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ABSTRACT 

This investigation examined the efficiency of various 

screening procedures which could be used in breeding for 

increased production of root-proliferating (RP) genotypes of 

alfalfa (Medicago sativa L. s. 1.). Also investigated were 

relationships between RP and winter growth characteristics in 

populations derived from crosses between dormant, RP clones 

and nondormant, non-RP clones. In addition, this investi-

gation also considered the inheritance of the RP habit. 

Plants from an II-month PI progeny test containing 3508 

offspring were qualitatively analyzed for RP expression using 

three pairs of screening procedures. Procedures compared 

inc 1 uded: (l) direct-seeding vs. transpl anting; (2) use of 

characterized parental clones (known RP-expressing genotypes 

selected from field nursery) vs. uncharacterized parental 

clones (genotypes derived from RP seed lots with no prior 

knowledge of their ability to express the RP habit) in RP x 

nondormant crosses; and (3) low vs. high harvest frequencies. 

A low frequency (3.3 9,,) of PI plants exhibited adventitious 

shoot formation. No differences were observed in the 

frequency of RP-expressing genotypes between the direct

seeded and transplanted treatments or between the low and 

high harvest frequency treatments. 

x 

Characterized RP parents 
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produced a hybrid population with a significantly higher 

frequency of RP-expressing genotypes than did the PI 

population derived from uncharacterized RP parents. Average 

winter forage production of the PI hybrids were similar in 

magnitude to the midparent value. Plant height was signifi

cantl.y and positively correlated with forage yield and could 

be used as an accurate indicator of winter forage yield in 

analyses of RP segregants. Estimates of components of 

genetic variance for RP expressivity indicated a predominance 

of additive effects and narrow sense heritability of 8.4%. 

Family selection and progeny testing are suggested for 

maximum breeding progress. 

-~-.------------------------- --_. __ . __ ._----------



INTRODUCTION 

Alfalfa (Medicago sativa L. s. 1.) is considered the 

primary leguminous forage crop for livestock in the temperate 

zone. This species combines high-quality feeding properties 

with high overall productivity per hectare. It is a versa

tile crop with potential for cultivation in many geographical 

regions (Hanson and Barnes, 1978) and can be utilized in 

various ways in ruminant feeding systems (Kohler et al., 

1972). One of its primary uses is in pasture, either in pure 

stands or in mixture with grasses under essentially natural 

pasture conditions or under controlled management systems. 

Following the drought of the 1930s, an intensive 

search was initiated to identify a legume suitable for use as 

a reliable component of permanent pastures in reseeded 

rangelands and abandoned agricultural areas. Much attention 

was given during this period to the persistence of some 

Medicago falcata populations which survived repeated droughts 

in Canada and in the United States (Heinrichs, 1963). Since 

this time, various agricultural research~rs have examined the 

potential of M. falcata-derived populations which have the 

unique ability to regenerate vegetatively by producing adven

titious shoots on lateral roots, the so-called "creeping

rooted" or "root-proliferating" alfalfas (herein designated 

1 
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"RP alfalfas"). This particular group, together with other 

spreading (rhizomatous) alfalfas, were recognized as one of 

the few legumes with the potential to establish themselves in 

minimum input pastures in many arid and semi-arid areas such 

as western Oklahoma (Kneebone, 1959). 

In the 1950s; RP breeding materials maintained in 

Saskatchewan and South Dakota were distributed to several 

research stations in the United States and Canada as well as 

stations in Australia, New Zealand, Chile, Great Britain, and 

Denmark (Heinrichs, 1963). It was felt that the RP charac-

teristic might add extra flexibility to alfalfa populations, 

primarily by increasing plant longevity in particularly dry 

or short-season environments. 

The complexities of the genetic-environmental inter

actions associated with expression of this trait challenged 

researchers when examining agronomic practices to maximize 

expression of RP in a target alfalfa population in use by 

growers. Factors studied in this regard include: plant 

spacing and population density (Kilcher and Heinrichs, 1969; 

Oaday et al., 1974), time of planting related to daylength 

and temperature (Carlson et a1., 1964; Daday et a1., 1968), 

cultivation and overseeding with associated grasses 

(Carnahan, 1959), and grazing systems (Leach, 1969, 1977). 

Major research efforts by alfalfa breeders have been 

directed at the incorporation of the RP trait into locally 
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adapted cultivars. Specific emphasis has been placed on both 

selection of RP stocks and refinement of breeding strategies 

for the most efficient development of new RP alfalfa popula

tions (Heinrichs, 1954; Morley and Heinrichs, 1960; Daday, 

1 9 6 2; Car n a han and Car 1 son, 1 9 6 3; Rum b aug h eta 1 ., 1 965 ; 

Busbice and Hanson, 1969; Heinrichs, 1977; Irvine and 

Lawrence, 1982). Part of the breeding efforts with this 

trait have been aimed at the combination of RP and winter 

growth (i. e., non-dormancy) in alfalfas cuI tivated in long 

growing-season areas (Edye and Haydock, 1967; Daday, 1968; 

Dunbier, 1971). These breeding projects have been compli

cated by the relatively extended period of time (up to 3 

years) required to identify RP expression in parental plants 

and nondormant RP segregants in the field. Furthermore, 

breeding has been slowed by the fact that the proportion of 

progeny which eventually expresses the RP habit is very low 

in populations produced from RP x nondormant crosses. 

Discrepancies in estimation and interpretation of the 

components of genetic variance affecting the RP trait have 

also contributed to uncertainty in identification of the most 

appropriate breeding methods for maximum progress when 

breeding RP alfalfas. 

The present investigation was undertaken to: (1) 

compare the efficiencies of various practices which could 

enhance the expression of the RP trait in alfalfa within the 
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contexts of a breeding program, especially one concentrating 

on nondormant genetic backgrounds; (2) observe the rela

tionship between the root-proliferating and winter growth 

abilities in RP segregants; and (3) characterize the inheri

tance of the RP habit in a hybrid population following 

crosses between RP and winter-growing parental clones. 



LITERATURE REVIEW 

Among forage crops, alfalfa is prized for its high 

nutritive value, productivity, and wide range of adapta

substantial in the United bility. Its economic value is 

States where hay production generated the second highest 

agricultural revenue of any single crop during the period 

1982 to 1985 (Arizona Agricultural Statistics, 1986). 

One of the major assets of alfalfa is its ability to 

be grown successfully in almost any agricultural ecosystem in 

the temperature zone. A sub-group of this species, the so

called spreading alfalfas, has been found to exhibit alterna

tive mechanisms of vegetative reproduction, which may allow 

the plants to withstand climatic, biotic, or mechanical 

damages or injuries better than non-spreading types (Oak ley 

and Garver, 1913; Graumann, 1958) These reproductive 

mechanisms include stem proliferation and root proliferation. 

Stem-proliferating plants exhibit an "expanding" crown from 

which stem shoots originate, grow laterally underground 

(rhizomes), and produce new aerial shoots on the nodes, 

whereas root-proliferating plants develop new adventitious 

shoots from 1 ateral roots (Oakl ey and Garver, 1913; Murray, 

1957). These root-proliferating (RP) alfalfas (also known as 

creeping-rooted alfalfas) have proven to be the best suited 

5 

-------------------------_ .. _------------
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for use in permanent pastures (Kilcher and Heinrichs, 1966; 

Leach, 1969). 

The following literature review summarizes the origin 

and development, general characterization, and performance of 

the RP alfalfas. 

Overview of the History of RP Alfalfas 

The existence of root-proliferating alfalfas, 

according to Oakley and Garver (1913), was vaguely mentioned 

in England by Jethro Tull and Duhameo du Monceau as early as 

the middle of the eighteenth century. In the 1780s, Thomas 

Le Blanc called attention to the agronomic potential of these 

alfalfas by describing their superior winter hardiness 

ability and their proliferous rooting and shooting habit 

which prevented, them from being "choked by natural grasses" 

or quickly destroyed by grazing animals (Oakley and Garver, 

1913). RP alfalfas were found in many areas of the Old 

World, growing under natural conditions in marginal agricul

tural lands and along roads and fences. However, RP alfalfas 

were not brought into cUltivation until the 1950s (Heinrichs, 

1963) . 

Root-proliferating alfalfas were introduced into the 

New World by N. E. Hansen, an agricultural explorer stationed 

at the South Dakota Agricultural Experiment Station from 1898 

to 1937 (Rumbaugh, 1982). A total of 18 alfalfa accessions 

from different areas of Siberia and other parts of Russia 
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were collected during the period 1906 to 1909. Four of these 

accessions (P.I. 28070, P.I. 28071, P.I. 23625, and P.I. 

24455) expressed root proliferation when grown at Highmore, 

South Dakota. They are believed to represent the original 

source from which most of the present improved RP alfalfas 

were developed (Rumbaugh, 1982). 

Table 1 presents a list of benchmark events related 

to the RP trait in alfalfa, and Table 2 presents a short 

description of notable RP cultivars and germplasms. 

Morphological Characterization 

Root-proliferating alfalfas produce new adventitious 

shoots from lateral roots. These shoots originate on special 

sites, also called "primordial domes," where the active 

meristematic zone of the secondary parenchyma phloem connects 

to the root cambium zone through differentiated vascular 

tissues (Murray, 1957). Primordial domes are concentrated on 

swellings or outgrowths formed at irregular intervals along 

lateral roots (Graumann, 1958). These proliferous roots grow 

generally parallel to the soil surface at varying depths up 

to approximately 20 cm (Oakley and Garver, 1913). After the 

new shoots appear on the soil surface, they may eventually 

become an independent plant with a totally independent root 

system. 

Root proliferatiun varies in degree and in form of 

expression. The degree of root proliferation (expressivity) 
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Table 1. Benchmark events related to the root-proliferating 
(RP) trait in alfalfa (~. sativa L. s.l.). 

Year 

1773 

1783 

1906 

1913 

1955 

1957 

1963 

1964 

1968 

1981 

Event 

First mentioned in literature by 
Jethro Tull in England 

First attention to value of RP 
trait by Thomas Le Blanc 

Introduction to RP alfalfa to 
the New World by N. E. Hansen 

First detailed papers on 
morphology of RP alfalfa 

Release of first RP cultivar, 
Rambler, developed by o. H. 
Heinrichs in Saskatchewan 

Classical paper describing 
ontogeny RP trait in alfalfa 

Classical paper about origin 
and detailed characterization 
of RP alfalfa 

Registration of first RP cultivar, 
Travois in the United States 
developed by Rumbaugh, Colburn, 
and Semeniuk 

Registration of first nondormant 
RP cultivar, Cancreep, developed 
by Oaday in Australia 

License of first hay-type RP 
cultivar, Heinrichs, developed 
by Irvine and Lawrence in 
Saskatchewan 

Reference 

Oakley and Garver, 
1913 

Oakley and Garver, 
1913 

Heinrichs, 1963; 
Rumbaugh, 1982 

Oakley and Garver, 
1913 

Heinrichs, 1965 

Murray, 1957 

Heinrichs, 1963 

Rumbaugh et al., 
1964 

Oaday, 1968 

Irvine and 
Lawrence, 
1982 



Table 2. General characterization of known root-proliferating (RP) alfalfa cultivars .and gennplasms. 

Population 
Name (type) 

Rambler 
(cv. ) t 

Travois 
(cv. ) 

Roamer 
(cv. ) 

Can creep 
(cv. ) 

Drylander 
(cv. ) 

Parental Sources 

M. falcata 
'Ladak l 
I RhizornaI 

P.I. 28070 
P.I. 28071 
P.I. 24445 
Ladak 
ICossakl 

M. falcata 
Rambler 
Ladak 
Cossak 
IRangerl 
Rhizana 
I Hardistanl 

Rambler 
I Hunter River l 
I African I 
IHairy Peruvian I 

M. sativa 
M. falcata 

Location 
Developed 

Swift 
Current, 
Sask. 

Brookings, 
South 
Dakota 

Swift 
Current, 
Sask. 

Primary Use 

Pasture 

Pasture 

Pasture 

Canberra, Pasture 
Australia 

Swift 
Current, 
Sask. 

Pasture 

Expression 
of RP (%):f 

65 

60 

65 

68 

70 

Target 
Environment 

Northern 
Great Plains 

Northern 
Great Plains 

Canadian 
prairie 
region 

Temperate 
climate 
regions 

Dryland 
Canadian 
prairies 

Reference 

Heinrichs, 
1965 

Rumbaugh et 
al., 1964 ' 

Heinrichs, 

Daday, 1968 

Heinrichs, 
1977 

\0 



Table 2--Continued 

Population Parental Sources Location 
Name (type) Developed 

Rangelander Rambler Swift 
(cv.) t Roamer Current, 

Drylander Sask. 
M. falcata 

Spredor 2 Travois St. Paul, 
(cv. ) Rambler Minnesota 

Vernal 
P.I. 183262 
'Glacier' 
I Cardinal I 
I Kane I 

Heinrichs Rambler Swift 
(cv. ) Roamer Current, 

SC 16113 Sask. 
SC 16131 
SC 16132 
SC 16136 
SC 16150 

Primary Use Expression 
of RP (%) * 

Pasture 86 

Pasture 54 

Hay 65 

Target Reference 
Envirorunent 

Western Heinrichs 
Canada et al., 1979 

North-central Northrup King 
U.S.A. Seeds, 1983 

Southern Irvine and 
Canada, Lawrence, 
northern 1982 
U.S.A. 

I--' 
o 



Table 2--Continued 

Population Parental Sources 
Name (type) 

V-I (GP 105) ScMa 531 
Y-l (GP 106) SeMa 532 
Z-l (GP 107) Sc 43917F 

t 

.L 

'Vernal' 
Rhizcrna 
'Narragansett' 
'Atlantic' 

cv. = cultivar 

Location 
Developed 

Lexington, 
Kentucky 

T Percentage of plants expressing RP habit 

Primary Use Expression 
.L 

Breeding 
material 

of RP (%) T 

40 

Target Reference 
Environment 

Wide range Taylor, 1980 

I-' 
I-' 



12 

refers to the intensity with which RP plants express the 

trait (Carnahan and Carlson, 1963). That is, some plants 

have few root swellings, others many. Some swellings may 

remain dormant while others give rise to new shoot buds 

(Oakley and Garver, 1913). Both the number and activity of 

root swellings are considered in description of the degree of 

RP expression. The form of expression, on the other hand, 

refers to the spatial distribution of adventitious shoots in 

relation to themselves and to the mother plant. There are 

two distinct forms recognized: loose and dense. The former 

has sparse shoots located up to 4 m away from each other and 

from the main crown. The latter typically has numerous (up 

to 100 or more) new shoots produced from the roots which grow 

in bunches surrounding the original crown in close proximity 

(Daday, 1962; Heinrichs, 1963). 

Modern RP alfalfas were originally derived from 

crosses between high-yielding adapted cultivars and low

yielding, M. falcata-derived RP alfalfa strains. As a 

consequence, great variability for characteristics peculiar 

to each parent is observed in the hybrid populations. Some 

general features of each type of parent commonly used in the 

development of RP alfalfas are listed in Table 3 (Graumann, 

1958; Heinrichs, 1963; Lesins and Gillies, 1972; Leach, 

1977) . Drawin~s illustrating one example of each type of 

parent are shown in Fig. 1. 
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Table 3. General characteristics of original parental 
sources and locally adapted parents used to 
generate present root-proliferating alfalfa 
populations based on Graumann (1958), Heinrichs 
(1963), Lesins and Gillies (1972), and Leach 
(1977) . 

Characteristic Locally Adapted 
Alfalfa Parent 

Root system structure Tap 

Crown size Small, cone-like 
narrow protruding 

Crown-set location Aboveground 

Growth habit 

Winter dormancy 

Speed of recovery 

Flower color 

Pod structure 

Seed production 

Primary use 

Upright 

Variable 

Rapid to very 
rapid 

Purple 

2-5 coils 
5-9 mm in diameter 
indehiscent 

High 

Hay 

Root-proliferating 
Alfalfa Parent 

Branching 

Wide, large and 
flat broad to lax 

Underground 

Prostrate, decum
bent 

Extremely dormant 

Very slow 

Yellow, variegated 

Falcate 
1-2 mm wide 
dehiscent 

Very low 

Pasture 



(b) 

Fig. 1. Drawings of alfalfa plants illustrating general phenotypic appearance. 
-- (a) Typical nondorrnant hay-type plant; and (b) Typical root
proliferating pasture-type plant. 

I-' 

*'" 
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Genetic Characterization 

All genetic studies conducted to date indicate that 

the inheritance of the RP characteristic appears to be com

plex (Heinrichs, 1963). Since not all individual offspring 

from crosses between two RP parents expressed RP, Gray and 

Anderson (l962) concluded that the characteristic was 

controlled by many genes with incomplete dominance and 

penetrance. Genetic variance was predominantly additive when 

an entire population of both RP and non-RP plants were ana

lyzed (Morley and Heinrichs, 1960). The variance, however, 

was found to be primarily non-additive when only the RP group 

of a hybrid population was considered for the degree of the 

RP expression (Adams, 1959). Both of the above studies 

measured quantitative RP expression using a rating scale. A 

study using progenies from crosses between RP plants and non

dormant parents has suggested that both additive and non

additive gene effects are important components of both RP and 

summer and winter growth (Daday, 1962). Further investiga

tion concluded that qualitative expression of the RP trait 

vias highly heritable (Heinrichs and Morley, 1960; Carnahan 

and Carlson, 1963; Edye and Haydock, 1967; Bray, 1969). The 

degree of expression, however, was influenced by non-additive 

genotypic and environmental factors (Heinrichs, 1963) and has 

been associated with plant vigor (Jones and Hanson, 1959). 
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Estimates of genotypic variance and heritability have 

given rise to many different interpretations of the inheri

tance of RP (Table 4). The apparent discrepancies between 

these findings may be the results of differences in the: 

(1) genetic backgrounds of the populations analyzed; 

(2) stage of breeding process (generation) when scoring was 

conducted; and (3) scoring systems used or genetic estimation 

methods followed. 

Based on the assumption that the RP trait was 

quantitatively inherited and that genotypic variance was 

predominantly additive, mass selection has been the breeding 

method recommended and used in developing most RP alfalfa 

cultivars (Morley and Hej_nrichs i 1960; Edye and Haydock, 

1967; Heinrichs 8t al., 1979). Progeny testing for general 

and specific combining ability has been used to evaluate the 

performance of RP breeding material (Heinr ichs and Bo 1 ton, 

1958; Rumbaugh et al., 1965; Taylor, 1980). A phenotypic 

recurrent selection method (a type of mass selection) was 

used to develop a winterhardy, hay-type RP alfalfa (Irvine 

and Lawrence, 1982). In this program, large and vigorous RP 

genotypes with low leaf/stem ratio were selected after each 

cycle of intermating. Selected plants were screened for 

resistance to diseases and intercrossed. A high-yielding 12-

clone synthetic cultivar (Heinrichs) was released from this 

program in 1981 (Irvine and Lawrence, 1982). 
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Table 4. Estimates of heritability and general conclusions 
about genetic variance of the root proliferation 
trait based on different studies on distinct 
generations of alfalfa populations. 

Heritability Genotypic Variance Generation Reference 
(% ) Characterization Examined 

50-65 Non-additive (F 1) Fl - F3 Daday, 1962 
(Real ized) 50% additive (F2 ) 

54 Predominantly F2 - F3 Edye and 
(Broad sense) additive Haydock, 1967 

13-48 Very small F3 - F5 Bray, 1969 
(Broad sense) 

41 F4 - F5 Daday, 1968 
(Narrow sense) 

20 Predominantly Fl - F2 Morley and 
(Broad sense) additive Heinrichs, 

1960 

17 .8 F2 - F3 Carnahan and 
(Broad sense) Carlson, 1963 
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Agronomic Characteristics 

The principal agronomic advantages of improved RP 

alfalfas include their ability to reproduce vegetatively 

through the roots and their low-set crowns. These features 

contribute to stand longevity by overcoming mechanical 

damage, animal trampling, winter injury, and rodent attack 

(Heinrichs, 1954; Edye and Haydock, 1967). Stand longevity 

is a critical element in permanent pastures since periodical 

reseeding is not usually economically feasible (Ries, 1982). 

These same advantages can also pr6vide the plant with a 

mechanism for drought avoidance based on dormancy as well as 

the ability to reestablish after heavy insect infestation 

(Graumann, 1958). Compared to the narrow-crowned and upright 

alfalfas, RP types also have superior persistence when tested 

under intermittent and continuous grazing (Kehr et al., 1963; 

Daday, 1968; Leach, 1977). The improved persistence of the 

creeping-rooted cultivar Rambler either in pure stands or in 

mixture with grasses has been well documented (Clark, 1960; 

Kilcher and Heinrichs, 1966, 1969). 

Because of the potential bloat hazard associated with 

the Fraction 1 (18-S) protein found mainly in young and 

succulent shoots of many legumes, pastures utilizing alfalfa 

as a major component have always been of concern to livestock 

producers (Lorenz, 1982). RP alfalfas, however, have been 

successful in dryland pastures, and virtually no bloat has 
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occurred in observed pasturing animals (Ashford and Hein

richs, 1967). 

Effects of the Environment on RP Expression 

Expression of the RP characteristic is the result of 

a combination of physical, physiological, and genetic factors 

(Murray, 1957). Progenitors of RP alfalfas were native to 

Siberia, an area with very long and cold winters. Expression 

of the RP trait in these materials was more intense in the 

absence of apical dominance during late winter and early 

spring periods (Heinrichs, 1954). However, results of one 

study mentioned by Heinrichs (1963) indicate that the envi

ronment had little effect on the potential to produce new 

shoots; RP response apparently depended only on the particu

lar genotype of each plant. In another study using material 

derived from the cu1tivar Rambler, expression of the RP habit 

was observed to decrease under high temperatures and long 

days. The development of adventitious shoots was enhanced in 

the absence of either or both factors (Daday, 1962). Carlson 

(1965) showed that the number of sites on root-swellings 

associated with production of stem shoots increased as day

length decreased. However, differential clonal responses to 

photoperiod precluded final conclusions about the photo

morphogenic threshold of the RP trait in alfalfa. 



20 

MATERIALS AND METHODS 

Structure of the Experiment 

This experiment was designed primarily to compare two 

treatments applied to each of two phenotypic screening 

procedures and one breeding procedure, all of which might be 

used in breeding for increased production of nondormant RP 

genotypes of alfalfa. Evaluation of the effect of each of 

these treatments was based on the performance of individual 

PI plants which resulted from RP x nondormant crosses. 

Treatments evaluated were: direct seeding and transplanting 

of PI hybrids in spaced-plant nurseries; use of previously 

characterized RP parents (i.e., RP-expressing clones identi

fied in a 2-year field test) and use of uncharacterized RP 

parents (i.e., randomly selected clones from seed lots of RP 

cultivars which produce an average of 70% RP plants) in 

original RP x nondormant crosses; and low and high harvest 

frequencies applied to the field nurseries. Each treatment 

compared is described in Table 5. Note that there was, of 

necessity, some overlap in the plant materials exposed to the 

treatments. The potential for interactions between 

treatments was considered during data analysis. 

In addition to the qualitative evaluation of the RP 

expression in the three comparisons of the treatments 

20 



Table 5. Number of parental and progeny clones utilized in experiments designed to compare screening 
procedures for increased expression of root proliferation and winter growth ~J alfalfa. 

Population 

RP Parents t 

Nondorrnant parents 
(CUF 101) 

Progenies 
RP x Nondorrnant 

Direct- vs. 
seeded 

48 

8 

1920 

Trans
planted 

48 

8 

1920 

Comparisons 

Character- vs. Uncharac-
terized:.f terized :j:. 

High Harvest vs. Low Harvest 
Frequency Frequency 

RP Parents RP Parents 

Number - - - - - - -

16 32 48 48 

8 8 8 8 

1280 2560 1536 2304 

t Root-proliferating (RP) genotypes fram the cultivars Heinrichs, Rangel ander, and Spredor-2 and the 
gerrnplasm Z-l. 

* Characterized parents all expressed RP in field nurseries. Uncharacterized parents were randomly 
selected from seed lots of RP cultivars which produce an average of 70% RP plants. 

tv 
I-' 
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described above, an inheritance study was also conducted to 

estimate components of genetic variance and heritability of 

the RP characteristic. 

Description of the Plant Materials 

Twelve plants from each of the three winter dormant 

root-proliferating alfalfa cultivars Heinrichs, Rangelander, 

and Spredor 2, and the germplasm Z-l (Taylor, 1980) served as 

seed parents (48 total plants) in crosses with eight vigorous 

plants from a 2-year-old planting of the nondormant cultivar 

CUF 101. Previous study had established that these RP 

populations may produce up to approximately 80% RP genotypes 

(Table 6) in the same environment as this experiment was 

conducted (Rodrigues, 1984). Four of the RP parents from 

each cultivar and germplasm were 2-year-old plants (16 total) 

which had produced new shoots from roots in a field nursery 

(= "characterized" RP parents). The remaining 32 (= "unchar-

acterized") RP parents (eight per cultivar and germplasm) 

were selected at random from seed lots of each of the RP 

cultivars and germplasm. A larger sample of uncharacterized 

parents was used to ensure that approximately equal numbers 

of plants which actually expressed RP would be used as 

parents in both cases. 

-----------------------------------------------
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Table 6. Characterization of alfalfa populations for fall 
dormancy and root proliferation expression ability. 

Alfalfa 
Population 

Fall Dormancy 
Ratingt 

RP Expression 

Potential* Actual§ 

Score - - - - - - % - - -

Heinrichs 1 69 19 

Rangelander 1 67 28 

Spredor 2 1 84 19 

Z-l 1 75 31 

CUF 101 8 0 0 

t One to eight numerical scale: 1 = dormant, 8 = non-dormant 
(Certified Alfalfa Seed Council, 1986). 

~ Plants with root swellings (Rodrigues, 1984). 

§ Plants with adventitious shoots (Rodrigues, 1984). 
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Site of the Experiment 

This study was conducted at The University of Arizona 

Campus Agricultural Center, Tucson, Arizona (32 0 : 17' N i 

110 0 :57' Wi Elevation 711 m) from 24 Aug. 1985 to 26 July 

1986. Annual, long-term air temperature normals are 28.9 0 C 

(max.) and 9.4 0 C (min.). Annual, long-term rainfall normal 

is 294.4 mm. Soil type was an Agua sandy loam [coarse-loamy 

over sandy, mixed (calcareous), thermic typic Torrifluvent] 

with a pH of 7.8, EC of 0.58 dS m- l , and 407 ppm of soluble 

salts. The site was plowed and leveled (dead level). Dikes 

and aIm high fence were built around the site to permit 

flood irrigation and to exclude rabbits, respectively. 

Procedures 

All characterized and uncharacterized RP parents were 

crossed (as seed parents) with each of the eight nondorrnant 

clones. Seeds from each cross (approximately 120 to 600) 

represented a full-sib family and were handled separately 

throughout the experiment. Pollinations were made by hand, 

with vacuum emasculation used only on highly self-fertile 

plants. To facilitate rapid and uniform germination, seeds 

were hand-scarified with sandpaper. Seeds from each cross 

were divided equally into two sets: one set to be used in 

the direct-seeding treatment, and the other in the trans

planting treatment. 
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On 24 Aug. 1985, 30 seeds per family were planted in 

seedling trays. A plastic 96-cell seedling tray (75 cm3 per 

cell) was used. Cells were filled with a mixture of organic 

soil, sand, peat moss,. and vermiculite in a 3:1:1:1 ratio. 

Fungicide was added at a rate of 1 g . Kg-l with the first 

irrigation. To ensure an effective seedling stand, three 

seeds were planted 1 cm deep in each cell, and seedling trays 

were kept in a greenhouse. After 2 weeks, all but the most 

vigorous seedling was removed from each cell. After 6 weeks 

of growth, seedlings were placed outdoors for conditioning. 

A 800 m2 (40 x 20 m) area was divided into two equal 

blocks. In each block, 1920 FI hybrids, spaced 40 cm apart 

wi thin and between rows, were grown from Sep. /Oct. 1985 to 

July 1986 in five-plant (family) plots randomized within each 

block. In one block, Fl hybrid seeds were direct-seeded 

individually by hand on 21 Sep. 1985 (three seeds/hole). 

After 5 weeks, only the most vigorous plant in each hole was 

allowed to grow. On 5 Oct. 1985, the greenhouse grown Fl 

hybrid seedlings were clipped 3 to 4 cm from the soil surface 

and transplanted by hand to the other block. Irrigation was 

applied as needed. 

All plants were cut with a sickle-bar mower four 

times between Nov. 1985 and Mar. 1986. Two contiguous plants 

from each five-plant row in both blocks were exposed to the 

high harvest frequency, while the remaining three plants were 

-------_._----------------------------------------



harvested less frequently. 
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Those plants exposed to the high 

harvest frequency treatment were cut nine times at 2-week 

intervals beginning 28 Mar. 1986. The remaining three were 

harvested five times at 4-week intervals during the same 

period (Table 7). During the winter period (Jan. to Mar. 

1986), a random sample of 295 direct-seeded plants were also 

individually evaluated three times (9 Jan., 21 Feb., and 28 

Mar.) for fresh weight, length of the longest shoot, and 

plant height. 

In July 1986, all roots were cut 30 to 40 cm below 

the soil surface with a tractor-drawn undercutter, and the 

plants dug. Each plant was scored at this time for the 

ability to produce adventitious shoots on roots. Scoring was 

based on both the number of root swellings, i.e., the sites 

of eventual adventitious shoot production (Murray, 1957), and 

actual adventitious shoot production using a scale which 

ranged from one to four (one = no swellings on roots; two = 

less than four root swellings per plant but not shoots; three 

= more than three root swellings but no shoots; four = at 

least one adventitious shoot). Illustration of this rating 

scale is presented in Fig. 2. Root structure was also scored 

in these plants, also using a one to four rating scale {one = 

prominent primary tap root; two = primary root with less than 

four large secondary roots; three = small primary root with 

more than three large secondary roots; four = no visible 
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Table 7. Harvest dates of Fl alfalfa progenies under low and 
high harvest frequency treatments. 

Harvest 2 Treatments 

Harvest Date Low Frequency High Frequency 

25 Nov. 1985 + + 

09 Jan. 1986 + + 

21 Feb. 1986 + + 

28 Mar. 1986 + + 

19 Apr. 1986 + 

03 May 1986 + + 

17 May 1986 + 

31 May 1986 + + 

14 June 1986 + 

27 June 1986 + + 

09 July 1986 + 

22 July 1986 + + 



(a) 

(c) I 
I 
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( d) 

Fig. 2. Drawings of alfalfa plants showing degrees of root 
proliferation expression. -- (a) Score 1 plants 
with no root swellings; (b) Score 2 plants with less 
than four root swellings; (c) Score 3 plants with 
more than three root swellings; and (d) Score 4 
plants with adventitious shoots. 



primary root but numerous secondary roots) 

root structures are presented in Fig. 3. 

Data Analysis 
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Illustrations of 

Chi-square tests were utilized to determine sig

nificance of the qualitative values observed in the three 

comparisons of screening procedures. Winter growth variables 

(fresh weight, length of the longest shoot, and plant height) 

were presented as the mean (wi th standar'd error) of the 

measurements taken on three dates. Phenotypic correlation 

coefficients were estimated to test the significance of the 

relationship between root structure, fresh weight, shoot 

length, and plant height. 

Study of the inheritance of RP was based on the 

analysis of the extent of RP expression, as indicated by the 

RP score for each individual progeny. Only progenies from 

crosses between characterized RP and nondormant clones were 

analyzed. Estimates of observational componen~s of variance 

and heritability were first calculated for each individual 

cultivar and germplasm, and then calculated for the entire 

population as a whole. Analysis for each cultivar and 

germplasm included eight half-sib and 32 full-sib families, 

for a total of 296, 297, 300, and 296 individual offspring 

for cultivars Heinrichs, Rangelander, and Spredor 2, and 

germplasm Z-l, respectively. Analysis for the entire popu

lation included eight half-sib and 128 full-sib families, for 
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(a) 

(c) 

Fig. 3. Drawings of alfalfa plants illustrating different 
root system structures. -- (a) Prominent primary 
(tap) root; (b) Primary root with less than four 
large secondary roots; (c) Short primary root with 
more than three large secondary roots; and (d) typi
cal branching-root structure. 
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a total of 1189 individual offspring. The structure of the 

analyses followed the form presented in Table 8 which was 

derived from Falconer (1981). Estimates of heritability 

(narrow sense) for male-component, female-component, and male 

.2222 
+ female were derived from the ratJ.os 40'm/O'T' 40'f/O'T' and 

2 2 2 
2(O'm + O'f)/O'T' respectively. 
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Table 8. Format of analysis of variance to determine compo
nents of mean squares in analysis of half-sib and 
full-sib families (after Falconer, 1981). 

Source 

Between males 

Between females 
(wi thin males) 

Within progenies 

Degrees of 
Freedom 

.t. 

m l - 1 

m (f - 1) 

mf(k = 1 ) 

Mean 
Square 

MSm 

MSf 

MSw 

Composition of 
Mean Square 

2 2 2 a + fa f + fka m w 
2 2 a + fa f m 

2 
a 

w 
2 2 2 2 a + a f + a = aT w m 

t m = number of males; f2= n~mbe2 of females; k = number of 
offspring per female; am' af, ~w = o~servational components 
of the phenotypic variance (aT). am = variance attribut
a~le to differences between the progeny of different males; 
a f = differerces between the progeny of females mated to 
same male; a w = differences between individual offspring of 
same female. 



RESULTS AND DISCUSSION 

Comparison of Screening Procedures 

Hybrid plants expressing RP potential constituted 17% 

of the total Fl population. Those plants, however, which 

actually produced new shoots from lateral roots after 11 

months made up only 3.3% of the population (Table 9) Values 

of 5 and 2% were reported for the latter characteristic in 

early comparable observations in RP x nondormant Fl progenies 

(Daday, 1962; Edye and Haydock, 1967). For each of the 

variables measured, there were no significant interactions 

observed between any of the screening or breeding procedures. 

Therefore, differences between treatments within a procedure 

were considered independently. 

No significant differences were observed in the 

proportion of the total Fl population which expressed root 

proliferation under the two different planting methods tested 

(Table 9). Transplanting of alfalfa generally results in 

more rapid stand establishment and a more uniform stand 

overall than does direct seeding. The use of transplanting 

in a breeding program to increase RP could therefore result 

in improved overall efficiency without negatively affecting 

expression of RP. In general, transplanted Fl hybrids had 

root systems with more secondary roots than those of direct-

33 



Table 9. Number of plants in each root proliferation (RP) category in alfalfa populations derived 
from crosses between RP and nondormant sources under three different screening procedures. 

Screening Procedure 

Planting Method Selection RP Parent§ Harvest Frequency 

Population Direct- Trans- Charac- Uncharac- High Low 
seeding planting terized terized 

Non-RP h~rids 1435(83)* 1487(83) 956 (80) 1966(85) 1113 (84) 1809(83) 
(Score 1) 

RP hybrids 286 (17) 300(17) 233(20)** 353 (15) ** 211 (16) 375 (17) 

Score 2t 152(9) 161 (9) 117 (10) 196(8) 114 (9) 194(9) 

Score 3 83(5) 73(4) 71(6) 97(4) 59(4) 109(5) 

Score 4 51 (3) 66(4) 45 (4) 60(3) 38(3) 72(3) 

Total final population 1721 (90) 1787(93) 1189 (93) 2319(91) 1324(86)** 2184(95)** 

Total initial population 1920 1920 1280 2560 1536 2304 

** Values between groups within a screening procedure are significantly different at the 0.01 level 
of probability using a Chi-Square Test. Numbers in parentheses represent percentages. 

tOne = non swellings on roots; two = < root swellings per plant but no shoots; 3 = > three root 
swellings but no shoots; four = at least one adventitious shoot. 

=!: Nrnriber of hybrids and percent of total for each canparison within a procedure. 
§ Characterized parents all expressed RP in field nurseries. Uncharacterized parents were randomly 

selected from seed lots of RP cultivars which produce an average of 70% RP plants. 
W 
.t:>. 
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seeded plants (Table 10). These results were expected since 

transplanting tends to cause severe damage to the primary 

root promoting the development of numerous secondary lateral 

roots (Viands and Teuber, 1985). 

Root structure of RP and non-RP Fl hybrids were shown 

to differ significantly. The degree of RP expression inten

sified as root systems became more branched in both direct

seeded and transplanted populations (Table 10). RP hybrids 

which exhibited the highest degree of RP expression had 

practically the same pronounced branched root system as a 

typical RP parent (e.g., Heinrichs). Imp6rtantly, however, 

the changes in root structure caused by transplanting did not 

affect qualitative or quantitative expression of RP ability 

and the expression of RP potential was apparently not 

affected by transplanting. 

Hybrid progenies having known RP genotypes as the 

seed parent produced a significantly greater percentage of 

hybrids which expressed RP potential than did crosses where 

the seed parents were randomly selected from RP cultivars 

(Table 9). It was observed that 20% of the progenies ex-

pressed RP potential when characterized parents were used in 

crosses where 100% of the RP parents were known RP producers. 

If it was assumed that on the average approximately 70% of 

the uncharacterized RP female parents have the potential to 

exhibit RP ability (Rodrigues, 1984), then approximately 14% 
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Table 10. Root structure characterization of alfalfa 
populations derived from crosses between root
proliferating and nondormant sources. 

Root Structure Score§ 

Population/Screening Procedure N Mean + SE -

Non-Rpt hybrids (Score 1)+ 2922 2.72 + 0.02 -

RP hybrids 586 3.13 + 0.03 -
Score 2+ 313 2.97 + 0.11 -

Score 3 168 3.14 + 0.13 -
Score 4 105 3.29 + 0.13 -

Direct-seeding 1721 2.59 + 0.02 -
Transplanting 1787 3.21 + 0.02 -

Heinrichs 25 3.28 + 0.09 -
CUP 101 25 1. 84 + 0.11 -

t Root-proliferating. 

+ One = no swellings on roots; two = < three root swellings 
per plant but no shoots; three = > three root swellings but 
no shoots; four = at least one adventitious shoot. 

§ One = prominent primary (tap) root; two = primary root with 
< three large secondary roots; three = small primary root 
with> three large secondary roots; four = no visible 
primary root, typical branching-root structure. 
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(0.7 x 0.2) of the progenies from uncharacterized RP crosses 

would be expected to express RP. In fact, this prediction 

agreed closely with the values actually observed (Table 9), 

reconfirming that RP genotypes are quite common within the RP 

germpl asm s amp les. There were no signif icant differences, 

however, in the proportion of each hybrid population that 

actually produced adventitious shoots from roots (those 

plants scored fou r) . In the absence of characterized RP 

females, the use of uncharacterized parental clones from RP 

cultivars would appear to be effective if the goal was to 

rapidly produce hybrid RP genotypes. 

Comparison of the RP expression in plants exposed to 

two harvest regimes was made assuming that the production of 

adventitious shoots on roots is a mechanism which might be 

used to survive continuous grazing (Daday, 1968). If shoot 

growth is systematically harvested at a high frequency 

eliminating apical dominance, it could be hypothesized that a 

plant may produce root swellings and/or adventitious shoots 

at an earlier growth stage (Carlson, 1965; Carlson et al., 

1964) Frequent harvest could also be expected to deplete 

root carbohydrate reserves and lead to slow post-harvest 

recovery and eventual stand decline, which also might nega

tively affect the expression of RP ability or the eventual 

use of selected clones in a breeding program. No significant 

differences were observed, however, in RP potential between 



the two harvest frequency treatments (Table 9). 
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A highly 

significant difference in persistence was observed between 

the two harvest regimes (Table 9). Because of its effects on 

persistence, the use of unusually severe harvest treatments 

does not appear advisable in breeding programs evaluating RP. 

Winter Growth and Root Proliferation 

Mean values for each of the three measures of winter 

growth (fresh weight, length of the longest shoot, and plant 

height) did not differ significantly from the midparent value 

in the Fl' s (Table 11). Increases in winter growth were 

associated with decreases in RP expression, confirming an 

earlier report (Edye and Haydock, 1967). Significant winter 

growth was observed in Fl hybrids which also expressed RP 

after 11 months of growth. Numerous RP hybrids exhibited 

more winter growth than even the most vigorous RP parental 

clones. A similar situation was observed in an Fl population 

by Edye and Haydock (1967) and in advanced generations 

following selection for RP ability and winter growth (Bray, 

1969; Busbice and Hanson, 1969). Variation in winter growth 

among RP and non-RP hybrids was very great. It would appear 

to be inefficient, however, to attempt to select for in

creased root proliferation in RP x nondorrnant progenies based 

on winter growth characteristics alone. 

Overall, root system score was negatively correlated 

with plant yield, indicating that plants high in forage 



Table 11. Mean fresh weight, shoot length, and plant height of sampled RP x nondormant Fl genotypes 
grouped according to their root proliferation (RP) score and a sample of parental 
populations. -- Data represent means of three observations (Jan., Feb., Mar.). 

Fresh Weight (g) Shoot Length (em) Plant Height (am) 

Population N Mean SE Range Mean SE Range Mean SE Range 

Non-RP hybrids 249 78.8 + 2.1 (9 - 168) 29.2 + 0.4 (9 - 47) 22.0 + 2.3 (5 - 38) 
(Score 1) t 

RP hybrids 46 63.9 + 3.4 (15 - 102) 27.1 + 1.0 (13 - 38) 19.4 + 1.0 (6 - 29) 

Score 2 t 22 67.0 + 5.3 (26 - 102) 27.1 + 1. 5 (15 - 38) 19.1 + 1.4 (8 - 29) 

Score 3 14 65.4 + 5.7 (15 - 88) 28.5 + 2.0 (13 - 38) 21.2 + 1.8 (9 - 28) 

Score 4 10 55.0 + 6.8 (18 - 79) 25.4 + 2.0 (14 - 33) 17.8 + 2.1 (6 - 26) 

Heinrichs 25 44.8 + 2.3 (22 - 61) 16.8 + 0.5 (12 - 21) 12.1 + 0.4 (7 - 16) 

Cuf 101 25 119.7 + 9.4 (57 - 206) 40.2 + 1.6 (23 - 53) 35.3 + 1.6 (21 - 48) 

(Midparent) 50 82.3 + 7.2 28.5 + 1. 9 23.7 + 1.8 

tOne = no swellings on roots; two = < three root swellings per plant but no shoots; three = > three 
root swellings but no shoots; four = at least one adventitious shoot. 

LV 
\D 
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production potential exhibited a less branching-root system 

(Table 11). Over the three sampling dates, fresh weight was 

positively correlated with shoot length and plant height 

(Table 12). Thus, in the absence of fresh weight data, plant 

height could be used as a reliable indicator for total bio

mass yield during the winter season. 

Inheritance of the RP Trait 

The overall objective of this inheritance study was 

to estimate the genotypic variance related to RP and its 

components, as well as the heritability of RP based on half

sib and full-sib families derived from RP x nondormant 

crosses. The magnitude of these estimates coul d be use fu 1 

when developing methods for improving RP in a breeding 

program. The adjusted total sum of squares in this analysis 

was partitioned into between-males, between-females, and 

within-progeny groups following the form in Table 8, derived 

from Falconer (1981). Degrees of freedom, mean squares and 

estimates of the observational components of variance for 

each cultivar and germplasm, and for the population as a 

whole are presented in Table 13. Total variance values 

estimated by the sum of squares were also included as a 

cross-check. These latter values are of virtually the same 

magnitude as those calculated following Falconer's method 

(Table 8). Note that the variance analysis considers the 

inequality in number of offspring per female. Ninety-one 
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Table 12. Phenotypic correlation coefficients between root 
structure, fresh weight, shoot 1 ength, and pI an t 
height in a sample of RPt x nondorrnant Fl alfalfa 
population (N = 295). 

Fresh Weight Longest Shoot Plant Height 

Root structure -0.917* -0.832* -0.854* 

Fresh weight 0.955** 0.984** 

Longest shoot 0.983** 

* Significance at the 5% level. 

** Significance at the 1% level. 

t Root-proliferating 



Table 13. Estimates of components of variance of the root-proliferating (RP) characteristic 
calculated frQ~ analyses of variance applied to distinct Fl alfalfa populations. 

Alfalfa Degrees of Freedom Mean Squares Components of Variancet Cross-check 
Popula- 2 2 2 2 Variance 
tion Between Between Within Between Between Within om Of Ow °T 

Males Females Progeny Males Females Progeny 

Heinrichs 7 24 264 0.576 0.939 0.744 -0.010 0.021 0.744 0.755 0.744 

Rangelander 7 24 265 1.184 0.613 0.542 0.015 0.008 0.542 0.565 0.561 

Spredor 2 7 24 268 0.557 0.994 0.442 -0.012 0.058 0.442 0.488 0.489 

K-l 7 24 264 0.661 0.508 0.538 0.004-0.003 0.538 0.539 0.542 

Entire 7 120 1061 3.716** 0.599 0.567 0.021 0.004 0.567 0.592 0.586 
Population 

** Significance at the 1% level (F -Test) . 

t 0 2 = variance attributable to differen:::es between th~ progeny of different males; O~ = differences 
~ween the progeny of females mated to same male; Ow = differences between individual offspring 
of same ferrale. 

,j::. 

IV 
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plants died in this experiment (24, 23, 20, and 24 from 

Heinrichs, Rangelander, Spredor 2, and Z-l, respectively). 

The between-male mean square for the 'entire population was 

highly significant, indicating real differences between the 

half-sib families with regard to the expression of the RP 

characteristic (Table 13). This was an unexpected result 

because the nondormant clones used as pollen donors (males) 

would not be expected to contain the RP habit in their 

ancestry. Therefore, they should be unable to provide any 

direct genetic contribution to the expression of the RP 

character, although they may contribute genes which indi-

rectly affect RP expression. It is also unlikely that this 

result can be attributed to maternal effects as each male was 

crossed to the same set of females. 

22. 
In general, Om and of estlmates were very low, close 

to 
2 

zero. Three estimates were negative. The Ow estimate 

represented a very large proportion (approx ima te 1 y 96%) of 

the phenotypic variance, indicating a very large environmen-

tal effect on this trait. 

Estimates of the phenotypic covariance for the half-

sibs [(Cov(HS)] and of the quantity [Cov(FS) - 2Cov(HS)] for 

each cultivar and germplasm, and for the entire population 

are presented in Table 14. These values were inconsistent 

between populations. This inconsistency could be due to the 

relatively small Fl hybrid populations examined. If the 



Table 14. Magnitude and interpretation of genetic quantities derived fDOffi phenotypic covariances of 
half-sib and full-sib families for five Fl hybrid alfalfa populations and two cross-check 
populations. 

Alfalfa Population N 

Heinrichs 286 

Rangelander 287 

Spredor 2 300 

K-l 286 

Entire Fl population 1189 

Fl population 2967 

F3 population 2325 

Cov(HS) [Cov(FS) - 2Cov(HS)] 

-0.010 0.031 

0.015 -0.007 

-0.012 0.070 

0.004 -0.007 

0.021 -0.017 

Interpretation 

Indication of existence of 
non-additive effect 

Predominance of additive effect 

Strong indication of non-additive 
effect 

Additive effect 

Predominance of additive effect 

(Comparable results from previous researchers) 

0.307 -0.061 Predominance of additive effect 
(Morley and Heinrichs, 1960) 

0.038 0.130 Strong indication of existence of 
non-additive genetic effects 
(Daday, 1962) 

""" """ 
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estimates of the population as a whole are considered more 

reliable (N = 1189), they suggest a predominance of the 

additive variance over the non-additive variance. Similar 

conclusions were made when a larger Fl population (N = 2967) 

was analyzed for the same characteristic in alfalfa (Morley 

and Heinrichs, 1960). The existence of non-additive effects, 

however, was observed when an F3 hybrid population (N = 2325) 

was studied using similar methods (Daday, 1962). In addition 

to the population size, inconsistency of the results may also 

be attributed to the inadequacy of these methods when applied 

to an autotetraploid population such as alfalfa. The methods 

described by Falconer are appropriate for diploid organisms. 

The quantity [Cov(FS) - 2Cov(HS)] can be applied to tetra

ploids only as an approximation to indicate the existence of 

non-additive effects if it is larger than the Cov(HS) (= 

additive variance/4) estimate (Morley and Heinrichs, 1960; 

Falconer, 1981). 

Sib-correlation and narrow sense heritability 

estimates are presented in Table 15. Correlation estimates 

were very low in both half and full-sib families. They were 

consistently positive in the full-sibs, but both positive and 

negative in the half-sibs. Heritability estimates were also 

quite variable (0.4 - 18.8%). The magnitude of the best 

estimate (8.4 96), which was the average value for the entire 

Fl population, was considerably lower than other estimates 



Table 15. Estimates of sib correlation and narrCM sense heritability of the root-proliferating 
characteristic in Fl hybrid alfalfa populations. 

Sib Correlations Heritability 

Alfalfa Population Half-sib Full-sib Male Canponent Female Canponent Male + Female 

Heinrichs -0.013 0.015 -0.053 0.111 0.029 

Rangelander 0.027 0.041 0.106 0.057 0.081 

Spredor 2 -0.025 0.094 -0.098 0.475 0.188 

K - 1 0.007 0.002 0.030 -0.022 0.004 

Entire PI Population 0.035 0.042 0.142 0.027 0.084 

~ 
0) 
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from studies utilizing more advanced generations (Table 4). 

Heritability, however, is a function of the phenotypic vari

ance which includes edaphic, climatic, and biotic effects. 

Her i t ab iIi t y, the ref 0 r e, va r i e sin e a chI 0 cat ion and is, 

consequently, specific for each study. 



CONCLUSION 

Improving the performance of alfalfa populations 

requires a combination of efficient agronomic and breeding 

practices. In this investigation, I attempted to answer 

three questions dealing with efficiency in breeding for 

increased RP in using crosses between winter dormant RP 

clones and nondormant, non-RP clones. These questions were: 

(l) Does transplanting affect the expression of RP? (2) Does 

the use of uncharacterized RP plants necessarily reduce the 

frequency of RP hybrids below unacceptable levels; and 

(3) Which harvest frequency (low or high frequency) is more 

appropriate in a RP screening nursery? In addition, I 

estimated the magnitude of the genetic variance and narrow 

sense heritability of the RP trait to provide a basis for 

breeding decisions. 

Below are some general conclusions and recommenda-

tions from this investigation: 

A low incidence (3. 3%) of hybrids from crosses 

between dormant RP and nondormant, non-RP alfalfas 

produced new adventitious shoots from roots after 11-

month grown in a field nursery. 

Direct seeding and transplanting procedures as well 

as high and low harvest frequencies affected RP 

48 
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expression equally in the materials studied. A 

combination of transplanting selected seedlings and 

harvesting at 4 to 6 week intervals is recommended as 

sound management for a RP breeding nursery. 

Use of characterized RP alfalfa parents produced a 

significantly greater frequency of RP genotypes than 

did crosses with uncharacterized RP alfalfa parents 

from RP cuI tivars. As a guide, in the absence of 

characterized RP parents, twice as many uncharacter

ized RP parents will be needed to produce a RP pro

geny with the same frequency of RP-expressing hybrids 

following crosses with non-RP parents. However, the 

time savings associated with the use of uncharacter

ized parents may be significant. 

The average winter forage production of RP FI's was 

similar in magnitude to the midparent value. 

RP FI progenies contain great variability in winter 

srowt~ potential. On the average, FI plants with the 

highest degree of RP expression have higher winter 

forage production than the dormant RP parent. 

Inheritance of the RP characteristic in FI progeny 

from crosses between dormant RP plants and non

is predominantly dormant, 

additive. 

was 8.4%. 

non-RP alfalfa plants 

Narrow sense heritability in this study 

Family selection or progeny testing will 
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provide effective methods for accelerating breeding 

progress when seeking to increase the frequency of 

RP-expressing genotypes. 

-----~~.~- ~~~--~~~-~--~.---- -_. 
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