-57 19 _ 55.2 ‘ 18.06
WR1-37 20 - 55.3 18.77
WR1- 2 14 _ 55.4 23.63
WR1-31 18 55.4 , 11.43
WR1-11 18 - 55.6 ‘ 33.66
WR1-30 20 55.7 32,72
WR1-42 19 .- 55.9 _ 18.83
WR1-34 18 - 56.4 31.66
WR1-40 19 56.4 39.48
WR1-26 18 56.5 ' ' 24,62
WR1-43 19 56.5 35.93
WR1-41 18 56.6 16.72
WR1-44 20 _ 57.0 . 15.58
WR1-27 19 57.3 14.43
WR1-38 18 58.1 16.41
WR1- 5 13 58.3 4.56
Mean 54.5

ws1l-11 19 48.4 15.13
WS1-15 , 20 54.2 , 26.20
Ladak 65 53 - 53.5 ~27.75
LSD (0.05) ' 3.1
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Table V-6, Correlations between several variables and day of wilt for
the WS1 and the WR1 progenies,
r value
Variable

WSl progenies

WR1 progenies

“Wet shoot weight at wilt
Wet root weight at wilt

Wet plant. weight at wilt
Wet root/shoot

Dry shoot weight
Dry root weight
Dry plant weight
Dry root/shoot

% H20 in shoot

i 4 HZO in root

Weight of terralite at wilt

-0.,441%*
=0,573%%
~0,621%*
-0.179

-0.164.
-0.118
-0.172
-0,031

~0,380%*

=0.524%%

‘o- 391*

~0.716%*
~0.,166**
-0,672%*

0.397%x*

-0,627%*
-~0.161%*
=0¢552%%

0.336%*

© =0,381%%

-0.070

~0.141%*

* *% gignificant at the .05 and .01 levels, respectively.
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were not recorded for selected plants these correlations could be
misleading 1f not carefully interpreted. Significant to highly sig-
nificant negative correlations were detected for day of wilt and wet
shoot weight, weﬁ root weight, wet plant weight, percent moisture in
L the shoot, and moisture content of the terralite at wilt. Plants which
weighed the most at wilt tended to wilt earlier. These éarly wilting
plants also had a relatiﬁély higher percent moisture in thé shoots and
more moisture in the terralite. Sincg there was more moisture in the
terralite of early-wilting plants at wilt than late-wilting plants at
wilt, it'appears that these early-wilting plants are probably truly
wilt susceptible. |

Wet and dry root to shoot ratios of the WRI progenies weré posi-
tively correlated to day of'wili, and dry root, shoot, and total planf
weights were negativeiy correlated to day of wilt. Sincé the larger,
early-wilting plants were saved (and thus not weighed) in the test of
the WS1 progenies, these variables were not cofrelated with day of wilt
in this test. The correlations again corroborate findings from fhe
preliminary study that seedlings with more topgrowth and those with
small root to shoot ratios wilt earlier. ~Since day éf wilt‘was nega-
tively correlated to plant weight, selection of piénts which Qilt later
would then result in a smaller proportion of relatively large, vigorous

~

seedlings in the selected population.
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hReali;ed heritability (9) of time of wilt for early’wilt is 20.7
percent and for late wilt is 10.4 percent. Neither trait appearsrto
be highly heritable.

To utilize this screening technique additional;teéhnique refine-
ment is required. The tédhnique is not a rapid one, but when weights
are not recorded and dgily monitqring dﬁring the drydowﬁ period 1s not
required, thié techﬁique‘bécomés less tédibus and time-consuming. Caré
must be exercised in selection, so that small plants which avoid water
loss‘are not the only ﬁypeé'selected. Selection among the larger piants
might better‘rgverse this t:end. Once size différenceé are minimized,
and technique is improvéd, plants w@ich wilt the latest should be
desiccation-tolerant. The 6n1y way to proﬁe the merit of this tech-
‘nique, once refined, is to determine how well plant performance in the

growth chamber corresponds to drought resistance in the field.




CHAPTER VI

DIVERGENT SELECTION FOR LEAF.COLOR.AND LEAFLET SIZE IN ALFALFA

. Pale-leaved barley plants possess lower canopy teﬁperatures, higher
albedos,‘highef net’radiation,.and greater sensible heat loss than.d?rk-
leaQed Barley ﬁlants (2, 81, 82). Darﬁ—leaved barley plants have
higher water-use efficiency and generally yieid more. Plants with
reduced leaf area are believed to pbsgess better drought resistance (11,
231, 267, 268, 298). Large-leaved plants usually yield more due fé
increased photosynthetic surface. Variability exists for these traits
in alfalfa and could be utilized, if heritable, in a breeding program
for drought resistance. This study was conducted to determine 1if
progress through selection could be made for:pale versus dark leaf

~ color and large versus small leaflet size in alfalfa.

Materials and Methods

Selection for Léaf Color
In August, 1977, initial selections were visuallﬁ made (50 each)
at Bozeman, Montana for dark (blue-green) and pale (yellow-green)
leaf color. Germplasm sources for these selections included several
winterhardy plant intadoductions from the World Collection of Alfalfa,
C-3 alfalfa germplasm release, and a dryland variety trial consisting
of lines from_many'sources. Ten cuttings were taken fr&m each selectea

plant in the field and maintained in the greenhouse. In May, 1978
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~ they were transplanted into two sepa;ate; spatially-iéoléted inter;ross
blocks at Huntle&, Montana for seed incfeasé.‘

Seed was harvested from indiQidual plants in each intercross block
in October, 1978. Enough seed was évailable from 30 dafk-leaved plants
and 21 pale-leaved plants to plant a replicated field progeny trial at
Bozeman, Montana (Bozeman silt loam soil) in May, 1979. One-hundred and
fifty mechanically-scarified (Forsberg scarifier containing sandpaper)
seeds were planted in each of fourlblocks for each clone using a random¥
1zed coﬁplete-block design., The single-row plots were spaéed 60 cm |
apart and were 6 m long.. Five comﬁercial alfalfa cultivars, Thor, Anchor,
Ladak 65, Ranger, and Vernél, were’also seeded similérly és unslected
checks. |

The progeny were rated using a Qisual color rating (VCR) bn a 1-5
scﬁle (1 -kpale yellow-green, 2 = pale green..3 = intermeédiate green,

4 = dark green, and 5 = dark blue-green) when the plants reached 100 per-
cent bloom in both 1979 and 1980. The plants were not under water stress
as they had been irrigated and supplemented twice by rainfall prior to
evaluétion. Between 10 and 15 random plants were scored for each
progeny row 1n.1979 and five random plants per progeny row were éﬁOred

in 1980. A Munsell color chart (MS) was also used to devise a 1-3

- color scale (1 = 5GY5/8, 2 = 5G4/6, and 3 = 2.5G3/4) to‘score the
 regrowth‘at the bud st#ge in 1979 and‘first growth at 100 percent bloom

in 1980. Five random plants were scored in every progeny row in each of"
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the four blocks in both 1979 and 1980, Regrowth scores (RS) were also

recorded for each progeny row at the first bud stage in 1979. . The length

of the longest stem was measured and rated on a 1~5 scale (1 = 0-10 cm,

2 = 10-20 cm, 3 = 20-30 cm, 4 = 30-40 cm, and 5 = 40 cm and above).
Visual color ratings were analyzed using an analysis of variance

on the means. Pearson and Spearman rank correlations were used to

determine how well progeny means correlated across environments and

under different rating systems.

Selection for Leaflet Size

In August, 1977, initial selections (50 of each) were visually
made at Bozeman, Montana for large and small leafletbgize from the
same‘germplasm soﬁrces used for the leaf colof selections. Ten cuttings
were taken from each plant in fhe field and maintained in the greenhouse.
In‘May, 1978 they were transplanted into two éeparate, spatially-isolated
intercrosé blocks at Huntley, Montana for seed iﬂcrease.

 Seed was harvested from individual plants in each intercross block
in Octoﬁer, 1978. Adequ#té seed was available from 30 large-leavédi
clones and 19 smali-leaved clones to plant a replicated progeny trial
at Bozeman, Montana (Bozeman silt loam soil) in May, 1979. One-hundred
and fifty mechénically—scarified (Foréberg scarifier containing sand-
paper) séeds ﬁere planted in each of foﬁr blocks for.each clone using a

randomized complete-block design. The single~row plots were spaced 60 cm
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apart and were 6 m long. Five commercial alfalfa'cﬁltivars,vThqr;
Anchor, Ladak 65, Ranger, and Vernal, were seeded as checké.
| Leaflet size was measured from lateral leafléts from five random
stems per progeny row in each block in 1979 using a leaf area meter
(LAM) in the laboratory. The plants were at the 100 percent bloom stage
and only leaflets from leaves directly attached to a main stem were
used. All leaves which subtended a branching floral or #egetative
stem were sampled Qn any given main stem. After harvest in 1979;
lateral leaflets ftom the regrowth at the late bud stage were measured
using a 1f5 scale (MRS) with dimensions devised from a metric rule (1 =
2.0x0.5cm, 2 =2.5x 1.0 cm, 3=3.0x15. cm, 4 = 3.5 x 2.0 cm, and
5=14.0 x 2.5 cm). Several fully expanded lateral leaflets from fi&e
random plants in each progeny row were scofed for each plant. Regrowth
score was also measured from each row as for the leaf color study. The
_ inigial growth at 100 percent bloom wés sampled in the same manner
using the metric ruler score in 1980.

Data obﬁained from the leaf area meter readings and metric ruler
scores wére analyzed using an analysis of variance on the’meané.
Pearson and Spearman rank correlations were also used to determine how

well progeny means correlated across environments and under different

rating systems.
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Estimation of Heritability
Using a random model, vafiance components were estimated from the
analysis of variance by equating observed mean squares tb.their expécta—
tions.and solving for'theiappropriéte variance components;
Estimates of genotypic variance and narrow-sense heritability were

obtained from the analyses as follows:

Source Mean Square Expectation

Within vears:

Replicafions | MSR cé + goi
Genotypes ‘ | MS, oé + roé
Error ; MSE 9§~
oé - (MSG - MSEi/r
| H, = 402/(402 + aé/r)
Across years:
Replications | MS 62 + gy02 ,
4 R E R
Years MSY aé + rcéY + tgc%
Genotypes | MSG qg + roéY + rng-
Genotypes x Years ' MSey oé + roéY
Error MsE cé

2

O ™ (MSG - MSGY)/ry

By = bol/(bol + bodylx + o2/zy)
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Predicted gains were estimated using the genetic gain formula (9):
¢ = H©,)(K)
where: & = predicted gaih from selection;
HN = the heritability coefficiént;

o, = the phenotypic standard_deviation of the progenies;

A and
K = the_seiection differential,
The selection differential was 2,06 based on a 5 percent selection

intensity (9). Gains were added to or subtracted from phenotypic”means

to estimate predicted means xX).

Results and Discussion

 Leaf Color

Significant differences were detécted fqr visual colorvrating among
progenies in 1979, The mean of the 30 dark-leaved progenies tested was
3.36, significantly higher than the mean of the five check cultivars at
3.12. The mean of the pale-leaved progenies (2.80) was significantly
lower than the mean of the five check cultivars. Frequency histograms
for visual color rating in 1979 are plotted in Figure VI-1. Sigﬁificant
differences were also detected among the individual progenies for visual
color rating and for regrqwth score (TablevVI-l)f Five progenies,
DK1-5, DK1-24, DK1-32, DKl-&Z, and DK1-46; had éignificantly greater

visual color ratings than Thor, and two progenies, PAl-15 énd PA1-23,
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Figure VI-1. Relative frequency distributions for visual color rating (1 = pale yellow-
green; 5 = dark blue-green) for. individual plants from the PAl progenies, DKl
progenies, and five check cultivars grown 'in a replicated progeny trial at

"Bozeman, Montana in 1979. :

8L



. Table VI-1l. Mean visual color ratings (VCR), Munseli scores (MS), and regrowth scores (RS)
" for the progeny of 30 dark-leaved (DK1) clones and 21 pale-leaved (PAl) clones,
and for five commercial cultivars from a replicated progeny trial at Bozeman,

Montana in 1979.

No. of ‘No. of No. of No. of
plants plants plants plants

Clone eval. VCR eval, MS RS Clone eval. VCR eval. MS RS
PAl1-23 62 2.41 20 1.65 2.75 Ladak 65 83 2.97 20 2.10 2.50
PAl1-15 78 2,57 20 1.15 3.00 DK1-12 72 2.98 20 1.90 3.50
PAl1-17 64 2.67 20 1.30 3.75 DK1-19 63 3.02 20 1.85 4.25
PAl- 3 60 2.68 20 1.35 3.25 Anchor - 89 ~3.03 20 . 2.00  3.75
PA1-10 62 2.68 20 1.45 3.00 PAl- 7 55 3.05 20 2.15 3.75
PAl- 8 72 2,69 20 1.60 3.75 DK1l-21 44 3.06 20 2.10 2.00
PAl-12 76 2.70 20 1.55 3.50 DKl-1 65 3.08 20 2.10 3.00
~PA1-20 66 2.71 20 1.55 3.00 DK1-39 54 3.12 20 . 2.35 2.75
PA1-28 66 2.77 20 1.80 3.50 DK1-20 - 61 3.16 20 - 2.00 3.75
PA1-27 48 2.78 20 1.65 2.75 DK1-28 66 3.19 20 2.05 3.75
PAl1-19 65. 2.81 20 1.20 4.75 DK1-10 59 3.23. 20 2.35 2.50
PAl1- 2 57 2.82 20 1.95 2.75 DK1l-29 53 3.23 20 2.25 3.50
PAl- 5 57 - 2.83 20 2.02 3.00 DK1-45 57 3.26 20 2.45 3.00
PA1-25 33 2.86 20 1.70 2.50 DK1-23 45 3.30 20 2.35 3.00
PAl-14 56 2.87 20 1.55 4.25 Thor 84 3.32 20 2.20 3.75
PAl1-16 49 2.89 20 1.50 3.25 PA1-13 48 3.33 20 2.20 2.75
PAl1-31 43 2.89 20 1.75 3.00 Vernal 71 3.33 20 2,10 3.00
DK1-~ 3 53 2.89 20 2.00 3.50 DK1-22 64 3.33 20 2.25 2.50
PAl- 4 44 2.90 20 1.90 3.25 @ DK1-30 65 3.33 20 2,12 3.00
PA1-22 55 2.92 20 1.80 4.00 DK1-25 54 3.35 20 2.40 2.50
Ranger 68 2.96 20 1.60 3.00 DK1-13 52 3.36 20 2.30 2.75
DK1-26 58 2.96 20 1.90 4.00 DK1-33 41 3.38 20 2.10 3.50

, - (table continued)
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Table VI-1. éontinued.

No. of No. of No. of No. of

.~ plants . plants plants plants
Clone eval. VCR eval. MS RS Clone eval, VCR eval.
DK1-50 42 3.39 20 2.40 2.50 DK1l-32 64 3.71 20
DK1-40 54 3.40 20 2.00 3.00 DK1l-5 59 3.72 20
DK1- 2 .59 3.49 20 2.35 3.00 DK1-42 54 3.79 20
DK1-48 58 3.49 20 2.20 3.25 DK1-46 52 4.16 20
DK1- 9 40 3.57 20 2.30 2.75
DK1- 7 34 3.61 20 2.64 2.50 LSD (0.05) 0.31
DK1-11 45 3.61 20 2.20 3.50 cv 7.12
DK1-24 23 -3.67 20 2.32 2.50 : - '

08
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had significantly lower visual color ratings than Rangef, the highest
and lowest ranking cultivars, respectively.

Cofrelations aﬁong means for visual colbr rating and regrowtﬁ
score, and Munsell score and regrowth score were -0.16 ahd -0.29%,
respectively. Thus a relationship may exist between increasgd regrowth
and pale leaf coldr. The correlation between Yisual‘color rating and
Munsell score was 0.85%%, and the Spgarman rahk correlation was 0.87**.
Thus a visual color and Munsell score rating systems give éimildr
results and color scores do not apbear to'vary from first growth to
first harvest regrowth,

'Significant differences were also detected‘for visual color rating
among progenies in 1980. The mean of the 30 dark-leaved progenies
tested was 3.67, significantly higher than thg’mean of the fiye check
cultivars at 3.23. The mean of the pale-leavéd progenies (2.50) was
significantly lower than the mean of . the five.check cultivars.v
Frequency histogramé for visual color rating in 1980 are shown in
Figure VI-2; Significént differences were also detected among the
individual progenies for visual color rating.in 1980 (Table VI-2).
Eight progenies, DKl1-1, DKl-3, DKl1-5, DK1-9, DK1-10, DK1-13, DK1-42,
and DK1-48, had significantly higher visual color ratings than Thor
and 12 progenies,xPA1-3, PAl-4, PA1-10, PAl-14, PAl-15, PAl-lé, PAl1-17,
PA1-19, PA1-20, PA1-23, PAl-27, and PAl-31, had significantly lower.

visual color ratings than Ladak 65, the highest and lowest ranking
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Figure VI-2. Relative frequency distributions for visual color rating
5 = dark blue-green) for individual plants from the PAl progenies, DK1
tivars grown in a replicated progeny trial at

(1= pale'yellow-

green; :
progenies, and five check cul
- Bozeman, Montana in 1980.
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Table VI-2. Mean visual color ratings (VCR) and Munsell scores (MS) for
‘ the progeny of 30 dark-leaved (DK1) and 21 pale-leaved (PAl)
clones, and for five commercial cultivars from a replicated

progeny trial at Bozeman, Montana in 1980.

No. of No. of No. of No. of
plants - plants _ plants - plants
Clone eval. VCR eval. MS Clone eval. VCR eval. MS
PAl- 3 20 1.80 20 '1.50 DK1-30 20 3.40 20 2.10
PA1-10 20 1.85 20 1.40 DK1-33 20 3.40 20 . 2.10
'PA1-19 20 2.05 20 1.50 Thor 20 3.45 20  2.35.

PA1-23 20 2.20 20 1.60 DK1-39 = 20 3.45 20 2.10
PA1-31 20 2.20 © 20 1.70  DK1-40 20 3.45 20 2.30
PA1-15 20 2.25 20 1.60 DK1-20 20 3.50 20 2.20
PAl-14 20 - 2.35 200 1.70 DK1-22 20 3.50 20 2.25
PA1-17 20 2.35 20 1.70 ° DK1-50 20 3.50 20 2.25
PA1-20 20 2.40 20 1.65 DK1-21 20 3.60 20 2.20
PA1-27 20 2.40 20 1.75 DK1-32 20 3.60 .20  2.30
PA1-16 20 2.47 20 1.80 DK1-46 20 3.60 20~ 2.20
PAl- 4 20 2.50 20 1.80 DK1l-11 - 20 3.65 20 2.25
PA1-12 20 2.70 20 1.75 DK1-45 20 3.70 20 2.30
PA1-22 20 2.70 20 1.95 DK1-24 20  3.75 20 2.35
PA1-28 20 2.70 20 2.00 DK1-29 20 3.80 20 - 2.25
PA1-5 20 2.80 20 1.90 DKl- 7 20 3.85 20 2.40
PAl- 8 20 2.85 20 . 2.05 DK1-25 @ .20 3.85 20 2.35
PA1-25 20 2.90 20 2.00 DK1l-28 20 3.85 20 2.20
PA1- 7 20 2.95 20 2.10 DK1-5 20 3.90 20 2.30
PA1-13 20 3.00 20 2.15 DK1l-10 20 3.90 20 2.30
PAl1- 2 20 - 3.05 20 2,00 DK1-48 20 3.90 200 2.45
Ladak 65 20 3.10 20 2,05 DK1-3 20 3.95 20 2.40
'DK1-12- 20 3.10 20 2.05 DKl-1 20 4,10 20 2.50
Ranger 20 3.15 20 2.00 DK1-42 = 20 4.10 20  2.40
Vernal 20 3.20 20 2.05 DK1-13 20 4.15 20 2.40
Anchor 20 3.25 20 2.10 DKl1- 9 20 4.27 20 2.53
DK1- 2 20 3.25 20 2.10

DK1-19 20 3.25 20 2.10

DK1-26 20 3.35 20 2.15 LsD (0. 05) 0.43

DK1-23 20 3.40 20 2,20 Cv , 9.8%
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cultivars, respectively. The correlation among fhe means for visua} ,
color rating and Munsell score was 0.97** and the Spearman rank corre-
lation was 0.96%*%, This high correlation again indicates that visual

color rating and Munsell score are very similar.
In the combined anelysis of visual color rating over years, signi-
1'ficant differences were detected among progenies, The 2-year mean of
the dark-leaved progenies tested was 3.52,-significant1y higher than
;he five check cultivars at 3,18, The mean of thebpale-leaved progenies
(2.655 was significantly loﬁer than the mean of the five check cultivars.
The overall frequency histograms for visual color rating ere shown in
Figure VI-3. Significant differeﬁces were also‘detected among the
individual progenies for visual color rating (Appendix table 6). Nine
progenies, DK1-5, DK1-7, DK1-9, DK1-13, DK1-24, DK1-32, DK1-42, DK1-46,
and bK1-48, had significantly greater visual color ratings than Thor
and 15 progenies, PAl-3, PAl-4, PAl-8, PA1-10, PA1-12, PAl-14, PA1-15,
PA1-16, PA1-17, PA1-19, PAl-20, PAl-23, PAL-27, PA1-28, and PAl-31,
had signifieantly lower visual color ratings than Ladak 65, the highest
and lowest ranking cultivars, respectively (Table VI-3),

Significant differences were also detected between years and for
progenies x yeers indicating that visual color rating may vary in
different environments. Correlations among the color varieSIee were
all eignificant (Table VI-4) showing good repeatebility and close

agreement between visual color and Munsell score rating sySteme.
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Table VI-3. Mean visual color ratings (VCR) and Munsell scores (MS)
for. the progeny of 30 dark-leaved (DK1l) and 21 pale-
leaved (PAl) clones, and for five commercial cultivars
from a replicated progeny trial at Bozeman, Montana
combined over 1979 and 1980.

Clone VCR

MS Clone VCR MS
PAl1-10 T 2.26 1.42 DK1-21 3.33 - 2.15
PAl- 3 2.28 -1.42 DK1-23 3.35 2.27
PA1-23 2.31 1.62 DK1l- 2 3.37 2,22
PA1-15 2.41 1.37 DK1-30 3.37 2.11
PA1-19 - 2.43 1.35 Thor - 3.38 - 2.27
PA1-17 2.51 1.50 DK1-33 3.39 2.10
PA1-31 '2.54 1.72 DK1-22 " 3.41 2.25
PA1-20 2.55 1.60 DK1- 3 3.42 - 2,20
PA1-27 2.59 1.70 DK1-40 3.43 2.15
PAl1-14 2.61 1.62 DK1-50 3.44 2.30
PA1-16 2.68 1.65 DK1-45 3.48 2.37
PAl- 4 2.70 1.85 DK1-28 3.52 2.12
PAl1-12 2.70 1.65 DK1-29 3.52 2.25
PA1-28 2.73 1.90 DK1-10 3.56 2,32
PAl- 8 2.77 1.82 DK1- 1 3.59 2.30
PAl- 5 2.81 1.96 DK1-25 3.60 2.37
PA1-22 2.81 1.87 DK1-11 3.63 2.22
PA1-25 2.88 ~1.85 DK1-32 3.66 ‘2.30
PAl- 2 2.93 1.97 DK1-48 3.70 2.32
PAl- 7 3.00 2.12 DK1-24 3.71 2.34
Ladak 65 3.03 - 2.07 DK1- 7 3.73 2.52
DK1-12 3.04 1.97 DK1-13 3.76 2.35
Ranger 3.05 1.80 DK1l- S - 3,81 2.30
Anchor - 3.14 2.05 DK1-46 - 3.88 2.49
DK1-19 3.14 1.97 DK1- 9 3.92 2.42
PAl1-13 3.16 2.17 DK1-42 3.95 2.47
DK1-26 3.16 2.02 ' .
Vernal 3.27 2.07 LSD (0.05) 0.25
DK1-39 - 3.28 2.22 cv ' 8.2%
DK1-20 3.33 2.10
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Table VI-4, Pearson (r) and Spearman (rg) correlation coefficients
between color variables for several field-grown alfalfa
progenies at Bozeman, Montana in 1979 and 1980.

Variable pair‘ . _ r .rS
VCR(1979) and MS(1979) - 0.852%%  0.869%
VCR(1979) and VCR(1980) a 0.758%%  0.796%*
VCR(1979) and MS(1980) | 0.752%%  0.813%*
VCR(1979) and MS(1979-80) | 0.844%%  0,883%%
VCR(1980) and MS(1979) ©0.830%  0.803%*
VCR(1980) and MS(1980) 0.967%*  0,960%x
VCR(1980) and MS(1979-80) 0.927%%  0,914%x
MS(1979) and MS(1980) 0.835%%  0,811%*
S(1979) and VCR(1979-80) 0.889%%  0,870%
M5(1980) and VCR(1979-80) L 0.944%%  0,946%%
MS(1979-80) and VCR(1979-80) 0.952%k 0,954+

**Significant at .0l probability level.
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Heritabilities for &grk and pale leaf color assessed»by visual
color rating were high-(Tgb1e>VI—5). Predicted genetic gains (Table -
VI—S)}varied from 0.43 fo 0.55 for the DK1 progenies and from 0,32
to 0.70 for the PAl progenies indicating that significant progress
should be realized for Bofﬁ dark and pale leaf color following another
selection cycle. |

Léaf color in alfalfa is easily assessed by visual color rating
andris Soth efficient and repeatable. Expression of the leaf color
trait varied little from first growth to regrowth. Spearman rank
cbrrelations indicated that the relative order of visual color ratings
among the progenies did not change across years.

Seleétién for either dark or pale leaf color in alfalfa should be
sﬁccessful and this trait could be used in a.breeding prograﬁ to

assess drought resistance in alfalfa.

Leaflet Size
Significant differences were detected among progeﬁies for leaflet
siée (cmz) using the leaf area meter (LAM) in 1979. The mean of the
30 large-leaved progenies was 1.74 cmz. not significantly greater than
fhé mean of tﬁe five check cultivars at 1.59 cmzf The mean of the 19
small-leaved prggenies (1.23 cmz) was significantly lower than the mean

~of the five check cultivars. Relative frequency distributions for each
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Table VI-S. . Genetic variance éomponents (02), heritabilities (Hy),
predicted gains (G), and predicted means Q) for dark
- and pale leaf color using visual color ratings in 1979,
1980, and combined in 1979 and 1980 estimated from a
. replicated progeny trial at Bozeman, Montana,
Population G HN ¢ X
DK1 progenies (1979) 010 72,77 0.43 3.79
PAl progenies (1979) .032 93.42 0.36 2,44
DK1 progenies (1980) .063 91.3% 0.55 o 4,22
PAl progenies (1980) ' .113 94,22 0.70 1.81
DK1 progenies (1979-80) .056 94,7% 0.45 1 3.96

PAl progenies

(1979-80) * .026 63.8% 0.32 2.33
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group are shown in Figufe VI-4., Significant differences were also
detected among the individual progenies for leaf area (Table VI-6).
Three progenies, LGl-12, LGl-14, and LG1-34 had significantly greater
leaf area than Rangef, and eight progenies; SM1-3, SM1-14,.SM1-15, SM1-
22, SM1-23, SM1-28, SM1-31, and SM1-32, hed'lower leaf afea than Vernal,
the cultiyars with the largest and smallest leaf area, respectiQely.

Significant differences were detected amoeé progenies for metric
ruler score (MRS) in 1979. The mean of the‘30 large-leaved progenies
was 3.33, significantly greater than the mean of the five check ¢§1:1-
vars at 3.16, The mean of the 19 small-leaved progenies (2,33) was
significantly lower than the mean of the five check cultivars. Rela-
tive frequency distributions for each group are shown in Figure VI-5,
Significent differences were also detected among the individual preg-
" enies for metric rulef score and regrowth scofek(Table VI-6). One
progeny, LG1l-3, had significantly higher metric ruler score than Teor;
and seven progenies, SM1;13, SM1-14, SM1-15, SM1-22, SM1-28, SM1e31,
and SM1-32,.had lower metric rgler scores than‘Ledak 65, the cultivars
with the‘highest and lowest metric ruler scores, respectively.
| Correlations among the means forﬂleaf area and regrdﬁth score, -
and metric ruler score and regrowth score, in 1979 were 0.35* and
0.73%, respectively, indicating that plants with larger leaflets have
more vigofous regrowtﬁ. The correlation between leaf area and metric

ruler score was 0.77**; and the Spearman rank correlation was 0.78%%,
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Table VI-6. Leaf area meter (LAM) readings, metric ruler.scores: (MRS),
. ' and regrowth scores (RS) for cycle one large- (LGl) and
small-leaved -(SM1) progenies, and five check cultivars

in 1979.

Progeny  No. of plants LAM No. of plants MRS RS
SM1-28 ' 20 0.84 ) 20 1.25 1.75
SM1-14 5 1.08 3 ‘ 1.67 2.00
SM1-22 10 0.96 7 - l.67 2.00
SM1-15 15 0.91 - 20 " 1.90 2.50
SM1-31 ) 20 1.08 18 - : 1.90 2.00
SM1-32 20 0.97 11 1.92 1.50 .
SM1-13 © 20 1.39 20 _ 2.15 2.25
SM1-23 20 1.05 20 2.30 2.75
SM1-21 10 1.30 10 - 2,33 2.00
SM1-39 200 . 1.42 20 . 2.45 2.50
SM1-33 20 1.29 20 2.50 3.00
1LG1l-17 10 - 1.30 . 7 2.50  2.00
" SM1- 4 15 - 1.22 - 20 2.60 2.75 -
SM1- 6 ~ 20 1.52 20 . 2,70 2.75
SM1- 8 ' 20 1.16 20 2.70 3.00
LG1-10 20 1.29 20 2.70 2.50
SM1- 7 20 , 1.42 20 2.75 2.75
SM1-12 10 . 1.60 5 - 2.80 2.50
Ladak 65 20 1.49 20 : 2.80 2.50
SM1- 3 20 1.11 - 20 2.85 3.00
SM1- 5 20 - 1.20 20 2.90 - 3.00
SM1-35 20 o 1.42 20 2.45 2.50
Vernal 20 1.48 20 2,90 3.00
LG1-15 ' 20 1.70 20 A 2.95 3.00
LG1-50 20 1.66 20 2.95 3.00
1G1l- 6 20 1.65 20 . 3.00 2.75
LG1-24 20 . 1.29 20 ' 3.00 3.00
LG1- 9 20 1.72 14 ' 3.05 2.50
LG1-29 20 4 1.74 20 3.05 2.75
LG1-11 15 1.22 18 3.07 2.75
1G1-22 20 .1.71 , 20 3.10 3.25
Anchor 20 " 1.66 20 - 3.20 3.75
LG1- 8 20 1.65 20 3.20 3.00

(table continued)



93

continued.

No. of plants

, Table VI-6.
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Figure VI-5. Relative frequency distributions for metric ruler score (1 = 2.0 x 0.5 cm; 5 =

4.0 x 2.5 cm) for individual plants from the LGl progenies, SM1 progenies, and
"five check cultivars grown in a replicated progeny trial at Bozeman, Montana

in 1979.
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Thus, leaf area and metric_ruler score give similar results and ieaf
area fo: any given progeny does nbt vary ;ppreciably from first growth
to first harvest regrowth.

Significant differences were also detected for metric ruler score
among progenies in 1980, The mean of fhe 30 large-leaved progenies
tested was 3.66, significantly higher than the mean of the five check
‘cultivars ét 3.31. The»mean of the 19 small-leaved progenies (2.61)
waé significantly lower than the mean of the five check éultivars.
Frequency histograms for métrié ruler score in 1980 are showﬁ in.Figure
VI-6. Significant differences were also détected among the individual
ptogenie; for metric ruler score in 1980 (Table VI-7).. Fiﬁe progenies,
LGi—B, LG1-6, LG1-12, LG1-18, and LG1-34, had significantly greéﬁér
mefric ruler scores than Ranger; and nihe prbgenies, SM1-5, SM1-12,°
SM1-15, SM1-21, SM1-22, SM1-23, SM1-28, SM1-31, and SM1-32, had lower
metric ruler scores than Vernal, the cultivars with the ﬂighest and
lowest metric ruler scores, respectively,

In the combined analysis'of.metric ruler score over years, signi-
fican; differences were detected among progenies. rTﬁe 2-year mean of
the large-leaved progenies tested was:3.50, significantly higher than
the mean of the check cultivars at 3.23. The mean of the check culti-
vars was significantly higher than the mean of the small-leaved
progenies (2.47). Erequency histograms for metric rulef.score‘combiﬁed

for 1979-80 are plotted in Figure VI-7, Significant differences were

[
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Table VI-7. Metric ruler scores (MRS) for cycle one largé- (LGl) and

small-leaved (SM1) progenies, and five check cultivars
in 1980 and combined 1979-80.

. , MRS
Progeny " No. of plants 1980 1979-80
SM1-28 20 ' 1.60 1.42
SM1-31 20 2.15 2.02
SM1-32 ' 10 2.20 2.06
SM1-22 10 : 2.60 2.19
SM1-15 20 C 2.55 2.22
SM1-23 20 2.30 2.30
SM1-14 » 5. : 3.00 2.33
SM1-21 10 2.40 2.37
SM1-13 20 2.70 2.42
SN1-33 ‘ 20 2.80 2.65
SM1-39 20 2.85 2.65
SM1-12 10 , 2.60 2.70
SM1- 8 20 2.75 2.72

- SM1- 5§ i 20 2.60 2.75
SM1- 7 : 20 : 2.75 2.75
SM1- 6 20 ' 2.85 2,77
SM1- 3 20 2.80 2.82
SM1-35 20 2.80 2.85
1G1-10 ' 20 3.00 - 2,85
1G1-17 ' 5 3.20 2.85
Vernal 20 3.00 2.95
SM1- 4 : ‘ 20 3.10 2.97
Ladak 65 20 3.30 3.05
LG1-24 20 3.35 3.17
1G1- 8 20 3.25 3.22
LG1-50 20 3.55 3.25
1LGl- 9 15 3.47 3.26
LG1-11 .20 3.50 3.28
Anchor 20 3.45 3.32
LG1-44 20 3.45 3.35
Thor 20 3.30 3.40
LG1-15 20 3.85 3.40
LG1-22 ‘ 20 3.70 3.40
LG1-30 20 3.50 3.42
1LG1-39 20 3.65 3.44
Ranger . 20 3.50 3.45

(table continued)
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Table VI-7. continued.

Progeny No. of plants ~ 1980 1979-80
1G1-29 - 20 3.85 3.45
LG1- 6 20 3.95 3.47
1LG1-19 ‘ 20 3.45 3.47
LG1-47 \ 20 3.55 3.47

- LG1-14 ’ 20 - 3.85 3.55
LG1-13 ‘ 20 3.65 3.60
1G1- 1 - 20 3.80. 3.62
LG1- 5 _ 20 3.80 3.62
1LG1-23 20 3.55 3.62
LG1-32 _ .20 3.80 3.62
1LG1-12 20 3.90 3.70
LG1-37 20 3.85 3.70
“LG1-45 20 - 3.85 " 3.75
LG1-21 20 3.80 3.80
LG1-18 : - 20 4.05 3.90 .

- LG1-34 ' 20 4.10 4,02
1G1~- 3 ' ' 20 4.10 4.10
LSD (0.05) . 0.39 0.32
cv. 8.72

10.62
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Large teaved Check ' ' Small Leaved
(LGl) Progenies Cultivars ‘ (SM1) Progenies

65.8

-1 2 3 & 5 1 2 3 4 5§ 1 2 3 4 5
Metric Ruler Score

Relative frequency distributions for metric ruler score (1 = 2.0 x 0.5 cm; 5 =
4.0 x 2.5 cm) for individual plants from the LG1 progenies, SM1 progenies, and

five check cultivars grown in a replicated progeny trial at Bozeman, Montana
combined 1in 1979 and 1980. :

66
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f élso detected among the individual progenies for metric ruler score
- (Table VI-7). Four progenies, LGl-3, LG1-18, LGi-Zl,_and LG1-34, had
significantly higher metric ruler scores tﬁah Ranger, and nine progenies,
sM1-13, SM1-14, SM1-15, SM1-21, SMI-22, SM1-23, SM1-28, SM1-31, and
SM1-32, had significantly iower metric ruler scores than Verpal, the
highest and lowest ranking cultivars, respectively (Table VI—’).
Signifiéant differenées were also dgtgc;ed for bloéks,‘years, and
progenies X years (Appehdix ﬁable 7) indicating-that métric‘ruler
scoresrvary in different.environments. Corrélafions aﬁong the leaflet
size variables were all significant (TableAVI-S) showing good repeatf:
abiiity and cloéé agreemént between leaf area metef readings and metric
ruler scores.

‘ Heritabilities for large and small leaflet size asseséed by the
leaf area meter #nd metric ruler score were high (Table VI-9). Selec-
tion for leéflet size through use of the leaf area meter should be -
véry effective for both large and small leaflets. Using metric ruler
score combined over years, the large leaf trait and sméll leaf tr#it
appeared about equélly heritable at 84.3% and 85.22, respecﬁively.
Predicted genetic gains.(Table VI-9) varied from 0.50 to 0.66 for the
1Gl progenies and from 0,68 to 0.90 for the SMl progenies indicating
that significant progress should be realized for both large and smail

leaflet size following another selection cycle,
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Table VI-8, Pearson (r) and Spearman (rg) rank correlation coeffi-
" cients between leaflet size variables for several
progenies at Bozeman, Montana in 1979 and 1980.

Variable pair ' r o r,
LAM(1979) and MRS(1979) - 0.770%% 0.785%%
LAM(1979) and MRS (1980) 0.759%% 0.756%%
LAM(1979) and MRS (1979-80) 0.795%* 10.798%%

MRS (1979) and MRS (1980) | 0.850%* 0.822%*

**Significant at .01 probability level.
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Table VI-9. Genetic variance gomponents (o ), heritabilities (Hy),
predicted gains (G), and predicted means (X) for large
and small leaflet size using leaf area meter readings
in 1979 and metric ruler scores in 1979, 1980, and
combined in 1979 and 1980 estimated from a replicated
progeny trial at Bozeman, Montana.

. ) 2 -
Population ' % HN G i
 Leaf area meter reéding

IJG]. progenies (1979) V ‘ .103 98.31 o. 56 2. 32
SM1 progenies (1979) \ .031 91.9% 0.38 0.86
Metric ruler score

LGl progenies (1979) .079 88.82 0.66 3.99
SM1 progenies (1979) 112 79.4% 0.90 1.43
LGl progenies (1980) .079 94,62 0.52 4.18
SM1 progenies (1980) .109 93.62 0.72 1.89
LG1 progenies (1979-80) .054 84.3% 0.50 4,00

SM1 progenies (1979-80) T 0104 85.2% .0.68 - 1.79
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Leaflet size in alfalfa can be aéseséed using a leaf area meger or |
by metric ruigr score as'both methods afe repeatable. Evaluation by
metric ruler score is more efficient thén using the leaf area meter
since it is easier and faster, Tﬁe-le;flet sizé»trait‘vafied little
from first growth to regrowth, Spearman rank correlations indicated
that fhe relative order of metrig rﬁler scores among ﬁrogenies did not
éhange across years.

Selection for either large ér small leaflet size in alfalfa should

be successful and this trait could be used in a breeding program to

assess drought resistance in alfalfa,



CHAPTER VII .
'ALFALFA SEED GERMINATION IN ANTIBiOTIC AGAR CONTAINING NaCl
Drought resistance and salt tolerance are related (167, 169, 174).

The deﬁelopment of gultivars able to germinate under‘high salt stress

would not only be useful in the reclamation of saline soils but might

enable improved germination in dry soils. A major problem has been

. the development of uniform, repeatable selection methods. The objec-

tives of this.study were to determine 1f‘sa11ne antibiotic agar could
be successfully used as a saline medium to rapidly screen large numbers
of seeds for ability to germinate at relatively high NaCl levels, and

if progress through selection could be made for this trait.

ﬁaterials and Methods

Alfalfa seeds from 15 cultivars were mechaniéally scarified using

a Forsberg scarifier containing sandpaper for 5 seconds and divided

into 50 lots of 50 seeds each.

Noble agar (Diféo) was added (11 g/%) to twiceQdistilled water.
Sodiﬁm chloride was added to each of 10 agar solutions at 6.00. 0.50,

0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.50, and 3.00 percent (w/v). Each

agar solution was loosely stoppered in a flask with cotton and covered

with aluminum foil. The flasks were éutoclaved for 20 minutes at 125 C
and 1.7 kg/cmz. After 1 hoﬁr, the flasks containing the sﬁlt and agar,
now in solution, were removed and placed in a 50 C water bath to cool.

Upon attaining thermal equilibrium, electrical conductivity measurements
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were recorded for each liquid agar solution using a Barnstad Wheaéstone
Bridge with a glass probe. Antiobiotics were then added to each flask
in_the following concentfationg (a.i. in ppm):‘ 2 ppm Qxytetracycliﬂe
hydrochloride (Sigma Chemical Co.), 5 ppm Streptomycin sulfate (Sigma
Chemical Co.), 10 ppm Benomyl (502 a.i.;iE. I. duPont de Nemours and
Co.), and 60 ppm Captan (50% a.i.; WP, Chevron Chemical Co.). These
rates provided adequate control bf pathogens in preliminar& tésts. To o
further reduce contamination, the seeds were treated with Capt;n (2.3 g
a.i./kg alfalfa seed) to avoid the néed for surface sterilization which
could alter germination. |

Agar (20 ml per plate) was poured info disposable Petri plates
(15 x 100 mm) using an automatic pipetter (Cornwall). The agar had
been cooled to 50 C to avoid exceésive evaporation and condensafion in
the plates. When the agar gelled, the electrical conductivity of the
plates was measured using the previous system. Alfalfa seeds were
poured onto the remaining agar plates under a hood to further reduce
contamination. Each plate contained 50 geeds and each treatment com-
bination was replicated five times. Tﬁe plates were quickly covered,
placed in sealed plastic bags aﬁd put in a 20 C dark germination éﬁambér.
The Petric plates were inverted to minimize condensation on the covers.
They were removed from the chamber for seedling counts at 5, 10.715.

and 20 days.
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Arcsine square root transformations of percent germination were used
in the analysis of variance to stabilize the variances (255). Response
surface analyses were conducted for each cultivar.

Progress from selection for the ability to germinate on anti-
biotic agar containing NaCl was assessed using the cultivar Ladak 65.

Ten thousand seeds were tested at the 1.75% level of NaCl and 291 plants
that were able to germinate to a radicle length of at least 1 cm were
saved (Fig. VII-1). These were transferred to wet blotters without
NaCl until they reached the unifoliate leaf stage. They were then
transplanted into conetainers and later sent to Reno, Nevada for
isolated intercrossing in bee cages.

The seed harvested from 250 of these clones was bulked and returned
to Bozeman for testing. This seed, designated as Agar (C-1), along with
parental Ladak 65, Thor, Salton, and three other germplasms was tested
at 0.00, 0.50, 1.00, 1.50, 1.75, 2.00, and 2.50 percent NaCl (w/v) in
agar using identical procedures as were used in the cultivar survey. The
three germplasms tested were: Blotter (C-1), cycle one selections made
from Ladak 65 for ability to germinate on blotters in germination boxes
containing relatively high NaCl levels; 994, seed obtained from pr. J. B,
Moutray, NAPB, Ames, Iowa, which is purported to possess mature plaant
salt tolerance; and seed obtained from Dr. A. K. Dobrenz, which was
harvested from plants surviving on high-pH, dryland soils in Arizona.

Similar statiitical techniques were again used.
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| Results and Diécussion

Fifteen alfalfa cultivars were germinated in antibiotic agar con-
t#ining 10 levels of NaCl. Germination counts were made on each of
five replications for'each treatmenf combination at 5, 10, 15, and 20
days. Germination percentages were expressed as percent of the no-salt
éheck'for each cultivar to account for differences in germination
(Table VII-1).

Significant differences were detected for cultivars, days, salt
levels, cultivars x salt levels, and days x salt levels (Table VII-2).
Good differentiation #mong cultivars was observed at 1.25, 1.50, and
1.75% NaCl (w/v) for aBility to germinate (Table VII-1). Anchor, Baker,
and Salton appeared consistently superior and’Iroquois, Olympic, and
Ranger had the lowes;.relative percent germination. This technique
enables differentiation among genotypes for ability to germinate at
relativély high salt levels.

Germination in NaCl increased over time and decreased with increas-
ing salt levels (Table VII-3). The greater the salt concentration, the
greater was the influence of time on germination. At 1.75% NaCl more
than a tenfold increase in germination resulted from 5 to 20 days,v
whereas only a 22% increase resulted at the 1,00 level. Very little
change occurred over time at either 0.00Z or 0.50% NaCl. This phenome-

non accounts for the significant days x salt levels interaction.
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_ Table VII-1., Mean adjusted 1/ percent germination by level of NaCl in
agar for 15 alfalfa cultivars using sample germination
counts. Mean of 5, 10, 15, and 20 days for fivereplicates. .

Percent NaCl (w/v) '
Cultivar 0.00 0.50 0.75 - 1,00 1,25 1,50 1.75 2,00

' Thor 100 91 90 89 78 36

4 1

Ladak 65 100 . 98 - 97 92 68 20 3 1
Vangard 100 85 85 81 68 21 3 0
Vernal - 100 100 - 99 97 . 80 44 7 0
Olympic 100 91 . 74 71 55 - 22 6 0
. Apollo 100 95 95 83 74 .22 3 0
Drylander - 100 100 93 - 87 75 - 26 8 1
Ranger 100 94 84 84 58 25 2 0
Grimm 100 98 97 92 85 30 6 0
Anchor 100 96 91 - 91 . 85 49 13 1
Iroquois 100 93 90 90 49 22 2 0
Honeoye 100 98 91 - 91 67 27 .2 0
Riley 100 9% 91 80 65 25 3 1
Baker 100 94 94 91 91 46 9 1
Salton 100 96 94 - 88 88 45 5 1
Mean 100 95 91 87 72 31 5 o1

;J Germihation expressed as a percent of the 0.00 NaCl éheck within
' each cultivar. o
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Table VII-2. Analysis of variance of arcsine square root transforma-
tions of percent germination at 5, 10, 15, and 20 days
for 15 alfalfa cultivars at seven NaCl levels in agar.

Source .. Degrees of freedom -+ Mean squares
Cultivars (C) ' ' 14 - ‘ " 0,693%%
Days (D) 3 2.741%%
Salt levels (S) S 6 , - 92,603*%*
CxD : 42, : 0.009
CxS ' - ‘ 84 0.115%*
DxS v 18 0.,145%*
CxDx$S : 252 - 0.008
Error _ , 1680 0.010
Total : 2099 : : ‘

*xSignificant at .01 level.

Table VII-3, . Mean change in percent germination for 15 alfalfa cultivars
over time at various NaCl levels in agar.

Percent NaCl

Time (days) 0.00 0.50 1.00 1,50 1.75
| 5 83.7 78.5 65.1 14.9 0.6
10 85.9 - 80.2  75.3 28.0 3.8
15 85.9 82.8 - 78.4 30.8 - 5.8
20 85.9 ° 82.8 79.6 33.4 7.3
G 1/ 2.6 5.3 22.3 124.2 1116.7°

1/ Germ. at 20 days - Germ, at 5 days

Germ. at 5 days x 100.
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Electrical conductivity tests revealed that increasing NaCl levels
resulted in greater conductivities. (Table VII-4). The small standard
erfors indicate the uniformity of agar as a test medium. The point
where germination ceased in most cultivars was at 11-12 aimospheres or
above 2.00Z NaCl. The optimum level of NaCl to obtain a 5% selection
inteﬂsity for most cultivars was 1.75Z (9-10 atmospheres). This level
was used for selection in this study.

Response surface analyses were conducted for each cultivar and the
relationship between percent germination and salt level for any cultivar,
when the curves were forced through an intercept of 100Z germination,
appears to be an excellent quadratic fit. P-values ranged from 0.002
to 0.015 and quadratic rz values ranged from 0.961 to 0.992. The esti-
mated inhibitory concentration of NaCl which prevents 50% of the seeds
from germinating (ICS50) has been estimated from the quadratic curves for
each cultivar (Table VII-S). Formulae used to calculate the IC50 and an

approximation of its associated standard error are:

2

Y
1 4b2(50)]

150 = -b, - [b
S.E.(IC50) = S.E.(y/IC50)[b, + 2(b2)xcsol'1
Germination of Anchor, Baker, and Salton were least affected by the

NaCl; whereas Iroquois, Olympic, Ranger, and Vangard were most

affected.
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Table VII-4, Electrical conductivities and standard errors _(mhos/ cm)
of agar-salt solutions at two temperatures.

EC

% NaCl 53 C 20C
0.0 0.25 + .01 0.15 + .01
0.5 13.42 + .25
1.0 26.92 + .23 13.25 + .39
1.5 36.65 + .10
2.0 46.95 + .18 22.85 + .52
2.5 59.55 + .17
3.0 69.25 + .14 -

Water 0.03 + .01
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Table VII-5., IC50 values 1/ and associated standard errors for 15
alfalfa cultivars at seven levels of NaCl in agar.

Cultivar IC50

Thor 1.43+.12
Ladak 65 1.41+.14
Vangard 1.31+.11
Vernal 1.46+,07
Olympic 1.24+.07
Apollo 1.36+.08
Drylander 1.43+.12
Ranger 1,31+,06
Grimm 1.42+.11
Anchor 1.51+.12
Iroquois 1.31+.09
Honeoye 1.36+.06
Riley 1.36+.13
Baker 1.51+.14
Salton 1.49+.11

1/ 1IC50 = the estimated inhibitory concentration of NaCl
which prevents 502 of the seeds from germinating.
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Agar (C-1), parental Ladak 65, and several germplasms were tested
in agar containing six levels of NaCl for ability to germinate (Table
VII-6). Seed from plants selected using the agar technique had a four-
fold (3.75 times, adjusted increase) increase in germination over
parental Ladak 65 at the 1.752 NaCl level. However, selection from
blotters in germination boxes appéared to be ineffective in shifting
the mean percent germination above that of its unselected parental
population, Ladak 65. Agar (C-1) had twice the germination at 1.752
NaCl than other germplasms tested. This significant increase in germi-
nation at 1.75% NaCl indicates that ability to germinate in agar con-
taining NaCl is heritable.

Response surface analyses (Table VII-7) indicate that the relation-
ship between percent germination and NaCl concentration best fits a
quadratic function. IC50's, although relatively smaller than those esti-
mated for the cultivar survey, indicate that selection in Ladak 65 using
agar has improved germination over the entire range of salt levels used
(Fig. VII-2).

Selection for improved germination in saline antibiotic agar appears
to be a heritable trait. Genetic variabilitf among cultivars, marked
response to selection at 1.75Z NaCl, and a better resulting germination
profile over a range obeaCI levels in the cultivar Ladak 65 indicate
that the agar selection technique may be useful i{n breeding for salt

tolerance of_germinating seeds. The next step is to initiate additional
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Table VII-6. Mean adjusted 1/ percent germination by level of NaCl in
: agar for seven alfalfa cultivars using four replicates
for each treatment combination.

Percent NaCl (w/v)

Cultivar 0.00 0.50 1.00 1,50 1.75 2.00
Thor 100 97 90 20 5 1
Salton 100 96 96 34 5 1
Ladak 65 100 97 . 97 22 4 0

Blotter (C-1) 100 91 91 23 3 0
Agar (C-1) 100 100 97 39 15 2
994 100 88 88 24 6 1l
Dryland composite 100 100 96 25 7 1
(Dobrenz) .

l/ Germination expressed as a percent of the 0,00 NaCl check within
each cultivar.,

Table VII-7. IC50's and associated standard errors for seven alfalfa
cultivars at five levels of NaCl in agar.

Germplasm IC¢50 1/
Thor 1.36+.14
Salton 1.43+.13
Ladak 65 ' 1.39+.11

Blotter (C-1) 1.35+.15

Agar (C-1) 1.48+.10
994 1.33+.13
DO-1 1.41+.14

lj Inhibitory concentration of NaCl which prevented germina-
tion of 50 percent of the seeds which would have germinated
without NaCl present. '
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Figure VII-1., Alfalfa seed germination at 1.75% NaCl in antibiotic
agar.
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Figure VII-2, Quadratic response curves showing improvement in germination of Ladak 65
following one cycle of selection for ability to germinate in antibiotic
agar containing 1.75% (w/v) NaCl, ,
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selection cycles to determine‘the total improvement which can be
realized. Imﬁroved cultivars will be teste@ ovér a range of saline
environménts. An improved cultivar with thg.ability to germinate to
a greétér degfee in saline or d:y soils could result in better stand
establishment and thus improved yields. Marginal environments,

previously of little agronomic value, could become more productive.



CHAPTER VIII
SUMMARY AND CONCLUSIONS

Drought is ohe of the most important factors limiting alfalfa
growth, It reduces yield and'quality of aifalfa. The‘objectives of
this study ﬁere to: ‘1) develop efficient screening proceddres for
physiolbgical and morphological traits related to drought resistance of
alfalfa; and 2)‘to determine 1if geﬁetic progress through divergent
selection can be madé'for these traits.

Tfaits evéluated.were stomatal density, seedling root pattern,
fesistance to wilting.induceq by an artificial drought stress, leaf
color, leaflet size, énd germination salt tolerance. |

théiderable within-plant variability for stomatal density existed.
Variability among stems on the same plant necessitated the sampling of
léafléts from an extrémely large number of.stems for detecting differ-
ences'among_élones; As a result, stomatal density was not usedAas a
selection criterion for drought resistance in alfalfa.

The seedliﬁg root screening techniqué was repeatable but the
traits (tap- or fibrous-rootedness) were lowly_heritable.‘ Following
two cycles of divergeht selection, mean root scores did not differ from
the mean of parental Ladak 65, but did differ from each othér. Breed-
ing progress for seedling root pattern willvprobably be slow.

Divergent phenot&pic selection duringian artificiélly-imposed
droﬁght was used to study the variability in time of wilt occurring

among Ladak 65 alfalfa seedlings. Both early and late wilt traits

i
h
y
4

/
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were lowly heritable and plant size was negatively correlated to time
of wilt., Larger seedlings wilted earlier and smaller seedlings were
the last to wilt, Additional technique refinement is needed if fhis »
trait is to be successfﬁlly used to bfeed for dfought resistance in
alfalfa. | |

Large and small leaflet size and dark and pale leaf color ﬁere
highly héritable after 2 years of field progeny testing. Rapid breed-
ing progress for these traits should be realized.

Selection for alfalfa seed germination using NaCl in antibiotic
agar was successful. The technique is repeatable and selection improved
gérmination three to fourfold after only one cycle. Rapid breeding
progress for tﬁis trait should be realized.

Future studies sh&uld involve: 1) further selection utilizing
heritable, potentially-useful drought resistance traits to ascertain
how much»total improvement can be realized; 2) examination of other>
traits related to drought resistance which might prove useful; 3)
studiés felating heritable, drought résisténce traits to field drought
resistance;‘4) study of the 1nterre1ationships of drought resistance

'traits; and 5) the combining of traits correlated with field drought
resistance to produce alfalfa synthetics to eventually obtain superior

v dryland alfalfa cultivars.
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Appendix table 1. Sources of germplasms and commercial cultivars used
to assess variability in seedling root scores.

Germplasm or cultivar

Source

Erect (ER1) *
Prostrate (PR1)*

: Da;k (DK1) *

Pale (PAl)*

Large (LGl)*

- Small (SM1)*
Regrowth (MR1l)
Nonregrowth (MN1)
Eariy‘ﬁaturity (EM1) *
Héat resistant (HR1)

Wilt resistant (WR1l)

Wilt susceptible (WS1)

Cycle one selections for erect growth
habit at Bozeman, MT in 1977

Cycle one selections for prostrate
growth habit at Bozeman, MT in 1977

Cycle one selections for dark green
leaf type at Bozeman, MT in 1977

 Cycle one selections for pale green

leaf type at Bozeman, MT in 1977 -

Cycle one selections for large leaflet
size at Bozeman, MT in 1977

Cycle oné selections for small leaflet

size at Bozeman, MT in 1977

Cycle one selections for rapid regrowth
at Moccasin, MT in 1976

Cycle one selections for slow regrowth
at Moccasin, MT in 1976

Cycle one selections for early flower-
ing at Bozeman, MT in 1977

Cycle one selections from Ladak 65 for
desiccation tolerance in a 120 F oven

Cycle one selections from Ladak 65 for
resistance to wilt in conetainers at
Bozeman, MT in 1977

Cycle one selections from Ladak 65 for

susceptibility to wilt in conetainers
at Bozeman, MT in 1977

-(table continued)
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Germplasm or cultivar.

Source

c-3
- C=6
Falcata

' LAl

. Anchor
'rDrilandet“
Grimm

~ Kane -
Ladak 65

‘ Orenburg.f
Ranger
Rhizoma
'Thorj

Vernal -

C-3 dryland alfalfa gérmplasm pool (Dr.
C. E. Townsend, Colo. State Univ.,

" Ft. Collins, CO)

C-6 dryland alfalfa germplasm pool
(same as C-3)

Composite of several Medicago falcata L.
lines from the World Alfalfa Collection

OQutcrossed progeny from a single, low
photorespiring alfalfa plant acquired
from Dr. A. K, Dobrenz, Univ., of Ariz,,
Tucson, AZ,

North Amegican Plant Breedera '

'Canada‘

Land variety

. Canada

Montana

Land variety’

' Nebrgska

Canada
Northrup-King Co.

Wisconsin

*Source populations for the above germplasms included the World Alfalfa
Collectipn. C-3 dryland alfalfa germplasm pool, and a dryland variety

trial.
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Appendix table 2. Mean seedling root scores (SRS) of 55 TR2, 49 FR2,
: 8 TR1, 8 FR1l, 5 TRGl, and 5 FRGl progenies, and
unselected Ladak 65.

No. of No, of
plants » plants

Clone no. evaluated SRS Clone no.. evaluated SRS
TR2 progenies FR2 progenies

TR2- 9 28 3.90 FR2-57 25 4,80
TR2-66 21 3.85 FR2-44 14 4,50
TR2-20 9 3.79 FR2-48 .27 4,47
TR2-42 37 3.75 FR2-39 32 4.44
TR2-29 21 3.74 FR2-55 24 4.40
TR2-24 27 3.73 FR2-11 16 4,37
TR2-61 23 3.70 FR2-42 34 4,29
TR2-34 35 3.67 FR2-28 34 4,27
TR2- 2 24 3.66 FR2-31 17 4,25
TR2-10 28 3.64 FR2-33 29 4.24
TR2-17 21 3.62 FR2-17 18 4.23
TR2-31 31 3.62 FR2-35 21 4,23
TR2-44 22 3.61 FR2- 6 18 4,17
TR2- 7 19 3.59 FR2-45 32 4.14
TR2-27 20 3.59 FR2-32 27 4.06
TR2-28 26 3.59 FR2- 2 22 4,05
TR2-59 21 3.59 FR2- 4 28 4,02
TR2-40 26 3.57 FRrR2-37 32 4.02
TR2-30 18 3.56 FR2- 5 21 4,01
TR2- 5 11 3.54 FR2-46 33 3.98
TR2-52 25 3.53 ‘FR2-10 23 3.96
TR2- 3 12 3,50 FR2-50 42 3.94
TR2-25 8 - 3.50 FR2-54 30 3.93
TR2-55 24 3.49 FR2- 9 32 3.91
TR2-41 22 3.46 FR2-25 30 3.91
TR2-53 20 3.46 FR2-58 23 3.90
TR2-32 30 3.43 FR2- 3 21 3.89
TR2-18 15 3.42 FR2-19 25 3.89
TR2-48 21 3.41 FR2-14 36 3.88
TR2-26 12 3.37 FR2-30 11 3.83
TR2-43 17 . 3.37 FR2-34 17 3.81
TR2-45 26 - 3.36 FR2-27 24 3.78
TR2- 4 37 - 3.36 FR2-22 30 3.77

(table continued)
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Appendix table 2. continued
No. of No. of
plants , plants

Clone no. evaluated SRS Clone no. evaluated SRS

TR2-39 21 3.33 FR2-40 _ 20 3.77

TR2-54 26 3.33 FR2-41 25 © 3.76

TR2-16 31 3.32 FR2-16 15 3.75

TR2-22 - 26 3.30 FR2-36 24 “3.75

TR2-11 30 3.29 FR2-24 26 3.72

TR2-47 26 3.29 FR2-47 31 3.72 -

TR2-21 24 3.26 FR2-51 18 3.72

TR2-15 26 3.22 FR2-43 31 3.70

TR2-50 17 3.20 FR2-18 20 3.62

.TR2~-58 _ 19 3.17 FR2-12 23 3.60

TR2-14 26 3.07 FR2-38 24 . 3.58

TR2-38 _ 23 3.03 FR2-29 19 3.55

TR2-65 . 23 2.99 FR2-26 38 3.52

TR2- 1 : © 43 2.95 FR2-21 19 3.35

TR2-57 30 2.95 FR2-52 25 3.23

TR2-19 34 2,94 FR2-56 - 28 3.12

TR2-36 29 2.94

TR2-33 21 2.85

TR2-13 25 2.81

TR2-56 37 2,81

TR2- 6 13 2,77 .

TR2-60 23 3.24

Mean 3.36 Mean 3.95

TRGl progenies FRG1 progenies

TRG1- 8 23 3.70 FRG1-28 30 4.05

TRG1-24 21 3.46 FRG1-29 15 4.03

TRG1-33 13 3.17 FRG1- 2 18 3.96

TRG1-29 17 3.16 FRG1-14 20 3.94
- TRG1-12 23 2.88 FRG1-20 24 3.69

Mean ' 3.27 Mean 3.93

(tgble continued)
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Appendix table 2, cbntinued

No. of No. of

: plants : plants
Clone no. evaluated SRS Clone no, evaluated SRS
TR1 progenies FR1 progenies
TR1- 8 23 3.68 FR1-45 32 4,35
TR1-24 25 3.58 FR1-42 27 4,22
TR1-30 35 - 3.47 FR1-29 22 4.02
TR1-CP 26 3.30 FR1-20 - 24 " 3.92
TR1-12 25 3.29 FR1- 2 : 24 3.75
TR1-29 38 -3.29 FR1-CP 31 3.74
TR1- 2 23 3.07 FR1-28 19 3.73
TR1- 9 19 3.04 FR1-14 30 3.52
Mean 3.34 Mean 3.91
Ladak 65 96 3.67

LSD (0.05) = 0.63
CV = 12,5%
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Appendix table 3. Mean seedling root scores (SRS) using a 1-7 scale 1/
of several germplasms,

Number of
Entry plants evaluated Mean SRS Range
LG1-3 e , 36 4,43 2-7
PAl1-15 - 29 4,28 1-6
DK1-7 10 4,25 - 3-5
HR1 - 30 4,21 2-7
" WR1=-41 22 4,19 3-7
PAl-3 30 4,18 3-7
Salton 29 4,16 1-7
1LG1-34 ' 22 4,12 2-7
MN1-CP 32 4,09 3-7
DK1-42 19 4,00 3-6
PA1-23 . 23 3.99 3-5
Thor 28 3,96 2-7
"e-4" 26 3.92 3-6
LG1-12 12 3.90 2-5
SM1-14 ~ 24 3.83 3-4
-MR1-31 20 3.82 1-6
MR1-1 ' _ 32 3.71 2-4
MR1-16 22 3.68 2-5
Ladak 65 ‘96 "3.67 1-7
WR1-44 24 3.66 1-5
WR1-38 17 3.56 2-6
SAl-1 ‘ 14 3.50 3-4
DK1-46 25 3.47 1-5
SM1-15 - 18 3.20 - 2=4
wWS1-21 34 2,87 1-4

LSD (0.05) = 0.66
CV = 12.9%
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Appendix table 4, Harvey's least squares analysis for day of wilt

for 25 WS1 progenies, 4 WR1l progenies, Ladak 65,
TR1 plants, and FR1 plants.

Source

df SS MS
Blocks 2 211.794 105.897
" Progenies 31 5117.156 165.069%
BxP 62 = 4912,199 79.229
Residual 400  38157.453 95,394
Total 495 48363.813

Appendix

table 5. Harvey's least squares analysis of variance for day

Ladak 65 .

" of wilt for 30 WR1 progenies, 2 WSl progenies, and

Source df $S MS
Blocks 2 1792.367 896.184%%
Progenies 32 3791.813 118.494%%
BxP 64 2752,780 43,012%%
Residual 529 12223,316 23.106
Total 627 20508.438
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Appendix table 6. Analysis of variance for metric ruler score

combined over years in 1979-80.

Source df - 8S

MS
"Blocks (B) 3 0.933 0.311%
Progenies (P) 53. 139,556 2.633%%
Years (¥) - 1 9.275 9,275%*
PxY 53 11,488 0.217%*
Error 321 34,666 0.108
' Total 431 195.918

- **Significant at the .01 probability level,

Appendix table 7., Analysis of variance for visual color rating

combined over years in 1979-80.

Source df SS MS
Blocks (B) 3 ' 0,427 0.142
Progenies (P) 55 96,476 1.754%%
Years (Y) ' 1 0.397 0.397
PxY 55 . 20,542 0.373%%
Error 333 26,662 0.080
Total 447 144,505

**Significant at the .01 probability level.

[
..



xv ERSITY LIBRARIES
stks 0378 Cl%B@Th e it
ati cti

\\\\\w\\u\\\\\s\\\\s\\\m\\g\)\g\u\\j\@g\g\\\\\\\u\\\m

e
L-—Tﬁﬁﬁ:&
D378

gig6g Preliminary evaluation
i . gf selection criteria for
_rought_resistan i
alfalfa ... e
DATE ISSUED TO- %
n 118 g 9
“"* -:( fe p




