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Introduction 

The 28th National Alfalfa Improvement Conference (NAIC) began with a pre
conference tour that originated in Bakersfie ld , California. Two days were 
spent traveling through the California Central Valley. Stops were made to 
observe alfalfa forage and seed production and both industry and public 
research programs. Other types of agriculture unique to the area were also 
observed. The formal part of the program was held on the University of 
Ca liforni a-Davis campus. Dr. Charles E. Hess, Dean, College of Agricultural 
and Environmental Sciences welcomed the participants. The formal conference 
included two and one half days of paper presentations and poster sess ions. 

This report includes the opening address by Dean, Hess, two special ad
dresses, "Hi story of the improved alfalfas " by Ward C. Waterman and "The 
story of certified alfa l fa seed production in California" by Frank Parsons, 
abstracts of research studies reported at the conference; volunteer abstracts 
and brief articles submitted by scientists not atte nding the conference, 
committee reports, business transacted, and information on distribution of 
conference reports and membership. 

Presenters and their organizations are responsible for the information they 
have contr i buted to this report and do not necessarily represent t he view of 
the U.S . Department of Agriculture. Authors should be consu lted by those who 
wish to reproduce the reports, wholly or in part. 

Mention of companies or commercial products does not imply recommendation or 
endorsement by the U.S. Department of Agriculture over others not mentioned. 

Members of the execut ive committee of the 28th NAIC included: B. Melton, 
Chairman, Las Cruces, NM; B.P. Goplen, Saskatoon, Sask.; W.J. Knipe, Wood
land, CA, 1.1. Kawaguchi, Bakersfield, CA; B. Hartman, Kerman, CA: J.E. 
Winch, Gue lph, Ont.; E.L. Sorensen, Manhattan, KS, L.R. Teuber, local arrange
ments, Davis, CA, and O.K. Barnes, permanent secretary, St. Paul, MN. Copies 
of this report are available from O.K. Barnes, USDA -ARS, Department of 
Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 55108 . 
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Welcome to the National Alfalfa Improvement Conference 

Charles E. Hess 
Dean, College of Agricultural and Environmental Sciences 

Univers i ty of California, Davis, CA 

It is a pleasure to welcome the National Alfa l fa Improvement Conference back 
to Davis after twenty years. Since your last meet ing in Davis, in 1962, many 
things have changed on the Campus as well as the issues confronting us in the 
state and nation. The enrollment in the College of Agricultura l and Env i ron
mental Sciences has grown to approximately 4,700 undergraduate students and 
about 1,100 graduate students. This was about the size of the tota l Campus 
when the conference was held here in 1962. Now the total Campus has an 
enrollment of about 19,000 undergraduate and graduate students. 

Among the major concerns confronti ng us today are things such as productiv
ity, water, energy, integrated pest management, and genetic engineer i ng. In 
the area of productivity, which i s an important today as it was back in 1962, 
we are still attempt ing to get as muc h output per unit of input that is 
possible. There have been many important gains, such as short stature rice 
developed for the Sacramento Val ley, a new variety wh i ch as replaced all the 
varieties in a period of about three years. An intensive program in straw
berry breeding and se lec tion has l ed to the ave rage yield of about 19 tons 
per acre compared with three to six tons per acre in other areas. An exc it
ing development in terms of increasing productivity is the development of 
genetically dwarf fru it trees, such as the peach, which enables us to get 
muc h higher plant populat i ons per acre and into productivity in a much 
quicker time . 

A second major area of concern is water. We are l ooking for ways of managing 
water better, of recycling drai nage water, and l ooking to the deve l opment of 
plants which have greater tolerance to high salt l evels . For example, 
Professor Emanuel Epstein has selected a barley which can actua ll y be irri
gated with sea water during its growth and development and it will actua lly 
produce a reasonable yield. We certa inly are not advocating the use of sea 
water as an irri gation source for the Central Valley, but it does i nd i cate 
the potential that does exis t in plants for salt tolerance . Professor Bill 
Rains, Chair of the Department of Agronomy and Range Science, has been using 
tissue culture techniques to develop sa l t tolerant alfa l fa. The work in thi s 
area ranges from breeding to molecular biology and one of our faculty has 
identified a gene in bacteria which provides salt tolerance for that organism 
and has been able to transfer the gene from one bacteria to another . In 
fact, he has been able to transfer the gene into rhizobia and produce rhizo
bia strains which can fi x nitrogen under high salt levels. 

Another are of major concern is energy. Presently, we have gone through a 
period of some deemphasis with the approach from the federal level being one 
of more exploration and the oversupp ly of oi l has reduced the pr ice somewhat 
in t he past year. Stil l , energy uses in farming constitute a major cost of 
operations. Aga i n, we are looking for conservation of energy in food and 
fiber production, harvesting, and processing as we ll as looking at agricu l 
ture as a potenti al source of energy from biomass. 
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Integrated pest management has been and continues to be a major research 
emphasis in California to try to develop plants which are resistant to 
insects and disease, to develop biological control strategies as an alterna
tive to chemical control, and to make the chemica l s that we do use more 
effective and as safe as possible. Mathematical modeling is a component of 
the more efficient use of pesticides and, to facilitate the timi ng of crop 
planning and the timing of the use of either biological or chem ical control 
methods. 

We have a very active program in genetic engineering and have been the focus 
of considerable interest as we attempt to develop policy guidelines for 
faculty who choose to be in volved in private research ventures as well as 
conductin g their University research activities. 

So, as you see, it is a very interesting and challenging time to be involved 
in agricultura l and environmental research, teaching, and extension. Al
though a number of changes have taken place in the twenty years since you 
have been here, Davis still remains a friendly, bike-oriented, energy-con
scientious col l ege town. I hope that you enjoy your stay at UC Davis and 
that you return home with good memories and lots of new ideas and information 
that can be applied i n your own research, teaching, and extension programs. 
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History of the Improved Alfalfas 

Ward C. \,aterman 
W-L Research, Inc. 

Bakersfie ld, CA 

My personal history of the improved alfalfas in t he market place begins with 
t he year of 1949. In the late 1940 's, there were a number of new improved 
alfa l fa variet i es all waiting for the one answer -- where could they be 
produced in vo lume for the market place. There was Ra nger, Buffalo, Atlantic 
and Narragansett, al l rea dy to go with Vernal just two years away. 

Go ing into t he 1950's, all commerc ial alfa l fa seed produced in th e United 
States , the northern hardys, the intermediates, and the non-h ardys were 
harvested from th e hay f iel ds left for seed. Except for a few such as Grimm 
and Ladak, they were al l designated fo r their degree of hardiness by their 
st ate of or i gi n -- Montana common , Nebras ka common, Ka nsa s commo n, California 
common, etc. There was al so some al falfa seed impo rted from Argent ina 
Ch i le , and Canada . ' 

Beginning with the yea r of 1950, following two or three years of trial 
production with th ree or four sma ll growers over the state, a substant i al 
acreage was planted with these new improved al falfas . They were grown out of 
their areas of adaptation, in the irri ga ted farming sections of the San 
Joaqu in Valley in Ca lifornia. They were planted in rows 40 inches apart to 
cult i va te out all second generation vo lunteer ~rowth following each harvest. 
It proved successfu l with a larger volume of alfalfa seed for market than 
anyone had anticipated. 

New grower or i ented seed companies were organized to process and to market 
this ne\~ volume of alfalfa seed. By 1953, about 90% of this product i on in 
Californ i a was being processed and marketed by fo ur companies : the Arnold 
Thomas Seed Service, Ca l approved (a Farm Bureau growers ' cooperative), J.e . 
Loomis Company, and Mar i copa Seed Farms. The ma nagements of these four new 
comp an ies were convinced that these new var i et i es were sufficien tl y superior 
to complete ly repl ace th e common alfalfas in short order and that t here 
should be a favorable market for about all the seed we would produce. 

How litt l e di d we know about, or understand, the market place. For the next 
ten years the new improved al falfas replaced very little of t he common seed 
harvested f rom the Great Pl ains hay fields. Every pound of alfalfa seed 
harvested from those hay fields moved into the market place. There was never 
a time that the mid -western wh ol esa le seed trade refused to buy this common 
seed, if the price was bel ow t hat of the certified new varieties. By 1953, 
it became obvious that the wholesale seed trade east of the Rocky Mountains 
~Ias tru ly overwhelmed wi th the new, high vo lume production. These whol esa l
ers had no prog ram to promote the sa les of t hese new alfalfas. All they knew 
to do was try to be competitive with each other with a fav orab le price to the 
retail store. Their ideas of va lues for these new varieties was below our 
costs of production. 

The Cert ifi ed Alfalfa Seed Co un cil was organized in the fal l of 1952 by the 
four new companies with t he desperate feeling t hat the answer was to conduct 
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an all-out sales and promotion program throughout 
(the northeast one-fourth of the United States). 
our story of production to the Extens ion Service, 
to the farm publications. 

the major consuming states 
There was a need to tell 
to the Ag-economists, and 

In 1955, about the third year of the Council's act ivities in the midwest, an 
invitation was extended to al l of the farm publication editors, far and wide, 
to meet with us in St . Paul, Minnesota. Following this meeting t he presti
gious publication, Successful Farming, Des Moines, Iowa, lauched an all -out 
farmer survey in all of Iowa and a good portion of those states adjoining 
Iowa . The survey asked the farmer to indi cate, in their order of importance, 
the sources of information that influenced him the most in hi s decision-mak
ing process. The list presented for hi s answers included the farm publica
tions, Extens ion Serv i ce Bulletins, County agent meetings and conferences . 
Number one, he ad and shoulders over all other sources for information li sted, 
was his neighbor. The farm publications had a slight edge over the Extension 
Service and the County Agents. These all averaged about 15% in Iowa. In 
Nebraska, the Extension Service scored eight percent. One Nebraska legisla
tor was so incensed that he proposed that the state eliminate the Extens ion 
Service as a gross waste of money. It came to a vote in their uni cameral 
legislature. The Extension Service survived by only a few votes. 

A short time after this, a team of Rural Soc i ologists at Iowa State Univer
sity published the conclusions of their study of the Iowa farmers deci 
sion-making process. The title of their publication is 'The Diffusion 
Process.' It confirmed and elaborated upon the findings of the Successful 
Farming survey. It al so exonerated both the Extension Service and the farm 
publications for t hei r low scores. 

The bottom line from this study determined that only one farmer in twen 
ty - five could read a bulletin, a news article, or attend County Agent meet
ings, and trust his own judgement. The Rural Soc iologists named th i s one 
farmer in twenty- five the Prime Innovator. The other twenty- four looked to 
him for their decision-making. If it worked for him, it would work for t hem. 
This is the so -ca ll ed neighbor diffusion process. 

By the fall of 1956, we new-comers in the seed industry from the West, having 
expected the improved a lfa lfas to take over i n short order, knew 11e were now 
facing the reality of a l ong, slow transition period in the consuming areas. 
We were facing the probability of major economic problems for th i s seed 
industry, both in the production areas and in the marketing areas. This was 
becoming a basic reality in the market place that seemed to mandate the 
proprietary approach as essential for survival. 

By 19?8, i t became complete ly obvious to t hese four seed companies that the 
proprletary approach was essentia l -- to follow the pattern of the hybrid 
~orn lndustry. The four companies had to develop their own pri vate varieties 
ln order to establish an orderly program from the seed grower through to the 
effective marketing program that can be done only through the franchised 
proprletary programs. 

The fo ur original seed companies who organized the Certified Alfalfa Seed 
Councl l new became three. The J.C. Loomis Company and Maricopa Seed Farms 
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became the Waterman -Loomis Company (now W-L Research, Inc.) with Dr. Da vid F. 
Beard from USDA as their plant breeder. The Arnold Thomas Seed Service 
employed Dr. Howard Carnahan from USDA, and Calapproved merged wi t h Caladino 
to become Cal / West. They employed Dr . Iver Johnson from Iowa State as their 
breeder. 

About this time, Northrup King and Company l aunched their program to blend 
(scientifically) the public varieties (varieties not stated on the bag) which 
they called their 919 Brand . This was a successful program to help move the 
huge production into the market place on a semi-proprietary approach. They 
were followed by a number of others in the wholesale industry. It was a 
major contribution to help postpone the eventual collapse of the public 
variety commodity markets. Beginning of the end of a number of huge whole
sa lers, i . e. Rudy Patrick, Peppard, Albert Dickinson, Teweles, Mangelsdorf. 
The year 1957 was the peak year for California production -- 63,000,000 
pounds of eleven public varieties, of Blue Tag certif i ed alfalfa seed was 
produced. 

The proprietary alfalfa seed industry now consists of probably a dozen 
companies, all with their own breeding programs. The proprietary industry is 
now well endowed with a competent staff of plant breeders . It took the 
hybrid corn industry about thirty years to convert their market to all 
commercial hybrids. The alfalfas may see another twenty-five years before 
the commercial proprietary va r ieties can claim a high percentage of the 
market. 

There i s not short cut from seed grower to the consumer to date. There are 
four primary components, all equally essential, to have an order ly program. 
You have the grower, the seed company with the plant breeder, the whole
sale - retailer in the consuming area, and the consumer. Unless you have a 
favorab l e economic position for each of these four, the program will fail. 

The large volume of the public varieties marketed as a commodity, became 
increas i ngly unfavorable for three of these four primary components . Only 
the consumer had a favorable break in the low price. And even the low price 
did little to accelerate the Diffusion Process. 

It is generally conceded that the consumption of the new improved public 
var i eties of alfalfa never exceeded 40% of the total market for the hay 
planting. 

The California Crop Improvement Association has co nsi stently played an 
important role in the development and growth of th~s new alfal fa seed indus 
try. Following the conception of a pregnant ldea ln the mlnds of Dr . Tysdal, 
USDA, the breeder of Ranger alfa l fa, and some of.his colleag~es, ~o produce 
the seed in the west, out of the area of adaptatlon, the Callfornla Crop 
Improvement Association took full charge of this new agrono~ic pregn~ncy. 
Under the very able direction and care of Frank Parsons, th l S new Ch lld was 
born and nursed into a very precocious new industry. 

It was the learned fore s ight of Frank Parsons who recognized that the Certi 
fied Alfalfa Seed Council would falter, depending upon voluntary grower 
contr ibutions. He took the Council under the umbrella of the Crop 
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Improvement Association in the 1950's, and i t has maintained a viable program 
to this date. 

As one of the leaders in the affairs of AOSCA, Frank Parsons played a domi
nant role in the development and format of the National Certified Alfalfa 
Review Board. This program has proven to be a truly essential adjunct to the 
alfalfa seed industry. To my knowledge, no responsible alfalfa plant breed
er, either public or in private industry, would think of releasing a new 
var i ety until after it has been approved by the Review Board. In these last 
19 years (1962), one hundred eighty five alfalfa varieties have been approved 
as worthy of certification by the Review Board. Nineteen of these, about 10 
percent, have been discontinued, withdrawn by their breeders as being obso
lete. Of the total number of one hundred eightly five varieties, 45 were 
produced by breeders as public varieties, and one hundred forty by breeders 
in industry to be released as a proprietary. In these last four years, 
1978-81, there have been six public varieties and 53 proprietary varieties. 

The sales of alfa l fa seed, as a one variety proprietary, now approach 40% of 
the total market. An additional 25% of the total market are improv ed alfal
fas, variety not stated, usually packaged as a blend. The remaining 35% of 
the market consists of alfalfa seed harvested from the hay fields. This seed 
is usually label ed with its state of origin and, supposedly, the variety of 
the hay field. The hay field s producing this seed are primarily in the 
northwestern states, the Rocky Mountain areas, and the Great Plains sta tes. 
The varieties now being grown for hay in these areas range from the older 
public varieties to occasional fields planted with the more recent varieties. 

For a conclusion to this brief history of the improved alfalfas in the market 
place, let me say this: "In this nation of free enterprise, with the freedom 
to make our own mistakes, about 30 years ago, there were four fools who tread 
where the angels feared to go, in this new alfalfa seed industry . " 
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The Story of Certified Alfalfa Seed Production in California 

Frank Parsons 
California Crop Improvement Association 

University of California, Davis, CA 

This is too long of a story to be told adequately in fifteen minutes, and too 
fascinating for me to tell in the manner it deserves. Californ ia was not 
famous for its alfalfa seed, prior to the late 1940's . Infamous might be a 
better word, as far as the north central-northeast U. S. was concerned. Seed 
of California origin was presumed to be no good, would not survive the 
winters, nor be adapted in any way. Actually, for many years seed of winter 
hardy varieties growing in a small area of northern California was being 
shipped into the north central states, but I doubt if the words "California 
Or i gin " appeared in very large type on the labels. California growers had 
for years grown rather large quantities of seed of ,;t r i ct ly non -hardy types, 
for use in the state or for export to areas where these types were adapted. 
Certificat ion of alfalfa seed in the state was confined to very small amounts 
of such varieties as California Common, African, and Indian. 

Then came Ranger! Many of you are too young to have been around then, and 
certainly not aware of the splash it made. Bacterial wilt was a serious 
problem, and gett ing steadily more serious. Ranger alfalfa was obv iously a 
variety which gave promise of being desirable in a large area. Most of this 
area, however, had long since found that producing seed in dependable and 
adequate amounts was usually not possible. What to do? If the advantages of 
using Ranger were to be realized ful ly where was the seed to come from? 

There wasn't much question it had to be from the western states. Montana, 
Idaho, and to some extent other states had traditionally grown such seed. 
Constant and adequate supplies, though, were doubtful. Ca liforni a was the 
place where seed yields were good, quality excellent, and where amounts 
necessary for supp lying the rest of the country might be counted on. But, 
there was a stigma surround ing alfalfa seed grown in a warm climate. There 
were questions, such as would its winter hardiness, and maybe some of its 
other good features be lost. 

A few alfalfa workers had been quietly postulating that seed could be grown 
outside its reg ion of adaptation with no deleterious effects if it were kept 
to one generation of production. I am not sure as to the sequence of events, 
but conferences were held and rules for regulating such production were drawn 
up. Of course certification people were brought in to the discussion very 
early. If we were going to have assurance that seed was in fact only one 
generation out of its region of adaptation, c~rtification was the ans~er. 
Certified seed standards provided for such thlngs as freedom from varletal 
mixtures, isolati on, etc. With alfalfa, however, what constitutes one 
generation of seed production? Limiting it to just one year's production was 
not feasible. Out of the numerous conferences came the decision that seed 
could be produced from stands up to six years old, when cultivars were grown 
outside the region of adaptation. Volunteer plants had to be controlled and 
either foundation or registered class seed had to be planted to produce 
certified seed. 
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California came onto the scene, with certified Ranger alfalfa being grown on 
a sma ll acreage in 1946, with dramatic increases for many years thereafter. 
Other variet ies followed, l ike Buffalo and At l antic. As soon as Cal i fornia 
grown certified seed became ava il ab l e experiment stat ion workers began to put 
out "Trueness to Type" plots to try to determine if this warm country grown 
stuff really was as good as if grown in a climate simi lar to that where it 
was to be planted for hay production. There were still skeptics, who were 
afra i d this new source of seed would not be satisfactory. Gradually, how
ever, all this concern faded into the background and California certified 
alfalfa seed began hitting the market in large amounts. There no longer was 
any reason for planting anything other than the best variety for one's area. 
New seed companies appeared, dealing exclusively in alfalfa seed -- for the 
most part certif i ed. 

From nothing in the mid-40's, California production of certified alfalfa 
seed, for export largely, rose to 63,000,000 pounds in 1957! This was grown 
on 130,000 acres, 60,000 of which was in Kern County (surrounding Bakers
field). Sooner than this, however, it became obvious that seed production 
was surpassing consumption. Seed at times was piling up without a market. 
In 1953 four seedsmen, Lloyd Arnold, Harold Loomis, Evart Vandermue l en, and 
Ward Waterman, got together to try doing something to stimulate alfalfa 
usage . The question as Ward expressed it was "Are we overproduced, or under 
consumed? " With the help of Richard Crabb, who was an advertising agency 
person in Chicago, they got the Certified Alfalfa Seed Council underway. The 
Council, supported by grower money, is alive and well today -- still doing a 
great job extolling the virtues of alfalfa and working closely with land 
grant institutions in the consuming states. Other western states are now 
participating with Californ i a, in support of the Counc il . 

I must say something about production problems and methods. We planted in 
rows from the very beg inn ing, for various reasons. First, the planting seed 
(foundation) was scarce and we found we could get good stands with a pound 
per acre, occasional ly going to considerably less i f a sma ll increase of a 
new variety was necessary and only a few pounds or ounces of seed available. 
Then, too, by putting it in rows we could control weeds and volunteer alfalfa 
plants better, and get good seed production the first year. Also, our 
growers understood they were growing a crop considerably different than hay. 
They were growing al fa l fa for its seed, li ke corn or wheat, and they'd better 
manage it as such. Naturally there were problems. Fortunately there was a 
man who worked out the solutions. His name is Luther Jones. 

Luther was as good a down-to-earth agronomist as the University of California 
ever had. Assigned to seed production problems, he probab ly came closer to 
earning his salary than many of the rest of us in Agronomy. At least the 
farmers with whom he worked came to believe they were getting full benefit 
out of their tax money going into the University. Luther was the right man 
for his time. Our growers had to learn fast, how to best grow alfalfa seed 
and he helped teach them. 

Row spacing, how to establish a stand, how much to irrigate, how best to 
control weeds -- all had to be done properly just to get the crop to the 
stage wh~re even more critical problems faced the grower. How to control 
harmful lnsects, usually the lygus bug, how to manage the beneficial insects 

9 



needed for pollination -- these matters became important as the season 
progressed. Inc i denta l ly, the honey bee is our most re l iab l e po l linator 
despite many efforts to ut ili ze leaf cutters and alka l i bees . The bee people 
deserve much credit for our success in producing alfalfa seed. Most of our 
growers rely on the commercial bee keeper for pollination . 

Once a crop of seed is made the grower is still not out of the woods . We 
used to cut and wi ndrow alfa l fa, harvesting from the wi ndrow . A br i sk wind 
could roll those windrows allover the place and create an enormous seed 
loss. Defol i ation and harvesting the stand i ng plant is now preferred. Seed 
losses from shatter are less, though still a threat . And, a lot of seed can 
be lost out the back end of the harvester, i f not properly adjusted. Also, 
damage to the seed coat can be disastrous if the harvester is not set proper
ly. 

Maintaining an interested in alfalfa seed production has not always been 
easy. Yields are a bit too unpredictable, with the best management. A 500 
pound state average may sound pretty good, but it won't keep the better 
grower in business. Then, too, yields often just begin to taper off in an 
area, for no apparent reason. I mentioned Kern County earlier. Not much 
alfalfa seed is grown there anymore. Production has shifted, now heavy i n 
Fresno County. 

flith the rapid growth in certified alfa l fa seed production in California, 
certification had to grow - - not only in volume, but i n effic i ency. Sh i p
ments of seed to other states often involved interagency certification, which 
prov i ded for such things as rebagging -- to get the seed into customer 
packages -- or recleaning, perhaps to remove something wh i ch hadn't been 
gotten the first time; or blending, to br i ng several smal l lots into one 
large uniform one. We had to streamline office procedure to stay on top of 
the increased work load. To keep ahead of the enormous number of samples 
coming in we had to adopt faster methods for examin i ng and testing the seed 
in the laboratory. Jones was act i ve here too. He worked with Rodney Cobb 
machines to devise ways to expedite the work. Their belt fed machines for 
conveying seed under the eyes of a technologist looking through a low power 
microscope are still in use. Their discovery that germination can be pre 
dicted on the basis of seed coat injury, as observed under lOX magnificat ion, 
speeded up the certification process enormously. This isn ' t orthodox seed 
germination technique but it serves for certification . 

We began to accept the seedman's test, "Seed Handler's Test" it is called, 
for the test information needed on the l abel. We took such label i nformat ion 
off the certified seed tag, and began to issue ser i al ly numbered tags and 
labels with only variety and crop name on them. We deve l oped a system for 
"accredited" handlers, where more responsibility is placed on the handler for 
supervising seed cond i tioning, for drawi ng samp l es and for attach i ng labe l s. 
We began allowing what was called "Pre:tagging" , where handlers were per 
mitted to attach tags at time of cl eanlng, on t he assumpt l on t hat the seed 
would meet certificat i on standards . A skilled operator can usually tell lf a 
l ot is going to make it. "Hold" tags were used on pretagged lots, to assure 
that the seed was not moved until it was in fact certified. 
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I think we can state that during this period, of the 1950's and 60's, seed 
certification came of age. It recognized industry needs and met them. It 
became capable of dealing with large quantities of seed, and of providing 
serv i ces adeq uate to supp ly any need for agr iculture ' s planting seeds across 
North America . I am not saying that California certified alfalfa was respon 
sible for all th i s progress. Other crops were involved. However, our great 
leap in to alfalfa seed product i on certainly sharpened the need to really "get 
wi th it ." 

We were not far into this alfalfa revolution when private varieties began to 
show up. I won't attempt to say who was first, but f irst one company and 
then anot her established alfalfa breeding programs. You are well aware of 
what has happened since . A high percentage of the varieties and acreages is 
now proprietary. I like to th in k that certif i cat i on pl ayed an extreme ly 
important role in this development. It provided the means wherein companies 
could estab li sh identity, and a certa in degree of acceptability, for their 
variet i es . Plant Variety Protecti on Act was then something for the future. 
It is rather significant that when the act finally was passed it contained 
Title V, wh i ch provides for sa l es of a var i ety only as cert ifi ed . 

Over 100 varieties, mostly proprietary, are being grown for cert i fication at 
the present time in Cal i fornia. Accord i ng to my calcu l at i ons, and I haven't 
taken the time to check the records, we have produced and certified 1 billion 
pounds of alfalfa seed. Where we go in the future remains to be seen, but I 
maintain Cal i fornia has made qu i te a splash in suppl ying alfalfa seed of 
improved varieties for the United States. 

Il 



Morphology and Mechanical Strength of Alfalfa Leaves : 
Application to Breeding a Bloat-safe Alfalfa 

G. L. Lees, R. E. Howarth, and B. P . Goplen 
Agriculture Canada Resea r ch Station 

Saskatoon, Saskatchel<an, Canada 

Compared to bloat-safe legume species, the bloat-causing legumes have a fast 
initial rate of digestion in the rumen (1). Our strategy in breeding a 
bloat-safe alfalfa cultivar has been to reduce bloat potential by selecting 
for low initial rates of diges tion. The object of the work in this report 
was to examine the relationships among leaf morphology, mechanical strength 
and initial rat e of digestion . Comparisons of bloat-safe a nd bloat-causing 
legumes have indicated that leaf morphology influences diges tion and that 
the fo llowing char ac teristics might reduce the bloat-causing potential of 
alfalfa : 
a) thicker and/or s tronger layer (cutic le and outer epidermal cell wall), 
b) thicke r and/or stronger mesophyll cell walls, 
c) a more prominent secondary and tertiary vein structure . 

Such changes should reduce the initial rate of digestion by : 
a) slower leaching of nutrients from the cell, 
b) providing barriers to microbial penetration of the leaf, 
c) allowing less tissue damage during chewing, 
d) slowing the rat e of cell rupture. 

Since these changes should likely increase the mechanical st r ength of the 
leaf, we have used a number of mechanical treatments to disrupt leaves (2), 
and have subsequently measured the extent of tiss ue damage and cell ruptu r e . 

Although a lfalfa l eaves have a r elatively low r esistance t o mechanical 
damage, it is possible to selec t pl ants which incur les s tissue cell 
rupture. Of the mechanical treatment s used, sonication has allowed the 
greatest number of plants to be evaluated per day \-1ith mininal e quipment 
requirements. With field-grolon alfalfa , values obtained by this method 
correlate with 3 hr 'in situ ' nylon bag digestion results, indicating a 
relation ship between mechanica l strength and initial r ate of digestion. 

We have comp l e ted the first cycle of selection of a l falfa plants using the 
sonication method. Future plans cal l for several more cycles of selection 
followed by an evaluation of the bloat-causing potential of the selected 
plants. 
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Nylon Bag Selection for Reduced Bloat Potential in Alfalfa 

B. P. Goplen, R. E. Howarth, and G. L. Lees 
Agriculture Canada Research Station 

Saskatoon, Saskatchewan, Canada 

Our main screening method to breed a bloat-safe alfa lfa is a modified nylon 
bag technique using fistulated cattle. Using this technique we are 
selecting alfalfa plants with cells more resistant to microbial degradation. 
Selection is based on a minimum of two cuts and duplicate samples for each 
cut. We are able to analyze 40 plants/day, in duplicate, on a routine basis. 
Because of a relatively high daily variation (due in part to the cattle 
variation), selections are made from ?lants analyzed within days. Time of 
digestion (3-4 hours) of the plant samples in the fistula ted cattle is 
adjusted to obtain approximately 50% DM loss, at which time there is about 
8% of cell wall (NDF). 

Because we are selecting for a character which is influenced considerably by 
the environment, we are gradually finding the biological parameters for 
optimum selection . Reproducibility between cuts (within genotypes) is best 
when alfalfa is in the lush, pre- bud stage of growth . Reproducibility is 
low with drought-stressed plants, old and diseased plants, and from winter 
growth of alfalfa plants in a greenhouse (low light intensity, cooler 
temperature). Under such conditions variation is considerably reduced, 
and all plants tend to r esemble the LIRD (low initial rate of digestion) 
select ions. Progress was impeded and a heritability study lost by a 
severe drought at Saskatoon in 1981 . 

Differences between the LIRD and HIRD (high initial rate of digestion) 
selections made at Saskatoon have been independently confirmed by rumen 
microbiologists (Cheng and Fay) using an in vitro digestion technique . 
Similarly Cheng and Fay (personal communication) have demonstrated a greater 
DW loss by lea ching in the HIRD selections. Preliminary data indicate 
differences in mineral composition of cell wall fractions between LIRD and 
HIRD plants (Lees, unpublished data). 

Spaced plants were established at Lethbridge in 1981 to provide for a 
preliminary evaluation in 1982 of LIRD and HIRD cycle 1 selections in sheep 
feeding trials. Release of mesophyll cell contents into ruminal contents 
will be measured . Cycle 2 selections will be comple ted at Saskatoon in 
1982 and a third cycle in 1984 before final synthesis of LIRD and HIRD 
populations and subsequent animal pasture trials to verify reduced bloat 
potential of the LIRD synthetic. 
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Testing a Heterozygous Block Concept in Advanced Generations of 
Medlcago satIva - M. talcata HybrIds 

T. W. Pfe l Her and E. I. Bl ngh am 
University of Wisconsin-Madison 

Madison, Wisconsin 

Medicago falcata germplasm has played a significant role in the breeding of 
cultivated alfalfa. Var i egated flowers represent the co-expression of 
M. fa l cata genes for yellow pigment and M. sativa genes for blue-purple. 
1'1 ants with vari ega ted flowers usua 11y segrega te i ndi ca ti ng genom i c hetero
zygosity at least for chromosome segments contro lling f l ower co l or . 

In crosses of plants carrying ~. sativa or ~. fa l cata germplasm, Srivatana
ponge and Wil sie (3) found that highest yields were obtained from inter
specific intervariety crosses, followed by i ntraspecific intervariety 
crosses, and finally by intravariety crosses. Durnev (2) reported an in
crease in yield in plants with variegated flowers over plants with pure 
parenta l f lower co l ors . Burton (1), however, could show no s i gnif icant 
correlation between yield and flower color in two di fferent segregating 
F? popu l ations . "Honeoye," bred in part by selecti ng plants with variegated 
fTowers out of Saranac (R. P. Murphy, personal communication), has a high 
percentage of var i egated flowers and out yi elds Saranac at several locations 
in the North Central Region. The experimental hypothesis that we tested was 
that the genomic heterozygosity of loci linked to flower co l or loci could 
contribute a measurab l e increase in vi gor. 

Seventy- two segregating 51 fami l ies from pl ants with va ri egated flowers from 
four sources were studied along with plants segregating in f i ve other un
re l ated hybrid popu l ations. Dry weight of spaced pl ants was measured twice 
and open pollinated seed production vias scored once; data were analyzed 
using a nested design . Among the flower colors segregating within entries 
(purpl e, var i egated, ye ll ow and cream) , there was no trend for the plants 
with variegated f l ower co l or to be superior for either forage yield or open 
po llinated seed production. Heterozygos ity which was lost by fixing the 
flower co l ors of the parenta l species, when compared with the total hetero
zygos ity between the two genomes, was not large enough to show a dimin ished 
heterosis in th i s study. 

References 

1. Burton, G. W. 1937. The inheritance of various morphologica l 
characters in alfal fa and their rel at ion to plant yi elds in New Jersey. 
New Jersey Agricultural Experiment Station Bulletin 628. 

2. 

3. 

Durnev, G. 1976. Establishing the degree of hybridity i n lucerne 
popu l ations. Korma 3: 46. (Abstracted in Pl ant Breedi ng Abstracts 
1978, 48 abs . 1334). 

Srivatanaponge, S. and C. P. Wilsie. 1968. Intra- and inter-variety 
crosses of Medicago sativa L. and Medicago fa l cata L. Crop Sc i. 
8:465-466 . 
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Yield in a Diallel Cross of Alfalfa with Half - Sib Seed Lines 
from Four Cultivars as Parents 

R.R. Hill, Jr. 
USDA-ARS 

U.S. Regional Pasture Research Laboratory 
University Park, Pennsylvania 

A partial diallel cross with 32 parental lines of alfalfa was evaluated to 
determine genetic variability and heterosis expressed for forage yield when 
pest resistant, inbred parents (MSA and MSB) were crossed with noninbred, 
vigorous germplasm ('Appalachee ' and ' Arc'). The parental lines consisted 
of eight half-sib family seed lines f rom each of the four cultivars and were 
obtained from remnant seed from the experiment reported by Rowe and Hill 
(1981). Progeny from intercrossing each of the parental lines (parental 
syn-2's) were also included in the experiment. 

Variation among parental syn-2's was significant, but the mean square for 
populations was more than 20 times larger than the mean square for lines 
within populations. General combining ability variation was significant, and 
the component due to cultivars from which the parents were derived was more 
than 20 times larger than that for lines within cultivars. Except for the 
component due to cultivars from which the parents were derived, specific 
combining ability effects were not significant. The relative importance of 
general combining ability to specific combining ability and of cultivars to 
lines within cultivars would probably have been different if clones instead of 
seed lines had been used as parents. 

The crosses had significantly greater average yield than the mean of the 
parental syn- 2's for each of the parental line combinations. The greater 
yield in the crosses was probably the combined result of heterosis in the 
crosses and inbreeding in the parental syn- 2 's. 

Crosses with lines from MSA or MSB as one of the parents yielded significantly 
less than crosses between lines from Appalachee and Arc, and crosses between 
lines from MSA and MSB yielded significantly less than crosses from any other 
cult ivar combination. The inbreeding that resulted from prolonged, intense 
selection in MSA and MSB appears to be great enough to prevent their use as 
commercial cultivars individually or in crosses with each other. The 
inbreeding depression in crosses is not completely eliminated when parental 
lines from MSA or MSB are used in combination with unrelated, noninbred 
parents. 

The parental syn-2's from MSA had greater average yield than those from MSB , 
but parental lines from MSA had lower general combining ability than those 
from MSB. The results sugges t that performance of advanced generations of 
parental lines may not be a good indicator of their perfo rmance in crosses. 

Reference 
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Effectiv e ness of Selection in Tandem Generations 
for the Same or corre l ated Tralt 

D. E . Rowe 
USDA- ARS , University of Nevada, Reno, NV 

Theoretical studies on the re l ative effectiveness of various breeding schemes 
(f-;i l l and Haag , 1974 ; Rowe and Hill , 1981) , though somewhat interesting and 
informative , are sometimes faulted for their simplistic and naive assumptions 
about the genetics of a breeding situation . One deviation from reality is 
the assumption of random mating equilibrium (RME) in the popul ation subjected 
to selection (i . e. gamete and genotype frequencies are entirely determined by 
al l ele frequencies in the population) . Deviations from RflE are expected for 
the population which has been previously selected for the same or correlated 
trait or which has been intercrossed with genetically foreign gernplasm. 
Since ru1E is approximated only after 4 or 5 generations of random mating , nost 
cycles of selection are on populations not in RME . 

This study investigated the effect that deviation from the assumption of R!~E 
in the selected population has on the covariance of selection . ~he covariance 
relates the genotypic value of individuals or progen i es screened to the fre 
quency of desirable allele in the selected individua l or progeny . The genet
ics at a single locus with tIm alle l es, (3 and b I·,here 3 is the desired al 
le l e) with additive genetic action and four types of dominance genetic action 
was investigated for mass selection and for half - sib progeny test selection 
(HSPT) . 

The response surface of the covariance as a function of the frequencies of 
gametes BB and Bb indicated that when the frequency of BB was greater than 
p2 , where p is frequency of B in the population , the covariance was increased 
up to 200% of the covariance with the selected population in RME . Similarily 
when the frequency of gamete B3 was below p2 , the covariance was reduced be 
l ow that with selection in a population in RME and approached zero in sone 
cases. The difference in covariance associated with nass selection and half 
sib progeny test selection is 2 : 1 (;,ill and l'aag, 1974) , but for the popula
tion not at RME this ratio holds only for additive genetic action . The ESP? 
ranged from 80 to 120', of one - half of the covariance Hi th mass selection for 
d i fferent gamete frequencies \ 'li th each type of dominance . 

Thus it is beneficial to increase the frequency of BB gametes , but a practical 
probl em arises in the identification of the genotypes which produce the BB 
gamete (genotypes BBBB , BBBb , and 8Bbb) when there is dominance . A practical 
c a ution from this study is that the gain per cycle of selection for a rela 
tive l y rare allel e cou l d be improved by using a second generation of random 
mating between selection cycles (i.e . select for an uncorrelated trait for 1 
generation) to improve the covariance of selection . 

References 

Hill , R.R ., Jr. , and ;I.L . Haag . 1974 . Crop Sci . 14:587- 590 . 
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Hexaploid Alfalfa Derived From 3x X 6x Crosses: 
A Status Report 

Steven E. Smith 
Department of Plant Breeding and Biometry 

Cornel l University, Ithaca, N.Y. 

Art i f i cially produced hexaploid al falfa (2n o 6x o 48) has had l imi ted va l ue t o 
the breeder because of i ts low vigor and fertility, due, in part, to col 
chicine- induced chromosome doubling during hexaploid synthesis . Triploid by 
hexaploid (3x X 6x) crosses are a relat i vely simple method of producing 
hexaploid plants in wh i ch the detrimenta l effects of co lch i ci ne treatment may 
be reduced. Furthermore, 3x X 6x crosses are a potentially powerful mechanism 
for combining exotic di pl oi d and el ite tetraplo i d germplasm, albeit at the 
hexaploid level. The objectives of this research were to study vigor, fer 
tility and chromosomal stability in hexaploid alfalfa derived from 3x X 6x 
crosses, and to compare these ch aracterist i cs in t he hexap l oi ds to those in 
naturally tetrap l oi d al falfas. 

A higher percentage of hexap l oi d pl ants were produced from 3x X ~x crosses in 
which the 6x parent originated form Wi sconsin germplasm WI6XGP- 1 , compared 
to those crosses in which the 6x parent was produced by colchicine treatment 
of tr i pl oids. Furthermore, fewer hexaplo i d pl ants were produ ced in 3x X 6x 
crosses in which the parent was derived from a Medicago sativa ssp. coeru l ea 
(2x) X M. sativa ssp. sativa (4x) cross, compared to crosses in which the 3x 
parent was a ~. falcata (2x) X~. sat i va ssp. sativa (4x) hybrid. 

Hexaploids having M. sat i va ssp. coeru l ea in their ped i grees were generally 
not as fertile nor-as vi gorous as those der i ved from M. fa l cata sources . All 
hexaploids derived from 3x X 6x crosses were less fertile, and most were less 
vigorous than tetraploid checks. Improved fertility and vigor were observed 
in Syn . 1 popu l ations produced by i ntercrossing the or i gi nal (3x X 6x)der i ved 
hexaplo i ds. Two cycles of recurrent selection for hexaploidy i n (3x X 
6x)-derived mater i als produced a populat i on having 25.7 % hexap l oi d pl ants 
(21.1% after one cycle). The percentage of "near hexap l oid" pl ants (2n=47, 48 
or 49) was 51.4% in this population after two cycles of selection (43 . 7% 
after one cycle). 

These observat i ons suggest that it is possible to make gains in fert i lity and 
chromosoma l stability by selection in l arge, broad -based hexa pl oi d popu l a
tions derived from 3x X 6x crosses. Further research is needed to determine 
if adequate levels of vigor, fertility and chromosomal stability can be 
achl eved for development of hexa pl oid cu l tivars. 

1Derived primar i ly from spontaneous hexap l oids from t he cul ti var 'Sara nac ' . 
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Relationship Between Seed We i ght and Yield Heteros i s 
i n a Oi all el Among Nine Germplasm So urces 

M.A. Peterson and O.K . Barnes 
University of Minnesota and USOA-ARS 

st. Paul, MN 

Nine primary al falfa germp l asm (GP) sources were introduced in to the United 
States between 1850 and 1947 (Barnes et al., 1977). These nine GP sources 
represe nt most of the genet i c di versity now availab le i n U.S. alfalfa culti
vars. In order of decreasing win ter hardiness, they are Medicago falcata, 
Ladak, ~ varia, Turkistan, Fl emish, Chilean, Pe ru vian, Ind ian, and Africa n. 
Most new alfalfa culti vars utilize a broad germp l asm base, often containing 
genes from most of the nine original GP sources. 

Several studie s have reported positive corre l at i ons between alfa lfa seed size 
and subseq uent seedling vigor. We believed that the relat i onsh ip between 
combining ability for seed weight and seedling vigor deserved further in vest i
gat i on. Our object ives we re to examine ge neral and specif i c comb inin g 
abi l ity for seed weight, seed ling vigor, root yield, and forage yie l d in a 
diallel among the nine primary alfalfa GP sources, and to evaluate the use of 
hybrid seed weight as a rapid assay to identi fy alfa l fa germpl asms with 
superior combining abil i ty for these characters . 

The nine alfal fa GP sour ces were crossed in di alle l fashion (including 
reciprocals) . Seven genotypes were used to represent each GP source in seven 
different nine parent diallels. Seeds/pod and seed weight were determined 
for seed from parents, si ng l e crosses . Seed was pl anted into fertilized 
greenhouse sand benches . Seven weeks after emergence, seedling vigor was 
measured and entries were transplanted to space plant nurseries at Becker and 
Rosemount, MN. All entr i es were sub sequentl y eva luated for secondary and 
fibrous root score, crown and root weight, forage yield, and fall dormancy 
reaction . 

Green house resu l ts indicated that in crosses among the nine alfalfa GP 
sources, number seeds/pod and seed we i ght were primar il y contro ll ed by 
additive gene action, wh il e seedli ng vigor was primar il y con trolled by 
non -additive gene action . Hybrid seed we i ght was pos i tive correlated with 
seedling vigor (r=0.25*, d.f.=72). However, s i gn i ficant maternal effects and 
seed parent X pollen parent interact i on effects on seed we i ght led to in con 
sistent relationsh i ps between hybrid seed weight and seed ling vigor. 

In the field, add iti ve gene ac ti on was important in the ex pres si on of all 
characters. Non -add i t i ve gene act i on was importan t i n the expression of 
secondary root score, root weight, and second harvest forage yiel d. General 
ly, the more dormant sources produced larger root and greater first harvest 
for age yields, while non -dormant sources produced l arger crowns and greater 
second harvest yi elds . Fall growth scores were useful in expl ai ning patterns 
of root and f orage product i on over the seaso n. No correlation was ob served 
betwee n seed weight and total forage yie ld . Heterosis for seed we i ght 
appeared confounded with seed parent an d pol l en parent effects on seed weight 
when sources with div ergent fa ll dormancy reactions were hybridized. How
ever, contro l led cross ing between GP sources possessing simila r dormancy 
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reactions might improve the usefulness of seed weight as an assay t o rapidly 
eva luate diverse alfa lfa GP sources for combining ability. 

Reference 

Barnes, O. K. , E.T . Bingham, R.P. Murphy, O.J. Hunt, O.F. Beard, W. H. 
Skrlda, and L.R. Teuber. 1977. Alfalfa germp l asm i n the United Sta te s: 
genetic vulnerab il ity, use, improvement, and maintenance. USDA Tech. 
Bull. 1571. 21 p. 

Seed Yields from Breeder and Foundation Seed of Eight Alfalfa Cultivars ~ 

W. R. Kehr , D. K. Barnes , D. E . Brown , J. H. Elgin Jr ., and E. L. Sorensen 
USDA/ARS and University of Nebraska, Lincoln , NE; 

University of Minnesota , St . Paul, MN i 
Land Q'Lakes , Inc. , Caldwell, ID; Beltsville, MD; and 

Kansas State University, Manhatt an , KS 

The purpose of this study was to compare seed yields f rom breeder and foun
dation seed classes of eight alfalfa (Medicago sativa L.) cultivars , ' Agate ', 
' Arc ', ' Cody ', ' Dawson ' , ' Kanza ', ' Ramsey ', ' Ranger ', and 'Vernal' . Breeding 
methods used in developing the cultivars and generations of synthesis of 
breeder and foundation seed classes varied among cultivars. 

Breeder and foundation seed of the e i ght a lfalfa cultivars were seeded at 2 . 2 
kg/ha in a randomized block split- plot design of cultivars as main plots and 
seed classes subplots with 3 replicati ons in a field near Caldwell , Idaho , in 
the spring of 1976. The experiment was managed to maximize seed yield . Seed 
yields ,"ere determined in 1977 and 1978 . 

Seed yields obtained from br eeder seed averaged over eight alfalfa cultivars 
were lower than those obtained from foundation seed in 1977 and for the 1977-
1978 average . Seed yields obtained from breeder seed were lower than those 
obtained from foundation seed for 2 of 8 cultivars, Ramsey and Vernal, in 1977 
and for the 1977-1978 averages. Alfalfa breeders need to conduct seed yield 
tests that include at least one commercial seed generati on of their experi
mental cultivars compared with a check cultivar. 

~ Published as Abstract No. 82 -1777 , Abstract Series , Nebraska Agricultural 
Experiment Station . 
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Introduction to Prob l ems in Continuous Alfal fa 

W. R. Kehr 
USDA!ARS and University of Nebr aska , Lincoln, Nebraska 

Alfalfa , Med i cago sativa L., is a potentially long-lived perennial that is well 
known fo r soil improvement and for livestock feed . While alfalfa i s most 
common l y g r own in rotation with other crops, l and can be continuously cropped 
with alfalfa. As stands dec l ine , p r oduction declines , and reseeding and con
tinued cropping may be cons ider ed . The cause of stand decline shoul d be i denti
fied and will give some clues as to the possibl e futur e success wi th continued 
a l fa l fa c ropping . Success of f uture establishment and production may depend on 
diseases , nematodes , drainage, fertilizer , soil moisture, soil type , variety, 
cutting management, and their interact ions or other problems . Reseeding to 
thicken a stand , retarding or killing remaining vegetation by chemicals fo l
lowed by no - till interseeding , spring or fall p l owing before reseeding, and 
r otati on with another crop for one or more years befor e reseeding are options 
to consider . 

The pur pose of this pr esentation is to bri efl y review published work on pro
b l ems associated with continuous a l fa l fa. 

In the 1909 text , "Alfalfa Farming in America ", J . E . Wing said "It is notable 
that some of the ver y oldest books on agriculture in referring to alfalfa say 
l and should not be sevm again to alfalfa until it has rested some seasons " 
(27). Furthermor e , "There are hi dden influences that we do not understand that 
make soi ls unfriendly to p lants that have grown in them too l ong " . 

Fr om 1907 to 1911 Schreiner and his associates published evidence of "soil
s ickness" due to organic chemicals dir ectly or indirectly assoc i ated wi th low 
productivity of soi l s , inc luding soils continual l y cropped (2 2). From research 
i n Kansas and Nebraska that was initi ated about ten years later it was apparent 
that moisture , including s ubsoi l moisture , becomes a limiting factor in alfalfa 
that is cropped continuous l y under nonirrigated or limited rainfall conditions 
(5 , 11, 12 , 13) . That research in Kansas and Nebraska l ed to the expr ession 
that alfalfa should be grown on l y once per generation on a given field because 
of its ability to deplete soil moisture. 

According to Rice (21) beneficial and harmful interactions among plants wer e 
documented more than 2000 years ago . Theophrastus , in his "Enquiry into 
p lants " written before 285 B. C., pointed out that the legume "chickpea" does 
not invigor ate the g r ound as other related plants but "exhausts " it instead . 
Moreover, "it destroys weeds and above all and soonest caltrop " . Pliny in his 
"Natural Historyll written in the first cent ury A. D. has many refere nces to 
apparent ef f ects we now term "allelopathic ", the term most often used according 
to the definition of Rice in 1974 (19) as "any direct or indirect ha rmful 
effect of one p l ant on a nother through production of chemical compounds that 
escape into the environment". Rice explained (20) that many factors , both 
genetic and environmental affect the amo unts of potential phytotoxins produ~ed. 
Once the phytotoxins a r e pr oduced and escape into the environment, they beg~n 
to be decomposed either by micr oorganisms or by chemical action not involvi ng 
microorganisms. Thus , potential allelopathic effects depend basically on the 
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relative rates of addition of the allelochemics to the environment and decom
position, or inactivation . Rice (20) concluded "There is little doubt that all 
plan~s , including microorganisms, produce compounds which, if present in appro
priate concentrations, can inhibit or stimulate the growth of other plants ". 
Rice (21) also reviewed "Some roles of allelopathy in pasture and forage crops " 
in 1980. No references were made to allelopathy in alfalfa. However , allelo
pathic effects of legumes other than alfalfa were presented and discussed . 
Autotoxicity is the term being used in those situations where a plant produces 
compounds that are toxic to itself. Both terms, allelopathy and autotoxicity , 
have been used in recent reports on alfalfa seedling growth , establishment , 
and production. 

Thickening an established alfalfa stand by interseeding has not been success
ful, in general. Growth from old plants may shade new seedlings and prevent 
their establishment . Ten or more old alfa l fa plants per m2 in notillage 
seeding of alfalfa into old stands of alfalfa seriously hinder ed establishment 
of new seedings (16). Alfalfa contains water so l uble substances toxic to it
self and to other plants , and wate r extracts of immature a lfalfa forage had the 
highest phytotoxic effects on corn seedlings in a laboratory study (6). Water
soluble substances toxic to new alfalfa seedlings could be accidental l y in
corporated into the soil I,hile interseeding alfalfa to thicken ol d stands . 
Common mulching materials including alfalfa contain phytotoxic substances (6) . 

Autotoxicity for alfalfa seedling growth was reported in laboratory and green
house studies (8 , 10 , 14 , 15 , 17). The autoxicity was reported in fresh 
alfalfa leaves , stems and crowns , and in dry hay , old roots , soil, and soil 
residues. Damping-off of alfalfa seedlings due to Phythium spp. was effec
tively controlled by fung icide seed treatment in greenhouse tests with no 
apparent detrimental effect on Rhizobial inoculation (1 , 24). A systemic 
fungicide used as a soi l drench controlled Phythium spp. under continuous 
alfalfa field conditions in Nevada (25). In a prepared seedbed in Illinois , 
preplant incorporation of a f ungicide did not improve alfalfa stands (3). Poor 
alfalfa establishment and persistence on a coar se loamy sand i n Minnesota was 
probably due to a fung i-nematode interaction (23). Phytotoxic substances in 
the soil were associated with continuous alfalfa cropping in Alberta , Canada 
(4 , 15, 26) . 

In Nebraska, relative five- year total alfalfa yields for land not previous l y 
cropped to a lfalfa, land continued in an old a l fa l fa stand, and for l and re
seeded to alfalfa ",ere 100, 69 , and 68%, respectively (12). It was no more 
difficult to secure a satisfactory stand of alfalfa on upland soil previously 
in a l fa lfa than on land never having grown alfalfa in Nebraska (13) . Old 
alfalfa stands were p lowed and the land was cropped to annual grain crops be
fore a new alfalfa seeding was made . In Illinois , relative stands after six 
years of corn- alfalfa , corn - soybean- alfalfa , and continuous alfalfa cropping 
sequences were 100, 83 , and 43 %, respectively, while relative y i elds were 100, 
92 , and 50%, respectively (14). Alfalfa was treated as an annual, fa ll- plowed 
and spring- seeded each year for six years in the conti nuous a lfalfa cropping 
sequence. There were two years of alfalfa in the corn-soybean- alfa l fa se
quence and three years of alfalfa in the corn- alfalfa sequence where a l falfa 
was also treated as an annual. In Virginia , the six-year average yield of 
eight alfalfa cul tivars grown on land not previously in alfal fa was 27% higher 
than the yield of the same cultivars grown on l and previously in a l fa lfa (2) . 
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Some al l elopathic compounds have inh i bited the up t ake of various mine r als (20) . 
Periodic soi l t esting and the application of fertilizer can correct nutrient 
defic i encies that resul t f r om cropping to alfalfa (9). 

Evi dence for genetic selection i n a l falfa against toxic soil conditions in 
Alberta was negative (4 , 15) but data in Illinois indicated genetic vari 
abi lity was present in a l falfa cultivars for allelopathic effects (14) . The 
toxi c i ty of wheat straw extracts to germination and growth differed among 
cul t ivars (7) . Selection and breeding for beneficial allelopathic effects has 
been suggested (18, 21) . 

The purpose of this symposium is to hear presentations of current research on 
problems wi th establishing and producing alfalfa in continuous cropping 
systems . There is a need to defi ne those field condi tions and cu l tur al prac
tices that p r event establ i shment and production under continuous cropping, o r 
make continuous alfalfa noneconomic compared with other competitive crops . 
Our communications with the popular press must carefully state whether our 
resul ts were obtained under l aboratory , greenhouse , or fie l d conditions . 
Blanket statements that you can ' t grow alfalfa continuously are not scientifi
cally correct and a r e detri mental to all aspects of alfalfa production. 
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Evidence of Auto-Toxicity in Alfalfa 
1/ E. H. J ensen and E.J . Hartman--

University of Nevada, Reno and USDA-ARS 

The practice of planting alfalfa into alfalfa sod or depleted s tands 
usually has bee n unsuccess ful. This may be due to a high level of pathogenic 
orga nisms in the soi l , auto- toxicity or both . If these obstacles can be 
overcome, then the farmer could plant a lfal fa after alfalfa or seed into 
depleted s tands to increase production. The reasons why one cannot s uccess
f ul l y purs ue this practice is not f ully known and is the topic of this repor t. 

In a greenhouse study 'Lahon tan' and ' Moapa 69 ' alfalfa were grown in 
soil in which a l falfa had been grown the two previous years and in a fa llow 
so il of the same origin. Dried alfalfa shoots or roots at 0.5% of the 
weight of the s oil were added either before or after steam pasteurization or 
fumigation . Seedlings of both ' Lahontan' and ' Moapa 69' were smaller "'hen 
gr O\.rt1 in soil which alfalfa had been the previous crop '''hen compared to those 
grO\.rt1 in fa llO\, soi l even though both soils were ei ther s t eam pasteurized or 
fumigated . Addition of ground fo liage or roots to both soils after steam 
pasteurization or f umigation also reduced the size o f the plants when com
pared to soils where plant tissue was not added. Addition of fo liage and 
roots prior to s oil treatment had a l esser effec t on growth . The smaller 
seedling s ize i s at tributed main l y t o au to- toxicity of alfalfa even though 
some pathogens may have been present after steam pasteurization or fumi ga tion 
or were in t roduced by the addition of plant material to the treated s oil. 

Field studies are be ing i nitiated a t four locations in Nevada to further 
inves tigate the role of both pathogens and auto- t oxici t y when es tablishing 
alfalfa in depleted stands or where alfalfa has been the previous crop. 
Greenhouse studies will a lso be conducted to f urthe r study auto-toxicity of 
alfalfa . 

1/ For mer l y Research Agronomist, USDA- ARS . Current ly Alfalfa Breeder, 
Pioneer Hi-Bred Internations, Fresno, California. 
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The Effect of Alle l opathy or Autotoxicity on 
Alfalfa Seedli ng Establishment 

K. E. Bohnenblust 
Plant Science Division 
University of Wyoming 

Laramie , vlyoming 

Greenhouse tests were conducted to l ocate the influence of previously grown 
alfalfa upon seedling establishment . Treatments used were : (1) soil that had 
s upported growth of a lfalfa plants , from which a ll p l a nt material had been 
removed , (2) alfalfa tops mixed into greenhouse potting soil , (3) a l fa l fa 
roots mixed i nto potting soil and (4) potting soil alone was used as a con
trol. The stand obtained in soil where a l falfa had been grown was not sub
stantially reduced, however, where tops , or roots to a lesser extent , had 
been incorporated in the soil t h e s t and was reduced in most cases . 

In another study , alfalfa seeds were germi nated in plastic boxes on moistened 
b l otters . The contro l s were moistened with water only, whereas half of the 
others had water containing an alfalfa extract from l eaves and the other half 
had wat er containing an alfalfa e xtract from stems . In both cases , seed ger
mination where alfalfa extracts had been added was severely reduced. 

A four- month-old stand of a l falfa and an adjoining strip of weedy ground were 
plowed at the same time . The ground was worked and plant ed to alfalfa i n the 
fall . The seedlings from several paired blocks were counted . The area where 
alfalfa was plowed under had 43% fewer plants than where weeds had been 
turned under . 

In another field test , soil that had alfa l fa incorporated with a roller- harr ow 
was compared with soil that had been in corn the previous season . The stand 
of new alfalfa was reduced 85% by the incorporation of a l falfa residue . 

Allelopathy or autotoxicity is not only a recent concern. In 1909 (1) , it 
was stated : 

It is notable that some of the very oldest books on agr iculture say 
in referring to alfa l fa: ' It endures for many years and afterward 
may be plowed up and the land sown to corn . Land should not be sown 
agai n to lucerne (a l falfa) till it has rested for some seasons .' I t 
is safe to assume that the ancients had seen s i gns t hat alfalfa best 
liked fresh land . 

The i nability to get consistent and discerning results has probably prevented 
an e xplanation of this probl em many years ago . 
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Allelopathic Effects of Alfalfa 

Darrell A. Miller 

University of Illinois 

Several experiments have been conducted at University of Illinois, 
Urbana, IL to determine the role of allelopathic effects of alfalfa on 
the establishment of alfalfa. By means of correcting any soil fertility 
differences and protecting the alfalfa seedlings from fungal attack, re
sults suggest that there is a release of phytotoxic factors from the 
previous alfalfa crop on re-establishing alfalfa . Field results indicate 
that the best preceding crop for alfalfa establishment is corn, followed 
by the various small grains, soybeans, and the '"orst preceding crop is 
alfalfa (1). Considering other forage legumes to follow alfalfa in rota
tion, red clover is the best choice, followed by birdsfoot trefoil. Forage 
grasses would be good choices to follm, alfalfa, either smooth brome or 
orchardgrass. Early results indicate there are no major genetic differ
ences among cultivars. There was no evidence supporting saponins as being 
phytotoxic to alfalfa . It is known that saponins are released by alfalfa 
roots, but whether they are released in proportion to their tissue content 
is unknown. Exudates of different saponin level cultivars indicated that 
saponin content is not the suspected phytotoxic factor. There was a strong 
relationship bet,·,een radicle elongation and the fall growth characteristics 
of the strain releasing the exudate suggesting that phytotoxic substances 
may playa role in fall dormancy. 

Laboratory techniques indicate that three- day old alfalfa seedlings 
release a toxic compound that inhibits germination and retards seedling 
elongation . Fingerprinting these compounds will enable the plant breeder 
to select genetic resistance or tolerance to these water soluble compounds. 
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Effects of Hethyl Bromide and Systemic Fungicide Meta l axyl on Alfalfa 
Stand Establishment , Persistence , yie ld and D1sease Inc1dence 

B. D. Thyr , B. J . Hartman and O. J . lIunt 
USDA , ARS , University of Nev ada , Pioneer Hybrid I nternat i onal , 

a nd Naterman - Loornis Co ., r espective ly . 

Damping o ff serious l y reduced stand d e nsity of newly seeded alfalfa , in a 
field which was occupied by alfalfa for seven preceding years , as we ll as in 
a field which had not been seeded to alfalfa for 11 years . Soil fumigation 
with methyl bromide (970 kg/hal prior to seeding reduced soi l populations of 
pythiacious fungi , reduced damping- off and increased alfalfa stand establish
ment by about BO %. The systemic fung i cide metalaxyl (2) with specific activ
ity limited to phycomce tous fungi , reduced soi l populations of those fungi 
on l y slightly , if at a ll "hen applied as a drench at seeding (2 . 25 kg a . i. / 
ha) , but increased alfalfa stand establ ishment by mor e than 200% over the 
control , and by nearly 80% over me thy l bromide . Respective stand counts taken 
in 90 cm of row fo r the control , methyl bromide , and metalaxyl treatments "ere 
33 , 66 and 90 (at es t ab lishment) 16 , 31 and 41 (April , 1979) , 21 , 42 and 40 
(May , 19BO) and 31 , 53 and 66 (December, 1980 ) . Alfa l fa dry matter yields 
(MT/ha) for the first c utting in 1979 \-Jere 1.41, 2 . 64 and 3.BB for the con
trol , metalaxyl and methyl bromide respectively [HSD (. 05 )= 0 . 40] . On l y Svl -
32 , a nondormant germplasm yie lded s ignificantly less than the other alfalfas , 
and its stand coun t was also significantly l ess than the others. Average 
yield s for the second and third cuttings during the 19BO season (MT/ha) were 
1 . 97 , 2 . 64 and 3 . 25 for the contro l , metalaxyl and methyl bromide respectively 
[LSD ( . 05 ) = 0 . 40] . Yie lds for vla s hing t on SNI , ' \"Iashoe ' and Syn- XX were 3 . 56 , 
3 . 31 and 2 . 87 MT/ha respectively . These were significantly higher than ' Ag 
ate ', S\,- 32 and ' Narragansett ' which yielded 2 . 0B , 2 . 02 and 1. 90 MT/ha r espec
tively [LSD ( . 05)= 0 . 34 ] . The former three all have r es i stance to stem nema
tode Di ty lenchus di psaci whereas the latte r three do not . Although the field 
was heavi l y infested with D. di psaci , similar yield diffe r e nces failed to oc 
cur in 1979 , possibly due to delayed activity by the nematode. Destructive 
samp l es taken in December , 1 980 we r e e xamine d for stem ne matode , clover root 
curculio (Si tona hispidula ) , crown rot complex and Phytophthora root rot (Phy
thophthoroa megasperoma f . medi cagi nis) . \'Ia s h i ngton SNI , ' Washoe ' and Nevada 
Syn- XX had significantly fewer p l ants Hith stem nematode symp toms than the 
others . Treatments appear ed to have no maj o r effect on stem nematode except 
that metalaxyl appeared to increase the r esistance in Nevada Syn- XX . No dif
ferences among treatments were detected in the other disease or insect eva l 
uations . The early advantage me talaxyl gave in stand establishment is at
tribute d to contro l of Pythium sp . since ' Agate ' with resistance to P. mega
speroma f . medicagini s , fail ed to es tabli sh any better than those cultivars 
and germplasm without resistance (1) . 
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Legume Production Following Fallow , Legumes , or Grasses 

M.B. Tesar , Dept . of Crop and Soil Sciences, Michigan State University 

Allel~~hy occurs when a plant reduces germination, growth or development 
of another species . If the inhibition is of the same species , it is autotoxi
city . In either case, reduced yield of the desired species is generally the 
ehd r esul t . 

The objective of this experiment was to determine if allelopathic or 
autotoxic effects exist by determining the yields of alfalfa CAl, red clover 
(RC), or birds foot trefoil (BFT) seeded on a prepared seedbed following 
plowed- under A, RC, BFT, rye, sorghum-sudangrass (SS) or fallow soil. Six 
treatments of 6 x 30-ft. plots in four replications on a Conover loam, pH 6.8, 
were used to provide different sources of potential allelopathic or autotoxic 
material: 

Species Seeded Method LB/ A Fertilizer 
Saranac A 8/23/79 Broadcast Seeder 20 0+100+100 
Arlington RC 8/23/79 Broadcast Seeder 20 0+100+100 
Mackinaw BFT 8/23/79 Broadcast Seeder 20 0+100+100 
Wheeler Rye 9/9/79 II-Hole Drill 120 25+100+100 
Haygrazer SS 5/23/80 II-Hole Drill 40 54+100+100 
None, Fallow 0+100+100 

Legumes established in 1979 were cut and removed on June 6 and July 22, 
1980. Legume regrowth and the first growth of the SS and rye were sprayed 
with glyphosate at 2 lb/a. i. /acre on August 1. The area was plowed on August 
14, disked, and dragged for an excellent seedbed . The three legumes were 
seeded with a fertilizer-grain drill with band seeder and press wheels on 
August 26, 1980 . Three harvests were made in 1981 . One of alfalfa was on 
June 17, 1982. 

Yield of 3 legumes, T/A, 12% H20 year after seeding, and of A in the 2nd 
year after seeding on a plowed, prepared seedbed after 3 legumes, 2 grasses 
and fallow were plowed under. 

Crop Seeded Crop Plowed Under 
on Crop Check A RC BFT SS Rye LSD CV 

Plowed Under Fallow 5% % 
1981 

Alfalfa 5 . 85 5 .73 5.90 5.76 4 .77 5 . 30 .60 7.7 
Red Clover 5 . l3 5.06 5.10 4.93 5.l3 5.02 .77 10.8 
Trefoil 5.08 5.09 4 . 97 5.06 4.98 4.96 .70 9 .7 

1982 
Alfalfa 3 .28 3.58 3. 46 3.50 3.44 3.06 

Data show there was no significant difference between the first and 
second- year yields of alfalfa following plowed-under A, RC, BFT , or rye com
pared to A seeded on a fallowed seedbed. Only A following SS had a signifi
cantly lower yield than when seeded on fallow ground . There was no signifi
cant difference between the first-year yield of R or BFT following any plowed
under crop or fallow. 

Results of this experiment, based on yield data, indicate there was no 
autotoxic or allelopathic effect of A, RC, or BFT seeded on plDl,ed and tilled 
soil after that legume or either of the other two legumes, rye, or sorghum 
sudangrass (exception is A following SS) was plowed-under before seeding. 
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Alfa l fa Establ ishment 
Continuous Alfalfa and 

and Production With / 
Fol lowing Soybeans ! 

W. R. Kehr and J. E. Watkins 

• 

Departments of Agronomy and Pl ant Pathology , and 
USDA/ARS , Uni versity of Nebraska , Lincoln, NE 68583 

Alfalfa (Medicago sativa (L . ll is commonly grown in r otation with other crops 
but land can be continuously cropped with alfalfa . The p urpose of t hi s study 
was to determine the alfalfa stand establishment and pr oduction of culti vars 
that differed in disease resi s tance in a typical continuous a l fa lfa cropping 
situation, with limited supplemental irrigation. 

Two alfalfa cultivar experiments were spring-seeded in 1970 at the Nebraska 
Agric . EXp . Stn. Mead Field Laboratory on a Typic Argiudoll soil with no known 
prior alfalfa cropping . Stand and forage yie l d were determined in 1970- 72. 
The area was p lowed i n l ate May of 1975 after the first cutti ng and fallowed. 
Soybeans were seeded in 1976 on subareas planned fo r seeding alfalfa in 1977 
and 1978 , and in 1977 on the subarea planned for seeding alfalfa in 1978 . 

Two alfa l fa experiments were spring-seeded per year in 1976 , 1977, and 1978 . 
I n foliar fungicide experiments , stands in the year of seeding were excellent 
in 1976-1978 . The decline in stand from 1977 to 1978 was greater for ' Ranger ' 
than for ' Arc '. Anthracnose and phytophthora contri buted to stand losses. 
Forage yields did not differ among fungicide treatments or between cultivars in 
the year of seeding or in subsequent years. Differences in forage quality 
among fungicide treatments and between cultivars were few and inconsistent . 
Anthracnose and fol iar diseases were at subeconomic l eve l s. I n fungic i de seed 
treatment experiments, stands in the year of seeding were exce llent in 1976-
1978 and did not differ fu~ong treatments or between cultivars. Stand decline 
in 1978 was greater for ' Dawson ' than fo r ' Agate '. For age yi elds did not di f 
fer among treatments or between cultivars in the year of seedi ng with one 
exception . Forage yields of Dawson were less than those of Agate subsequent to 
the year of seeding . 

Initial stands were excellent on the same land area where alfalfa was seeded in 
1970 with no known previous alfalfa cropping , after p lowing the f i ve- year old 
stand of alfalfa in 1975 and seeding alfalfa in 1976, and after one or t wo 
years of soybeans and seeding alfa l fa in 1977 and 1978 , respectively. Average 
forage yields of the experiments seeded in 1970 were 26% higher in the year of 
seeding , and 40 and 35% higher in the first and second years after seeding , 
respectively , than in the experiments seeded i n 1976 t o 1978 . 

11 Published as .~stract No . 82-17 75 , Abstract Series, Nebraska Agricultura l 
Experiment Station . 
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Interference Between Companion Cr'ops and Alfal fa 

C. C. Sheaffer , R. L. Nielsen and D. K. Barnes 
Univers ity of 11innesota and USDA , ARS 

Approximately 90% of the alfalfa in Minnesota is established with a small 
grain companion crop, usually oats . The use of companion crops is generally 
considered to be detrimental to alfalfa establishment and s ubsequent yield . 
However , we previously reported that an alfalfa cultivar x oat companion 
crop interaction occurred for both alfalfa forage and oat grain yield (1) . 
Additional research has been conducted to determi ne the extent of the inter
ference betHee n oat and alfalfa cultivars (2). 

Five oat (Multiline E77 ; Froker, Lang , Noble and Stout) and si x alfalfa 
(Agate, Cody , DuPui ts, Iroquois , Hashoe , and ~lN Allelopathy ) cuI tivars were 
established together at Haseca , Rosemount and St . Paul , MN . Oat grain and 
alfalfa forage yield were measured. All oat cultivars reduced alfalfa 
yields (averaged over cultivars and locations) with Stout causing the largest 
alfalfa yield reduction and Froker the smallest . At Rosemount , Stout reduced 
the yield of all alfalfa cultivars except Cody, whereas Froker caused no yield 
changes . At Haseca , Stout only reduced yield of Iroquois ; Froker reduced 
yield of \~asho e and DuPui ts . 

Only the MN Allelopathy selection reduced oat grain yield over all oat cul
tivars and environments . Three oat - alfalfa cult ivar combinations r esulted 
in grain yield changes over all environment s : Noble/Cody had a 3 . 5 quintals/ 
ha reduction in oat grain yield; Stout/~lN Allelopathy had a 3 . 0 quintals/ha 
r eduction , and Lang/Iroquois had a 2 . 2 quintals/ha reduction . 

In the past , the recommendat ion for selection of an oat cult ivar for use as 
a companion crop has been to select a short , early maturing cultivar . Our 
research has indicated that interact ions of a lfalfa and small grain cult ivars 
may preclude use of this general recommendation . However , it may be 
poss i ble to select oat cultivars for broad based compatibility with alfalfa 
cultivars . 
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Breeding for Increased N2-f i xation Potent i al in Alfalfa 

O.K . Barnes, C. P. Vance, and G.H. Heichel 
USDA-ARS and University of Minnesota, St. Paul, MN 

We have been conducti ng research on alfalfa N? - fixation for nearly eight 
years. Our program has three l ong - term goa l s. 1) to develop an in-depth 
understand ing of N -fi xation i n alfalfa, 2) to breed alfal fa that i s more 
effective in N - fi~ation, and 3) to develop strateg ies to apply N - f i xation 
information an6 improved germplasm to agricultural production systems. This 
report is intended to provide an update on the breeding program . 

Earl y studi es establ i shed that alfal fa genotypes differed in N?-fixation and 
that an association existed between high acetylene reduction rates (AR) an d 
high top weight, high root weight, large nodule mass, and many fibrous roots 
(3) . Nodule mass was shown to be the primary factor affect ing AR . Th e other 
traits were assoc i ated with AR on ly because they were assoc iated wi t h nodule 
mass (4) . Nodule mass accounted for about 40% of the AR var i at i on among 
genotypes. We hypothesized that host-Rhizobium interact i ons were important 
sources of differences in N -fixation. Hardarson et al. (2) demonstrated 
that al falfa genotypes seletted for high N_?-fixation preferentially nodu
lated with more effect i ve Rhiz ob ium st rainS tha n did alfalfa genotypes 
selected for l ow N? - fixation. We also learned t hat our previous base 
populations were sasceptible to several important pests. 

The l ast severa l years ha ve been spent deve l oping si x base popul at ions of 
al falfa t hat have adequate l eve l s of resistnnce to important pests and that 
when used i n strai n crosses vlill provide a heterotic yield response . These 
populations are now being used in a mu l tip l e- step selection prog ram for 
increased N2-fixation. The steps incl ude selection for pl ant vigor at 
4-weeks and 13 weeks (1st regrowth) fo l lowed by se lecti on for high nodule 
mass and then high AR. Pl ants are grown in the greenhouse in nil-nitrate 
sand benches. Th e sand i s fertilized with P and K and mi cro nutri ent s and 
i noculated with mixed cu l tures of high and low effect iveness strains of 
Rhizobium. About 5% of the seedling plants are finally se lected. These are 
interpollinated within each base population. The progenies of the se l ected 
popul at i ons and crosses betwee~5the selected populations are eva l uated in the 
field for N2-fixation by the N dilution method . 

Research by Groat (1) demonstrated an association between AR and the activi
ties of t wo nodule enzymes, glutamate synthase (GOGAT) and phosphoenolpyru 
vate carboxylase (PEPC) . Efforts are underway to i ncorporate se l ection for 
increased nodule enzyme act i vity into the breeding program . 

1. 

2. 
3. 
4. 
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Effect of Seeding Year Harvest Management on Legume Ni trogen 
Availability for Succeeding Crops 

F. L. Groya and C. C. Sheaffer 
Department of Agronomy and Plant Genetics 

University of Minnesota , St . Paul , Minnesota 

Forage legumes Here once extens ively used as green manure crops to improve 
so i l fertility and to increase the yields of subsequent crops in r otat ions . 
Interest in the use of legumes as N sources declined when inexpensi ve forms 
of inorganic N fertilizer became available . However , r ecent increases in 
energy cost s have made inorganic N fertilizer more expensive and organic N 
sources more att ractive . The use of symbiotically f ixed N produced by prop
erly managed forage legumes in crop rotations may be a means to reduce ag
ricultural energy cos ts . Our objectives Here to determine the effects of 
harves t management on a lfalfa ( Medicago sat iva L. ) , red clove r (Trifol ium 
pratense L. ), and s"eet clover U1elilotus officinalis L. ) herbage and root 
dry mat ter and N yields , and the dry matter and N yiel ds of a subsequent 
sorghum- sudangrass (Sorghum bicolor x s udanese) crop . 

Non - dormant , I CUr- l Ol l and I Ardiente ,' and dOI'mant , ' Saranac I and I Agate I 
alfalfa ; ' Arl ington' red clover ; and ' Madrid ' SHeet clover Here seeded and 
in the seeding year the legumes were subjected to four harvest management 
treatments : (H l ) harvest "i th herbage removal except fall regroHth ; fall 
herbage r egrowth , crOl,ns , and roots incorporated , ( H2 ) harves t with complete 
herbage removal including fall regroHth ; only crO\·ms and roots incorporated , 
(H3) cut as Hl with no herbage removal ; cut - herbage , f al l regrowth , crowns , 
and roots incorporated , (H4 ) no harvests ; accumulated herbage, crOlms , and 
roots incorpor ated . The legumes "ere i ncorporated into the soil in t he 
fall of the seeding year Hi th a moldboard ploH . ' Trudan 8 ' sorghum- sudan
grass was seeded in the spring of the folloHing year . The ' non- harvest ' 
treatment (H4) resulted in a 10l,er total legume N yie ld than the other 
harvest treatments for each legume except s weet clover , but a greater N 
incorporation into the so il than for the treatments in which forage "as 
removed from the plots (Hl and H2 ) . The greatest average N incorporation 
into the soil ( 316 kg N/ha ) occurred when the legumes were cut and the 
forage returned to the plots (H3), while treatments Hl and H2 in which a l l 
or a portion of the herbage was r emoved added an a ve rage of 86 kg N/ha . 
Hithin treatments Hl and H2 , non - dormant alfalfa cult ivars had lower N 
yields and N incorporation t han dormant alfalfa cultivars and red clover . 
Sweet clover N y i eld and incorporat ion Has less than for other legumes 
within managements Hl and H2 , but s imilar within H3 . 

Total dry matter and N yields of the subsequent sorghum - sudangrass crop 
"ere not affected by previous legume spec i es or cultivars within harvest 
management treatments . Harvest managements H3 and H4 which incorporated 
more N to the soil resulted in greater sorghum-s udangrass dry matter and 
N yields than Hl and H2 . 

A N budget for the l egume/sorghum- s udangrass cropping system indicated 
t ha t the ' no harvest ' treatment (H4) resulted in an average addition to 
t he soil of 40 kg/ha while treatment s Hl , H2 and H3 resulted in N deficits 
of 41 , 67 and 16 kg/ha . 
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Stand and N2[C2H2J Act ivity of Four Groups of Alfalfa Cu lti vars Grown 

Under a Line -Source Sprinkler 

M. D. Rumbaugh and D. A. Johnson 
USDA -ARS, Utah State University 

Logan, Utah 

The alfa l fa cultivars used in the United States or iginated in various ways 
and in a wid e range of environments. We wanted to test whet her select ion of 
alfalfa for high forage yie ld in favorable environments had been accompanied 
by a reduction in drought resistance of young plants when these cult i vars 
were grown in mo re stressfu l environments . Thirty ei ght popu l atio ns were 
placed into four groups differing in origin, breeding, and adaptation. 
Group 1 included 14 newly released cultivars, most of which had been inten
s ivel y bred for maximum forage production in humid or i rrigated environments. 
Group 2 was composed of 10 less highl y selected and "older" cult ivars, some of 
which are widely used for dryland hay production in subhumid regions. A third 
group consisted of 10 cultivars intended pr imarily for dry l and pasture and 
range plantings. The fourth group had 4 populations wh ic h were wild or which 
had not been intensively se lected for ag ronomic traits . 

Fi e ld experiments were seeded on 24 June 1980 and 14 July 1981. Pl anting 
rates were adjusted to provide one viable seed per 5 cm of row with the 
18 . 3 m long rows at right ang les to a line source sprink ler. Four rep li ca 
tions were planted eac h year . The irrigation system produced a water appli 
cation pattern that was uniform along the len gth of the line but which 
decreased linearly from an optimal amount adjacent to t he li ne to zero 
approximately 12 m distant from the line . Irrigation began the day after each 
seed ing and cont inued on alternate days thereafter until the completion of the 
experiments . Sufficient water was appl i ed each t i me to initiate surface 
runoff along the source line . Data were obtained on stand, plant weight, leaf 
water po ten tial, and acetylene reduction activ i ty. 

No s ignifi cant differences in leaf water potential or acety lene reduction 
activity, N2[C2H2J, were fou nd among the groups of populations . 
Re ce ntly re leased cultiv ar s were superior to al l other groups in average 
stand and plant weight irrespective of drought stress. The commonly encoun 
tered contention of farmers and ranchers that "older " cultivars give better 
stands in drought stressed en vironments t han more recent ly released cult i vars 
was not support ed by the data f rom the se experiments . Alt hough mature plan t s 
of cultivars bred spec ifi ca ll y for use on dryland pastures and rangelands may 
surVlve better under drought and grazing stress t han other cu l t i vars, we fo und 
no eVlde nce of superior stands , growth, or acetylene reduct i on during the 
seed 1 i ng year . 
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A Survey of Alfalfa Diseases in Wyoming 

F. A. Gray and D. A. Roth 
Plant Scjence Division 
University o f Hyoming 

Laramie , \.Jyoming 

A survey was conducted in Wyoming during 1980- 81 to identify diseases in 
irriga ted alfa lfa . Randomly se lected fields were checked in a ll major a lfalfa 
producing a reas . In addition, "Disease Detection Plots ll were established at 6 
locations in the s t a t e to measure relative severi t y of f oliar disea ses . The 
test consis t ed of 11 alfalfa cultivars and lines recommended for characteriz 
ing disease resistance in alfalfa (1), and were planted in a r andomized 
complete block de s ign with 4 replications . Plots were given a subjective 
rating for diseases that occurred during 1981. Five t es t s ite s loca ted at 
Af ton, Powell, La ramie, Torrington and Riverton, toN were irrigated and one 
site located a t She ridan was dryla nd . 

Gene r al Survey 
Diseases f ound included: alfalfa s tern nematode, root-knot nematode, 

Ph yt ophthora root rot, spring bla ck stem , downy mildew, common leaf spot , 
winte r crown rot and Verticil] ium wilt. Di seases \.Jere generctlly widespread 
with the exception of Verticillium wilt, which was l oca liz ed in north central 
Wyoming; wint e r crown rot, found in one f ield in northeas t e rn Wyoming; and 
root - knot nematode, which occurred only in sandv soils of wes t cen tral 
Hyoming. 

Many fields where alfalfa stem nematode a nd /o r Phytophthora roo t rot were 
found had severe s tand decline . Spring black stem was frequently associated 
with discolored crowns and upper roots and may a ls o be invo lved in stand 
r eduction. Losses due to "winter kill" in Hyoming have recently been ;}ssoci
a t ed with the stern nematode (2) and may be associated with other crown and 
root diseases. 

Disease Detection Plots 
Foliar diseases detected at the five irr i ga t ed s it es included ; spring 

black stem, downy mildeH and common leaf spot. Sp ring b lack s tem Ha s found a t 
all s it es excep t Tor ring t on and was most severe at LarRnie an d Afton . Downv 
milde\.J '\1as f ound a t all siteR and wa s mo~t sev e re Clt Laramie and Afton . 
Common leaf spot occurred at Riverton, Powell and Torrington, but "as not 
detected in Laramie or Afton . Hi )?;h eleva tion and cool. s ummer s may explain the 
increased severity of sprin)?; black stem a nd downey mildew and the absence of 
common leaf spot at Laramie and Af t on. 

Yellow leaf blotch was the only di sease of importance found at the 
drvland site (Sherid an) but wa s not de t ec ted at any of the irrigated s ite s . 

(1) 

(2) 

Barnes , D. K. et a1. 1974. 
tance in alfalfa varieties . 

Standard tests to charact~riz e pest r es is
USDA, ARS - NC -19 , 23 pp. 

Gray, F. A., R. H. Abernethy, R. H. Delaney and non A. Roth . 1981. 
Dis'tribution and l osses a ttributed to the alfalfa s t em nematode in 
Hyoming and its possible association with wint e r kill . Phy t opathology 
71 : 1003- 1009 (Abstract) . 
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Ver t icillium Hilt of Alfalfa in Pennsylvania 

K. T . Leath 
U. S . Regional Pasture Research Laboratory 

University Park , PA 16802 

Verticillium wilt of alfalfa was detected in Pennsylvania for the first time 
i n August 1981._ It occurred in a 1978 seeding in Cen t r e County. The fungus 
Verticillium albo- atrum Reinke and Berth was isolated and identified and its 
pathogenicity verified in controlled inoculations. 

During August and September 1981 , plants suspected of having Verticillium 
wilt were collected in Bedford , Bradford, Carbon, Centre, Crawford , Dauphin , 
Fayette, Jefferson, Lancaster , Luzerne, Mifflin , and Northampton Counties . 
Verticillium \.Jilt \.]as identified in three additional sites in Centre and 
one site in Mifflin Counties . In 1982 , suspected plants we r e collected in 
Bedford , Bradford , Centre, Dauphin, Huntington, Jefferson, Juniata and 
Lancaster Counties. Verticillium wilt was detected at new sites only in 
Centre and Bradford Counties . Verticillium wilt has not been detected south 
of the central valleys in Pennsylvania . Additional surveys '<ill be made 
throughout the 1982 growing season . 

Controlled inoculations of red clover indicate that this species is pr obably 
a primary survival host for the pathogen . Individual leaves are killed , 
but heavily infected plants persist indefinitely in the greenhouse . Other 
research on Verticillium wilt at the U. S . Regional Pasture Research Lab-
orB tory include llost range, insect vector, and mode of pathogenicity in
vestigations. 

Crmvn and Root Fungal Diseases in The Najar 
Alfalfa Product i on Areas of Egypt 

H. I . Seif El-Nasr , Research Plant Pathologist , Plant Protection 
Department, NB tional Research Centre, Cairo, Egypt, a nd K.·T . Leath, 

Resea rch Plant Pathologist , U. S. Regional Pas ture Research Laboratory , 
University Park , PA 16802 

A survey was made of crown rots, root rots, and wilts of alfalfa in several 
regions of Egypt . The incidence of these diseases, t he fungi associated 
with diseased roots, and the pathogenicity of the fungi to al falf a seedlings 
were determined . Incidence of disease was highest in southern Egypt in the 
main production areas of Ne\11 Valley and Esna . Rhizoctonia solani and 
Fusarium spp. were the most common f ung i isolated . No pathogenic fungi were 
isolated from plants growing in the high soil salinity area of 511<a Oasis 
in the \l1estern desert . Root diseases increased \vith age of stand, and rots 
'.Jere more common than wilts . The known alfalfa pathogens ~. solani , 
Sclerotium bataticola , K. ox~~um , and I . semi tectum \.Jere identified . 
Fusarium fusarioides , E'.. . equiseti , and !~cor tax . spp. III \oJere recorded 
fo r the first time on alfalfa anywhere , and E. acuminatum fo r the fi rst time 
in Egypt . 
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Evaluation of Verticillium Wilt Res i stance 
in Field Trials and Growth Chamber Tests 

P. A. Delwiche, C. R. Grau, D. C. Arny, and l-l. C. Harfield 
Department of Plant Pathology, University of Wisconsin-Madison 

Verticillium wilt of alfalfa, caused by Verticillium albo-atrum Rke . et Berth. 
(Vaa) was f irst identified in the Midwest in 1980. As part of a program under
taken to investigate epidemiology and cont r ol of the disease, alfalfa breeding 
lines and cultivars were evaluated for Verticillium resistance in field trials 
and in growth chamber tests. Material in the field was scored on the basis of 
foliage and root symptoms 4.5 mo after plants had been root - dipped in a spore 
suspension of IHsconsin Vaa i solates and transplanted into the field . Materia l 
remaining in the field 5 mo after transplanting was evaluated to determine the 
percentage of plants showing Verticillium wilt symptoms (% wilt). In Hay 1982 , 
one year after transplanting, plants were counted to determine percent winter 
kill for each of the 52 experimental lines and cultivars . Inoculation in 
growth chamber tests was carried out according to the procedure described by 
Christen and Peaden (1), also using I,isconsin Vaa isolates. Material in the 
growth chamber test was evaluated twice, at 18 and 41 days after inoculation, 
on the basis of foliage symptoms . Linear regression was used to compare 
disease severity ratings from growth chamber and field studies. Correlation 
coefficients between growth chamber disease severity ratings (at both 18 and 41 
days) and the four parameters measured in the field to assess cultivar perfor
mance are presented in Table 1, where the range of values given represents that 
observed for the two field locations. Correlation coefficients between the 
four parameters measured in the field are presented in Table 2. 

Table 1 . Ranges of correlation coefficients (r) obt ained by correlating 
disease severity values from growth chamber tests with four different para
meters of field performance at two locations 

Field response 
Foliage symptoms 
Root symptoms 
Y. wilt (October 1981) 
Y. winterkill (May 1982) 

----~~~~----~~-------Growth chamber evaluations 
(18 days) (41 days) 

.338" - . 362* . 554** - . 594"* 

.477** - . 511** .601** - .713** 

. 305'" - .365* .597** - . 644"" 

.254* - .496** - .417** - .513** 

,< - significant r value at P - 0.05; ,", - significant at P 0.01 

Table 2 . Correlation coefficients (r) between several measurements of field 
performance . Range given for each combination represents that observed at the 
two locations. 

Root symptoms 
% wilt 
% win t erkill 

Foliage symptoms 
.668"" - . 694'''' 
. 675'"'' - .847"* 
.621** - .790** 

Reference 

Root symptoms 

• 609"* - . 726'''' 
. 453*" - . 633"" 

% wilt 

. 667"* - . 749"* 

Ch - t A A d P d R N 1981 Plant Disease 65 : 319- 321 . rlS en, . ., an ea en, .. • 
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Yield Reduction and Stand Losses of Alfalfa Associ ated Wi th 
Phytophthora Roo t Rot in l'!yoming 

W. H. Bohl , F. A. Gray and R. H. Abernethy 
Pl ant Sc i ence Di v i s i on 

Uni versi ty of I,yomi ng 
Laramie , Wyoming 

Phytophthora root rot (PRR ) , caused by Phytoph thora megaspe rma , h as been found 
in the major alfalfa producing areas of Wyoming . Until recently , l oss of 
alfalfa in stands less t han 4 years o l d had been attri buted t o wint erkill or 
unknown factors. It ha s now been de t ermined that s uc h l oss of stands i s , i n 
part , attributable to PRR . Crop rotation h as been suggested as a means of 
control of PRR , but the most effective method has been the u se of PRR resis 
tant cultivars (1) . The objective of this study was t o eval uate stand l oss 
and reduction in forage yield of 20 alfalfa cultivars seeded in an area 
naturally infested with~. megasoerma . 

Twenty alfalfa cultivar s were seeded on April 29 , 1 981 , in a field whic h had 
been planted in bar l ey for the previous 3 years . By J uly , sever al p l ants 
displ ayed symptoms of PRR , whi c h was l a t e r ver if i ed in the l abor ato r y . Sta nd 
counts were made in the fall of 1981 and i n t h e spring of 1 982. For age y i e l ds 
were also taken in the fall of 1 982 . 

2 The eight cultivars with the greates t number of p l a n t s /m i n the f a l l were a ll 
known to be PRR resistant , exce9t ' Ranger I which ranked seventh . In spring 
stand counts , two of eigh t cultivars wi th the greatest numbe r of p l a n ts/rn2 

were known to be suscept ibl e to PRR . Of t h e c ultivars tha t ranked in t he 
bottom 12 , only one \.;a8 classified as PRR resistant . Al l t he rema i ning 
cultivars have been classified as e i ther PRR susceptibl e or had an unknown 
reaction to PRR . Stand counts in the fall ranged from 54 to 1 34 p l a n ts/m2 . 
By the following spring , counts ranged from 12 to 102 p l ants/m2 . 

Yields of cultivars susceptibl e to PRR 'Jer e grea tly reduced , a l t ho ugh there 
was no statistically significant difference between the t op 16 cultiva r s 
according to Duncan ' s mu ltipl e range test . Al l c ultivars s uscept ibl e to PRR 
h ad forage yields less t han those knOlvn to be resist a nt t o PRR. 

Spring seeded alfalfa stand and forage y i elds can be s evere l y r educed by PRR 
in the first year . The study will be conti nued for several years to eva l uate 
t he persistance of each cultivar in a P. rnegasper ma i nfest e d area . 

Reference 

1 . Graham , J . H. , F . I . Frosheiser , D. L . Stuteville and D. C. Erwi n . 1 979 . 
A compendi um of alfal fa d i seases . American Phytop athol og i cal Soc i ety . 
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Eff ec t of Metalaxyl on Phytophthora Root Rot 
and Yield of Alfalfa 

Ronald E. \,e l ty and C. Lee Campbell 
USDA- ARS, Forage Research Unit, Oxford, NC 27565, a nd 
Department of Plant Pa thology , N. C. State University 

Ra leigh, NC 27650 

Phytophthora root r ot indu ced by Phytoph thora megasperma f . sp. medicaginis 
is a serious, destructive disease of a l fa lfa (Medi cago sativa L.) tha t limits 
production in mos t alfalfa- gr owing regions of the world . In the Piedmont 
region of North Carolina, seed ing is usually done in the fal l (August 15-
September 25) to take advantage of l ate summer rains a nd t o a1101, plants to 
become well - establ ished before cold weather. Most alfalfa is grown in heavy, 
clay soils (Ceci l Series) that have a high water- holding capac ity during the 
fall, winter, and spring . During the growing season, they are cons i dered well 
drained wh en evapotranspiration is high. \,et - soil favors growth of .!'. . mega
sperma f . sp . medicaginis a nd Phytophthora root r o t is most severe on sa tu rated 
or poorly drained soils. Estimates of yield losses caus ed by soil- borne, r oot
rotting f ungi mi ght be biased when assessment s a re made on above - ground 
r esponses (such as yield or stunting) that do not coincide with root damage. 
The purpose of t his study was t o evaluate a method fo r sampling field s of 
alfa l fa several t imes to determine when Phytophthora root rot develops and to 
relate Phytophthora root r ot to yie ld. Cultivars s usceptible to Phytophthora 
root rot \vere planted in 3 exper imen ts a t 2 lo cations (\.Jake and Rowan counties , 
NC) . Plants in one experiment in Rowan Co . were inoculated with mycelium of 
Phytophthora megasperma f . s p. rnedicaginis ; natural inoculum was a lso present 
in all plots . Meta l axyl (Ridomil) a t 0, 0 . 58, 1 . 13, and 2 .28 kg (a.i.)/ha was 
applied once i n the fa ll at seeding , and once in t he spring when regrowth 
began . Metal axy l was selected becaus e it controls di seases caused by species 
of Phytophthora in other cr ops . Five destructive samples were t aken f rom each 
plot between 11/80 and 7/81 and evaluated for plant number and weight per 0 . 3 m 
of row and fo r root rot . Dry matter was ha rvested three times during the 
spring and summer of 1981 . 

In Rowan Co., metalaxyl treatment had no significant effect on seedling number 
and plant weight. Root rot in metalaxyl-t reated plots was significantly l ower 
in noninoculated plots i n May and Jun e and in inoculated plo t s in May. Yields 
we re signi ficantly gr ea t er in inoculated and noninoculat ed metalaxyl-treatment 
plots than i n controls in June, but were simi l ar in May and July . Roo t rot 
scores (averaged across metalaxyl treatmen ts) on 4/1, 5/11, 6/17, and 7/29 were 
4, 6 , 56 , and 66%, respectively, in the noninocula t ed plots and 3 , 7, 44 , and 
53%, r espectively , in the inocu l ated plots . Ra infal l ( 24 cm) between 5/11 and 
6/17 was abo ut twice normal. In Hake Co., metalaxyl treatment had no signif i 
cant effect on seedling number, plant weight, root rot, or dry matter yi elds. 
Root rot scor es (averaged ac ross me t alaxyl treatments) on 3/26 , 5/18, 6/24, 
and 8/24 were 3 , 2, 3 , and 3% , respect i vely . Rain fa ll (14 cm) between 5/18 
and 6/24 was about 1/2 normal. In the absence of conditions (e . g . wet soils) 
favo r able to development of Phytophthora root rot, metalaxyl treatment had no 
signific ant ef fect on seedling number, plant weight , r oo t rot, or dry matt e r 
yields . 
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Inheritance of Fusarium Wilt Resistance in Alfa l fa 

E.H. Hijano, O.K . Barnes and F.1. Frosheiser 

University of Minnesota an d USDA - /IRS, St. Pau l, MN 

The inheritance of resistance to Fusarium vlilt, caused by Fusarium 
oxysporum f . ~. I]1gdicaqini~, was studied in tvlO genetically unrelated alfa lfa 
(Med i cago sativa L.) germplasm sources . 
- - i\lfalTa-Ciones were se l ected as being reoresentat ives of the different 

disease classes described by Frosheiser and Barnes (1) . One set of six clones 
was sel ected from winter-hardy germpl asm and another set vias selected from non
dorma nt germplasm . Source of the winterhardy germplasm was ' t~n FW-H' (2), 
produced by intercross in g resistant plants from 27 cu ltivars and germp la sm 
pools . Parents for the non - hardy germplasm were selected from 'UC Cargo ' , ' CUF-
101' and ' Moapa 69'. Three suscept i ble clones were selected from a two -clo ne 
synthetic (MnGN -l ) derived from the cult i var 'Aopal achee' . 

Two sets of six - parent complete di allel s with recioroca l s and selfs were 
produced from each germp l asm source . In addit ion, parents of each dia l lel 
were testcrossed onto susceotible clones and intercrossed wi th parents of the 
other dia l le1. 

The progenies \~ere grown in the greenhouse for 10 weeks, then immersed 
for 20 minutes in an inocu l um contal nlnq 1.5 x 106 con idi a/ml . The following 
day all pl ants were transp l anted into the field. Each plot was split in to 
two subplots, so that a cross and its reciproca l were always paired i n two 
replications . 

MnGN-l, ' Narragansett', ' Agate ' and ~10apa 69 were in cluded as checks. 
The number of established plants was recorded 2 weeks after transol ant inq and 
used as the ba se population for each olot . Oead pl ants were recorded th rough 
out t he season and surv i ving pl ants were rated for di sease sever i ty 3 months 
after trans planting. 

A qualitat i ve genetic analysis was performed. It demonstrated that 
resistance to Fusarium wi l t in both the winterhardy and the non-hardv germplasm 
sources was contro ll ed by one dominant gene (F~~l) and by one ·in completely 
domi nant gene (FI'2) . The F~~2 gene in the absence of F\o!l oroduced resistant 
plants when quad ruplex, intermedi ate ly resista nt plants when triplex and 
susceptible plant s when duplex, s implex or nu ll ip l ex . 

The i nher i tance patterns for Fusarium wilt resistance indicated i n this 
study suggest that response to se l ect i on should be r ap id, especially in germ
pl asm sou rces ca rryl ng the domi nant gene . Phenotyoi c recurrent se 1 ect i on 
should be effective at increas ing Fusar i um wilt res i stance in most al falfa 
populat i ons. 

1. Froshe i ser, F.1. and O.K. Barnes . 1978. Field react i on of alfalfa pl ants 
artificial l y inocu l ated with the bacterial wilt and Fusa rium wilt organ isms 
al one and in comb inat i on. Phytopatho l ogy 69 : 943- 946. 

2. Frosheiser, F.I . and O. K. Barnes . 1980 . Reg istrat ion of alfalfa germp l asm 
with Fusarium wilt resistance (Reg . Nos. GP 108 + GPllO) . Crop Sci. 20: 553 . 
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Factors Influenc ing Evaluation of Fusarium Wilt Res istance in 
Selec t ed Alfalfa Populations in the Southeast USA 

Gary Ember ger and Ronald E . "elty 
North Carolina State University, Raleigh, 27650 and 

USDA-ARS, Forage Resear ch Unit 
Oxford, NC 27565 

Fusar ium wilt of a l fa l fa caused by Fusar ium oxysporum f. sp . medicaginis is 
implicated in reducing yi eld and pers istence of alfalfa stands in the south
east USA . The present study was initiated to investigate i so l ate variability, 
effectiveness of inoculat i on techniques unde r field a nd greenhouse conditions , 
disease r eactions of cultivars in geog r aphica lly sepa rat ed wilt nurseries , 
and the effect of soil water matric potential on disease severity . 

Isolates of Fusarium oxysporum f . sp . medicaginis from Minnesota, Pennsylvania, 
Haryland, a nd North Carolina did not differ in gr owth in response to t empera
ture or in virulence . Conidia of fou r isolates from North Carolina \vere 
comb ined to inoculate resistant (Hoapa, Liberty, and NCHP-2) and susceptible 
(Apalachee and Narragansett) a l fa lfa in the f i eld a nd i n greenhouse t ests . 
Field and greenhouse r es ult s were high l y correlated (P-O . OI) . "ilt resistance 
in 10 cult i vars and 4 breeding l i nes adapted to the sou t heast USA was evaluated 
at two locations. Entries with the highest level of wilt resistance were 
ger mplasms NC~W 9 , NCHP 11, and NCHP 13 and cultivars Cimarron and Saranac AR ; 
Apalachee was highly wilt susceptible and the r emaining ent ries were moderately 
\vilt resis t ant . The disease reaction of entries CODUnon to '''ilt nurseries in 
No rth Carolina and Hi nnesota were s imilar, although disease scor es wer e higher 
in North Ca rol i na than Ninnesota . This i s probably because plants rema ined in 
the f i eld in North Carolina about 2 months longer than in Hinnesota and because 
soil tempe ratures \.;ere generally \varmer in North Carolina. 

Following inoculation with I . oxysporum f . sp . medicaginis, 2- to 3- month-old 
seedlings of alfalfa cultivars r esistan t (Hoapa) and susceptible (Narragansett) 
to Fusarium wilt were replanted in the greenhouse or outdoors and grmffi at 
different soil moisture r eg imes . Each soil moisture tr eatme nt was defin ed as 
a range of soil matric potential . Tens iorneters or gr avimetric t echni ques \.;ere 
used to monitor moisture extract i on and r egulate soil irrigat i ons . Yi elds of 
noninoculated Hoapa and Nar r agansett plants, as well as inoculated Hoapa 
plants, increased with increased soil moisture . Yi e l d of inoculated Narra
gansett plants was reduced in compar i son with noninoculated plants and there 
was no increase in y i eld i n response to increased soil moisture . Severity of 
Fusarium wil t fo r both cultivars did not in crease by in creased s oil moisture 
in gr eenhouse experiment s . A s i gnificant increase in mortality was observed 
for Na r ragansett plants in the f i rst 4 weeks follm"ing i nocula tion in an out
door experiment . Af t erwards, this difference was no longer observed . In a l l 
experiments, the bas i c cha r acteri zation of ~Ioapa and Narragansett as popu
lations resistant and susceptible, respectively to Fusarium wilt \"as never 
altered . Although increased so il mo isture may have an effec t on t he ini tial 
rate of disease development, there was no evid ence that it altered the basic 
character i zat i on of Moapa and Nar raganset t as cultivars r es istant and 
s us ceptible , r espectively , to Fusa rium wilt. 
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Effects of Inoculum Concentration and Temperat ure on Anthracnose 
Severi ty i n Alfalfa 

Ronald E. Welty and John o. Rawlings 
USDA- ARS, Forage Research Unit, Oxford, NC 27565, and 

Departments of Plant Pathology and Statistics , 
N. C. State University , Raleigh 27650 

Soon after Flemish alfalfa (Medicago sativa L.) germplasm was introduced into 
the United States, it was found to be highly suscept i ble to anthracnose caused 
by Col l etot r ichum trifolii (5) . Co n trol of the disease was achieved by 
developing resistant cultivars (1, 2) , but resistance was not lasting and with
in 10 yrs, pathogeni c races had developed (3 , 6) . The new race capable of 
inducing disease in previously anth racnose- resistant cu l tivar Arc was desig
nated race 2 (4) . The growth rate of race 1 (isolate PAl and race 2 (isolate 
NC 4) between 4 and 36 C in culture is similar (7) . However, the interaction 
among temperatures, races, and cultivars on anthracnose severity has not been 
st udied . Since four germplasms a r e available t hat di ffer on l y by t heir 
selection for resistance to race 1 (1), this study was done to evaluate how 
inoculum concentrations and temperature influence anthracnose severity . 

Conidia of race 1 or 2 of C. trifolii at concentrations of 1 x 103 , 1 x 104 , 
1 x 105 , or 1 x 106 conidia/ml were used to i noculate 3- week- old seed l ings of 
12 cultivars of alfalfa susceptible or resistant to anthracnose . Disease 
developed in susceptible cultivars inoculated with all concentrations of 
conidia and t he percentage of plan ts scored 3, 4, or 5 (1- 5 scale) increased 
sigmoidally as inoculum increased; the asymp t ote was generally reached at 
1 x 105 . The concentration where 50% of the seedlings were scored 3, 4, or 5 
was between 1 x 103 and 1 x 10 4 conidia/mI . The disease curves for race 1 and 
2 \.Jere similar for the four concentrations of conidia. 

Saranac, Saranac AN 4 , Vernal , Vernal AN 4, Glacier, Glacier AN 4, Team , and 
Arc were inoculated with 1 x 106 conidia/ml of r ace 1 or 2 and incubated at 
12, 16 , 20, or 24 C during infection . Disease was generally more severe in 
seedlings i) inoculated with race 2 than race 1, ii) incubated at the highest 
temperatures; and iii) in cultivars not previously selected for resistance to 
C. trifolii . Susceptibility to race 1 was temperat ure dependent . Among 
cultivars inoculated with race 2 , susceptibil i ty was temperature independent 
and resistance was temperature dependent . There was an interaction between 
temperatures and cultivars for race 2 . Vernal AN 4 was resistant to race 2 at 
12 C, moderately resistant at 16 C and susceptible at 20 or 24 C. Saranac AN 4 
was more resistant to race 2 than Glacier AN 4 at 16 C. At 12 , 20 , and 24 C, 
the level of r esistance to race 2 in Saranac AN 4 and Glacier AN 4 was similar . 
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Breedin for Res i stance to the Lesion Nematode 
Pratylenchus in alfalfa 

D.L. Nelson , O. K. Barnes, C. C. Shea ffe r , D. L. Rabas, and D.H. MacDonald 
USDA-ARS and University of Minnesota 

St. Paul and Grand Rapids, MN 

During the la st 20 years it has become increas ingly difficult to esta blish 
and maintain alfalfa at th e North Central Exper iment Stat ion in Grand Rapids, 
MN. Seed ling roots deve loped necrotic l esions followed by destruct i on of the 
secondary roots . Root inju ry was followed by stuntin g of the vegetative 
growth and subsequent plant death. Sheaffer et al. demonstrated that the 
unthrifty appearance of the plants was associated with hi gh populations of 
le sion nema t odes . Nematicide application sign ificantl y increased yie ld and 
stand persistence of alfalfa. Griff in reported that the mos t important 
root - l es ion nematode associa ted with alfalfa wa s Pratylenchus penetrans , but 
at least six other Pratyle nchus species can cause injury . Above -ground 
symptoms of root -l esion nematode injury resemble those caused by other plant 
pathogens cau sing plant stunting and characterized by sma ll leaf size and 
shorte ned in ternodes . 

A breeding program was i niti ated t o determine if resistant germpla sm could be 
deve l oped . Pl ants (c l ones) varying in plant vigor and appearance were 
se l ected from a two-year -old cult i var trial hav i ng a hi gh nematode popu l ati on 
(700 to 800 nematodes/58 cm 3 of soi l ). These selections, their Sand 
half-sib progeny were eva luated for resistance both in f ield and laboratory 
tests. Signifi ca nt variability wa s observed among clones for top weight, 
root weight , fibro us root score, and numbers of nematodes i n the root. 
Evaluat i on methods in the growth chamber and the f i eld rated clones similar ly 
(r=.72, 18 d.f . ) for root- lesion nematode resistance. Root fresh weight 
appeared to be the best selection criter ion fo r laboratory evaluations and 
top dry weight was the best se lection characterist i cs for fie l d evaluations. 
We believe it should be possible to develop cultivars with resi stance to the 
root - l es ion nema tode. 
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Resistance to Race 1: A Prerequisite for Induced Res i stance 
to Race 2, by Race 1 of Colletotrichum trifolii, on Alfalfa 

Stanley 
USDA-ARS, Field Crops 

A. Ostazeski and James 
Laboratory, Beltsville 
Beltsville, Maryland 

H. Elgin, Jr. 
Agricultural Research 
20705 

Center 

Approximately 80% of Arc alfalfa seedlings are resistant to race 1 of Colle 
totrichum trifolii. However, Arc is very susceptible to race 2 of th is 
fungus. Le ss than 1% resistant plants can be found in any Arc population. 
As reported earl ie r a majority of Arc seed lings ca n be temporarily 
"immunized" from a l ethal infect i on of race 2, by a "protecti ve" i noculation 
with race 1. In one of the "protection" experiments, we transplanted 
surviving race 2 "protected" Arc seed lings, singly, to 10 cm pl astic pots. 
After recovery, 162 plants were challenged with race 1 vi a needle 
inoculation. One hundred and sixty-one (99.3%) were found to be resistant to 
race 1. Plants were cut back, allowed to recover, and simi larly inoculated 
with race 2. One hundred fifty-one of 156 of the remaining race 2 
"protected" plants were found to be susceptible to race 2. In an experiment 
in whi ch protection to race 2 was measured in Arc, 'Saranac AR', 'Team', 
'Riley', and ' Baker', disease reactions of the "protected" survivors were as 
follows: In Arc, 100% of the survivors were resistant to race I, 95% were 
susceptible to race 2; in Saranac AR, 100% of the survivors were res istant to 
race I, 58% were susceptib le to race 2; in Team 95% of the survivors were 
resistant to race I, 67 % were suscept ible to race 2, however, in Riley, only 
42% of the survivors were resistant to race I, and of these 43% were 
susceptible to race 2; and in Baker, 53% of the seedlings were resistant to 
race I, of these 40% were suscept i ble to race 2. From these data, we suggest 
that resistance to race 1 is a prerequisite to protect i on from race 2 in Are, 
Saranac AR and Team, but not necessarily in Riley and Baker. 

Utah Alfalfa Variety Testing Results -- Quality and Quantity 

J.l. Bushnell, Extension Crops Specialist, Utah State University 
M.J. Anderson, An imal Scientist, USDA -ARS 

Logan, Utah 

Alfalfa variety tria ls have been conducted in Utah for several years . 
Several varieties have performed very well in the high mountain valleys of 
Utah as wel l as the desert regins. The top variety as per yie l d in Utah is 
De seret, a USDA release from the Crops Laboratory located in Lo gan, Utah. 
Other var ieti es which have done very wel l are: Anchor, WL - 309, WL-312, 
Vangard, and Thor. In relation to the yield trials, some quality work was 
initiated in which quality was eva l uated for the to f i ve al fa l fa var i eties. 
The qual ity analysis was run for these var i eties two weeks pr io r to harvest, 
at harvest, and two weeks after harvest using infrared analysis. Interest in 
Utah is very keen for quality results. Dairy farmers as well as alfalfa hay 
brokers are interested in these trial results. 
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Kesponse of Alfalfa t o Soil Water Deficits 

P. R. Carter and C. C. Sheaffer 
Department of Agronomy & Plant Genetics , 

Universi ty of Minnesot a , St . Paul , t1innesota 

Although many studies have reported yield increases due to alfalfa irriga
t i on when soil water has been limited , little informat i on is available on 
alfal fa pl ant and soil water relationshi ps which might be used to improve 
water management . Our objective was to determine effects of soil- induced 
plant water deficits on seasonal growth patterns , forage quality , forage 
yield , wa t er use , and wat er-use efficiency of alfalfa . 

During 1981 , established alfalfa grown on a sandy soil was subjected to 
four water supply levels designated : H (high irrigation) , ~lH (medium high 
i rrigation) , 11L (medium l ow irri gation ) , and U ( unirri gated , rainfall only ) . 
So i l "ater depletions occurred for all treatments to at least 1 . 90-m depths . 
Alfalfa in Hand !·lH treatments maintained midday plant "ater potentials 
( ~ ) at - 7 to - 13 bars throughout the season . For alfalfa subjected to 
MLmgnd U treatments , ~ reached - 27 . 5 and - 40 bars , respectively . mp 

Dry weight ( DI1) accumulat i ons for alfalfa in Hand MH treatments increased 
with successive harvests during the summer while harvest DW ' s for alfalfa 
in ML and U treatments declined . Relative growth rate (RGR) declined 
sharply as ~ decreased . At moderate plant water stress (~ of - 15 to 
- 20 bars) , IT~tle growth occurred and under severe water str~~s RGR ' s were 
negative due to leaf loss . Reduced soi l water availab l ilty r esulted i n in 
creased leaf : stem "eight ratios and in vitro dry matter disappearance (IVDt1D) , 
but only under severe and long- term plant water stress . Crude protein (CP) 
concentrat i on was unaffected by plant water status . 

,later use rates , after canopy closure at a leaf area index (LAI) of 1 . 5 
for well -watered alfalfa ranged from 5 . 3 to 10 . 0 mm/day during the summer . 
Despite moderate ( MH ) and severe ( U) plant water stress , alfalfa used "ater 
at an average daily rate of 6 . 9 and 2 . 6 mm , respectively . 

It appeared that i rri gat i on water could be used effec i ent l y on coarse
textured soils by moderate water application to alfalfa at 50% depletion of 
extractable soil water , an apparent threshold for maintenance of favorable 
plant Hater status . A close association between forage yield of individual 
harvests and cumul ative ~ indi cates potential for initiation of i rrigat i ons 
"hen plant measurements il'l8icate soil "ater depl etions to a threshold level. 
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Effects of Rhizo - Kote Seed Coating on Alfalfa Gr o wth and Yield i n 
Mi nnesota and Central Californi a 

K. J . Turk and E. J . Bartkowski 
CelPril Industries , Inc. 

Mante ca , California 

The long term success of an a lfalfa field is dependent on many limit ing fac 
tors. Among these are seedbed preparation , management practices , weed control, 
nodulation and so il fertility, and weather . Competition among plants dev elops 
i f anyone of the factors affecting growth becomes limiting . These limiting 
factors can affect stand establi shment , plant growth and ultimately yield 
through a series of comple x growth and development p rocess interactions. The 
yield of alfalfa in a field community i s affecte d by the leve l of interspecific 
competition with weeds . Intraspecific competition between a lfalfa p l ants will 
also affect yield through effects on the y i e ld components of the a lfalfa popu
lation , namely p l ant numbe r s , p l ant size and the number and s ize of stems and 
l eaves . 

Three different field studies were established during 1980 to e xa mine some of 
the plant population parameters affect ing yie l d and the r esponse of yield and 
y i eld components to Rh izo - Kote , a commercial lime based coating containing 
dlizobia bacteria , compared to moist - inoculated seed . One study in the spring 
of 1980 wa s established in South- eastern Hinnesota using typical grower prac
tices. Two small - plot studi es at sev eral p l anting rates were established on 
the CelPril Industr i es research farm i n t1anteca , California , one i n the spring 
of 1980, another in the fall of 1980 . Parameters measur ed included planting 
ra te , p l ant counts at 3 weeks and 18 months , plant size , stem counts, a lfalfa 
yield , and in Minnesota , weed yield . 

I n Minnesota , under grower field conditions, second year a lfalfa y i e lds aver
aged approximate ly 1 . 5 tons per acre a lfalfa and 1 . 6 tons weeds , for two cut 
tings . In California under fie l d p lot conditions second year alfalfa y ields 
averaged 11 . 2 tons per acre total for 6 cuttings with no weeds . Pl ant counts 
at 3 weeks and 18 months for comparibl e planting rates were l ower in Minnesota 
than in Cali fornia , indicating l o wer emergence and s ur vival rates . 

Al fa l fa yields were significantly h i gher for the Rh izo- Kote treatments in Minn
esota but in the California research plots no yield differences were seen be 
tween either the treatments or the planting rates . 

Field seed emergence percentages in California were seen to be related to the 
number of seeds planted . As planting rate increased the percent seed emergence 
decreased . No difference was seen between treatments at high planting rates , 
but an increase in percent emergence was seen for the Rhizo - Kote treatment at 
l ow planting rates . Overall e mergence rates were lower in Minnesota than in 
California . Seedling survival at 18 months wa s not seen to be related to 
planting rate . 
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Effects of Three Management Regimes 
on Seed Yield of Three Types of Alfalfa Cult i vars 

D. E. Br own , I.T . Carlson, and M. D. Rumbaugh 
Land O'Lakes, Inc ., Ca l dwell , Idaho; Iowa State University, Ames, Iowa 

and USDA-ARS, Utah State University, Logan, Utah 

Ti me of cl ip ping has been observed to i nf l uence subsequent blooming and seed 
set patterns for certain al fa l fa (Medicago sat i va L.) l i nes . The purpose of 
this study was to determine the effects of three management regimes on seed 
yield of three types of alfalfa. 

Management regimes (who l e pl ots) of no cli p, ear ly cl ip (10 May 1977 and 20 
May 1978), and late clip (20 May 1977 and 2 June 1978) were imposed upon the 
follow i ng alfalfa cultivar types (sub - plots) in 1977 and 1978; Flemish -
moderately winterhardy ('Saranac' and ' DuPuits'), winterhardy ('Agate ' and 
'Verna l '), and pasture -- very wi nterhardy ( ' Drylander ' and ' Travo i s ' ). 
Plots were seeded in 1976 at a rate of 2.2 kg/ha of seed per acre and har 
vested in 1977 and 1978 . Plots consisted of two 3m rows 46 cm apart on beds 
91 cm wide for rill irrigat i on as needed. Normal cu l tural pract ices were 
employed wi th leafcutter bees used as pollinators. At harvest, seed plots 
were mowed and ai r dried pr i or to thresh i ng and seed cleaning i n the labora 
tory. Data were analyzed for the split -split plot design. 

Highest seed yi elds of all cultivars were obta i ned in both years when the 
pl ots were not cli pped. Th e 1977 - 78 average yie l ds for no cli p, ear ly cl ip, 
and late cl ip were 768, 465, and 552 hg/ha, respective ly. Interactions of 
cultivar types and cult i vars wi thin types with managements were not signifi 
cant (P=0 . 05). Flemi sh cult i vars were highest yielding and pasture types 
were the lowest yi el ding each year. Cul tivars wi th in types di d not di ffer 
sign i f i cant ly in seed yie l d. The 1977 - 78 average yields for Saranac, DuPu i ts, 
Agate , Vernal, Drylander, and Travois were respectively 682, 695, 616, 641, 
450 , and 487 kg/ha . The results i nd i cated that clipping decreases seed 
yi elds and that cult ivar types can be managed un i formly . 
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Efficient ~ybridization of Medicago dzhawakhetica and M. sativa 
Using a M. sati va Mutant Lacking Post-Meiotic Cytok~nes~s 

T.J . McCoy and L . Y. Smith 
USDA, ARS, University of Nevada 
Reno, Nevada 89507 

l?'.,nt materials used in this study included one accession of M. dzhawakhetica 
(UAG 98 ) from Lesin ' s collection at the University of Alberta in Edmonton , 
three clones of M. fa l cata, and severa l ploidy l e vels and mutants of M. sa
tiva . Diploid, tetraploid , hexaploid and octoploid M. sativa clones were 
used . At the diploid level , normal clones of CADL , clones homozygous for r p, 
and clones homozygous for jp were used. The rp gene conditions 2n pollen for 
mation in alfalfa (~lcCoy , 1982) , and the jp gene resu l ts in 4n pollen due to 
the l ack of a pos t - meiotic cytokinesis . Plants homozygous t~r j p are effec 
tively male - sterile , and were only used as female parents . All combinations 
of crosses betwe en the various M. sativa clones and the M. dzhaw akhetica ac 
cession were made . 

The results indicate 2x M. sativa clones homozygous for j p are v e ry effective 
in producing interspecific hybrids with 4x M. dzhawakhetica . 2x jpjp c l ones 
crossed with 4x M. dzhawakhetica resulted in 2 . 41 seeds/pollination . In com
parison , crosses between 4x , 6x or ax M. sativa~ and 4x M. dzhawakhetica re 
sulted in zero seed production. The only hybrids were produced from 2x M. sa
tiva rprp clones x 4x M. dzhawakhetica (0.02 seeds/pol l ination) . 2x M. fal 
cata x 4x M. dzhawakhetica (0 . 02 seeds/pollination), and 4x dzhawakhetica x 
2x M. falcata (0 . 01 seeds/pollination). The very efficient hybridization with 
jpjp clones may be due to some abnormality in female gametophyte development 
that resu l ts in an acceptable embryo : endosperm balance not produced in nor
mal clones . Lesins (1961) also found that uneven p loidy levels were necessary 
for successful hybridization , however his crosses resulted in only 0 . 35 seeds/ 
pollination . 

Surprisingly , almos t all hybrids were triploid (2n = 3x = 24), with one M. sa
tiva genome and two M. dzhawakhetica genomes . Root- tip chromosome counts were 
made on 216 Fl hybrids, and 211 were triploid , three had 23 chromosomes , and 
two had 25 chromosomes. Chromosome pairing was studied in nine Fl hybrids . 
Trivale nt frequency ranges from 0 trivalents per cell in one plant to an aver 
age of 1 . 9 trivalents per cell in another p lant . This indicates that some 
p lants have the potential for genetic exchange between genomes . 

Morphologically , the Fl hybrids are p rostrate similar to the M. dzhawakhetica 
parent . Flower s i ze is i n termediate , a l though 4x M. dzhawakhetiaa flowers are 
smaller than 2x M. sativa flowers . Most Fl hybrids a r e extremely weak , al 
though one M. sativa j pjp clone produced hybrids more vigorous than the M. 
dzhawakhetica parent . The Fl hybrids a r e completely mal e - sterile . Female 
fer ti lity in crosses with norma l CADL clones and rprp c l ones i s very low (0.05 
seeds/pollination) . 
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Selection of Alfalfa Cell Lines Resistant to 
Culture Filtrates of Fusarium OXYSDorum 

T. R. Knous, T. J . ~!cCoy, B. D. Thyr, R. Rose , and L. Y. Smith 
Depar tment of Integrated Pest Hana~ement and USDA/ARS 

University of Nevada - Reno 
Reno, Nevada 

Four germplasms were utilized to selec t alfalfa cell lines resistant to a toxic 
component(s) of Fusarium o:r:ysporwn culture filtrates . The 4 germplasms were 
1I0apa 69 (80% resistant plants), Narragansett (less than 20~ r es istant olants), 
Regen S (deve looed for regeneration potential from tissue culture, less than 
20% r esistant olants) , a nd I 13 (an experimental Fusarium resistant line devel
oDed in Hungary). 

Callus cultures established from cotyledon sec tions of Moapa 69 (10 cultures), 
Narragansett (10 cultures), and I 13 (7 cultures) we r e selected fo r their abil 
ity to proliferate as callus on Shenk and Hildebrandt ( SHDN) medium (with kine
tin and 2,4- n) . Four cultures of Re ge n S we r e selected for the ir caoacity to 
re~enerate olants from tissue cul ture . Plant s corresponding to each of the 
tissue cultures we re pronagated as stem cuttings to test each c lone ' s response 
to the pathogen and to fungal culture filtrates. 

The callus culture selection experiments involved the replaceMent of 20% of the 
water in SHDN media with Fusarium culture filtrate . Suscentible cell lines are 
killed when transferred to this media . 

By selecting resistant co lonies a nd increasing the percentage of f iltrate in 
the medium, we have been successful in selecting a resistant cell line that is 
capable of growth on 100% culture filtrate med ium. Plants have not ye t been 
regenerated f rom this cell line . In addition to the selection of resistant 
lines starting from susceptible material, sc reening of cell lines from plants 
which are resistant to the pathogen has produced interestin'l results. 

All 10 clones of Nar ragansett a r e susceptible in vitro to the filt r ate and in 
vivo to the pathogen . Eight of the 10 Noapa 69 clones were susceptible to the 
filtrate. The 2 in vi t ro resistant clones were the only in vivo resistant 
c lones in the Hoaoa 69 selections . The I 13 c lones "ere all r esis tant to the 
pathogen, but only 4 were resistant to the Fusarium culture filtrate. 

The toxic component(s) in the Fusarium culture filtrates are heat stable, non
proteinaceous , and soluble only in polar solvents . Thin-layer ch romatography 
and ca l lus culture assay has sho,Yn the toxic component s to be free of fusaric 
and fusidic acids . The toxin(s) are biologically active in very small concen
trations. 

An in vitro alfalfa cell line selection approach couoled with toxin elucida
tion and class ical breeding procedures may allow a more precise identification 
of the genotypes and the resistance mechanisms in Fusarium resistant plants . 
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variation in ProtQClones Regenerated from NOnrnutagenized Calli 
of Two Regen S Alfalfa Selections 

L. B. Johnson, D. L. Stuteville, and S. E. Schlarbaum 
Department of Plant Pathology 

Kansas State University 
Manhattan, Kansas 66502 

Reports of alfalfa plant regeneration from protoplasts (2,3,4,5) make little 
mention of phenotypic or genotypic variation in the regenerates. Yet 
variation following regeneration from nonmutagenized cell cultures is common 
in many species. We find that variation may be frequent in nonmutagenized 
alfalfa protoclones. 

Protoclones were regenerated from two selections (RS-Kl and RS-K2) of Regen S 
alfalfa (1) as previously described (3). Four single ramet replications of 
each regenerate were field-planted in a randomized complete block design in 
the spring of 1981. Ramets of both parents also were included. Twenty-one 
and 61 protoclones of RS-Kl and RS-K2, respectively, had either 3 or 4 
surviving ramets in late fall. Plants were rated in mid-April of 1982 for 
winter damage (1 = no damage, 5 = plant dead). RS-Kl and RS-K2 had scores of 
1.7 and 1.2, respectively, while 43 and 20% of their protoclones were rated at 
3.0 or higher. Plants were harvested in mid-May for forage dry weight 
determination. Two of 12 RS-Kl and none of 51 RS-K2 protoclones had greater 
(P = 0.05) mean dry weights than their parents when clones with 3 or more 
replicates were compared. None of the RS-Kl and 24 of the RS-K2 protoclones 
were significantly inferior to their parents. Numbers of inferior protoclones 
were actually underestimated because of winterkill. Numerous var iations, 
including changes in plant height and leaf shape, have been observed. 
Cytological studies of protoclones revealed changes in karyotype, including 
aneuploids, translocations, and increased ploidy. 
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Collecting Alfalfa Germplasm in Turkey 

J. H. Elgin, Jr ., and R. H. Ratcliffe 
USDA , ARS, Field Crops Laboratory , Bel tsville Agricultural Research Center 

Beltsville, MD 20705 

Scientists are in general agreement that al fal fa Medicago sativa L. , most 
likely originated in the area of Asia- Minor , Iran, Turkey, and Northern 
Afghanistan. It is also recognized that the alfalfa weevil has existed in 
Asia- Minor as long as alfalfa has existed. Therefore , to pr ovide the extreme s 
of germ plasm variability for plant breeding and entomological research (in 
particular , alfalfa weevil resistance research) collection of al f alfa in that 
part of the world is of great importance. 

In 1981 , we participated in a collection trip to Turkey which was organized 
through the Aegean Regional Agricultural Research Institute at Izmir . We were 
accompanied on the expedition by Dr. Ernest Small , taxonomist , Agriculture 
Canada, Biosystematics Research Institute, Ottawa and a Turkish scientist, a 
senior technician, and a driver for the vehicle from Izmir . The collection 
took place between July 15 and August 15 . The party was transported by a 
4- wheel drive Chevrolet carryall approximately 4 , 300 miles during the 
exploration and traveled throughout most of eastern Turkey . 

In total 189 Medicago and other seed samples were collected ; 14 Rhizobium 
collections; approx imatel y 300 hebarium samples (collected by Dr . Small); and 
numerous Medicago insect samples (collected by Dr . Ratcliffe). The 189 seed 
samples consisted of 131 perennial Medicago single plant and population 
(cultivated and wild) collections, twelve annual Medicagos , 34 Lotus species 
and 12 Onobrychis, Trigonella , and other species . The insect collections 
included 33 live adult alfalfa weevils which are being held in quarantine at 
BARC by Dr. Ratcliffe. 

Great diversity in the types of Medicago sativa subsp . sativa was seen , 
particularly in flower color, pod coiling, flower and pod size, and growth 
habit characteristics. A number of diploid types were collected. Collections 
of Medicago sativa subsp . falcata , M. marina and M. papil l osa were also made. 
Twenty- eight "native populations" (primitive cultivars) of cultivated !i.:. 
sativa subsp . sativa were collected from village farmers. Apparently, alfalfa 
first became popular as a cultivated crop about the time of the Ottoman Empire 
(1300-1500 AD) when the soldiers traveling throughout Turkey began to rely on 
the alfalfa hay grown in the central province of Kayseri for their horses. 
All of the cultivated alfalfas in Turkey are purple flowered, coiled pod 
types. 

Many of the irrigated alfalfa fields which we saw in Kayseri province had 
severe infestations of stem nematodes. Previous U.S. intr oductions from this 
part of Turkey have demonstrated low to moderate levels of stem nematode 
resistance . This resistance has perhaps resulted from many years of natural 
selection in the Kayseri area. There was little evidence of other foliar, 
root or crown diseases . The climate in eastern Turkey is generally warm and 
dry during the growing season. I~ost of the cultivated alfalfa is grown under 
irrigation. Dodder was a severe weed problem in many of the al fal fa fields 
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throughout eastern Turkey. Ninety- five percent of the alfalfa is harvested by 
hand and stored as loose hay or hand-rolled bundles in stacks for winter 
feeding. 

The al falfa weevil was recognized as a damaging insect by mo st farmers in 
eastern Turkey. Damage was occasionally severe enough on the first crop to 
r equire some chemical control , sporadically available through the government 
extension office . The farmers did not kn o w of any type of alfalfa that was 
resistant to the weevil. No other insect probl em was recognized by farmers, 
and their alfalfa fields were generally free of damage. However, pea aphid 
(both green and red forms) and several species of snout beetles (probably 

l Sitona ) were frequently found in fields of Eastern Turkey. 

The soils throughout eastern Turkey are believed to be near pH 7. Farmers had 
essentially no knowledge of the presence of the rhizobium nodule on the 
alfalfa roots. No one used inoculum when planting seeds and were generally 
una ware that nitrogen was fixed from the air by the nodules on the roots. 
Some farmers applied fertilizer or manure to their alfalfa fields but most saw 
little respon se from its application. 

Because of the high elevations in Eastern Turkey we had orignally expected to 
find an alpine climate with scattered trees and evergreens covering the land . 
In fact, there were essentially no trees on the hillsides and mountainsides, 
even at elevations in excess of 2,000 meters. However, perennial Medicagos 
were found easily in most locations in the east a nd northeast of Turkey. 

Most notable on the collection trip was the decimation of the countryside. 
Literally all vegeta tion was grazed to the ground by sheep, goats and cattle 
(primarily sheep), making it very difficult to find flowering Medicagos. We 
found the best collection sites to be on steep road banks and in and around 
villages where there are rock walls and other obstructions keeping animals 
from reaching them. 

All of the people that we met were quite courteous, cooperative, and most 
willing to be helpful to us. 
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Description of Se ve ra l Variants Observed in Plant Introduc tions Being 
Inc r e ased at Reno , Nevada 

T . J . McCo y , B. D. Thyr , and L . Tuteur 
USDA , ARS , Univers ity of Nevad a 

Reno , Nevada 89507 

Visua l observations a nd cytologi cal studies of polle n of a number of p lant in 
troductions being inc rease d at Re no , Nevada hav e ide ntified severa l variants . 
A viresce nt mutant was i dentified in P .I . 247789 , a tetrap l oid germplasm from 
Peru . Unlike the virescent mutant previous l y described by Stanford (1969) 
this mutant is not temperature sensitive . Pl ants were grO \Vl1 in the field , 
greenhouse and three growth c hamber e nvironments (constant IO°C , constant 
20°C , and constant 30°C ). Expression of the trait was consistent in al l en 
vironme nts . Inheritance data indicated the virescent trait is contr olled by 
a s ingle recessive gene , designated VP . 

In P . I . 258752 , a diploid fif . falcata germplasm from the USSR , we identified a 
new male - sterile mutant. Cytologica l s tudies of male - sterile plants indicated 
breakdown occurs imme diately after pachytene . Pre liminary inheritance data 
indicates male sterility is controlled by a single r ecessive ge ne . 

In P . I . 325381, a dip l oid M. sativa (syn . M. coerulea ) germplasm from the 
USSR , we identified one plant that produced jumbo pollen ( 54 -64~m) instead of 
normal pollen (30-39~m) . Cytological e xamination indicated that me i osis was 
normal through t e lophase II . However , after meiosis there is no post- meiotic 
cytokinesis . I nhe ritance studies indicated that jumbo polle n formation is 
con t r o lled by a s i ngl e r ecessive gen e that is a l lelic to a previously identi 
fied muta n t in CADL . 

A minimum of 50 p lants of each of the following diploid P . I . ' s was screened 
for 2n pollen frequency, 179370 , 251690, 258752 , 314093 , 3154 60 , 315465 , 
315471, 315479 , 315481 , 325381, 325382 , 325407. Interestingly most P . I . ' s had 
a few (range 0 to 8) p l ants with a descernible l eve l of 2n pollen (1 to 5%) . 
In addition , P . I . ' s 315460 and 325382 had one p lant each with a high l eve l of 
2n pol l en (greater than 15%). Al l e lism tests wi th the r p ge ne that conditions 
2n pol l e n formation in CADL , (MCCoy , 1982) are being conducte d . I n addition , 
ana l ys i s of Fl hybrids between M. coerulea P . I . ' s and M. falcata P . I . ' s d e mo n 
strated an increased frequency of p l a nts with a discernible l eve l of 2n pollen . 
A minimum of 50 p l ants of each o f nine h ybrid families was e xamined . All Fl 
families produced several (range 3 to 16) p l ants with 1% or g r eater 2n pol l en . 

Two P . I . ' s (P . I. 244317 , a tetraploid germplasm f rom Spain , a nd P.I. 304525 , 
a tetr ap l oid germplasm from Turkey) are s ensitive to the pesticide DIBROM . 
Application of DIBROM at normal rates r esulted in die - back of the above - ground 
porti on of the plants . Four to six week s was required for regrowth to com
menc e . An i nheritance study of DIBROM sensitivity i s being conducted . 
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The Importance of Leaf Frost Resistance to the Winter 
Survival of Seedling Stands of Alfalfa in Northwestern Canada 

J . S . McKenzie and G. E. McLean 
Research Station , Agriculture Canada 

Box 29 , Beaverlodge , Alberta 

Alfalfa ' s ability to survive winter depends in part upon its capacity to 
synthesize, trans l ocate and store food reserves in the roots and crowns 
during the fall . To survive in northern latitudes th e p l ant must synchronize 
its development sufficiently early in the fall to accumulate food reserves 
prior to the first "killing frost " . Although survival does not depend upon 
overwintering leaves , the cold resistance of the l eaves may govern the length 
of time that food reserves are translocated to the crown and root in the fall . 
The objective of this study was to employ controlled freezing faci l ities in 
the field to define the influence of frost on the l eaves of four alfalfa 
selections in the fall and on p lant s urvival the following spring . 

Plants propagated from single plant selections of the cultivars Saranac and 
Luna (11edicago sativa L. ) , Beaver (ii. media . Pers) and Anik (ii . falcata . L) , 
were transplanted into the field in May and subjected to a range of freezing 
temperatures at three week intervals during August and September. 

Leaves on all plants had the capacity to harden during the fall but the 
selection from Anik was consistently the most frost hardy . In mid- August, 
a _6oC temperature caused 50% leaf injury in the Anik selection but in late 
September , - 12 . 50 C caused less than 35% injury . Temperatures ranging from 
- 4 to - SoC caused 50% l eaf injury to the selections of Beaver, Saranac and 
Luna in mid-August while in late September temperatures ranging from - 9 . 5 
to -lO.SoC were required to produce similar amounts of injury: Thus , the 
Anik selection appeared to start hardening about 3 weeks earlier than all 
other se lections. 

The potential for winter injury was very high in the spring as a result of 
lea f -damage in mid-August. This effect diminished as the date of the first 
fall frost was delayed from ear l y to late September. 

Long term frost records at Beaverlodge , Alberta (55 . 12oN lat ., 11. 16oW long) 
indicate that because of the ability of a lfalfa leaves to harden , early fall 
frosts are not of sufficient intensity to have a major effect on leaf injury 
and subsequently the winter survival of seedling stands of alfalfa at this 
location . 
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History of Germp l asm Involvement 
by the National Alfa l fa Improvement Conference 

l~ . R. Kehr 
Research Agronomist , USDA/ARS 

University of Nebr aska , Linco l n, NE 

While t he first conference me t in 19 34 , it was in 1948 t hat the objectives of 
the confer ence '"ere reviewed and stated by H. H. Tysda l as follows : "Through 
a cooperative integrated program to exchange information a nd materials wi th the 
objectives fi rst to deve l op , test , and establish , and second to pr eserve and to 
make av a ilable on a national basis superior alfa l fas for the maintenance of a 
permanent agricultur e and for the betterment of the seed , forage , and livestock 
industries of t h i s a nd other countries " . In a broad sense , nearly a l l ef f orts 
by the Nati ona l Alfa l fa Imp rovement Conference (NAIC) have involved germplasm . 

The need for multipl e pest resistance , forage and seed yield , and persistence 
in alfa l fa culti vars was d i scussed at the first conference in 1934 . Alfalfa 
germpl asm exchange among investi gators , seed production of experimenta l strains 
in the west for return to the originator, the need for fundamental work , and 
voluntary contributions to alfalfa conferences and reports were d i scussed in 
relation to breeding "ideal " alfal fa cuI tivars . Proposals \'lere made at the 
second conference t o develop a system of listing s trains and seed available 
with certain charac t eristics ; to standardize certain types of tests and note 
taking procedures ; and to appoint a secretary to keep people informed , l ist 
avai lable seed , and to issue an annual report . Much of the germplasm involve
ment s ince th e n originated and centered around committee activities. 

Committees on the Seed Increase of Experimental Strains we r e continually faced 
with poor and unstable seed yields in the midwes t and east and sear ched fo r 
cooperative seed production in the irrigated wes t . The NAI C appea l ed for he l p 
directl y to the Secretar y of Agricul ture and rece i ved f unds in 1936 . Presen
tations and discussions at s e veral alfalfa confer ences and joint committee 
meetings with the International Crop Improvement Associati on (later called 
AOSCA , Assoc i ation of Official Seed Certifying Agenci es) l ed to the deve l opment 
of regulations for p roduc ing certified seed of ' Ranger ' outside of its a r ea of 
adaptation about 1946 . Standards deve l oped for Ranger seed production became 
the basis for current methods . Many discussions on the need for r eliable stock 
seed pr oducti on of small- seeded legumes and grasses r esulted in the National 
Foundation Seed Project that was organized in 1949 . The NC - 83 project , "Seed 
pr oducti on of breeding lines of insect- pollinated l egumes ", initiated in 1965, 
with an objective on seed increase of experimenta l s , resu l ted from a l fa l fa 
conference activities . 

Committees on variety Testing initially discussed me t hods of testing strains 
and later d i scussed testing culti vars f r om publ i c and private programs . 
Number s of stat i ons , years , and cuttings , generation of synthesis , harves t 
management , data obtained in the year of seeding, s t and estimates , and other 
matters were considered without setting standards . The use of standard forage 
yi eld check varieties was initiated by the Central Al fa lfa Impr ovement Confer
ence (CAlC) in 1963 and the Eas t ern and western Conferences adopt ed the 
practice . "Uni form Nurse ries " to test e xperimental str ains a nd cultivars were 
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organized through USDA l eadershi p at Beltsville , MD , and conducted from 1937 
to 1954 . Similar tests were regionalized in 1955 and reported by r egional 
conferences. Experimental strains of various origin were assigned "A" numbers 
and clones exchanged among workers were assigned "c " (conference) numbers by 
conference secretaries through the mid- 1960 ' s . 

The Committee on Release of New Cultivars functioned from 1952 to 1960 in an 
advisory capacity to e valuate data and to recommend release of cultivars de 
veloped in public programs . However, some public cultivars had been released 
without consideration by the committee . with the advent of a number of pri
vate alfalfa breeding programs about 1960, the role of the committee was 
questioned , and the committee was terminated . 

The Committee on Cultivar Descriptions listed cultivars with published de
scrip tions in confer ence reports from 1964 to 1976 . The conference decided in 
1976 that descriptions of cultivars that received favorable review by the 
National Certified Alfal fa Variety Review Board (NCAVRB) would be sent to the 
NAIC members annually . 

Committees on Genetics , Breeding , Gene , Chromosome and other Nomenclature have 
functioned for 30 years . Breeding and genetic terms were defined . Note
taking procedures \Vere developed for plant characteristics , disease , and 
insect resistance. Standar d descriptions were made for growth stages . The 
princip les of gene nomenc l ature elaborated by the International Committee on 
Genetic Symbols and Nomenclature at the 10th International Congress of 
Genetics were considered adequate for alfalfa . A chromosome numbering system 
and a key to the identification of the chromosomes in diploid ~ledicago sativa 
L. were made. Geneticists were requested to send genetic s tocks to the 
National Seed Storage Laboratory . Nomenclature was considered for insect bio
types and physiological races of pathogens in 1972 . The assignment of three
l etter symbols for traits was suggested to assure long- term computer use. An 
Illustrated Summary of Genetic Traits in Tetraploid and Diploid Alfalfa was 
published in 1967 (D. K. Barnes and C. H. Hanson , USDA Tech. Bull . 1370) and 
26 added r efer ences were listed in the 1976 Conference Report. 

The Committee on Listing Available Breeding Lines has been active for about 20 
years . Officially released breeding materials have been listed in conference 
reports . " Improved Breeding Lines of Alfalfa " 1978 , USDA , AR'1- \'1 - 5 by O. J . 
Hunt et al. listed lines released from 1965- 1978 . Indices listed the lines by 
origin (state, federal , private industry , and Canada) and use (botan ical, 
genetic , pest r esistance , etc.) . 

Committees on Screening Breeding Materials for Pest Resistance have been 
active since 1952 when initial screening procedures were described. The need 
for genetic diversity in pest resistance has been recognized for at least 25 
years . The use of standard checks for disease and insect resistance was 
proposed by the CAlC in 1971 and endorsed by the NAIC in 1972. 

The Committee on Standard Tests for Characterizing Disease and Insect Resis 
tance of Alfalfa Cultivars has been active since 1972 when a report on screen
ing procedures , standard evaluation methods, and standard checks was issued . 
The report became the basis for "Standard Tests to Characterize Pest 
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Resistance in Alfalfa Varieties" , 1974, ARC-NC-19 by D. K. Barnes et al. The 
use of this publication resulted in unifying descriptions of pest resistance in 
cultivars and germplasm releases. ARC-NC-19 (revised) with 18 coauthors is 
scheduled for publication in the fall of 1982 . The publication lists persons 
and locations that can pr ovide information about cultivar evaluation tests for 
specific types of pest resistance. Seed of the 17 check cultivars recommended 
in standard tests is available from J . H. Elgin Jr. , USDA/ARS at Bel tsville , M~ 

The National Certified Alfalfa Variety Board which met for the first time in 
January 1962 was the result of meetings by the alfalfa improvement conference, 
the American Seed Trade Association and the International Crop Improvement 
Association (AOSCA) . The board consists of five members , one from AOSCA , one 
plant breeder f rom the ASTA , one member at large from the ASTA , one public 
plant breeder from the alfalfa improvement conference , and one p lant breeder 
from the USDA/ARS. The board reviews and evaluates information on new alfalfa 
cultivars presented by public and private breeders and expresses an opinion o n 
whether a new variety merits certification. The board reports to AOSCA those 
varieties that are distinctive and merit certification . varieties that do not 
receive a favorable review are reported only to the secretary of AOSCA and the 
originator of the variety . The NAIC secretary sends a copy of the AOSCA r e 
port to members. 

The Committee on Alfalfa Variety certification has functioned continuously 
since 1966 . Committee recommendations stimulated research that resulted in re 
ducing the isolation distance for producing the certified seed class in fields 
larger than 2 ha (5 acres). Another study supported the adequacy of the 0 . 4 km 
(1320 feet) isolation for foundation seed production. In 1978 the NAIC adopted 
the "isolation zone H concept , that is, eliminating the isolation requirement 
for alfalfa where the i so l ation zone is less than 10% of the entire field t o be 
certified (area of field usually within the isolation strip or border) provided 
there is a c l ear line of demarcation between adjacent cult ivars . This change 
in alfalfa isolation requirements for the certified seed class was subsequently 
adopted by AOSCA , OECD (Organization for Economic Cooperation and Development) , 
and Canadian seed organizations where seed is to be used for forage purposes 
only. Age of stand, cropping history and control of volunteer seedlings were 
recognized as added problems in maintaining varietal integrity. AOSCA stan
dards state the originators of cultivars or their designee are responsible for 
specifying age of stand for all seed classes of certified seed . Federal 
standards for producing hybrid seed ·"ere developed . 

various Gerrnplasm Committees functioned from 1960 to 1972. ',·ihen the National 
Seed Storage Laboratory at Ft . Collins , CO , was constructed , the conference 
resolved to assemble seed of cultivars , breeding , genetic , and otherwise unused 
stocks for deposition. Since 1962 , originators of cultivars were encouraged to 
send seed to the laboratory_ Much committee \oJork has been concerned 1tlith 
foreign p lant introductions . Storage of seed of all plant introductions in the i 

laboratory was r ecommended as a germplasm reservoir . It was also recommended 
that if seed of an introduction is very limited in quantity when received , that 
it be increased before storage and evaluation. The following terminology for 
seed of plant introductions was recommended : a) that open-pollinated seed be 
listed with the original PI number plus the letters O. P .: b) to maintain the 
original PI number i f seed is increased in a cage or isolation; c ) if a PI is 
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incr eased by hand poll ination , t hat i t be l abel ed wi t h t he original PI number 
p lus Si b or Sl as appropr iate . Al falfa breeder s vo l untarily i ncreased seed of 
plant introductions whe r e the seed suppl y was most c ri t i cal. Committees worked 
dur i ng 1968 to 1972 on the development of a system for obtaining , recording , 
and retrieving data on plant introductions that could be computerized . Two 
broad- based germplasm pools NC- 83- l and - 2 , that incl uded se l ect ed plant intr o
ducti ons with pest resistance , were produced in the NC- 83 project and distrib
uted through the Nebraska Agric . Exp . Stn . and the Regiona l Pl a nt Introduct ion 
Station at Ames , lA. 

The Commi t tee on Preser vati on of Germpl asm was es t ablished in 1972 and continues 
to function. In its initial years , the committee continued to stimulate int er
es t in the seed incr ease of p l an t in t roductions , the inco r por ati o n of Canadian 
germplasm into the U.S . collection , gerrnplasm exchange wi th fore i gn countries , 
germplasm pool development , simul taneous seed and Rhizobi a col l ection , and 
domest i c seed co l lection from old stands particul arl y in range areas of the 
\vest e r n states and adjacent areas of Canada . 

Alfalfa is one of eight crop species that was included o r iginal ly in a Germ
pl asm Resources Information Project sponsored by the USDA a nd initi ated i n 1978 
to develop an information system to service the Nat i o nal Plant Ger mplasm System 
(NPGS) . The system wi l l allow dat a to be collected , stor ed , and updated and 
will permit multiple location access for data i nput and queries. The Reg i onal 
Plant Introduction Station , Iowa State University , Ames , lA , is the a l falfa 
center . An Alfa l fa Crop Advisory Committ ee (ACAC) 'vas appoi nted . The commi t 
tee members are from federal and state government, universities , private 
indus t ry , and Canada . Membership of the NAI C Committee on Preservation of 
Ger mplasm is i dentical to the Al f a l fa Crop Advi sory Commi ttee . The NAIC/ACAC 
co~ittee developed descrip tor lists , defined the descriptors and set prior
ities for research on p l ant introductions . The committee is developing 
evaluation strategies for the most important descriptors , with emphasis on pest 
r es i stance , using standard tests . Sc i entists in eleven states showed i nter est 
in evaluations . The joint committee also revie\o/s and sets prioriti es on 
a l falfa seed col l ection proposals from all regions before cons i de r at i on by 
r egional and national germplasm committees . Several USDA/ARS committee mem
bers have worked closely with the Ames Station to identify plant i ntroduction 
accessions for seed incr ease , assist i n coordinating seed increases , and i n 
planning explorations for seed and Rhizobium nodul es . Plans wer e made for USDA 
personne l at Reno , NV , t o increase seed of about 1 50 accession s per year 
starting in 1979 . Seed increases in 1979 were variable but the 1980 and 1981 
seed crops we re successful . Recent p l ant explorations incl ude the Andes of 
northern Chile, 1980 ; domestic co l lection in old stands of western U. S . and 
adjacent areas of Canada , 1980 ; Peru , Bolivi a , and Ecuador, 1 98 1 ; a nd Turke y , 
1981. 

SUMMARY 

Because of the NAIC and its members , and through the coooeration of breeders 
e n tomo l og i sts , pathol og i sts , agronomists , and seedsmen , ;lorth Amer i ca has a ' 
large number of multiple pest resistant a l falfa cultivars and a germplasm 
1mprovement program . 
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Response of Seed ling Al falfa Plants to Hi gh Levels of Chloride - Salts 

Dale Smith, A. K. Dobrenz, and M.H. Schonhorst 
Department of Plant Sc iences 

Unive r sity of Arizona 

Sa l i nity i s a problem of many soils of Arizona and other southweste rn states. Alfalfa is only 
modera tely to lerant of saline condit i ons. Yet , a l falfa is a very important economic crop in 
Ar izona. 

Pl ant damage f rom a high salt concentration in the external med ium most commonly is due to 1) 
reduced water potential that makes it difficult for t he plant to obtain water , and 2) toxic 
effects due ~o ce r ta in ions. One of the most prevalent ions in southwestern so ils and water is 
ch!oride (Cl ) and alfalfa is readily damaged by this ion . Under desert conditions of Arizona, 
Cl may be in the irriga tion water or accumulate in the so il. Chloride is highly mobile in ~he 
so il, except under low rain fa l l conditions . Al falfa has a deep root that rea dily absorbs Cl , 
which accumulates in the plant tissue without becoming incorporated into organic molec ule s . 

Most studies of salt tolerance in alfa l fa at the University of Arizona have been conducted using 
seed germinated in various concentrations of NaCl so lution . Therefore, we initiated a ser ies of 
greenhouse experiments with young , estab lished alfalfa plants to determ i ne the~r r esponse to 
several common sa lts, their survival to i ncr easing level s and adaptat i on to C1 , and the influ 
ence of plant age , temperature, soil moistu r e , and l i ght on su r vi val. This information is 
needed to establish a sc reening procedure for the alfalfa breeder to identify salt - tolerant 
alfalfa genotypes and to deve l op salt - tole rant strains or cultivars. 

All studies were conducted in the greenhouse with plants of ' Lew ' alfalfa grown from seed in 
one - l ite r, plasti c pots filled with Mohave sandy loam soil (2 . 7 pounds of so i l/pot). Twenty or 
25 pl ants/pot were grown to 4 to 5 weeks of age (5 to 7 inches tall) and t r eated with a salt 
sol ution, usually KCl. Plant survival was eval uated 4 weeks after salt t rea tment . Except at 
time of salt treatment, plants were watered only with distilled water . 

Seed ling alfalfa plants survived moderate rate of Cl (405 to 810 Ib s CI/A), but surviva l 
decreased marked ly as rate of C1 was increased. All rates of salt were applied on a sur 
face-area basis . Few, if any, plants survived 2430 Ib s ellA applied in a single dose . Survi va l 
was not significantly different whether the chloride - salt was NaC1 or KCl , wh en equal amounts of 
(1 were applied. Survival was much higher with the application of high rate s of K

2
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2
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4
, 

and NA HPO than with KC l or NaCl . The chloride salt chosen for use in subsequent t rial s was 
KC1. the ~a+ i on from NaCl ca used the potted soil to deflocculate , espec i al ly at the soil 
sur f ace and hindered water movement through the so il . 

Young alfalfa plants increa sed in C1 tole rance as they matu red. At all ages tested (2 - to 
7-week-old plants) , a higher percentage of the plants wa s killed wh~n the herbage was removed 
just before the C, - was applied. Plants survived application of Cl better at moderate (80°F) 
than at high (100°F) temperatures and whe n the soil was dry rather than when it wa s wet. 
However, plant survival was not s ignificantly affected by l ight intensity . 

At high ra tes of Cl , fol i age of treated pla nts showed wilting within 2 to 8 hours and the top 
growth has collapsed by 24 to 48 hours af ter t reatment with KCl . Most damage and killing of 
plants occ urred within 7 days , even though data on surv iv al were not ta ke n until 4 week s afte r 
exposure to salt . Chloride accumulated in higher concentrations in leaflets than in stems . 
Lowest concentra t i ons of C1 were fo und in roots. All root s appeared to be alive at the end of 
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the 4-week recove ry period, even pl ants where al l shoots had been killed sho rtl y afte r salt 
treatment. 

Plants survived high total applicat ion rates ~f Cl when they were allowed time to adjust 
fo llowing_exposure to sub-lethal l eve l s of Cl . This adapt ive response make s it diff i cult to 
se l ect Cl tolerant plants under fie l d conditions. Exposure to variable and unknown amounts of 
Cl in the soil and/or i r rig ation water during seedling establi shment makes it dif ficult to 
decide on the amount of ch loride- salt to app l y to reach the selection pres sure needed to identi 
fy to lerant plants. 

The above resu l ts _were used to develop a procedure to sc reen alf alfa seed ling pl an t s in the 
greenhouse for Cl to l erance (salt tole rance). Full text of the above results with data and 
details of the scree ning procedure developed ca n be f ound in the Jour nal of Pla nt Nu t rition 
4(2) :1 43 ,1981 . 

A Systematic Program of Seed Increase and Phase -out Needed for Public Alfalfa Cult i vars 

O. K. Barnes , W. R. Kehr , and F. I . Frosheiser 
USDA-ARS, St . Paul , MN and Linco ln, NE 

Alfalfa (t·ledicago sativa L.) was in troduced into North America from 1850 t o 1947 as ni ne di s 
tinct sources of germplasms f rom different regions of the Vlorld (Barnes et a T., 1977) . All of 
the present U. S. cultivars were developed from those germp1asm sources . Prior to about 1925 
most alfalfa breeding research in the United States was conce rned with selecting germplasms with 
increased winterhardines s . ' Grimm' (1900) , ' Cossack ' (1907), and ' Ladak ' (1910) wer e very 
V(i nte rhardy cu1tivars that were rel eased during that period . Duri ng the next 25 to 30 years the 
primary objective wa s to develop cult ivars that were wi nterhardy and res istant to bacterial wilt 
caused by Corynebacterium insidiosum (McCull) H.L. Jens , 'Ra nge r ' (1940) and ' Ve rn al ' (1953) 
are examp le s of cultivars that results from this effo r t. 

During the la st 25 years many diseases , in sects , and nematodes have been recognized as i mpo r tant 
problems on alfalfa (Ba rnes et a1" 1974) . The public breeding programs were re sponsib le fo r 
developing new select i on and breeding methods and releasing cult i va r s with resistance to numer 
ous pests . 

INCREASE IN CULl TVAR NUMBERS 

New cultivars we r e released at a rate of about 0 . 3 cultivar per year from 1900 to 1940 (Fig . 1 ) . 
The number increased to about one new cultivar per year from 1941 to 1960 and to about 12 per 
year s ince 1960. This dramatic increase in cu1tiva r release was due to the expansion of private 
plan t breeding programs and to the development of cultivars with mult iple pest resistance. The 
expansion of pr ivate breeding programs began about 1958. 

The increased number s of alfalfa cultivars has created at least three problems. These include: 
1) isolation of cultivars du r ing seed production, 2) testing of all adapted cultivar s in each 
state, and 3) discont i nui ng seed production of obsolete cu1t i vars . The first t wo problems have 
affected both publi c and private cultivars . Therefore coope rative research was conducted to 
determine if isolation requirements could be decreased for the ce rti fied seed c la ss in seed 
production f i elds larger than 2 ha without aff ecting the phenotypic integrity of the cultivar 
(Brown et al., 1980) . These and othe r unpub lished data were responsible for changes in seed 
i solat i on approved in 1978 by the Ca nadi an Seed Growers Association and the Association of 
Offic i a l Seed Certifying AGencies in the Uni ted States . Eva luati on of the large numbers of 
culti va rs ;s managed by different methods in different states and Canada. The practice of 
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Figure 1. Numbers of alfa' fa varieties released by public and private plant breeding programs 
in the United States. 

industry paying a fee for the inclusion of thei r cultivars ;n public tests has increa sed the 
numbers of pr ivately - owned cultivars being evaluated in ma ny states. Uniform desc rip tions of 
new U.S. cultivar s are also developed each year by the National Certified Alfalfa Variety Review 
Board, thus assuring impartial descriptions of both public and private cultivars. 

Discontinuing seed prod uction of obsolete cultiva rs is a problem unique with pub l ic cu ltivar s . 
Cultiva r s deve l oped by private pl ant breeding programs usual l y fo ll ow a systematic program of 
seed increase and phase -out . This is pos s ible becau se stock seed, seed production, and market 
ing are exclusively controlled . Most public varieties released pr i or to 1980 have no provision 
for discontinuing seed production. This is further complicated since the area of seed produc 
t i on is usually different from the area of fo r age production. Du r ing 1981 certified seed of 
alfalfa cultivars, which are obsolete, was being produced. We have chosen the cultiva rs, Grimm 
and Range r , to descr i be the problems that can be encountered when attempt i ng to discontinue seed 
production of an obsolete cultiva r. 

GRIMM 

Grimm was the first winterha rdy alfalfa cultivar developed in the United States . A farmer, 
We nde l in Grimm, planted seed wh i ch he carried from Germany to his Minnesota farm in 1858 (Brand, 
1911). Brand repo r ted that in the beginning Grimm's alfalfa had a low percentage of hardy 
plants and that seed produced on the surv i ving plants prov i ded for continual r eseeding . Natural 
select i on for inc reased winterhard i ness and recombinat ion of the surviving plants continued 
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unt il about 197 5 , at wh i ch t i me the stra i n appea red qu i te uni form. About 1905 scient i sts at t he 
University of Minnesota recognized and helped publ icize the uni que winte rhardy cha racter i st i cs 
of Grimm alfalfa. There was no systematic method of seed inc reased for Grimm. According to 
Wal ste r (1924) the buyers of Grimm alf al fa we re enco uraged to ask for a ped i gree t o in s ur e that 
it traced back to the original source of Grimm . Certified seed fields of Grimm were establ i shed 
in ma ny locations using pedigreed seed. The l ack of isolation requi rements , l ength of stand 
limitations, and introduction of other germplasm undoubtedly were conducive to changes in the 
cultivar during the last 75 years. 

Samples of authentic "1900 Grimm" are not available. Howeve r, a sample of 1925 certif i ed Gr imm 
was retained by the Wi sconsin Agricultura l Expe ri ment Station. Wheeler ( 1951) described the 
original Grimm as being very winterhardy and susceptible to bacterial v';lt . The 1925 certified 
seed l ot fit that description , the refo re we have cons i de red it rep resentat i ve of the orig i na l 
Grirrm. In 1977 we evaluated the bacterial wilt resistance and w;nterha rdiness of 12 seed lots 
produced and sold as Grimm in 1973 through 1976. 

All 12 Grimm seed lots tested were significantly different from the 1925 check lot for at least 
one characteristic (Table 1) . We concluded that most, if not all, seed be i ng currently produced 
as Cr imm differs from the original cult i va r. Since basic seed stocks are not available we 
recommend that certification and sale of Grimm alfalfa be discontinued . Si milar arguments can 
be made for discontinuing the certification and sale of other obsolete cultivars such as Cossack 
and Ladak. 

Tabl e 1. Performance of Gr imm seed lot s marketed i n 1973 - 76 as 
compar ed t o a check seed l ot. 

% Bacteri al wil t Wi nterhard i ness 
Seed Lot Cert ified res i st ant pl ant s indext 

3596 yes 47** 7. 0 
3595 no 40** 6. 9 
3593 no 30** 5. 9** 
3586 no 29** 6. 0** 
3594 no 24** 6.0** 
3589 no 23** 6. 8 
3592 yes 22** 6.6 
3597 no 21** 6.5 
3588 no 18** 6. 1** 
3591 no 13 5. 8** 
3590 yes 9 6. 3* 
3587 yes 9 6. 0** 
Gr imm (1925 check lot ) 

yes 3 6. 8 
Verna l yes 47 6. 8 
Saranac yes 6.0 

*, ** St at i st ica ll y di f f erent t han Gr imm check lot at the 0. 05 and 
0. 01 leve l s respec t i vely. 
tBased on fa ll growth after cutti ng spaced pl ants duri ng 1st week 
of Sept ember: l =ta ll est ( least winter ha rdy), 9= shor t est. 
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RANGER 

Range r was the first alfalfa cult;var developed in the United States with both winterhardiness 
and resistance to bacterial wilt (Kehr , 1959) . Ranger was released by the USDA and the Nebraska 
Ag r ;c . Exp . St n . ; n 1940 . Howeve r, it was not until 1950, the second year afte r initiat i on of 
the Nat i onal Foundation Seed Project , that ce r tified Ranger seed became available in substantial 
quanti ties . Between 1950 and 1959 more than 200 m; 11 ; on pounds of cert if i ed Ranger seed was 

produced (Kehr , 1959) 

As new cultivars became available it became apparent that forage y i elds of Ranger were often 
lower than those of newer cultivars . Range r i s susceptible to most foliar diseases and in sect 
pests . The l evel of bacterial wi l t resistance ;n Ranger i s also 10Vier than most of t he newe r 
cultivars . The USDA and the Nebraska Agric . Exp . Stn . released the multiple pest resistant 
cultivars : ' Dawson ' (1967) , ' Baker ' (1976), and ' Pe r ry ' (1979) . These cultivars plus other 
public and private cultivars should have rep l aced Ranger. Neverthe l ess , Range r seed production 
has continued because seed producers l i ke its high seed yielding capacity , t here is a market for 
the seed , and there is no age of stand limitation on seed production in the area of adaptation . 

In 1972 the Nebraska Agr i c . Exp . Stn . in i tiated a prog r am to discontinue Ranger seed production 
by te rminating release of breede r seed . In 1975 the regional forage breeding committee (NCR 36) 

requested the National Foundation Seed Project to : 1) reclassify its inventory of Ranger 
foundation seed to certified seed and sell it and, 2) i nitiate no future cont r acts for Ranger 
foundation seed production . Regional action was nece ssary because regional action had been 
required to enter the cultivar in the National Foundation Seed Project . Unfortunately, regis
tered seed was produced in 1975 because ne i ther the Nebraska Station nor the National Foundation 
Seed Project cou l d regulate the production of th i s c l ass of seed . In addit ion, 3 , 072 hectares 
of certif i ed Ranger were produced in 1975 . It was apparent that act i on to discont i nue Ranger 
seed production had to be cooperative between the Nebraska Agric . Exp . Stn ., the Association of 

Official Seed Certifying Agencies (AOSCA) , and the seed growers . 

In 1976, AOSCA adopted a procedure for discontinuing alfal fa cultivars produced under seed 
certification . The Nebraska Agric . Exp . Stn . informed AOSCA of its 1972 and 1975 official 
uct i ons to discont i nue Ra nger seed prod uction . Neve r theless ap pl i cat i ons to AOSCA were made by 
seed growers for certifying s i gnificant acreages of registered and certified Ranger seed produc 

tion in 1978 . 

In Ma rch 1979 , the Director of the Neb raska Agric . Exp . Stn . wrote a letter to the Directors of 
Agricultura l Experiment Station Directors inthose states that produced certified Ranger seed in 

1978 requesting their cooperation in phasing - out Range r seed production . 

It was expected that no new fields would be established for certification and that current 

fields would be phased- out . AOSCA was info rmed ; n June 1979 of the Di rector ' s le t ter and 

replies , and asked to transmit the letter to its membe r s . 

A comparison of AOSCA Pr oduction Publications 32 , 33, and 34 for 1978 , 1979 , and 1980 , respec 
tive l y , cast doubt on how r apid l y Ranger seed production wou l d dec l ine . The num be r of hecta r es 

applied fo r registered production was 121, 96 , and 52 in 1978,1979 , and 1 98~ , respectively. 
Appli cat ion s fo r cert ifi ed product i on were 2 , 169 , 2 , 154 , and 1 , 255 h~cta~es ln 1978 , 1979 , and 
1980 , respectively , and new fields were seeded for certified productlon l n two states in 1979 

and five states in 1980. 

Based on experiences wi th Ranger and Gri mm we concl uded t~a~ i t 
prod uction of pr evious l y released public cult i va r s . Pr ovlslons 
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release to systematica ll y increased and phase -out the seed product ion of a cultivar. Seve ral 
methods t hat a br eeder ca n use to r eg ulate seed product ion of released cu l tivars are : 

1 . Recognize only three generat i ons (b reeder , foundation, and certif i ed) of inc rease with 
the releasing agency maintaining control of foundation production . 

2. Specify age of stand limitat i ons for each generat i on and for maximum age of any 
spec ified f i eld . 

3 . Protect a cu l t ivar na me th rough regi st ration unde r t he Plant Va ri ety Protection Act 
certification provision , thereby preventing the sell i ng of " uncert i fied" seed with the 
cult i var name . 

Public pl ant breede r s have the primary responsibility for ins uring that programs are developed 
fo r the systematic increase and phase - out for their cultiva r s . 
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Genetic Var iabili ty of the Koot System Size and its Relation to Yield 

O. Chloupek, Plan t Breeding Station , 664 43 Zelesice nea r Br no , Czechos lova kia 

Relatively little progress has been reached by breeding for forage yield , not only in the U. S. A. 
(7) but also in Czechoslovakia (2) . Greater success Vias rea ched indirectly by bree di ng fo r 
disease and insects re s i s ta nce in areas of the ir regu la r occurrence . Alfalfa is perennial , 
harve sted in mo re cuts in contrast to most crops where the progress in breed ing has been com
pa red . It could be one of the reasons for the problem desc ri bed above . Alfalf a r oot systems 
and c r owns must survive not on l y each \'lin te r, but also after each cut. Regrowth in sp r ing and 
after cuts i s therefore co rrelated with size of the r oot systems in field cond itions , and al so 
wi th forage production (5) . Complex des igns fo r eval uat ion and sel ect i on fo r forage y iel d are 
often used , but the root system is mostly evaluation only for di sease resistance . 

A s igni f i ca nt co rrelation between roo t system size and yi eld or fertility was foun d in experi 
ments wi th suf ficie nt room for root gr owth (3, 4, 5). It there fo re could be ex pected t hat 
selection for inc reased yiel d would also mean selection for inc reased root sys tem s iz e . But the 
expectation i s not reliable because the co rre lat i on menti oned is not ab solute , since st resses 
change during c r op growth. In particular , the co rr elat ion betwee n fo r age produc ti on and root 
system size in cont rolled env ironments of glasshouses and gr o\'lth chamber wa s not s ignificant. 

63 



This is because no great stress probably occurred there and the re was only limited room for root 
growth (6). Strains with greater root systems responded to t he change of env ironment by greater 
yield increment as compa red with st rain s with smaller root systems (r=0.520) (6). The winter 
survi val of these st rain s was also better (r=0.370) (4 ) . 

Limited information is ava ilable concerning the amount of genetic variability and mode of 
inheritance for alfalfa root traits (1) . Examinat i on of combin ing ability for root system s ize 
showed that general combining ab ili ty amounted to about 60%, wh i ch c reates real prospects fo r 
se lection. It wa s ca lculated that root system s i ze was most c l osel y corre l ated with forage 
yield of al l selection criteria eva luated (4). Therefor e , it may be that some progress in 
breeding for f orage productivity in alfalfa may be reached by selection fo r root system size . 
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The Seed Mass per Plant of Some American Lucerne Varieties in Czechoslovakia 

A. Dobia s , Resea rch Institute of Plant Production, Pi estany, Czechos l ovak i a 

Fourteen U. S. va ri eties and hybr id s and two Czechoslovak varieties were eva luated fo r seed yi eld 
at a plant spacing of 0 .5 x 0 . 5 m with 4 repli cat i ons, consist ing of 144 plants per var i ety. 

The seed mass per plant of American lucerne varieti es and hybrids was l ow, except fo r the 
variety Apex that equal led the cont rol va riety Palava (Tab l e 1). The seed yi eld was closely 
connected with the or iginal ge rmp lasm of the va ri ety and the intensity of seed breeding . Apex 
and A24 come f r om French varieties of 'Flamande' type which have a good yie l ding abil ity unde r 
our conditions. Iroquo i s and Ma r k I I a re related culti va rs . The remaining varieties were low 
seed yi eld i ng under our conditions . 

The i nfluence of individual yea r s on the seed ma ss per plant of the whole variety set is best 
demonst r ated by relative comparison of its values in indi vidual experimental yea r s : 1971 = 
100%, 1972 = 5%, 1973 = 44% . The genotype and environment sha res in the seed yield format i on 
we re: genotype = 5.3%, yea r = 89 .9%, other fa ctors = 4. 8%. In the unproductive yea r 1972 low 
temperatures (average: 19 . 7°C and 17.3°C ) prevailed at the time of blo ssom and seed fo rmation 
(July -Augu st) , and extreme precipitation represented near ly one half of the whole year ' s ave rage 
(July - August : 298.3 mm) . 
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In three expe ri mental years, the most frequent plant s i n the whole var iety set were t hose of the 
l owest seed mas s - to 5 g (64.7%), and most productive plants represented (40.01 - 45 . 00 g of 
seed per plant) onl y 0 . 1 g. 

The va riability of seed mass pe r pl ant accord ing to years, var i et i es, and in the whole set had 
abnormal Pois son's distribution. 

For furthe r selection the variety Apex appeared to be a suitab le one . 

Table 1 . The seed mass pe r pl ant of Amer i ca n lucerne varieties and hyb ri ds (RIPP, 
Piestany,1971 -73) . 

Seed yie l d per plant 

Va ri ety (hybrid) 9 re l ative % in poi nt s 1-9 

Hodoninka 4.83 69.40 3 
Palava 6.96 100.00 5 
Cayuga 3.97 57.04 2 
Iroquois 5.42 77.87 4 
Mark II 5.40 77 .59 4 
Sa ran ac 4.82 69 . 25 3 
No rseman 3.27 46.98 2 
Ladak 65 4.13 59 . 34 2 
A-59 3 . 42 49 .1 4 2 
A-24 5 . 40 77 .59 4 
Dawson 3. 11 44.68 
Titan 4.37 62.79 3 

Apex 6 .46 92.82 5 
Endur a 4.61 66.24 3 
MX -82 (CMS hyb r id) 4.25 62.50 3 
TX - 202 (CMS hybrid) 5.1 2 73.56 3 

x = 4.73 g, 5 = 0 .86, cv = 18 . 18% 
Hd P = 1.43 g, 20.55%; Hd P 

0.05 0.01 
1. 93 g , 27.73% 

The Combin i ng Ability of Lucerne Cl ones with Fertility Characters 

A. Dobias, Research Institute of Pl ant Production , Pi estany, Czechoslovakia 

In 1978-80 we evaluated 8 luce rne clones in two dial l elic sets according to the followi ng 
fert ili ty charact e rs : seed y ield, pollen fertility, number of ov ules in t he ovary, numbe r of 
seeds per f lower and per pod, and the percentage of pod setting . Clones with comb ined yie l d 
capacity for mass and for s eed were selected from French va rieties Orca , Omega and F 34, and 
from the Ge rman var i ety Lange nsteiner . 

Clones with higher level of self-fertility increased their seed yield in progeny. In the most 
fe rti l e c ross combinations the higher seed yi eld was combined with hi gher pollen ferti li ty and 
highe r number of ov ules in the ovary. 
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When evaluat ing fe r ti lity cha racters, both GCA and SCA, were of pri mary r elevance (with see d 
yield and pollen fe r tility) . The best GCA in fertility cha racte r s was found in parental clone 
(select ion f r om Orca va ri ety) and clone 8 (selection f rom F 34 variety) which were utili zed in 
f urther improvement of yield ca pacity of lucerne for seed growi ng. 

The results showed the i mporta nce of self - fe r tility, po ll en fertility , and made necessa ry the 
thorough ana l ysis of fertility characters with component s of synthetic and hybrid lucerne 
popu lat i ons under l ess favorable cond i t ions for the purpose of seed gr owin g . 

Somatic Embryogenesis in Callus and Suspension Cultures of Lucerne 
F.J. Novak, Dana Konecna , and Bozene Nedbalkova 

Czechoslovak Academy of Sc i ences , Inst i tute of Experimental Botany, 
Sokolovska 6, 77200 Olomouc , Czechoslovakia and 

Resear ch and Breeding Institute for Fodder Plants, 66441 Troubska , Czechoslovakia 

This paper describes an induct i on system of somatic embryo i ds in cal l us and cel 1 cul tures of 
luce rne and their regeneration into i ntact plants . Phenotypic characteristics were evaluated in 
regenerants . The possib i lity of using in vitro techniques for propagation and breeding luce rne 
are discussed . 

Callus cultures were derived f rom hypocotyl, coteledons, shoot, petiole and ternate leaves on 
modified Blaydes med ium to which 100 lJM 2, 4 ,-0 and 5 lJM KIN were added . Primary callus wa s 
induced during 10 days of cu lti vation in vitro of the above -mentioned medium. Callus tissue was 
trans ferred t o i dent i cal bas i c med i um , to which 1 lJM NAA and 10 lJM KIN were added . Du r ing a 
20- day cultivation light green centres contai ning embryo i ds began to fo rm on the callus s urface . 

Proce ss of somatic embryogene ; s continued du ri ng passaging on so li d or liquid medium (cultiva 
tion on horizontal shake r) of i dent i cal compos ition. Secondary embryo i ds different ia ted on the 
surface of pr imary emb ryoids after long - term cu ltivation. Histological analysis confirmed the 
rise of secondary embryoids from epidermis cells . After transferring ind ividual emb ryoids or 
their c l uste r s on a basic medium without growth regulator s , the embryoids germinated into whole 
plants . 

Frequency of t he establishment of embryoids and regenerants was observed in callus and cell 
cultures de ri ved from different organs . Sequence of emb ryogenetic abil i ty was as follows : 
Petioles , shoots , hypocotyls , cotyledons, leaves. Regenerated pl ants we re transplanted directly 
into soil . In shoots where good roots were not established rhizogenes i s was suppo rted by 
transfer ring regenerants on the basi c medium with 1 l-Il'l NAA . The plants from which tissue 
cul ture s of pet iol e and leaf were taken distinctly differed in their abil i ty of somat ic embryo 
gene sis , whi ch was quantitatively evaluated acco rding to the number of regenerants. Clones with 
high embryogeno us ability were sel ected by replicated explanat i on of pet iol e and leaves from 
regenerants of four gene ra tions . Clones without the ability to form emb ryoids under given con 
dit i ons wer e obtained within the same culti va r. Contrast genotypes will be used for genetic 
analysi s . 

In orde r to evaluate phenotypes of established regenerant s t hey were divided into gr oups in 
accordance with the kind of tissue cultu re th ey were de ri ved from petioles , shoots , hypocotyls, 
cotyl edons , leaves. Plants wi thin each group were tested for stainability of pollen , number of 
eggs i n ovar y, le af area , width and length of leaves. 

Average sta in abil i ty of pollen within a group was between 58-68%, width of leaves approximately 
9-11.5 mm, leng th of lea ves between 21.4 mm and 25 . 2 mm and l eaf area f rom 4 . 2 cm 2 to 5.8 cmz . 

Leaf area indices (LA I ) were 2.14 - 2. 78 . 
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Based on doubl e hi erarchi cal grouping , significa nt differences were found in give n cha racte r is
t i cs both among gr oups and among plants within each group . The onl y exception was leaf area in 
regenerants de r ived from cotyledons and shoots . As far as this cha ra cter is conce r ned no 
s i gn i ficant difference wa s observed among t he given gr oups of plants . 

The described procedure of somat i c embryogenesis in luce rn e seems to be very perspect i ve . 
Possib ili ty of obtaining high number s of gene rations wi thin a short t i me interval and the ir 
conside rable phenotype di versity draws attention to their possi ble use in breeding. 

Pollinat ion of Lucerne in Enclosures 

V. Ptacek 
Research and Br eeding In stitute for Fodder Plants 

664 41 Troubsko , Czechoslovakia 

The problem of proper pollination and mutual crossing of chosen genotypes often arises in 
breeding l ucerne . In view of so l ving s imil a r problems pollinat i on of lucerne ;n enclosure by 
insect pollinators has been tested at our Institute . 

For this purpose cages made of polye ster nets (mesh size 2 x 3 mm) were used. The cages were of 
different s ize, the covered area was most l y 4 and 6 m2 , height 185 cm . 

Plants were planted in beds cove r ed by nets befo re flowering. In one instance flowering plants 
grown in small pots (10 cm) made of burnt clay were transferred to cages . Pots were rooted in 
so; 1 . 

Leafcutter bees , Megach;le rotundata F. and four species of bumble bees (Bombus agrorum , B. 
lapidarius , ~ lucorum and B. terrestris) were used for pollination of lucerne in cages . 

Similar experiments have also been taking place in growth chambers under the following con 
ditions : illumination 25 . 000 lux, a 16- hour day with temperatu res 24 and 26°C , an 8-hour night 
with tempe ra ture 19°(. Temperatu re and light intensity gradu ately decreased one hour before 
switching off and increased after switching the light on . Apa rt f r om leafcutter bees and bumble 
bees (,Ih lucorum) also honey bees were tested in growth chambers . 

Leafcutter bees , M. rotunda, adapted themselves l'lell to l i mited room conditions . In one experi 
ment they pol J;nated luce rne satisfactor il y even in a narrow tunnel made by covering the plant 
row by net. Since additional feeding of leafcutter bees has not been successfully so lved by 
now, it was necessa ry to avoi d overstock i ng of the cages wi th re sul ti ng di sp roport i on bebleen 
demand and supply of food . With the rate of approximately one female for 1. 5 m2 all matu r ed 
flowers were visited and tripped in succession. However, leafcutter bees were active only under 
temperature s higher than 21°( . 

Adaptation to growth chamber conditions lasted 7-1 0 days . Females showed a higher deg r ee of 
adaptability than males who di ed soon after eme r ging from cocoons . Of 15 incubated cocoons only 
3 females s ucceeded in ove rcoming art ifi cial environmental conditions . However, they we re ab le 
to poll i nate the gi ven 1 uce rne area of 4 m2 very well. 

Bumble bees seemed most su itable fo r pollination of luce rne ;n enclosure since they responded 
favourably to such cond i t i ons though smal l er co l on ie s reacted better than stronge r ones . Of 
four species used the best pollinators we re .'l.:.. luco rum and,lh te rrestris since they visited 
luce rn e i n the open as well. Worker bee s of,lh agro rum and ~ lapidarius learned to t rip 
flowers and col l ect pollen afte r 3- 5 days as soon as pollen storages in nests were cons umed. 
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Proper pol l ination by bumble bees required the presence of younger brood in colonies. Presence 
of the queen was not i nevitab l e since brood of laying workers sufficiently stimulated the colony 

towards pollen collection and tripping of flowers. 

Easy application of additional feeding was another advantage of using bumble bees since there 
was not any danger of starvation of the colonies in case of occasional lack of flowers in 
enclosu res . Bumble bees were easy to handle; mother colony could be divided into smaller 
pollination un i ts . Moreover, bumble bees pollinated flowers under comparatively lower tempera 

tures than leafcutter bees. 

In an experiment performed i n growth chamber in ~larch the female of ~ lucorum started brood 
cells and reared workers in a nesting box. Both, the queen and her workers, pollinated lucerne 
flowers ve ry efficiently under artificial conditions thus confirming excellent adaptab i lity of 

bumble bees. 

Honey bees proved to be good pollinators of lucerne in growth chamber, too. Workers of the used 
colony were F crosses of lAp i s mellifica carnica x ligustical x carnica. They were used for 
pollination f~om December 3 to March 15 and collected both nectar and pollen. They learned to 
trip the flowers in order to obtain access to pol l en. The nucleus used had about 4,000 indi
viduals in the first stage . The colony gradually dwindled to about half that number and this 
strength was further maintained on the same level by brood rearing. Additional feeding by honey 

and pollen was necessary. 

Seed yields of plants poll i nated in enclosure differed in accordance with the material used. 
The average was 1-4 g of seeds per plant. Highest yield was obtained in p-cross of plants 
precu l ti'vated in pots. Pollination under these conditions was ensured by!!.:.. lucorum and ~ 
terrestris bumble bees and the average for flower was 1.57 seeds. 

The use of bees for lucerne pollination in enclosure brings multiple effect in breeding work. 
However, some questions of managing pollinators remain to be solved so that they would be 
available not only in growing season but during winter months as well. 

Evaluation of Yield Dynamics in Alfalfa 

J. Rod 

Research and Breeding Institute for Fodder Plants 
Troubsko, Czechoslovakia 

The performance differences among varieties and other kinds of breeding material the results are 
dependent on a number of factors which can decisively influence the interpretation of the 
results. There are common influences, i.e. the effect of the trial proper specified by the year 
of layout and implemented by the influence of the year of vegetation including the harvest yea r 
proper, then the effects of sites, harvest yea r s and single cuts. Harvest techniques can also 
pl aya role, especial l y in eval uating green and dry matters. Routine evaluation is based on 
si ngle trial results, most ly with regard to total annual production regardless of the above -men 
t i oned classification. One of the possibilit i es of global evaluation is the construction of 
multid i mensional va ri ate i ncluding the criteria mentioned. However, multidimensional variate 
can be defined by var i ous means . 

First poss i bility i s the construct i on of a comp l ex tra i t consisting of a group of traits, where 
each trait i s de pendent on another one at l east. Such a complex trait can be reduced to few 
artific i al traits by mult i dimensiona l methods. These traits can in some cases be interpreted in 
bas i c form . When such i nte r pretat i on is not poss i bl e, rotat i on of artificial traits is 
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performed, which should enable their interpretation. Considering basic traits 
gr adually maximum of the total variance i n case of their mutual independence. 

means to exploit 
It usually 

happens that most information is included in the first two or three artificial traits. Artifi 
cial tra its can be identified with the axes of r ectangular coordinates in two-dimensional or 
three-dimensional systems. In these coordinates the se l ect i on goal chosen can be fixed . It can 
be given as the best performing va rie ty or characteristics determined by the breeder (3). 

A further possible approach consists of homogen izing the expe ri mental material, i.e . excluding 
the influence of trials (layout years) , which leads to decreasing of standard deviations and 
enables to define multidimensional variate with highly correlated components. These corre 
lations facilitate the reduction of material into some artificial variables which could be taken 
as a system of coordinates. In it, varieties and original traits are presented . In this way 
the whole complex can be simplified graphical l y . Configuration of vectors and poi nts can be 
practically checked by means of known facts, e . g . by the correlation of green and dry matte r . 
In the absence of discrepanc i es with well - known facts, pract i cal conclus ions on pe r formance and 
representation of varieties can be de ri ved from graphical representation (1). 

Another procedure is based on the fact that both individual cuts within a year and yields of 
successive years are not statistically independent . Should the performance trials respect the 
effects of the environment as well, then the effect of years of vegetat ion s hould be recorded by 
means of further trials (yea r s of layout). These trials can Obviously be laid out on new field 
plots only, so that under these circumstances the effect of years of la yout is confounded wi th 
the effect of the site (soil). When apart from green matter yie l ds , also dry matter y i elds 
(hay) and proteins are evaluated , we speak of performance trials with th ree (3) different 
categories of characte r s (viewpoints of class ification or factors), the var i ants of which are 
not s tatistically independent. Such a complex of questions can be worked out mainly by means of 
partial analyses in the form of MANOVA when variants of a ce rtain category of characters (e.g . 
cuts in a given harvest yea r in green matter or harvest yea r s i n a given cut and for a certa in 
yield of character) form a multidimensional variable . 

A procedure was worked out for summarizing the results of these pa r tial analyses into a single 
common information (2). Simultaneously , it was shown how additional one - dimensional analyses of 
variance help the interpretati on of partial mu l tidimensional analyses as well as the possibil i ty 
of using objective decomposition of the interactions occurred , in particular their linear 
components (4). 

In addition the possibility of graph interpretations of results was shown and the solution of 
some methodo l ogy quest i ons on t hese types of tr i als was given (5). 

1 . 

2. 

3. 

Refe rences 

Rod , J., Tosovsky, J . and Pelikan, J . 1977 . Resent serii zkousek vykon u u vOjtesky dis 
kriminacni analyzou. (So l ution of a series of performance tr ial s i n lucerne by mea ns of 
discr i minant analysis.) Proceedings of the 2nd International Symposium on Biometrical and 
Genetical Methods in Plant Breed ing, August 29-September 3, 1977, Lednice na Mor ., p. 
107- 115. 

Rod, J. and We i ling, F. 1981 . Hodnoceni vynosove dynamiky vi ce l etych vi cesecnych pi cnin. 
(Evaluati on of yield dynam i cs in perennial mUl tip l e - cut fodder pl ants. ) Sbor nik UVTI Z _ 
Genetika a slechteni, 17, 4, 287-296. 

Tosovsky, J . and Rod, J. 1977. Nektere apl i kace vicerozmernych stat i st i ckych metod ve 
s lechteni rostil;n. (Some applications of mul tid imens i ona l statist i cal methods i n plant 
breeding.) Proceedings of the 2nd International Sympos ium on Biometrical and Genet i cal 
Methods in Plant Breed ing, August 29-September 3, 1977, p. 107-1 15. 

69 



4. Weiling, F. and Rod, J . 1982 . Hodnoceni interakci s prostredim u vi celetych vicesecnych 
picnin. (Evaluation of interactio ns with environment in perennial mult ipl e - cut fodder 
plants.) Sbornik UVT1Z - Cenetika a slechteni, 18, 1, 33-44. 

5. Weiling, F. and Rod, J . 1982. Moznosti souhrnneho hodnocen i vynosu u viceletych vicesecnych 
picnic (Possibilities of complex evaluat i on of yield dynamics in perennial multiple-cut 
fodder pl ants.) Sbornik UVT1Z - Cenetika a slechteni , 18, (In print). 

Maintenance of Male Ster i lity in Back-Crosses 

J . Sinska 
Research Institute of Plant Production, Piestany, Czechoslovakia 

After c rossing of ster i le fo rms A
2

, A3 with steri lity mai ntainers , only steril e plants were 
found in the Fl progeny. After ba ck-cross i ng of sterile hybrid plants with sterility maintain 
ers selected from inbred progenies of I and I generations, some semi - sterile and fertile 
segregates were observed in the BC gen~ration~ . The numbers of semi - ferti le and fertile plants 
further increased in the BC

2 
generltion (Table 1). 

Tabl e 1. \ pollen ferti li ty in back-cros si ng BC
1

, BC
2 

generations . 

Cross combination Number of 
ms 
0-1 0% 

BC generat i on 
1 

A
2

xO/ l/xOl
1 

83 
A

2
xO/3/ xOl

1 
43 

A xO/3/xOI 10 
2 1-4 

A
2
xO/5/ xOl

1 
74 

A xO/ l/xOI 74 
A\O/2/ IxO 1 9 

~~:~:~~~:~: ~ ~ 92 
31 

A
3

x16/x161
1 

43 
A

3
x16lx161

1 
88 

A
3

x29/x291
1 

56 
A x29/x291 87 

A~X46/2/x4~'l 38 
A

3
x46lx46 1

1 
80 

A x46/x461 18 
A3xMi ro/xMl ro I 19 
A

3
xMiro/x Mi ro 1 43 

'l 1 
BC

2 
generation 

A
2
xOxOl,lxOl

2 
105 

A xOxO I IxO I 21 
A

2
xO/ l x6 1 Ixb l

1 2 1 12 A
3

xO/lxO l
1

/ x 0 2 
A

3
xO/ l xOl,lxO l

2 
25 

A
3

xOI
1

xO I/xOI
2 

66 
A xO I xO I IxOI 12 

3 1 2 1 24 A
3

x16x161,1x16 1 

~lants with 
sms 
11 - 50% 

2 
5 
2 
1 
2 
4 
5 

24 
4 

40 
1 
2 
5 

15 

2 
8 

5 
1 

10 

% ~ol 1 en 
sf 
51-75% 

3 

9 

3 

5 

70 

f ertil i t:t 
f 
76-1 00% 

2 

10 

Average % 
po ll en 

fertilit:t 

1.7 
0 . 5 

12 . 9 
2.0 
1.9 
8 . 2 
2. 2 
8 . 9 
4.3 
9 . 8 
4.1 

12 . 8 
1.1 
1.9 

13 . 6 
2.8 
8 . 6 

1.6 
22 . 0 
83 .0 

2.6 
9 . 3 
1.4 

27.8 
1.4 



A
3

x16/2x16 1
1

/X16 1
1 

22 5 7. 5 

A
3

X16x161 /x16 1 27 3 . 3 

A3x16/2Xl~11/X l ~12 3 6 29 . 8 

A
2

xO/ 3xOI / 17/x161 13 1. 9 
1-5 1- 7 

A xO/3xO I /7/x16 1 14 0 . 7 
2 1-8 1- 6 

A xO/5xOI /4/x161 15 0 . 9 
2 1-1 1- 7 

A xO/5xO I /7/x181 13 0 . 8 
2 1- 6 1- 5 

Mai ntainer plants that tra nsmi t a high pollen fertility can dec rease the f requency of sterile 
pl ant s in fu rther gener ati ons when used in propagat i on of ste ri le plants in f ur ther generat i on s 
when used in propa gat i on of eMS. Af ter self - po ll inat i on of steril i ty ma inta iners segregat i on 
was obta ined with pl ant s having a l ow pe rcentage of pol l en fe rt ility , and se l f - ste ril ity bega n 
to appea r. Genotypes with a ful l abili ty to maintain po ll en ste ri l i ty in generat i ve propagat i on 
we re not obtained . These findings can affect the breeding models of luce rne heterotic hybrids . 

Researc h on t he Express i on of Male Ster i l i ty ; n F, Lucerne Hybrids 

J . Sinska 
Research Institute of Plant Production , Pi estany , Czechoslovakia 

The begi nni ng of lucerne heterosis researc h in Czechos l ovakia is connected wi th obtain in g 
s te rile pl ant s and with the s tudy of their response to pollen sterility and fe rtility ex-

pression s i n F gene rat i on . 
. 1 

worl d collect l on of l ucerne 

Male - ste r i Ie pl ants marked as A , A , A , A we re obtained from the 
i n 1970 afte r det erm inat i on of p~l l e~ fe~t il ~ty by Lugol sol ut i on. 

Steril e plants A , A come f rom t he Bul gar i an l oca l population Boj ni ca , A f rom Hunga rian 
tl Bekeszentandras i l1 , ~4 f rom Pol is h "Mi echowska". 2 

Afte r open-poll i nation of male - ste ri l e plants A , A , A , A unde r f ield cond i t i ons progeny of 
F, generation was obtained . The re we re diffe re~t f~equ~nc i ~s of ste ri le (ms) , semi- ster il e 
(sms) , semi-fertile (sf) , and fert i le (f) phenotypes (Tab l e 1) . 

Tab l e 1. Numbe r and \ of phenotype s pe r fertility class afte r open - po l l i nation of sterile 
pl ants . 

Number of ~henot~~es with \ ~ollen fertilit:r 
Ster i le 0-1 0 11-50 51 - 75 76-1 00 
pl an ts 

ms sms sf f 5 

A 25 (36 . 05) 41 (41. 88) 10 (9.83 ) 34 (22 . 21 ) 110 
1 

A 22 (18. 68) 28 (2 1. 70) 4 (5 . 09) 3 (11. 51) 57 
A2 16 (6 . 88 ) 5 (7 . 99) 0 (1 . 87) 0 (4 . 24 ) 21 

A! 36 (37 . 37) 41 (43 . 41 ) 13 (10 .1 9) 24 (23 . 02 ) 114 

5 99 115 27 61 302 

2 
X = 30 . 80 ; P 0 . 5 = 8 . 34 ; P 0 . 001 27 . 87 
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Segregat ion of sterile, semi-ster ile, semi-fertile, and fertile phenotypes in F generation was 
not random in the invest i gated sterile pl ants, but i t was associated with their'sterility type . 
If phenotypically sterile plants were s i milar genotypically, the same results would be obtained 
in.pollen fertility in F, progeny after crossing with the same fertile pollen parents. The 
eXlstence of such dependence would suggest that all the steri l e plants would be ma intained by 
the same sterili ty maintainers. 

From the results presented in Table 2, it follows that the average percentage of pollen fer 
til i ty in F generation of sterile plants A , A , A crossed with the same fert il e plant s 
differed co~ side rabl y (the ster il e plant A

4
'diea ou~). 

Table 2. The ave rage pollen fertility percentage of sterile plants F hybrids with the same 
fertile pl ants. 

1 

Father-fertile Mother-sterile ~lants 
plants A A2 A3 1 

0 58.80 2.08 0 .50 
1 63.12 15.00 14.67 
3 85.50 48.33 23.33 
7 40 . 83 7.63 5.82 

13 48.75 56.67 8 .50 
16 39.45 3.38 
34 50.71 29.64 3.93 
59 87.50 73.00 22 . 69 
72 47.50 27.69 23.83 
80 56.00 41. 75 41.82 
88 46.71 41.44 29 . 27 

112 35.90 24.60 34 .85 
113 83 . 60 31 . 50 23.25 
Bronka 41.25 31.33 15. 13 
0 56.62 30.67 4.40 

Mira 35.35 10. 00 1.83 

xy 42.44 26.78 9.50 
Average 54.11 31 .1 0 16.86 

Pai red testing hybridization of sterile plants A J A , A with eq ual fertile plants show that 
phenotypically equal plants differ genotypically'as ~el13as in the type of cytoplasmic nuc le 
us-male ster ility (eMS). The initi al breeding mater i al for ster i l i ty ma intainers format i on was 
obtained i n higher number with the sterile plant A than with A

2
. No fe rtile analogue was 

obta ined fo r maintaining of the male ster ility of ~,. 

From the above it follows that with luce rne on the tetraploid level, more tha n one type of eMS 
will occu r. Because of that , i t wi l l be necessary to work out the details, of breeding of 
lucerne heterot i c hybrids using ster il e forms for which sterili ty maintaine rs may be obtained 

most easily. 
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Performance of POlycross Progenies of Alfalfa Derived from Partly Inbred Parents 
I. Forage Yi el d 

P. Rotili 
Istituto 5pe rimentale per le Colture Foraggere, Lod; 

An alfalfa crop is high yielding when it is vigorous and persistent at the same time. 

Concerning persistence, research on the development of the alfalfa canopy (Rot;l;, 1979) detect 
ed a positive co rrelation between the persistence of the alfalfa crop and the homogeneity of its 
constituents (the individual plants) for such characters as regrowth, velocity of growth and 
flowering. 5elfing allows the best homogenization of the said characters . 

Concerning vigor , previous experimental results (Rotili, 1976) showed that self ing, combined 
with selection in competit i ve conditions, effectively i mproved fo rage yield. The present 
program carried out in Lodi tends to verify those re sults in frequent cutting cond i tions. 

Two parental populations (cultivars Leon;cena and Cantoni) were chosen for this research. 
Within each cult ivar, selection was practised fo r plants V/ith dry matter weight exceeding the 
mean by two sta ndard deviations . Thes e plants were self -fertilized. Inten se positive selection 
for vigor was practised between as well as V/ithin families after each generation of self ing. 

Parental populat i ons and selfed families were evaluated under competition and frequent cutting 
conditions. At every level of selfing, plants chosen were polycrossed by hand in the green
house. The progenies 5 x 5 , 5 x 5 , and 5 x 5 were grown in concrete boxes (80 cm l ong, 25 
cm wide and 60 cm high)? 40 ~eed~ings40f each2entr~ were planted in a double row in the box in a 
randomized block design with 7 replications. Data were collected on the 25 central plant s of 
each row. Dry matter weight, earliness and mo rtality were determined. Cuts were made every 
23 - 26 days. 

From the results concerning the parental progenie s common to each level of inbreeding, the 
following observations can be made: 1) Theoretically, v;~or of polycross progenies de rived 
from autotetraploid parents will decrease as their degree of inbreeding increases (Busbice, 
1969; Demarl y , 1968; Callais, 1968). However, in this study , where selection in competitive 
conditions was practised, there is a favourable effect of selfing on the mean. Many progenies 
increased s igni f icantl y with inbreeding. 
during the selfing pha se was successful. 
experiment (Rotil;, 1976); 2) The effect 
54 families. 

This indicates that selection of vigorous progenies 
The se results confirm those obta ined in the previous 

of select ion i s greate r within 52 families than within 
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Performance of Polycross Progenies of Al fal fa De ri ved From Partl y Inbred Parents. 
I I. Saponi n and Leaf Protein Content . 

P. Roti 1; , L. Zannone and 5 . Proietti 
Istituto Sperimentale per Ie Colture Foragge r e , Lod ; 

Assessorato Ag ricoltura Regione Laz lo, Roma 

Our breed i ng work i s designed to develop alfa lfa (Medicago sativa L. ) cultivars fo r intens i ve 
management systems and industrial t r ansformations. The method is based on the use of two 
generations of se l f ing comb ined with selec tion in competitive conditi ons . Breed i ng fo r quality 
conce rn s protein and saponin content of the leaves. 

In the present experiment , saponin and l eaf protein conten t of polyc r oss progenies (45 5 x 5 , 
435

1 
x 5, and 103 52 x 52) were ana l ysed . Leaves for analysis were collected at the se20nd gnd 

fo urth cut. The sa ponin content was evaluated by means of a biologi ca l assay which utilizes the 
growth inhibiti on of the fu ngus Tri chode rma vir i de (Zimmer et al ., 1967) . The protein content 
was detected by the co l orimetri c Autoanalyser method . It is important to underline that no 
sel ection was practised for eithe r sapon i n or for prote in content. 

Concerning the protein content of leaves, the p re sent resu lt s confirm 
et a1. , 1976 , 1978 , 1981) on the l ow variabi li ty of t hi s character. 

the previous ones (Rotili 
The s tr ategy of i mproving 

th i s cha ra cter through the i ncrease of the res i stance to frequent cutting therefore seems to be 
the best way to obtai n a higher amount of protein without a much lower amount of forage yield 
pe r hectare. 

Concerning the saponin content, the following obse r vations were made from Table 1: 

1. The mean perfo rmance of the two populations is similar at every l eve l of inb reeding . 
2 . The variability between famili es increases with inbr eed i ng : the fam i lies wi t h the lowest 

leaf saponi n con tent are at the 5, and 52 leve l. 

The cor relation between 5 and 5 families was high for both populations . No correl ati on was 
observed between dry matt!r yiela and saponin content . 
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Table 1. Percent growth inhibition of Trichoderma vir i de co l onies . Mean values and 
range of variat i on . Average of two cuts. 

Cultivar 

Leonicena Cantoni 

50 x 50 Mean 43 . 7 45 . 0 
Range 37.5 to 51 . 8 39 . 5 to 50.5 

5 x 51 Mean 35.8 35 . 6 
1 

Range 28 .4 to 42.9 22.1 to 48.4 

5 x S2 Mean 41.7 39 . 3 
2 

Range 29 . 5 to 49.4 22 . 3 to 50 .1 

Productivity and Survival of Alfalfas 51 and F1 Plants Gr own Unde r Competitive Conditions 

F. Veronesi and F. Lorenzetti 
Plant Breeding Department of Univers i ty of Perugia, Italy 

In order to evaluate the importance of intra - specific competition in alfalfa breeding and to 
study the consequences of different percentages of se lf-pollinated seeds on productivity of 
alfalfa meadows a trial was carried out at Perug i a (Ita l y) duri ng 1981, us i ng a randomized block 
design with four replicates. Three seed mixtu re s hav i ng rations of self - pollinated seed 
(S )/cross pollinated seed (F ) of 1/9, 3/7 . 1/1 were sown, seed by seed , i n micro - plots (60 x 

1 1 
40 em) with a seeding rate of 1600 seeds/m 2 • 

Data were collected on: establishment, green matter yield per plant of selfed and crossed 
origin and dry matter yield per plot at 1st, 2nd, and 3rd cut, number of plants alive in the 
fa ll season. 

The results can be summarized as follows : 

2 ) 

3) 

The evaluation and the selection of single a l fa lf a plants grown in competit i ve cond itions 
are possible and could be useful for breeding purposesj 
The productivity of 5 plants was much lower than that of F in each of the three mixtures; 
such difference s were' greater than those normally shown in !paced plant trials ; 
No differences in dry matter yield per plot were shown among the mixt ures . On t he whole, 
an increase or a decrease in 5, seed percentage would not seem ve ry i mportant with respect 
to the productivity of alfalfa meadows in the first yea r; 

4) With i n each mi xture it was pOSSib l e, on the basis of data collected on the 3rd cut , t o 
identify some F phenotypes (about 10\ of the seeds sown) cha racterized by a high green 

. 1 1 matter y1e d per plant ; 

5) No differences in establishment were shown between 5 and F seedlings ; on the contrary , in 
each mixtur e fall surviva l percentages of 5 plants ~ere Si~nlfica ntly lower than those of 

1 
Fl ; that points out the presence of a se l ective 5 elimination which seems to start , in the 
Italian environmental conditions, with the summer'per iod of water and thermal stresses. 
The intenSity of selection tends to increase with increas i ng age of the plants , and in an 
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alfa lfa meadow which is one year old, onl y a few 51 plants would be present , irrespect i ve 
of their percentage in the initial seed lot. 

Hybrid Alf alfa for a Frequent Cutti ng Schedule 

Z. Bojtos and L. La zar 
Agricu l tural Research Institute, Kompolt, Hunga ry and 

Nat i onal Institute for Agri cultural Va r iety Testi ng, Budapest , Hunga ry, res pectivel y 

After mo re than ten years of research work on hybr i d alfa l fa , about 500 three -way hyb rid s were 
produced (1) . The best hybrid made wi th a cytoplasmic ma l e - steri lity system received favo ura ble 
review in 1981, and app roved for ce r t ifi cation by na me of " KM - Hybridalfa ." This hyb ri d has 
outy;e l ded the Europe va ri ety by 8, 12, and 33% in t he 2nd, 3rd, and 4th yea r s , respective l y , 
whe n harvested on a cutt ing cycle of 28 days at 5 l ocations (2) . On a sta nda rd system of 
cutting , howeve r, hay yield of this hyb ri d has not differed s igni f i can tl y from Europe . Conse 
quently " KM -Hyb ridalfa" had a hi gh persistence enab l ing it to be utilized in a more intens i ve 
cutting cycle . 

These data a l so show that winterhardiness , sho rter dormancy, and rapid recovery after cutting 
are not necessarily incompatible cha racte r istics of alfalfa . 
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Cr ude Prote in Content of Alfal fa as Affected by Inbreeding 

J. Buglos, I. Bocsa , and J . Sa rosi 
GATE Agricul tu r al Research Institute, Kompolt, Hungary 

Spaced plan ts of two lots of selfed gene r at i ons (SG-l, SG- 2) and a mixed open pollinated popu-
lation (OPP) have been t ested for raw (crude) protein content 
ba s i s . Pri mordia* and who le plants** were taken fo r samp l es , 
anal ys i s followed . Results are briefly summarized in figures 
as follows : 

(RPC) on an i ndividual pl ant 
then dri ed at 60° C and Kjeldahl 
1- 2. Some of our concl us ion s are 

1. t1ean va lue of RPC (c rude protein) is highe r and its range narrowe r in SFs than in OPP. 
2. Within generations var i ability shows no di scern ible tendency when seq uenced accord i ng t o 

intensity of inbr eed ing. 
3, 

4, 

Mean RPC va l ues of gene ra tions follow a set pattern : they are al way s highest 

Pared to Sand 5 . their cumulative tenden cy ove r 5 - 5 i nvar iab ly breaks in 

1 3 ' 0 2 
cons i stent y returns in f ur ther generations . 

in 52 com-
53 ' never 

Pattern of RPC mea n va lue s over 5 -5 was consistent with and 

[ l ' " 3, 1 t' h' (' 
ag~eed with 
2, 3) J, 

former fi ndi ng s 

on se lfing dry matter and qua lty quant lty re a 10ns lpS ) 
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MEAN ROW PROTEIN VALUES IN FUNCTION OF GENERAflONS 

FOR SG-.f AND S6-2. 
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*Taking as many primor iums as possible from each plant with 4- 5 em stem . 
**Taking the whole above - ground plant at the t ime of appearance of 2 open f l orets. 
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Research on Combining Ability of Back-crossed Alfalfa CMS Lines 

Bel a Nagy 
GATE Agricul tural Research Institute, Kompolt , Hunga ry 

Using a controlled poll i nation method , a new hy br id alfalfa named " KM - Hyb r idalfa u was prod uced 
in Hungary , and received state registration i n 1981. The cytoplasmic male sterility makes it 
possible to cross parents with good combining ability in a cont rolled way. A further object ive 
is to improve the combining abil i ty of the pa rents . 

This paper is to report a part of a long-term task where the objective is to produce hybrids 
between inbred lines using cytoplasmic male ster i l ity . The selection of pa rents i s essentially 
based on the progeny test , because the " provocation ll of the initial mater i al -- in this field of 
breeding - - i s the crossing alone . 

We began the inbreeding of male sterile (cms) parents with the Be- method . Our fundamental 
objectives were : 

1 . How does the inbreeding (that is the selection of lines) affect the productivity of pro
genies? 

2. Is there a negative effect caused by the male steri lity of female pa rent in the productiv 
ity of its progenies? 

In our earlier research on testing ste rile clones 
progeny depended on the general comb i ning ab i lity ~~~A;~S o~ \~: 

experienced that productivity of 
female parent . 

In our research there were 63 familie s obtained from crossing of 9 male steri le and 7 fertile 
strai ns . The expe r imental design was a sp li t - plot , wi t h plot s i ze : 0 . 54 m2 in 4 rep li cat i ons , 
sta rted i n August 1980 , so in 1981 we ha d a stand comparable to a 2- year - old planting . Re su lts 
were computed by variance analysi s (VA , Table 1) . 

The progeny test confirmed our earlier statement referring to the genetical importance of the 
heterozygote of male parents : i . e . crosses between non - inbred fe rtile parents there were no 
stat istically differences based on progeny average . 

By inc r eas i ng the intens i ty of inbreeding of the fema l e pa rent th e freque ncy of 3 and 4 allel i c 
interactions have decreased in the progenies, a symptom well demonstrated by the decrease of SCA 

values . 

;~::~l l ~h 
SCA~~~ 109 

max. 

42 . 73 
23 . 51 

15 . 84 
16 . 04 

min . 

- 55 . 85 

- 61. 77 
- 24 .82 
-1 9. 49 

The inc rease of homogene i ty of the female parent resulted in a greater " hyb r id homogeneity" as 
evidenced by reduced CV values of the pr oge nies shows : f - 109 = 19 . 8\ ; Be -1 09 = 12 . 3% . from 
the table of variance analysis , it can be seen by the pro~uctivity of p rog~nies that the addi 
t i ve mate ri al effects we re sign i fica nt for t he 9 ma l e ste ril e parents . The Be - progenie s out 
yielded the cms F, - 109 progenies by 7- 26 pe r cent on the ave r age of 7 teste r s (Tab l e 2) . 
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On the basis of another s i mi l ar expe riment, we studi ed the re lation between the sterility of 
female parents and the mea n aver age of green fo rage yield of progenie s grouped acco rding to 
females. A low r- va lue (0.52 ; n=9) Vias obta in ed , which does not suggest a close relationship. 

Correlations were als o determined between seed setting capab i lity of t he ems - lines ( fema le 
fertility) and the 1st yea r green forage yie l d of their progenies. 

The r- values of t he co rrelat ion between pod/ 100 f l owe rs and seed/100 flower s on the one hand, 
and 1st yea r green forage yield of the progenies on the other , were r=0 . 013 (n=63) and r=0 . 044 
(n=63) , re spect i vely . This indicated that seed setting ability of female parents di d not ef f ect 
the fodder yield ing pote ntial of combinations based on cytoplasmi c ma l e sterility. However , 
seed se tting data of female parents cannot be fully i gno red , because this cha ra cte r plays an 
important role i n the propagation of the new comb inati ons . 

Table 1 . Va riance ana l ysis of the 9 x 7 NC-2 expe riment . 

Sour ce of va ri ance 50 

Replication 28 . 20 

Fertiles (Hale) 2 .15 

Error (rm) 3.41 
Steriles (Female) 24 . 32 

Genetical 
Inte raction 12 .60 

Error (rmf) 38. 86 

*** = Significant at 0 . 01 level, NS 
Tabl e 2. Average of progeny of the 
one year and five cutt ings . 

1 

2 
3 
4 

5 
6 
7 

8 
9 

+ 

Code of the male 
sterile parent 

Ffl - 2 

F 137 

81:3 109 
FI1-1 

+ 
K~l - Hybr i da 1 fa 

~;:~ 

kg/plot 

4 . 3 
4.3 
4 . 3 
4.2 
3 .9 
3.9 
3.7 
3.6 
3. 4 

TC- hybrid as mate rnal parent . 

DF MO 

3 

6 0 . 36 

18 0.19 
8 3 . 04 

48 0 . 26 

168 0 . 23 

non s igni fica nt. 
male sterile par ents 

Green riel d 
relative 

125.8*** 
124 . 0*** 
123 . 5*** 
122 . 0*** 
114. 0*** 
113. 2*** 
107 . 0 
104.2 
100 . 0 

***P=signifi ca nt as .007 per cent level . 
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F- test 

l.ss
N5 

13.1 4*** 

1. 14 
N5 

for 

Statistical 
va ri ance 
components 

.' A-- - 26 . 51 

. ~ 2 = 0 
e2 

991. 93 
<oF 

..- 2 78 . 11 
flF 

2 = 2. 31 
<S 
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The Re l ationsh ip between Fu sa r i um Wi l t and Ag ronomic Characterist i cs of 
Some Hungarian Lucerne Va r ieties 

121 
K. Manninger , S. Manninger , and J. Buglos 

1 
Research Institute of the University of Agricu l tu r al Science s at 

Codollo, H- 3356 
2Researches of State Office of Technolog i ca l Development, 

H-1138 Budapes t, Tomori, Tomori koz 8 

We have analyzed t he rel ationship between Fusarium wil t tole rance and some agronomic characters 
as reflected by a number of Hungarian cultivars wh i ch are mainly of sativa types: Kisvardai-l, 
Kisvardai - 2, KM -Hybridalfa, Mv-Syn·alfa, Nagyszenasi, Sza rvasi ·1, Szarvasi-2, Tapioszele i·1, 
Verko, Vert ibenda . 

Fu sa rium wilt reduced green forage yi el d in the 4th year of the st and. 

Ther e was a pos i t i ve re l at ion ship between rapid i ty of regrowth and Fusa rium tolerance (r=O.86). 
Those cultivars proving themselves to be persistent showed less susceptib ili ty to Fusarium wilt 
(Szarvasi - 2, 67.7%, Hybri dalfa , 60 . 2%) , and had rapid recove ry after cutti ng . 

Seed yie lds of the varieties were sign ifi ca ntly different . The diffe rences were much greater 
than the differences of green forage yield. Erectne ss and seed yield showed a close correlation 
(r = 0. 70) . There was no relati onship between seed yi e l d and Fusa rium suscept ibili ty (r=0.18). 
Differences i n winter hardiness were very sma ll , therefore no relat i onship was found between this 
cha racter and green forage or seed yield. The relati onsh ip between recovery and winterhardiness 
was negative ( r=- 0.42) while erectness and winterhard i ness showed a posit i ve (1) co rrelation 
(r=+O.48) . Cultivars showing ag ronomic factors which benef i cia ll y i nf l uenced green for age yie ld 
had a relatively l ow seed product i on. 

Severity of Wilt in Different Va rieties of Alfalfa as Affected by Harvesting Schedule 

1 

. 1 . 2 
K. Mannlnger , and S. Ma nnlnger 

Resear ch Institute of the Un i vers ity of Agricultu ral Sciences at 
Godollo , H-3356 , Kompolt , Hungary 

2Researches of Sta t e Office of Technological Deve l opment , 
H·l138 Budapest, Tomor i, Tomo ri koz 8 

\n Hungary, Fusarium and Ve rti c illi um are the majo r causa l agents of wil t, dependi ng on the 
given ecological condit i ons. Cultural practices play an i mpo r tant r ole in the development of 
these disea ses. Obse rv ations carried out under condi tions of provocation (stress) sug ge st that 
di sease is more seve re in dense stands used for green fodder than in spaced pl ants intended fo r 

seed production. 

We estab li shed a t ri al wi th dif ferent cultivars (Europe, KM-Hybridalfa, Leon i cena, Szarvasi-2, 
Ve r ko, Ve rtibend) to determine t heir di sease reaction under different cutti ng schedules (28, 35, 

42 days between cuts) . 
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Wil t index at the end of the third year 
according to intervals of cutting : 

Cultivar 28 days 35 days 42 days 

Europe 82.3 59 . 8 55 . 0 
KM - Hybri da 1 fa 46.7 16 . 6 20 . 5 
Leonicena 43 . 0 26 .1 16. 6 
Szarvasi-2 67 .2 27 . 3 10 . 4 
Ve rko 77.7 62 . 4 59 . 8 
Verb benda 74 . 7 57 . 3 54 . 9 

The wilt index of southern cult i vars wi th 6 cuts pe r year was 52. 2%, while the Fl amande types 
could only be cut 4 times per year to give a simi l a r (56.6%) wilt i ndex . The relationship 
between green forage yield and wilt index was very high (r=0 . 95) with the most intensive cutting 
schedule and less (r=0 . 33) when only 4 cuts per year were taken . When a compa ri son was done 
between entr i es with the same number of cuts, yield performance within a life span va ri ed 
strikingly. Yield performance, however, appeared to be similar when a compar i son was made 
between 6- cut souther n types and 4- cut Flamande types . By choosi ng an optimal number and t ime 
of cuts , severity of Fusarium wi l t can be reduced and life span of the stand increased. 

Female Sterility in Alfalfa (Med i cago sat i va L.) 

Zygmunt Staszewski and Zygmunt Tomaszewsk i, Jr. 
Plant Breeding Institute at Radz ikow, Poland 

Fema l e - ste ril e plant s fs -1 and fs - 2 were selected from progeny of a mutation derived from the 
alfal fa cultivar Warminska . Female-steri le mutants were crossed to 20 variou s plants of 
male-steriles and normal bi sexua l s . 

Morphological shape of plants and flowers in fertile and female-ste rile forms were s i milar , but 
the fs - 2 plant was characterized wi th self - t ripping. 

Female - sterile plants and normal - fertile components used for crossings had 74 - 95 per cent pollen 
stainabi l ity and shed much po ll en. The fs-2 plant had polle n sacks which did not dehisce in 
tripped flower s. 

The fs - 1 represented a type of semi - female s terility because 4 . 5-8.6 per cent of 11 70 pollinated 
florets set pods . Female sterility expression i n the fs-2 was stronger. Thi s mutation has 
proved ent ir e female - ste rile because in 1510 pollinated florets, only 0 .0-1.8 per cent set pods. 
Seed setting for fs - 2 was also low in various cross ing comb inations . 

Mal e f unct ion s of fs -1 and fs-2 mutants in recipr ocal crosse s were 
pollinated with fs-pollen set 100 per cent of pods in hand-tripped 
female organs in the fs - 1 and fs2 were ve ry li mited inspite of its 
norma 1 . 

norma 1 . 
florets. 

Male - ste rile plants 
Sexual functions of 

f l oret structure being 

Observed fe male ste rili ty appeared to be inheri ta ble because of the phenotypical trait ex
press ion in progenies from var i ous crossings . The female sterility character was transmitted to 
F, progeny onl y i n the combinations where fs-plants were used as the mate rnal parent. The 
femal e s t erility traits was not observed in the reciprocal crosses . Not one of 417 F plants 

1 
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obtained from female - fertile x fema l e - sterile comb inations seg reg ated fs - phenotype. The se 
result s indicate a cytopla smic-geni c type of inheritance . The cytop la sm i c factor and one 
recess ive gene system i s expected on the basis of our prel i minary experiments . 

If enti re female-sterile popu l at i ons were bred, they would be expl oited as pollen-produc ing 
components in hybrid breeding. On the other hand, a hi gh frequency of female sterility genes in 
alfalfa populations perhap s could be a reason f or seed set reduction. 

Segregation of F, progeny of crosses of female - steril e and normal pl ants. 

Pod Phenot~ ~i c segregation in F erogen;t 
Number of sett i ng 

, 
Seed No. Fema 1 e Female 

Crossing po ll inated Number of per number of F fertil e sterile 
variants florets set seeds per pod 

1 
pe rcent plants plants plants 

fs se l f - pollinated 200 8 4.5 1 . 1 6 5 
fs x fs 2 70 5 8 . 6 0 . 8 5 1 4 
fs x Mf 900 66 7 . 3 1.2 57 52 5 
ms x fs 1 270 497 100.0 3. 3 257 257 a 

fs 2 sel f-pollinated 290 a a a a a a 
fs 2 x f s 1 110 2 1.8 1.0 a 
f s 2 x Mf 1110 6 0.5 1. 0 2 
ms x fs 2 170 316 100. 0 3. 4 160 160 a 

fs fema l e - sterile se l ections 
Mf normal hermaphrodite plants 
ms male- ster i le plants (ES rf

2 
rf

2 
rf

2 
rf

2 
genotype) 

Evaluation of Alfalfa under Dry land Conditions 

S. Ceccarelli and A. Osman 
The International Center for Agricultural Research in the Dry Areas (ICARDA), 

P.O. Box 5466 , Aleppo (Sy r ia) 

Alfalfa va riet ies and ecotypes of diffe ren t origin have been eva luated in northern Syria under 
dryland cond i t i ons (350- 400 mm rainfall). Dry matter yield in the fir st yea r after establish
ment ranged from 1. 5 m T/ ha to 2 .5 m T/ha over four cuts . 

The seasonal dist ribu tion of dry matter yield suggest that the mate ri als can be grouped into two 
distinct types . One gr oup i ncludes winter- do rmant types (Iran, Turkey, Yugos l av ia, Lebanon) 
which gave poor dry matte r yi eld in the first cut, but considerably hi gher yield in the second 
and thi rd cuts. The second group, which ;s winter -g rowing, gave a ve ry s imilar dry matte r yield 
in the first two cuts . Some varietie s belonging to the second group (Mesa Sirsa, Arizona, 
Ha yden and Sonora) we re also the most product i ve in te rms of total dry matter yi eld. 
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Breeding Alfalfa for Tolerance to Multiple Cutting 

Vuri M. Pi skovatski 
All-Union Williams Fodder Research Inst i tute 

Lugovaya, Moscow region, USSR 

Use of alfalfa for preparation of fodder ri ch in protein is pr om i sing not only in the main zone 
where alfa l fa i s being gr own (Middle Asia, Northern Caucasis, Ukraine) but also in the new 
regions of i ts growing (Non -chernozem zone, Baltic Republics, and Byelorussia). 

It was assumed that with early cutting of sward and increasing number of cutti ngs, the harvest 
of grass with high content of prote i n ca n be raised. However, i nvestigations have shown that 
when cutting alfalfa hay types in the budding stage, the sward badly weakened and killing of 
plants was often observed. In consequence of seve re weather cond iti ons in this zone, the plants 
have no time to store a sufficient supp l y of food reserves for deve l oping subsequent shoots . 
After a two- year cutting of sward at the early stage of growth, the killing of plants reaches up 
to 75-85%, and when harvesting at the beginning of flowering, 10-15%. Usually alfa lfa is cut 
1-2 times at the beginning of flowering when green mass contains maximum quantity of protein 
(15 -16%) . 

The task is to create a va riety, which after 3- 4 cuttings at the budding stages, gi ves quick 
regrowth and accumulates food reserves, mainly from buds of the tillering zone for development 
of shoots. 

• 
Interspecific and intraspecific hybridization with subsequent selection is used in the breeding 
work. Interspecific hybrids obtained from the artificial crossing of species belonging to 
Medicago sativa, ~ falcata, and ~ va ria se rve as the initial materia l. Hybrids for multiple 
cutting were created on the basis of biotypical selection from simp l e hybrids (F

2
-F

3
) and 

subsequent pollination of them in the polycross nurser ie s . 

As the resu l t, the promising simple and comp lex hybrids have been obtained. Eval uation of these 
hybrids was done by mult iple -cut usage (3 -4 cuts at the budding stage) when protein content in 
herbage was 22-24%. Great attention had been paid to the rate of sward recovery following 
cutting , resistance to Fusarium oxysporum and unfavourable weather cond iti ons . Hybrids MH 2, MH 
8, MH 9 possessing high resistance to multiple cutting at the budding stage have been developed. 
Total yield of protein at the cost of additional cutting s and increasing content in the plants 
during harvest at the early stage of vegetation increased by 20-30\. 

Hybrids provided an increase in dry matter production in total fo r 3 years vs . the standard by 
22 .1-23.1 %. Habit of shoot formation and form of root system gr eatly influences the swa rd 
resistance to frequent cutting . It is very important for the non-chernozem zone that alfalfa 
should form more shoots from the root-crown buds and the root system should have a tap - coronal 
or tap-b ranching form. 

Alfalfa Resea rch i n Pakistan 

M.H. Chaudhary and M. Mukhtar 
Ay ud Agr i cultural Research Institute, Fai salabad (Pakistan) 

in coope ra tion with USDA under PL-480 Project No . FG-Pa-253/PK-ARS-48(N) 

1) Polycross test with 16 va r ieties of al falfa 
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This study was carr i ed out to test the general combining ability of 16 varieties of alfa lfa so 
that best combining lines having greater potential for green fodder yield may be selected for 
use in synthetic production of alfalfa varieties. Seeds of these varieties were sown in field 
rows r andomly and allowed to cross freely using honeybees. The polycrossed seed of each va ri ety 
was collected separately and was sown in a polycross test during 1979. The data was recorded on 
green fodder yield and its components for 1979 and 1980. The six sources hav ing the highest 
fodder yield potential were the U.S . varieties AS-1 3 (17.1 m tons/acre), C/W/5 (17.90 m tons per 
acre), AS -1 3R (17.2 m tons/acre) and 185 alfalfa (17.1) and two Pak i stan variet i es, type 18 
(18.3 m tons per acre) and Punjab selection (17.4 m tons/acre). 

2) Fertilizer trials with al fa l fa 

Studies with the following treatments were carried out from 1976-77 to 1977- 78. 

Treatment 
No . 

Tl 

T2 

T3 

T4 

T5 

Fertilizer treatments 

N P K lbs/acre 

0 0 0 
30 30 0 at sowing 
30 30 0 after first cutting 
30 60 0 after second cutting 
30 90 0 after third cutt in g 
30 120 0 after fourth cutting 
30 150 0 after fifth cutting 
30 100 0 at sowing 
30 180 0 at sowing 
60 180 0 at sowing 
Variety - Type 8/9 

The maximum yield of green fodder was 29.02 m tons per acre, obtained from fertilizer treatment 
Ts, where 60 lbs nitrogen and 180 lbs P 05 acre was applied at sowing, fol l owed by T3 where 30 
lbs nitrogen and 100 lbs P 05 acre was ~pplied at sowing (27 . 3 m tons/acre), and T4 (30 lbs 
nitrogen and 180 l bs P Os/~cre) applied at sowing (27.3 m tons per acre). T2 where nitrogen and 
phosphorus were appliea in split applications at different cuttings yielded 27.0 m tons/acre as 
compared to 22.3 m tons per acre for the control. 

3) Effect of different intervals of cutting freguencies on the green fodder yield of alfalfa 

The results of three years studies (1978-80), revealed that different cutting frequency treat
ments significantly affected the different morphological characters li ke plant height, stem 
thickness, number of tillers/plant and fodder yield. An interval of 29 days gave the highest 
green fodder yield of 14.2 m tons per acre followed by 36 days intervals (12.8 m tons), 22 days 
cutting frequency (7 . 8 m tons per acre) and 15 days cutt ing intervals (6.6 m tons) per acre . 

4) Height of cutting experiment with al falfa 

The results of three years studies (1978-80), showed that maximum green fodder yield from 
alfalfa was obtained when the c rop was cut at two inches level above the ground (29.2 m tons per 
acre), followed by cutting alfalfa close to the ground (24.5 m tons per acre). The lowest gree n 
fodder yield (23.5 m tons) resulted from a cutting level of four inches above the ground. 
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Committee on Preservation of Germpl asrn 

This is a continuing committee. The former a l falfa GRIP Committee [Germplasm 
Resources Information Project , an information system being developed for the 
National Plant Germplasm System (NPGS)] was renamed the Alfalfa Crop Advisory 
Committee (ACAC). Membership on this NAIC Committee and on the ACAC Committee 
is identical . Several significant contributions have been made to alfalfa 
germplasm since 1980 , when a report was given at the 27th NArC and included in 
the proceedings . 

The alfalfa advisory committee has been working on the initial phases of a 
seven-phase p lan for the conservat i on and use of plant genetic resources. The 
p lan originated in 1979 with the National Plant Genetics Resources Board. The 
alfalfa committee is one of eleven advisory committees . 

A Proposal for the Evaluation of Alfalfa Ge rmplasm was presented by D. K. Barnes 
at the August 1981 meeting of the ACAC . In the 1978 and 1979 committee 
meetings , lists were made of high, medium and low priority descriptors 
(characteristics) on \oJhich information was desired. Descriptors were defined 

and evaluation strategies were discussed . All descriptors wil l be included i n 
the Germplasm Resources Information Network (GRIN) , the information system 
designed to serve the NPGS . Descriptors regarding resistance to 12 diseases , 9 
insects , and 3 nematodes were given high and medium priority and wil l be 
addressed first . Standard evaluati on procedures are available for 9 of the 12 
diseases, 5 of the 9 insects, and the 3 nematodes . State and federal alfalfa 
scientists wi th expertise in pest r esistance evaluation were surveyed with 
regard to their interests in evaluating accessions . An estimated annual budget 
of about $60 , 000 would enable the evaluation of about 150 accessions for 18 
descriptors . continuous seed increase and evaluation was considered necessary 
to evaluate the present and future collections . A semi technical report on the 
status of Alfa lfa Germplasm in the united States is being prepared by committee 
members . 

The NPGS Registry Committee met at Peoria , Illinois , in 1981. A registry
specific descriptor list was developed , and the use of a universal identifier 
number was discussed . At a subsequent GRIP Coordinating Committee meeting it 
was decided that the Plant Inventory (PI) Number would function as the primary 
identifie r , but supplementary identi'fiers could be used. 

Alfalfa exploration and seed collection trips during 1980-81 included the 
following : The Andes of Chile , 1980 , Iv . R. Kehr ; Domestic collection in the 
u . S . and Canada with emphasis on ol d stands and range areas , 1980 , M. D. 
Rumbaugh, R. J. Lorenz, A. C. Wilton, and W. R. Kehri Bolivia , Peru , and 
Ecuador , 1981 , M. D. Rumbaugh and W. F . Lehman; Turkey , 1981 , J . H. Elgin Jr. 
and R. H. Ratcliffe. No alfalfa seed collection trips were scheduled for 1982 . 
Collection proposals are planned for Morocco ; Bulgaria, Hungary , and Romania ; 
North Africa ; Peru ; Israel and southern Medi terranean a r eas ; Yugoslavi a and 
Greece . 

About 170 foreign accessions were increased under cages at Reno , Nevada, in 
1979 and 1980 . About 200 cage increases were made in 1981 . Seed producti on 
per accession has varied greatly , from none t o a pound or more . Initial funds 
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for this program were for a five - year program managed through the cooper ation 
of the Regiona l Plant Introduction Station at Ames , Iowa , and the University 
of Nevada at Reno . Continued annual suppor t is anticipated so that access i ons 
can be increased soon after collection. 

A National Seed Repository of U. S . alfalfa cultivars was established at the 
Plant Introduction Off i ce (PIO) at Beltsville , Maryland, in 1981 to meet 
foreign requests . The Repository is supervised by G. A. \vhi te and J . Ii . Elgin 
Jr . All public and private breeders were invited to contribute seed . The 
PIO will fill r equests by sending 25 grams of seed . 

The Medicago collection of Karlis Lesins has been g iven to the Devonian 
Botanic Garden, Edmonton , Canada . The collection will be catalogued and 
assessed for species of t he most interest , seed increase and maintenance status. 

Nationa l concern on the adequacy of the National Plant Ge rmp l asm System has 
been expressed in several committee reports and in a report to the Congress by 
the comptroller general . The current status , and its strengths and weaknesses 
were evaluated , and a long-range p lan (1983- 1997) was made by the USDI'./ARS in 
the interest of strengthening the total germplasm system. Douglas R. Dewey 
\'las recently appointed by the USDA!ARS national technical advisor for "Crop 
Germp lasm Enhancement ll

• 
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Report of the Committee on Avail able Br eeding Lines of Alfa l fa 

Responses to questionnaires yielded the following l ist (Table 1) of germplasm 
r e l eases not prev i ously recor ded i n conferen c e report s . Tab l e 2 conta ins a 
list of cultivars that were available before the Na t ional Alfalfa Variety 
Review Board was organized and t he sta tus of basic seed stocks and ac r eages 
i n seed product i on as of April 1982 . The table also con t ains a listing of 
cultivars that were reported as discontinued . Exami nat i on of r ecor ds f r om t he 
Nationa l Seed Storage facility at Ft. Collins reveal s tha t 52 of the 243 
previous germplasm releases are stored . Forty eight of the germplasm releases 
were clonal material, two of which are represented by self seed stored at Ft . 
Collins. One hundred six t een of the re l eases a r e r eg i s t ered in Cr op Sci ence . 

One hundred eighty five varieties have been favorably reviewed by NAVRB (through 
Dec . 1981) . Ninety nine have been reg i stered wi th Crop Science (includes 19 
pre- NAVRB and Canadian) . Forty nine of those r eviewed before 1981 are not 
stored at the Ft. Collins facility. The varieties Canadian Var iegated, Ferax , 
Kaw , Macsel and Liber t y are also not s t ored a t Ft . Coll i ns . A list of germ
plasm releases and var ieties tha t are not s t o red i s being fo rwarded to the 
seed storage laboratory wi t h a recommendation that or i ginato r s be con t ac t ed 
with a request for seed . Retir ement and discontinuation of a lfalfa r esearch 
programs at a number of locations provide a distinct possibili t y that ger m
pl asm may be los t . Up t o 5 pounds of Buffa l o Founda tion seed may be r eques t ed 
from Pioneer Seed Co . at Kerman, California as long as t he excess supply lasts. 
Contact Boyd Hartman before January 1 , 1983 . 

The commi t tee recommends that : 
1. An updated list of discon t inued var ieti es should be pr epared . 
2 . Guidelines on discontinued varie t ies s hould be made availab l e to cer ti

fication agencies . 
3 . An upda t ed lis t of r el eased germpl asm f or which seed or cl ones a r e no 

longer available should be prepared . 
4. An updated supplement or a r ev i s i on of ARM-W- 5 (197) " Improved Br eeding 

Lines of Alfa l fa " s hould be pr epared with i n thr ee t o four years . 
5 . The commi ttee should continue it s assignmen t to compile a lis t of 

available breeding lines for the 1984 confer ence . Thi s shoul d include l i nes 
tha t are not of f iciall y released and a l is ting of ger mp l asm s t ored in a r chiv es 
at va r ious loca t ions t ha t mi ght be availab l e fo r limit ed dis tribution. 

6. Strong emphasis should be pl aced on r egis tra t ion of germplasm and 
varie t y releases i n Cr op Sc i ence t o provide r eadily availab le document a tion of 
t hi s mater ial as i t is used in r esearch programs . 

7 . A lis t of " endangered" varie ties s hould be ma il ed t o appropriat e con
ference member s wi t h a reques t for information on seed s t o red in l oca tions 
other t han the Nationa l Seed Stor age f ac i li t y . 

Submitt ed by , 

R.E. Anderson 
J .L . Caddel 
Boyd Hartman 
R. N. Peaden, Chai rman 

B. A. Melton 
Real Mi chaud 
E. L. So r ensen 
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Table 1. Alfalfa germplasm releases since 1980 N.A.I.C. 

State/ Agency 
/Company 

Kansas AES 

Kansas AES/ 
USDA 

Nevada/USDA 

Nevada/USDA 

Nevada/USDA 

Nevada/USDA 

Nevada/USDA 

Nevada/USDA 

Contact 

E.L. Sorensen 

E.L. Sorensen 

B. D. Thyr 

B.D. Thyr 

B.D. Thyr 

B.D. Thyr 

B. D. Thyr 

B.D. Thyr 

Name of 
Germplasm 

KS14S 

K78-l0 

NHP-8 CLS
S 

NHP-46 

NHP-47 

mlP-SO 

mlP-ll 

mJP-12 

Stock 
(seed or clone) Description 

seed 

seed 

seed 

seed 

seed 

seed 

seed 

seed 

Derived from Cody and DuPuits. 
Resistant to anthracnose, downy 
mildew, bac t erial wilt, pea aphid, 
spotted alfalfa aphid. 

Derived from cvs Anchor and Elga . 
Resistant to downy mildew, anthrac
nose, pea aphid and spotted alfalfa 
aphid. (CROP SCI. 21:476, 1981) 

Common leaf spot resistant. Non
do rmant germplasm . 

Blue alfalfa aphid-resistant winter
hardy germplasm developed from 
Wash. SNI. 

Blue alfalfa aphid-resistant non
hardy germplasm developed from 
Southwest Intercross (SNI). 

Blue alfalfa aphid- resistant semi
hardy germplasm developed from 
t\.Ja shoe' . 

Common leafspot-resistant alfalfa 
germplasm developed from P.I. 
numbers 196233, 196247, 209091, 
262550, 277425, 292773 and 302929. 

Common leafspot-resistant alfalfa 
germplasm developed from P.I . 
numbers 167263, 196228, 204460, 



State/Agency 
/Company 

Nevada/USDA 

Nevada/USDA 

Nevada/Oregon 
/USDA 

New Nexico AES 

Contac t 

B.D. Thyr 

B . D. Thyr 

B.D . Thyr 

Bill Nelton 

New Nexico AES Bill Melton 

New Mexico AES Bill Melton 

North Carolina/ Hill A. Cope 
USDA 

North Carolina/ Hill A. Cope 
USDA 

Name of 
Germplasm 

Stock 
(seed or clone) Description 

NMP- 12 (continued) 251205, 251689, 251830, 287884, 
287886, and 341814. 

NNP-13 

GXB 
GXC 
GXE 

EUPH-5 

EUAN-5 

MAN- 5 

NCMP 1 

NCMP 2 

seed 

seed 

seed 

seed 

seed 

seed 

seed 

Common leafspot-resistant alfalfa 
germplasm developed from P.I. 
numbers 182239, 196225, 253445, 
255962, 260246, 300578 and 384507. 

Dormant alfalfa germplasm well 
adapted to irrigated areas of the 
Intermountain West and Pacific 
Northwest regions . 

Non-dormant, of El Unico parentage 
with high levels of resistance to 
Phy t opht hora . 

Non-dormant of El Unico parentage 
with high levels of resistance to 
races 1 and 2 of anthracnose. 

Semi-dormant of Mesilla parentage 
with high levels of resistance to 
races 1 and 2 of anthracnose. 

Developed by selection for pest re
sistance, plant habit, and genetic 
diversity. Hoderate resistance to 
bacterial wilt, pea aphid and high 
resistance to phytophthora root rot, 
anthracnose (race 1) a nd spotted 
alfalfa aphid. 

Originated from a cross between a 
weevil- resistant population and 



State/Agency 
/Company 

North Carolina 
/USDA 

North Carolina 
/USDA 

North Carol ina 
/USDA 

Univ. of 
Alberta 

Utah/USDA 

Contact 

Will A. Cope 

Hill A. Cope 

Hill A. Cope 

K. Lesins 

N. D. Rumbaugh 

Stock Name of 
Germplasm (seed or clone) Description 

NCNP 2 (continued) 

NCMP 10 seed 

NCHMP 22 seed 

seed 

GP52 - II1 seed 

Apalachee. Moderate levels of re
sistance to bacterial wilt and 
anthracnose (race 2) and high 
l evels of resistance to phytoph
thora root rot and anthracnose 
(race 1) . Noderately resistant to 
the pea aphid and yield is above 
the average of the common commerc i al 
varieties. 

Originated from a cross between 
Saranac An 4 and a weevil- resistant 
population . Moderate res i stance t o 
anthracnose (race 2) and high re
sistance to bacterial wilt and 
anthracnose (race 1) and pea aphid . 
Yield over two years averaged one 
ton per acre greater than "Arc ". 

Developed by a three way cross be
tween three weevil-resistant popu
lations. High l y resistant to spot
t ed alfalfa aphid, phytophthora 
root rot, and anthracnose (race 1); 
moderately resistant to bacterial 
wilt and pea aphid . 

Ten to 12 plants self fertile and 
self tripping in greenhous e . 
Progeny show resistance to inbreed
ing depression. 200 seeds from 
each plant available on request. 

Derived from 3 cycles of s e lection 
from C3 . Adapted to grazing in 
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S tat e/Agency 
/Company 

Utah/USDA 

Utah /USDA 

Utah Sta t e 
Univ . /USDA 

I,ashingt on AES 
/USDA 

Wisconsin 

Contac t 

H.D. Rumbaugh 

H.D. Rumbaugh 

H.D . Rumbaugh 

J.H . Elgin , Jr . 
(now a t BARC) 

E.T. Bingham 

Stock Name of 
Germplasm ( seed or clone ) Description 

GP52-II1 ( continued) 

BC- 79 

U- 5560 seed 

Ino seed 

' Regen- S ' seed 

dryland pastures and rangelands. 
Dormant with r es istance to Fusarium. 

Trac e s to introductions by N.E . 
Hansen. SiX'ty to 80 percent root 
sp r eading with r esis t ance t o bac
terial wilt and Fusarium roo t rot. 
Winter dormant for range and pasture 
i n semi-arid areas . 

A l ow saponin, bac t eria l wilt r e
sistant strain. 

Intercrosses among Arc , Agate, 
Apalachee , Beltsville 2- An4, Belts
ville 3-An4 and Nev. Syn HH . Hoder
ate to low levels of resistance to 
anthracnose , bacterial ,.;rilt, Phy
tophthora, root- knot nematod e and 
stem nematode, pea aph id and spotted 
alfalfa aphid. (CROP SCI. 22 :163, 
1982) 

A cultivated t e traploid deve loped 
f rom ' Saranac ' by three cycles of 
r ecurr ent selection for r egeneration 
of plants from ca llu s . Selec ted 
geno types will also r egenerate from 
protoplasts. Exp . Sta . Release, 
Dec. 7, 1978 . 



Table 2 . Present seed stored and acreage of alfalfa cultivars which were 
avail able prior to NAVRB organization (Includes some cultivars 
available s i nce NAVRB that are discontinued) . 

Name 

A-59 " 

African i: 

Alfa* 

Apalachee* 

Arc,,, 

Atlantic* 

Beaver* 

Buffalo'" 

California 
Common* 

Location 
of seed 

Pratt County , KS , 
processed by Farm 
Research, Inc. 

Idaho 

Hright City , MO 
Embro Seed Co. 

California 

Oxford, NC 

Oklahoma 

Ne\V' Jer sey 

New Jersey 

Canada 

Idaho 

Freder i ck , OK 

Kerman , CA 

El Centro , CA 

Class 
of seed 

Registered 

Certified 

Foundation 

None repor t ed 

Breeder 

Foundation 

Br eeder(1954) 

Breeder(1952) 

Foundation 

Certified 

Certified 

Certified 

Foundation 

Amount 
stored 

55011 
(1954 - 55) 

700 g 

125 11 
5-8% germ) 

511 

Acreage in 
production 

50 A( 1980) 

21 A 

Discont. 

35-73 A 

5 ,015 A 

96 A 

100 A 

48011 ( Contact Boyd 
Hartman if inter-
ested in this 
seed . I t "ill be 
destroyed after 
8/1/82) 

First generation 
after certified 

450 g 
*See sampl e stored i n Na t ional Seed St orage Labor a t or y , For t Coll ins, 

CO . 
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Name 

Ca liverde * 

Ca nad i a n (ON) 
Var i ega t ed " 

Cherokee)\-

Chilean 21- 5" 

Cody* 

Cossack* 

Culver* 

DuPuits * 

Ferax}'t 

Fr emont* 

Gr i mm* 

Location 
of seed 

El Centro, CA 

Ox f o rd, NC 

Califo rnia 

Oklahoma 

Indiana 

Ind i ana 

North ern 
Nevada 

Univ. of 
Alberta 

Laramie , HY 

Saska t chewan , 
Canada 

Canada 

Hairy Peruv ian}'t Californi a 

Hard i gan * 

93 

Class 
of seed 

Foundation 

Certified 

None reported 

Breeder 

Cer tified 

Regi ster ed 

Cer tified 

None reported 

Basic (?) 

Amount 
stored 

340 g 
(1954) 

1675 g 
(1955) 

2511 

100 g 
(1958) 

Ac reage in 
p rodu c tion 

Discont . 

37 A(198l) 

337 A(l981) 

50 11 (Reported to be 
in cold s t o rage but 
unable to find it) 

Small seed lots 
available from 
Dr. John Ax t el 

Non- cer ti fied ? 

Breeder 10/1 

Breeder 2 11 

Founda tion 1011 

Breeder ( ?) 5/1 

Founda tion 3 A 

Cornmon 3500 g 
0962- 63) 

None rep ort ed 

Non e r epo rted 



Name 

Indian 

Kaw 

Ladak * 

Lahontan * 

Liberty 

Macsel 

Location 
of seed 

California 

Idaho 

Northern Nevada 

Mon tana 

Idaho 

Northern Nevada 

Oxford, NC 

Oklahoma 

Meeker Baltic * South Dakota 

Moapa * 

Narragansett * 

Nemastan * 

New Mexico * 
11-1 

Nomad 

California 

Nevada 

Idaho 

Northern Nevada 

New York 

Hatch, NM 

Galem , NM 

Oregon 

94 

Class 
of seed 

Breeder 

Amount 
stored 

250 g 

Acreage in 
production 

Parent stock 200 g 
(before 1955) 

None available per E. Sorensen, KS 

Certified 306 A 

Non- certified ? 

Certified 940 A 

Certified 14 A 

Non- certified ? 

Breeder Available 

Registered 900 g 

Foundation Available 

None reported 

None availab le 

Certified 1005 /1 

Breeder Available 

Certified 14 A 

Certified 40 A 

Breeder None available 

None reported 

Registered, 
certified 1700/1 13 A 

Certified 1750 /1 13 A 

Breeder 5/1 

Registered Some 

None in 1981 

I 
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Name 

Or e stan * 

Rambler* 

Ranger * 

Socheville * 

Ta l ent * 

Team * 

Teton * 

Turkistan * 

Vernal * 

Location 
of seed 

Ontario, OR 

Oregon 

Canada 

Idaho 

*Swift Current, Canada 

Idaho 

Colorado 

Hadras, OR 

Northern Nevada 

*Univ . of Neb raska 
Bill Kehr 

Neb r aska 

Neb raska 

Washington 

Oregon Sta t e Univ. 

Oregon 

Beltsville, HD 

South Dakota 

Idaho 

Colorado 

Nor thern Nevada 
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Class 
of seed 

Regis t e red 

Certified 

Foundation 

Certified 

Certified 

Breeder 

Certified 

Registered 

Certified 

Registered 

Certifi ed 

Breed e r 

Cer t ified 

Certified 

Certified 

None r eport ed 

Breeder 

Certifie d 

Breeder 

Breeder 

None reported 

Certified 

Regist e red 

Cer tified 

Amount 
s tored 

45811 

7511 

471811 

511 

5011 

311 

150 11 

8311 
(1960) 

211 

Acreage in 
production 

354 A 

20 A 

1602 A 

65 A 

910 A 

16 A 

50 A 

620 A 

2132 A 

112 A 

5 A 

Discont. 

3681 A 

15 A 

400 A 



Location Class Amount Acreage in 
Name of seed of seed stored production 

Vernal Montana Certified 324 A 
(continued) 

Washington Certified 5422 A 

Foundation 34011 

Canada Certified 351 A 

Williamsburg * None reported 

Zia * Pecos Valley Non-certified Estimated 300-area, Approx. 
Carlsbad and 35-40 T 400 A 
Hagerman, NH (Hostly 

carryover 
seed) 

New Hexico Non- certified 50,00011 300 A 
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Committee on Potential Use of Tissue Culture in Alfalfa Improvement 

This report s ummarizes the s cope of current ti ssue culture research on alfalfa, 
clover species , and birdsfoot trefoil in North America, and cites related re
search from other parts of the «orld . To conserve space, certain chemical 
symbols and terms are not defined; it is recommended that proj ect leaders be 
contacted for full details . 

In California, Bill Rains (UC-Davis) is se l ecting for salt tolerance in culti
vated alfalfa and has re generated plants from salt tolerant callus. Currently, 
comparative studies on ion uptake of the sal t - selected and non-selected cell s 
are being carried out to determine possible mechanisms and regulations involved 
in the ability of salt-selected cells to gro« on high NaCl levels. One alfalfa 
line being used i s 'Regen-S.' Regarding salt tolerance, Michael Smith and 
J. A. McComb in Austral ia, reported that W75RS (Regen-S) was more sa l t tolerant 
than cvv., 'Hunter River,' 'Cuf 101,' and 'Hasawi ' and that tolerance was mani
fested at both the callus and whole plant level. 

T. J. McCoy (USDA-ARS, Reno) and T. R. Knous (UN- Reno) are us ing cul t ure 
filtrates of the Fusarium wilt pathogen for selection of alfalfa cell lines 
resistant to a toxic component(s) produced by Fusarium disease. Two different 
cellular r esponses have been ob served in two different alfalfa lines . Re
sistant plants of 'Moapa 69 ' are susceptible to the culture filtrate as cel l s 
in culture; whereas resistant plants of a Hungarian experimental line are 
resistant to the filtrate . Different r esponses may reflect different mechan
ismsof resistance . 

At Kansas State, Lowell Johnson (Manhattan) is using mesophyll-derived 
protoplasts of alfalfa to (1) study variability of protoclone regenerates, 
(2) develop protoplast f usion methods to eventually transfer pes t resistance 
and other desirable traits f rom sexually isolated species, and (3) use 
pathogen produced toxins for in vitro se l ection for disease resistance . 
Regen- S selections have been used thus far but regenerable sel ections from 
Kansas cultivars are being sought. Published report s of alfalfa regeneration 
from protoplasts include those from Johnson ' s group, Kao ' s laboratory (Sas k., 
Canada) and Cocking ' s group (Nottingham, GB) . 

Glenn Collins (UK, Lexington, KY) is using alfalfa and red clover as regenera
ting legume species in research aimed at regenerating soybeall and other 
r ecalcitrant legume species . Both biochemical and developmental processes 
will be monitored while manipulating media and cultur e conditions. Other 
work with clover species includes virus-elimination via meristem- tip culture, 
interspecific hybrid emb ryo rescue, and regeneration of plants from proto
plasts. 

In Nel< Mexico, Greg Phillips (Las Cruces) is screening 1000 regionally adapted 
genotypes for regeneration to underpin somatic cell se l ection research for 
stress tolerance; namely, tolerance of limit ed phosphorus. In a pil ot study 
us~ng r ed clover selected under conditions of l imited phosphorus, regenerated 
plant s exhibited improved phosphorus efficiency and increased forage concentra
tions of phosphorus and total nitrogen . 
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At MONSANTO, Donna Mitten (St. Louis) i ndicates that the definition of the 
reduced ni t ro gen r equirements for r egeneration has been ins trumental in im
proving regeneration r esponses . Somat i c embryo formation requires a minimum 
of 12 . 5 mM NH + in t he r egene ration medium for optimal expression . A s urvey 
of nine germp1asm s ources of mode rn alfalfa has shown 80 pe rcent of the 
genotypes f rom the cv . 'Ladak ' to r egenerate from tissue culture . Some r egene 
ration was found among all the ge rmplasm s ources except Falcata and Indian. In 
vitro sel ection s for salt tolerance have yie l ded many pr esumptive varian ts 
\,'hich are being used in future studies. 

In South Carol ina , Earlene Rupert (Clemson) has found regenerable genotypes 
in three cultiva r s of ~ r ep ens ('Tillman,' 'Regal' and ' Sacramento '). Ex
plant s from hypocotyl sections ar e i nduced to callu s on media con taining 
ei the r Picloram or 2,4-D, and then regenerated on media containing EA, kinetin 
or 2iP. Callus material of the mo st productive cultures "ill be us ed to 
duplicate t he alfalfa and red c l over cell- plant systems. Embryo cul t ure and 
emb r yo callus culture have been used ex t ens ive l y in the Clemson program to 
obtain wide hyb rid s involving eight s pecies of Trifolium, sect ion Lotoidea. 
Sever al year s ago, meristem cul t ure was used to e liminate viruses from the 
parental c lones of Tillman white clover . 

Ike Kawaguch i and Keith Halker are developing commercia l quan tity breeding 
s tocks of alfalfa wi th high capacities fo r r egener ation at Plant Genetics, Inc. 
(Davis , California). Thi s material will be a corner stone fo r exploiting cell 
and molecular biol ogy i n varie t a l improvement. I n addi tion , David Stuart is 
i nitiating fundamen ta l investigations in the control of somatic embryogenes i s 
by ammonium ion , This research is at a n early stage in our laboratories . 

At Hisconsin, Ted Bingham (Madison) i s foc us ing on analyzing the genetic 
con tro l of many variants of HG2 alfalfa r ecovered in an exper iment de signed 
to yield amino acid over- produce r s . Amino acid variants have tended to be 
ster ile , hinder i ng gene transfer, but s ome othe r i nteresting variants have 
been genetically tran smitted, such as a dominant semi - dwar f . Cells were 
mutagenized; hence , most variant s are probably due to induced mutations. Some 
s pontaneous va r iants have al so been r ecovered and one of them with imp roved 
clonal yie l d and fe rtilit y appears to be due to chromosome s ubstitu tion. This 
s pontaneous improvement in culture was not as great, howeve r, as that obtained 
i n four generations of conventional selection using se l fed pr ogeny of HG2 . 

Red clover and birds foot trefoil are be ing used in several applications of 
tissue culture by Dwight Tomes a nd his associa t es at the Unive r s ity of Guelph 
(Guelph, Ont .). These include ge rmplasm storage, s omatic cell selections and 
ana l ysis of variation aris i n g in tissue culture. They ar e ab l e t o store geno
types of bird s foot trefoil and r ed clover up to one year at 4°C without sub
culture whi l e progeny tests are completed . This i s particula rly useful in 
birdsfoot t r efoil because repeated propagation by cuttings has been unsuccess
fu l . Physo l ogical differences are evident between i n vitro and c rown bud 
cuttings , but the in vitro propagation does not appear to induce ~enetic 
changes in eithe r species . I n vitro sel ection of b i r dsfoot t refo~l for 2, 4-D 
to l e rance and altered nitro gen metabolism has been s uccessful and altered 
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genotypes are being analyzed genetically. 

At Agrigenetics , Dale Hanson (Madison) i s opt i mizing a l falfa regeneration f r om 
mesophyll and suspension culture protoplas t s in preparation for experiments 
on DNA transformation, cell physiology and genome expr ession. About 70 pe r cen t 
of isolated protoplas ts s urv ive and undergo cell division using optimized 
culture conditions in V47 salts with an osmoticum of 10 percent manitol, s impl e 
organic components, 0 . 5 mg/ l zeatin , I mg/l NAA, and 0.2 mg/ l 2,4- D. Callus 
differentiation into embryos was obtained by acute 2 , 4- D treatment and was 
genotype dependent. 

Dick Smith (USDA- ARS , ~ladison) has regenerated both r ed a nd crimson clover 
(T. pratense and T. incarnatum, r esp . ) from hypocotyl, petiole, and ovary 
explant tissues . -Current activities include recurrent se l ection for improved 
r egene ration, cold storage of tissue, and meri s tem culture for virus elimina
tion. After one cycle of se l ection, r egeneration capacity of r ed clover was 
increased fr om 4 percent to 42 pe rcent . 

Conclusions: Tissue and meristem culture are being used by several groups for 
virus elimination in the small seeded forage l egumes and this use is expec ted 
to continue . The basic research applications of disease toxins in t i ssue 
cultures a r e being exploited in the charact e rization of res istance mechanisms, 
and event ua lly shou ld f ind applied use in screenin g for some forms of di sease 
r es i s tance . Scr eening for salt and herbicid e tolerance using tissue tulture is 
under t;ay in severa l laboratories . Regeneration of whole plants often has been 
genotype specif i c in alfalfa and clover species , whe rea s it i s l ess dependent 
on genotype in birdsfoot t r efoi l . The tendency for most genotypes of Ladak to 
r egenerat e may be r elated to its ability to develop adventitious shoot s from 
root segments as r eported i n 1950 by Dale Smith . Since a l fa l fa, birdsfoot 
trefoi l and several clover s pecies can be r egenerated from cal lus , s uspens ion 
cultured cel l s and sometimes protoplasts, somatic cell f usion within and among 
these l egumes is a logical next step and is unde rt;ay in a few laboratories . 

Some variants have a lready been r ecove red from somatic cell selection a nd are 
being analyzed. Spontaneous variation ariSing in culture is also being 
evaluated , and protopl asts are being prepared for various aspects of genetic 
engineering. At this time , most app l ications of tissue culture in alfalfa 
improvement involve production or transf e r of simply inherited traits which 
are not obtainable using conventional met hods . The major effort not; devoted 
t o conventional breeding of quantitative traits is expected to r emain unchan~ . 

Respectfully s ubmitted by : 

E. T. Bingham (Chair) G. C. Phillips 
G. B. Col l in s D. W. Rains 
D. J . Hans on E. A. Rupert 
L. B. Johnson R. R. Smith 
T. J . McCoy D. T. Tomes 
D. H. Mitten K. A. Walke r 
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Committee on Standard Tests for Characterizing Disease and 
Insect Resistance of Alfalfa Cultivars 

The committee was charged by the 27th Al fal fa Improvement Conference to 
complete its task begun in 1977 of revising the standard tests bulletin 
( ARS-NC-19) originally published in 1974 with 2,700 copies (supply now 
exhausted). The committee has completed its assignment . The final version of 
the new bulletin has been submitted to the USDA, North Central Region, Office 
of Information for publication. It is expected to be available about October 
1982 . The new bulletin will include several new maps and testing procedures 
as well as revisions to maps and procedures published previously . Copies will 
be di stributed to al l scientists on the National Alfa lfa Improvement 
Conference mailing list. Sufficient additional copies should be available for 
classroom use. 

Note: A collection of standard seed lots of the 21 check cultivars 
recommended in the standard tests bulletin is being maintained at the 
Bel tsville Agricultural Research Center . In most cases , foundation seed are 
available; however, registered or certified seed have been substituted where 
necessary . These seed lots serve as a uniform source for the check cultiars 
and will be supp~ied in amounts up to 20g to those conducting evaluations in 
which the standard checks are needed. 

Requests for seed of the standard checks should be addressed to J. H. Elgin, 
Jr., USDA, ARS, Field Crops Laboratory , Bldg. 001, BARC- West, Beltsville, MD 
20705. 

Respectfull y subm it ted by: 
F. 1. Frosheiser R. H. Ratcliffe 
K. T. Leath E. L. Sorensen 
W. F. Lehman D. K. Barnes 
M. W. Niel son J . H. Elg in, Jr., Chrm . 

Committee on Industr:t Relations 

Recently several of us discussed the need for more interaction between the 
National Alfalfa Improvement Conference (NAIC) and the various segments of 
the alfalfa industry . There is a need for more communication among research
ers, producers , and consumers to convey industry needs to research agencies 
and provide an opportunity for industry to facilitate NAIC activities . 

I propose that the incoming chairman name a committee to include the 
Conference secretary , two other members of the NArC , and one member each 
from the American Dehydrators Association, the American Seed Trade Associa
tion, and the Certified Alfalfa Seed Council. 

The committee would have the charge to promote a close r elationship between 
industry and NAIC and enhance the overal l development of the alfalfa industry. 

Respectfully submi tted , 

/;t>l,-z.,. . v~·l< - ~ L/ 

E. L. SORENSEN , Chairman 
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Resolution Committee Report 

Be it resolved that the 28th National Al fal fa Improvement Conference in 
session at the University of California, Il3vis, on July 13- 15, 1982, adopts 
the following resol utions: 

1. {).Jr sincere appreciation is ex tend ed to the administration of the 
University of California, Davis; to the Agricultural Experiment 
Station , and to the Agric ul tural Ex ten sion Serv ice, for prov id ing 
facilities and staff for making this conference possible. Special 
appreciation is ex tended to Lean Hess for his ;,ords of welcome. 

2. A special thank you is extended to rr. Larry Teuber for his 
tremendous effort in the planning and coordination of the conference. 

3. An additional thank you goes to Ike Kawaguchi and Vern Marble for 
their successful leadership in organizing the pre- and 
post-conference tours. 

4. Furthermore, we express our appreciation to those many people from 
industry who contributed to the highly successful pre- and 
post - conference tours . Contributors to the tours include: 

Hosts 

W-L Research, Inc., J. B. Boswell Company, Pioneer Hi-Bred 
International, Northr up- King Co., Jac kson-Per kins Rose Farms, 
Cal/West Seeds, Il3iryland Seed Co., Inc., Lovelock Seed Co. Inc., 
University of California, Davis, University of Nevada, and USDA. 

Refreshments 

California Seed Assoc ., Nevada Seed Council, Kern County Hay Growers 
Assoc ., Cel Pril Industries Inc., San Janquin Hay Growers Assoc., 
Kamprath Seeds, and Plant Genetics, Inc . 

Food 

W-L Research, Inc. - Bosque dinner 
J. B. Boswell Company - Luncheon 
Pioneer Hi-Bred International - Mex ican dinner 
Cal/West Seed s - Luncheon and refreshments 
Northrup King Co. - Luncheon and refreshments 
Lovelock Seed Co., Inc . - Luncheon and refreshments 

5. Many thanks are also extended to the alfalfa seed industry for 
sponsoring the special 1 uncheon during the conference. Contributors 
incl ude : 
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Arnold Thomas Seed Service , Inc. , Gal/West Seeds , D3iryland Seed Co ., 
Inc., De Kalb Ag Research , Inc . , Farm Seed Research Corp. , FFR 
Cooperative, Great Plains Research Co . , Inc . , Land Q'Lakes, Inc . , 
Lovelock Seed Co. , Inc . , North American Plant Br eeders , Northrup King 
Co ., Pionee r Hi - Bred International , W- L Resea r ch, Inc ., Plant 
Gentics, Inc . 

6. Additional people to ...nom we want to give special recognition for 
the success of the con ference i ncl ude : Llo yd Stoc kton , Bo yd 
Hartman, Bill Knipe, Cbn anith , Bob Shesley , Shirley Bell , and the 
many o thers who assisted in carrying out the details to conduct 
the conference . 

7. Finally , we express our appreciation to the officers of the NATC for 
their efforts in organizing an excellent program that we have enjoyed 
at Dev is , Gal ifornia . 

Respectfully submitted, 

[):)n W. Graffis 
J8mes H. Elgin , Jr. , Chairman 

Secretary ' s Report 

Th e NAIC is in its forty - eighth yea l". The nati Qnal confe rences have 
evolved from a small group of 27 scientists from eight states , to this 
meeting of nearly 250 people for nearly all states and providences of the 
U.S. and Canada plus re presentati ve s from many foreign countries. The 
numbers of disciplines repre se nted has increased dramatically and the number 
of researchers from the private sector is nearly equal to those in the 
public sector . Many of the most dramatic changes in the MAIC have occ urred 
i n the last six to eight years . This is illustrated by t he increases in 
numbers of sc ientists receiving NAIC mailings. Accurate numbers of members 
are not available prior to 1976 , except that when I became secretary in 1974 
the mailing list included about 100 people . 

Number of Scientists Rece i ving NAIC Mai li ngs 

SQurce 1976 1978 1980 1982 

United States 168 225 294 334 
Canada and Mexico 28 51 59 65 
Non-North American 30 53 102 138 

Total 226 329 455 537 
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Continued membershi p growth and increased numbers of activities i s good 
news. There is al so some bad news. The posit i on of permanent secretary was 
established by the ear ly conferences as part of the duties of t he USDA 
leader of alfalfa research. The NAIC secretarial dut i es have been con 
sidered part of the person ' s USDA ass ignment. Thi s allowed use of govern 
mental mail privileges and the USDA published the NAIC Proceedings . Th e 
current level of NAIC act i vities , the potential USDA budget restraints, and 
the increas ing NA IC time requirement by the sec retary ne cessita tes that some 
changes in NAIC operat ions be cons idered . 

Presently t he re are about two or three NAIC mai ling s made each year . In the 
la st two years printing costs for those mai lings plus an address directory 
cost $1273 . 52 (see Treasurer's Report for NAIC 6-23 -82) . All monies for 
printing costs have usually come fr om reg i stra tion surpluses of the previous 
nati ona l conference, interest on the NAIC bank account, and sale of address 
directories . The 27th NAIC income di d not keep pace with the 28th NA IC 
activit ies . The def i cit of t he NAIC operat ion ha s come from non-USDA monies 
in the Minnesota Alfalfa Breeding Project . 

Secretary's Financial Report for NAIC 

Balance in account 6- 26-80 
owed to MN Alfalfa Project 

Balance on hand 6- 26 -80 

Income 

Interest 6- 26-80 to 6-23-82 
Sa l e of directories 
Registration surplus 27th NAIC 

Disburs eme nts (Pri nting Costs) 

521.1 2 
(214.55) 

44.37 
14.00 

200.00 

Announcements of reginal meetings, 1980 
National Cert ified Al falfa Variety Re view 
Board Report and related material s (2-19 -81) 

(124 . 28) 

Mailing 27 th NAIC Report and 
including printing of 1981 
(6 - 22 -81) 

related materials, 
add res s directory 

(632.38) 

Vert i cillium wi l t re port (10-31 -81)( 136.23) 

Notice 28th NAIC and request for 
papers (12 - 17- 81) (77.05) 

In formation for 28th NAIC Registrat i on 
and 1981 Nationa l Certified Al falfa 
Variety Review Board Report and related 
mater i als (3-17-82) (218.58) 

Program 28th NAIC 85.00 
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NAIC payment on printing bi 11 622 . 37 

MN Alfalfa Project Debit ( 27th 
and 2Sth NAIC) (S65.70) 

Balance in account 6- 23 -S2 157.1 2 

Ba l ance on hand 6- 23-82 (70S.58) 

Based on the current and pro jected situation I recommend the NAIC cons ider 
the following recommendations: 

1. Estab l ish a committee to stu dy the NAIC financing and report recommen 
dati ons for future funding to the 29th NAIC. 

2. Restructure t he position of permane nt secretary to prov ide as s i stance 
in edi ting and pub lishing the Conference Report to make it more time ly. 

3. Change the title of Permanent Secretary to Secre t ary or corresponding 
secretary. 

4. Appoint a committee to determine the i nterest and feas ibility of an 
internati ona l alfalfa newsletter . 

It has been a pleasure to work with Bi ll Melton, those responsible for 
hosting the 2Sth NAIC , and all of the membership that make t he NArC such an 
active organ ization . It is my observat i on that, "The al fa lfa plan t and t he 
NAIC both share the necessary ingredients to make a highl y effect i ve sym 
biosis ." 

Respectful ly submitted, 

. -~ _. 
/ I ,: t " # } '. : .. i 

.~.-

DONALD K. BARN ES, Secretary NAIC 

NOTE: Durin g the subsequent business meet ing the first three recomme nda 
tions vlere discussed and voted on . 1) It wa s agreed that a 
finance comm i ttee would be appointed by t he 29th NAIC . 2) It was 
voted that a new off i ce of vice-chairman be elected and that it 
wou l d be the responsibility of the person in th at position to edit 
the NAIC report . The vice -chairma n will bec ome chairma n of th e 
fo ll owin g con ferenc e . 3) The t i tle of Permanent Sec retary wIll be 
changed to Secretary . 

Nominations Committee Report 

The Nomina t i on Committee presented the name of Robert "Bob" R. Kalton, 
Director of Research, Land O'Lakes, Webster City, IA for Ch airman and the 
name of Berni e P. Goplen, Agr i cu lture Canada, Saskatoon, Saskatchewan for 
Vice -Chairman. Drs . Kalton and Goplen were unanimously el ec t ed as Chairman 
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and Vice-Chairman, respectively, of the 29th NAIC. The Executive Committee 
for the 28th NAIC served as the Nomi nating Committee . 

The Executive Committee of the 28th NAIC recommended to the Association of 
Off i cial Seed Certifying Agencies (AOSCA) that L.R. Teuber, ass i stant 
professor, Univers i ty of Californ i a-Dav i s serve as alternate de l egate from 
the NAIC on the National Certified Alfalfa Variety Review Board beginning 
July, 1982. He will become delegate on July 1, 1984 . 

Jim Moutray, Director of Research, North American Plant Breeders, Ames, IA 
was elected by the alfalfa industry members to serve as their representative 
on the Execut i ve Committee of the 29th NAIC . 
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Committee on Location of 1984 National Alfalfa Improvement Conference 

An invi tat i on was received to hold t he 1984 NAIC at Lethbridge, Al berta, 
Canada. The proposed dates are July 17,18 and 19. M. R. (Mi ke) Hanna wi ll 
chai r the Loca l Ar rangements Committee . The i nvitation was accepted. 

Lethbr i dge i s in an i r ri gat i on di strict where alfalfa i s grown for hay, 
cubes , and seed production. The Agriculture Canada Research Station at 
Lethbr idge cond ucts a number of researc h projects on al fa l fa , cove ri ng seed 
product ion, breeding, util i zation, di seases, and i nsect pests . 

An inv i tation was received to ho l d the 1986 NAIC at the Univers i ty of Georgia, 
wi th J .H. Bouton as Chairman of Local Ar rangements . 

The locations comm i ttee cons i sted of J . H. Bouton , R.S . Fu lerson, M.S. 
Offutt, and R. E. Howarth, Chairman. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

lO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 

History of the National Alfalfa Improvement Conference 

Year 

1934 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1942 
1946 
1948 
1950 
1952 
1954 
1956 
1958 
1960 
1962 
1964 
1966 
1968 
197D 
1972 
1974 

1976 
1978 
1980 
1982 

Locati on 

Li ncoln, NE 
Washington, D. C. 
st. Paul, MN 
Madison, \H 
Ch i cago, IL 
Manhattan, KS 
New Orleans, LA 
Fort Co l lins , CO 
St. Louis, MO 
Loga n, UT 
Lincoln, NE 
Lethbridge, Canada 
Raleigh, NC 
Davis, CA 
St. Pau l , HN 
Ithaca, NY 
Saskatoon, Canada 
Davis, CA 
Lafayette, IN 
Univ . Park, PA 
Reno, NV 
Urbana , I L 
Ottawa , Canada 
Tucson, AZ 

Ithaca , NY 
Brookings, SD 
Madison, WI 
Davis , CA 
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Chairma n 

T.A. Kiesse l bach 
A.J . Pieters 
H. L. Westover 
R.A. Brink 
R. A. Brink 
H.M . Tysdal 
H.M. Tysdal 
L. F. Graber 
L. F. Graber 
J . W. Carlson 
C. O. Grandfield 
T. M. Stevenson 
R. P. Murphy 
O.F . Smith 
C. P. Wilsie 
C. H. Hanson 
J.L. Bolton 
E.H . Stanford 
R. L. Da vis 
H.L. Carnahan 
vl.R. Kehr 
R.R . Hill, Jr . 
D. H. Heirichs 
Da 1 e Smith 

M.W. Pedersen 
M. D. Rumbaugh 
E. L. Sorensen 
B.A . Melton 

Secretary 

H.M . Tysdal 
H . ~1. Tysdal 
H.L. Westover 
H. M. Tysdal 
H. L. Westover 
H. L. vlestover 
H. L. Westover 
H.L. v!estover 
H. L. Westover 
H.M . Tysdal 
H.M. Tysdal 
O.S. Aamodt 
O.S. Aamodt 
H. D. Graumann 
H.D. Graumann 
H.O . Graumann 
C.H. Hanson 
C.H . Hanson 
C.H. Hanson 
C.H. Hanson 
C. H. Hanson 
C. H. Hanson 
C.H . Hanson 
C.H . Hanson and 
D. K. Barnes 
D.K. Barnes 
D.K . Barnes 
D. K. Barnes 
D.K. Barnes 



National Alfalfa Improvement Conference (NAIC) 
Mailing List Quest ionnaire 

Returning th i s questionnaire indicates that you would either like to be added 
to the NAIC mailing lis t or that you have an address or activity change. 

l. 

3. 

Name: 

Mailing Address: 

2. Da te: 

4 . Office Telephone No. ____ _ 

5. Present activities with alfalfa : Check appropriate blank(s): 

Research Activities Non-Research Activities 

A Breeding J 
B Entomology K 
C Nemato logy L 
D Pathology M 
E Physiology and Microbio logy N 
F _ . Forage Producti on 0 
G - Seed Production P 
H Ut il ization Q 
I Chemical and Qual i ty 

Anillysis R 
S 

Adm ini stration 
Extension 
Forage Producer 
Marketing 
Seed Producer 
Student 
Teacher 
Certification and Variety 
Protection 
Writer or Pu blishe r 
Other __________ _ 

6. Would you like new variety and germplasm release information? 
Yes No 

For Canadian and USA Scientists Only: 

7. Which Regional Alfa lfa Improvement Conference(s) would you like to 
receive information about? __ Eastern, Centra l, __ Western 

8. What best describes your employment situation : USDA, SAES, 
U.S. Private Industry, Canadian Public~ Canadian Private 

NOTE: Please call this questionnaire to the attention of your colleagues and 
employees who you think should be on the NAIC ma iling list. 

R.eturn to: D. K. Barnes 
Department of 
University of 
St. Paul, MN 

Agronomy and 
Minnesota 
55108 

Plant Genetics 
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