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The Egyptian alfalfa weevlil (H. brunneipennis) Is the most Important Insect pest
of alfalfa in California. [t Is closely related to the Western alfaifa weevll (H.
postica) which has been a serlous problem only In local areas and the Eastern alfalfa
weevil (H. postica) which Is the most Important Insect pest in Eastern Unlted States.
Lossas of more than 6 and 56 million dollars have been reported in Callfornia and
Eastern United States, respectively,

The Egyptlan alfalfa weevil was Introduced into Yuma, Arlzona, In 1939, It soon
spread to most of the desert valley and coastal areas of Southern Californla, It was
conflned to Southern Callfornia until the 1960's when it started moving north into
the Central Valley of Californla and soon became the most important Insect pest on
alfalfa In that area.

In Southern Callfornla the Egyptian alfalfa weevil Is usually thought of as one
of the lesser pests of alfalfa behind the spotted alfalfa aphid, the root rots, and
scald. Its damage Is generally limited to 1 or 1} cuts in the early spring when pea
aphid might also be a problem. Growers spray to control the weevil and the pea aphld
and have learned to live with both of these Iinsects. Predators were released and are

working in the area, but peak activity of the predators usually comes too early to be
of much value in weevil control.

The major control mechanism For the alfalfa weevil has hbeen the use of Insecti~
cides. This method Is expensive, can upset the blologlcal balance in the fleld, and,
If someone is careless, could leave chemical residues In the hay., Blological control
through the use of predators and parasites can be effective, but to work, thls method
needs the presence of the insect pest. Blological control through the use of
resistant varieties Is the best means of contro! because the control mechanlsm Is
built Into the plant. Nothing else is needed.

di or Resti i i

Essentially no work was done on breedlng for resistance to any of the alfalfa
weevils untll one of them became a serious problem In Eastern United States during
the early 1960's, Good support for the plant breeding effort was recefved. A team
of scientists primarily from the U, S. Department of Agriculture was assigned to this
problem. After about 10 years of work a variety callied Team was released. This
varlety contained a low level of resistance to the alfalfa weevil plus a combination
of many other useful characters. |In addition to variety development thls work also
produced good techniques and information useful In other programs,

The Tevel of weevil resistance In Team was low, but was expected to be of value
as part of an Integrated control program which included good crop management and
Judlclous use of insectlicides. The varlety was subsequently found to have less
resistance than expected.

During the development of the varlety Team many good procedures were developed
or adapted, We were able to see this program and later adapt many of the technlques
to our program. The maln methods or techniques used In the East were: (1) A germ=~
plasm pool was established from dlverse sources of germplasm. (2) The recurrent
selection mathod of breeding was used where selections were made, Intercrossed, and
the progeny from these plants reselected and intercrossed, etc, Reselection and
fntercrossing was done to concentrate factors for resistance, For the varlety Team
thls was continued for six generaticns. (3) Fleld sclectlons based on low larval
feeding were made In some generations. (i) Seedling selections were made by allow-
Ing adult weevil to feed on very young plants untll a low number of plants remalned.
(5) Adult plants were tested by feeding leaf disks to adult weevil. (6) A second
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adult plant test was the larval development test where the rate of growth of larvae
fed on test plants was measured. (7) The egg laying stimulus test was an adult
plant te7§ whlch measured the effect of the test plant on the egg-laying ability of
the weevll,

Al ]

Work on breeding for resistance to the Egyptian alfalfa weevii In Callfornia
was started In 1965 with selections made In San Diego County. This work was Intensi-
flad In 1968 when the Egyptian alfalfa weevil started causing widespread damage In
Central California, Technliques developed In the East were modifled and applied, The
germplasm used In the East could not be used directly because it was winter-dormant
and susceptible to the spottad alfalfa aphid.

HWeevlil Collection

In California we were able to collect large numbers of adult weevi! hibernating
(aestivating) In trees, traps, and other hiding places. This Is In contrast to the
work In the East where active adult weevil are collected In the flelds. The hibernat-
Ing weevil ware kept In a warm place (about 80°F) until December when they started to
come out of hibernation. At this time they were placed in a refrigerator set at L40°F
until used in tests, We found these weevil could be used in tests from late December
untll the end of May. Some weevl] were kept In storage for more than two years, but
there was little feeding and egg laying activity after one year.

Availabllity of large numbers of feeding adult weevil over long periods of time
(more than five months) has been a major limlting factor in the work. Preliminary
work has been done on extending this period, but this work was discontinued because
research funds were very limlted, One method Investigated was the development and
subsequent use of weevl| populations which have no dormant period (non-aestivating
populations) due to the special light and temperatures they require. A second method
was the use of hormones which maintaln adult weevil In an actlve stage or break the
dormancy of hibernating popuiatlions,

Selection Methods

.Three main methods of selection have been used In the Californlia work. They are
field selection, seedling non-preference tests, and the leaf disk test. Field selec~
tions have been made In severely damaged, old flelds In San Diego where the dairymen
fear spraying of alfalfa with insecticides because Insecticide residues might be found
in the milk, In this method we try to find & severely damaged field where individual
plants are easy to Identify, Plants which have had a good chance of being attacked
but are relatively free from damage are saved.

The seedling non-preference test is conducted by growing seedlings in greenhouse
flats, infesting them with adult weevil when the plants have one or two leaves, and
then saving the plents which survive in good condition. These plants are then tested
and further eliminated by using the leaf disk test. In this test a2 leaf disk about
1/l inch in size Is cut from leaves of test plants. These disks are weighed, fed to
adult weevil, and welghed again. The plants with the lowest feeding values were saved.

No selection has been done on the basls of larval feeding or egg laylng because
these tests are more expensive and because special studies have shown adult tests to
be equally effective In selecting for reslstance to larval growth and egg layling.

Germplasm Source

The germplasm source (alfalfa varleties) used In the California weevil breeding
program has been kept very large because we are not sure which varieties have the
best potential or source of resistance. Genes for resistance may have to be obtained
from many sources and then concentrated through the recurrent selection procedure in
order to get a high level of resistance. The germplasm being used is largely from
varieties adapted to California because other work indicates It should be possible
to select for weevil resistance in most varieties. By using adapted varleties a mini-
mum of work will be needed on other characters. The varleties being used in this
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work are African, Lahontan, Caliverde, Callfornia Common, Indlan, Arlzona 21-5,
introductions from foreign countries, and ellte materials from the breeding program.
The selections made in San Diego County were primarily from the blend 9-19,

i 1 Varileti

Through the past few years we have produced eight experimental varieties which
are expected to have some resistance to the Egyptian alfalfa weevil. Four of these
were made from field selections, three from leaf disk tests, and one from seedling
selection. We are planting these varieties In as many locations as possible through=
out California in an effort to get good field evaluations. Since local weevl]
infestations, growers spraying practices, timing of the last cutting, weather, and
many other factors affect the weevil infestations, many tests are needed to obtain
a few good weevil readings. Last spring we had about 10 tests planted and were
unable to get any good evaluations. However, we do have some evaluations.

One is a test in Tulare County (Table 1). The synthetics selected for weevil
resistance had fewer larvae and better appearance than the check varlety. Of particu~
lar interest Is UCW3 because It should have a better agronomic type than the other
two, UCW3 was also observed to be better than the check variety, Sonora, In San Diego
County during the spring of 1970. A second cycle of selection for weevl| resistance
has been made In thls varlety.

In a variety test near El Centro a small, but slgnificant, difference was obtalned
between the weevil synthetic UC63 and the named varieties, Table 2, No conslstent
differences between weevil synthetics and named varieties were obtained In 1972, As
wlll be shown later, this difference may be related to cool winter temperatures In
1972. No tests were evaluated In 1971 because field populations were low.

i in E im |

Test results obtalned to date seem to show the varietles tested have a slight
advantage over non-selected varleties but not enough advantage to resist heavy popu=
lations, The level of resistance seems to be similar to the results glven for Team.
However, no direct comparisons have been made with Team because it Is winter dormant
and susceptible to the spotted alfalfa aphid, Llike Team, these new experimental
varietles, when combined with good cultural practices and biological control, may be
effective in helping to control the alfalfa weevll, However, we feelhiger levels of
resistance than the tests have shown to date are possible and should be obtalned
before any varietles are released.

Sontinuous Evaluation

Because breeding for foraging (leaf eating) Insects Is relatively new In alfalfa
breeding, we must continually evaluate the program and look for new and better sources
of resistance and methods.,

The methods we are using to select for weevil resistance appear reliable, but
they are slow and expensive. If any method Is golng to be truly successful, It must
be Inexpensive, easy to use, and useable on large populations. Work on bacterial
wilt, spotted alfalfa aphld, and Phytophthora root rot has shown this., One of the
major objectives of thls program is to find an easy and effective method to use in
selecting for weevil also,

New Areas of Research

In the process of working with the weevil and evaluating the program, we have
observed several points that seem Important and should be Investigated as time and
money permits., One factor which Is quite striking as we view our weevl] synthetics
through the state Is that they are always darker In color and have more purple color
or anthocyanin In the stems. This also seems to be the case of the better plants
found in 9-19 In San Dlego County. A correlation coefflcient (statistical test which
shows relationship) calculated between weevil damage scores and plant color resulted
In an r value of 0.59. This indicates a fairly close relationship between the two
characters. We wonder If there Is a chemical or some other factor associated with
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the dark color which Is objectionable to the weevil, [f so, we wonder If this
chemical Is anthocyanin, a color compound, or tannin, a chemlcal affecting plant
color. In preliminary testing for tannin on about 100 clones we have found distinct
differences between clones. We plan to conduct more of these tests to select for
high concentratlions of these chemicals and then try to correlate this wlth weevil
resistance. Unfortunately, these chemicals have been siiown wu (luctuate with weather
factors In other crop plants. We expect the same problem in alfalfa.

In our 1972 disk tests we noticed that four check or control plants which were
tested over long perlods of time gave poor results part of the time and good results
at other times., We suspected weather to be a factor because we had a long, cool
perlod followed by warmer weather, In multiple correlations calculated between
weevi] reslstance in the check clones and the comblned effect of temperature and
relative humidity r values between 0.23 and 0.50 were obtained. The low corrélation
was from a clone with some dormancy. These values Indicate there Is a tendency for
resistance to Improve as temperatures Increased and humidity decreased. We are not
certaln how Important this relatlonship might be, but research has shown clearly
that resistance to the spotted alfalfa aphid Is Increased as temperature is increased.
If thls Is true for the weevil, we might expect the resistant varieties to 'show good
resistance during warm springs and then have the resistance break down during a cool
spring. If so, this might explain the Inconsistent results obtained on the varietles
near E1 Centro during 1972, More work is needed on this,

Work by the USDA 1n the East and by us in California has shown that certain species
of Medlcago (close relatives of cultivated alfalfa) are resistant to the weevil, In
specles we have observed such as Medicago arborea and M, syffruticosa the weevil only
skins the surface of the leaf llke It would the stem on cultivated alfalfa, We wonder
if there might be a hard layer of cells which the weevil does not like or some other
barrier, Since hybridizatlon of these particular species with cultivated alfalfa is
not possible, we are unable to use this resistance. However, we should try to see If
these resistant species contaln chemicals or structures causing this resistance, If
so, we must then try to find this same thing in cultivated alfalfa. In addition, we
should check for weevil resistance in many collections of species that will cross
with cultivated alfalfa,

i 1 o Wo

Through thls report | have discussed areas of research, where work is being con-
ducted, and others which look promising. A good question to ask now ls, '"Where do we
go from here?" (1) Briefly, we plan to continue the recurrent selection program using
seedling and leaf disk selectlon methods with adult weevil. (2) Obtain rellable test
results on experimental synthetics. (3) Develop materials with high tannin and
anthocyanin and test thls material for weevil resistance. (4) Make detailed studles
on factors such as temperature and humidity which seem to have an effect on resistance.
(5) Test species closely related to Medicago and, If resistant, cross them to the
cultivated alfalfa. (6) Develop non-hibernating populations of Egyptian alfalfa weevil
and test hormone treatments to break dormancy. (7) Cross weevil resistant lines from
California with Team, During the seasons when we are not actively testing we are col~-
lecting weevil and will also do preliminary work on other foraging insects such as the
alfalfa caterplllar. Perhaps the major end result of this weevyil resistance work will
be the development of research methods and, ultimately, varleties resistant to the
weevl] as well as other foraging or chewing Insects.
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Table 1. Egyptian alfalfa weevil counts made by W. Sallee
In Tulare County, California, April 8, 1969,

Ave, larvae

Variety for 3 sweeps Damage

uc v 17 Little

Outside of plot 50 Severe

uc w2 24 Much less than outside
Outside of plot Lk Severe

uc w3 35 Much less than outside

but poorer thai. UC W2

Cutside of plot 78 Severe

Table 2. Egyptian alfalfa weevl! damage ratings and larvae
counts made on U varieties grown on the Unlversity of
Californla Imperial Valley Field Station on 3-6~70 and

3-9~70.
Average damay Number of larvae per
Vaclety rating per Qlo;j/Z/ ploti/
Moapa 6.6 11,0 NS
Sonora 6.7 .
El Unico 6.5 12,5
uc 63 5.5 1,0

1/ 40 stems were taken from each plot.
4/ Damage of | = none, § = moderate, 9 = severe,
% Slgnlficant at the 5% level.



