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Alfalfa Improvement in Arizona

M.N. Schonhorst, A.K. Dobrenz, R.B. Hine, R.K. Thompson, R.G. McDaniel and J. E. Stone

The alfalfa improvement program at the University of Arizona received special attention in 1956 due
to a severe infestation of the spotted alfalfa aphid. This aphid was discovered and identified in the
USA in 1954. By 1956 the population of this insect had reached such devastating levels that alfalfa
was nearly eliminated as a forage crop in the southwestern United States. M.H. Schonhorst, Agriculture
Experiment Station, the University of Arizona and M.W. Nielson, USDA Entomologist cooperated on the sel-
ection and breeding of new alfalfa germplasm which was used to develop varieties that had natural re-
sistance (antibiosis) to the spotted alfalfa aphid. Since the initiation of this insect resistance
program 'Sonora', 'Mesa- Sirsa', 'E1- Unico', 'Hayden', 'Sonora -70' and 'Lew' alfalfa varieties have been
developed and released to alfalfa growers in Arizona.

The selection and development of new, superior germplasm which is resistant to the spotted alfalfa
aphid is a never- ending scientific endeavor because new biotypes (strains) of the aphid evolve period-
ically. To date, eight biotypes have been identified.

In 1975 a new aphid pest, the Blue Alfalfa Aphid, was found damaging alfalfa in Southwestern USA
along the Colorado River. Significant progress is being made toward the development of an alfalfa
variety that has resistance to this insect.

The total alfalfa improvement program encompasses many departments and has grown consistently
since 1956. This program now includes research on insect, nematode, and disease resistance, as well as
tolerance to drouth, heat and salt stress, evaluation of leaf types and canopy architecture that relate
to yield and water -use efficiency, and research on many basic morphological, anatomical, and physiolog-
ical characteristics. All of these efforts are improving alfalfa in Arizona. More recently selection
for greater nitrogen fixation has been included as an important objective.

The alfalfa improvement program also plays a major role in training graduate students at the M.S.
and Ph.D. levels at the University of Arizona. During the past ten years over 40 graduate students
have used our alfalfa germplasm to conduct research projects in the areas of plant breeding, physiology,
plant pathology, soils, water and engineering, entomology, and animal nutrition. This graduate training
program has been extremely valuable in helping develop new techniques for screening superior germplasm
for the development and maintenance of new plant types, and conducting basic research which increases
our knowledge and understanding of the numerous activities functioning within the alfalfa plant which
results in an increase of quantity and quality of forage which can be produced.

The following list shows some of the areas in which we are working to develop better alfalfas for
Arizona:

Resistance to Insect Problems

1. Spotted alfalfa aphid (SAA).
2. Blue alfalfa aphid (BAA).
3. Pea aphid (PA).
4. Leafhoppers.

Resistance to Disease Problems

1. Cotton root rot.
2. Phytophthora root rot.
3. Common leafspot.
4. Downy mildew.
5. Stemphyllium leafspot.
6. Stem nematode.

Stand Establishment and Persistence

1. Heat tolerance.
2. Salt tolerance.
3. Scald tolerance.
4. Frost tolerance.

Physiological Characteristics

1: Mitochondrial efficiency.
2. Photosynthetic efficiency.
3. Dark respiration.
4. Energy charge.
5. Photorespiration.
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6. Tissue culture.

Morphological Characteristics

1. Larger leaflet size.
2. Multifoliolate plants.
3. Branching rooted plants.
4. Multiple stem branching.
5. Highly nodulating plants.
6. Greater Stem density.

I. Development of multiple- insect -pest and nematode resistant experimental alfalfas.

When field populations of a particular destructive alfalfa insect pest reach high levels we can
identify plants which have either greater tolerance to feeding injury or the antibiosis type of resis-
tance to that insect. After an adequate period of insect feeding, we walk across fields selecting only
those plants with little or no visible damage. This method of phenotypic selection has been very
effective in selection for the latest (Ent -H) biotype of the spotted alfalfa aphid, the blue alfalfa

aphid, and leafhoppers.

When field populations of a particular pest are too low for selection, then these insects are
reared under laboratory or greenhouse environments. Alfalfa seedlings are grown in containers (metal
or wooden flats) and then infested with known concentrations of that pest. After a period of feeding,

the susceptible plants are either killed or severely damaged. The most vigorous survivors are saved

for further evaluation and screening. Plants with a high level of resistance then are propagated vege-

tatively and established in isolated field plots for seed production. Seeds of these experimental al-

falfas are planted in field plots to determine their relative ability to withstand natural field
populations of the insect and their ability to produce forage. Before a new alfalfa will be accepted
by growers for commercial use, it must demonstrate superiority not only in pest resistance but also in

forage production.

In selection for resistance to stem nematodes, we have only used naturally occurring field pop-
ulations, primarily in Maricopa County. The cultivar Lew can be cited to illustrate the effectiveness

of this technique. When compared with the susceptible cultivar Sonora -70, 97% of a population of Lew
plants were free of stem nematodes, while only 2 to 3% of the Sonora -70 plants were free of nematodes.
The same technique has been used to develop a stem nematode resistant strain from the cultivars Mesa -

Sirsa and Sonora. Seeds of these germplasms are available now for field testing. The same technique
also has been used successfully to develop two germplasms with greater tolerance to a complex of at
least three species of leafhoppers found on alfalfa in southern Arizona. The more promising of the
two L.H. resistant alfalfas was selected from a 10 -acre field of Mesa -Sirsa grown on the University of

Arizona Mesa Research Station in 1974.

II. Development of disease resistant experimental alfalfas.

We have been working longer and have achieved less success in our attempts to develop an alfalfa
with resistance to the "cotton- root -rot" fungus, Phymatotrichum omnivorum, than with any of the other

pests attacking alfalfa. A vigorous lateral -root-forming alfalfa strain has been developed and may
persist somewhat longer than other types in areas with moderate concentration levels of this fungus.
However, under very high fungal concentration little or no difference in survival could be detected.

Greater success has been achieved in our work with the Ph to hthora root -rot fungus. Our initial

efforts were in the cultivar Hayden. We now have completed t ree cyc-Tés of selection in this source.

Unselected Hayden has less than 1% of its plants which have natural resistance to Phytophthora mega -

sperma.

III. Physiological and Morphological Experimentals

In addition to selection pressures for insect and disease resistance in alfalfa, several germplasm
sources with unique physiological and morphological characteristics have been identified and experi-

mental synthetics have been developed that are currently in their third year of yield testing at the

Mesa Farm.

Plants which displayed larger leaflets (over 3 cm2 /leaflet) and plants which had less than 2 cm2

per leaflet were used to produce the experimentals "large leaflet" and "small leaflet ", respectively.

The "large leaflet" experimental has consistently yielded more forage than the "small leaflet"
source during the first 2 years of testing at the Mesa Farm and Plant Materials Center in Tucson.
Further selection will be made for large and small leaflet individuals within each group that display
these specific characteristics.

Plants were also identified which could germinate and grow at 41 °C (106 F°). Plants obtained at
this temperature are currently being used to produce the 2nd cycle of heat tolerant alfalfa.
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Plants which could germinate at -15 bars of NaC1 (salt) solution were also identified and used
to produce our "Salt Tolerant" experimental. We are trying to produce an alfalfa germplasm source
which can germinate better in high- saline soils.

Considerable effort has been placed on laboratory evaluation of alfalfa clones which have high
and low mitochondrial efficiency. The mitochondria are the powerhouses of the cell and have isolated
plants which were not only the most efficient in producing energy but also the extremes in the rate
of energy released. Thus we identified clones which had:

High Mitochondrial Efficiency
High Mitochondrial Efficiency
Low Mitochondrial Efficiency -
Low Mitochondrial Efficiency -

- Low Dark Respiration Rate
- High Dark Respiration Rate
Low Dark Respiration Rate
High Dark Respiration Rate

The clones within each of the above groups were used to develop new experimental synthetics
(Tables 1 and 2) and were tested for forage yield at the Mesa Farm. Although none of these selection
pressures have given us the "best yielding" or "superior performing" plants, this research has provided
us valuable information for identifying the correct levels of specific physiological characteristics.
Note that the experimental which had high mitochondrial efficiency and low dark respiration rates
yielded consistently more forage than the other "energy related" experimentals. (See Table 2).

The plants used as parents of the mitochondrial synthetics were selected solely on the basis of
mitochondrial activity, without regard for agronomic characteristics. These parent plants trace back
to the cultivar Mesa -Sirsa.

Table 1. Three -year summary of forage production of experimental alfalfas developed by using morphol-
ogical and physiological characteristics as a basis for selecting parent plants?/

Entry Forage Production (lbs Gr. Wt/plot)'
1976 1977 1978

3 -year

Total

1 Lew
2 AZ Salt Tol.

Cycle I
3 Mesa -Sirsa

CK - CV
4 AZ Large Leaflet

Hayden
5 AZ Hi Temp

Tol. Cycle I
6 AZ MS Cold

Tol. Cycle I
7 AZ Small Leaflet

Hayden
8 AZ MS Lat.

Branch Cycle I
9 MS -LB

Cycle II
10 AZ Lat. Root

Cycle I
11 Moapa -69

CK - CV
12 AZ Multi -

foliolate

249.8
244.1

240.2

243.4

245.4

234.2

241.0

243.9

236.8

230.3

236.3

221.5

210.6
208.1

208.7

209.2

207.0

207.2

202.5

207.2

193.9

197.3

196.6

175.3

141.5
138.7

130.7

126.9

127.0

133.1

129.9

122.1

127.7

128.0

115.8

106.6

601.9
590.9

579.6

579.5

579.4

574.5

573.4

573.2

558.4

555.6

548.7

503.4

Planting date: November 4, 1975 at the University of Arizona Mesa Farm, NZ Border E -17.

bJ
Plots were 4' x 5' with four replications.

Table 2. Three -year summary of forage production of experimental alfalfas developed by using mito-
chondria activity and respiration rates as bases for selecting parent plants J

Entry

High ADP:O
Lo. Res

High ADP:O
High Res

Forage Production (lbs Gr. wt/plot)
1976 1977 1978

223.4 192.5 138.5

217.6 176.2

4

3 -year

Total

554.4

122.1 515.9



Table 2 continued:

Entry Forage Production (lbs Gr. wt /plot)
1976 1977 1978

Low ADP:O
High Res
Low ADP:O
Low Res

207.7

218.1

160.7 108.9

159.3 92.6

3 -year

Total

477.3

470.0

Check Cultivar:

Mesa -Sirca 240.2 208.7 130.7 579.6

Planting date: November 4, 1975 at the University of Arizona Mesa Farm, N2 Border E -17.

J Plots were 4' x 5' with four replications.

Progress in the Development of Multiple Insect Resistance in Alfalfa

Dr. Mervin W. Nielson
Research Entomologist

Before 1950 there were no insect resistant varieties of alfalfa anywhere in the world. Today

there are over 40 varieties grown throughout various parts of the world that have resistance to one

or more insect pests. This rapid progress in the development of insect -resistant alfalfa varieties

over the past 25 years has been unprecedented. Ironically, much of this success can be attributed to

a tiny insect, the spotted alfalfa aphid, that was introduced into the United States in 1954. While

this insect was devastating alfalfa fields across the nation, two USDA scientists, the late Dr. Oliver

Smith at Reno, Nevada, and Dr. Wayne Howe at Irvine, California, were carefully selecting and breeding

alfalfa plants for resistance to this insect and to other pests. As a result of their efforts, two

new varieties, Lahontan and Moapa, were developed and released to the farmers. Numerous varieties

with resistance to the spotted alfalfa aphid have since been developed and released. A partial list

of insect- resistant varieties is given in Table 1.

Table 1. Some Alfalfa Varieties Developed
for Resistance to Alfalfa Insects

Variety

Year
Released Insect

Lahontan 1954 Spotted Alfalfa Aphid

Culver 1955 Meadow Spittlebug

Moapa 1957 Spotted Alfalfa Aphid

Zia 1958 Spotted Alfalfa Aphid

Cody 1959 Spotted Alfalfa Aphid

Cherokee 1962 Potato Leafhopper

Sonora 1963 Spotted Alfalfa Aphid

El Unico 1964 Spotted Alfalfa Aphid

Mesa-Sirsa 1966 Spotted Alfalfa Aphid

Caliverde 65 1966 Spotted Alfalfa Aphid

Washoe 1966 Spotted Alfalfa Aphid, Pea Aphid

Dawson 1967 Spotted Alfalfa Aphid, Pea Aphid

Bonanza 1967 Spotted Alfalfa Aphid, Pea Aphid

Kanza 1970 Spotted Alfalfa Aphid, Pea Aphid

Team 1970 Alfalfa Weevil

Moapa 69 1971 Spotted Alfalfa Aphid

Hayden 1971 Spotted Alfalfa Aphid

Sonora 70 1970 Spotted Alfalfa Aphid

UC Salton 1973 Spotted Alfalfa Aphid

ARC 1974 Alfalfa Weevil

UC Cargo 1975 Spotted Alfalfa Aphid, Pea Aphid

CUF -101 1977 Spotted Alfalfa Aphid, Pea Aphid,
Blue Alfalfa Aphid

WL -514 1978 Spotted Alfalfa Aphid, Pea Aphid,
Blue Alfalfa Aphid
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