
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




2 8 2 5 
:: 11111 . 11111 .1.0 
.i; ~p2 I 22
i b1 • 

.: I~i~ 
~ 

::' I~ .0 
... " 1.;.11.::.1.':'II 1.1 

111111.8 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU Of STANDARDS·1963·A 

2 8 2 5 
:; 11111 . 11111 .1.0 
11.:: 1111\3-- 2 

a.:.. _I~ ~p6 

::J!o 

m~ 
... " 
l.:JL:,.1.J.111.1 

II 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU Of STANDARD5~1963·A 

http:111111.25
http:111111.25


·...- 3--7 

TB1571/~/77 

ALFALFA GERMPLASM 

IN THE UNITED STATES 


>..r:: GENETIC VULNERABILITY, USE,IMPROVEMENT,
c:~ r .... AND MAINTENANCE 

( . 
, 

. 
- -.-

PREPARED BY 
~., UNITED 5TATES TECHNICAL AGRICULTURAL 
l~) DEPARTMENT OF BULLETIN RESEARCH 
~ AGRICULTURE NUMBER 1571 SERVICEG»



ABSTRACT 

Alfalfa (Medicago saliva L.) is the most widely grown perennial legume varia, Turkistan, Flemish, Chilean, Peruvian, Indian and African germplas'ls. 

~pecies in the United States. It is a major component of Feed for dairy and Prior to 195.5, about 33 recognized varieties were grown in the United States 
beef cattle. Because alfalfa requires many genes for adaptation and survival, and Canada with about half being introductions. Prior to 1930, varieties 
and because it is an introduced species to North America, concerns exist were developed primarily from a single germplasm source. Since then the 
about the status of alfalfa germplasm resources in the United States. This number of germplasm sources in newer varieties has steadily increased with 
bulletin presents a synopsis of the historical use of alfalfa germplasm in the some newer varieties containing all nine sourr:es. The trend to increase the 
United States, summarizes available germplasm resources, projects future number of varieties and genetic diversity within varieties has made alfalfa 
germplasm needs for alfalfa improvement, and presents ideas For improving less vulnerable to genetic disaster than it was 50 years ago. However, the 
germ plasm collection and preservation procedures. extensive use of the recognized germplasm resources suggests that new 

sources of germ plasm may be necessary for future improvements in alfalfa. 
Nine distinct sources of germplasm were introduced into North America The types of problems to be encountered and possible solutions to the 

From different regions of the world. They included M. fa/cala L., Ladak, M. problems are discussed. 
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ALFALFA GERMPLASM IN THE UNITED STATES: 


GENETIC VULNERABILITY. USE. IMPROVEMENT. AND MAINTENANCE1 


D. K. Barnes; E. T. Bingham," R. P. Murphy," O. J. HI/nt: D. F. Burd," W. H. Skrdl~,' ~nd L. R. Teuber" 

INTRODUCTION 

Following the 1970 corn leaf blight epidemic, scientists surveyed the 

genetic vulnerability of nearly all major cereal, vegetable, and fiber crops 
produced in the United States (32).1' This was followed by a report recom

mending actions and policies for minimizing the genetic vulnerability of 

major crops (1). Neither of these reports specifically dealt with forage 

species because the most urgent considerations were given to those crops 

In serious trouble. However, forage species must be included in any national 
food plan because about half of the total land area in the United States 

, Joint contribution by Agricultural Research Service (ARS), U.S. Deportment of Agriculture; 

the Iowa, Minnesota, Nevada, New York, and Wisconsin Agricultural Experiment Stations; 

and the Waterman·loomis Company. This information was developed as port of a sympo· 

sium on "Genetic Vulnerability" sponsored by the American Society of Agronomy at 

Knoxville, Tenn., August 25·2B, 1975. 
'Research geneticist, ARS, U.S. Dept. Agr., and professor. Dept. cf Agronomy and planl 

Genetics, University of Minnesota, St. Paul 5510B 
, Professor, Deportment of Agronomy, University of Wisconsin, Madison '53706 

'Professor" Deportment of Plant Breeding and Biometry, Cornell University, Ithaca, N.Y. 

14B50 
,; Research agronomist, ARS, U.S. Dept. Agr., Box 8858, University Station, Reno, Nev. 

B9507 
"Vice president·Research, Waterman·loomis Co" Suite 110, 2000 Century Plaza. Colum· 

bia, Md. 21044 
1 Agronomist. North Central Regional Plant Introduction Station, ARS, U.S. Dept. Agr., 

and professor af agronomy, Iowa State University, Ames 50010 

, Research assistant, Deportment of Agronomy. University of Minnesota, SI. Paul 551 DB 

\I Italic numbers in parentheses refer to References, p. 20. 

is occupied by pasture, range, or harvested forage, which contributes 63 

percent of the feed for dairy animals and 73 percent for beef animals. 

Alfalfa (Medicago sativa L.) is one of the most pr.oductive forage species 

grown in North America. Annually, between 27 and 29 million acres are 

cut for hay in the United States (29). Alfalfa is also included in pasture mix

tures in many areas of the country. Because alfalfa is a perennial and is 

grown over a wide range of environments, it requires many genes for adapta

tion and survival, including resistance to many pests. Barnes and associates (2) 

listed 21 diseases, 10 insects, and 3 nematodes as major problems on 

alfalfa. The most notable advances in alfalfa breeding up to the present 

have involved selection for adaptation and pest resistance. Only limited at

tention has been given to finding yield genes. 
Because alfalfa is an introduced crop and many factors affect produc

tion, a large amount of genetic diversity is needed to meet future breeding 

objectives. Alfalfa germplasm is affected by the same factors that are 

causing erosion of the world's reservoir of naturally occurring genetic stocks 

of cereal, vegetable, and fiber crops. Alfalfa breeders need to assess the 

present genetic vulnerability of alfalfa and systematically develop and pre

serve useful germplasm collections. 
The objectives of this paper are to (1) present a synopsis of the historical 

use of alfalfa germplasm in the United States, (2) summarize available 

germplasm resources, (3) project future germplasm needs for alfalfa im

provement, and (4) present ideas for improving germplasm collections and 

preservation of those collections. 



SOURCES OF ALFAtfA GERMPLASM 
Generally, taxonomists agree that Medicago sativa L. originated near 

Vavilov's liNear Eastern Center," which has Iran as its geographic center. 

M. falcata L. is thought to have originated in Vavilov's "Central Asiatic 

Center." Even though the two species had different geographic origins, they 

have been brought together naturally and by man. They cross readily with 

unimpaired viability; therefore, all degrees of introgression of the two 

species can be found in present varieties. Besides differences in the relative 

amounts of M. sativa and M. falcata germplasm, alfalfa sources vary ac

cording to the natural selection pre~sures to which they were exposed over 
centuries. 

Because alfalfa is a recent introduction to North America, listing the im

portant germplasm introductions and determining what part each has 

played in varietal improvement are possible. Between 1850 and 1947 nine 

distinct sources of germplasm were introduced into the United States from 

different regions of the world. They represent most of the genetic diversity 

now available in present varieties. These nine germplasm sources-lvt falcata, 

M. varia, Turkistan, Flemish, Chilean, Peruvian, Indian, and African-are 

described in descending order of their winter hardiness rather than by 

chronological time of introduction. Figure 1 illustrates their geographic 
origins. 

M. falcata-This species is characterized by orange-yellow flowers, 
straight to sickle-shaped pods, and ovaLshaped standard petals with non

parallel sides (37). It is usually diploid, but some tetraploid forms have 

been reported. Several early introductions were brought from Russia and 

Siberia to South Dakota by N. E. Hansen between 1894 and 1909 (27, 42). 

These plus severo I early introductions into Canada through Alaska have 

been the primary source of M. falcata used in the Canodian varieties

'Rhizoma', 'Rambler', 'Roamer', 'Drylander', 'Kane', 'Beaver', ' Anik', and 

'Trek'; and in the U.S. varieties-'Atlantic', 'Narragansett', 'Teton', 'Travois', 

and 'Vernal'. M. falcata has been a source of extreme winter hardiness, 

broad crowns, creeping root-habit, and some foliar disease resistance. Ac

cording to D. H. Heinrichs,'" all creeping rooted plants now use-:l in Canadian 

varieties trace to eight M. falcata plants found in one of N. E. Hansen's 

introductions. M. falcala is generally susceptible to bacterial wilt, low in 

forage production potentiol during late summer because of early fall dor

mancy, and low in seed production. More recently, additional introductions 

III Plant breeder. Swift Current, Saskatchewan, Cona~c, personal communication. 
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have been incorporated into some breeding programs in the United States 
and Canada. 

Ladak-Introduced in 1910 to South Dakota from Ladakh province af 

Kashmir in northern India, is winter hardy, has some bacterial wilt resistance 

and some foliar disease resistance and produces a heavy first cutting and a 

light second cutting because of its early fall dormancy. It is best adapted 

to Minnesota, North and South Dakota, Montana, and southwestern Canada. 

Because of the high frequency of yellow flowers and dormancy character

istics in Ladak, M. falcata must have been a major component of its 
parentage. 

M. varia (also M. medial-Originated from natural occurring hybrids 
between M. falcata and M. sativa. Strains were usually classified as M. varia 

because they had variegated flower colors and variable pod shapes. The four 

primary introductions of this type of alfalfa into North America (42) were 

'Grimm', introduced from Germany to Minnesota in 1858; 'Ontario 

Variegated', similar in growth characteristics to Gnmm but obtained from 

Europe by a farmer in Weiland County, Ontario, in 1871; 'Baltic', found 

in South Dakota in 1905, even though similar to Grimm, circumstances in

dicate it probably was from a separate introduction from northern Europe; 

and 'Cossack', introduced to South Dakota in 1907 as seed from a single 

hybrid plant found in Russia. These four sources are winter hardy, more 
vigorous than M. falcata and Ladak introductions, and are susceptible to 
bacterial 	wilt. 

Turkistan-Imported commercially from Russia between 1898 and about 

1925. This source is genetically diverse germ plasm, which is representative 

of alfalfa grown in S('Iuthern Russia, Iran, Afganistan, and Turkey. Gen

erally, Turkistan ai'alfas have been described as poor seed producers, 

susceptible to leof diseases, and resistant to many insects and crown and 

root diseases. They vary in winter hardiness from moderately hardy to 

hardy. Most of the spotted alfalfa aphid, pea aphid, stem nematode, bac

terial wilt, and phytophthora root rot resistance in present varieties is 

derived from Turkistan germplasm sources. Turkistan alfalfas appear to 

contain primarily M. sativa germplasm. Variegated flower colors are not 
usually seen. 

Flemish-Developed in northern France. 'DuPuits' was the first Flemish 

variety introduced to the United States in 1947. It was followed by such 
varieties as ' Alfa', 'Cardinal', 'Flandria', and 'Socheville'. The performance 



of all Flemish varieties is similar and can be characterized as being fast Chilean (Spanish)-Originated from alfalfas inT'oduced into Mexico and 

to recover after cutting, early to mature, vigorous, stem my, generally re Peru by the Spaniards in the 16th century. From these introductions, alfalfa 

!istant to foliar diseases, susceptible to crown and root diseases, and mod spread throughout South America and into the United States. Mexican 

erately winter hardy. Flemish alfalfas appear to contain only M. sativa alfalfas reached the United States with early missionaries. During the early 

germplasm. 1850's, Chilean sources were introduced into California. The Mexican and 
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Chilean sources spread throughout much of the Southwestern United States 
and become the primary germplasm constituent in California, Arizona, New 

Mexico, Oklahoma, and Kansas Common alfalfas. The Spanish sources spread 
as for north as South Dakota and Montana. They generally lacked winter 
hardiness and were susceptible to the spotted alfalfa aphid. Chilean con
tains only M. saliva germ plasm. 

Peruvian-Introduced to Peru by the Spaniards and grown in Peru for 
two centuries. Therefore it may be more similar to the original Spanish 
introductions than Chilean. Two introductions, 'Smooth' and 'Hairy Peruvian', 

were introduced into the United States about 1899. 'Hairy Peruvian' was 
an important variety in southern California and Arizona until the early 
1950's. It is characterized as being pubescent, nondormant, susceptible to 
the spotted alfalfa aphid, and containing only M. satIva germ plasm. 

Indian-Introduced from India into California in 1913, where it wa! 
selected and increased as 'Indian'. A second introduction 'Sirsa No.9' was 

made in 1956. This germ plasm is characterized as being nondormant, sus
ceptible to the spotted alfalfa aph:d, and containing only M. sativa germ

plasm. 
African-Introduced as 'Hegazi' (FC 31,370) in 1924. This introduction 

reportedly came from Egypt. However, visitors from the Middle East doubt 
this origin and think it is Arabian. The name 'Hegazi' is Arabian. Alfalfa 

was not grown in Egypt because it is an alternate host for cotton rust. 

African is nondormant and generally susceptible to the spotted alfalfa 
aphid. More than 50 percent of the Alfalfa grown in California traces to 
African. Two adc!itional sources of African, FC 32,173 and Walker E. 

Bryan's African A4-35, which was used as the principal African source in 
Arizona varieties, may be different from FC 31,370. 

GENETIC DIVERSITY OF VARIETIES USED IN THE UNITED STATES 


Prior to 1925, most of the alfalfa breeding work in North America was 
concerned with selecting strains that were more winter hardy. Bacterial 

wilt was described by Jones in 1925 as a new alfalfa disease (34). During 
the next 30 years, the main emphasis was on developing winter hardiness 
and bacterial wilt resistance. During the late 1950's two factors began to 
exert a major influence on variety development. These included the urgent 
need to develop varieties resistant to several insects and diseases and the 

expansion of alfalfa breeding by private industry. The need for pest re
sistance increased the amount of diversity required in varieties, and the 
increase in private plant breeding programs subsequently increased the 
number of recognized alfalfa varieties. 

Prior to 1955, about 33 recognized varieties were grown in the United 
States and Canada. About half of these were introductions from Europe, 
Asia, and the Middle East. Since 1956, the number of varieties has in
creased to about 160 (table 1). Less than 5 percent of the varieties made 
available in the last 20 years were direct introductions. The percent of 
varieties developed by private industryll in the United States has been 

increasing steadily during the last 20 years (fig. 2). The propoll;on of 
privately developed varieties for 1955-60, 1961-65, 1966-70, and 1971-75 

n Names of commercial companies ore used in this publication solely to provide specific 

information. Mention of them does not constitute a warronty or endorsement by the U.S. 

Department of Agriculture aver the companies nat mentianed. 
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were 20, 59, 66, and 72 percent. This reflects the increased efforts by 
private breeders, as well as a change in direction by public breeders. His

torically, public breeders were responsible for variety development, but lately 
this role has been changing toward developing new breeding procedures and 
germplasm. 

A chronological summary of the genetic crigin of alfalfa varieties used 
in the United States provides us with an analysis of germ plasm diversity 
(table 2). Prior to 1930, varieties were developed primarily from a single 
germplasm source. Between 1941 and 1960, varieties were developed by 

combining two or three different germplasm sources. This did not include 
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Figure 2.-Development of public and proprietary alfalfa varieties in the United States 

fram 1900 to 1975. 



Table l.-Deve/oping agency, year seed available, and varietal origin of parental germplasm for alfalfa cultivars used in Canada and the United States 

Developing or introducing Year seed 

Variety agency available 

A-24 ..............•....•..... Embro Seed Co. 1968 

A-57 .......................•. Embro Seed Co. 1973-74 

A-59 ....... _.• , ......•.....•. Ed. F. Mongelsdorf & Bro. 1957 

African ....•..•.......•...••.. Intra from Egypt 1924 

Agate ...•.......•.......••..• USDA and Minnesota AES 1974 

AHa .•.....•.•............... Intro from Sweden 1955 

Algonquin .................... Agriculture Canada 1974 

Anchor .......•............... Rudy Patrick 1972 

Ani!, .•..•........•..........•Agriculture Canada 1975 

Angus •......•....•........... Agriculture Canada 1974 

Apalachee ...•...............• USDA and N.C. AES 1973 

Apex ...•.......•.•.....•..•.. W. R. Groce & Co. 1966 

Apollo ...•...•......•........ North American plant Breeders 1976 

Arc ...•...•....•....•••....•. USDA 1974 

Ardiente •.•..•.......•.•..•... Ferry.Morse Seed Co. 19n 

Arnim ...•••..•....•.......... Arnold Thomas Seed Co. 1966 

AS-13 ...•..• . . . •. . .......... Ferry·Morse Seed Co. 1970 

AS-13R ....................... Ferry·Morse Seed Co. 1976 

AS·49 ••.•..•••....•.....•.... Ferry-Morse Seed Co. 1970 

AS.49R •..............•..•.... Ferry·Morse Seed Co. 1976 

Atlanlic ••...........•••....... New Jersey AES 1940 

ATRA.50 .•....•.......•....... Arnold-Th"mas Seed Service 1969 

A TRAS5 .•••..........•....•.. Arnold-Thomas Seed Service 1968 

Baltic .•.......•....••.••.•... Intra from Germany 1906 

Beaver .•....•..•.........•... Agriculture Canada 1961 

Bonanza ••..•....••.••....•... farmers Forage Res. Coop. 1967 

Bonus ..........•.•.....••.•.. Col/West Seeds 1972 

Buffalo ..••..•...........•.•.. USDA and Kansas AES 1943 

Caliente .••.•..••... , ..•..•... ferry-Morse Seed Co. 1970 

California Common 49 .......... California AES 1949 

Caliverde ., ..•......••.....•..California AES 1951 

Caliverde 65 ..••.......••..... California AES 1966 

Canadian (Ontario) Variegated ••• Intro from Germany 1871 

Cardinal .•.•..•............•.. Northrup, King & Co. 1964 

Cayuga .•••••••.•••.•.•••..•• Cornell University 1961 

Cherokee •...•.•.............. USDA and N.C. AES 1962 

Chilean 21·5 .................. Arizona AES 1847 

Chimo •.......•.•.....•.••..•. L. Teweles Seed Co. 1973 

Citalion •.............•.•..... Norlh American Plant Breeders 1975 

Cody ......•..........•.....•. USDA and Kansas AES 1959 

Varietal origin of parental germplasm 

Alfa, Buffalo, DuPuits, Socheville. 

Ranger, Vernal. 

Montana Common, Ranger, Vernal. 


Intercross of surviving plonts from original seed. 


Ramsey, Vernal. 


Flamande (Swedish selection). 


M. media, Rhizomo. 


Alfa, Apex, DuPuits, Saronac. 


M. fa/cafa. 

DuPuits, M. media. 


DuPuit., Flamande, Lahontan (Clone E·900) C-900 X 40 plants DuPuits and Flamande. 


Flemish. 

Cody, Dawson, Kanza, Mnp·B1, Saranac, Tempo, Titan, Vernal, Weevlchek. 


Team. 


Unknown non hardy varieties. 


Thuringia land race, M. falcafa and Kayserie (PI 279,958), 


Lahontan, Moapa. 


AS-13. 

Cody, Lahontan, Zia. 


AS·49. 


> 100 varieties and strains from N. America, Europe and Asia some M. fa/cafo. 


See 520. 

Arnim, Culver, Narragansett, Vernal and recurrent selection population. 


from Baltic S. Dakota, similar to Grimm. 

Cossack, Grimm, Ladak, Nebraska Common, Rhizome, Turkestan, Viking, Wisconsin Common. 

African, Sirso. 

Vernal. 

Kanzas Common. 

AS.10 (African, Indian, Iraqui) AS-13. 


California Common. 


California Common, Turkistan. 

C-84 (C·84 is parent done of Lahontan), California Common·49, Caliverde. 


Similar to Grimm. 

(Selected in France from diverse origin). 

C.300, C·301, C·303 and C·312 from old N.Y. field; C·305 and C-307 from C3 X Nebraska 


1038; C·308 and C·309 from OP of Nebraska 1226; C-310fr.om C6 X C7; and 

C-311 from Ranger. 


Buffalo, DuPuits, Kansas Common, Oklahoma Common, Williamsburg, 4 Kansas Syn. 


Chilean. 


Cayuga, Saranac, Vernal. 


Alfa, DuPuits, Narragansett, Saranac, Vernal. 


Buffalo. 
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Table l.-Deve/oping agency, year seed available, and varietal orlgm of parental germplasm for alfalfa cultivars used in Canada and the United States 
-Continued 

Developing or introducing 

Variety agency 

Co..ack •.••.••.••••. • ..•.•.•• Inlro from Russia 

Culver .••••.••.••. • ••.•...••. Indiana AES 

Dawson .••.•.•.•.•..•.......•. USDA and Neb. AES 

Delta .•....•..••••••...•.•..•• Mississippi AES and USDA 

Desere! ...•.••.•.•.•.•.•.....• USDA and Utah AES 

Drylander •.. . .••..•.••••••••. Agriculture Canada 

DuPuits ... . ...•. _.• ~ ...........Tourneur Freres 


EI Unico .•.•••..•..••..•••.••. Arizona AES 

Europa . . . .. . ••...••.•..•• laMahon florimand 

Ferax .. , .•...••.•••..•••..•. University of Alberta 

Florida 66 ...........•..••..•. Flori::!a AES 


Fremont .•...•••.........•••.. Wyoming AES 


G·777 .....•.. . ...•••..••.••. Northrup, King & Co. 


Glacier ....... . .••.••.•••..•• Northrup, King & Co. 


Gladia!or ...................... Northrup. King & Co. 


Grimm .•.•• , .•.••..••. Intro from Germany 

Hairy Peruvian ............. ~ . ~ .Intro from Peru 


Hardigan ..• . . . • .. . ...••...•• Michigan State AES 

fiardis!an .............•..••.•. Nebraska AES 

Hayden •. • .....•..•.. Arizona AES 

Honeoye .... . •......•...•.••. Cornell University 

Indion ..••..••••.•..•...•...•• Intro from India 

Iroquois ., .•..•.•••.••.....•.• Cornell University 

Joaquin 11 ....................Security Seed Co. 

Kaw .................... ~ ... " • . 1 ntro from France 

Kane '" .......•..•.•...•...• Agriculture Canada 

Kanza ..... , ....•...•••.••••• USDA and Kansas AES 

ladak . • ••........•..••.••••• Intro from India 

ladak 65 •.•.....•...•••.•.•••. Montana A,ES 

lahontan ., ...•••••••....•••.• USDA and Nevada AES 

lew •.•. . ..•.•.•••.••••.•••• Arizona AES 

liberly .•.••....•...••.•••••.• USDA and North Carolina AES 

Mocsel ...•...•••.•.•••••••••• University of Manitoba 

Marathon •••.•..••...••••.•••• Northrup, King & Co. 

Mark " .••..•.•• . •.•.• , •••••• Cornell University 

Meeker 'Baltic •.••...•.•..•••.•• ColoTodo AES 

Mesa.Sirsa •....••..•...••••••• Arizona AES 

Mesilla ••••......••..•.•....•• New Mexico AES 

Moapa ..•..••..••••...••••.•• USDA and Nevada AES 

Moopa·69 .....•••...••.••.•••• USDA and Nevada AES 

Narragansett •.•.••..••..•••••• Rhode Island AES 

Year seed 

available 

1907 


1955 


1967' 


1967 


1976 


1971 


1947 


1964 


1965 


1941 


1968 


1969 


1973 


1964 


1975 


1900 


1899 


1920 


1928 


1971 


1976 


1913 


1968 


1969 


1912 


1971 


1970 


1910 


1966 


1954 


1976 


1977 


1923 


1975 


1966 


1915 


1966 


1969 


1957 


1971 


1946 


Varietal origin of parental germplasm 

Single M. lalcala X M. saliva hybrid plant. 


Cossack, Hardigan, ladak, Turkistan. 


Baltic, Cossack, ladok. Kansas Common. Ranger, Turkistan. 


Dakota 12 (Northern Common). 


1'1279,958 (Introduction from Turkey, Kayseri variety). 


M. falcala, M. media, M. sali~a, Rambler. 

Flemish. 

Mesa-Sirso, Sonora. 

Flemish. 

23 varieties. 

100 varieties and introductions from 

Wyoming (from old fields). 

Cardinal. 

DuPuits, Franconia, M. Iclcata. 

Team. 


(Natural selection in Minnesota). 


Spanish ecotypes. 


Baltic. 


Commercial strain of Turkistan. 


PI 235,736, Sonora. 


Saranac. 

Narragonsett, Vernal. 

Alganistan, African. 


Resembles Turkiston. 


Beaver, M. folcala, Rambler. 


USDA. 

Cody, Culver, Kansas Common, Turkistan. 

ladak. 

Nemastan. 

African and Indian. 

Arc. 

M. saliva and M. lupulino. 

Cardinal, Glacier. 

Narragansett. 

Baltic (field in ColoTado). 


PI 235,736 fro/O Indio. 


New Me><ico Common. Turkislan. 


Africen field selection. 


Mesa.sirsa. Moapa, Sonora (Iwo clones parenlel dones of 1:1 Unico, C·l026 end C-937). 


Moss selection fran, M. sativa X M. (alcala, Canadian Variegated, Cossack, Grimm, and ladok. 
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Table l.-Developing agency, year seed available, and varietal ongln of parental germplasm for alfalfa cultivars used in Canada and the United States 

-Continued 

Developing or introducing Year seed 
Variety agency available Varietal origin of parental germplasm 

Nemastan ... r ....... , ....... t ••• Intra from Turkistan 1943 
New Mexico 11-1 _.• _.•...• _.• _New Mexico AES 1953 A-14 (0 Virginia strain), Buffalo, New Mexico Common. 
Nomad •.••...••.•.•.•• • .....Burlingham & Sons 1941 Field selection in Oregon (dryland)•. 
Norseman * ..................... Brazen of Minneapolis 1965 Ladak. 

Nugget •..•.•••••••.•..••..••. North American Plant Breeders 1975 Alfa, Tuna, Vernal. 
Orchies ....••..•.••.....•..••. Calappr<>ved Seed Growers 

Orestan •.•.••...•••..••.•...•. Intro from Turkistan 

Pacer ••••.••.•••.....••.•••.•. Land O'Lakes 

Polar I .••.••...•.••...•.•••.. Northrup, King & Co. 

Progress .•.•.......•.•••••...•Cnladino Form Seeds 


Rambler ..••••..•••..•.•.••.•.. Agriculture Canada 

Ramsey .....•..•••.•.....••... Minnesota AES and USDA 

Ranger ...••.....•.•.•......•. USDA and Nebraska AES 

Rhizoma •.•..••...••.••••..••. Univ. of Brilish Columbia 

Roomer .••..•..••.•..•..•..... Agriculture Canada 

Saranac .......... '" ........... Cornell University 

Saranac AR .•... ••...•..... " Cornell Universily 

Scout ••••..•.•..•••.•••.•••.•. Formers Forage Res. Coop. 

Sevelra ..••..•..••....•••..... Seven-L-Ranch (Idaho) 

Socheville .•••...•....•.•.•...• Intro from France 

Sonora ....................... . Arizona, California, Nevada 

Sonora·70 •.•... . •.•.•.•.••... Arizona AES and USDA 

Spredor •..•..•.•••..•.•.••... Northrup, King & Co. 

Stride ••.•...•••.•.••......... Caladino Form Seeds 

SX·10 ...•••..••....•..•...••.• Sexauer Co. 

Talent ....••....•.••.•..•••..• Intro from France 

Team ........................ USDA 

Tempo •.•.••.. '" .•..•.•..•.•Farmers Forage Res. Coop. 

Teton ........................ South Dakota AES 

Thor . " •.•.•.•.••.••.•...•.. Northrup, King & Co. 

Titan ..••.•.••••••••.••••.••.. W. R. Groce & Co. 

Travois ....................... South Dakota AES 

Trek .•...••.•.•••..••..••.•••. Agriculture Canada 

Tuna ••••••••.••.••••••.•••••. Swedisn Seed Assoc. 

Turkiston ••••••.•••.•••••••.••. Intro from Turkistan 

UC Cargo •.•••••..••.••.•.•.. Universily of California 

UC Salton .••••••.•.•.•••••••.. Universily of California 

Uinta ••••..•..•.••.••.••...•• USDA and Utah AES 

Valor ••...••••••.••..•••.•..•• Land O'Lakes-Felco 

Vernal •...•••••••..•.••••.••. Wisconsin AES and USDA 

Victoria .•••.•••••••.•••.••.••• Arkansa, AES 

1964 Flemish (French origin 'Orchesienne'). 

1929 

1976 Dawson, flemish, Saranac, Scout, Vernal, Weevlchek. 

1975 Cardinal, Ladak, Lahontan, Meeker Baltic, Narragansell, Vernal. 

1963 Vernal. 

1955 Grimm, Ladak, Siberian (M. falcata). 

1976 Cossack, Ladak. 

1942 Cossack, Ladak, Turkistan. 

1950 Don (yellow flowered) X Grimm. 

1966 Cossack, Hardistan, Ladak, M .. fa/cata, Ranger, Rhizoma. 

1965 A225, Alfa, DuPuils, Flamonde. 

]976 Saranac. 

1966 Buffalo, Narragansell, Ranger, Vernal, Cossack-Ladak. 

1918 Plantings of M. falcata and M. sativa in Idaho. 

1952 Flemish. 

AES and USDA 1963 African. 

1971 Sonora. 

1975 PI 183,262, Rambler, Travois, Vernal. 

1966 Flemish. 

1975 Rambler, Ranger, Vernal. 

1948 Flemish. 

1970 Kansas and Nebraska Synthetics, Atlantic, DuPuits, Narragansell, Rhizoma. 

1970 Bullalo, Flemish X Vernal, Ranger. 

1958 Turkistan X Siberian (M. la/cata). 

1971 Cardinal, Glacier, Saranac. 

1969 Vernal. 

1964 Cossack X Semipalatinsk (M. falcato), Rambler. 

1975 Beav£'r, lahontan. 

1963 Franconian. 

1898 Turkistan. 

1975 UC Salton, UC SW44, Sirsa Introductions. 

1973 Many varieties. 

1962 N1243, Ranger, Wis. Syn. B, Wis. Syn. D. 

1975 Dawson, Narragansett, Scout, Vernal. 

1953 Cossack, M. falcata X Ladak, Kansas Common. 

1971 Creeping rooted plants from Swift Current, Canada. 
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Table l.-Developing agency, year seed available, and varietal ongln of parental germplasm for alfalfa cultivars used in Canada and tfte United States 

-Continued 

Developing or introducing 

Variety agency 

Vista •••.•••••••••••..•••..... Col/West Seeds 


Warrior ..•.•••.•••..•..••••..• Northrup, King & Co. 


Washoe •... __ •.• _.•. _..••. _... USDA and Nevada AES 


Weevlchek ..• _.•• _. __ ••••••.•. Farmers Forage Res. Coop. 


Williamsburg ••. _.••..•••••••.. Virginia AES 


WL202 ., _...•...•••..•• _•.••. Waterman-Loomis Co. 


WL210 ••...•..•.•.•••.•..•. __ Waterman·Loomis Co. 


WL214 •.•......•.•...••. _.... Waterman.Loomis Co. 


WL215 .•••....•..•.•. _....••• Waterman-loomis Co. 


WL216 ... __ ...•.•..••• Waterman-Loomis Co. 


WL219 ..••. _....•• _.•.. Waterman-Loomis Co. 


WL303 . . . • . . . . . . . . • . . Waterman·Loomis Co. 

WL305 . . • . . • • _. . .. Waterman-loomis Co. 


WL306 • ~ •••• ~ •• Waterman-Loomis Co............. " " •• 4 


WL307 .. . . . . .. . . .. . . . . . .. . " ........ Waterman-Loomis Co. 

WL308 . • . . . • . • . . . . . . . • . . • • • . Waterman-Loomis Co. 

WL309 · , .... , . , , ................. Waterman-loomis Co. 

WL310 · •.••....•• _...•.•....•Waterman·Loomis Ca. 

WL311 · ........ , ....................... Waterman-Loomis Co" 

WL318 .. " ....... " " ... Waterman-Loomis Co. 

WL450 .. " . . . .. .. _ . ~ • " .... , ..... Waterman-Loomis Co. 

WL451 . . . .. . . " " ........ Waterman-loomis Co. 

WL501-R '" .•..•........ _..•• Waterman-Loomis Co. 


Wl504 .•••.•.••••••••.••..•.• Waterman-Loomt. Co. 

Wl508 . • . . • . . . • . . •. • ...••.•. Waterman-Loomis Co. 

WL600 ••. __ ••.••.• , ., •••••••• Waterman· Loomis Co. 

Zio ....•...•• " .•.•••. New Mexico AES 

123 . . ....•••.•..•.•.•.••.•.• DeKalb Agricultural Association 

153 •.••....•.... _.••••..••.•. DeKalb Agricultural Association 

167 ..........................Cal/West Seeds 

183 ••.•••.••.....•..•.•..••.• DeKolb AgResearch 

520 •.•••........•••••••••..•• Arnold-Thomas Seed Service 

521 •.•••••••.••.....•••..•••• Pioneer Hi-Bred International Inc. 

522 •.•••.•...••.....••...•.•• Arnold·Thoma. Seed Service 

525 ..•.•.••. _.••• _•....•..••. Arnold·Thomas Seed Service 

530 •.••••..•.••.•.••• _.•.•••• Arnold·Thoma, Seed Service 

572 ••••••••.••..•.•....••••• , Pioneer Hi-Bred International Inc. 

Year seed 

available 

1976 


1962 


1966 


1971 


1947 


1962 


1969 


1969 


1970 


1972 


1976 


1969 


1970 


1970 


1972 


1972 


1973 


1976 


1975 


1975 


1974 


1974 


1974 


1971 


1971 


1974 


1958 


1968 


1968 


1974 


1971 


1969 


1976 


1966 


1962 


1973 


1976 


Varietal origin of parental germplasm 

Flemish. 


Flemish, Winterhardy U.S. germplasm sources. 


Lahontan and Nemastan. 


M. falrala (PI 231, 731) and Indian breeding lines. 


Kansas Common. 

Narragansett and Vernal. 


Culver, Narragansett, Vernal. 


Atlantic, Grimm, PI 226,518, PI 215,595. PI 228,287, PI 183,262, Nebr. 67·2813, Ranger, 


Vernal. 

Atlantic, Buffalo, Ranger, Vernal. 

Culver, Falcata (PI 231,731) X Vernal (purple flowered), Minn. 59126·2, Neb. 67.2613, 

Vernal. 


Winlerhardy germplasm sources, 


Atlantic, Vernal . 


Allantic, Verno I, Wl214. 


Atlantic, M, folcalo X Vernal, Flemish, WL303, WL304, WL202, WL210. 


13 of its 18 clones are parents of WL215 (Atlantic, Ranger, Vernal) • 


WL303 end expo lines • 


Some as WL306. 


Winterhardy germplcsm sources. 


WL.synthetics, WL215. 


WL-syn.hetics. 


WL504, Flemish varieties, PI 141,462• 


Lahontan, Wl504, N529 • 


Lahonta, Sonora, WL504, N529 (Atlantic, Vernal, Saranac, Nondormanl). 

African, Atlantic, Buffalo. CaUfowia Common. Lahontan. Moapa, PI 183.262. Ranger. 

Sirsa #9, Vernal, Williamsburg, PI 196,239, PI 201,864, PI 213,005, PI 226,581 and 

PI 231.768. 

Some as WL504. 


WL504, WL508, WL209. 


lahontan t New Mexico Common, Turkisfon. 

Vernal. 


Buffalo, Cody, Ranger, Vernal. 


Washoe. 


Moapa, Sonora. 


Arnim, Cuivf!r, Narragansett, Vernal, and (l recurrent selection populaHon~ 


ATRA 55, 520. 


Vernal. 


Vernal. 


Flemish, SaranDc, Vernal. 


African, Lahontan, Sirsa #9. 
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Table 2.-Estimated proportion of the parental genotypes in alfalfa cultivars used in the United States that can be assigned to each of 9 germplasm 
sources assuming random mating and no differential survival from fitness traits 

Number of Year seed 
Percent of source 

Variety parental plants lst available M. falcata ladak M. varia Turkistan Flemi>h Chilean Peruvian Indian African 

Chilean ..••.••.••.••.•.•.•••.. Population' 1847 o o o o a 100 a o o 
Ontario Variegated •.••.•.••••• Population' 1871 o a 100 o a a a o o 
Turkistan .... . .••.••.•..•.••.• P,opulation' 1898 o a o 100 a a o o o 
Hairy Peruvian •.•..•.••.•..•••• Population' 1899 o a o a a a 100 o a 
Grimm •...••.••.....• ' •.•...• Population' 1900 a o 100 o o a o o o 
Baltic .•••.......•.•...•...•.. Population' 1906 o o 100 o o a a o a 
Cossack ••.•...••••..•.••.•.•.• l' 1907 o a 100 o a a a o a 
ladak •.•.....••••.••.•.•••.•• Population' 1910 o 100 o o o a a o a 
Kaw . . • . . . . . . . .• . .•..•..•.•. Population' 1912 o a o 100 a a a o o 
Meeker Baltic ..•..•..••••.•••• Population' 1915 o a 100 a a a o o a 
Sevelra ...•.....••.......••... Population 1918 40 a 60 a a a a o o 
Hardigan 1920 o o 100 o a o a o o 
Afric"" ..•..••...••.•••....•.• Population' 1924 o o a a o o a o 100 

Hardistan •.•••..•• . •.••••..•• Populotion 1928 o a a 100 a a a o o 
Orestan .....•...•.••••.•...• Population' 1929 o a o 100 o a o o o 
Chilean 21·5 .......•.•••••••.• Population 1930 o a a a a 100 a o o 
Atlantic ....•.•.••...•...•.•..• > 100 lines 1940 5 10 50 20 a 10 5 a o 
Nomad ..••...•... . ....•••.•. Population 1941 a a a a a 100 a o o 
Ranger ........••.•..••.•••••. 5 lines 1942 o 10 45 45 o o o o o 
Buffala ••.•.•.•....•••.•••.••• Papulatian 1943 o a a a o 100 a a o 
Nemostan •••.•.•.•..•.•.••.•.• Populotion' 1943 a a o 100 o o o o o 
Norroganset1 •..•.•.•••.••.•••• Population 1946 15 10 75 o o a a o o 
DuPu;ts .......•..••••.••••••.. Papulation' 1947 a a a o 100 a a a o 
Williamsburg ..•....••.•••.•.•• Population 1947 o o o o a 100 a o o 
Talent •••.•••.•.•..••••••••.•. Population' 1948 a a o o 100 a a a o 
California Common·49 ....••.•.. Populotion 1949 a o o o o 100 a o o 
Rhizoma •••..••.•..•.•••.•••.• 6 1950 50 o 50 a a o a o o 
Caliverde ••....•....•...•••••. 50 1951 o o o 10 o 90 o o a 
Socheville .••.•...••.•••.•..••. Population' 1952 o o a a 100 o o o o 
New Mexico 11·1 .•.•.•.••.•••• 6 lines 1953 o o o 16 o B4 o o o 
Vernal... •. .•. •••••••..••••.•• 11 1953 16 17 50 o a 17 o o o 
lahontan . . . . • • • • . . . • . • • • . • • . 4 1954 a o o 100 a a o o o 
Culver •...•...•..•.••••.•••.•• ,4 1955 a 25 63 12 a a a o o 
Rambler •.......••••••••••..•. 7 1955 45 45 10 a o o o o o 
Alia .•...•..•.•.•.••..••••. Population' 1955 a o a a 100 o o o a 

A·59 . 45 1957 10 11 38 10 o 31 o o o 
Moapa 16 1957 a o o a o a o o 100 

Teton .......... ~ • * ....... "' ......... . 4 1958 50 o a 50 o a o a o 
Zia •••.••.•••••••••.••••.••.• 12 1958 a o o 83 o 17 o o o 
Cody .•.•••...•.••••••.••••... 22 1959 a o a a o 100 a o o 

1 Foreign introd uction. 
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Table 2.-Estimated proportion of the parental genotypes in alfalfa cultivars used in the United States that can be assigned to each of 9 germplasm 
sources assuming random mating and no differential survival from fitness traits-Continued 

Number of Year seed 
Percent of source 

Variety parental plants lst available M. falcata ladak M. varia Turkistan Flemish Chilean Peruvian Indian African 

Beaver 10 1961 2 55 23 20 o o o o o 
Cayuga 10 1961 o 11 15 49 o 25 o a a 
Cherokee 400 1962 o o o o 11 89 o a o 
Uinta 5 1962 o 12 51 37 o o a o o 
Warrior 2 lines 1962 o 10 25 15 50 o o o o 
Wl 202 33 1962 17 16 51 o o 16 o o a 
525 .. : ..•..•••...••.•..•..... 22 1962 16 17 50 Q o 17 o o o 
Progress 19 1963 16 17 50 o o 17 a o a 
Sonora ... ~ ~ 13 1963 o o o o o o o o 100 

Tuna ....... Population I 1963 o o o o 100 o o o a 
Cardinal .......... , .••.••..•.. 13 1964 o o o o 100 o o o o 
Glacier .........•.••.• Papulation' 1964 33 o o o 66 o o a o 
Orchies I' 1964 o o o o 100 o o o o 
Travais 10 1964 33 34 33 o o o o o a 
Europa .......•.....•..• Population' 1965 o o o o 100 o o o o 
Norseman 3000 1965 o 100 o o o o o a o 
Saranac 500 1965 o 2 7 2 87 2 o o o 
Ape~ .,.' 10 1966 o o o o 100 o a o o 
Arnim '>20' 1966 30 o 40 30 o o o a o 
Coliverde·65 8 1966 o o o 28 o 72 o a a 

Mark II 25 1966 15 10 75 o o o o o a 
Mes 0 Si rso . ~ . ,. ... , .................... . 13 1966 o o o o o o o 100 o 
Scout e 1966 7 27 33 29 o 4 o o o 
Stride 16 1966 o o o o 100 o o a o 
Washoe 8 1966 o o o 100 o o o a o 

522 20 1966 16 17 50 o o 17 o a o 
Bonanza 35 1967 o o o o o o o 50 50 

Dawson 8 1967 o 1.5 37 48 o a o o a 
[)elta 4 1967 o o 100 o o o a a o 
A·24 ................••.•..... 40 196[1 o o o o 75 25 o o a 

ATRA-55 •.•.•.•••.•••••••••.•• 8 1968 10 16 53 17 o 4 o a o 
EI Unico •••..••.•••• , ..•. _.• _• 4 1968 o o o o o a o 50 50 

t!arida-66 .....••........••••.• Population 1968 n~ estimate possible' 

Iroquois •.......•• _•...••... _. 500 1968 15 5 80 o o a o o o 
123 ........................ . 7 1968 16 17 50 o a 17 o a o 

153 ., .....•..••..........•.•• 7 1968 5 8 26 14 o 47 o o o 
520 .•.....•.•.............. 8 1969 10 16 53 17 a 4 o o o 
fremont <200 1969 o 2 69 29 o o o o o 
Joaquin.ll ..•.•...•.....•..••• 7 1969 o o o 50 a o o o 50 

Mesilla •.•••••....••.••••••.•• 4 1969 o o o 23 a 77 o o o 

1. foreign introd uction~ 
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Table 2.-Estimated proportion of the parental genotypes in alfalfa cultivars used in the United States that can be assigned to each of 9 germplasm 
sources assuming random mating and no differential survival from fitness traits-Continue? 

Number of Year seed Percent of source 

Variety parental plant. lst available M. falcata ladak M. yoria Turkistan Flemish Chilean Peruvian Indian African 

Titan ........................ . 11 1969 16 17 50 o o 17 o o o 
Wl210 10 1969 14 18 53 o 14 o o o 
Wl214 244 1969 8 13 44 10 o 18 3 2 2 
Wl303 8 1969 7 12 50 15 o 12 4 o o 
AS·13 468 1970 o o o 30 o o o o 70 

AS·49 432 1970 o o o 47 o 50 3 o o 
Caliente •......•.............. 15 1970 o o o 32 o o o 22 46 
Kanzo 7 1970 o 12 31 19 o 38 o o o 
Team 29 1970 4 2 31 20 5 37 <1 o o 
Tempo 4 1970 4 6 25 11 25 29 o o o 
Wl215 25 1970 15 13 46 10 o 15 <1 o o 
Wl305 8 1970 11 14 49 9 o 14 2 <1 <1 
Wl306 941 1970 11 11 45 11 10 7 5 o o 
183 ......................... . <20 1971 o o o o o o o o 100 
Hayden 4 1971 o o o o o o o 50 50 

Moapa·69 .................... . 9 1971 o o o o 0 o o 17 83 
Sonora·70 ..•.......••......... 9 1971 o o o o 0 o o o 100 
Thor ........................ . 30 1971 2 5 23 67 2 o o o 
Victoria 6 1971 23 24 33 9 0 o o o 
Weevlcheck 6 1971 no estimate possible 

Wl504 92 1971 2 9 23 o 21 <1 34 9 
Wl508 92 1971 1 2 9 23 o 21 <1 34 9 
Anchor 9 1972 o <1 <1 <1 98 <1 o o o 
Bonus 8 1972 16 17 50 o o 17 o o o 
Wl216 30 1972 19 9 69 3 o o o o o 
Wl307 18 1972 13 13 47 13 o 13 <1 o o 
Wl308 216 1972 7 12 50 15 o 12 4 o o 
Apalachee ..... . ........•.... 40 1973 o o o 12 88 o o o o 
Chimo ....................... . 129 1973 <1 7 13 30 33 16 o o o 
G777 133 1973 o o o o 100 o o o o 
UC Salton •..... , .. " ......... Population 1973 no estimate possible 

Wl309 ....................... 14 1973 11 11 45 11 10 7 o o 
530 .,........................ 33 1973 2 3 10 81 3 o o 
A·57 •.. ...................... 7 1974 14 16 49 6 0 15 o o 
Arc .......• , ... ,............. 120 1974 4 2 31 20 5 37 o o 
Agate •.•...••................ 25 1974 8 39 40 2 0 11 o o 
Wl450 .•. ,................... 1024 1974 2 2 9 22 2 20 33 9 
Wl451 ..•............. , ...... Population 1974 <1 3 71 0 8 13 3 
Wl50lR ..........•. ,......... 1024 1974 2 7 44 2 10 14 19 
Wl600 32 1974 no estimate possible 
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Table 2.-Estimated proportion of the parental genotypes in alfalfa cultivars used in the United States that can be assigned to each of 9 germpfasm 

sources assuming random mating and no differential survival from fitness traits-Continued 

Number of Year seed Percent of Source 

Variety parental plants 1st available M.la/cafa ladak M. varia Turkistan Flemish Chilean Peruvian Indian African 

167 .........•...•........•... 14 1974 o o o 100 o o o o o 
Citation 7 1975 7 6 26 <1 55 5 o o o 
Spredor 7 1975 28 28 27 o o 3 o o 14 
Gladiator 70 1975 4 2 31 20 5 37 <1 o o 
Marathon •..................•. 50 1975 25 o o 75 o o o o o 
Nugget ...................... . 4 1975 8 9 25 o 50 8 o o o 
Polar I ........•....•...•..... 9 1975 5 21 37 17 17 3 o o o 
Saranac AR ............•..... 150 1976 o 2 7 2 87 2 o o o 
SX-l0 .............•....•..... 14 1975 15 21 37 23 o 4 o o o 
UC Cargo ....•................ Population 1975 no estimate possible 

Valor ..............•...•..... 9 1975 14 12 55 19 o o o o o 
WL311 .••.••............•..•• Population 1975 no estimate possible 
WL318 ........ ............... 89 1975 no estimate possible 
Apollo 1148 1976 no estimate posstble 
AS·13R 81 1976 o o o 30 0 o o o 70 

AS·49R 31 1976 o o o 47 o 50 3 o o 
Deseret .......•..•............ Population' 1976 o o o 100 o o o o o 
Honeoye ...................... 150 1976 o 2 7 2 87 2 o o o 
Lew .•.•...•..•............... 100 1976 5 10 22 10 48 5 o o o 
Pacer 8 1976 3 9 18 11 56 3 o o o 
Ramsey .....•..........•..•... 4 1976 o 59 32 3 o 6 o o o 
Vista ........••....•..•...... 19 1976 o o o o 100 o o o o 
WL219 27 1976 9 11 39 14 18 9 o o o 
WL310 ..................... .. 175 1976 no estimate possible 

521 ..•...................•... 18 1976 no estimate possible 

572 ..•....................... 34 1976 no estimate possible 

Ardiente ......•............•.. 20 1977 o o o 25 0 15 20 40 
Liberty ...........•.......•..• Population 1977 4 2 31 20 5 37 o o 

I Foreign introduction. 

Flemish germ plasm because it was being introduced during this time. 
Varieties developed between 1961 and 1970 often included three and four 
germplasm sources. They include the first combinations of Flemish germ
plasm with germ plasm from other sources. Since 1971, varieties have been 
released that have included some genes from all nine recognized germplasm 
sources. The trend to increase the number of varieties and the genetic 
diversity in varieties has made alfalfa less vulnerable to a genetic disaster 

than it was 50 years ago. However, the broad use of the recognized germ
plasm in most varieties is cause for concern about future yield improvements. 

We appear to be reaching a critical point in alfalfa improvement where 
varieties with extremely broad germ plasm backgrounds are being de
veloped to meet the needs for multiple pest resistance. Unfortunately, this 
may have the effect of bringing most of the available yield genes into 
equilibrium. Until another means to concentrate yield genes is discovered, 
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the best approach to maximize heterosis in future programs will be to go dividual germplasm sources, and then use these improved lines in hybrids, 

bock and improve vigor, pest resistance, and adaptation in original in- synthetics, or restricted populations. 

GENETIC DIVERSITY IN THE U.S. PLANT INTRODUCTION COLLECTION 


Plant and seed collections of alfalfa have been developed by several 

public institutions and agencies throughout the post 75 years. The first major 

collection was developed by N. E. Hanson in South Dakota from materials 

collected during his three trips to Russia between 1898 and 1909. Other 

early collections were developed in States where strong alfalfa breeding 

programs were in progress. Some of these included Kansas, Nebraska, New 

Jersey, New York, and Wisconsin. However, all of these were working 

collections and not necessarily preservation collections. Often the useful

ness of these collections and sometimes the collections themselves were lost 

when personnel or program -:hanges were mode. 

Presently, the North Central Regional Plant Introduction Station at 

Ames, Iowa, has the primary responsibility of preserving and increasing 

plant introductions of perennial Medicago species. The procedure used at 

Ames has been to plant a single 20 plant row of each new entry using 

original seed. The plants are scored for flower color, several plant charac

teristics, and winter injury. Open-pollinated seed is collected from the row. 

The open-pollinated seed is distributed on request to plant breeders for use 

in their breeding programs and for characterization of the introduction. 

Failure of this increase system to preserve the genetic integrity of introduc

tions has been a concern of the Plant Introduction Station and of alfalfa 

breeders for many years. 

The germplasm now available at the Plant Introduction Station represents 

902 plant introductions of M. falcata and M. sativa origin. A breakdown 

of these introductions by germplasm source is presented in table 3. This 

type of separation is prone to error in germplasm classification because 

recent introductions may be reintroductions from other ports of the world. 

For this reason some of the most valuable introductions may be our old in

troductions and introductions that were collected by plant explorers in remote 

habitats of known centers of origin. Additional collections are needed for all 

nine germplasm sources. 
A wide diversity of germplasm is being maintained as plant introductions. 

Unfortunately, if we rely on post history, few of these introductions will be 

used in varietal development. Excluding Flemish introductions, which arrived 

in the United States as varieties, only 10 varieties developed between 1955 

and 1975 hod plant introduction (P.I.) numbers listed as parental sources. 

However, other varieties may have included introductions as parents, but 

they were either not listed or they were used indirectly. Of the 12 different 

plant introductions listed as parents, 1 was M. fa/cata, 5 were Turkistan, 

5 were Indian, and 1 was African. Failure to use plant introductions better 

can be attributed to (l) lock of genetic integrity of germplasm, (2) lock of 

Table 3.-C1assiftcation of available alfalfa plant introductions by germplasm 

source based on country of origin l 

Germplasm Number of seed lots in parenlheses per country of origin Talal 

sources seed lats 

M. 	 folcoto .. Auslria OJ. Canada (3), Iron :1). Israel (1). Sweden (l). 

Swilzerlond (1), Turkey (1). U.S.A. (2), U.S.S.R. (65). 

and Yugoslavia (2). 78 

lodak .. ' 	 o 
M. 	vorio ..•• " Czecho.lovokio (3). Finlond (1), France (2). Germany (13), 

Hungary (2). holy 13), Korea (1). Poland (12), Rumania 

IlJ, Sweden (2). Switzerland (3), Turkey (11). U.S.S.R. 

(37), and Yugoslavia (2). 93 

Turkiston . Afghonistan (58), Cyprus (2), Iron (86), Pakistan (7), 

Turkey 1124). ond U.S.S.R. (112). 389 

Chilean .' "'" .Argenlina (15), Brazil (2). Guatemala (1), Mexico (6), 

Morocco (1 l. Paraguay (1), Portugal (11), Spain (56), 

and Uruguay (4). 	 97 

Peruvian , .• Peru (19). 19 

Flemish ... ' ••• Belgium (1), and France (32). 33 

Indian ..•... . •..• India (49). 49 

African •.. ,." ...• Algeria (l}, Arabia (6). Egypt (I). Iraq (4), Israel (19), 

Jordon (l). lebanon (6), Libya (2), Syria (5), Tunisia (l), 

and Yemen 11). 	 47 
Unknown 	 , ..•.••.. Australia (10). Bulgaria (19). C!loada (10), Denmark (2), 

Italy 111), England (2), Greece (15), New Zealand (2), 

South Africa (5). $,."." (5). and U.S.A. (16). 97e 

Total •••• 	 902 

t Based on introductians available in June 1975 from North Central Plant Introduction 
Station, Ames, Iowa 5001'1 
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large seed quantities for testing, (3) lack of adt·quate data describing pest In our present assessment, the importance of plant introductions will 

resistance and yield potential, and (4) poor adaptability of most introduc increase significantly in the future. However, more attention must be given 

tions as compared to current varieties. to increasing the genetic diversity and the useful ness of alfalfa introductions. 

CHARACTERISTICS NEEDED IN ALFALFA VARIETIES 

Prior to 1950, most breeders were concerned with selection for winter 

hardiness and resistance to bacterial wilt (Corynebacterium insidiosum 

(McCull) H. L. Jens.). Scientists now have identified more than 35 major 

pests on alfalfa (2). Procedures to identify resistant plants have been re

ported for 28 of the pests. For 13 of them, refined evaluation procedures 

for identifying levels of resistance among varieties have been described. 

Nevertheless, no variety is available that is resistant to even a third of the 

identified pests. Developing multiple pest resistance will continue to be the 

major goal of most future breeding programs. 

One of the greatest deficiencies in alfalfa improvement during the past 

75 years has been lack of emphasis on breeding for yield, quality factors, 

and desirable physiological traits. A consensus among forage specialists 

shows that development of a bloat resistant alfalfa should be a high priority. 

Research in South Dakota (40) and Canada (33) has shown some progress 

toward this goal, but bloat resistance is an extremely difficult problem. Other 

high priority items include development of alfalfas with increased water 

use efficiency; increased nitrogen fixation potential; tolerance to low soil pH, 

alkaline soils, and heaVing; and use in pastures and range. 

When describing the ideal alfalfa plant, Smith (47) suggested need for a 

greater proponion of leaves in the reduced light strata of the center stems. 

This could be accomplished either by increasing disease and insect re

sistance, thereby developing better retention of older leaves, or by select· 

ing for genotypes in which lea.ves matured at a slower rate and could sur

vive at lower light intensities. Smith thought there was a need for alfalfas 

in Midwestern United States that were 1° to 14 days earlier than the 

Flemish. He also saw a need for finer stems to increase animal acceptability 

of hay, for submerged crowns to increase winter survival and to protect the 

plants from grazing and equipment injury, for branch rootedness to increase 

mineral and moisture uptake, and for genotypes that could develop faste; 

at low soil temperatures. 

Traits that influence seed production and genetic manipulation of the 

plant are also needed. These include alfalfas that are more attractive to 

bee pollinators and alfalfas with increased seed production potential. Im

proved methods for maximizing yield are needed. This may require modi

fying the conventional synthetic synthesis breeding approach to one that 

capitalizes on maximum heterosis with some type of hybrid. These methods 

probably would require additional information on improving pollen control 

systems in hybrid production so that seed parents and pollen parents would 

not need to be spatially isolated (13). Other traits and approaches of 

potential usefulness include genetically controlled apomixis, identification 

of genotypes for efficient interspecific hybridization, and haploidization of 

tetraploids for breeding at the diploid level (72, 20). 

CONSIDERATIONS IN ALFALFA GERMPLASM USE 


Methods used to improve the productivity and usefulness of alfalfa 

should consider its reproduction and genetic structure. Alfalfa is an auto

tetraploid that depends on insects for pollination. The flower is complete, 

therefore, selfing can occur. Kehr (35) found in field studies with honey 

bees that the amount of natural crossing between two nonbred alfalfa 

populations varied from 32 to 96 percent, with an average of 50. Differential 

attractiveness among alfalfas, planting methods (alternate row versus 

alternate plant), and environmental differences can affect crossing per

centages and should be considered when designing a plant breeding 

program. 

Busbice, Hill, and Carnahan (10) critically reviewed the genetics of 

breeding theory in alfalfa. A summary of the most important considerations 

suggests that, when breeding an autotetraploid species, a full array of 

genotypes are obtained only after two or more generations of random 

mating; extreme segregates occur only in low frequencies; and large 

populations (several to many thousand) must be examined to find rare 

segregates, The frequency of escapes or unwanted genotypes in a selection 

program will greatly influence the progress that can be expected from 

a single cycle of selection. In alfalfa, additive genetic effects have been 

estimatp.d to be much more important than nonadditive effects. However, 
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nonadditive variance components (digenic, trigenic, and tetragenic) may be 

important in achieving maximum heterosis for yield. 

Alfalfa is sensitive to inbreeding for forage yield and seed yield. Busbice 

(7) proposed that the observed inbreeding depression on fertility was the 

result of a genetic load of lethal factors (such as deleterious genes and 

chromosome defects). These lethal factors are assumed to have accumulated 

in the ~enetic structure of tetraploid alfalfa over evolutionary time because 

of the shielding properties of the diploid gamete. 

During the past 75 years, alfalfa-breeding concepts have developed 

along two general types of procedures: selection without progeny testing 

and selection followed by the evaluation of parental materials (70;. A 

number of early varieties, as well as more recent varieties, have been 

developed by phenotypic recurrent selection within a population. Hanson 

and associates (28) demonstrated a rapid response from phenotypic recur

rent selection in each of two populations for siX types of pest resistance. 

Advantages of this approach include the rapid increase in gene frequency 

for highly heritable traits at a low cost, while preserving the genetic 

variation for characters other than those being selected. 

According to Bollon and Cormack (5), a disadvantage of phenotypic 

selection is that it wif/ be effective only for highly heritable characters. Less 

heritable characteristics such as yield would not be expected to be im

proved as rapidly by recurrent selection except for yield gains caused 

by increased levels of pest resistance. Some type of parent evaluation must 

be used to select the best parents for synthetic cultivars and h: brids. The 

merits of such tests as clonal,S! progeny, topcross and open-pollinated 

progeny, polycross progeny, and diallel crosses for parent evaluations have 

been discussed (9, 10, 26, 37). All of these tests have been used alone or in 

combination with varying degrees of success. Once alfalfa breeders have 

developed sufficient levels of multiple pest resistance in their cultivars to 

insure good performance over most environments, increased progeny testing 

may be required to maximize yield. 
A current hypothesis suggests that maximum yield is associated with 

maximum heterozygosity. Theoretical models have been developed to 

describe inbreeding depression and to some degree heterosis in auto

tetraploids (7, 8, 77, 74, 75, 76, 77, 22, 23, 24, 25, 30). Heterosis has been 

assumed to be the result of heterogenic interactions among nonidentical 

alleles. Dunbier and Bingham (79) reported that the concepts appear valid 

becaUSE; maximum heterosis was exhibited in a double-cross alfalfa popu

lation with a maximum of tetraallelic combinations from four diverse germ

plasm sources. High yielding combinations have also been observed in oats12 

and potatoes when unadultemted blocks of alleles from diverse germplasm 

sources were incorporated into polyploid species. Capitalizing on this type 

of maximum heterosis requires that diverse germplasm sources are main

tained without contamination. 
One of the most recent alfalfa breeding developments has been a 

demonstration by Bingham and Saunders (4) showing that the cultivated 

tetraploid can be scaled to several ploidy levels. One clone was scaled 

down to the diploid by haploidization and upward by sexual polyploidiza

tion, colchicine chromosome doubling, and spontaneous doubling in tissue 

cultures. The resulting series included diploid, triploid, tetraploid, penta plaid, 

hexaploid, heptaploid, and octoploid. These results suggest the possibility 

of breeding alfalfa at the diploid level where it would be possible to have 

direct gene exchange with wild diploid relatives. This would make it po

tentially easier to incorporate multiple pest resistance. The population would 

then be returned to the tetraploid level for varietal development. Chromo

some engineering also offers the opportunity for breeding at the hexaploid 

level. The ploidy series may also be useful when transferring genes from 

other Medicago species into the M. sativa backgraund. 

GERMPLASM IMPROVEMENT AND PRESERVATION PLAN 


Preservation of genetic diversity is essential to the future success of all 

crop breeding programs. However, only recently have alfalfa breeders 

been concerned with germplasm preservation. Prior to the early 1970's, they 

were concerned with procedures to exploit what appeared to be an almost 

unlimited amount of genetic diversity. A program for preserving and 

developing .alfalfa germ plasm in the United States described by Hanson 

and associates (28) suggested the development of seven regional germ

plasm pools. Objectives for developing regional gene pools in the Hanson 

propasal were to conserve germ plasm, obtain recombination, and improve 

germplasm resources by mass selection for adaptive gene .complexes, in

cluding resistance to disease and insect pests. Six steps were presented for 

'" P. K. Lawrence, tn!rogression of exotic germplasm into oat breeding popUlations. Ph.D. 

dissertation, Iowa State University, Ames, Iowa, 1974. 
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the development of regional pools. A review of each of these steps and 
proposed alternative procedures foLlows. 

1. Systematically collect worldwide alfalfa germ plasm-This is a 

priority item and one which could best be coordinated by the National 

Plant Germplasm Committee. However, it should be done in a systematic 
manner so that all areas of Europe, Asia, Middle East, and South America, 

where alfalfa has had an opportunity to develop over at least several 
centuries, are sampled. Seed of old introductions maintained at various 

locations in the United States should also be assembled. These may be 
valuable because they represent germplasm as it existed 50 to 75 years 
ago. 

2. Establi.sh seven locations in the United States for the development 

of regional pools-General locations suggested by the Hanson proposal 

include northeast, southeast, north central, southern Great Plains, inter
mountain (dryland), northwest, and southwest. Advantages of seven locations 

over two or three include the possibility of developing local adaptation and 
resistance 10 local pests. Disadvantages include increased cost and probable 

similarities in germplasm sources used in many of the pools. 

Cultivars and germplasm adapted to the southwest area are distinctive 
because they are nondormant, generally susceptible to foliar diseases, and 
require different types of insect resistance than alfalfas grown .in other 

areas. Therefore, one southwest location would be desirable. Conversely, 
there are cultivars that can be successfully grown over a large region 

including mast of the northeast, southeast, north central, southern Great 
Plains, and northwest areas. Four primary types of factors influence plant 

survival and productivity in these areas: plant hardiness (dormancy), 
disease, nematodes, and insects. If the national plant hardiness zones (fig. 3) 
are considered, then all of the seven proposed areas cut across two or 

three zones. Severity maps developed by Barnes and associates (2) indio 
c(lted that most individual pest problems cover large geographic areas. 

Thereby, we defined general areas where foliar diseases (fig. 4), crown 
and root rots (fig. 5), and insects (fig. 6) were most severe. 

Locations for a national alfalfa germplasm development program should 
be chosen on the basis of areas that represent plont hardiness and areas 

that could exert the maximum natural selection pressures on germplasm for 
disease and insect resistance. Based on these parameters, a minimum of 
three locations would be needed for the development of regional type 

pools: (1) a central-upper south location possibly in Missouri or eastern 
Kansas area, (2) an intermountain dryland location in Utah, Colorado, 

western South Dakota, or western Nebraska area, and (3) a southwest 

location in the southern California or southern Arizona areas. 

Germplasm could be developed in these three areas and then utilized 
in local breeding programs in any area of the United States. The central

upper south regional pool would cover the largest geographical area, but 
if we consider the concentrated pest load in the Kansas-Missouri area and 

the fact that the varieties Atlantic and Vernal performed satisfactorily 
over the entire area for many years then we ~hould assume that materials 

developed at this one location would have wide usage. If an additional 
location is added, it should be on acid soil in the mild, humid, Middle 

Atlantic States, probably in Maryland. 

3. Select introductions, varieties, synthetics, and breeding strains 
including those currently in storage for inclusion in each regional pool 

~~The Hanson proposal suggests that the basis for germplasm sources for 

a regional pool would include such factors as origin, photo-period response, 
cold tolerance, and pest resistance. However, no specific suggestions were 

given for either number of pools per region or types of pools. Advantages 
of a few broad pools include ease of selecting multiple pest resistance 
and additive type gene actions. It also would foster recombination between 
linkage blocks. Disadvantages would include lack of knowledge about 

germplasm conservation because there is no measure of what is being 

lost, germplasm from broad pools may not be as readily utilized in varietal 
development as more restricted pools, and genetic integrity of diverse 

germplasm sources would be lost. 
Apparently two systems should be used. One system would increase each 

introduction for maintenance of genetic integrity. A second system would 

develop germplasm pools of threcl or mare regional locations. Most of the 
pools would be restricted according to germ plasm origin ond preferably 
by country or general geographic origin within the M. falcafa, M. voria, 

Turkisian, and Chilean sources. Examples of M. falcofa pools would include 
both 2' and 4' pools from central Russia, Caucasus, central Asia, and 
Siberia. The T urkis!an pools could include 2' and 4' pools eoch from 
Turkey, Iran, Afghanistan, and Caucasus in Russia. The Chilean pools could 

include an old world pool from Spain and Portugal, plus new world pools 
from Chile, Bolivia, Argentina, and Mexico. 

The use of restricted pools would increase the efficiency of searching for 
heterotic combinations in alfalfa (8). Also a number of restricted pools 
could be -combined into larger regional !Jools, which contain germ plasm 

from adapted varieties. This decision could be determined after the useful
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Figure 4.-Relative intensity af foliar leafspot diseases on alfalfa in the United States 

based on the combined severity of bacterial leafspot. common leafspot. downy mildew. 

lepta lenfspot. spring blackstem. stemphylium leafspot. summer blackstem, and yellow 

leaf blotch (2). 

• Host Severe 

Intermediate 

Least Severe 

Figure 5.-Relative intensity af croW., and root rot diseases on "lfalfa in the United States 

based on the combined severity of bacterial wilt. anthracnose. fusarium wilt. fusarium 

crOWn and root rot, rhizoctonia crown end root rot, sclerotinia crown and stem rot, 

phytaphthora root rot (2). 

-'~~ --. 

Figure 6.-Relative intensity of insect pests on alfalfa in the United States based on 

the combined severity of alfalfa weevil. Egyptian alfalfa weevil. meadow spittlebug. pea 

aphid. potato leafhopper. and spotted alfalfa aphid (2). 

ness of such new broad gene pools as NC-83-1 and NC-83-2 (36) is 

demonstrated. 

4. Initially combine entries to form regional pools--We agree with 
the Hanson proposal that at least 50 seedlings of each entry should be 
included in the original seed production. However, 100 or more plants 
would be preferable. Seedlings should be planted at random about 20 to 
25 cm apart. Spaced plantings of 1 m apart should be avoided because of 
danger from excessive self-pollination. The seed should be produced in the 
appropriate area of seed production (central California or Pacific North
west for the central and intermountain pools and southern California for 
the southwest pools). Insecticides should be used only to prevent precocious 
selection. In the fall of the seedling year, equal samples of open-pollinated 
seed should be harvested from each plant and bulked. Identify the seed 
according to regional pool, cycle 1. 

5. Recombine and select in regional pools--The Hanson proposal 
of producing seed on at least 7,000 seedlings of cycle 1 in isolation and 
the harvesting of approximately the same amount of open-pollinated seed 
from each plant to produce cycle 2 is a good plan. However, we believe 
this should be done in the appropriate area of seed production. Because 
of differences in environments and pollinators used in central California 
and the Pacific Northwest, seed production of a population should be 
alternated occasionally between locations in the two areas. 

Cycle 3 is the first generation in which selection will be intensified. The 
Hanson proposal suggests space planting 7,000 seedlings of cycle 2 in 
isolation and, during the second year, eliminating about two-thirds of the 
plants on the basis of scores for pest resistance, adaptability, and genercll 
appearance. The base index method of selection was suggested (2J). Open
pollinated seed produced on selected plants would be bulked and desig
nated cycle 3. 

Advantages of this plan would be that space planted seedlings allow 
easy phenotypic evaluation, 2-year selection cycles allow rapid recombina
tion of genes, and the base index method of selection reduces the proba
bility of shifting to one parent type. Disadvantages of the plan would be 
that space plantings are not typical of competition in yield plantings, 2-year 
rotations probably are not long enough to identify long-term, persistence 
factors, the system does not allow a critical evaluation of the crown and 
root portions of the plant, and seed production will not be in the major 
seed production area for alfalfa. 

We propose that the cycle 3 pools should be grown as replicated, 
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broadcast plots at one or more locations and exposed to routine forage 
management practices without pesticides for 3 harvest years. Then the 
plots would be under cut and the best 300 to 500 plants for vigor, crown 
and root rot resistance, and general appearance would be selected. Re
strictions should be placed on the selection to insure that selected plants 
represent all plot areas. The selected plants would be either brought into 
the greenhouse or planted in an isolated field plot and randomly inter
crossed. Equal quantities of seed from each plant would be bulked to 
produce cycle 3 (Syn 1) seed. Cycle 3 (Syn 2) seed would be produced 
under isolation in the intended seed production area using standard seed 
production practices and only limited pesticides. 

These procedures would maximize the numbers of plants used per genera
tion, maximize the seed quantities available, and increase the effectiveness 
of natural selection for persistence and productivity in forage and seed 
production environments. The 4-year cycle per population would allow one 
location to manage a number of populations simultaneously with only one
fourth of the populations being established or selected in any year. It would 
also reduce the number of separate isolation areas needed for seed 
production. 

6. Add germ plasm-According to the Hanson proposal, additional 
germplasm would be added to a germplasm pool about every 5 years. This 

would be done by forming new addition pools, producing cycle 2 seed of 
the addition pool, and then combining seed of the addition pool with the 
original pool in a ratio of 1 :2. The advantage of this system is that the new 
addition entries would have two generations of recombinations. The dis
advantages would be the need to form new pools continually and the 
inability to add new germplasm whenever it became available. 

OUT suggestion would be ,to mix seed of the new germplasm to cycle 3 
(Syn 1) seed before the production of Syn 2 seed. Proportion of additional 
seed from anyone source should be slightly higher than that from anyone 
source in the original population (example-20 entries in the original 
population each contributed 5 percent of population). If ;;1 new entry was 
added to cycle 3 (Syn 1) so that it represented about 7 percent of the seed, 
it should help to offset any competitive advantage the selected population 
might have in the next cycle of natural selection. 

Development of germplasm pools should be the joint responsibility of 
everyone concerned with alfalfa improvement (28). PubHc and private 
alfalfa breeders will need to take the leadership to determine the type 
of germ plasm pools that should be developed and the methods used. The 
Regional Plant Introduction Station, Ames, Iowa, and the National Seed 
Storage Laboratory, Fort Collins, Colo., should also be involved in the 
program. 

GERMPLASM FROM OTHER MEDICAGO SPECIES 

Lesins and Gillies (37) recognized 62 Medicago taxa. However, eight 

were considered to be below-species rank or of hybrid origin. Even though 
Lesins and Gillies have described the taxonomy and cytogenetic associations 
within the Medicago genus, much of the prior information in the literature 
regarding Medicago species may be of questionable value because either 
the incorrect species name was assigned a seed lot or the seed lot was 
mixed. Increased attention should be given to insuring correct taxonomy of 
Medicago species used in breeding. 

A number of the annual species have useful traits that may be used in 
alfalfa breeding. M. minima (L.) Bart., M. polymorpha L., M. rugosa Desr., 
M. scutellata (L.l Mill., and M. truncatufa Gdertn., were reported to have 
some resistance to the alfalfa weevil (Hypera posfica (Gyllenhal)) (3). Renfro, 
Sprague, and Frosheiser (39) reported that M. arborea L. appeared resistant 
to bacterial wilt (Corynebacterium insidiosum (McCulll H. L. Jens.), and that 

M. suffruticosa Ram. and M. dzhawakhetica Bordz. were resistant to spring 
blackstem (Phoma medicaginis Malb. and Roum.). 

Even though a number of Medicago species contain useful genes for 
pest resistance, little information is available on crossing relations among 
the species. There is also no information available on the possible existence 
of gene blocks that could give significant heterotic responses when incorpo
rated with M. sativa. Because of new technology in tissue and embryo 
culture, chromosome manipulations, and successes observed with inter
specific crosses in potato and oats, increased efforts should be made with 
research on Medicago species. We recommend that plant explorers continue 
to collect all Medicagc species, germ plasm collections in the United States 
be improved, the potential usefulness of all Medicago species to alfalfa 
breeding be systematically evaluated, and methods for transferring germ
pla:;m between Medicago species be developed. 
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