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INTRODUCTICN

The alfalfa weevll, Hypera postica (Gylilenhal) (Coleop-

tera, Curculionidae), bas been a serious pest of alfalfa in
the United States since 1904 whnen it was first introduced
near Salt Iake City, Utah (Titus, 1907). It spread through-
out the west but was never found east of the Great Plalns
until 1950 when it was discovered in Maryland (Bissell 1952).
The east coast population spread wuch more rapidly than the
wvestern one, and this difference, in additlon to several
others noted by Blickenstaff (1965), Keehler and Gyfisco
(1961), and Armbrust et. al., (1970) indicates the two strains
were possibly introduced from diffepent areas of LEurope (where.
it 1s native). The first report of the alfalfa weevil in
Michigan was in 1966 (Dowdy 1966). Since that time 1t has
spread rapldly throughout the state and by 1971 was present

in pctenticlly damaging numbers throughout the entire lower
peninsula.

The alfalfa weevil 1s the wost serious pest of alfalfa
in Michigan, primarily because of larval feeding damage.
larvse skeletonize the leaves and reportedly have the poten-
tial to destroy a stand il large numbers are present after
a field is cut by continually eating back the new growth.

To date alfalfa weevil damage in Michigan has been



reduced primarily by insecticlde use. OFf Michigen's 1.25
million acres of alfalfa, 206,000 acres were treated with
pesticides for weevil control in 1970 (Anonymous, 1971) at a
cost of 8 - 12 dollars per acrec for materials, equipment, and
labor (Janes and Ruppel, 1969), not including an unknown cost
to the environment associated with the production, distribu-
tion, and side effects of these pesticildes.

My overall objective has been to develop an effective
managewent program for the alfalfe veevlil in Michigan which
would minimize insecticide use end provide for catisfactory
alfalfa production. To this cud I have spent three field
seasons studying the weevil. The first (1969) was devoted
primarily to learning about the weevlil, the‘crop, and the
parasites and developing objectives and sampling technlquss
for further research. The 1970 season provicded sound infor-
mation on the 1life history of weevils and parasites with rela-
tion to cropping practices and allowed for the development of
e preliminary wansgement scheme which was implewmented and
evaluated in 1971.

It is not the intent of this thesis to provide a chrond-
| logical record of these three years of research. Instead I
em presenting only those results which are pertinent to the
developwent, implementati&n, end evaluation of the managewent
prcgram in the hope that this wmight provide the basis for a
state-wide program and svggest means for evaluation and sub-

sequent refluewent of such a progranm.



DESCRIPTION OF FIEIDS STUDIED

In 1970 two fields were studied, one at Gull lake, &and
one at Collins Road. Z2oth were mature stands of Vernal
alfalfa and neither had been treated with insecticides for
at least cne year. The fleld at Collins Road was a falrly
clean, dense stand of alfelfa, situated on level ground. A
100 X 200 foot research plot was located near its center.
The Gull lsake fileld was of similar density with slightly
less weeds and was situated on a slight south slope, although
the research plot selected within this field (100 X 200 foot)
was on relatively level ground. On 26 lMay one half of the
Gull Iake plot was cut, leaving the'remainder of the field
uncut, and on 28 May the Collins Road plot was similarly cut.
Neither field showed any degree of larval feeding damags atl
cutting date.

In 1971 all research was conducted at Gull Iske. Three
fields were selected for close study. Field A, the same
field studied in 1970, was a somevwhat sﬁarse, four year old,
stand of Vernal alfalfa about three acres in size. Field B
ve3 a two year old stand of Saranac alfalfa, somewhat denser
than field A and 2.5 acres in size. Field C was a three
acre gtand of one year cld Seranac alfelfa that was of

moderste density and vertually free of weeds, the latter



feature belng in warked contrast with the other flelds.
Field C was sprayed on 30 April with malathion to kill ovi-
-positing adult weevils, thus establishing a low density of
eggs.

On 28 May 25% of field B was cut in the form of a strip
(rifteen feet wide) extending for the length of the field.
On 3 June another such strip wes cut in field B and flelds A
and C were cut as well. In the center of field C a strip
elght feet wide was left uncut, extending from ons end of the
field to the other. In fleld A a similar strip was left in
the éenter (measuring three feet wide) and a three foot strip
was left uncut along each of two sides of the field as well.
Fields B and C showed a very slight degree of larval feeding
damage .at the time of cutting, but field A was considerébly

damaged.



LIFE HISTORY IN MICHIGAN

Obviously the first step in the development of s pest
management program is a complete knowledge of the life ﬁisw
tory of the pest. The life historj of the alfalfa weevll was
reasonably well understood in 19€9 as outlined in Extension
Bulletin E-639 (Janes and Ruppel 1969). This was based on
some limited fleld observations and on projections based on
data collected in neighboring states (particularly Ohio).
Since the basic blology of.the weevil was known, I was able.
to concentrate on those specific aspects influenced by Michl-
gan's northern climate. .

Alfalfa weevlils are active in the very early spring and
have been observed in flight even on warm winter days (Prokopy
and Gyrisco 1965). I have not observed any such activity in
Michigan before wmid-April, however considerable eviﬁence of a
much earlier period of flight activity has been observed for
three corsecutive years. During the first week in April of
1969, large numbers of alfalfa weevils were observed on the
sand dunes along the lake Michigan shoreline in Berrien
County (D. L. Haynes, pers. comm.). On 8 April and 27 April,
1970 I wade simllar observations at the same location and on
1 April, 1971, I again found large numbers of weevils on the

sand at Grand Haven, Michigan. A week later I returned to



Grand Haven, findlng weevils there and at several other loca-
tlons as far south as Holiand, Michigan. These weevils were

apparently flying on the warmer days of late March and early

April and vere concentrated'at‘the shoreline by the cold sair

over the water,

In 1970 and 1971 several of these weevils were collected
and returned to the laboratory for observation. It was found
in both years that, although tiey fed readily on greenhousé
alfalfa immedlately after thelr capture, no oviposition occur-
red until two weeks after the initiation of feeding. Weevils
whlch were given water but no food did not oviposit at all
despite the availability of suitable oviposition sites.

Since no alfalfa was yet available 1In the field when these
weevils were collected, 1t was concluded that a feeding
period was required before oviposifion could occur.

This was found to be in agreement with Snow's observa-
tions (1928) that sexual maturation of diapausing overwinter-
ing alfalfa weevlils does not occur until they feed after
breaking diapause.

Samples taken 1n research plots at the Entomology Re-
search Station on Collins Road in East Iansing, Michigan
(hereafter referred to as Collins Road) and at the Kellogg
Gull Iake Laboratories Experimental Farm in northeastern
Kelamazoo County, Michigan (hereafter referred to as Gull
Iske) in early Aprll, 1970, showed that most alfalfa weevils



did nct overwinter in the alfalfa filelds. According to
Hemlin et. al., (2949) and Manglitz (1958) mwany alfalfa
weevlls overwinter in woods, hedgercws, and field borders.
These overwintering weevils appersently fly about on warmer
days and, after the first new growth occurs in the alfalfa
filelds, begin to ccrcentrate in these fields. As shown in
Flgure 1, weevils were first found in the Gull Iske alfalfa
field in 1970 on 17 April (the first sample date after the
new alfalfa growth began). Although the weevils were present
in the fleld on 17 April, nc significent oviposition was ob-
served until 30 April despite sultable oviposition sites in
dead stems from the time of thelr arrival. Similarly in
1971, although the new green alfalfa was available as early
as 8 April, no oviposition was observed until 20 April. This
seems to indicate that the weevils in alfalfa fields, like
the weevils from leke Michigan, require a feeding pericd be-
fore oviposition begins.

Once oviposition bégins, the egg density increases guite
rapidly and the pesk egg density occurs about the third week
of May (Figures 2 and 3) after which the rate of hatching
exceeds that of oviposition and egg density subsequently ce-
clines to nearly zero by late June. As these eggs hatch, the
first instar larvae begin feeding on the a;falfa buds but
cause little noticeable damage to the crop. The first visible

danage occurs just before the time of the peak larval density
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Ficure 1. --Density of adults in the alfalfa field

studied at Gull Lake in 1970.
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(about the first to sscond wesk of June at these sites) when
.the earliest larvae rezch the third and fourth instars and
begin eating a great deal. Iarvae pass through four instars
In about two weeks and pupation lasts about flve cdaya. After
emergence aduvlts feed for & few duys and leave the field, not
to return until the fcllowing snring.

It should be noted that the dates given for peak egg ard
larval densitles apply generally to the Lansing and Gull lake
areas and wculd vary considerably to the north and south. In
addition there can be a great deal of veriation between even
ad jecent flelds, dependlng rriwmarily on the density of the
stand and the slope of the fleld. At Gull Iake in 1971, the
larval populations in one ¢f the flelds with & zparse stand of
alf'alfa .on a southwest facing sliope reachedlits peak twelve
days before a level field with a denser stand. Furthermore
a field with a steeper southern slope and sparser stand had
an even earlier larval population, preceeding the former by

epproximately one wezk.

Overwintering Ecgs

Of consicderable interest to a management program is the
question of overwintering eggs. In Delaware adult weevils
return to alfalfs filelds 15 the fall, where after feeding
for a while they lay considerable numbers of eggs, most of

which hetch early the followving spyring, ceusing early demage
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to the elfalfa (Burbutus et. al., 1967). Similar observa-
'tions have been made in Virginia (Woodside st. al., 1968),
New Jersey (Dively 1970) and New York (Armbrust et. ai.,
1566), but at the more ncrtherly sites, generelly fewer egps
were noted to survive the winter. Ruppel and Janes (1969)
predicted that only a few overwintering eggs were expected
to survive Michigan's winters. But Armbrust (1955) found
that in New York overwintering survival varied from 8.8% to
91.6%, depending on a number of factors including snow cover
and field location. Townsend and Yendol (1968) noted consid-
erable differences in survival between eggs laid in upright
and in lcdged glf'alfa stews in Penrsylvania. Thus there was
considerable evidence that micro-climate was Important iu
determining overwintering survival.

To determine how fall-laid eggé.survived.Michigan's
winters, a falrly comprehensivz study was initlated in Ccto-
ber, 1969. Ten samples of all the stems in a square foct of
alfalfe werc taken at the Gull Iaké and Collins Road fields
twice each month. All stems were split oper eand the eggs were
counted. Also recorded was the viability of eggs, the depth
of snow cover on each sample date, whether stems with egg
masses were lodged or erecp, the helght of egg masses 1n
erect stews, and the dlameter of stems with egg masses. 1In
addition; percent parasitism of eggs was noted. These obser-

vations, which were continued through January, 1970, showed
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one lmportant fact. In Michigsn, alfalfa weevils simply do
not oviposit in the fall. The results presented in Table 1
Indicate that very few eggs were laid in the fall and of
these few, only a swall number remained viable through the
winter.

Meanwhile, Niemczyk, (1970) published the results of his
observations 1n Ohlio. He found consilderable fall ovipesition
end overwintering survival in southern Ohio, but in the north
fewer eggs were laid in the fall, and of those 1ald, relatively
few survived the winter.

Subsequent samples I toock in mid-April, 1971 showed a
continuation of this trend into Michigan. On the Ohio-Michigan
bordsr in Lehawee County there was a wean density of 7.9 over-
vintering eggs/square foot in four alfalfa fielids while the
mean density at Gull Iske and Collins Road was 2.2 end 1.4
egzs/square foot respectively.

The data I collected, when coabined with that presented
by Klewczyk, indicates a trend toward less fall oviposition
and less winter survival as one moves north. It does not
scem surprising that very few eggs survive the cold of the
vinter, but the reason fer decreasing fall oviposition with
increasing northerly latitpde is less apparent.

A review of the literature suggested several possible
explanations but the key factor seemed to be adult dlapause.

Guerra and Bishop (19€2) showed that alfzlfa weevil females
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uandergo a trus ovarian dlapause. Huggans and Blickenstaif
(165%) noted that field pepulations of weevils consisted of
both dispauaing and non~-diapauvsing adults and felt that this
tralit could Le selected for. The fact that very few eggs
érevlaid in the fall in Michigan can thus be explained by the
selectlve pressure for dlapausing adults exerted by ths
severe winter. Those few adults which do not enter diepause
feed in the.-early fall and ovirosit, but most of these eggs
do not survive the winter and the tendency for fall oviposi-
tion 1s selected out. This explenation also seems adequsalc
to explaln the gradient ir fall oviposition indicated by
Niemczyk (1970). In the southern part of Ohio where eggs cun
survive the winter there 1s much fall oviposition, but
farther north relatively fewer weevil egzs survive the winter,
resulting in a shift of the population toward.spring oviposi-
tion. The majority of weevils in Michigan leave the alfalfa
fields shortly after emergence and enter diapause, not to
emerge untll the next spring. These are comparable to thne
"ditch bank" weevils which Snow (1928) observed to remain
sexually Jwmature until srring.

The length of diapause of those weevils which do undergo
dispause was found by Huggins and Blickenstaff (19G4) to be
determined by the rphotoperiod exposure in the larval stage.
They noted, as did Rosenthal and Koehler (1968), that longer

deylengtn exposure in larvae results in longer diapzuses by
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the adults. Trere is a onc hour difference in daylength
between southern Ohlo end central Michigan during the pesk
larval pericds on mid-May (Ohio) and mid-June (Michigen)
(rist, 1951) sc 1t is probable that photoperiod determines
diapsuse and hence time of oviposition. Additional data on
photoperiod respor.ses would be interesting, but at presznt
the best estimate of the duration of diapause in Michigan is
the 170 days (at twelve hours larval photoperiod) noted by
Huggins (1964). A 170 day diapause would be more than ade-
quaté to prevent fall cviposition in Michigan, as weevlls
could not become active until January. After breaking
diapsuse 1in January these weevils rewain sexually immature

until after they initiate feeding in April.

Parasites 1n Michigan

Several parasites have been introduced into Michigen in
recent years. Many of these have been recovered and are

thought to be established, however by 1971 only Bathyplectys

curculionis (Thompson) (Ichneumonidae) was present in densi-

ties high enough to have any effect on weevil populations.
In May of 1970 end early June of 1971 Microctonus acthiops

(Nees) (Braconidae) was recovered at Gull lake following
releases made in 1969 (Stehr and Casagrande 1971). Bathy-

plectys e@nurus (Thompson) (Ichneumonidae) and Tetrastichus

incertus Ratzburg (Eulophidae) were recovered at Collins Road

.-
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in 1970 following releases in 1969. In additicn Tetrastichus

incertus was also recovered at Gull Lz2ke in 1971 where 1t vas
released in 1968.

Two other parasites, which were not introduced intc
Michigan, were discovered in the research plots. These are
both egg parasites and at prescunt do not anppear to be of any
real significance. In sampling for overwlntering eggs many

Anaphes practensils (Foerster) werc recovered. These are re-

corded in Table 1 along with the egg density. Since over-
vintering eggs are not significant 1n this area of Michigan
these parasites probably wiil not be of much ilmportance, ex-
cept to add to the alrecady severe sélective pressure exerted
by the Michigan winter., The other egg parasite recovered,

Patasson luna (Girault), was recovered in fair numbers from

eggs collected in July. This was found to exert up to €0%
parasitism on 2 July, 1970 but egg densities are very lou st
that time. This parasite is described by Brunson and Coles
(1968) as priwmarily a parasite of overvwintering egzs and is

apparently not very ilmportant in Michigan.



METHODS OF COLILECTING AND ANAIYZING DATA

In order to intelligently interfere with the 1life cycle
of the zlfalfa weevil in the form of a managemept program,
1t 1s necessary to first understand thz natural pcpulsation
regulators. Once these factors are understood it 1is possible
to try various manipulations that might reduce weevil popuia-
tions. Thus 1t was necessary for wme at an early date to de-
velop sampling techniques that would allow for an understand-
ing of the sources of natural control. Subsequently, for
evaluating management programs; a long term pOpulation dynamics
study seems to be the best approach and 1t is for thls purpose
that I am presenting a discussion op'sampling technigues «o

that 1t may provide a ready reference for future research.

Sampling for Eggs

Other researchers have sampled for alfalfa weevil eggs
by exswining all the stems in a unit area or by sampling a
certain number of stems selected at random throughout a field.
Results have thus been expressed as numbers of eggs per square .
foot or as numbers per stem. Both of these sample units seem
useful, however they serve different purposes. Numbers of
eggs per stem might be acdequate for predicting larval damage,

~and indeed, expressing larval density in terms of stem density

18
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might lead to & better understanding of larval competitiorn.
However, for a populatlion dynamics study it 1s advantageous

to express the denslity of all stages in the same units and 1t
does not seew loglcal to express pupal or adult density as
numnbers per silzw since they are more often found on the

ground than on the piants. Samples for all steges were thus
taken on a unilt arca basis and stewm density was later recordsad.

Since many authcrs, including Arwbrust et. al., (1960),
Blickenstaff (1965), and Woodside et. al., (1968) expressed
egg density in terms of stoms, I found it deslirable to de-
termine the relationship between stem and egg density in
order to interpret their work and to decidée on the proper
sample unit. I took %4 sguare foot samples on 12 June, 1870
at Collins Road and recorded the number of éggs and the
pumber of stems in each. The results (Figure %) indicate
that for the normal range of stem densities, the number of
eggs 1s independent of the number of stems in a sample. Thus
eggs are distributed by.area and not by stems and it 1s most
reasonable to sample according to the same distribution.

In choosing the proper size area for each sawple, I
decided to make each sample representative of the alfalfa
field as 2 whole. Since each plant 1s usually several inches
from other plents I found a square foot to be the wminimum size
sample which provided an adequate representation of spatial

distribution of the plants. Furthermore, consideration of
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.the time and eff'ort required to proczss square foot samples in
1ight of available resources showed such samples to te practi-
cal from =zn econcmic standpoint. Thus one square fodt was
decided upon as the haslic sawmple unit.

Eggs were sanmpled by removing all stems of all types
froﬁ the area delimited by a square feoot frame placed in a
randomly selected location within a plot. Ilving stems were
clipped et ground level and dead stems were also collected
and placed in a plastic bag. ©Stems were later split with a
single-edge razor blade and examined for eggs. Data recorded
included the numbers of ¢ggs, egg wasses, &nd steﬁs in each
sample. Frequent semples of eggs were tested for viability.
These were held on woist filter paper 1in small plestic petrl
dishes and kept at 75°F. Eggs were treated with .01% captan
to retard fungal growth. '

Sampling for larvae

Different methods were used for larval sawmpling in 1970
and 1971. In 1970 I took one helf square yard ssairples, by
placing a sample frame over the follage, clipping it, and
placing it in a plastic bag, taking care not to shake the
larvae out. I then placed the samples in large Berlese
funnels; each equipped with a 500 watt lamp and collected
the larvae in a jar of 70% alcohol for 24 hours. This wethod

of sawpling 1s fast, requires relatively little labor, and
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provides for consistent results. However, it has a severe
shortcoming in that considersably less than 100% of the larvae
in the field are counted in a sample. It 1s not possible to
clip and remove the Intertwired alfalfa stews from the field
without shaking or brushing some larves frow the plants.
Caréful examination of the grcund cn two detes revealed that
no first or second instars were knocked from the follage,

but 18% of the third and 25% of the fourth instar larvae were
lost in this manner. A further reduction occurred with the
Berlese funnels from which the percent recovery .of the first,
second, third, and fourth instar larvae was 27, 90, T7C, and
70 -respectively. Thus in order to determine the actual den-
sity in the fielid, the resuits obtained had to be corrected
by two factors. This seemed to be a very undesirable means
of sampling so in 1971 samples were.designed to eliminate
these l1losses and the necessary correction.factors.

In 1971 a three-sided (U—shaped) one foot? sample frane
was constructed of 1/8" x 3/4" flat iron, with a plece of
fine white fabric weasuring 24" x 24" attached to the back.
In taking samples, this frame was sllipped between the stews at
ground level end the entire square foot of folisge was gently
leaned over the cloth, clipped, and placed in a plastlc beg.
Any larvee which were dislodged from the plants by clipping .
were easlly found on the materlial and added to the sample.

In addition the soll surface and elfalfa crowns within the



.sample frame were carefully exawmined and any lervaes found
vere added to the szmple. The samples were then returned to
the laboratory where each stewm was carefully examined and
the larvce were removed and preservad in 75% ethyl alcohol.
Before discarding the sample, it was individuully washed in
95% alcohol ©o remove any larvae wissed. The few larvae
which were found were counted and addzd to the other larvae
from the sample.

Thls method of sampling requirss considerably more
effort than the method used in 1970, but has the advantege of

allowing complete recovery of all the larvae from the field.

Sempling for Pupae

In 1971, the sawe sawples were taken for larvae and
rupae. After all the follage waS'dlipped and placed in the
sample bag, the crowns of the plants and the litter vere
carefully exawmlined for pupae and any round were added io the
sample. Samples were then taken back to the laboratory wnere
they were frozen and held until they could be processed by

hand and the pupae and larvae counted.

Sampling f'or Adults

Anyon2 who doubts the effectiveness of evolution in pro-
viding for effective coloration and behavioral adaptations

should try sampling for adult alfalfa weevils. For almost
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seventy yeers the problems of ssmpling for adult weevils have
hampered resesrchers in this country. Probably the best tech-
nlgue that I have used for determining absolute adulf density
Involves the use of a squere foot metal frame 4" high oun each
side and sharpened@ on the bottom edge. The frame is pressed
into the soil and adults on the follage within the frame are
shaken off into 1t and the stems are then clipped at ground
level and removed. A very sharp lawn-weeding tool 1s then
used to cut the roots of each plant, the crowns are rewoved
and examined for adults, and the soll within the frame is
swept up with a small wisk broom, placed in a nlastic bag,
and taken back to the laboratory where the adults are separ-
ated from the soll by floatztion in water. Although this
technique has not been used extensively, it seewms to be

quite effective, particularly if thé samples are processed
while the adults are still alive. .

Adults were not sampled in the 1971 study on tge spec-
ific wortality because it was thought that pupal density
would rrovide an adequate estimate of adult density. Since
there are no pupal parasites, apparently low predation, and
low pupal wortality, the large effort involved in sampling
for summer azdults (particu;arly with separating emergence

from dispersal) seemed not worthwhile.
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Precision of Data

Most researchers working on populztion siudles agree
that the standard error of a sample shcould aporoximate 10%
of the mean. This is an arbitrary figure which seems to be a
reasonable compromisc between accuracy of results arnd effort
required in sampling. In the egg datz I collected in 1970 I
found that the magnitude of the standard error 1s dependant
upon the magnitude of the mwean. Thus to keep the standard
error at 10% of the mean it is necessary to take larger sam-
ples at low densitles than at high. Using the results of
1970, I determined that ten 1 foot2 samples would provide
for qulte precise data at thé expected ﬁéak egg densities.
Teking into consicderation the time and expense involved in
taking and processing each square fpot sample, the large
number of flelds studied and frequency of sempling, I con-
cluded that for 1971 I could not take more than ten samples
per fleld without reducing the number of fields or sample
frequency. Although this sample size seemed adequate for
high densitles, it was not expected to provide great pre-
cision at low densities. However, a preclise knowledge of
density was fer more lmportant to me at higher densities then
at the low and thus samples consisting of ten square feet
seemed to be an adequate compromise between precision and
excessive expense. Similarly a constant sample size of ten

1 foot? samples was chosen for larvae and pupae with the
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recalization that tne results would likely be less precise
than the egg data because of lower densliiiss.

Figure 5 shows the mzans and varlances of sampleé taken
in 1971. A regression line fit to th2 data points cn this
figure shows the relaticuship between weans and variances to
be

log S% - 0.3692 + 1.458 log X
The variance for a given mean can elther be read directly off
Figure 5 or calculsated according to the eguation
s° g 6234 + antilog (1.458 logng)
which incorporates the necessary conversion factor for trans;
forming logarithmic data back to arithmetic es describted by
Bliss (1S67).

Table 2 shows the precision of ths estimates of pesk

density in each field for each stagé sampled during the 1971

season.

TABIE 2. Precision of Sample Data for 1971 (Standard Errors

Expressed as FPercentages of Means at Peak Densities)

Fleld A Field B " Fileld C
Eggs 9.1% - 10.5% 16.4%
larvae 11.2% 12.2% 15.4%

Pupae 19.2% 3.7% 27.5%
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Davelonr»ntal Tiwzs of Dros
—_— : ——ate?,

Iarvee, Fupze and Parasites

In order to make zny calculations on age mortality cr to
compzre Gensities between fislds or years, it is necessary to
determine the total Inciderce for the seasoh of whatever stege
i3 uncer consideration. 1 accompliched this by using the
metbod of T. R. E. Southwood (1966) in which the density is
piotted on a graph throughout the scason and the area under
the curve 1is divided by ths developmental timz, gilving the
totel incidence par unit area for the season.

Developmentisi times of alfalfea weevil 1ife stages ere
readlly avsellable 1n the literature in papars by Sweetman end
Wedemeyer (1933), Koehler and Gyrisco (1961) and Roberts
et. al., (1970). In addition H. D. Niemczyk kirdly provided
gowe additional unpublished egg datze tnat he collected. The
combined results of all these sources (presented in Tatle %)
show that cdevelopmental times are determined by temperature
exposure. Since field temperatures chenge dramatically frow
wid-April to July (and 6ccasionally equally as draematically
from one day to the next), I decided to calculate develop-
mental times in terms of degree days, thus eliminating the
variation csused by temperature changes.

‘In order to calculate degree day requirements, it is
first necessary to determine a lower temperature threshold,
above which degree days are accumulated. This is typlcally

done by wlotting percent development per day over different
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TABIE 3. Developmentael Times

Temp. (OC.) ' Days as Eggs Days as larvae Days es Pupae

6.9% 90.5 - -
10.0% 4y .5 - | -
12.0° 49,3 80.5 37.9
12.8% 29.0 - -
13.3¢ 29.0 - -
15.0% 19.3 - | -
17.0° 19.8 28.6 | -
18.9% 13.0 - .-
20.0° 13.4 20.5 11.5
21.19 11.0 - -
22.0° 9.3 15.2 9.9
23.7° 8.5 | - -
25,30 7.2 - -
26.7% 9.0 - -
27.0° 6.9 0.6 6.7
28.0° 6.0 9.8 6.4
28,7P 6.2 - | -
30,30 5.8 - -
32,00 5.5 8.1 5.1
36.0° 54 9.6 4.9
37.0° 4.0 1049 -

5 St o) Ieseeer (lhs)

¢ Koehlsr end Gyrisco (1961)

d Roberis et. al., (1970)
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temperatures, finding the point at which the regression line
crossed the X azxls, end defining that polint as the lower
threshold (fhat temperature below which no development cen
occur). This method seems objectionable to'me for two
reasons. First I do rot think one cen justify extending e
regression line past data points and secondly, I ao not think
it is blologically meaningful to establish an exact threshcid
such as 44.5°F, (7.200.) (Roberts et. al., 1970) on the assump-
tion that no development occurs below that temperature. It
seems quite possible to me that different physiologlcal
processes could have different thresholds and hcnce it wight
not make sense to establish a fixed threshold.

Thus I decided to use whatever.threshold would provide
the bést results for degree day requirements flor each stag=s.
This was acccuplished by arbltrarily substituting different
thresholds and calculating degree days for each different
experimental temperature in Table 3. The mean number of
degree days and standard error was then calculated for all-
tewperatures at each thresholdéd and these stendard errors
were plotted sgainst the thresholds (Figure 6). The bottom
point of each curve was assoclated with the threshold which
gave ths most consistent results and was thus selected as
the lower temperature threshold for development. Thus the
thresholds for eggs, larval, and pupal development were

determined to be 9°C., 11.5°C., and 9°cC. respectively. Using
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'the data again in Table 3, the wean degree day requirements
above these thresholds were determined to be 130.6 for eygs,
171.6 for larvae, and 7%.8 for purae. -

With this Information available, it was then necessary
to calculate the rate of degree day accumulation within the
fields. Temperature recoris were kept during 1971 by using
a hygfotbermograph located at the ground surface within an
alfelfa field. Dsgree day accumulation was calculated from
the dally maximum and ﬁinimum temperatures by using'the'sine
curve method described by Baskerville and Ewmin (1969) with a
computer progrem written by Gordon Baskerville (unpublished).
Calculations were mede by using 48°F. (9°c.) and 52%. (11%c.)
as thresholds and the rate of degree déy sccumilation for the
entire season was determined for each threshold. Unfortun-
ately such hygrothermograpn records were not kept during 1870
s0 I looked up the daily waximum and minimum temperatures for
Gull Iake end East lansing in the Climatologlcal Record (pub-
lished by the U. S. Department of Comwerce). Then using
hygrothermograph records for June 1970, measured at the sur-
face of a mixed fleld of alfalfa and oats by S. H. Gage, 1
developed conversion factors for converting the standard
temperature records to surface temperatures in an alfalfa
field. Using the equations:

Maximum temperature at surface = alir temperature X .73 +

16.34
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Minimum temperature at surface = alr tempsrature X .65 +

22.5 |
I then correcicd the ailr temperatures from the Ciimatological
Record to the temperatures at the surfece of the field and
proceeded to determins the rate of degree day accumulation
for both thresholds cgaln using the computer progrem written
by G. Baskerville.

The effectiveness of this technique for determining
developumentel times was checked on two occasions during the
1971 season by inserting freshly lald eggs into alfalfa stems
in the field and checking them dally to determine the time
until hatch. Eggs laid cn 15 May hatched on 26 hay (144
degree days later) and eggs lald on 4 June hatched on 12 -
June, requiring 132 degree days. These valﬁes are 1n close
agreement with the predicted requirement of 130.6 degree days
for egg hatch.

Not much Information was available on the developmental

times of larvae parasitized by Batﬁyplectys curculionis, how=-

ever Armbrust et. al., (1970) showed that they spend less

time in the feeding stage than unparasitized larvae. Using
his results I determined that parasitized larvae spend 84% as
long in the feeding stage as unparasitized larvae. Using the
larval threshold of 11.506. I thus determined that parasitized
larvae fequire 144 .1 degree days for development as opposed to

the 171.€ required for unparasitized larvae.
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Methods of Analyols

Cutting an =3falfs field has a complex effect on alfalfa
}weevils and parasites. It not only causes the removal of eggs
and mortality of larvae and immature parasites as described
by Hawlin et. al., (1947), but it also causes a reduction in
oviposition by both weevils and parasites. In order to evalu-
ate these effects for different cutting dates, 1 found it
necessary to arelyze graphs of density plotted ageinst time
for each stage in each field. The results, presented in
Tables 4 and 5, are the product of this analysis which seems
best explained by discussing a complete example.

The total incidence in the uncut portion of field A was
calculated by the method of Southwood (1966) which involvel
measuring the area under the outer curve in Figure 7
(130,952.62 egg degree days) and dividing by the develop-
mental time of eggs (130.6 degree days). The result 10C2.7
-eggs/foot2 is the average number of eggs laid in each square
foot of field A curing the perlod studied.

Marking the time of cutting (506 degree days) on this
curve allowed the determination of density at cutting time,
showing that 160.0 eggs/foote were exposed to cﬁtting (164
of the total incidence).

To determine how wany eggs.hatched before cutting I
subtractsd the developwental time of eggs (130.6 degree days)
from the time of cutting (506 degree dayé). Thus any eggs



TABIE 4. Results of 1970

Gull Iakel Collins Road2

————

EGGS
Hatched Before Cutting Date %32.6 175.3
Exposed to Cutting 2%0.0 129.5
Removed by Cutting 180.5 8.1
Iaid in Cut Part After Cutting . 39.2 23.0
I1aid in Uncut Part After Cutting 236.7 135.0
Total Incidence in Uncut Part 812.4 43%.6
Total Incidence in Cut Part 398.5 272.5

LARVAE |
Pupated Before Cutting Date | c.0 0.0
Exposed to Cutting 12.0 | 7.5
Killed by Cutting | 12.0 7.5
Hatched in Cut Part After Cutting 434 45,0
Hatched in Uncut After Cutting oh.7 100.1
Total Ircidence in Uncut Part 111.5 105.3%
Total Incidence in Cut Part 45.0 3.4
%cut cn 26 May

cut on 238 Hay
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TABIEZ 5. Results of 1971

Field A° Field BY Fleld B> Fiald C°
EGGS _
Hatched B«fore Cutting Date 729.2 259.6 435.,0 91.1
Exposed to Cutting 160.0 195.0 114.0 4.0
Removed by Cutting 125.0 176.2 78.0 0.0
I1aid in Cut Part After Cutting 8%.5 4.8 59.8 5.5
Iaid in Uncut After Cutting 120.1 151.73 111.9 5.4
Total Incidencz in Uncut Part 1002.7 64€.5 646 .5 59.2
Total Incidence in Cut Part 842.2 352.9 543 .6 101.0
IARVAE
Pupated Before Cutting 44,0 0.0 1.0 3.0
Exposed to Cutting .217.0 2%.0 39.2 61.G
Killed by Cutting 118.% 24.0 239.2 25,9
Batched in Cut After Cutting 16.1 54,2 30.1. 3,0
Hatched in Uncut After Cutting 38.7 154.7 120.8 2.9
Total Incidence in Uncut Part 237.1 165.9 165.9 €65.5
Total Incidence in Cut Part 76.5 67.1 A8 2%.6
PUPAE
Emerged Before Cutting 0.0 0.0 0.C 0.0
Exposed to Cutting 0.2 0.0 0.0 0.0
Total Incidence in Uncut Part 85.8 89.2 83.2 31.4
Total Incicdence 1in Cut FPart 5 5.1 o1l 2.1
PARASITIZED I1ARVAE
Pupated Before Cutting 1.0 0.0 2.1 3.0
Exposed to Cutting 15.2 6.8 3.9 9.2
Killed by Cutting 2.7 - .9 6.6
Input in Cut After Cutting 12.1 16.0 13.7 1.2
Input in Uncut After Cutting 16.1 36.4 30.9 3.9
Total Incidence in Uncut Part 26.5 40.3 40.3 19.5
Total Incidence in Cut Part 19.9 21.7 17.5 6.6

%cut on 28 May

cut on % June
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laid before 375.4 degree days (line A) had time to hatch
(130.6 cegree days) before cutting. To determine the total
incidence of these eggs it was necessary to allow for the
hatching of eggs laid before line A and so a line was extended
from point C (the intercept of line A and the curve) to zero
at 506 degree days (time of cutting). Thus the shaded area
of Figure 7 results from e¢ggs which hatched before cutting.
Dividing this area (95,233.5 egg degree days) by the develbp-
mental timeé of eges (130.6 degreé days) shows that 729.2 eggs/
foot2 or 7%% of the total incidence hatched before cutting
and hence were not subject to removal as eggs.

Determinatlion of the numbers of eggs laid after cutting
was made in a similar wanner. Since the field was cut at 506
degree days and the developmental time of eggs 1s 130.6 degfee
days, those eggs present at 636.6 degree days must have been
laid after cutting. Iine D shows the rate of ovipositlon
from the time of cutting until 635.6 degree days (where it
again joins the curverf density versus time in the uncut
portion of the field). The area with the cross-hatching slant-
ing to the right (//) (16,468.7 egg degree days) thus shows
the amount of oviposition following the cutting date in the
uncut portion of the fleld to be 126.1 eggs/foot®. Iine E
similarly shows the rate of oviposition in the cut portion of
the field after cutting, and the left-slanting cross-hatched (\\)

area (11427.5 egg degree days) shows that 87.5 eggs/foot? were
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laid in the cut porticn of the field after cutting.

Calculation of the rumber of eggs removed by cutting was
accomplished by subtracting the egg density measured inmedi-
ately after cutting (%5.0 eggs/footg) from the density at
cutting time (160.0 eggs/foote). Thus 125.O,eggs/foot2 were
removed by cutting (127 of the total incidence).

Finally the total 1n31denée of eggs in the cut portion
of the field was determined by plotting the number of eggs
left by cutting (35.0 eggs/footg) at point F on Figure 7 and
connecting points C and F with line G. This line shows the
rate of hatch of those eggs lald before cutling which were
not subsegquently removed by cutting. Idne E, which connects
point F to the first measured egg density in the cut portion
of the fleld shows the combined effects of oviposition and
hatching for the period immediately following cutting. The
total incidence of eggs in the cut portion of the field was
then caslculated by measgring the area under the curve formed
by following the curve of density in uncut alfalfa to point
C, then along the lines ¢ and H until meeting the first data
point for the cut part of the field, and then following the
curve foruwed by ccrnecting the remeinder of the data points
in cut alfelfa. Thls showed the total Incidence of eggs in
the cut alfalfa to be 81;2.2/foot2 (84% of the uncut total).

Figure 8 was analyzed in the same manner as Figure 7 to

determine the effect of cutting on larvae in field A. The
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only difference is that it was not possible to lmmediately
measure the larval mortallty caused by cutting beceuse this
occurs over a pericd of several days. Thus in order to calcu;
late the number of larvae killed by cutting; thz rate cf
larval mortellty was calculated during the four days following
cutting for both cut and uvncut alfalfa and the difference in
mortality between the two was attributed to cutting; This was

calculatec as follows:

larval density at cutting date 217.0/ft2
larval density in uncut part 4 days later 167.8/3‘.‘(:2
input (of larvac) in uncut part in 4 days 26.0/ft2
output (of pupac) in uncut part in 4 days O.8/ft2
larval density Jin cut part 4 days later 30.0/ft2
input (of larvue) in cut part in 4 days 7.0/ft2
output (of pupze) in cut part in 4 days l.3/ft2
mortality in cut part: 217 - (30 + 1.3 - 7.0) = 192.7
mortality in uncut part: 217 - (167.8 + .8 - 26) = _T4.4
lervee killed by cutting: | 118.3

Using the total inéidence wethod for larvae provides an
estirate of the number cf wedian age larvae which occurred
throughout the season (Southwood 1966). This estimate is not
to be confused with the number of eggs hatching or fourth

instar lervae pupating.
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Pupae were reliatively easy to work with slince virtually
none occurred in any of the fleids before the'cutting dates;
hence the total incicdence in the cut and uncut rortions of
field A was determined bty measuring the areé urder the two
curves In Figure 9 and dividing by 73.8 degree days (the
developmental time of pupse).

The perasitizea larvae in Figure 10 were handlied in
exactly the sawe manner as the larvae in Figure 8 except that
the number pupating'in cut and uncut strips during the four
days immediately following cutting was considered to be equel.

This assumption was made for two reasons: first of all,
no reliable estimate of the rate of parasite pupation was
available; and seconcly, Hamlin et. al., (1947) showed that
almost no parasitized fourth instar larvae are killed by
cutting and thus no difference in pupation rate would be
expected. Thus the number of parasitized larvae killed by

cutting was calculated as follows:

2
density of parasitized larvae on cutting date 15.2/ft

density of parasitized larvae in uncut part 4

days later | 10.1/f £2
input (of parasitiied larvae) in uncut part o
in 4 days 6.1/ft
density of parasitized larvae in cut part 4 o
days later 3.3/ft

input (of psrasitized larvae) in cut part in 2
} days | 2.0/t
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reducticn in cut part: 15.2 - (3.3 - 2.0) = 13.9
reduction in uncut part: 15.2 - (10.1 - 6.1) = 11.2
parasitized larvee kllled by cutting: . 2.7

Tables 4 and 5 were completed using the sawe type of

analysis just described for each fleld studled in 1970 and
1971.
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AGE SPECIFIC MORTALITY

In order to determine and understand the effects of
cutting on wesvilis and parasites, I considered the probiem
from two aspecta. First I studied the uncut strips, deter-
mining the interacticns of weevils and parasites and the
manner in which both responded to density in a situation
uncomplicated by cutting. Once these general responses were
understood, it was possible to make direct comparisons of
mortelity in cut and uncut portions of the filelds and to

interpret the results.

Density Dzpendant Mortelity

- Awong the uncut strips there was a considerable range of
egg densities. From Table 5 it can be seen that the total
incidence of eggs in field A was 1002.7 eggs/foot2 vhile
fields B and C had 646.5 and 99.2 eggs/foot2 respectively.
These differences apparently resulted directly from differ-
ences in density of ovipositing adult weevils (12.2, 8.4 and
0.8 per 20 sweeps in fields A, B, and C respectively, on 24
May). Of these eggs there was a density dependant survival
to wedian age larvae of 23%, 26%, and 69% in fields A, B, and
C respectively. An even further reduction occurred in the

pumber of pupae where the pupal densities were 9%, 14%, and

h6
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32% of the egg dsnsities in fields A, B, and C respectively.
The total incidencze of pupae in fields A, B, and C (87.8,
89.2, and 314 respectively) furfher shows the extent of
density dependant larval mortality since fiéld B produced
more pupae than fleld A desplte the much greater egz density
in field A.

The total incildence of larvae parasitized by Bathyplectys

curculicnis (26.5, 40.3, and 19.5 in A, B, and C respectively)

reflects to a greater extent the same larval mortallity and
also a difference in density of ovipositing adult parasites
(3.3, 2.0, and 0.8 per 20 sweeps in fields A, B, and C respec-
tively on 24 May).

Effect of Cutting on w@evils'

Total egg density is reduced by cutting because eggs are
removed and oviposition 1is reduced following cutting. As seen
in Figure 2, in 1970 both fields were cut very near the pessk
egg densities. As a reéult approximately 20% of the total
incidence of eggs in uncut alfalfa was removed 1n the cut
porticns of the field. Of even greater importance in reducing
the totael incidence in the cut portion of the field was the
reduction in oviposition caused by cutting which accounted for
a furtner reduction of 25%.

Cutting parts of field B on two different dates in 1971
showed that the time of cutting is ilmportant in determining
egg reductlon. Figure 3 and Table 5 show that cutting near the
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_peak egg denslty causes a greater removal of eggs and u greeter
reduction in oviposition than does cutting at a later date.
As a gereral rule, the longer the period bestween peaﬁ eng
denslty and cutting date, the smallcr the reduction cf cgg
density caused by cutting., Fileld C, which was cut long after
the pesk egg density (Figure 3) actually produced more eggs
In the cut than in the uncut part.

. In addition to causing a reductlion in egg density,
cutting an alfalfa field causes Jarval mortelity. Not only
are larvae wechanically killed by the cutting prccess, but
they are also sudjected to heat, desiccation, and starvation
following cutting. Hemlin et. al., (1947) found that nearly
all first and seccnd and many third instar larvaes are killed
when a fleld is cut durlng bhot, dry weather. 'In 1970 ali
the larvae present on the cutting dates in both fields were
killed by cutting. Since cutting in that year took place
near the time of peak egg density, which preceeded the peak
larval density by two weeks, there were very few larvae
present at cuttiing time and almost all of these were early
instars.

In 1971 parts of fiecld B was cut on two different dates,
both times well in advance of the peak larval density (Figure
3). At both cutting dates &ll larvac present were killed,
although a relatively smwall number were present at the tlme

of cutting. Cutting at peak larval céensity in field A exposed
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the greatest nunber of larvae (92% of the total uncut inci-
dence), but only 73% of them were killed. When fleld C was
cut after tﬁe peak larval density (Figure 3) 90% of the total
uncut larval incldence wes exposed to cutting but only 557 of
them vere killed.

In summary, when cutting is made early, a greater percent-
sge of exposed larvee are killed then when cutting is wade at
or past the peak of larval density. EHowever, when the field
is cut late a greater number of larvas are exposec to cutting
and although a smaller percentage way be killed, the totsal
mortality caused by cutting is actually greater. Thus the
greatést number of larvae were killed by cutting at.peak
larval density.

In 1971 cutting had little direct effect on pupae since
no pupae were yet present at the cutting dates (except field
A which had O.2/foot2). Thus the differences in pupel density

between cut and uncut parts of fields are attributed to the

direct effects of cutting on eggs and larvae.

Effect of Cutting on Parasites

Hamlin et. al., (1947) found thaet although cutting causes
a large reduction in populations of alfalfa weevil larvae, it
causes somewhat less of a reduction in the numbers of larvae

peresitized by B. curculionis. This occurs because most

parasites are found in larger larvae (Hamlin et. al., (1947)
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and Brunson and Coles (1968) which are much more likely to
.survive cutting then the smaller larvse (Hamlin et. a&l., 1947).

Thls was generally fournd to be the case in the fields
studied at Gull Iake in 1971. For exermple, in field A 73% of
the larvae present on the cutting date were killed by cutting
but of those larvae which were parasitized, only 17% were
killed.

The rates of parasitism in the cut and uncut parts of
the flelds indicates that after cutting adult parasites were
more active 1n the uncut strips than in the cut parts of the
fields. In the three fields studied in 1971 en average of
43% as many larvae were parasitized after cutting in the cut

parts as in the uncut strips.



MANAGING ALIFATFA

In 1970 scveral flelds surrounding my research plet at
Gull Iake were cut aboul ten days earlier than the cne I was
studying. All of these fields required repeacted insecticide
appllications. The fields that I cut et East Larsing and Gull
Jzke both grew back with little alfalfa weevil damage without
insectlicide treatment and another one at Gull Iske cut the
same day &8 wline grew quite well with only a single stubble
spray.

Similarly at Gull Iake in 1971 one field was cut on 20
May and another on 23 May. These flelds were not closely
studled, but were very near field B, and were of similar stand
density and were planted on level ground so field B p:obably
serves as a reasonable indicator of weevil activity in these
flelds. As can be seen from Figure 3, egg denslty was very
near its peek at cutting time, however there were very few
larvae yet present in the fileld. As a reéult, when the field
was cut, many eggs were rewoved and probably all the larvae
present were killed and the flelds started regrowirng without
damage. Xowever in two weeks most of those eggs left in the
stubble had hatched and had produced sufficient numbers of
large larvae to cause considerable damage to the alfalfa when

it was 5-6" high. These fields were thus sprayed to reduce
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larval daweage.

The threc fizlds under close study in 1971 were cut at
considerablﬁ later dates than in 1970 with respect to weevil
activity (Figurs 3) and all of them grew back without any
significant dumage to the second crop. Field A, however, was
probably cut a little too late because 1t started showing
slgns of considerable Jarval feedlng a few days before cutting.
Since most eggss and early instar lervae are killed by cutting,
the greatest kill of weevils could be accomplished at a time
vhen the pcrulation of eggs and early instars is the greatest.
This seems to be well after the egg peak and probably near the
peak larval density. However by the time the larvai density
reaches 1ts pealk, many larvae have become quite large snd
start noticeably damaging the field. Furthermore, cutting at
a later date does nct utilize the reduced rate of oviposition
following cutting.

Thus the problem seems to be in deciding between cutting
early and having damage to the second crop and cutting late
and having damage to the first. There 1s a perlod between
these extremes when 1t 1s possible to avoid damage altogether
as occurrad in fields B and C in 1971 and in both fields 1n
1970, At the time these fields were cut, larval damage was
just becoming aspparent. This damage had not reached a degree
wvhere it could be of any economic lmportance and yet it was

certeinly greater than the damage caused by larvae coming
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from occasional overwintering eggs. In each cf these fields
the damaze in the uncut portion became progressively worse
after cutting date and after about two weeks the croﬁ was
very severely daiaged with the exception of fielid C in 1271
which had a low vweevil density and only experienced mocerate
damage. It 1is apparent that cutting prevented this damage 1in
the fieZds I studied.

Thus larval damage provides a simple key to determining
the proper cutting date for weevil control. If the fleld is
cut when larval feeding damage just begins, 1t should not
experience any significant damage to either the first or
second crops.

The parasite Bathyplectys curculionis should be given

consideration in a management prograw. In addition to reducing
the number of alfalfa weevil larvae which survive to puration,
a high parasitization rate by these parasites also reduces the
duration and amount of larval feeding (Armbrust et. al., 1970j.
Cutting does reduce the number of parasitized larvae 1in
the field, although it causes a greater reduction in unparﬂ;
sitized larvae. This reduction of parasites, although unde;
sirable, secms to be unavoldable as long as the field is cut.
It is possible to leave uncut strips in a fleld to Increase
parasite production, but results of 1971 indicate a ten to
twenty;fold increase in the number of weevil pupee produced

in such strips while the increase in parasites was always less
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than three-fclid and averaged close to two-fold. Apparently
there 1s no wass migration of adult parasites into such

strips because the average rate of parasitism in these strips
(20%) was considersbly lower than in the cut portions of the
field (33%). The additional parasites produced in the étrips
left uncut are insignificant in comparison to the parasite
rroauction of the entire fileld and do not justifyy the expenses
of loss cf clfealfa yleld and additional weevil production.

In short, it does not seem worthwhile to leave uncut strips
for parasite production in a management program.

Another consideration in alfalfa management for weevlil
control is stand density.} Hemlin et. al., (1947) reported thut
weevil damage occurred at an earlier date and was generally
more severe in sparse stands of alfalfa. They found ithat this
occurred because sparse fields are conslderably warmer than
more dense stands and there was less follage for the weevils
to consume and hence a greater percentage of damagé. Observa;
tions iIn 1971 confirmed these reports and also indicated that
the slope of the fleld is important since a south;facing slope
experlences damage earller than a level field. Sparse stands
on a south;facing slope are particularly vulnerable to severe
Gamage early in the season. On 23 May such a field vas al-
ready quite damaged at Gull lake and a very sparse stand on a
south slope near Paw Paw was observed to be almost completely

defoliated on 25 May. No significant dawage occurred to dense
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level standa at Gull Iake until epproximately two weeks later.

Thus it is important in a managemcnt program to waintaln
a good devse stand of alfalfa. Sparse flelds or those on
south-f'=cing slopes should be watched carefﬁlly early in the
scason and cut as soon as damege 1s observed.

Of priwary concern in this management program is the
guallty and gquantity of the alfalfa produced. Cutting dats
is important in determining both the quantity and the quality
of an alfelfa harvest as well as the overwintering survival
of the plants. Current reccmmendations suggest cutting the
fileld in the bud stage. In a managewent program it is im-
portant to have a variety which is ready for cutting at the
proper time for weevil control. In 1970 both fieléds were of
Verral eifelfa and both were in the bud stage when cut on 27
and 28 May. 1In 1971 field A (Vernal alfalfa) wes in the bud
stage when it was cut (3 June) which was probably a few days
late for weevil control in that particular field. Fields B
and C (Saranac) were 1n.the late bud stage on cutting date
(3 Jure) which seemed to be about the proper time for weevil
control. Although Saranac alfalfa matures at an earlier date
than Vernal, in the fields I studied the variety was not an
important factor because both varieties were in the bud stage

on the dates which seemed ideal for cutting for weevil control.
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Summsry of lMaracement Practices

Summarizing all the results to date on alfalfa manage-
ment, it sscms that fields should be closely watched from mid-
May through tine first week in June for larval feeding damage.
Those flelds with sparse stands and those on south slopés are
ilkely w0 be camaged first and hence should be watched most
closcly {&t least once every three days). As soon as larvel
fecding cdauzge becomes apparent in each field, it should be
cul. OSince hot, dry weather 1s most sulitable for making hay
&nG for killing weevils, an effort should be wmade to cut on a
good day, even 1f it entalls walting a few days after the
first damage occurs. The field should be entirely cut, cleanly
and ss close to the ground as possible and the hay should he
removed as soon &8s possible which is another reason for waiting
for good veather., In the absence of larval feeding dawszge
the field should be cut by the early bloom stage. It is iuw-
portant to maintain a dense stahd of alfalfa so fiélds shouid
be well fertilized and kept relatively free of weeds and
plovwed when they becowe too old.

This program, based on timed cutting cannot only prevent
damage to the current érop, but can also propagate the parasite

Bathyplectys curculionis while leaving only a small number of

adult weevils for the subsequent generation.
The final consideration for this wanagement program is

that of Zts success. In 1971 of the thirty-five alfalfa
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fields on the Gull I~ke Tarm only flve were treated with
Insecticide for control of weevil damage and of these, trest-
ment was probably necessary in only three fields. Two of
these were cuwn at too early e date and encoﬁntered larval
damage as they vwere regrowing. The third was the sparse,
south-facicg slope which was not cut early enough and exper-
lenced conslderstle damage before cutting. The rewmalnder of
the flelds wers cut within several days of the recommended
tize and experienced very little damage. The overall effect
of the management program in 1971 was a tremendous reducticn

in insecticide use, and in splte of a cold spring and excep-

tionally dry wseasou, a good yleld of high quality alfalfa.
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