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ABSTRACT 

The development of regional germplasm pools to conserve genetic 

resources from a specific region has been suggested to increase germplasm 

utilization and to reduce maintenance costs. However, the effects of selection 

on genetic variability within germplasm pools have not been documented. This 

research attempted to study effects of germ plasm pooling and multiple-trait 

selection on phenotypic and genetic variability within nondormant alfalfa 

(Medicago sativa L.) germplasm pools. Five germplasm pools differing in 

geographical representation were formed from 1 2 Middle Eastern ecotypes 

based on agronmical and morphological similarities. These germ plasm pools 

included three restricted pools, representing variability among relatively similar 

ecotypes, and two broader-based pools. Syn-1 seed of germ plasm pools were 

evaluated for blue aphid (Acyrthosiphon kondoi Shinji) resistance and forage 

yield in saline and non-saline environments in the greenhouse. Fifty six plants 

(p = 12.5%) were selected using Simple Weighted Index in each pool and in the 

'Hejazi' ecotype, and interpollinated to form six Cycl-1 selected populations. 

These populations and six randomly selected populations were evaluated both 

in the greenhouse, to measure response to selection, and in the field, to 

measure effect of selection on phenotypic variability. The initial screening 

study indicated that all germ plasm pools had low aphid resistance and good 

potential for increased yield in saline and non-saline environments. No 



1 1 

significant differences were observed in the field between selected and random 

populations for any of the agronomical or morphological traits evaluated. This 

indicates that multiple-trait selection did not affect variability for traits not 

targeted by selection. Response to selection for aphid resistance was 

significant only in the restricted pools. Response to selection for forage yield 

in saline and non-saline environments was highest in the most broad-based pool. 

Half-sib analysis among 25 families indicated that genetic variability in selected 

populations was dependent on the level of variability present in the base 

population. The results of this study indicate that development of single 

Arabian alfalfa germplasm pool may be adequate to conserve the genetic 

variability among the Arabian alfalfa ecotypes since most of the desired traits 

among the Arabian ecotypes are common to most ecotypes. 
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CHAPTER 1 

INTRODUCTION 

Alfalfa (Medicago sativa L.) is the world's most important cultivated 

forage crop and is recognized as the oldest crop grown solely for forage. It has 

been cultivated in the Old World for hundreds of years and is now grown at a 

wide range of latitudes (Lehman et al., 1987). The wide range of winter 

dormancy among alfalfa cultivars has led to the classification of the crop into 

several dormancy groups (Barnes et aL, 1977). Nondormant alfalfas (also 

known as "non-winterhardy" and "non-winterdormant") are grown primarily in 

areas with long seasons and relatively warm climates because of their capability 

of growing throughout the year. These regions are usually found between 34° 

north and south latitude (Lehman et aL, 1987). The major production areas for 

nondormant alfalfas are at low elevations in the Middle East, North Africa, 

southern Australia, southwestern U.S.A., and northern Mexico. In the U.S.A. 

these alfalfas are grown with irrigation in the southern Rio Grande river valley 

in southeastern New Mexico, river valleys in southern and western Arizona, and 

southeastern California, southern Nevada, and in much of the agricultural 

regions of central California (Lehman et aL, 1987). 

Alfalfa was initially introduced into the southwestern U.S.A. from Chile 

in about 1850, however, seeds of these introductions were variable in 



13 

dormancy (Lehman et aI., 1987). The true nondormant alfalfa introductions to 

the U.S. originated from Peru, Africa, India, and the Middle East (Barnes et al., 

1977; Miller, 1983; Lehman et al., 1987). Many of those introductions failed 

to have the necessary combination of nondormancy, persistence, and high 

production to be widely cultivated in the Southwest. Hairy Peruvian, Sirsa No. 

9 (Indian), and African were generally the most acceptable and were widely 

grown in southern California and Arizona in the 1940s and 1950s (Lehman et 

aI., 1987). Beginning in the mid-1950s, these cultivars were used with Chilean 

(common) alfalfas adapted to the Southwest as the primary germplasm sources 

for the breeding of the elite nondormant cultivars now used in the U.S. (Barnes 

et aI., 1977; Lehman et aI., 1987). In fact, over 50% of the non dormant 

cultivars used today trace to a single germplasm source, African, which was 

introduced to the U.S.A. in 1924 (Barnes et aI., 1977). 

Nondormant alfalfa cultivars in the U.S. have been improved overthe last 

40 years primarily because of breeding for disease and insect resistance. This 

improvement process may have also altered some of the traits present in 

ancestral populations associated with inherent yield and contributed to the 

relatively narrow genetic base in elite nondormant alfalfa cultivars (Smith et al., 

1991). Lehman et al. (1987) stated that it has been difficult to increase alfalfa 

productivity because sources of very nondormant germplasm were unavailable 

and because there have generally been overriding problems due to disease and 
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insect susceptibility in unimproved nondormant alfalfas that have greatly limited 

their use. 

The return to relatively unimproved progenitor germplasm may prove 

useful in recovering levels of expression of traits associated with inherent yield 

and in broadening the genetic base of the nondormant alfalfa gene pool for 

future alfalfa improvement. Alfalfa germplasm from low elevations in the 

Middle East, especially the Arabian Peninsula, may represent a major genetic 

resource for use in expanding the genetic base of nondormant alfalfa (Smith et 

aI., 1991). 

Use of Exotic Plant Genetic Resources in Plant Breeding 

The loss of existing plant genetic resources has stimulated efforts to 

collect and maintain these resources (germplasm) in national and international 

gene banks. These efforts have increased dramatically since the Southern Corn 

Leaf Blight epidemic on maize (Zea mays) in the U.S.A. in 1969-70 (Horsfall 

et aI., 1972). This epidemic illustrated the potential negative effects of limited 

genetic variability in important crops and the general need for increased genetic 

diversity. Largely as a result of this epidemic many collections of cultivated and 

wild germplasm have been established in developed and developing countries 

by national or international organizations (Williams, 1991). 

The rapid growth in the number and size of germplasm collections has 

been based on the premise that they represent valuable and useful resources 
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for plant breeders and biologists. However, the dramatic increase in material 

held in gene banks has generally not been matched by a concomitant increase 

in its use by plant breeders and experimental biologists (Marshall, 1989). 

Breeders tend to use elite materials rather than primitive, relatively unselected 

forms, largely because of the expression of undesirable agronomic traits in the 

latter (Williams, 1991). For example, out of 159 breeding materials of alfalfa 

registered with the Crop Science Society of America between January 1 945 

and August 1989, only three cultivars were selected solely from plant 

introduction accessions while 1 9 other cultivars had one parent from plant 

introductions (Rumbaugh, 1991). 

Large germplasm collections now exist for all major food and most forage 

and industrial crops (Williams, 1991). Many plant breeders have emphasized 

the need for extensive evaluation and characterization of available germ plasm 

collections to increase the utilization of these sources in breeding programs 

(Duvick, 1981; Chang, 1982; Routh, 1989; Williams, 1991). However, efforts 

to evaluate and characterize accessions in germplasm collections have 

frequently been restricted because of the extreme effort needed simply to 

maintain and regenerate accessions (Singh and Williams, 1984; Chang, 1984; 

Routh, 1989). Both curators and plant breeders often regard germplasm 

collections as a source of observable characters, which can be easily screened 

and transferred, and incidentally as a source of materials for diversification 



(Frankel and Brown, 1984). 

16 

Recently some programs sponsored by 

organizations such as the International Board of Plant Genetic Resources 

(IBPGR) and the National Plant Germplasm System of the U.S. (NPGS) have 

begun to evaluate and characterize germplasm of major crops using standard 

tests developed for each species. These activities should provide plant breeders 

with additional information needed to select the appropriate germplasm to meet 

their breeding objectives (Routh, 1989). 

Germplasm enhancement 

Once initial germplasm evaluation is complete, the use of plant genetic 

resources in plant improvement can be further facilitated by germplasm 

enhancement. Chang (1985) stated that transporting landraces from their 

native habitats to a favorable production area with different climatic patterns, 

photoperiod, or temperatures may require supplementary seed increases and 

selection for adaptation at a site similar to the native habitats of the land races. 

This process, known as germ plasm enhancement, is a relatively new procedure 

that attempts to encompass the series of steps involved in the transfer and 

accumulation of useful genes into populations that can be further refined for 

release as new cultivars (Ryder, 1985). Jones (1983) first used the term 

"enhancement" in defining activities involved in obtaining and utilizing 

germplasm. Rick (1984) used the term "pre-breeding" or "developmental 

breeding" to describe the same activities. Both pre-breeding and germplasm 
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enhancement are terms used by plant breeders, but the term "enhancement" 

is the more commonly used term by plant scientists in the U. S. A. (Roath, 

1989). 

Germplasm enhancement is often necessary because even simply 

inherited traits in exotic germplasm can be masked by other genetic effects 

such as maturity response (Smith and Duvick, 1989). Hawkes (1985) stated 

that several cycles of recombination and mild selection may be required to 

develop exotic populations that are sufficiently adapted to allow further 

progress to be made in a traditional plant breeding program. Smith and Duvick 

(1989) emphasized the importance of germplasm enhancement programs by 

presenting the experience of sorghum (Sorghum vulgare L.) breeding in the 

U.S.A. in which out of 20,000 to 25,000 accessions in the USDA collection 

about half could not have been used in breeding programs in temperate-zone 

regions without the enhancement programs that altered their tropical maturity 

responses. 

The use of exotic germplasm in breeding programs may depend in a large 

part on the success of relatively short-term germplasm enhancement programs 

to identify and incorporate potentially useful germplasm that is more likely to 

repay the long-term breeding effort (Smith and Duvick, 1989). Enhancement 

often is considered to be an appropriate activity for plant breeders employed by 

public agencies while cultivar development may be completed by breeders 
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employed by private firms (Gill, 1989; Rumbaugh, 1991). Enhancement 

involves the use of any appropriate procedure available to plant breeders 

including selection for adaptation, backcrosses with adapted cultivars, single or 

polycrosses with adapted cultivars, or composite crosses among related 

germplasms (Rumbaugh, 1991). 

Germplasm pooling in germ plasm enhancement 

One of the tools used in germplasm enhancement in cross-pollinated crop 

species has involved the use of composite crosses to develop germplasm pools 

with a broad genetic base. Simmonds (1962) originally proposed the use of 

mass reservoirs or, "composite populations", to conserve genetic resources. 

He suggested that composite populations were probably the most effective 

starting points for rapidly producing improved germplasm for use in plant 

breeding at the lowest cost possible. Frankel (1970) also mentions composite 

populations as one tool to efficiently increase productivity in sources with 

exotic genetic backgrounds. The term germplasm pool is used more today and 

will be used in this document. to describe bulking accessions to develop 

composite populations 

Mass selection has been widely used in the enhancement of germplasm 

pools for critical adaptive factors such as maturity, stress tolerance, or 

resistance to diseases or insects. Hallauer and Sears (1 972) found mass 

selection for early silking within the Columbian Eto maize germplasm pool was 
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an effective method to adapt this material to temperate conditions. Hanson et 

al. (1 972) reported rapid response from mass selection in each of two alfalfa 

germplasm pools developed from elite germplasms for resistance to six disease 

and insect pests, although response to selection differed among characters and 

to some extent among populations. They concluded that mass selection can be 

used as a way of conserving and improving alfalfa germplasm. Simmonds 

(1979) suggested that mass selection within germ plasm pools made up from 

exotic germplasms, which are thought to have the capacity for adaptation may 

be more appropriate than other selection methods, such as full-sib or half-sib 

family selection, because mass selection permits more rapid improvement. 

Germplasm pooling has been used in alfalfa breeding programs in the 

development of synthetic varieties (Rumbaugh 1991). Alfalfa germplasm pools 

have been derived predominantly from elite breeding materials but sometimes 

have contained exotic germplasm. Kehr et al. (1975) developed two alfalfa 

germplasm pools, NC-83-1, adapted to the North Central region of the U.S.A., 

and NC-83-2, adapted to the southern part of the North Central region, after 

two generations of open pollination among two main sources of parental 

materials. One source included elite breeding materials adapted to the northern 

alfalfa growing areas of the U.S.A. The other source included exotic 

germplasms that were fall dormant and had some resistance to one or more 

important pests. However, exotic germplasm represented only an average of 
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9% of the plants included in each of the two germplasm pools. 

The oldest germplasm pool in alfalfa may be the BIC germplasm pool that 

was released in 1965 at Beltsville, MD. The BIC pool was developed from 75 

diverse sources of germ plasm that contained a wide array of adapted 

nondormant and dormant sources. Barnes et al. (1977) developed 17 

populations from the BIC alfalfa germ plasm pool using mass selection. Each of 

these populations was derived from selection for a different type of pest 

resistance. 

Hanson et al. (1972) proposed an integrated program of worldwide 

collection, recombination, and mild selection to conserve and improve alfalfa 

germplasm resources. The key feature of the program was the development of 

seven germplasm pools by mass selection. These pools would represent the 

seven basic agroclimatic regions where alfalfa is grown in the U.S.A. The 

suggested germplasm pools would represent the Northeast, Southeast, North 

Central, Southern Great Plains, Northwest, Southwest, and the Intermountain 

area. The proposed program included selection of introductions, cultivars, 

synthetics, and breeding populations for inclusion in each regional pool. A 3: 1 

ratio of exotic to elite stocks was suggested. Recombination of selected 

materials was to be done in spaced plantings in isolation. Equal quantities of 

open-pollinated seed from each plant were to be bulked to form the germ plasm 

pool for each region. The bulked seeds were then to be used for subsequent 
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recombination and selection in more traditional plant breeding programs. 

Barnes et al. (1977) reviewed the suggested plan of Hanson et al. (1972) 

and presented some changes they felt could increase the efficiency of the 

program. They suggested that a minimum of three locations in the U.S. would 

be needed for the development of regional pools: 1) a central-upper south 

location (e.g. Georgia), 2) an intermountain dryland location, and 3) a southwest 

location. They also suggested that germplasm pools should be restricted 

according to germplasm origin and preferably by general geographic origin 

within dormancy class. Each restricted pool should represent variability in a 

specific region. For example, the Turkistan pool could include restricted pools 

each from Turkey, Iran, Afghanistan, and the Caucasus. These restricted pools 

could also be combined into larger regional pools. This approach emphasizes 

the need to constrict germplasm pools of related germplasm to maintain 

desirable alleles and then later combine these pools into broad regional gene 

pools. Rumbaugh et al. (1 988) suggested the same basic approach to conserve 

alfalfa germplasms from Morocco. They suggested that alfalfa germplasms 

could be conserved in five restricted germplasm pools based the agroclimatic 

regions where the crop is grown in that country. 

The development of broad germplasm pools as part of germplasm 

conservation programs may result in the loss of rare alleles. Burton (1976; 

1979) found that improving five germplasm pools of pearl millet (Pennisetum 
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americanum L. Leek) for three generations narrowed the phenotypic variability 

relative to the original pool, and resulted in the loss of alleles (q~O.05), and 

hard to recover characteristics. Rumbaugh et al. (1 988) stated that plant 

breeders who are selecting within alfalfa germplasm with a broad genetic base 

should not be greatly concerned about the possible loss of rare alleles. Such 

alleles would probably be lost using any breeding strategy unless the alleles 

affect selected traits or had effects that were strongly correlated with another 

trait under selection. Marshall and Brown (1975) discussed evaluating priorities 

in conservation of genetic resources. They argued that variants of common 

alleles are more likely to be of greater interest to plant breeders than rare alleles 

which presumably represent either newly arisen mutants, or deleterious genes 

or gene combinations maintained in the population. Bray (1983) indicated that 

an allele with frequency of q~O.05 would be maintained 99% of the time in 

a population size of 45 plants. Therefore the risk of losing desirable alleles due 

to germplasm pooling would probably be very small. Marshall and Brown 

(1975) concluded that germplasm pooling should be considered in any effort to 

increase germplasm utilization within working collections but it is not suitable 

for use in the long-term maintenance of germplasms to minimize the risk of 

losing rare alleles that may have some value in the future. 
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Multiple-Trait Selection in Plant Breeding 

Multiple-trait selection (MTS) is often used to select for traits associated 

with yield and quality such as fruit quality traits in vegetables and fruit crops 

(Baker, 1986). It also could be used to improve broad-based populations for 

some desired traits with reduced risk of genetic drift compared to tandem 

selection (Baker, 1986). The use of MTS in germplasm enhancement programs 

was first suggested by Hanson et al. (1972)for alfalfa. They proposed that 

MTS could be used to incorporate resistance to multiple pests simultaneously 

(within one cycle) in exotic populations of alfalfa. Barnes et al. (1977) 

suggested that MTS within alfalfa germplasm pools should be based on pest 

resistance, adaptability, and general appearance. 

Selection for multiple traits can be achieved using anyone of three basic 

approaches: tandem selection, index selection, or independent culling levels. 

Tandem selection involves recurrent selection for one trait at a time in individual 

cycles until it is improved, then for second trait, etc., until each trait has been 

improved to a desired level. Index selection involves selection for multiple traits 

simultaneously by using some index of net merit constructed by considering 

scores given to each plant according to the degree of its superiority or inferiority 

in each trait. With independent culling level selection, a certain threshold level 

of merit is established for each trait within a cycle, and all individuals below (or 

above) that level are discarded regardless of the superiority or inferiority for the 
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other traits (Hazel and Lush, 1942; Baker, 1986). 

These MTS methods were compared theoretically by Hazel and Lush 

(1942). They concluded that index selection was generally most effective, 

independent culling levels was intermediate, and tandem selection was least 

effective. Elgin et a!. (1970) compared four methods of MTS for five traits in 

alfalfa. The methods were, tandem, modified independent culling levels, and 

two types of index selection, estimated index, and base index. They found that 

estimated index and base index methods were most effective, modified 

independent culling levels was intermediate and tandem selection was least 

effective for improving four foliar diseases and increased recovery after cutting. 

MTS has been used by two groups attempting to increase symbiotic N2 

fixation in alfalfa. Barnes et al. (1984) used independent culling levels to select 

for survival traits directly associated with roots and nodules. They found that 

a significant increase in N2 fixation was achieved by selecting for nodule mass, 

root growth, and nitrogenase and nodule enzyme activity. Teuber and Philips 

(1988) used independent culling levels to select for high forage dry weight and 

increased forage nitrogen concentration under both N2 and NH4 N03 -dependent 

growth conditions. In a stimulated selection study, these workers compared 

single trait selection, base index selection, and independent culling level 

selection and found that the greatest progress would be made with the base 

index selection for these traits. 
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Multiple-trait selection has been normally used to select among traits with 

high degree of association, however, this is not be the case in germplasm 

enhancement in which desired traits some times are not correlated. In this 

study, aphid resistance and forage yield in saline and non-saline environments 

were chosen based on their importance to nondormant alfalfa to be used as the 

selection criteria. The use of MTS for these traits was amid to improve the 

germplasm pools to a reasonable level in each trait which would make them 

more desirable and increase their utilization by plant breeders. 

Selection for aphid resistance 

The blue alfalfa aphid (Acyrthosiphon kondoi Shinji), which is native to 

Asia, was introduced into California in 1974 (Sharma et aI., 1975). In 1975 the 

aphid moved rapidly throughout the southwestern region of the U.S.A. where 

it caused severe damage to alfalfa. Since 1975, the blue alfalfa aphid (BAA) 

has spread as far north as Idaho and east to Iowa (Summers et al., 

1984;Bedard, 1988). The aphid is an early-season pest, affecting mainly the 

first two cuttings (Stern et aI., 1980). The effect of BAA on alfalfa growth and 

development is the result of complex interactions between aphid numbers, time, 

and length of infestation, and plant response to aphid pressure (Summers et aI., 

1984). Stern et al. (1980) found that aphid damage also depends on plant age 

and temperature. Within two weeks of infestation, BAA damage in alfalfa can 

range from leaf curling, stunting and chlorosis to total loss of yield due to 



26 

inability of the plants to recover after aphid infestation (Sharma et al., 1975). 

Evaluating aphid resistance in alfalfa has been generally accomplished by 

infesting large quantities of seedlings with aphids and scoring surviving 

seedlings for aphid damage. In breeding programs resistant plants are 

intermated and their progenies evaluated to test for resistance. Progeny plants 

can be further screened and intermated again if the desired level of resistance 

was not obtained in the initial screening (Nielson and Lehman, 1980; Berberet 

et aI., 1991). 

Genetic variability for resistance to BAA has been observed among and 

within alfalfa cultivars. However, little is known about the underlying 

mechanisms of resistance and no study has been reported on the genetic basis 

of resistance to this aphid. Puterka and Burton (1990) reported that unlike 

aphid resistance in other crops, which is generally simply inherited, resistance 

to some aphid species in alfalfa and corn appears to be complexly inherited. In 

general, alfalfa resistance to aphids could be the result of one or more of three 

fundamental mechanisms, preference/non-preference, tolerance, or antibiosis 

(Kogan and Ortman, 1 978). CUF-1 01, the first cultivar to be released with 

resistance to BAA, was thought to have tolerance as the mechanism conferring 

resistance (Nielson and Lehman, 1977). However, Summers (1988) has found 

unknown allelochemic compounds present in CUF-101 that were absent in 

'Moapa 69' which is susceptible to BAA. This suggested that antibiosis may 
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playa role along with tolerance in the resistance of CUF-1 01 to BAA. For the 

spotted alfalfa aphid ( Therioaphis maculata Buckton), the resistance mechanism 

in alfalfa was thought to be antibiosis due to the presence of high levels of 

saponin in resistant cultivars (Pedersen et aI., 1976). Nevertheless, Dilliwith 

and Interface (1 990) stated that behavior of spotted alfalfa aphids on resistant 

plants suggested that surface properties of alfalfa leaves and stems may also 

play important role in conferring resistance. 

Selection for resistance to salinity 

Salinity stress is usually associated with long-term irrigation in arid 

regions, saline irrigation water, or restricted drainage (Makell et a!., 1986). It 

is a problem found mostly in arid and semiarid regions (Burns et aI., 1990; 

McKell et a!., 1986). Salinity affects plant performance mainly in two ways: 

1) it lowers the osmotic potential, which is the potential energy of water as 

influenced by solute concentration of the soil solution, inducing drought-like 

conditions, and 2) it causes toxic ion effects due to high accumulation of 

sulfate and sodium ions (Maas, 1986). Yield response curves indicate that 

most crops tolerate salinity without significant yield loss up to a threshold level 

above which yield decreases as salinity increases (Maas, 1986). Plant breeding 

may produce populations that preform better under saline conditions making 

agricultural production practical on areas with saline soils (Blum, 1988). 

The need for cultivars with enhanced tolerance to salinity has been 
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emphasized by a number of workers (Dewey, 1962; Shannon,1979; Noble, 

1983). However, attempts to increase salt tolerance of crop plants frequently 

are complicated by interactions between genotypes, and the saline conditions. 

Environmental stress in general may severely limit response to selection 

(Rosielle and Hamblin, 1981). In addition, salinity may affect plants differently 

at distinct developmental stages complicating selection, especially in long-lived 

perennial species (Jones, 1987). Another factor that may contribute to slow 

progress in improving salt tolerance in many crop plants may be the scarcity of 

research that defines the environment in which maximum selection response 

under stress may occur (Johnson et aI., 1992a). 

Alfalfa is considered only moderately tolerant of salinity (Noble et aI., 

1984; Smith, 1993). However, it is an economicaily important crop in Arizona 

and other arid regions where salinity can be a severe problem. Many selection 

methods have been used to increase NaCI tolerance in alfalfa at different 

developmental stages (Smith, 1993). At germination, Mohammad et al. (1989) 

studied the effect of NaCI on germination of 229 alfalfa populations from North 

Africa, Asia, the Middle East, and the U.S.A. and found that alfalfa germination 

percentages decreased when NaCI concentrations exceeded 220 mM. 

However, salt tolerance at germination decreases as seed age (Smith and 

Dobrenz, 1987) and does not appear to be related to seedling growth potential 

under salt stress(Allen, 1984). This reduces the value of selecting for 
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germination salt tolerance. Two nondormant alfalfa germplasms with tolerance 

to high NaCI levels at germination have been released (Dobrenz et aI., 1983; 

1989). 

Salinity also negatively affects alfalfa establishment by reducing seedling 

emergence and development. Assadian and Miyamoto (1987) observed 

reduced emergence in alfalfa irrigated with water containing 47 mM NaCI. 

Reduced emergence from seeding depths of 3 mm was attributed to reduced 

germination since soluble salts in the top 5 mm of soil had increased to over 

200 mM NaCI in only 4 d. For seeding depths of 10 mm or more, emergence 

appeared to be limited by hypocotyl salt injuries after germination. Salt 

tolerance during seedling growth has been observed in improved populations of 

alfalfa (Ashraf et aI., 1987: Noble et aI., 1984). No alfalfa germplasm with salt 

tolerance during seedling growth has been released. 

High levels of salt in the soil also has been shown to reduce the yield of 

established alfalfa plants. Maas and Hoffman (1977) reported that yield from 

alfalfa not selected for improved salt tolerance decreased 7.3 % for each ds mol 

increase above a 2.0 ds mol threshold level. Alfalfa yield therefore, could be 

reduced by 50% at 100 mM NaCI, a level found in many soils in the 

Southwestern U.S.A. and other arid areas in the world (Johnson, 1990). 

Genetic variation for salt tolerance among existing alfalfa populations 

represents the cheapest and the most available source of salt-tolerant 
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genotypes for use in plant breeding. Noble et al. (1984) concluded that two 

generations of recurrent selection using percentage leaf damage of less than 

10% as the main criterion for selection significantly increased mean whole-plant 

salt tolerance without decreasing production under non-saline conditions in the 

alfalfa cultivar CUF-1 01. Johnson et al. (1992a) studied response to selection 

for forage yield with 0, 30, 60, and 80 mM NaCI irrigation and found that 

selection at 60 mM NaCI resulted in the highest gains in yield when selected 

populations were evaluated across all selection environments. 

The potential for breeding alfalfa germplasm with increased tolerance to 

salinity appears promising because of the existence of heritable variation for 

tolerance within populations (Noble, 1983). Heritability estimates for salt 

tolerance in alfalfa have been reported to be reasonably high. Allen et al. 

(1985) estimated broad-sense heritability to be near 0.50 for germination salt 

tolerance. Ashraf et al. (1987) estimated narrow-sense heritability to be 0.52 

for seedling growth at 14 d at 250 mM NaCI. Noble et al. (1984) calculated 

realized heritability for seedling growth at 75 d with 250 mM NaCI and found 

it to be 0.41. Johnson et al. (1992b) estimated heritability for forage yield at 

different developmental stages and found that estimates were highest at the 

first regrowth harvest and lowest at the third regrowth harvest. Nevertheless, 

all heritability estimates for yield in this study were generally high ranging from 

h2 = 0.43 to 0.76. Regardless of approach or population evaluated, heritability 
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estimates indicate a good potential for the improvement of salt tolerance in 

alfalfa using straightforward selection techniques. 

Conservation and Enhancement of Middle-Eastern Alfalfas 

Middle-Eastern alfalfas generally represent distinct ecotypes that have 

been grown in the Arabian Peninsula and North Africa for hundreds of years. 

Although the exact time of introduction of alfalfa into the Arabian Peninsula is 

not known, this crop has always formed an integral part of the oasis system of 

cultivation (Bokhari et aI., 1988). Alfalfa was introduced to North Africa by 

Arabs during the expansion of Islam in the seventh and eighth centuries and has 

been grown there since (Michaud et aI., 1988; Rumbaugh et aI., 1988). Many 

of the Arabian ecotypes have evolved under unique environmental conditions 

imposed by the oasis system in which isolation and local environmental 

conditions in each oasis ,such as the availability of water during the year, salt 

concentration in the irrigation water, and soil type, have affected the 

characteristics of each ecotype (Guarino, 1989). 

Middle-Eastern alfalfa ecotypes have been evaluated under Arabian 

production conditions (Marble et aI., 1985; Wilton et aI., 1984) and in southern 

Arizona (AI-Doss, 1989; Smith et aI., 1991). In Saudi Arabia, Marble et al. 

(1 985) found that most Middle Eastern ecotypes were superior in forage yield 

to most U.S. or Australian entries in all four seasons, had greater height at 

cutting, and flowered earlier. Under southern Arizona conditions, AI-Doss 
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(1989) found that some Middle-Eastern ecotypes were superior in forage yield 

to the elite cultivar Lew, especially in the winter and spring seasons. Wilton et 

al. (1984) concluded that the Middle Eastern ecotypes belong to another 

dormancy class than those considered nondormant in the U.S.A. 

Characterization of variability among selected Middle-Eastern ecotypes 

has been accomplished using morphological and agronomical traits (Smith et 

aI., 1989; 1991). Traits have been identified in many of these ecotypes that 

could be incorporated into elite nondormant alfalfas to increase yield. Many of 

those ecotypes appear especially promising in this regard due to their reduced 

winter dormancy and rapid regrowth following harvest (Marble et aI., 1985; AI

Doss, 1989; Smith et aI., 1991). 

Many unique Middle-Eastern ecotypes may now be subject to extinction 

due to limited supplies of locally grown seed and the availability of imported 

elite cultivars (Marble et aI., 1989). Conservation of alfalfa ecotypes from the 

Middle East could be justified not only on its importance to Middle-Eastern 

Agriculture but also on its importance to all areas where nondormant alfalfa is 

grown. They represents an essential component of attempts to broaden the 

genetic base of nondormant alfalfa. However, these germplasms generally lack 

certain characteristics considered important in nondormant cultivars such as 

insect and disease resistance and persistence under unfavorable conditions such 

as those caused by salinity. Thus, a germplasm enhancement program is 
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essential to incorporate some of the important traits needed in nondormant 

alfalfa cultivars into these germplasms to increase their use in the development 

of improved alfalfa cultivars. 

Research Objectives 

This research was conducted to determine the most appropriate approach 

to conserve and rapidly enhance Middle Eastern alfalfa ecotypes. The main 

objectives were to determine: (1) the appropriate degree of germplasm pooling 

for conservation of genetic variability, (2) the effect of using multiple-trait 

selection to rapidly enhance ecotypes for use in breeding programs, and (3) the 

effect of germplasm pooling and multiple-trait selection on overall phenotypic 

variability. 

These questions were investigated using a collection of ecotypes from 

the Middle East by developing five germ plasm pools differing in their range of 

geographical representation. Syn-1 plants were evaluated for aphid resistance 

and forage yield in saline and non-saline environments within one cycle and the 

superior plants in each population were selected using Simple Weighted Index 

selection. To study the effectiveness of multiple-trait selection, selected and 

parental populations were evaluated in the greenhouse in three separate tests 

to measure the realized gain for each of the three selected traits. Another 

greenhouse experiment was conducted using 25 half-sib families from each of 

the selected and parental populations of four of the germplasm pools to 
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measure any possible changes in genetic variability due to selection. A field 

evaluation trial was also conducted using selected and parental populations 

along with three representative parental ecotypes to measure the effect of both 

the germplasm pooling and multiple-trait selection on phenotypic variability in 

these populations and to compare differences in mean performance. 

Findings from this research should help in the conservation of Arabian 

alfalfas. It also should aid attempts to broaden the genetic base of nondormant 

alfalfa. In addition, it may also give some insight into the possible use of 

germplasm pooling in germ plasm conservation to reduce costs of germplasm 

management. 
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CHAPTER 2 

MATERIALS AND METHODS 

Germplasm Sources 

Germplasm pools were formed using two-year-old plants selected at 

random and dug from a stand of Middle-Eastern ecotypes grown in Tucson, AZ 

between 1987 and 1989 (AI-Doss, 1989). The plants were transplanted into 

3.8-L pots in October 1989 and were grown in the greenhouse during the 

following winter. About 1 7% of the plants died and were replaced with one

year-old plants grown in the greenhouse. 

Five germplasm pools were formed from 1 2 related ecotypes based on 

previous analysis of agronomic and morphological variables in the 1987-1989 

trial (Smith et aI., 1989) (Table 1). The five germplasm pools included: 1) three 

restricted germplasm pools, which correspond to each of the clusters in the 

analysis of Smith et al. (1989) and were named based on the highest yielding 

ecotype in each cluster: "Ed Darner-like", "Hejazi-like", and "Qassimi-like" ; 2) 

one "Best-Arabian" pool, which was formed using only plants from the top

yielding ecotype from each of the three clusters; and 3) the "All-Arabian" 

germplasm pool which included plants from all the ecotypes used in this study 

(Table 1). The relative contribution of each ecotype to the germplasm pool was 



\0 
C"") 

Table 1. 

Ecotype 

Ed-Darner 

Hudieba 

NE-NAF4 

Gaidun 

Hejazi 

Egypt 2 

Egypt 3 

Egypt 4 

Egypt 5 

Qassimi 

Hasawi 

NE-NAF1 

Ecotype names, country of origin, and number of individual plants that were used to form five 
regional Arabian germplasm pools. 

Germplasm pools 

Country All-Arabian Best-Arabian Ed-Darner-like Hejazi-like Qassimi-like 

---------------------------------------- Number of plants --------------------------------------

Sudan 4 20 10 

Sudan 4 10 

Saudi Arabia 5 12 

Bahrain 6 18 

Saudi Arabia 4 15 10 

Egypt 4 10 

Egypt 3 8 

Egypt 3 8 

Egypt 5 13 

Saudi Arabia 4 15 14 

Saudi Arabia 4 14 

Saudi Arabia 5 22 
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adjusted based on the average distance between that ecotype and any other 

ecotype within the cluster over the mean average distance for that cluster (Cox, 

1988). This process was intended to maximize diversity within each germplasm 

pool, thus a lower number of parental plants was selected from closely related 

ecotypes compared to more distantly related ecotypes. 

Fifty potted plants (Syn-O) from each germplasm pool were placed in 

beecages in the summer of 1990. Honey bees (Apis mellifera L.) were used 

for pollination. However, random intercrossing by hand in the greenhouse in the 

fall of 1990 was used to increase seed production on plants that failed to 

produce adequate seed in the field. An equal quantity of Syn-1 seeds (0.25 g) 

from each plant in each population was bulked to represent Cycle-1 seeds for 

that population. 

Initial Screening Study 

A greenhouse screening study was conducted to evaluate individual 

plants from March to October 1991 for resistance to the blue alfalfa aphid 

(Acyrthosiphon kondoi Shinji), and forage yield with saline and non-saline 

irrigation. On 19 March, three scarified Cycle-1 seeds of the five germ plasm 

pools and the Hejazi ecotype (SA-10) were sown in individual 4 X 20 cm 

cylindrical containers filled with soil medium (2:3:3:4 ratio of peat, perlite, sand, 

and potting mix), covered with sand, and thinned to one seedling at 14 d. The 

experiment was constructed as a randomized complete block design with six 
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populations and eight replications. Each replication included six plots( individual 

racks that hold 98 containers) and each plot contained 56 plants from the 

designated population in 14-container rows with 14 plants from each of three 

check cultivars arranged randomly in alternate rows. The checks were CUF-

101, which is resistant to the blue alfalfa aphid (Nielson and lehman, 1977), 

AZ88-NDC, an elite nondormant composite (Smith and Fairbanks, 1989), and 

AZ90-NDC-ST (Johnson et aI., 1991), a germplasm selected from AZ88-NDC 

for increased forage yield under saline irrigation. Plants were irrigated with 

about 35 ml of 0.25 Hoaglands nutrient solution (Hoagland and Arnon, 1950) 

every 3 to 4 days. The nutrient solution was stored in a 200-l tank and plastic 

tubing was used to deliver the nutrient solution to each container by a low

pressure pump to minimize disruption of aphid growth on the seedlings. 

Aphid resistance test 

The screening test was conducted between 9 April and 8 May 1991 

when mean maximum temperatures in the greenhouse were between 20 and 

30°C. Aphids used for the evaluation of resistance were collected from a BAA 

population on an alfalfa stand at the Campus Agriculture Center in Tucson in 

Spring 1991 and were increased on succulent Hasawi ecotype plants in the 

greenhouse. Hasawi is very susceptible to BAA and has only about 1 % 

resistant plants (Marble, 1991). Four weeks after planting, seedlings with 2 or 

3 trifoliolate leaves were manually infested with 4 ml of a mixed population of 
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mature and immature (nymphs) aphids per plot (96 plants) which was 

equivalent to about 2 to 3 aphids per seedling. This process was repeated 14 

d later with 2 mL of aphids applied per plot. The standard procedure in aphid 

screening tests is to infest the seedling at the unifoliate leaf stage (Berberet et 

aI., 1991). However, in this study, I delayed infestation to the third week after 

planting to allow plants to establish before infestation, to minimize the death of 

plants that might carry favorable alleles for the other traits under study. 

Plants were scored for aphid damage using the 1 to 5 scale described 

in the standard screening test for blue and pea aphids (Berberet et aI., 1991) 

(Table 2). Seedlings were sprayed after scoring with an insecticide to eliminate 

infestation, were allowed to recover for 14 d, and then were cut individually (5 

cm above the crown), but not weighed ( 73 d growth). Plants were allowed to 

regrow for 35 d to recover from any aphid damage and the forage produced 

was harvested and again discarded. 

Forage yield under saline and non-saline irrigation 

Forage yield under saline and non-saline irrigation was measured between 

25 June and 11 October 1991 on all plants that had survived the aphid 

screening test. The saline nutrient solution used contained 4.68 g L-1 NaCI (80 

mM) and 0.25 Hoaglands solution. Plants were irrigated individually as in the 

aphid screening test. Forage fresh weight was recorded for each plant for the 

second and third regrowth harvests (136 and 164 d post planting). Plants were 
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Table 2. Scores, classification, and symptoms in the aphid resistance 
scoring system described by Berberet et al.(1991). 

Score, classification Symptoms 

1, resistant Normal plant growth (tall seedlings), no chlorosis, 
or live aphids. 

2, resistant Tall seedlings, minimal chlorosis, and no leaf 
defoliation. 

3, resistant Medium size seedlings, some chlorosis, and 
minimum leaf defoliation. 

4, susceptible Short seedlings, extensive chlorosis, and some 
leaf defoliation. 

5, susceptible Dead or totally defoliated seedling 



41 

then allowed to regrow for two harvests (192 and 220 d) under non-saline 

conditions using irrigation water containing only 0.25 Hoaglands nutrient 

solution. Fresh forage produced by all plants was harvested and recorded as 

forage yield under non-saline irrigation. To minimize salt accumulation, all 

containers were flushed with 0.1 L non-saline water following each harvest. 

This was immediately followed by irrigation with the appropriate saline or non

saline solution (Johnson, 1990). The plants were grown under normal day 

lengths and mean maximum temperature in the greenhouse ranged between 25 

and 32°C. 

Simulated selection 

Before actual selections were made, a simulated selection study was 

conducted using the data obtained during the aphid and yield screening tests. 

The simulated selection study allowed me to select the most appropriate 

method of multiple-trait selection for the traits under study. Methods of index 

selection that do not require calculation of genetic variances and covariances 

were used in this study. These included Baker's Standard Deviation Index 

(Baker, 1986), Base Index Selection (Wiliams, 1962), Elston's Weight Free 

Index (Elston, 1963), Rank Summation Index (Mulamba and Mock, 1978), and 

Simple Weighted Index (Wehner, 1982). 

Based on the simulated selection results (described in Chapter 3 ), Simple 

Weighted Index Selection was chosen forthe actual multiple-trait selection with 
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equal weight given to each of the three traits. SWI is calculated as E al Xi 

where al is a fraction of 1.00 indicating the relative importance of the trait 

(0.333 in this case) and XI is the average rank for an individual for each trait. 

Aphid resistance scores were ranked from 1 to 5 according to the damage 

score. While forage yield in saline and non-saline environments were ranked 

from 1 to 10. About 56 plants (p = 12.5 %) from each population were 

selected and intercrossed to form the Cycle-2 selected populations. At the 

same time, about 56 plants grown separately from each germplasm pool were 

randomly selected and intercrossed to form six randomly selected populations. 

Field Evaluation 

A field evaluation trial was conducted to measure the effects of multiple

trait selection for aphid resistance, and forage yieid in saline and non-saline 

environments on the genetic diversity within the germplasm pools and any 

possible genetic drift due to pooling or selection. About 100 Syn-1 seeds from 

each of the selected and random Cycle-1 populations, three representative 

parental ecotypes, Ed Damer, Hejazi and Qassimi, and the elite cultivar Lew 

were sown in styrofoam seedling flats in the greenhouse in March 1 992. 

Seedlings then were transplanted to the field at the Campus Agriculture Center 

in Tucson,AZ in 1-m long plots with 12 plants in each plot (about 8 cm 

between plants) in April 1 992. Populations were arranged in a randomized 

complete block design with 1 6 populations in each of five replications. 
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Table 3. Date, harvest number, days since last harvest, number of 
regrowth measurements, and high and low temperature for the 
field trial. 

Harvest Date Days since Number of Mean temperature8 

number last harvest regrowth 
measurements 

High Low 

-- °C --

19 Aug 1992 28 37.2 22.1 

2 9 Sept 1992 21 3 36.5 18.8 

3 30 Sept 1992 21 3 36.2 18.5 

4 28 Oct 1992 28 4 31.8 12.1 

5 25 Nov 1992 28 4 21.9 4.8 

6 1 Feb 1993 75 16.6 4.1 

7 1 Mar 1993 28 4 17.9 4.4 

8 29 Mar 1993 28 4 20.9 6.6 

9 19 Apr 1993 21 3 26.7 9.8 

• Temperatures between harvest date and previous harvest based on daily mean temperatures. 
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Fresh forage yield was measured for each plot in nine regrowth harvests 

beginning 19 Aug 1992 (Table 3). Top growth above 7 cm was harvested by 

plot using hand clippers and weighed on a top-loading balance. Stem regrowth 

data were calculated following seven harvests by measuring the single tallest 

stem in each of three randomly selected plants in each plot. Heights were 

measured at 7-d intervals throughout the regrowth period (Table 3). Regrowth 

uniformity was scored for each plot 14 d after harvests 2, 4, 6, and 8 (Table 

3). Plots were scored using a 1 to 5 scale with 1 representing very uniform 

height and 5 representing extremely variable height. The first complete 

internode at the base of the harvested stems and the number of internodes per 

stem were also measured on three randomly chosen stems in each of three 

randomly selected plants within each plot at the seventh harvest on 1 March 

1 993. Leaf area of mature leaves (first fully expanded leaf below the apex of 

the stem) from each of the three stems was also taken using a Licor LJ-31 00 

area meter (Li-Cor, Inc., Lincoln, NE). The mean of the three internodes and 

leaves for each of three plants within each plot was used in the analysis of 

variance. 

Frost damage was scored on individual plots using a 0 to 5 scale with 0 

representing no damage (no desiccation/leaf burn) and 5 representing extreme 

damage. Scores were made approximately 7 d after frost incidence. The major 

frost damage occurred during the third week of regrowth in December 1 992 
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Greenhouse Evaluation Studies 
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Greenhouse evaluation tests were conducted to study response to 

selection for aphid resistance, saline yield, and non-saline yield in separate 

experiments using selected and random populations from each of the 

germplasm pools. The aphid resistance evaluation test was conducted in March 

1993 according to the standard screening test for blue alfalfa aphids (Berberet 

et aI., 1991). Plants were grown under normal day lengths and mean high 

temperature in the greenhouse ranged between 20 and 25°C. Entries were 

arranged in a randomized complete block design with 14 populations in each of 

five replications. Forty scarified seeds of each of random and selected 

populations and the check cultivars CUF-101 (BAA resistant) and Moapa 69 

(BAA susceptible) were placed at random in 40 X 80 cm metal flats filled with 

soil medium (1 : 1 ratio of sand and potting mix) in rows 40 cm long and 4 cm 

apart. At 14 d aphids had already moved into two replications and I was forced 

to infest seedlings earlier than planned (28 d) to reduce differences in aphid 

pressure among replications. Seedlings were counted and infested with 4 mL 

of a mixed population of mature and immature blue alfalfa aphids (reared on 

Hasawi plants) at a rate of about 2 to 3 aphids per seedling. After three weeks, 

seedlings were sprayed with insecticide to terminate the infestation and were 

scored for aphid damage using the 1 to 5 scale used in 1992 (Table 2). The 



46 

percentage of resistant plants (score 1-3) and the average score for each 

population in each replication was used in the analysis of variance. 

Evaluation of response to selection for yield with saline and non-saline 

irrigation was conducted from Oct. 1 992 to March 1 993 in two separate 

experiments according to the standard evaluation test described by Smith 

(1991). Scarified Syn-1 seeds from selected (Cycle-2) and random populations 

of each germ plasm pool along with the check cultivars CUF-101 and AZ90-

NDC-ST were arranged in a randomized complete block design with 14 

populations, 7 plants per population and five replications. Three scarified seeds 

were planted in each individual 4 X 20 cm container filled with soil medium (as 

in the screening study). Seedlings were then thinned to one seedling per 

container at 14 d. Each experiment was irrigated individually with the 

appropriate nutrient solution ( as in the screening study) every 3 to 4 d. Fresh 

forage yield of individual plants in each population was measured for regrowths 

1 to 4 and plant survival was calculated for each population. Plants were 

grown under 24 h. florescent light and mean maximum temperature in the 

greenhouse ranged between 1 5 and 22°C. 

Half-sib Family Experiment 

A half-sib progeny test was conducted in the greenhouse from Aug. 

1992 to Feb. 1993 using 25 half-sib families from selected (Cycle-1) and 

random populations ofthe All-Arabian, Best-Arabian, Ed-Darner-like, and Hejazi-
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like germplasm pools to measure the changes in genetic variability as a result 

of selection. Half-sib families from each of the four germplasm pools and the 

populations CUF-1 01, AZ88-NDC, and AZ90-NDC-ST were arranged in a 

randomized complete block design with the check populations in three randomly 

placed 7- plant rows within each block. Three scarified seeds were planted on 

10 Aug. 1992 in each 4 X 20 cm container filled with soil medium (as in the 

screening test). Seedlings were thinned to one seedling per container at 14 d. 

Seedlings were irrigated with non-saline nutrient solution ( 0.25 Hoaglands 

solution) for the seedling stage (first 49 d) and the first two regrowth periods. 

Seedlings were cut 5 cm above the crown but forage was not weighed. Fresh 

forage yield was measured for the first two regrowth periods with non-saline 

irrigation (at 77 and 105 d post planting). Plants were grown with saline 

irrigation for the third regrowth period. However, yield was not weighed due 

to severe salt damage that was caused by an error in the amount of salt added 

to the nutrient solution. Plants were allowed to recover from the salt damage 

for 35 d with non-saline irrigation. Fresh forage yield with saline irrigation (80 

mM NaCI) was measured for the fifth and sixth regrowth harvests ( at 1 96 and 

224 d post planting). Plants were grown with normal day length and mean high 

temperatures in the greenhouse during the experiment were between 20 and 

30°C 
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Statistical Analysis 

All variables were checked for normality with procedure UNIVARIATE using 

SAS (SAS Institute Inc., Cary, NC). Internode number and length were square

root transformed and these values were used in analyses. All experiments were 

analyzed with procedure ANOVA or GLM. Mean separations were obtained by 

least significant difference, with an a level of 0.05. 

In the field evaluation study, Pearson correlation coefficients were 

calculated among all agronomical and morphological traits over all populations 

evaluated in the study to reveal any associations among these traits (Table 4). 

All pairs of variables that exhibited correlation coefficients greater than 0.7 

were excluded from subsequent analysis (Sneath and Sokal, 1973). Eleven 

variables were included in the analyses of variance and general contrasts. These 

traits included mean yield, winter yield, winter stem elongation rate (SER), week 

one SER, plant height, regrowth uniformity, frost damage, internode length, 

internode number, leaf area, and leaf length to width ratio. General contrasts 

were used to compare random and selected populations to document any 

possible agronomical or morphological changes using Scheffe's F test which 

protects against Type-I errors ( rejecting a correct null hypothesis). 
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Table 4, Pearson correlation coefficients for agronomical and morphological traits evaluated in the field on 
random and selected populations of five Arabian germplasm pools 

Variable Number 

Variable 11) (2) (3) (4) (6) IB) (7) (8) (9) 110) 111) (12) (13) 

1.Mean yield 0.6S' 0.77 O.BB 0.77 0.42 0.66 0.42 0.72 0.69 0.62 0.63 ·0.30 

2.Summer yield 0.74 0.08 0.16 0.61 0.67 0.06 0.18 0.39 0.44 0.63 -0.17 

3.Fall yield 0.12 0.38 0.71 0.89 0.22 0.48 0.78 0.69 0.80 -0.13 

4.Wlnter yield 0.74 0.16 0.14 0.66 0.28 0.29 0.23 0.16 -0.26 

6.Sprlng yield 0.08 0.26 0.47 0.73 0.38 0.47 0.28 -0.30 

6.Summer SER" 0.68 0.29 0.83 0.73 0.60 0.89 0.07 

7.F.II SER 0.37 0.66 0.83 0.76 0.93 0.06 

8.Wlnter SER 0.79 0.48 0.43 0.26 -0.14 

9.Spring SER 0.63 0.69 0.67 -0.19 

10.Mean SER 0.74 0.97 0.02 

11.Week one SER 0.70 ·0.08 

12.Plant height 0.07 

13.Uniformlty 

14.Frolt damoge 

16.1nternode length 

16.1nternode number 

17.leal area 

18.leaf length:wldth 

8 Values greater than 0.33 and 0.45 significant at the 0.05 and 0.01 level, respectively (n = 40). 
b SER is stem elongation rate per day. 

1141 (161 (161 (171 (181 

0.16 0.38 0.07 0.26 0.03 

0.10 0.12 -0.12 0.19 0.17 

0.37 0.27 -0.07 0.34 0.03 

-0.33 0.37 0.26 0.11 0.07 

0.18 0.34 0.14 0.13 0.07 

0.28 0.19 -0.10 0.39 0.11 

0.37 0.40 -0.07 0.36 0.01 

0.16 0.66 0.31 0.28 0.11 

0.12 0.63 0.26 0.26 0.09 

0.37 0.46 -0.01 0.44 0.02 

0.49 0.41 -0.04 0.33 0.04 

0.37 0.34 ·0.09 0.41 0.06 

-0.06 0.01 -0.11 0.04 0.16 

0.22 -0.30 0.13 0.08 

-0.16 0.31 0.00 

0.29 0.02 

0.03 
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Estimates of Genetic Parameters 

Response (R) from individual plant selection was predicted for each trait 

and population as follows: 

where i = intensity of selection; h2 = heritability on an individual basis; and up 

= phenotypic standard deviation among individual plants (Falconer, 1981). 

Percent gain (% G) per cycle of selection was calculated as follows: 

%G = R + Pm 

where Pm = phenotypic mean of among individual plants of each population. 

A conservative heritability value (0.25) was used in the calculation of expected 

gain based on published estimates of heritability of improved seedling forage 

yield in the presence of NaCI in alfalfa (Ashraf et aI., 1987; Noble et aI., 1984). 

Half-sib families were evaluated in a randomized complete block design 

with an equal number of plants in each plot. An analysis of variance (Table 5) 

was computed for saline and non-saline yield for each regrowth yield on 

anindividual plant basis (Hill and Leath, 1979; Levings and Dudley, 1963; 

Nguyen and Sieper, 1983). 

From these estimates, narrow-sense heritabilities (h2
Ns ) on an individual 

plant basis were estimated as: 

~A 4~F 
h2 

NS = --------- = -----------------------
~p ~F + ~ + ~w 
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Table 5. Analysis of variance on an individual plant basis for saline and non
saline yield in four Arabian germplasm pools. 

Source df8 Expected mean squares 

Replications (r-1 ) 

Families (f-1 ) clw + ncl + rnclF 

Error (r-1Hf-1) clw + ncl 

Within plots rf(n-1 ) clw 

8 r = no. of replications; f = no. haf-sib families; n = no. of individual plants per 
plot. 
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and broad-sense heritabilities (h2 
BS ) were estimated as: 

~G ~F 
h2 

BS = --------- = --------------------------------------------
~p [(~w + (r-n))+(~ + r)+(~F)] 

with ~ A = additive genetic variance, ~ p = total phenotypic variance, ~ F = 

family variance component, ~ w = variance component among indi idual plants 

within plots, ~ = error variance component (plot-to-plot environmental 

variance), ~ G = total genetic variance, r = no. of replicates, an f = no. of 

half-sib families. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

Simulated Selection 

Simulated selection was preformed on the All-Arabian germplasm pool to 

select the most appropriate index selection method. The most desired method 

would be one that does not require calculation of genetic variances and 

covariances, is easy to calculate, and gives high selected mean and low 

standard error. Results of simulated selection did not demonstrate any 

significant differences in means of selected plants among the different index 

selection methods evaluated for any of the three traits used in the study (Table 

6). As a result, the simple-weighted index (SWI) was selected as the selection 

index based on its simplicity. SWI does not require calculation of standard 

deviation for each population, or transformation, or standardization of all 

phenotypic values as some other methods do. 

Analysis of data obtained during the screening study showed that saline 

and non-saline yield were positively and significantly correlated (r = 0.39, 

P=:;;0.05). However, aphid resistance score was negatively and significantly 

correlated with both saline (r = -0.29) and non-saline yields (r = -0.35). 

Nevertheless, SWI selection was successfully able to recover about 54% of the 
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Mean ± SE of selected plants (p = 12.5%) following simulated 
selection for blue alfalfa aphid resistance and forage yield with 
saline (80 mM NaCI) and non-saline irrigation for five index 
selection methods in the All-Arabian germplasm pool. 

Forage yield 

Index selection method Aphid resistance score" Saline Non-saline 

----------- g planr' -----------

Baker's Standard Deviation 2.84±O.13 1.83±O.O5 3.43±O.14 

Elston's Weight-free 2.90±O.11 1.76±O.O4 3.39±O.13 

Rank summation 2.81 ±O.11 1.84±O.O4 3.49±O.13 

Simple-waighted 2.74±O.11 1.86±O.O4 3.51 ±O.13 

Standard Base 2.82±O.12 1.79±O.O5 3.42±O.14 

Entire population 3.61 ±O.O7 1.07±O.O3 1.73±O.O5 

" Plants were scored from 1 = very resistant to 5 = extremely susceptible. 
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highest scored plants for aphid resistance, 66% of the highest yielding plants 

under saline irrigation, and about 60% of the highest yielding plants under non

saline irrigation. These values are considered reasonably good recovery of 

superior plants in each trait considering the negative correlation between aphid 

score and yield with saline and non-saline irrigation. 

Initial Screening Study 

Few significant differences were observed among the germ plasm pools 

in the initial screening for blue alfalfa aphid (BAA) resistance (Table 7). The 

Qassimi-like germ plasm pool showed significantly higher BAA damage than any 

other population in the study and contained only 27% resistant plants. All 

other germplasm pools did not differ significantly in both BAA damage or 

percent resistant plants. However, all germplasm pools were significantly 

higher in mean BAA damage than the resistant check CUF-1 01 (Table 7). The 

average selection differential was 29.6% relative to the base population, with 

the proportion selected equal to 12.5%. This indicates that these populations 

have relatively low potential for the improvement of BAA resistance since they 

have relatively low average resistance in the base populations and do not have 

significant variability for increased resistance. As a result, several generations 

of selection may be required to increase BAA resistance to a level similar to that 

in CUF-101. 
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Table 7. Blue alfalfa aphid resistance and damage score in initial 
populations, selected plants (p = 12.5%) and the selection 
differential within six Arabian germplasm pools and the cultivar 
CUF-101. 

Population 

All-Arabian 

Best-Arabia n 

Ed-Darner-like 

Hejazi ecotype 

Hejazi-like 

Qassimi-like 

CUF-101 

LSD(O.05) 

Resistance 

--%--

41.3° 

43.1 

41.8 

44.0 

37.2 

27.0 

72.9 

9.3 

Damage score 

Initial Selected Selection 
pop. plants differential 

--%--

3.61 2.74 27.1 

3.53 2.47 33.4 

3.57 2.56 31.5 

3.59 2.70 27.5 

3.64 2.68 29.3 

3.82 2.82 28.9 

2.73 

0.15 0.25 

8 Plants were scored using a 1 to 5 scale where 1 = very resistant and 5 = 
extremely susceptible, and plants in classes 1-3 were considered resistant. 
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Significant differences among the germ plasm pools were observed for 

forage yield under saline irrigation (Table 8). The Qassimi-like germplasm pool 

produced the lowest yield among all the germplasm pools. Mean yield of the 

salt-tolerant germplasm AZ90-NDC-ST was significantly higher then any 

germplasm pool in the study (Table 8). However, the average selection 

differential was 63% over the base population (p = 12.5%), which indicates 

that all these populations have good potential for improved yield in saline 

environments. 

Few significant differences were observed among the germplasm pools 

in forage yield with non-saline irrigation (Table 9). The All-Arabian and Best

Arabian germplasm pools, the most broad-based populations, had the highest 

mean yields while the Qassimi-like pool had the lowest yield. All germplasm 

pools, except the Qassimi-like pool, had mean yields equal to or significantly 

greater than the check cultivar CUF-101 (Table 9). Average selection 

differential was 71 % over the base population, again suggesting very good 

potential for improvement in forage yield with selection even with moderate to 

low heritability. 

Calculations of predicted genetic gain for aphid resistance, and saline and 

non-saline yield reflected mean differences for each trait in the screening study 

and selection differentials. Very few differences among germplasm pools were 

observed for each trait. Aphid resistance had the lowest predicted gain and 
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Forage yield (g planrl) with saline irrigation (80 mM NaCI) for 
initial populations, selected plants (p = 12.5%) and the selection 
differential within six Arabian germplasm pools and the check 
populations CUF-101 and AZ90-NDC-ST. 

Population Initial pop. Selected plants Selection 
differential 

---------- g plant-1 
----------- --%--

All-Arabian 1.13 1.86 64.6 

Best-Arabian 1.22 1.90 55.7 

Ed-Darner-like 1.22 2.09 71.3 

Hejazi ecotype 1.10 1.61 55.4 

Hejazi-like 1.11 1.70 59.0 

Qassimi-like 0.96 1.67 73.9 

CUF-101 1.11 

AZ90-NDC-ST 1.48 

LSD(0.05) 0.08 0.15 
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All-Arabian 
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Forage yield ( g plant-1
) with non-saline irrigation for initial 

populations, selected plants (p = 12.5%), and the selection 
differential within six Arabian germ plasm pools and the check 
populations CUF-101 and AZ90-NDC-ST. 

Initial pop. Selected plants Selection 
differential 

--------- g plant-1 ---------- --%--

1.99 3.51 76.4 

Best-Arabian 2.05 3.28 60.0 

Ed-Darner-like 1.90 3.55 86.8 

Hejazi ecotype 1.93 3.13 62.2 

Hejazi-like 1.83 3.06 67.2 

Qassimi-like 1.66 2.86 72.3 

CUF-101 1.79 

AZ90-NDC-ST 1.89 

LSD(0.05) 0.16 0.29 
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forage yield with non-saline irrigation had the highest value (Table 10). 

Predicted gain values for saline and non-saline yield were higher than those 

reported by Johnson et al. (1992) for African and Sonora populations under 

similar conditions. This suggests that the Arabian germplasm pools have the 

potential for improved yield under saline and non-saline environments. 

Calculation of saline to non-saline yield ratio, which is considered a 

measure of salt tolerance (Maas, 1986), did not display any significant 

differences among germplasm pools or between selected plants and population 

mean (Table 11). However, AZ90-NDC-ST, which was selected for improved 

yield with saline irrigation, was significantly higher in salt tolerance than any 

germplasm pool or CUF-1 01. This result suggests that although index selection 

was used to select for superior plants in both saline and non-saline 

environments, expected gain in saline yield might be primarily due to increases 

in inherent productivity and not to increases in salt tolerance. 

Field Evaluation 

Results of the field evaluation study did not reveal any significant 

differences in any of the agronomical or morphological traits between selected 

and random populations as a result of multiple-trait selection. General contrasts 

between selected and random population means were calculated for all traits 

that had correlation coefficients less than 0.7 (Table 12). Result of contrast 
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Table 10. Mean expected percent gains in aphid percent resistance, and 
forage yield (g plant·') with saline and non-saline irrigation within 
six Arabian germplasm pools. 

Population Aphid Saline yield Non-saline yield 
resistance 

------------------------- % gainS -------------------------

All-Arabian 8.8 21.6 30.3 

Best-Arabian 9.6 22.9 28.7 

Ed-Damer-like 9.1 22.2 32.6 

Hejazi ecotype 9.8 22.7 31.6 

Hejazi-like 8.7 22.4 32.1 

Qassimi-like 7.9 29.5 38.2 

Mean 9.0 23.5 32.1 

• Response (R) of individual plant salection was predicted by population as: R = ih2 op where i = intensity of selection 
(1.65); h2 = heritability on individual basis; and up = phenotypic standard deviation among individual plants (Falconar, 
1981). A heritability value of 0.25 for all traits were used in the calculation of response. Percent gain (%G) of selection 
was calculated as %G = R + Mp where Mp = phanotypic mean among individual planta. 
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Table 11. Saline to non-saline yield ratio (± SE) for entire initial populations, 
and selected plants (p = 12.5%) within six Arabian germplasm 
pools and the check populations CUF-101 and AZ90-NDC-ST. 

Population 

All-Arabian 

Best-Arabian 

Ed-Darner-like 

Hejazi ecotype 

Hejazi-like 

Qassimi-like 

Mean 

CUF-101 

AZ90-NDC-ST 

LSD(0.05) 

Saline / non-saline ratio 

Entire pop. Selected plants 

--------------------- % ----------------------
0.57±0.04 0.56±0.02 

0.60±0.03 0.60±0.02 

0.64±0.03 0.60±0.02 

0.57±0.03 0.54±0.02 

0.61 ±0.03 0.58±0.02 

0.58±0.04 0.62±0.03 

0.60 0.58 

0.62±0.03 

0.83±0.02 

0.08 0.06 
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Table 1 2. General contrasts between selected and random populations of 
five Arabian germplasm pools in some agronomical and 
morphological traits in a field trial. 

Variable Pr> F Variable Pr> F 

Mean yield 0.41 Regrowth uniformity 0.37 

Summer yield 0.21 Frost damage 0.57 

Winter yield 0.70 Internode length 0.76 

Winter SER 0.06 Internode number 0.40 

Week one SER 0.07 Leaf area 0.75 

Plant height 0.55 Leaf length:width 0.11 
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analysis showed no significant differences between selected and random 

populations at P:s;O.05. However, at P:s;O.10 selected populations were 

significantly different from random populations in winter SER and week one 

SER (Table 1 2). 

There were no significant differences between selected and random 

populations in average seasonal yield (Table 13). However, all selected 

populations exhibited a trend toward an increase in yield except the Ed-Damer

like selected population (Table 13). Differences in mean forage yield between 

selected and random populations ranged from -8.8 g plant-1 for the Ed-Damer

like to 10.7 g plant-1 for Best-Arabian selected. Few significant differences 

were observed among either selected or random germplasm pools in seasonal 

plant yield but none produced as much as the parental ecotype Qassimi. 

Mean SER and plant height also generally did not differ significantly 

between selected and random populations (Tables 14 and 1 5). The only 

exception was in winter SER in which the Best-Arabian selected was 

significantly higher than the random population (Table 14). All populations 

exhibited the same trend as was observed for yield in which the selected 

populations had relatively higher means than random populations. This positive 

trend in forage yield and SER could be the result of selection. 

All morphological traits, frost damage, and regrowth uniformity scores did 

not show any significant differences between selected and random populations. 
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Table 13. Mean seasonal forage yield for nine harvests in the field for 
selected and random populations of six germplasm pools and three 
representative parent ecotypes and the elite cultivar Lew. 

Population Selection Summer" Fallb Winter" Springd Mean 

---------------------------- g plant·' -------------------------------

All-Arabian Random 56.06 40.12 68.57 63.09 56.94 

Selected 61.59 41.73 74.13 64.45 60.47 

Best-Arabian Random 44.55 37.62 73.77 67.07 55.75 

Selected 57.97 44.07 83.17 80.43 66.4·1 

Ed-Damer-like Random 68.81 45.96 70.55 73.21 64.63 

Selected 58.48 38.70 68.57 57.56 55.83 

Hejazi ecotype Random 50.79 38.13 93.32 83.35 66.40 

Selected 57.93 42.47 86.53 82.61 67.38 

Hejazi-like Random 54.40 45.89 77.18 76.80 63.57 

Selected 64.44 45.18 72.55 76.59 64.69 

Oassimi-like Random 48.19 32.25 61.4 55.30 49.28 

Selected 61.25 46.29 56.79 57.20 55.38 

Ed-Damer 53.57 49.48 50.86 53.90 51.95 
ecotype 

Hejazi ecotype 53.57 51.68 86.44 89.77 70.46 

Oassimi ecotype 72.50 63.42 97.48 96.09 82.37 

Lew 54.30 27.07 82.34 60.57 56.07 

LSD(0.05) 25.23 14.68 19.77 16.81 13.50 

.. Average summer yield based on harvests 1 (19 Aug.) and 2 (9 Sep.) 1992. 
b Average fall yield based on harvests 3 (30 Sep.), 4 (28 Oct.) and 5 (25 Nov.) 1992. 
C Average winter yield based on harvests 6 (1 Feb.) and 7 (1 Mar.) 1993. 
d Average spring yield based on harvests 8 (29 Mar.) and 9 (19 Apr.) 1993. 
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Table 14. Mean seasonal stem elongation rate (SER) within selected and 
random populations of six germplasm pools and three 
representative parent ecotypes and the elite cultivar Lew. 

Population Selection Summer" Winter" Springd Mean 

------------------------- cm day·' -------------------------

All-Arabian 

Best-Arabian 

Ed-Damer-like 

Hejazi ecotype 

Hejazi-like 

Oassimi-like 

Ed-Damer ecotype 

Hejazi ecotype 

Oassimi ecotype 

Lew 

LSD(0.05) 

Random 

Selected 

Random 

Selected 

Random 

Selected 

Random 

Selected 

Random 

Selected 

Random 

Selected 

2.76 

2.84 

2.68 

2.76 

3.02 

2.84 

2.84 

2.87 

2.93 

3.03 

2.81 

2.91 

3.09 

2.89 

2.84 

2.53 

0.21 

8 Average SER for harvests 2 ( 9 Sept. 1992). 

2.49 

2.59 

2.58 

2.73 

2.50 

2.36 

2.60 

2.74 

2.73 

2.82 

2.60 

2.58 

2.82 

2.67 

2.83 

1.93 

0.24 

1.62 

1.72 

1.81 

2.00 

1.73 

1.63 

1.86 

1.88 

1.74 

1.82 

1.63 

1.67 

1.83 

1.85 

1.93 

1.65 

0.14 

1.87 

1.98 

2.03 

2.14 

2.05 

1.99 

2.05 

2.15 

1.95 

2.11 

1.80 

1.81 

2.08 

2.09 

2.09 

1.85 

0.17 

b Average SER for harvests 3 (30 Sep.), 4 (28 Oct.) and 5 (25 Nov.) 1992. 
C Average SER for harvests 7 ( 1 Mar. 1993). 
d Average SER for harvests 8 (29 Mar.) and 9 (19 Apr.) 1993. 

2.19 

2.28 

2.28 

2.41 

2.32 

2.21 

2.34 

2.41 

2.34 

2.45 

2.21 

2.24 

2.45 

2.38 

2.42 

1.99 

0.21 
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Table 15. Stem elongation rate for week one, plant height at harvest, frost 
damage and regrowth uniformity within selected and random 
populations of six germ plasm pools and three representative 
parental ecotypes and the cultivar Lew. 

Population Selection SER1° Plant Frost Uniformityc 
height damageb 

- cm d-' - -- cm --

Ali-Arabian Random 3.61 51.97 2.87 3.00 

Selected 4.12 54.10 3.00 2.95 

Best-Arabian Random 4.04 54.38 3.40 2.90 

Selected 4.30 57.38 3.43 2.30 

Ed-Darner-like Random 3.40 54.78 2.87 2.55 

Selected 3.30 53.38 2.67 3.00 

Hejazi ecotype Random 4.39 56.08 3.33 2.50 

Selected 4.81 57.33 3.33 2.40 

Hejazi-like Random 4.64 55.43 3.13 2.60 

Selected 4.87 58.10 3.66 2.50 

Qassimi-like Random 3.48 52.42 3.20 2.85 

Selected 3.57 53.27 2.53 2.65 

Ed-Darner ecotype 3.95 58.33 3.93 2.60 

Hejazi ecotype 4.70 56.60 3.67 2.30 

Qassimi ecotype 4.91 57.80 3.87 2.15 

Lew 2.20 47.85 2.33 1.65 

LSD(0.05) 0.54 3.76 0.67 0.54 

8 Mean SER in the first week of regrowth was measured for seven regrowth harvests, 2-5 and 
7-9, on three randomly selected stems within each plot. 
a Frost damage was scored using a 0 to 5 scale with 0 = no damage and 5 = extreme damage. 
c Regrowth uniformity was scored within each plot using a 1 to 5 scale with 1 = very uniform 
and 5 = very variable. 



68 

These traits were not highly correlated with yield (Table 4) and did not show 

any positive or negative trend associated with selection (Tables 15 and 16). 

These results indicate that combined selection for aphid resistance and forage 

yield in saline and non-saline environments did not negatively affect phenotypic 

variability in traits not directly associated with yield. 

Greenhouse Evaluation Tests 

Aphid resistance 

There were significant differences in both percent resistance and aphid 

damage score between selected and random populations of the Ed-Darner-like, 

Hejazi-like, and Qassimi-like restricted pools. The broader-based All-Arabian and 

Best-Arabian germplasm pools showed apparently very little response to 

selection for aphid resistance (Table 17). Nevertheless, all selected populations 

showed a trend toward increased resistance and survival relative to random 

populations (Table 17). The check cultivar CUF-1 01 showed the least damage 

and the highest survival rate and was significantly superior to any population 

in the study for both traits. 

The mean aphid damage score in this study was 3.94 which was higher 

than 3.50 mean score in the screening test (Table 7). This could be attributed 

to differences in seedling age at the time of infestation since seedlings were 

infested with aphids at 14 d in the evaluation test but at 28 d in the screening 

test to minimize seedling lose due to the aphid damage. Seedling age during 
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Table 16. Internode number, and length, leaf area and leaf length:width ratio 
within selected and random populations of six germ plasm pools 
and three representative parent ecotypes and the cultivar Lew. 

Population Selection Internode Internode Leaf areab Leaf L:W 
number" lengthR ratiob 

-- mm -- -- cm2 --

Ali-Arabian Random 7.07 75.53 13.50 1.49 

Selected 7.33 71.67 14.65 1.56 

Best-Arabian Random 7.47 76.33 15.68 1.61 

Selected 7.47 87.67 13.52 1.64 

Ed-Darner-like Random 7.27 78.00 14.52 1.44 

Selected 7.40 72.33 13.55 1.56 

Hejazi ecotype Random 7.53 79.00 15.97 1.52 

Selected 7.13 85.33 13.85 1.69 

Hejazi-like Random 7.20 77.00 13.97 1.61 

Selected 7.27 75.66 15.67 1.50 

Oassimi-like Random 6.87 74.33 14.28 1.48 

Selected 6.73 73.33 15.67 1.56 

Ed-Darner ecotype 7.33 78.33 15.02 1.56 

Hejazi ecotype 7.47 86.33 14.40 1.48 

Oassimi ecotype 7.33 87.67 14.92 1.51 

Lew 7.47 63.33 12.12 1.62 

LSD(0.05) 0.34 11.41 2.91 0.21 

8 Internode number, and length were measured on three randomly selected stems within each 
plot. 
b Leaf area and leaf length to width ratio were measured for one mature leaf in each of three 
randomly selected stems within each plot. 
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Table 17. Mean blue alfalfa aphid resistance score ( ± SE), percent resistance 
and survival within selected and random populations of six Arabian 
germplasm pools, and the check cultivar CUF-1 01 . 

Population Selection Score" Resistanceb Survival 

-- % -- --%--

All-Arabian Random 4.09±0.10 14.5 56 

Selected 4.08±0.09 21.8 66 

Best-Arabian Random 3.89±0.09 27.0 74 

Selected 3.83±0.05 29.2 79 

Ed-Darner-like Random 4.14±0.10 17.5 55 

Selected 3.93±0.08 29.1 76 

Hejazi ecotype Random 3.97±0.08 24.6 64 

Selected 3.75±0.05 32.2 77 

Hejazi-like Random 4.17±0.04 15.1 58 

Selected 3.96±0.03 28.5 65 

Qassimi-like Random 4.32±0.08 11.2 45 

Selected 4.06±0.09 22.3 57 

CUF-l0l 3.13±0.14 53.6 87 

LSD(0.05) 0.20 10.6 11 

8 Plants were scored using 1 to 5 scale where = very resistant and 5 = extremely 
susceptible. 
b Plants scored 1-3 were considered resistant. 
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the evaluation test may have also affected realized gain for aphid resistance. 

However, calculation of a Spearman rank correlation coefficient (ra) between 

aphid damage scores in the screening study and the evaluation test indicated 

that scores were highly correlated (ra =0.93, P~0.01). This suggests that both 

tests were measuring the same trait but at different seedling ages. Thus, BAA 

resistance values obtained in the evaluation test represent aphid resistance in 

these populations according to the standard procedure (Berberet et aI., 1991). 

Saline yield test 

Results of the saline yield evaluation test showed significant differences 

between the selected and random populations for the All-Arabian, Hejazi-like 

and Qassimi-like germplasm pools. All selected populations had relatively higher 

forage yield and plant survival than their randomly selected populations (Table 

18). All selected populations were significantly higher yielding than the check 

cultivar AZ-90NDC-ST which did not yield as well as it did in the screening test 

or the half-sib families experiment ( see next section). This could be attributed 

to lower greenhouse temperatures during the experiment, which was conducted 

between Oct. and Feb., since the AZ90-NDC-ST is not as nondormant as the 

Arabian germplasm pools. Johnson (1 990) reported that mean forage yield for 

AZ90-NDC-ST in an evaluation study that was conducted between July and 

Nov. was only 0.9 g plant-1 at 80mM NaCI and 1.16 g planr1 at 0 mM salt. 

These data suggest that AZ90-NDC-ST has lower inherent yield relative to the 
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Table 18. Mean yield (± SE) with saline (80 mM) and non-saline irrigation 
within selected and random populations of six Arabian germplasm 
pools, and the checks population CUF-101 and AZ90-NDC-ST. 

Population Selection Saline yield Survival Non-saline Saline / non-
yield· saline 

--g planrl-- --%-- --g planrl--

All-Arabian Random 1.15 ±0.20 61 1.86±0.16 0.62 

Selected 1.76±0.15 68 2.25±0.13 0.78 

Best-Arabian Random 1.53±0.18 61 1.78±0.13 0.86 

Selected 1.71 ±0.12 68 1.91±0.12 0.86 

Ed-Damer-like Random 1.49 ±0.19 78 1.93±0.13 0.77 

Selected 1.58±0.16 86 1.78±0.13 0.89 

Hejazi ecotype Random 1.54±0.18 57 1.90± 0.12 0.81 

Selected 1.62±0.15 82 2.21 ±0.10 0.73 

Hejazi-like Random 1.55±0.20 71 2.01±0.13 0.77 

Selected 1.86 ± 0.14 75 2.06±0.13 0.90 

Qassimi-like Random 1.02 ± 0.12 57 1.69 ±0.13 0.60 

Selected 1.31 ±0.11 71 1.80±0.11 0.73 

Mean 1.51 70 1.93 0.78 

CUF-101 0.99±0.11 64 1.34±0.13 0.74 

AZ90-NDC-ST 1.02±0.07 82 1.08±0.09 0.94 

LSD(0.05) 0.23 12 0.32 0.13 

o Plant survival in the non-saline irrigation was not significantly different and ranged from 86 
to 100% 



73 

Arabian germplasm pools and that cooler temperatures may have increased 

these differences in productivity. 

Non-saline yield test 

The All-Arabian selected population was the only population to show 

significant differences in yield from its randomly selected population under non

saline irrigation (Table 18). However, all selected populations, except the Ed

Darner-like selected population, had relatively higher forage yield than their 

randomly selected counterpart. All random and selected populations had mean 

forage yield higher than the check cultivar CUF-1 01 . 

Calculation of saline to non-saline yield ratios showed that only the All-Arabian 

selected differed significantly in salt tolerance from its random population (Table 

18). AZ90-NDC-ST had the highest ratio which was significantly higher than 

all randomly selected populations, except the Best-Arabian population. Also, 

it was higher than selected populations of the All-Arabian, Hejazi ecotype, and 

Qassimi-like germ plasm pools. Saline to non-saline yield ratios in this 

experiment were generally higher than tnose obtained in the screening study 

(Table 11). This difference in ratios, also, could be due to low temperatures 

during the evaluation experiment. 

Realized gain was calculated for aphid resistance, and saline and non

saline yield for all selected populations that had significantly higher means than 

their randomly selected counterpart (Table 19). Gains for aphid resistance were 
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Table 19. Mean actual gains in aphid resistance, forage yield with saline and 
non-saline irrigation for five Arabian germplasm pools and the 
Hejazi ecotype. 

Population Aphid score Saline yield Non-saline yield 

------------------------ % gainft ----------------------

All-Arabian NSb 53.0 21.0 

Best-Arabian NS NS NS 

Ed-Darner-like 5.1 NS NS 

Hejazi ecotype 5.5 NS NS 

Hejazi-like 5.1 20.0 NS 

Qassimi-like 6.0 22.1 NS 

ft Response (R) to selection was calculated as the difference between random and selected 
population means. Percent gain (%G) of selection was calculated as %G = R + Mp where Mp 
= phenotypic mean among individual plants. 
b NS = not significant. 
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significant in the three restricted germplasm pools and Hejazi ecotype and were 

not significant in the broader-based All-Arabian, and Best-Arabian pools. 

Percent gain for aphid resistance was about 5.4%, which was about 60% of 

the predicted gain of 9% (Table 10). Percent gain for saline yield was 

significant in the All-Arabian, Hejazi-like, and Qassimi-like pools. The highest 

gain was in the All-Arabian pool which showed 2.2 times the predicted gain of 

23.5%. Realized gain for non-saline yield was only significant in the All-Arabian 

pool (Table 19). These data suggest that selection within restricted germplasm 

pools for traits with low variability, such as aphid resistance, would be more 

appropriate for recovery of these traits and to increase their frequency before 

combining these populations into more broader-based germplasm pools. On the 

contrary, selection for traits with high genetic variability within the germ plasm 

pool would be more appropriate in the broader-based pools to maximize genetic 

diversity and to reduce maintenance costs by reducing the number of 

accessions in each collection. 

Half-sib Family Experiment 

Half-sib analysis was conducted on 25 half-sib families from the random 

and selected populations of the All-Arabian, Best-Arabian, Ed-Damer-like and 

Hejazi-like germplasm pools. Average yield over all half-sib families was 

positively correlated (P ~ 0.01) with mean yield in the evaluation test. 

Spearman rank correlation coefficients (ro) for yield in this experiment and the 
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evaluation test were 0.80 for saline yield and 0.72 for non-saline yield. Mean 

yields of the selected populations of both the All-Arabian and Best Arabian 

pools were significantly higher than that for random populations and superior 

to any other population including the check cultivars under both saline and non

saline conditions (Table 20). The Ed-Darner-like selected population had a mean 

yield similar to that of the random population under saline and non-saline 

irrigation. Saline to non-saline yield ratios demonstrated no significant 

differences between selected and random populations or among different 

germplasm pools and the check cultivars (Table 20). However, the germplasm 

AZ90-NDC-ST was significantly higher in saline yield than its parental 

population AZ88-NDC. Also, it was significantly higher than AZ88-NDC insaline 

to non-saline yield ratio which indicates higher salt tolerance in this population. 

Saline to non-saline yield ratios suggests that realized gain in yield of these 

germplasm pools under saline conditions may have been primarily due to 

selection for more productive plants and not the result of increases in absolute 

salt tolerance. 

Simulated selection within the half-sib families (p = 14%) in both selected 

and random populations in each germplasm pool revealed significant differences 

in selected plant means between selected and random populations under saline 

and non-saline environments (Table 21). All selected populations, except for 

the Ed-Darner population, were significantly higher in selected plant means than 
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Table 20. Mean yield ( ± SE) under saline and non-saline irrigation for half-sib 
families within selected and random populations of four Arabian 
germ plasm pools, and the check populations CUF-1 01, AZ90-
NDC-ST and AZ88-NDC. 

Population 

All-Arabian 

Best-Arabian 

Ed-Damer-like 

Hejazi-like 

CUF-101 

AZ90-NDC-ST 

AZBB-NDC 

LSD(0.05) 

Selection 

Random 

Selected 

Random 

Selected 

Random 

Selected 

Random 

Selected 

Saline yield Non-saline yield Saline I non-
saline 

---------------- 9 plant·1
----------------

1.39±0.05 1.55±0.06 0.B9±0.03 

1.79±0.07 2.09±0.OB 0.B5±0.04 

1.50±0.06 1.73±0.07 0.B6±0.02 

1.B7±0.OB 2.25±0.09 0.B3±0.04 

1.66±0.07 1.96±0.OB 0.B4±0.04 

1.5B±0.OB 1.7B±0.09 0.BB±0.07 

1.54±0.06 1.94±0.OB 0.79±0.04 

1.62±0.06 2.09±0.07 0.77±0.04 

1.36±0.04 1.7B±0.06 0.76±0.02 

1.46±0.04 1.66±0.05 0.BB±0.03 

1.02±0.05 1.44±0.06 0.71 ±0.02 

0.27 0.34 0.12 
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Table 21. Mean (± SE) for selected plants (p = 14%) within the half-sib 
family experiment for forage yield with saline and non-saline 
irrigation within selected and random populations of four Arabian 
germplasm pools. 

Population Selection Saline yield Non-saline yield saline I non-
saline 

------------ 9 planr'-------------

All-Arabian Random 2.63±0.09 3.89±0.12 0.68±0.03 

Selected 3.80±0.09 5.15±0.16 0.74±0.04 

Best-Arabian Random 3.22±0.09 3.76±0.12 0.86±0.04 

Selected 3.85±0.11 5.07±0.15 0.76±0.03 

Ed-Damer-like Random 3.18±0.09 3.73±0.11 0.85±0.03 

Selected 3.02±0.10 3.83±0.12 0.79±0.03 

Hejazi-like Random 3.14±0.11 3.77±0.13 0.83±0.04 

Selected 3.89±0.08 4.42±0.15 0.88±0.04 

LSD(0.05) 0.44 0.59 0.15 
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their randomly selected counterpart. Mean selection differential for both saline 

and non-saline yield were more than 100% over the entire population means 

which were higher than those obtained during the firest cycle of selection (62 

and 73%). Nevertheless, saline to non-saline yield ratios among selected 

plants were not significantly different (Table 21). These data suggest that 

these germplasm pools remain highly variable for saline and non-saline yield and 

that more progress could be achieved by selection within these germplasm 
. . 

pools for these traits. At the same time, saline to non-saline ratios indicate that 

high variability for yield per se may be responsible for favoring productivity over 

tolerance. These data also suggest that in future selection within these 

populations more economic weight should be given to other traits in any index 

selection that involve yield. 

Calculations of total genetic variance (c? G) for forage yield with saline and 

non-saline irrigation showed a consistent decrease in c? G from random to 

selected populations except in the Ed-Damer-like selected population which 

exhibited an increase in c? G in both saline and non-saline environments (Table 

22). All random populations except the Ed-Damer-like germplasm pool had 

numerically higher c? G values. Percent change in c? G values associated with 

selection increased from the broader-based All-Arabian to the restricted Hejazi-

like pool in both saline and non-saline yield. Changes in c? G values were 

relatively higher in non-saline yield than in saline yield (Table 22). This indicates 
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Table 22. Total genetic variance (± SE) (~G) for forage yield with saline and 
non-saline irrigation for selected and random populations of four 
Arabian germ plasm pools. 

Population Saline yield % change Non-saline yield % change 

---- g planr1 
---- --- g plant-1 

----

Ali-Arabian 

Random 0.36±0.02 0.31 ±0.03 

Selected 0.30±0.03 -16.7 0.17±0.02 -45.2 

Best-Arabian 

Random 0.37±0.03 0.23±0_02 

Selected 0.25±0.02 -32.4 0.10±0.01 -56.5 

Ed-Damer-like 

Random 0.07±0.01 0.05±0.01 

Selected 0.11 ±0.01 +57.1 0.07±0.01 +40.0 

Hejazi-like 

Random 0.25±0.03 0.1S±0.03 

Selected 0.11 ±0.01 -56.0 0.07±0.01 -61.1 

a Total genetic variance (u2G) was calculated as u2G = ~F = ( F - E)/r*n Where ~F is family 
variance component, F = family variance, E = family*rep, r = number of replication and n = 
number of individuals per family. 
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that selection affected variability for yield in non-saline environment more than 

that for saline environment. This observation supports the interpretation of the 

saline to non-saline yield ratios that most of the increase in saline yield was due 

to the selection of more productive plants and not to increased salt tolerance. 

The All-Arabian and Best-Arabian broad-based populations maintained relatively 

high a2G because they had higher total genetic variance initially (Table 22). 

Therefore, selection within broad-based populations would be more desirable 

to maintain high genetic variability. 

The amount of variability among families in each population was also 

reflected in estimations of broad and narrow-sense heritability (Table 23). 

Heritability estimates were generally higher for random populations than 

selected populations due to higher genetic variability within random populations. 

The selected populations of both All-Arabian and Best-Arabian germplasm pools 

also had high heritability estimates. Heritability estimates were generally higher 

in saline environments than in non-saline environments (Table 23). Johnson et 

al. (1992b) observed the same trend in random and selected populations of the 

African ecotype. However, heritability estimates were generally higher in this 

experiment than those reported by Johnson et al (1992b). This may be the 

result of higher overall genetic variability for saline yield in these germplasm 

pools. 



82 

Table 23. Estimates of broad-sense (BSH) and narrow-sense (NSH) 
heritability (± SE) for forage yield with saline and non-saline 
irrigation for selected and random populations of four Arabian 
germ plasm pools. 

Population Estimate Saline yield Non-saline yield 

All-Arabian 

Random BSH 1.05±0.09 0.99±0.09 

NSH 0.79±0.07 0.89±0.08 

Selected BSH 0.58±0.05 0.57±0.05 

NSH 0.59±0.05 0.51 ±0.05 

Best-Arabian 

Random BSH 0.74±0.07 0.78±0.09 

NSH 0.62±0.06 0.70±0.06 

Selected BSH 0.53±0.04 0.29±0.03 

NSH 0.46±0.04 0.24±0.02 

Ed-Darner-like 

Random BSH 0.19±0.02 0.11 ± 0.01 

NSH 0.15±0.01 0.08±0.01 

Selected BSH 0.33±0.03 0.23±0.02 

NSH 0.25±0.02 0.20±0.02 

Hejazi-like 

Random BSH 0.86±0.10 0.78±0.07 

NSH 0.76±0.07 0.69±0.06 

Selected BSH 0.34±0.03 0.26±0.02 

NSH 0.26±0.02 0.20±0.02 
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Results of the half-sib family experiment demonstrate that generally all 

of the germplasm pools studied have genetic variability for inherent yield but 

more selection progress could be achieved in broader-based germ plasm pools 

because of higher genetic variance for yield in both saline and non-saline 

environments. This study a'iso showed that selection for increased saline yield 

under moderate levels of salinity (80 mM NaCI) does not necessarilly translate 

to increased salt tolerance in selected populations. Evaluation of selected 

populations under higher levels of salinity may be needed to select for increased 

salt tolerance. 

The Ed-Darner-like selected population was the only population to show 

an increase in genetic variance over its randomly selected population. It also 

had relatively lower forage yield in non-saline environment. The same result 

was observed in the field trial and the greenhouse evaluation test. This could 

be attributed to genetic drift during the construction of the random population 

that resulted in more productive plants than the average for the entire 

population. The only evidence to support this assumption is that the Ed-Darner 

ecotype was more si~lar to the selected population than the random population 

in forage yield(Table 13). 

Significance to Germplasm Conservation 

The development of germplasm pools as part of germplasm conservation 

programs was first proposed by Simmonds (1962) to maintain genetic 
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variability. However, early studies on the development of broad germplasm 

pools indicated that it cause reduction of phenotypic and genetic variability in 

the early generations (Allard, 1970; Burton, 1976). However, in those studies 

large numbers of ecotypes were bulked without any prior knowledge of 

variability among ecotypes. Burton (1976) acknowledged that variation in 

heading date and plant height among pearl millet ecotypes were the greatest 

barriers in developing an intermated germplasm pool. Marshall and Brown 

(1975) stated that because of possible loses of rare alleles germplasm pools 

may not be suitable for use in the long-term maintenance of genetic variability 

but it is a valuable tool to increase utilization in working collections. 

In this project, the objectives were to develop germplasm pools to 

broaden the genetic base of nondormant alfalfa and use index selection to 

enhance these pools to increase their utilization by plant breeders. This study 

addressed the effect of selection within germplasm pools on phenotypic and 

genetic variability. However, this project did not study the amount of genetic 

variability maintained within each germplasm pool in relation to its parental 

ecotypes. Bray (1 983) found that seeds harvested from eight plants from each 

ecotype may be needed to maintain an allele with frequency q = 0.05 within a 

population 95% of the time. All germplasm pools in this study were developed 

based on extensive evaluation data that were subjected to multivariate analysis 

(Smith et aI., 1989). The All-Arabian germplasm pool was the only population 
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with low parental representation (3-6 plants). This may cause some concern 

on how much of the genetic variability was maintained in this germ plasm pool. 

However, most of the desired traits among ecotypes used to develop these 

germ plasm pools are common to most of ecotypes (AI-Doss, 1 989). 

Results of both the yield evaluation test and the half-sib family 

experiment suggest that development of germplasm pools should be based on 

the variability of important traits. Barnes et al. (1977) suggested the use of 

restricted germplasm pools of related germplasms to represent a country or a 

geographical area to increase frequency of desirable alleles quickly and then 

later combine these pools into broad regional germplasm pools. My data 

support this approach for traits like blue alfalfa aphid resistance in which all 

germ plasm pools contained very low frequencies of resistant plants (11-27%). 

The development of restricted pools increases the chances for alleles with low 

frequency to be maintained in the population than in more broader based pools. 

On the contrary, my data suggest that development of broader-based 

germ plasm pools would be more appropriate for conserving alleles that are 

present in abundance or common to most ecotypes used in the pool with very 

little risk of significantly decreasing genetic variability. In this study, all 

germplasm pools had high variability for forage yield in saline and non-saline 

environments but the All-Arabian germplasm pool had highest genetic variance 

and posted the highest gains from selection. In addition, it had the highest 
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heritability estimates which indicate that it has higher potential for improvement 

of forage yield in both saline and non-saline environments than any other 

germplasm pool. 

The results of this study indicated that the development of single Arabian 

alfalfa germplasm pool may be adequate to conserve the genetic variability 

among the Arabian alfalfa ecotypes. Most of the desired traits among the 

Arabian ecotypes are common to most ecotypes and generally associated with 

forage yield such as reduced winter dormancy, high stem elongation rate, and 

development of crown shoots. These traits would be easily maintained within 

one regional germplasm pool with little risk of losing any trait since they are 

closely correlated with yield. This conclusion is based the assumption that none 

of these ecotypes apperently contain variability for disease or insect resistance 

that would make them useful sources of resistance. 

The results of this study also suggest that multiple-trait selection could 

be a useful tool for germplasm enhancement to improve germplasms in a 

relatively short time. Realized gain associated with selection varied among 

populations and traits. Restricted germplasm pools had higher response to 

selection for aphid resistance, which had low genetic variability. The broader

based pools had higher response to selection for forage yield in both saline and 

non-saline environments. This indicates that differences in response to 

selection were mainly due to differences in variability for each trait. The results 
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of the field evaluation trial also demonstrated that multiple-trait selection did not 

affect mean performance for traits not targeted by selection. This suggests that 

such selection could be used as a tool in germplasm enhancement to 

incorporate desirable traits to increase germplasm utilization by practicing plant 

breeders with low risk of possible genetic shift in the population. 



CHAPTER 4 

REGISTRATION OF AZ93-MEC AND AZ93-MEC-ST VERY 
NON DORMANT ALFALFA GERM PLASM POOLS WITH IMPROVED 
FORAGE YIELD IN SALINE AND NON-SALINE ENVIRONMENTS 

Introduction 

88 

AZ93-MEC and AZ93-MEC-ST alfalfa germplasm pools were released by 

the Arizona Agricultural Experiment Station in 1 993. AZ93-MEC germplasm 

pool is a broad-based, very nondormant, composite population exhibiting 

improved forage production under southern Arizona conditions. The AZ93-MEC 

germ plasm pool was developed from 1 2 ecotypes that represent genetic 

variability present in tradional alfalfa populations in central and western Arabia 

and northeastern Africa (Smith et aI., 1991). AZ93-MEC-ST was derived from 

two cycles of phenotypic selection within the AZ93-MEC pool for increased 

forage yield in saline and non-saline environments. AZ93-MEC-ST was 

developed to provide a source of very nondormant alfalfa germplasm with 

increased forage production under moderate salt stress. 

Materials and Methods 

The AZ93-MEC germplasm pool was formed in 1989 from 50 two-year-

old plants selected at random and dug from stand of Middle-Eastern ecotypes 

grown in an evaluation trial in Tucson, AZ (AI-Doss, 1989). The germplasm 

pool was formed based on analysis of agronomic and morphological 



89 

characteristics in the 1987-1989 trial (Smith et al., 1989). The relative 

contribution of each ecotype to the germplasm pool was adjusted based on the 

average distance among ecotypes in cluster analysis to maximize diversity 

within the germplasm pool (Cox, 1988). The ecotypes included in the study 

and their contribution to the pool were Ed-Damer (8%), Egypt 2 (8%), Egypt 3 

(b%), Egypt 4 (6%)' Egypt 5 (1 0%), Gaidun (12%), Hasawi (8%), Hejazi (8%), 

Hudieba (8%), NE-NAF-1 (10%), NE-NAF-4{10%), and Qassimi (8%) (Smith et 

aI., 1991). Selected plants were placed in a beecage and honey bees (Apis 

mel/if era L.) were used for pollination. An equal quantity of seed (O.25 g) from 

each plant was bulked to represent Syn-1 seeds of the AZ93-MEC germplasm 

pool. Syn-2 seed of AZ93-MEC was produced in 1993 on about 1 90 Syn-1 

plants grown in a beecage and pollinated by honey bees. 

AZ93-MEC-ST was developed after two cycles of selection in a 

greenhouse trial for increased forage yield in saline and non-saline environments 

as described by Johnson et al. (1992). CUF-101 and AZ90-NDC-ST were used 

as checks within each plot. A total of 448 seedlings were evaluated in a 

randomized complete block design with eight replications each with 56 plants 

from AZ93-MEC and 14 plants from each of CUF-101 and AZ90-NDC-ST in 

alternate rows within plots. Forage yield in saline and non-saline irrigation was 

measured between 25 June and 11 October 1991 on individual plant basis. 

Plants were grown under normal day lengths and greenhouse temperatures 
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during the experiment were between 25 and 32°C. The saline nutrient solution 

used contained 4.68 g L-1 NaCI (80 mM) and 0.25 Hoaglands solution. Forage 

fresh weight was recorded for each plant after the second and third harvest 

with saline irrigation (136 and 164 d post-planting). Plants were then allowed 

to regrow for two harvests (192 and 220 d) under non-saline conditions using 

irrigation water containing only 0.25-Hoaglands. Simple-weighted Index 

selection was performed to select plants that produce high yield in both saline 

and non-saline environments. 56 plants (p = 12.5%) were selected and 

interpollinated by hand to form cycle-1 Syn-1 seed. In the second cycle of 

selection a total of 525 Syn-1 seedlings were evaluated as before, for two 

regrowth periods with saline irrigation and two regrowth periods with non-saline 

irrigation. 75 plants (p = 14.3%) were selected and interpollinated by honey 

bees. An equal quantity of seeds from each plant were bulked to form the 

cycle-2, which was released as AZ93-MEC-ST. 

Results and Discussion 

Forage yield of Syn-1 of the AZ93-MEC was not significantly different 

from CUF-101 and AZ90-NDC-ST with saline (80 mM NaCI) or non-saline 

irrigation. However, forage yield of AZ93-MEC cycle-1 plants was 17% and 

32% higher than CUF-101 and 26% and 23% higher than AZ90-NDC-ST in 

non-saline and saline environments. Forage yields under field conditions at 

Tucson, AZ for Syn-1 of the AZ93-MEC and Syn-1 of Cycle-1 were 48% and 
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54% higher than the elite cultivar Lew in the Fall. Both Syn-1 of AZ93-MEC 

and Syn-1 of Cycle-1 were significantly higher than the cultivar Lew in stem 

elongation rate especially during the first week of regrowth. Blue alfalfa aphid 

resistance were 15 and 22 % for Syn-1 of the AZ93-MEC and Syn-1 of Cycle-1 , 

respectively. No data on disease resistance of these germplasm pools is 

available. Syn-1 of AZ93-MEC-ST has not been evaluated at the time when this 

dissertation was written. 

Seed of AZ93-MEC and AZ93-MEC-ST will be provided (10 g) upon 

written request and agreement to make appropriate recognition of its source as 

a matter of open record when any of the germplasm pools contributes to the 

development of a new germplasm, cultivar, hybrid, or strain cross. Seed 

requests should be directed to S.E. Smith, Department of Plant Sciences, The 

University of Arizona, Tucson, AZ 85721. 
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Large germplasm collections exist today for esentially all major food, and 

most forage and industrial crops. More emphasis is being placed on reducing 

costs of maintaining germplasm collections and increasing germplasm utilization 

by plant breeders. One of the methods suggested to reduce germplasm 

maintenance costs in cross-pollinated species involves the development of 

regional germ plasm pools. However, no research has been done on the effect 

of selection within germplasm pools on the genetic variability contained within 

such pools. This research studied the effect of selection within germplasm pools 

developed from a collection of nondormant alfalfa ecotypes from the Arabian 

Peninsula and Northeastern Africa and the use of multiple-trait selection to 

enhance the germplasm pools for certain desired traits. 

The results of this research indicated that pooling of related germplasms, 

based on extensive evaluation data, into one regional germplasm pool or a few 

restricted germ plasm pools did not significantly decrease phenotypic variability 

for traits not targeted by selection after one cycle of selection. This study also 

showed that the development of restricted germplasm pools may be more 

appropriate when desired traits are present in low frequency or only in very 

few ecotypes among the ecotypes used to create the germplasm pool. 

However, development of a single regional germplasm pool may be adequate 
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to conserve quantitatively inherited traits expressed. Longer-term studies are 

needed to determine the most efficient criteria to be used in germplasm pooling 

to conserve useful genetic variability. Nevertheless, germplasm pooling should 

be a viable alternative for conservation of germplasm resources at low cost. 

This research also showed that multiple-trait selection could be utilized 

to quickly enhance germplasm pools. Such enhancement could lead to 

increased germplasm utilization by practicing plant breeders. In this project, I 

attempted to improve germ plasm pools developed from Middle-Eastern alfalfa 

ecotypes for aphid resistance and forage yield in saline and non-saline 

environments. The results of this study indicated that reasonable genetic gain 

could be achieved even with low phenotypic correlation among selected traits. 

Also, evaluation of selected and random population indicated that multiple-trait 

selection did not affect variability for traits not targeted by selection. 

This research lead to the development of AZ93-MEC-ST an alfalfa 

germplasm pool exhibiting increased forage yield in non-saline and saline 

environments. This germplasm pool contains germplasm from 1 2 Arabian and 

North African ecotypes. It could be useful in future breeding for improved 

forage yield in both saline and non-saline environments. This germplasm pool 

could also be used directly as an improved population in the Middle East where 

salinity problems are frequent since it was derived from ecotypes adapted to 

that agricultural system. 
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