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PREFACE

Several studies were conducted to gather information of the life
cycle of the alfalfa seed chalcid (ASC) as 1t occurs im Bklahoma. The
first study examined the spring emergence of the ASC using seed ob-
tained from various locations in Dklahomz. The second study examined
the adult field populations using field samples. The third study
examined the seasonal infestation in alfalfa seeds at weekly 1ntervals.

Early season alfalfa seed crops avoided pezl populations densities
of ASC and had low percentages of ASC damaced seed and low percentages
of ASC that entered diapause. Late season seed crops had higher
percentages of ASC damaged seéd and percentages of ARSC that entered
diapause.
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CHAPTER I
INTRODUCTION
Statement ©f Problem

The alfalfa seed chalcid (ASC), Bruchophagus rodd: Gussakovshii.,
ic & cosmopolitan incect of economic importance wherever alfalfa
{Medicago sativa L.) seed 15 produced. Adult ASC are 2-3 mm long and
jet btlack 1n color. Immature ASC develop inside seeds, protected by
the seed coat, and adults are active 1n fields at the same time ac
beneficial pollinators. As & result, there is no safe and effective
chemical control for the ASC. Current ASC control methods in the
Western states are cultural methods. There are currently no ASC con-
trol methods widely used in Oklahoma by alfalfa seed producers. Many
producers are unaware of extent of seed loss due to ASC because damaged
ceed is lighter in weight and most of it is remocved with other dekbris
during threshing (Bacon et al. 1939). Estimates of ASC infested seed
have ranged up to 1-91% in the United Statec {(Urbahns 1920). In Okla-

koma, Ahring et al. {(1984) reported seed losses due to ASC ranging from

12-71%.
Alfalfa Seed Production in Oklahoms

Oklahoma is fifth among alfalfa seed producing states in termc of

annual production. From 1929 to 1949 most zlfalfa seed was produced in
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the plains states (Kansas, Oklzhoma, Nebraska, and Minnesota) and
Idaho. Oklahoma was the leading producer of seed in 1938, 1944, and
1949. Starting i1n 1950 and continuing to the present, California,
Washington, and Idaho have dominated seed production (U.S.D.A. Agri-
cultural Statistics 1929-1981). Oklahoma remains a leading alfalfa
seed producer among the plains states. In 1978 to 1980, Oklahoma had
an average producéion of 1% million kgs, worth about $5.4 million per
year {Table I). Thus, alfalfa seed is an important crop in Dklahoma,
and further underctanding of fhe life system and control of the econoc-

mically important ASC 1s needed.

TABLE 1

OKLAHOMA ALFALFA SEED PRODUCTION
AND VALUE - 1978 TO 1980

Measurement Units 1978 1979 1980 fAverage Nat. Rank
Area Harvested Hectares 27,000 24,000 27,000 26,000 4
Yield / Hct. Kgs. 145 125 1235 132 7
Production 1,000 kgs. 17,582 12,400 15,157 15,044 S
Value 1,000 %% 6,380 4,649 9,225 S,82% 7

# U,5.D.A. Agricultural Statistics 1981

Scope and Objectives
Before ASC control measures can be developed, the life system must
be investigated. To aid the understanding of the ASC life system irn

Bklahoma, the following studies were established, each focusing on



several factors,

The first study was designed to investigate spring emergence of
ASC and its parasites from seed screenings obtained from four locations
in Oklahoma during fall in 1982 and 1983. Objectives of the emergence
study in 1982, were to determine spring emergence patterns of adult ASC
and its parasites, and extent of parasitism present in overwintered
cseed. In 1983, the objectives i1ncluded those of 1982 and were expanded
to include species determination of ASC parasitecs present, and sex
ratics and timing cof male and female emergence of ASC and paracites.
flso, the second year emergence of ASC and its parasites from the seed
collected in 1982 was cbserved.

The second study invoclved field collections of ASC and 1ts para-
sites with sweep net samples during the summer in 1987 and 1984.
0bjectives of the populationrstudy in 19837 were to determine seasonal
cccurrence of peak populationcs of adult ASC and paracsites and estimate
the number of ASC generations i1n Ollahoma. In 1984, the objlectives
included those of 1983 and were expanded to include species determina-
tion of ASC parasites present and sex ratios as well as seasonal popu-
lation patternce for ASC and parasites.

The third study was designed to investigate ASC infestation levels
in alfalfa seed from weekly samples throughout summer in 1983 and 1984.
Objectives of this study were to determine the seasonal pattern of ASC
infestations, and the seasonal occurrence of ASC in diapause.

Combining the information gairned from these three studies, a time
period was sought at which an alfalfa seed crop could be produced to
avoid peak populations of adult ASC, and have the least amount of ASC

damage. Also, it is desirable to allow the fewest ASC possible to



reach the diapausing prepupal stage and survive the overwintering
period. By using this information, alfalfa cseed producers in Oklahoma
may be able to modify their present seed growing practices to reduce

ASC losses.



CHAPTER 11

GENERAL LITERATURE REVIEW

Classification

The alfalfa cseed chalcid (ASC) 15 1n the Order Hymenoptera, Super-
family Chalcidoidea, and Family Eurytomidae. A common misnomer is that
this insect is a fly, with many alfalfa producers knowing the insect as
the chalcis-fly., This misnomer occurs because early Farmer's Bulletins
uced this term (Sorenson 1930, 1934; Urbahns 1914, 1916, 192G).

Genus and species classifications of the ASC have changed several
times since it was first described. Strong (1962a) gave the best
synopsic of the name changes that have occcurred. A summary of his
tindings is listed in the following paragraph.

Boheman (1B36), Howard (1880), working in North America, described the

same species as Eurytoma funebric. Ashmead (1894) described the genus

Howard. All subseguent work hae used Bruchophagus as the genus for the

ASC. Rodd et al. (1933) reported a chalcid species emerging from

regarded as a synonym of B. gibbus {Boheman)., Later, researchers

reported differences in members of this species infesting different

o



plants. Kolobova (1950) wae first to suggest that E. gigggg“M}ght
actually be & complex of species. Nikolskaya (1952) found mn;bhologi—
cal differences i1n the chalcids emerging from red clover {(Trifolium
pratense L.) and alfalfa (Medicago sativa L.). He split the classifi-

the red clover chalcids. Fedoseeva 11954, 1936, 1958), Hancsen (1953),
and Neunzig and Byrisco (1959) confirmed the validity of the division
through morphological and hoet relationship studiec. Fedoseeva {1956)
Fedoceeva. Strong (1962a) studied the female genitalia of the complex.
He found evidence for three different species; B. gibbus. B. kolobovae,
and B, roddi. He aleo did host specificity studies and found B. gibhbus

Gaertner). The common names he ascigned to the three species are the

tlover seed chalcid, trefoil seed chalcid, and alfalfa seed chalcid.
ASC Life Cycle and Description of Life Stages

The ASC is & small (2-3 mm) phytophagus wasp which infests seeds
of certain Medicago species. Adults are mainly jet-black, with yello-
wish brown legqs. Wings are clear with only one compound branched vein.
Female and male adults are distinguished by differences in antennae.
Antennae of males are moniliform and covered with whorls of long,
light-colored hairs, on each of the i1 segments. Antennae of females
also have hairs, but they are very fine and short and thus hard to

observe. The 10 antennal cegments of the female are much less pro-

nounced than in the male (Sorenson 1930). Adult ASC are distinqui-



shable from other wasps of the same general size by the jet-black color
and & thorax covered with small thimble shaped projections (Butler and
Hansen 1938).

Dviposition occurs while pods are still green and seeds are imma-
ture. Seedc are most suited for oviposition B to 10 days after they
begin to form (Strong 1962b). The ovipositor is inserted through the
pod and seed coat, and eggs are usually placed singly into the develo-
ping seed. Location of eougs i1n a green seeds can be determined by
cbeerving a brown scar of necrotic tiscsue caused by insertion of the
pvipositor through the seed coat. The scar remains visable for about a
weet after the egg i1s i1nserted (Strong 1962b).

Eogs average 0.2 mm in lenagth and are smooth sided and elliptical.
One end is sharply pointed, while the other end terminates in a long
slender tube (Sorenson 1930). The egg is milky-white when laid, but 1t
gradually becomes translucent (Strong 1962b). More than one egg may be
inserted i1nto each seed, but only one ASC completes development (Tin-
gley and Nielson 1974, 1975). Gravid females contain from 24 to 66
eogs with an average of 42 (Screnson 1930), Developmental time for
eggs ranges from 1-6 days {Strong 1962k, Sorensen 1930).

Each larva of the ASC feeds on the internal contents of a cingle
seed, eventually hollowing it out. Only the seed coat is‘left intact.
Sorenson (1930) found that only 1% of larvae f(originating from eggs
laid in older seeds) could not eat the endospera faster than it
developed. These larvae were eventually crushed within the seed.
Developing larvae are completely white, except for dark mandibles.
Sorenson (1934) observed no definite larval instars of the ASC and

thought larvae wmolted irregularly until maturity was reached., Strong



{1962b) measured larval body and mandible lengths to distinguish larval
instars. Batiste (1947a) found five larval instars in the trefoil seed
chalcid and speculated that the ASC mav also have five instars. Strong
{1962b) reported the average length of time required for ASC to reach
the last instar was 12 days at 24-27°C. He alsc found that early
instars do not defecate, with the result being gray coloration in
prepupae due to the fecal material contained in the body. Prepupae
either defecate and molt to pupal stace, or enter diapause prior to
pupation. 1 a prepupa enters diapause, defecation does not occur
unt1l diapause is terminated. Diapause can be entered at any time
throughout the summer (Bacon et al. 1964), but Antonova and Bazvleva
(1974) found most diapausing ASC came from the second seed crop of the
year., Diapause it terminated by a period of cold temperature (Strong
1962b), or combination of cold and lengthening photoperiod (Nielson
1976). A period of intense cold may actually 1ncrease ASC vitality
{Kralovic 1971},

Sorenson (1930) described various color changes that distinguish
one substage of pupal development from another. Strong {(1962b) distin-
guished one prepupal stape and four pupal substages as follows: pre-
pupa - a short, white, thickened larva exhibiting no movement; pupa
ore - eyes and body white in colory pupa two - eyes pink to red in
color with a yellowish body; pupa three - eyes brown in color with a
black abdomen and a yellowish thoraxi and pupa four - eyes brown in
color with an entirely black body. A mature pupa has its legs, wings,
and antennae folded closely to the body, which 1s encased in a thin
transparent pupal skin. At 2508, the average length of time for deve-

lopment from egg to adult emergence varied from 21 days (Butler et al.



1968), toc 27 days (Strong 1962bj.

Adult Behavior

The adult ASC chews a circular hele through the hardened seed coat
{and pod, if present) and emerges through it. Males emerge first, and
mating occurs soon after the females emerge (Sorenson 1930)., Mating 1s
not needed for oviposition, and the progeny of virgin females are
always male (Urbahns 1920). Early sources of seed for ASC infectation
are the volunteer plants which mav be growing in ditches and similar
noncultivated areas. Usually cultivated alfalfa is managed so that a
seed crop is not produced until several months later i1n the season.

ASC may complete two generations on the noncultivated hosts before seed
is available in cultivated alfalfa {(Bacon et al. 1944). Adult popula-
tions increase from spring to late summer and high infestation levels
may occur by late season {(Antonova and Bazyleva 1974). As many as
three or four overlapping generations may cccur in warmer regions of
the U.S5. (Bacon et al. 1959). Twc generations are reported from most
cf Russia {Antonova and Bazyleva 1%774).

Urbahns 11914) observed that seed chalcids are strong fliers.
Since they are small, ASC may be carried over long distances by wind.
Carrillo and Dickason (1943) placed sticky traps at various angles to
prevailing winds and found more chalcids in traps placed at right
anoles to the wind. They did not make any conclusions with this data
due to low numbers of adults collected in the traps. Recapture studies
using radioactively tagged ASC showed that i1n winds up to B8 km per
hour, dispersal was in any direction, while in stronger winds it was

predominantly downwind. This same study also showed the ASC leaving
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fields with few or no seeds available for oviposition by flying upward
until a strong wind is encountered and then moving long distances
downwind (Strong et al. 1963). Carrillo and Dickason (1963) found more
thalcid activity in sunny areas. Johansen and Retan (1974) observed
chalcids resting in any area that provided shade.

Hale and Fronk (1967) studied ASC reactions to light and found a
great attractance to ultraviolet light frequencies of high intensity.
Many of the very small parasitic Hymenoptera are attracted to black-
light traps (Burbutis and Stewart 1979, Hollingsworth et al. 1970, and
Stephen 1979), suggesting the use of black light traps as & possible
campling device of ASC populations. OBStrong (1962b) found that ASC
temzles oviposit in darkness, suggesting activity at night when the
black light traps would be in operation. Whether or not the ASC would
be caught in the light traps_depends on which attractance is stronger;
ultraviolet light or alfalfa plants. Olfactory response of the ASC has
been determined to be greatly involved in their attraction to seed pods
of Medicago spp. and also in stimulation for oviposition (Brewer et al.
1982b, Kamm and Fronk 1964, Tingley and Nielson 1974). Butterv and
¥amm (1980) and Faxton and Burkhardt (1970) reported on chemicals
pccurring in alfalfa that are attractive to ASC and may elicit an egqo
laying response. They reported positive attractance and ovipositional
activity from S50% of female ASC whern exposed to any of the following;
citric acid, lincleic acid, oleic acid, or niacin.

Erdelyi and Manninger (1978) found the presence of a female phero-

mone in the ASC.
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Damage by the ASC

The ASC 15 of economic importance wherever alfalfa is grown for
seed. Many producers are unaware of the extent of losses due to the
pest because the ASC infested seed is lighter than healthy seed and is
removed with debris during the threshing process (Bacon et al. 1959).
Loss estimates of 8-13% were reported by Sorenson (1534), 12-71% were
reported by Ahring et al. (1984), and losses up to 91% were reported by
Urbahns (1920).

Sorenson (1930) found ASC i1nfested seeds are usually discolored,
misshapen, and smaller than healthy seeds. Discoloration results in a
mottled greenish-brown, brown, or dark brown appearance compared to a
uniform cshiny tan healthy seed. Miscshaped seeds are shrunken and
anqular instead of the usual plump shape. Much damage may be caused by
the breaking of the sterile environment of the seed by ovipositor
insertion. This creates an opening for the attack of micro-organisms
as well as producing mechanical injury. Evidence of chalcid damage
includes presence of emergence holes in seeds or presence of larvae or
pupae within seeds.

Frequently, more than one seed in & pod is attacked by the ASC.
Erdely: et al. (1979) found the maximum damage was inflicted to pods

with four or fewer seeds.
Sampling for ASC Damage

Variation is found in methods in which seed samples are obtained
and analyzed for infestation by different workers. GSeed damaged by

other insects, freezing, and disease may be confused with ASC damaged



seed {(Booth 1969, App and Manglitz 1972), Accurate determination of
infestation 15 accomplished by microscopic examination of seeds (Strong
1960). He also suggested a sampling technigue consisting of gluing
seeds onto paper in thin columns to speed up microscopic determination
and to decrease costs.

Several workers have developed other methods for identifying ASC
damage. Watts et al, (1967) developed a uric acid {(the main consti-
tuent of insect excrement) analysis wherein infested seeds undergo a
noticeable color change when placed in an ammonla atmosphere. Booth
{1969} developed a technique to calculate the percent of i1nfested seeds
based on the content of uric acid 1n a solution of crushed seeds. His
technigue involved incubating the crushed seed solution with the enzyme
uricase, observing the optical density of the supernatant, and using
this number in & regression equation to calculate the percent

infestation.
Parasitism of the ASC

Farasites of the ASC include nine speciec of Hymenoptera {(Table
11), Butler and Hansen (1938) and Butler et al. (1968) published keys
for the ASC parasites. All of parasites have similar life cycles.
Females ovipesit in seed containing ASC larvae or, on rare DCCasion.
pupae., Parasitic larvae consume the entire immature ASC and either
pupate or overwinter as diapausing pupae. Emergence is by chewing a
hole in the seed coat in the same manner as the ASC.

Reports of total ASC parasitism (all species combined) varied
among studies, as follows: 7-47% (Sorenson 1930), 6-21% {(Sorenson

1934), 3-63% (Butler and Hansen 1958), and under 2% {(Brewer and Horber



1982). Predominate parasitic species i1n an area may change from year
to year (Brewer and Horber 1982). Sorenson (1930) and Bacoﬁ et al.
(1959) reported that parasites were of minor importance in regulating
REC populations, while Wildermuth {(1931) reported that parasites often
reduced the number of ASC which resulted in lesc damage to the seeds.
Szunders and Herac (1970) created & successful means of rearing the

paracsite Amblymerus bruchophagi {(Gahan) under laboratory conditicons.

TABLE I1I

BIBELIOGRAPHY OF CHALLCIDOIDEAR PARASITES OF THE ASC

Pteromalidae Mesopolobus (=Amblymerus, =Eutelus)

bruchophagi {Gahan) a, b, ¢, d, e, ¥, g
Trimeromicrus maculatus Gahan ay by, ¥, @
Habrocytus medicaginis Bahan a, by c, d, e ¥, g
Torymidae Liodontomerus insuetus Bahan a, b, g
L. perplexus Gahan a, by, c. d, ey, ¥, 0
Eulophidae Tetrastichus bruchophagi Gahan a, b, d, e, ¥, 0
T. venustus 6Bahan &, b, g
Eupelmidae Eupelmella (=Macroneura)
vesicularis (Retzius) a, b, e, ¥, 0
Eupelmus allynii (French) a, b, g

a, Butler and Hansen (1938); b, Urbahns (1920); c, Sarenson {1930);
d, Sorenson (1934); e, Neunzig and Byrisco (1959):; ¢, Peck (1963);

g, Krombien et al (1979)
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ASC Control Methods

Traditional ASC control has consisted of cultural methods. Cul-
tural control methods fall into two major types: sanitary and crop
timing. BSanitary methods include: cultivation to bury infested seed,
eliminating harvest residue (mainly by burning), keeping field margins
free of volunteer élfalfa, and destroying screenings after seeds have
been cleaned. Methods of timing seed production include: using co-
operation between producers to adopt a uniform plan for timing of seed
production and harvest over large areacs of land, management of seed
crop so that seeds are set early and over a minimum period of time, and
producing the crop early in summer to avoid the major populations of
the ASC in the field (Bacon et al. 1964, Harpaz 1978, Homan and MWater
1974, Johansen and Retan 1974, Scorenson 1920, Wildermuth 1931). Com-
binations of several of the agove listed cultural methods are commonly
used. Cultural control methods do not provide 100% control of the ASC,
but have reduced losses from 70% toc 4% {(Harpaz 1978).

Many insecticides are effective for control of ASC, but they are
also destructive to the alfalfa pollinators (Antonova and Bazyleva
1974, Bacon et al., 1964, Mateias et al. 1979, Naidenov 1977, Sapanaru
and Sandru 1973, Shelikhov 1978, Stokovskaya et al. 1977). Benedel et
al, (1972) studied the diel activity of ASC adults and found them 1in
the upper foliage at night, where they could be accessible to insect:-
cides when the pollinators are not present.

Procedures ot screening for ASC resistant plants were formulated
{Nielson 1967, Nielson and Schonherst 1963). Howe and Manglitz (1961)

reported ditferences in the amount of ASC infestation on different



alfalfa cultivars. Strong (1962c) tested 40 alfalfa cultivars for ASC
resistance and found the lowest infestation levels on non-dormant, non-
variegated types such as ‘Lahontan’ and ‘Hairy Peruvian’. The most
susceptible cultivars were the dormant, variegated cultivars origina-
ting from northwest Europe. He found no so called "light" (less than
10%) seed infestations among selections, but thought his findings
warranted further investigation. Rowley and Hawe (1964) found resis-
tant strains originatino from Afghanistan while the most susceptible
ctrains were from Europe and ‘more northern countries’., Nielson and
Schonhorst (1947) tested thousands of alfalfas from arocund the world
and found significant differences in ASC susceptibility. The most
resictant cultivars were Lahontan, Hairy Peruvian, 'Z1a’, "Ranger’,
and 'A-224°.

Tingley and Nielson (1975) determined that resistance in alfalfa
to the ASC is through non-preference and that antibiosis is not a
factor. Recent work has concentrated on natural features of various
alfalfa clones which inhibit ASC oviposition. Small and Brooks (1982)
found that tightness of the pod’'s coil could protect seeds from ovi-
position. Brewer et al. {1983a) found a negative correlation of ASC
infestation with the density and length of erect glandular hairs of the

pods.



CHAFTER 111

SPRING EMERGENCE AND INTERACTION OF THE ASC
AND ITS5 PARASITES IN OKLAHOMA

Introduction

pverwinters as diapausing prepupae in seeds of alfalfa, Hedicage sativa
L. (Urbahne 19207, Termination of diapause in the ASC wac invectigated
by Nielson (1976) who reported that termination was caused by factors
of chilling as well as lengthening photoperiod, with some ASC staying
in diapause for up to two years. Sorenson (1930) reported that male
RSLC emerged faster and were more numerous than female ASC. Spring

emergence of ASC parasites in relation to ASC emergence has not been

investigated for every parasite species, but Saunders and Hsiao {1970)

AL =—N-Ip A4 S} S 21820103 ALY

The obiectives of the 1982 study were to determine the spring
emergence patterns of ASC and its parasites from alfalfa screenings
pbtained the previcus fall, and estimate the extent of parasitism found
in overwintered seed. In 1983, the objectives of this study i1ncluded
those of 1982, and were expanded to include species determination of
ASC parasites present, as well as sex ratios and‘timing of male and

temale emergence of ASC and parasites. Also, the second year emergence

16
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of ASC and its parasites from the seed collected in 1982 was observed.

Materials and Methods

flfalfa screenings from the fall harvest were used as a concen-
trated source of infested seeds because screenings frequently contain
large numbers of diapausing larvae of both ASC and ASC parasites
(Urbahns 1914). Alspo, screenings may contain 40 to S0 infested seeds
per 1000, while as few as one to two seeds per 1000 in cleaned ceed mav
be infested (Antonova and Bazyleva 1974)., Screeninos were chbtained
from four areas in Oklahoma after fall harvest in 1982 and 1983. The
areac were: Hobart (Scuthwest), Enid {(Northcentral), Woodward {(North-
west), and Gate (far Northwest). Screenings were cleaned in the labo-
ratory with & Dakota seed blower and by hand to remove chaff, dirt, and
foreign seeds.

A one liter sample of cleaned seed was used from each source in
each year. Each sample was subdivided i1ntc 10 equal parte of 100 ml
{ca. 50,000 seeds). Each subsample was spread evenly in a one liter
carton to a depth of not more than 1.5 cm so that all adults emerging
could free themselves. Cartons were painted black (to reduce light
pascage through the cardboard), and an easily removable glass vial
{(four dram size) was i1nserted into an opening cut 1n the side of each
carton {(Figure 1 and Figure 2). Brewer (1982) reported that eserging
adult ASC are positively phototropic, and the vial serves as both an
attractive light scurce and a collecting trap.

Cartons were placed in an outdoor cage located on the Agraicultural
Research Station i1n Stillwater, Oklahoma. The cage was constructed of

four 10x10 cm posts, a tilted plywood roof (to shed rain and snow),
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Figure 1. Qutecide View of & Rearing Carton

Fiqure 2. 1Inside View of a Rearing Carton
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and chicken wire sides. Bacon et al. (1944) found significantly higher
emergence of ASC from seeds placed in rearing cartons than directly on
soil and attributed soil moisture as the cause. To keep rearing car-
tons as dry as possible they were elevated ca. 10 cm from the soal
surface and covered with plywood.

Cartons containing alfalfa seed from fall harvest in 1982 were
placed in the cage i1n early November, 1982. Adult ASC and parasite
emergence was observed from these seeds during the sprino in 1983, and
again in 19B4. Additional cartons containing alfalfa ceed from fall
harvest of 1983 were placed in the cage in early November of that year.
In 1983 the cartons were placed directly on top of those from the
previous year f{(Figure 3). Arrangement of cartons consisted of four
rows of 10 cartons. A single row of cartons was from a single source.
Placement of the different sources was from east to west with Bate to
the tar east followed by Enid, Woodward, and Hobart on the far west.

Starting on April | each year, cartons were checked daily until
emergence started (Figure 4). Samples were collected weekly during
1983, and three times & week (Monday, Wednesday, and Friday) during
1984. Samples of adults were obtained by removing {(and quickly cap-
pino} any occupied vials and replacing them with empty ones. Occupied
vials were brought back to the laboratory and placed in a freezer
overnight toc kill the insects. Identifications were made using a
stereomicroscope. Samples were sorted as to ASC or ASC parasite in
1983. Data recorded were a composite total of all vials within a
location. GSamples were sorted as to sex of ASC and sex of each species
of ASC parasite in 1984. Data were recorded for each individual vial.

Sampiing continued until emergence ceased. There was no emergence
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Figure 4. Checking for Adults



of adults during fall and winter. Parasitic species identifications
were made by comparison with series i1dentified bv E. E. 6Grissell {(Sys-
temic Entomologv bLaboratorv. IIBII1) and located in the kK. C. Emerson
Entomological Museum at Oklahoma State University

Numbers of adults emerging weelly were graphed on a log scale 1n
order to 111ustratg periods of greatest emergence from all four sour-
tes. Fercentage of emeragence for each week was calculated by dividing
the numbers of adults that emerced from & scurce durino a oiven weel by
the total number for that season.

In 1984, counts of ASC and parasitec emeroing from each carton
were recorded seperatelv. Thus, the different seed sources served ac
treatments and cartons were replications. MWeans for location were
calculated weekly bv totaling all observations made durino each weekh
{three dates % 10 vials = 30). and dividing by 10. Standard error for
geach mean was calculated. A 95% confidence interval was calculated for

each mean by + 2 x standard error.

Results

In 1983, the first adult ASC emeroed on Mav 2 and emergence con-
tinued until the week of August & from seeds obtained in Woodward and
Gate. Emeroence from Enid and Hobart occurred from May 2 to the week
of July 12, and the week of May 18 to the week of July 20, respec-
tively. Peak emergence occurred between June 2 and Jdulvy 4 {(Figure 5).
# total of 17,666 ASC emerced from seeds collected at Woodward, of this
12,262 (69.3%) emerged between June 10 and 26 (Table I1II)., From ceeds

collected at Gate a total of 4,495 ASC emerqed with 2,768 (61.5%)

emerging from June 10 to 26. From seeds obtained at Enid a total of
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S00 RSC emerged with 362 (72.4Y%) emerging from June 10 to 26. Although
relatively few ASC emerqed from seed obtained at Hobart, the seasonal
pattern was similar to other locations.

In 1983, ASC parasites emerged from May 2 through August § from
seed obtained at Woodward, Gate, and Enid and from June 26 through
fugust 5 at Hobart. Feak emerqgence of ASC parasites was from June 10
to July 12 (Figure 6). From seeds collected at Woodward a total of 714
parasites emerged, with 493 (71.6%) emerging between June 18 and Jduly 4
(Table IV). From seeds collected at Gate a total of 973 parasites
emerged, with 728 (74.87%) emerging between June 18 and July 4. From
ceeds collected at Ernid a total of 2150 parasitecs emerged, with 1627
{75.6%) emerging between June 18 and July 4. From seeds collected at
Hobart & total of 43 parasitec emerged, with 33 (76.7%) emerging bet-
ween June 26 and July 12. FPeak emergence of ASC parasites occurred one
weel later than the peak emergence of ASC.

Total number of adultes (ASC and parasites combined) that emerged
from ceeds collected at ezch location in 1982 were:; 18,380 from Wood-
ward, 5,468 from Gate, 2,650 from Enxd, and 82 from Hobart. Fer-
centages of the above listed total numbere that were composed of ASC
parasites were: B81.1% fros Enid, 52.4% from Hobart, 17.8% from Gate,
and 3.8% from Woodward.

In 1984, the first adult ASC emerged on April 16 from all loca-
tions and emergence continued until the weel of July 13 for Woodward,
July 20 for Hobart and Enid, and August 3 for Gate. The general
pattern of ASC emergence apparently shows twc peaks for both males and

females: the major peak of emergence occurred in mid-June, which was

prededed by a small peak in mid-May {(Figure 7 and 8). However, the
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TRBLE 111

PERCENTAGE OF ASC EMERGING WEEKLY
FROM FOUR SEED SOURCES IN 1983

Location
Date Hobart Enid Gate Woodward
May 10 0 1.2 0.4 0.4
18 5.1 4,0 1.1 1.1
26 20,3 4.4 2.4 1.8
June 2 7.7 2.8 1.1 3.5
10 J.1 7.0 3.7 17.0
18 25.6 37.2 17.5 41,9
26 22.1 35.2 44,0 27.5
July 4 7.7 7.6 22,0 5.5
12 2.6 0.4 6.6 1.1
20 2.6 0 0.8 0.1
28 0 0 0.3 0.1
Aug 5 0 0 ¥0.1 Yol
TRELE IV

PERCENTAGE OF ASC PARASITES EMERGING WEEKLY
FROM FOUR SEED SOURCES IN 19B3

Location
Date Hobart Enid Gate Wocdward
May 10 0 6.2 0.3 0.6
18 Q 0 0 0
26 0 0.3 0 0.1
June 2 0 0.8 0 0.3
10 0 1.0 0.3 I.8
18 0 7.9 3.5 15.¢6
2 18.0 35.6 23.9 48.5
July 4 32.6 40,0 50.9 23.1
12 44,2 11.4 16.5 7.3
20 4.6 2.1 3.4 0.3
28 2.3 1.0 0.9 0.4
Aug. S 2.3 »0.1 0.3 0



peak in mid-May was composed of significant higher numbers of emerging
ASC only from seeds collected at Enid and Woodward (Table V). A large
percentage of all ASC emergence from each location occurred during the
month of June, particularly in mid-June during the peak (Table VI).
From seeds collected at Woodward a total of S252 ASC emerged, with 4206
(80.1%) emerging between June ! and June 22. From seeds collected at
Gate a total of 3296 ASC emerged, with 2430 (73.7%) emercing between
June | and June 22, From seeds collected at Enid a total of 2579 ASC
emerged, with 1640 (63.5%) emercging between June ! and June 22, Onlv
96 ASC emerqged from ceeds collecteo at Hobart and the emergence was
spread out with no peal emergence. Male to female sex ratios for the
ASC that emerged in 1984, were 1:1.75 for Woodward, 1:1.4 for Gate,
1:1.1 for Enid, and 1:1 for Hobart. Male ASC (Figure 7) emerqged in
oreater numbers than females -(Figqure 8) at all locations through Jdune
8, after which females became more numerous. Males started to eaerqge
from all locations during the week of April 20, while females from
Hobart and Gate started to emerge during the week of April 27 and May
4, respectively. No males emerged after July 20, and onlv one female
ASC from Gate emerged after July 20.

A total of five species of parasites emerged in 1984; L

Iy

T. maculatus. A picture key to the ASC and 1ts paracites found 1in

Oklahoma is located in the Appendix. The two majlor species of para-
bruchophag:

(9.2%). Other parasitic species occcurred very rarely.

but there was little emergence before June 8. Peak emergence occurred
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TARBLE V

MEAN NUMBERS OF ASC EMERGING WEEKLY
FROM FOUR SEED SOURCES IN 1984

Location
Hobart Enid Gate Woodward
Date Mean 9S%CI Mean 995%CI Mean 95%C1 Mean 95%CI
Rpr. 20 0.8 + 0.2 b.1 + 2.6 0.4 + 0.4 1.9 + 1.8
27 0.5 + 0.3 10.4 + 5.9 1.3 + 0,8 9.0 + 3,7
May 4 0.6 + 0.4 10.8 + 3.5 3.7 + 2.9 4,7 + 2.5
* ¥
11 ¢.9 + 0.4 24,0 + 3.8 7.8 + 2,3 16.8 + 3.1
18 1.5 ¢+ 0,8 16.4 + 3.9 9.4 + 2.1 20.7 + 3.6
¥ ¥
25 1.8 + 1.1 8.3 + 1.4 4.6 + 1.6 16.0 + 4.0
June 1 0.6 + 0.4 11.0 + 1.6 4,5 + 2.6 21,2 +10.4
¥ * ¥
8 1.2 + 0.6 43.4 + 5.8 26.7 + 9.1 91.9 +28.7
* ¥ ¥
15 1.4 + 0.6 92.1 +16.46 121,0 +28.8 248.9 +73.%
¥ * *
22 0.3 + 0.3 28B.5 + 6.2 3.3 +14.7 79.8 +32.3
* ¥ *
29 0.3 + 0.3 4.6 + 3.8 39.3 #11.2 12.7 + 3.0
¥ ¥
July 6 0 + 0 1.9 £ 0.9 10,5 + 3.1 4,7 + 3.1
* ¥ ¥
13 0 + 0 0.3 + 0.3 4,8 + 2.0 0.8 + 0.6
*
20 0.1 + G,1 0.1 + 0,1 0.3 + 0.3 0 + 0
27 0 + 0 0 + 0 0 + 0 0+ 0
fiuag 3 0 + 0 0 + 0 0.1 + 0.1 O + 0

¥ VYalues above and below symbol are significantly different at F<0,.05

~1



TAEBLE VI

PERCENTAGE OF ASC EMERGING WEEKLY
FROM FOUR SEED SOURCES IN 1984

Location
Date Hobart Enid Gate Woodward
Apr. 20 8.3 2.4 0.1 0.4
27 9.2 4.0 0.4 1.0
May 4 6.3 4,2 1.1 0.9
11 9.2 9.3 2.4 3.2
18 15.6 6.4 2.8 3.9
25 18.8 3.2 1.4 3.0
June i 6.3 4.3 1.4 4.0
B8 12.5 16.8 8.1 17.5
15 14.6 35.7 36.7 47.4
22 3.1 11.0 28.9 15.2
29 3.1 1.8 11.9 2.4
July & 0 0.7 3.2 0.9
3 0 0.1 1.5 0.2
20 1.0 0.1 .1 0
27 0 0 0 0
Aug. 3 0 0 y0.1 0

between Jurne 8 and July &6 for males (Figure 9) and June 1% to July 13
for females (Figure 10), The period of greatest emergence was fraom
June B to July 6 for Woodward, June 15 to July 13 for Gate, and Jurne 8
to July 22 for Enid (Table VII). Approximately 90% of the L, perplexus
emerged between June 8 and July & (Table VIII). ©Sex ratio of males to
females was 1:1.6 for Woodward, 1:1.3 for Gate, 1.2:1 for Enid, and
1:2.4 for Hobart. Male L. perplexus occcurred in greater numbers up to
June 22 and the females were more numercus after June 22. Peak emer-

B A A L o AL e

but there was little emergence before June 1. Peak emergence of amale
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TABLE VII

MEAN NUMBERS OF L, PERPLEXUS EMERGINGE WEEKLY

Location
Wobsrt  Enid Gate  Woodward
Date Mean 9SACI Mesn 95ICI Mean 95ACI Mean 95UCI
ez 03+03 0+ 0 04:04 0+ 0
27 ¢ + 0 0 + 0 ¢+ 0 0+ 0
May 4 Do+ 0 0 + 0 0+ 0 0+ 0
11 0+ 0 0.1 + 0.1 2+ 0 0+ 0
18 0.1 ¢+ 0.1 0.1 + 0.1 0+ 0 0+ 0
25 ¢+ 0 0.7 + 0.7 o+ 0 0.1 + 0.1
June 1 0+ 0 0+ 0 0+ 0 0 + 0
¥ * ¥
8 0.3 + 0.3 1.8+ 1.0 0.5 +0.4 0,7 + 0.5
* * *
15 0.2 £ 0,2 11.9 + 5.6 B.9 + 4.1 5.7 + 2.4
22 0.1 + 0.1 16,7 + 4.2 33?0 $#18.1 10.1 + 5.6
29 0.9 + 0.8 8?0 + 3.1 4B.3 +20.4 8.5 + 4.2
July 6 0.6 + 0.6 6.3 + 3.4 26.8B +16.0 14,1 + 7.1
13 0.6 + 0,6 2.2+ 1.6 B.8 1+ 3.4 4T7 + 2.2
*
20 0.3 + 0.3 0.6 +0.6 2.2+ 1.8 1.6 + 1.3
27 0 + 0 0.1 £ 0.1 0.7 £ 0.6 0.6+ 0.6
Aug. 3 0+ 0 0+ 0 0.1 + 0.1 0.1 + 0.1

¥ Values above and below symbol are significantlv different at P ¢ 0.0G
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TABLE VIII

PERCENTABES OF L, PERPLEXUS AND T. BRUCHOPHAGI EMERGING

L. perplexus T. bruchophaagi
Date Hobart Enid Gate Woodward Hobart Enid Gate Woodward
fApr. 20 8.8 0 0.2 0 0 1.1 9.6 0
27 0 ¢ 0 0 0 0 0 s
May 4 0 0 0 0 0 0 0 0
i1 0 0.2 0 0 0 0 0 0
18 3.0 0.2 0 0.2 0 0 0 0
25 0 1.9 0 v 0 1.1 0 0
June 1 0 0 0 0 0 3.4 4,7 0
8 8.8 3.1 0.4 1.5 ¢ 14.8 11.2 22.9
15 5.9 24.7 6.9 12.3 0 36.3 18.7 25.7
22 3.0 34.6 25.4 21.9 v 22.7 22.4 29,0
29 26,5 16.6 37.2 18.4 S0.0 18.2 25.2 2B.&
July 6 17.6 3.1 20.7 30.5 0 2.4 10.4 0
12 17.6 4.4 6.8 10,2 0 0 0.9 0
20 8.8 1.2 1.7 2.5 0 ¢ 0 2.8
27 0 0.2 0.5 1.3 50.0 0 0 0
Aug 3 0 0 0.2 0.2 0 ¢ 0.9 0

T. bruchophagy occurred from June ! to 29 (Figure 11) and females

emerged in highest numbers from June 8 to July &6 {(Figure 12). About
89% of the 1. bruchophaoi emerged between June ! and 29 (Table VIII).
The sex ratio of male to female was 1:1 for Woodward, 1:2.3 for Bate,
1:1.6 for Enid and 1:1 for Hobart. Peak emergence of T. bruchophag:
was one week later than the ASC peal emergence.

Total number of all adults (ASC and parasites combined) that
emérged from seeds collected at each location in 1983 were; 5,749 fronm

Woodward, 4,710 from Gate, 3,049 from Enid, and 132 from Hobart. Per-

centages of the above listed total numbers that were composed of ASC
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parasites were: 30.7% from Gate, 28.4% from Hobart, 15.5% from Enid,
and 8.7% from Woodward. /
The second vear (1984) emergence of ASC and / or parasites from
seeds obtained in the fall of 1982 occurred from three locations: Enid,
Woodward, and Gate. Emeroence of ASC occurred from two locations
{Woodward and Gate) and was sporadic with very low numbers (Table X).
The ASC male to female ratio was 1.4:1 for Woodward and 1.5:1 for Gate.

three sites (Table XI). Male L. perplexus were more numerous than

females, with male to female sex ratios of 1.1:1 for Woodward, 2:1 for

Gate, and 3.7:1 for Enid. Tetrastichug bruchophagl was more numerous

than the ASC &t Woodward (Table XII)., Male toc femele =&y ratiocs of T,

btruchophag: were 1:1.4 for Woodward, 1:3.0 for Gate., and 1:1 for Emid.

TABLE X

SECOND YEAR EMERGENCE OF ASC FROM SEEDS COLLECTED IN 1982

Location
Woodward bate
Date Male Female Male Female
Rpr. 27 1 2
May 4 S 1
11 S 2 1
18 3 1
2% 1
June 1
8 2 3
15 2 4 1
22 1 1 i
29
July 6

1 L
Total 20 14 3 2
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TABLE XI

SECOND YEAR EMERGENCE OF L. PERPLEXUS FHROM

Location
Woodward Bate Enid
Date Male Female Male Female Male Female
June 8 1
15 10 1 1
22 39 29 4 i 8 2
29 20 17 2 4 3
July & 6 13 6 2 {
13 3 9 7 2
20 2 2 2
Total 80 772 20 i1 i1 3
TABLE XII

SECOND YEAR EMERGENCE OF 1. BRUCHDPHAGI FROM

Location
Woodward Bate Enid
Date Male Female Male Female Male Female

June 1 3 ]

8 14 13

15 8 10 1 1

22 i 7 1 1 4

29 1 4
July & 1 i i

13 1



Discussion

In Oklahoma. ASC emercged from the middle of April through early
ARugust. Feak ASC emergence occurred during the month aof June. ASC have
been previously observed emerging i1n late April in Dklahoma (Ahring et
al. 1984). The general pattern of ASC emergence exhibited during this
study agrees with the dates presented by Nielson (1976), except that in
hi1s study ASC emergence ended i1n mid-June while in our study 1t con-
tinuved until early August. Urbahns (1920) observed ASC emerging from
camples held in the laboratory as late as September 14, and mentions
that 1n dry "desert" conditions the diapaucing stage may be prolonged.
Batiste (1967b) worked with the closely related trefoil seed chalcid
(Bruchophagus Vkolobovae Fedoseva) and reported that low humidity adver-
selv affected emergence from the seeds. Thus the emergence observed
during July and August in our study could be due to the dry conditions
of the rearing cartons extending the emergence i1nto these later months.

Sorenson (1920) reported that the earliest emerging ARSC are males.
Data from our study indicate that males did emerge earlier than females
fros two of the locations and males did emerge in greater numbers at
all locations up to early June. Female ASC cutnumbered the males 1n
cverall numbers., Apparently, the males emerge first i1n order to be
present and ready to mate when the females emerqge.

A total of five speciecs of ASC parasitec were found in Oklahoma.

Butler and Hansen (1958) reported the presence of L. perplexus, T.

'Y
Jomas
o
<

nii have not been previously reported from

Oklahoma, but Brewer and Horber (1982) reported both in Kansas.



Parasites i1n Oklahoma were praincipally of two species; L. per-

plexus and T.

bruchophagi which were the same major parasites reported
in Kansas by Brewer and Horber (1982). These twc species emerged
during the same time periocd as the ASC, but the emergence was not
constant through April and May. The scattered emergence that occurred
could indicate that a small percentage of the paracsite population of
gach species overwinters i1n a slighty more advanced prepupae than the
rest of the population. Feal emergence of L. perplexus was two weeks
later than the ASC peak emergence. This zgrees with the findings of
Saunders and Hsiao {1970) who reported that late emergence of the
parasite svnchronized 1ts life cycle with the ASC in order to acsure
the presence of ASC larvae suitable for parasitization. Peak emeroence
for 7. bruchophag: was one week later than the ASC peak emergence. The
days before the stage that L
1968). Thus T,

the ASC similar to that exhibited by L. perplexus. Peak emergence of
males of both species occurred before the females, to allow the males
to be present for mating when the females emerged. Fercentagecs of the
emergence that was composed of paracitic speciec (all species combined)
ranged from 3.8% toc B1.1% over both years. This agrees with ranges of
parasitism reported by Sorenson (1930, 1934) and Butler and Hansen
{1958). The high percentages of parasitism found in the study seem to
indicate that parasites may be an i1mportant reoulatory factor on ASC
populations.

Urbahns (1920) reported emergence of ASC from seeds held two yvear

in the laboratory. Second year emeragence of ASC was observed in our
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study from seed gathered from two locations. Sorenson (1930) reported
that 1.91% of the total ASC that emerged from alfalfa seed held in the
labﬁratory resulted from second year emergence. This is higher than
the 0.2% from Wocdward and 0.1% from Gate found 1n our study. No
previous study has mentioned second vear emergence of any of the para-
sites. 5o it was suprising to find the second year emergence was
predominantly made up of ASC parasites. Liocdontomerus perplexus was

the most numercus of all the species that emerged, and T bruchophag:

also emerged. There wac also & higher concentration of males in the



CHARTER 1V
POPULATION SURVEY OF ADULT ASC AND ASC PARASITES
Introduction

In spring of each vear, adult alfzlfa seed chalcids (ASC)., Brucho-

alfalta (Medicago sativa L.} ceeds in which they overwintered azs dia-
pausing prepupae. Soon after. adult ASC can be found where alfalfe
plants are setting seed. Field populations of ASC adulte are sampled
by several methods. but collecting ASC with a sweep net is the fastest,
easiest, and least costly me£hod. Farvez (1968) used a sweep net to
sample adult ASC field populations in Oklahoma: he collected ASC from
May 14 to September 14 and reported a range of three to 101 ASC per 100
sweeps. He reported that ASC i1n Oklahoma appeared toc have three gene-
rations. ASC parasite species occur in different concentrations, com-
positions, and times of the season in different areas across the United
States (Bacon et al. 1968) and field populations of parasites are
sampled with a sweep net {Urbahns 1914).

In 1983, the objectives of thie study were to determine seasonal
occurrence of the adult ASC and parasite populations in alfalfa., In
1984, the cbjectives included thocse of 1982 as well as species determ:-
nation of ASC parasites and computing male and female composition of

ASC and ASC parasite populations.
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Methods and Materials

Adult populations of ASC and parasites were sampled using a sweep
net in 1983 and 1984. Sweep samples were taken twice a week during the
1983 season at field ! (near Stillwater in Payne county) and field 2
{(near Perry in Noble county). Management of both fields in 1983 con-
sisted of fencing off 0.5 hectares in sprino and allowing alfalfa to
bloos and produce seed throughout the season. Neither field was cut
during the study and no insecticide was applied. The alfalfa vegeta-
tion changed during the seascn depending on plant maturitv: from mainly
leaves and bleooms on upright plants to mainly stems on lodoged plants.
At field 1, height of firct growth alfalfa was 40 cm in late April and
blooms appeared during the first week of May. Plant height reached 90-
125 cm by mid-July and blooming had ceased. Second growth from the
crown reached a heiaght {35-40 cm) above the lodged first growth in mid-
July and the second growth alsc aqrew to lodging plants but only at-
tained a stem length of 90-95 cm by the end of August. At field 2 the
firct aqrowth of the season was infested with blue alfalfa aphids,
virtually no blooms occurred, second growth of the season occurred at
the same time as in field 1, and grew in virtually the same manner. In
1983, weekly means of number of ASC and ASC parasites were calculated
bv adding the counts from two samples taken within each week.

Sweep samples were taken weekly during the 1984 season at fields 3
and 4: field 3 wac near Woodward and field 4 was on the South Central
Research Station at Chickasha. Field 3 was six hectares in size {(di-

[

vided into 24 equal plots) and field 4 was 0.5 hectares (divided into



41

nine equal plots). Management at both fields i1n 1984 consisted of
stagoering harvest dates in order to provide blooming alfalfa through-
cut the season. At field 3, toxaphene insecticide was applied at a
spp.). No insecticides were applied during the seaczon at field 4,
Sweep samples were taken from the area that had the newest blooming
alfalfa (i.e. samples were taken from one plot until the time the
alfalfa in a second plot started to bloom and the sampling was switched
to the second plot, etc.). Alfalfa height was more consistent in thic
tvpe ot management, ranging from 40 - &0 cm at the time when the
samplies were tahen.

Ezch sample consisted of 100 pendulum sweews., Lenagth of each
sweep through vegetation was one meter. OSweeps were kept at a level sc
that half of the net was in contact with vegetation during the motion.
Diameter of the net was 38 cm. Total vegetation covered in 100 sweeps
wee estimated to be about 30 square meters. Net mesh of 1| mm was used
to catch the tinmy ASC. Net contents were transferred to a kill jar
containing ethyl acetate and taken toc the laboratory for adentifica-
tion. Sampling started on April 15 in 1983 and on Mav | 1n 1984. Nc
samples were collected during the week of June 23 in 1984. OSweep
samples ended on September 29 1n 1983 and September 27 in 1984. Data
recorded were number of ASC, and ASBC parasites in 1983. In 1984,
camples were futher divided by sex of adult and species of parasite.

Butler et al. (1968) reported a regression equation for predicting
the development time for egg to adult in the ASC. This equation was
used to calculate the threshold temperature for ASC development of 43 F

and the degree day accumulation needed for generation development of



760G dd. Weather data were obtained from the research station nearest
each field for the months of May throuch September. Starting on May 1,
the daily high and low temperatures were used to calculate the degree

day accumulations.

Results

In 1983, the firet adult ASC was collected on May 18 and ASC were
collected on every sampling date in fields 1 and 2 until sampling
ceased on September 2%. In 1984, adult ASC were collected from June ©
to September 25 at field 3 and from May 17 through September 27 at
field 4.

At fi1eld 1, highest population density of 28 adult ASC per 100
csweeps occurred during the week of August 11 (Figure 13). There were
six ASC peaks during the season separated by differing time intervals:
29 dave from peak 1| to 2. 28 days from peak 2 toc 3, 20 daye fros peal 3
to 4, 20 days from peak 4 to 5, and 21 days from peak % to 6. Highest
population density of 27 and 28 paracites per 100 sweeps cccurred
gduring the weeks of September 1 and 8 (recspectively). There were three
ASC paracite peaks, each occurred one week after the ASC peaks number
3, 4, and §. Paracites were more numerous than the ASC from Augucst 18
to the end of the season. making up 64.7% of the collected adults. In
20 weels of sampling, S14 ASC and 3468 parasites were collected.

At fi1eld 2. highest population density of 13 adult ASC per 100
sweeps occurred during the weeb of September 15 (Figure 14). There
were three ASC peaks separated by intervals of 20 days from peal 1 to
2, and 27 days from peak 2 to 3. Highest population dencsity of eight

parasites per 100 sweeps occurred durinog the week of August 18. The
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parasite peaks are not as closely related to the ASC peaks ac was found
in Field 1. Parasites were more numerous than ASC during the month of
fiugust, when they comprised 64.1% of the adults collected. In 20 weehls
vf samplino, 102 ASC and 72 paracsites were collected.

In 1984, at f1eld 3, highest population density of 1! adult ASC
per 100 sweeps occurred during the week of Auguet 7 (Figure 13). There
were three ASC peaks separated by intervals of 29 davs from peal | to
2. and 28 days from peab 2 to 3. Females outnumbered males i1n every
sample, except for Julv 17 when identical numbers were collected, and
on August 7 when males outrnumbered females (Table XII11). The highest
population density of 27 parasites occurred during the week of August
14, which was one week later than the highest ASC populaticon. Para-
sites were more numercucs than the ASC during the wmonth of August, when
they comprised 68.2 percent of the adults collected. Female ASC para-
ci1tes outnumbered males in every sample. In 19 weeks of sampling., 60
RSC (20 male, 40 temzled, 73 L. perplexus (11 male, &2 female), 8 T.

bruchophag: (1 male, 3 female), and 1 T. maculatus (female) were
collected.

At fi1eld 4, highest population densaty of 52 adult ASC per 100
sWweeps occurred during the week of August % (Figqure 16). There were
four ASC peaks separated by intervals of 12 davs from peal 1 toc 2, 35
davs from peal 2 to 3. and 21 days from peak 3 to 4. Females outnum-
bered males 1n 14 out of 19 samples (Table XIV). The highest popula-
ti1on density of 55 parasites per 100 sweeps occurred during the weeb of
fugust 16, one week later than the highest ASC population. ASC were

the most numerous species from May 17 to July 19 (76.0 percent of the

collected adults) and parasites were more numerous than ASC from July
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(58,7 percent of the collected adults). Female

2% to September 20

parasites outnumbered males in every sample. In 19 weeks of sampling.

278 ASC (96 males, 182 females), 247 L., perplexus 195 fe-
30 female), 2 T. maculatus (both

males), 840 T. bruchophagi (5 male,

Degree day accumulation for fields 1| and 2 showed that a new

generation could have developed by June 4, June 29, July 21, Auvaust 8,

August 26, and September 16. At field 3, & new generation could have

developed by June 2, June 24, July 15, Auqust 4, August 24, and Sep-

tember 13. At field 4, a new generation could have developed Mav 27,

and September 7.

June 17, July 8, July 27, August 16,

— ASC
o l. bruchophagi
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Sweep Sample Ccllections of ASC and Parasites

Fiqure 5.
at Woodward (Field 3)., 1984.
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TRELE XIII

NUMBER OF ASC AND PARASITES COLLECTED IN SWEEP NET SAMPLES
AT WOODDWARD (FIELD 3), 1984

ASC L. perplexus T. bruchophagus Other Parasites

Date Male Female Male Female Male Femzle Sex as Listed
May 15 0

22 v

29 G
June o 0

12 2

19 1

28 Nog Sample Taken
July 3 1 2

10 1 4 1

17 2 2 1 1 1

24 1 2 3

31 2 ) S
fug. 7 & S 2 15 i

14 4 S 5 22 i

21 3 4 1 10

28 1 1 2
Sept 4 2 1

11 ! 1 T. maculatus (1 F)

18 2 1

25 3 1
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TABLE X1V

NUMBERS OF ASC AND FARASITES COLLECTED IN SWEEF NET SAMPLES
AT CHICKASHA (FIELD 4), 1984

ASC L. perplexus . T. bruchophagus Other Parasites

Date Male Female Male Female Male Female Sex as Listed
Mav 17 2 I 2

24 3 7 3
June 2 3 12 3

7 4

14 2 18 2 4

21 3 S 1

28 No Sample Taken
July 5 4 Z 1 1

12 3 1

19 4 16 1 9 2

25 2 3 8 2
fuo. 2 2 2 22 3 E. allymii (1 F)

9 27 25 7 38 1 7 T. maculatug (2 F)

16 20 23 10 45 pi 6

23 12 9 9 20 i 5

30 7 1 b 12 1 4
Sept 6 3 3 4 7 1

13 1 2 S 9

20 1 2 7 14 1

27 ) 1 3
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Discussion

At field ! in 1983, as well as fields 3 and 4 1n 1984 the highest
population density of ASC adulte occurred during the month of August.
which agrees with the findings of Urbahns (1920) and Sorenson (1930).
At fi1eld 2 in 1983, the highest population density of adults was in
mid-September. The adult population could have had delaved development
due to the fact that there were no seeds produced in that field until
eid-July, or the method of sampling for some reason was not successful
in collecting adults when the highest numbers were expected 1n August.
Femzles were more numerous than males in nearly every sample. This
doecs not agree with the findings of Sorenson {1930) who reported that
mxles were more numerocus throughout the season, but does agree with
Batiste (1967a) who reported that femalecs were more numerous 1n field
seeva. It is more logical to find high numbers of females 1n the field
because that 15 where the oviposition sites are located. The alterna-
tive is that the sampling method used in the study could have had a
bias towards collecting females.

Parasites were more numercus than A5C in late seasor samples and
high population dencsities of paracsites occcurred one week later than
high ASC densities at fields 1, 3, and 4. The numbers of parasites
built up slowly in early summer and high population densities appeared
toc be dependent on numbers of ASLC, which agrees with the findings of
Batiste {(1967a) working on the trefoil seed chalcid. At field 2, very
few parasites were collected which makes it difficult to show 2 valid

seasonal pattern. 1In 1984, females were more numercus than males in



every sample which also agrees with the findings of Batiste (1967a).

In Oklahoma, the first ASC adults were collected 1n mid-May and
the highest population density of ASC did not occur until later in the
ceason, usually i1n August. Female ARSC were present in the alfalfa
fielde in greater numbers than the male. ASC parasites were more
numerous than the ASC in collections taken during the later part of the
seascn and high densities of paracites occurred one week later than

high densities of ASC.



CHAFTER V
SEASONAL INFESTATION OF THE ASC IN DKLAHOMA
Introduction

Brnce alfalfa (Medicaoo sativa L.) initiates spring bloom and seed

set, alfalfa seed chalcids (ASC), Bruchophagus roddi Buscsalovsbiii, move
into the area and infest developing alfalfa seeds. Urbahne (1920) found
ASC infestation whenever newly formed alfalfa seede were present and
diapausing ASC startino in mid-July in alfalfa managed for seed produc-
tion. He aleso harvested 88 §1§alfa seed samples from 33 seed producing
arezs across the United States and reported some extremely high 1nfes-
tations, such asy 8071 and 83% in Kansas, 82% and 91% 1in Arizona, and
8%% 1n California. Sorenson (1930) collected seed pods from alfalfa
fields just before seed harvest and reported & range of infestations
from less than 1% to 62%.

Two 1mportant factors to be determined in this study were the
seasonal i1nfestation of alfalfa seeds by the ASC in OFlahoma, and the

pccurrence throughout the season of ASC that entered the diapausing

stage in Oklahoma.
Materials and Methods

Field studies were conducted in 1983 and 1984 to determine ASC

infestation levels in Oklahoma. This study included a total of four
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fields. Fields 1 and 2 were used in 1983: field 1 was near Stillwater
in Payne county and field 2 was near Perry in Noble county. Fields 3
and 4 were used 1n 1984: field 3 was near Woodward in Woodward county
and field 4 was on the South Central Research Staticn at Chickasha.

In 1983, at fields ! and 2, 0.5 hectarec of alfalfa was allowed to
bloom and produce seeds throughout the growino season. Neither of the
fields wac cut during the study and no insecticide was applied. Newly
bloorming alfalfa racemes were tagged at random with date and field
location marked. Tagginag was begun at field 1 on June 6, continued at
weekly intervals for 11 weeks until Auqgust 13. Bloomino of alfalta was
delaved at field 2 due to an i1nfestation of pea aphids, Acyrthosiphon

____________

kondo: Shinyi. Tagoging started at field 2 on July 15, continued at
weekly intervals for 6 weeks, until August 20. Sample si1ze at both
fields was 100 racemes. A total of 105 racemes were tagged each week
at each field to insure recovery of at least 100 stems bearing tagged
racemes. Both fields were pollinated by naturally occurring pollina-
tors and set seed under natural field conditions., Stems with a taoged
racese were harvested five weebe after tagoing. Two samples were taken
from each stem. The first sample contained 100 of the tagged racemes,
while the second sample concisted of the 100 racemes closest to the
taoged racemes. Each sample was placed in a 0.5 liter jar. The jar
was covered with a close knit material, and labelled as to field, week,
and sample number. Samples were stored at room temperature until adult
ASC and paracite emergence ceased and seeds were dried. Each sample
was processed with a light abrasive action usine a rub-board to thresh

the seed pods and a Dakota seed blower to separate seeds from thres-

hings. ©Care was taken not to crush any parasitized seeds. Seeds were
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examined using a stereomicroscope and placed 1n one of three cate-
gories: 1) Seeds with emergence holes (Figure 17), 2) Seeds with 1@-
mature chalcids: those with living or dead larvae or pupae (Figure 18)
especially noting those with diapausing chalcids (Figure 19), and 3)
uninfested seeds (Figure 20). Percentage of ASC damaged seeds was
calculated by dividing total number of ASC damaged seeds by total
number of seeds in sample. Percentage of ASC that entered diapause was
talculated by dividing number of seeds containing diapausing chalcide
by total number of ASC damaged seeds. Weekly means were calculated by
totzling both samples taken from a field during & week and dividing bv
tvwo.

In 1984, &t field 3. the experiment was arranoed 1n a randomized
complete block design with six replications (Figure 21). * Field size
was six hectares divided into 24 plots of 0.25 hectares each. Five
treatments were studied: 1) Uncut primary spring growth allowed to
mature seed, 2) Alfalfa cut at bud stage (May 10), 3) Alfalfa cut at
the 10% bloom (May 23), 4) Alfalfa cut at the 0% bloom (May 27), and
5) Second seed crop from the uncut treatment. The second seed crop
treatment 15 a seed crop produced from the alfalfa that grows back
after seed has been harvested from the uncut treatment. Four colonies
throughout the study on field 3. Toxaphene insecticide was applied at
the rate of | kg per hectare on July 23 to control grazsshoppers {(Mela-

noplus spp.). Racemes were tagoged in the same manner as in 1983.
Tagoing started in each treatment when the alfalfa began to bloom.

Racemes were tagoed in each treatment once a week for a duration of

four weeks. The tagging dates for the five treatments were: Treatment
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Fiqure 17, Alfalfa Seed with Chalcid Emeroence Hcle

Figure 18. Alfalfa Seed Containinog a Chalcid Pupa



Figure 19. Alfalfa Seed Containincg a Diapausinag
Chalcid Prepupa

Fiqure 20. UnInfested Alfalfa Seed (Left) and Two
Chalcid Infested Seeds
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for Field 3 (Woodward),

1984.



1) May 22 to June 123 Treatment 2) June 24 to July 15: Treatment 3)
July { to July 223 Treatment 4) July B to July 29; and Treatment 3)
fugust 19 to September 9. Overlapping of tagoging dates occurred during
bud cut, 10% bloom cut, and S0% bloom cut treatments. so a total of 14
weeks of tagging cccurred. There wac a two weel period between S0%
bloocm cut and fall regrowth treatments where no racemes were taaged:
the reacson was that the harvest date of S0% bloom cut treatment was set
tv the field owner for August 20 which did noct allow encuch time for
mature seeds and the fall reaqrowth treatsent had not begun bloom. A
total of 102 racemes (17 per replicate) were tagged in each treatment
each week., Three csamples were taken 1n each replication each weel:
saeple A consisted of the 17 tagged racemes, sample B consisted of 17
raceses located apically next to the tagoed racemes, and sample C
censisted of 17 racemes located basally next to the tagged racemes.
Thus a total of 18 samplec were taken each week at field 3. Samples
were processed in the same manner as in 1983,

At field 4. a 3x3 latin square decign with three replications was
used {Figure 22). Field size was 0.5 hectares and was divided into
nine equally cized plots. Four treatments were studied: 1) Uncut, 2}
Cut with first cutting of alfalfa for hay (May 8), 3) Cut with first
and second cuttings of alfalfa for hay {(June 18), and 4) Second seed
crop from the uncut growth after a‘summer seed crop was harvested (July
191. Flowers were pollinated by naturally cccurring pollinators. No
insecticide was applied during the study. Tagging was done in the same
manner as discribed for field 3. Weekly tagoging dates for the four
treatments were: Treatment 1) May 17 to June 73 Treatment 2) June 14 to

July 5: Treatment 3) July 12 te August 2; and Treatment 4) August 9 to
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Figure 22. Latin Square Design for Field 4 (Chickasha), 1984,

fugust 30. No overlapping of tagaing dates occurred. A total of 105
racemes (35 per replicate) were tagged each weel in each treatment.
Each replication was divided into five egually sized subplots and seven
racemes were tagaged in each subplot each week. The stems bearing the
tagged racemes were harvested five weeks after the ta ng occurred.
Three samples were taken in each sampling plot each week; sample A
consisted of the seven tagged racemes, sample B consisted of seven
racemes located apically next toc the tagged racemes, and sample C
consisted of seven racemes located basally next to the tagged racemes.

Thue a total of 15 samples were taken in each replication each week,



making a total ot 45 camplecs taken 1n each treatment each week. Sam-
ples were processed in the same manner as in 1983,

In 1984, the seeds were divided intc five categories: 1) Seeds
with emergence holes, 2) Seeds with diapausing chalcids, 3) Seeds with
other chalcid damage (containing chalcid stages other than diapausing),
4) Sgund seed, and &) Other seeds (shrunken, not fully formed, or
damaged seeds, with no sign of chalcid damage). Total number of ASC
damsoed seeds was calculated bv addino together thé numbers in cate-
gories ! - 3, Total number of seeds produced wacs calculated by adding
together the numbers in catecories 1| - &. Percentage of ASC damaged
ceede wac calculated by dividing total number of ASC damaged seeds by
totzl! number of seeds produced. Percentage of ASC that entered dia-
pause was calculated by dividing number of seeds containing diapausing
chalcids by total number of ASC damaged seeds.

Seed data from each field were analyzed using the appropriate test
dictated by the field arrangement. Weekly means were calculated by
totaling all samples talen during a week and dividing by number of
samples taken during that week. A 95% confidence interval was calcu-
lated for each weekly mean. Treatment meanc were calculated by tota-
ling all samples taken during that treatment and dividing bv number of
sampies taken during that treatment. Treatment means were compared

using the Least Significant Difference (LSD) analysis.
Results

In 1983, at field ! (Stillwater) the range of numbers of alfalfa
seeds per 100 racemes (Figure 23) was from 1143 seeds from racemes

tagged on June 20 to a peak of 2124 seeds from racemes tagged on July
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29, and at field 2 (Perry) the range was from 1559 from racemes tagoed
on August 20 to a peak of 2742 seeds from racemes tagged on Auvgust 6.
Numbers of seeds not damaged by ASC per 100 racemec (Fiqure 24) ranged
from 1037 seeds from racemes tagaged on June 20 to a peal of 1900 seeds
on July 29 and August 6 at field 1, and from 957 seeds from racemes
tagoed on August 20 to a peak of 2337 seeds from racemes taagged on
fAugust 6 at field 2. Percentage of ASC damaged seeds (Figure 2%5)
ranged from 7.9% from racemes tagged on August 6 to a peak of 19.9%
from racemes tagged on June 6 at field 1, and 5.4% from racemes tagged
on July 15 to a peak of 38.1% from racemes tagged on August 20 at fi1eld

P

2. FPercentage of ASC that entered diapeuse {(Figqure 26) ranged from

axxﬂ —— Field 1

271501 ___Field 2
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Figure 23. Mean Numbers of Alfalfa Seeds
at Field ! (Stillwater) and
Field 2 (Perry), 1983,
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Figure 24, Mean Numbers of Alfalfa Seeds
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— Pield 1
---Tield 2 /

6 13 20 26 1 8 5 2 2 6 8 20
]ln! 1 hll Jh'm
TAGGING DATE
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Diapause at Field 1 (Stillwa-
ter) and Field 2 {(FPerrvy), 1983

4,5% from racemes tagoed on June 6-13 to a peak of 58.0% from racemes

62

tagged on August 6-13 at fi1eld 1. and 20,.3% from racemes taogged on July

8-15 to a peak of 72.0% from racemes tagoed on August 13-20 at +field
In 1984, at field 3, the weekly means of the total numbers of
alfalfa seeds produced in 17 racemes (Figure 27) showed similar pat-
terns across time among the bud, 10% bloom, and 50% bloom cut treat-
ments (a general inverted U shape). but dissimilar patterns from the

uncut treatment (rising numbers) and second seed crop treatment {(de-

2.
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creasing numbers), The uncut treatment produced significantlv more
seed than all the other treatments (Table XV), while the second seed
crop and bud cut treatment produced significantlv less seed {(but not
significantly lese than each other).

Weekly means for numbers of sound alfalfa seeds in 17 racemes
{Figure 28) closely followed the same pattern acroscs time as decscraibed
above for the total numbers of alfalfa seeds. The uncut treatment
produced sionificantly more seed tham all the other treatment meanc
(Table XV}, while the second seed crop and bud cut treatments produced
significantly less seed {(but not significantly lese than each other).

Weekly meane for total numhers of alfalfa ceeds damaged bv ASC
{(Figure 29) did not follow the same pattern as the total numbers of
alfalfa seede and numbers of sound seeds. Therefore the number of ASC
damaged seeds appears to have been independent of the number of seed
available. The 50% bloom cut treatment had siognificantly more ASC
damage than any other treatment, while the bud cut treatment had signi-
ficantly less (Table XV). The other three treatments did not have
significantly different amounts of ASC damace from each other.

Weelly means for percentages of alfalfa seeds damaged bv ASC
{Figure 30) followed the same pattern as total numbers of alfalfa seeds
damaged bv the ASC. The 50% bloom cut treatment had cignificantly
kigher percentace of ASC damage than all the other treatmentce (Table
¥V)Y. The No cut treatment had a significantly lower percentage of ASC
damage than the 50% bloom and second ceed crop treatments,

Weekly means for number of alfalfa seeds with emerogence holes
{Figure 31) closely followed the pattern of the total numbers of alfal-

fa seeds damaged by ABC. The 50% bloom cut treatment had significantly
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TABLE XV

EFFECT OF PRODUCTION SCHEDULE ON SEED YIELD AND DAMAGE BY ASC
AT FIELD 3 (WOODWARD) IN 1984 +

Plant Stage At Hav Harvest Second

# Seeds /' 0000000 —emmmemm e e Seed LSD
17 Racemes Uncut Bud 10% Bloom S0% Bloom Crop {0.09)
Total Seeds 471.6 301,86 390.3 381.5 319.1 32.7
Spund Seeds 376.5 265.3 338.2 02,2 278.8 22.3
Damaged by ASC 31.%5 23.0 31.7 91.7 ICL4 5.3
% ASC Damage 7.3 8.4 B.4 13.2 5.4 1.5
With Emer- -
gence Holes 26.3 20.4 26.7 44,4 7.2 7.8
With ASC
in Diapause 1.9 0.3 1.5 3.4 21.8 0.8
% of ASC in
in Diapause o.8 0.7 3.8 6.9 8.2 1.4
With ASC Stage
not 1n Diapause 3.1 2.3 3.5 3.7 1.4 1.1
Damzoed By Agent
Other than ASC 23.6 3.3 20.4 27.6 9.9 3.9

¥ Each value is a mean of 18 samples / week over a four week period

Seed produced from rearowth after fircst seed harvest of uncut alfalfa
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Figure 31. Numbers of Alfalfa Seeds with Emergence Holes

at Field 3 (Woodward), 1984

35 o

1= Uncut ST

2= Bud cut e
30 = 10% bloom cut 5

4= 507 bloom cut
25 5= Seed crop 2 7
20 E
154 o
5 : 2

T [zl
¥ s 5 :'@2?]4—3 .

22 29 5 12 19 26 3 10 17 24 31 7 14 21 28 4
May June ) July A August \ Sent.
TAGGING DATE

Figure 32. Numbers of Alfalfa Seeds Containing Dia-
pausing ASC at Field 3 (Woodward), 1984

67



7% OF ASC

## SEEDS /117 RACEMES

90+
1= Uncut ;
80 2= Bud cut Fj—
= 10% bloom cut ‘ "é" 5
70- 4= 507% bloom cut _
5= Seed crop 2 Y
60- .
50.1
a0 ]
30
e
Exllle
24 31 7 14 21 28 4
| August | Segt.

TAGGING DATE

Fioure 33. Percentages of ASC that Entered Diapause
at Field 3 (Woodward), 1984
o — 1= Uncut
T 2= Budcut
8 s 3= 10% bloom cut
4= 507% bloom cut
la 5= Seed crop 2
5—-
4
3+
2— D
=
1 . '55'%.1

22 20 5 12 19 26 3 10 17 24 31 7 14 21 28 4
May June ! July A August | Sept.

TAGGING DATE

Figure 34. Numbers of Alfalfa Seeds Containing ASC
Staoes other than Diapausing Prepupae
at Field 3 (Woodward), 1984
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Figure 35. Numbers of Alfalfa Seeds Damaged
by Agents other than ASC at
Field 3 (Wocdward), 1984

more seedes with emergence holes than any other treatment, while the
second seed crop treatment had significantly less (Table XV). The
cther three treatments did not have significantly different numbers of
seeds with emergence holes.

Weekly means for number of alfalfa seeds containing diapausing ASC
{(Figure 32) were verv low until after mid-July and the pattern across
time was not related to manacement. The second seed crop treatment had
significantly more diapausing ASC than all other treatments, and the
bud cut treatment had significantly less {(Table XV).

Weekly means for percentages of ASC that entered diapause (Figure

J3) followed the same pattern as the numbers of alfalfa seeds con-



taining diapausing ASC. The second seed crop treatment had a signifi-
cantlv‘higher percentage of ASC 1n diapause than any other treatment,

and the bud cut treatment had a significantly lower percentage (Table

V).

¥eekly means for number of alfalfa seede containing ASC stages
other than diapausing prepupae (Figure 34) mainly followed the same
pattern as the total numbers of alfalfa seeds damaged by the ASC. but
the numbers were more variable. The 50% bloom cut and 10% bloor cut
treataments had sionificantly more seedes containing ASC stages other
tharn diapausing prepupae than the bud cut and second seed crop treat-
ments (Table XV).

)

Weekly means for numbers of alfalfa seeds damazged by agents octher
than ASC (Fiqure 3%) had such wide variation within a treatment that
the management system did not appear to have an effect. The 50% blcom
treatment had significantlv more damage than all but the no cut treat-
ment (Table XV). The bud cut and second seed crop treatments had
significantly less damage than all the other treatments {but were not
sigrificantly different from each other).

At field 4, weekly means for total numbers of alfalfa seeds pro-
duced in seven racemes f{Figure 36) show a seasonal pattern caused by
time of year and no consistent pattern between any of the treatments.
Each treatment mean was significantly different (Table XVI), with the
two hay harveste treatment producing significantly more seed and the
one hay harvest treatment producing significantly lesc.

Weekly means for numbers of sound alfalfa seeds (Figure 37)
tlosely followed the pattern of the total numbers of alfalfa seeds.

Each treatment mean was significantly different {(Table XVI), with the
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TABLE XVI

EFFECT OF PRODUCTION SCHEDULE ON SEED YIELD AND DAMAGE BY ASC
AT FIELD 4 (CHICKASHA) IN 1984 *

Number of Hav Harvecsts Second
$ Seeds /0 mmmmmsesmsseesseoeooeoooo Seed LSD
Seven Racemes Unicut One Two Crop (0,05)
Total Seeds 71.9 44,0 168.6 116.7 15.9
Sound Seeds SR.0 26,5 114.9 83.5 12.7
Damaged by ASC 5.4 7.3 40,9 26.9 5.3
% ASC Damaoge 7.7 -18.1 24.4 21.7 4.6
With Emer-
gence Holes 3.7 5.5 33.4 16.8 3.1
With ASC
in Diapause 0.02 0.1 1.2 9.3 1.0
% of ASC
in Diapause 0.2 0.8 2.9 29.1 1.3
With ASC Stage
not in Diapause 1.6 1.7 6.4 4,9 2.9
Damaced by Agent
other than ASC 8.6 10.3 12.7 9.9 2.7

* Each value is a mean of 45 samples / week over a four weelk period

Seed produced from regrowth after first seed harvest of uncut alfal+ta
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Figure 44. Numbers of Alfalfa Seeds Damaged
by Agents other than ASC at
Field 4 (Chickasha), 1984

two hay harvests treatment producing significantly more seed and the
one hay harvest treatment producing significantly less.

Weekly meanc for toctal numbers of alfalfa seeds damaged by the ASC
{Figure 38) followed the pattern of the tetal numbers of alfalfa seeds.
The two hay harvests treatment had significantly more ASC damaged cseeds
than all other treatments {Table XVI). The one hay harvest and uncut
treatments had significantly lecss ASC damage than the other treatments,
but not significantly different from each other.

Weekly means for percentages of alfalfa seeds damaged by the ASC
(Figure 39) had & pattern that was basically similar to the total

number of seede damaged by the ASC, except for several weeks with
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higher values. The two hay harvests treatment had a significantly
higher percentaoe of ASC damaged seeds than the one hay harvest and
uncut treatments, and the uncut treatment had a significantly

lower percentage than any other treatment mean (Table XVI).

Weekly means for numbers of alfalfa seeds with emergence holes
{Figure 40) clocely followed the same pattern as the total number of
ASC damaged seed. The two hay harvest treatment had significantlv more
seeds with emergence holes than all other treatments (Table XVI). The
uncut and one hay harvest treatments had significantlyv less seeds with
emergence holes than the other treatment means, but were not signifi-
cantlv different from each other.

Weelly means for numbers of alfalfa seede containing diapausing
ASC (Figure 41) were verv low until after mid-July and the pattern
across time was not related to management. The second seed crop treat-
ment had significantly more seeds containing diapausing ASC than any
other treatment (Table XVI1). The one hav harvest and uncut treatments
had significantly lese diapausing ASC than the cther treatments, but
were not significantly different from each octher.

Weekly means for percentages of ASC that entered diapause (Figure
42) closely followed the same pattern as the numbers of seeds con-
taining diapausing ASC. The second seed crop treatment had a signifi-
tantly higher percentage of diapausing ASC than any other treatment
{Table XVI). The one hav harvest and uncut treatments had signifi-
cantly lower percentages of diapausing ASC than the other treatments,
but rot significantly different from each other.

Weekly means for numbers of alfalfa seeds containing ASC stages

cther than diapausing prepupae (Figure 43) closely follows the same
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pattern as total number of alfalfa seed damaged by the ASC. The two
hav harvest and second seed crop treatments had significantly more seed
containing other stages of the ASC tham the one hay harvest and uncut
treatments {(Table XVI).

Weekly means for numbers of alfalfa seede damaged by agents cther
than ASC (Figure 44) does not show a pattern across time that was
related to management. The two hay harvest treatment had significantly
more seeds damaged by other agente than the uncut and second seed crop
treatments (Table XVI1). The second seed crop treatment had sionifi-

cantly lesc seed:s damaced by other agents than any other treatment.

Discussion

In Oklahoma, production of alfalfa seed has been considered a
by product of the hay product}on operation. The usual procedure is to
harvecst one or two hay crops from a field and then let the regrowth
mature into a seed crop in late summer. The timing and amount of rain-
fall are major factors in determining if and when a producer decides to
produce a seed crop during a particular season. If moisture is limi-
ted, and the procspects of & good hay crop are poor, then the stand is
allowed tc mature intoc a seed crop (Sholar et al. 1982).

In 1982 the highest numbers of alfalfa seeds without chalcad
damage were produced from plants flowering in late July and early
fugust. During this same time period the percentage of ASC infested
seeds was relatively low indicating that the ASC did not attack these
seeds to a great extent. The percentage of infested seeds remained low
at field 1 throuohout the season while at field 2 the percentage in-

creased sharply in late fugust. There are several explanations for the



low infestation at fi1eld. Erdelvi et al. (1981) reported that damage
by ASC increased accordino to how erect the plant was, and the plants
in Field | were lodoing plante 90-125 ca lono at the time the samples
were taken. Strono et al. (1963) studied ASC disperczal from fields
with deteriorating conditions and reported that most ASC flew upwards
until & breete cauoht them and carried them away, so the ASC mav have
left the field due toc 1ts poor condition. Field 2 was in much better
condition than field 1 because it had only one laver of lodged growth
which could esplain why the infestation i1ncreased at that field.

In 1984, at field 3, the fi1eld management involved cutting the
altalfa at various staaec of bloom and lettino the regrowth mature 1nto
z ceed crop. Resulte showed the alfalfa that was not cut, but allowed
to produce & mature seed crop by July was signmificantlv higher 1n total
number of alfalfa seede produced and total number of sound seeds than
other treatments. Honevbees were used for pollination and could be one
of the reasons the most productive seed crop occurred early. The
actual vield from this field wac cobtained from the producer and the
ko / ha production of seed from each management system followed the
came pattern that wac obtained in thics study except the second seed
crop had the lowezt production. Thus the sampling method of taling
seeds / raceme was a good estimate of vield at this field. Thic early
sged crop also had significantlv lower percentage of ASC damaged seed
than two produced later. The mean percentage of ASC damaged seed in
the no cut seed crop was 7.3%, which is slightlv lower than the range
of 10% to 30% ASC damage in early season seed crops reported by Urbahns
{1914). The pattern of numbers of ASC damaged seeds appeared to be

independent of the pattern of number of alfalfa seeds produced.
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At field 3, a si1gnificantly hiaoher percentage of ASC damaged seedc
occurred in the alfalfa that was cut in the 504 stane of bloom. with
the regrowth flowering during Julv, and the resultinc seed crop matu-
ring in August. This agrees with Hacon et al., (1939). and Sorenson
(1930) who reported higher ASC damage 1n late season seed. Mean per-
centage of ASC damaged seed in the S50Y bloom cut treatment was 13.2Y%
which is slightly lower than the range of 20% to 70% for late seacon
seed crope reported by Urbahns (1914).

Racon et al. (19&4) reported that the ASC mav enter diapauce
throuaghout the summer, this agrees with the data collected from all
four fields 1n both vears., where the ASC wacs fcund entering the dia-
paucing stage throughout the sampling period of June 6 to August 20 an
1982 and May 17 to September 4 in 1984. The seasonal trend of percen-
tage of ASC entering diapause was increasing percentages as the season
progrescsed agrees with the findings of Sorenson (1930) and Antonova and
Bactyleva (1974) who reported most diapausing ASC came from the late
sepd crop.

Field 4 was manzged to produce a seed crop from the recrowth
corresponding to each of the normal hayv harvests. Results for the
different cuttino times chowed that the seed crop produced after tweo
hay harvests had significantly hiogher total numbers of alfalfa seeds
and number of sound seeds. These results appear to support the tradi-
tignal method of ceed production in Oklahoma as mentioned above. but
since total seed production of the field was not campled thie may be an
artifact of the sampling method used. The pattern of numbers of ASC
damaoed seeds followed the pattern of the numbers of alfalfa seed

produced. The field was pollinated by natural pollinatore (mainlv
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cpecies of wild bees) which frequentlv have inadeguate population
numbers for pollination until late summer. The presence of adeguate
pollinators could be a reason why more seeds were produced after the
second hay harvest instead of during the earlier treatments,

The results alsoc showed that late season timing for seed produc-
tion 1n fi1eld 4 alcso had significantly higher percentages of ASC
damaoed seed with & mean of 24.6% from the seed crop after two hav
harvests and 21.7% 1n the fall recrowth seed crop. In one particular
cample of August 2, 49.3% of the seeds were damaoed. These figures
zgree with the 20% toc 70% range of ASC damaced seeds for late season
ceed crops reported by Urbahns {1914},

The results showed that in Oklahoma, & late season alfalfe ceed
crop had significantly higher percentage of ASC damaged seed and per-
centage of ASC that entered diapause than other seed crops. Ancther
potential problem is that the populations of native pollinators are
not censtant from vear to year and may be inadegquate durino a oiven
year. Despite the problems it appears that the traditional method of
harvesting one or two hay crops and then letting the rearowth mature &
ceed crop 1n late summer produced significantly higher numbers of sound
seed. 1 the producer has the resources to provide pollinators such as
honeybees 1t appears that the significantly higher numbers of scund
seed can be produced in early summer which had the significantly lower

percentages of ASC damaged seed during this studv.



CHAPTER VI
SUMMARY AND CONCLUSIONS
Summary

In OFlahoma, the ASC spring emergence started between the middle
of April and early May. FPeal ASC emergence occurred during the month
of June., with moet of the emercence concentrated near the middle of the
month. The emergence ended in early fuqust. The male ASC emerged 1n
greater numbers during the early weeks, and the number of female AEC
dominated later. The overall male to female ASC ratio wae 1:1.5,

The first adult ASC weré collected from alfalfa fields in mid-May.
Hioh numbers of the ASC generally occurred durino the month of August.
Female ASC were collected in areater numbers than the males. The ASC
had from four to six generations in Oklahoma.

# total of five species of ASC parasites emerged in Oklahoma: L.
perplexus, L. insuetus, E. allymii, T. bruchophagi. and T. maculatucs.

The most common parasitic species were L. perplexus and 1. bruchcphag:.

The peal emergence of paracites was very concentrated and occurred one

to two weeks after the greatest emergence of the ASC. The male to

1:1.7%. Several high percentages of parasiticsm were found which seems
to 1ndicate that parasites may be an important regulatory factor on ASC

populations,



The second year emergence from the alfalfa seeds was predoeminantlv

RSC parasites. L. perplexus was the dominant species. A higher

emerged.

Populations of parasites were not large until late i1n the season.
when they fregquently became more numercus than the ASC. Female para-
sites were collected i1n greater numbercs than males. The dominant

The results cshowed that a late season alfalfa seed crop had signi-
ficantly high percentages of ASC damaoed seeds and percentaces of ASC
that entered diapause. Despite these problems, the traditional methcd
of producino alfalfa seed in Oklahoma (combined hay and seed manage-
ment) produced significantly higher total numberc of seeds, and numbers
pf scund seeds. Early season seed crops had significantly lower ASC
damage and percentages of ASC that entered diapause. When peollinators
were present the early season seed crop alsec had significantly hiagh

numbers of sound seeds.

Cenclusions

1. ASC spring emerqgence started near the end of April and pealed
in mid-June. Male to female sex ratio was 1:1.5.

2. Adult ASC were collected in the field from mid-Mav through the
end of September with high population densities occurrine during the
month of August. Females were collected in greater numbers than males.
The ASC had four to six generations in Oklahoma.

3. Five species of parasites were found in Oklahoma. Liodonto-
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was also common. The other speciec of parasites cccurred very rarely.
4, Second year emergence from seeds was predominantly parasites,

with L. perplexus the most numerous species.

[ 4

5. Several high percentages of parasitism were found which 1ndi-
cates that parasites may be an i1mportant regulatory factor on ASC
populations.

6. The highest densities of parasites were collected in late
seacson fi1eld camples and L. perplenus wac the dominant parasitic
speciec, Female parasites were collected i1n agreater numberc than
males.

7. Early season alfalfa seed crop producticon was shown to have
csigrnificantly lower percentage of ASC damaged ceed and percentage of

ASC in diapause. Late season seed crops had significantly higher

percentages of ASC damaged seed and percentage of ASC in diapause.
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APPENDITY

FICTURE KEY 7O THE ARLFALFA SEED CHALCID AKD ITS
PARARSITE SFECIES IN OKLAHOMA

Thie key i1s designed toc help identify the species of paracitic

Hymenoptera that emerpge from alfalfe seeds. The sources for the des-

criptions used in the key are Butler and Hansen (1958) and Butler et

al.

o

{1968).

Body blachk, thoracic notum with thimble like projecticns.,  Antennae
cimple 1n female (Figure 45) or with flagellar seoments guadrate
and bearing lona., erect setae in the male (Figure 46).

Family Eurvtomidae.....covvvnnnnnenn Bruchophaous roddi Gussabovshi

......... f e it es it asaaaaearasatararaataata e st naas 2
Mid tarsus with a ventral comb of short black spines {(Figure 47V,

Familv Eupelmidae....viueiinrnncaneneranns Eupelmus allyniy (French?
Midtarsus without & ventral comb of short black spimes.......... 3

Ovipositer long, projecting for & distance at least 1/Z as great
as lenath of abdomen........ccv0evenn. S es e s e s e e 4

Dvipositor projecting only slaghtly.e..n it e iiininnenens o

Head and thorax hronce-green, abdomen bronze. Female {(Figure 48)
has long ovipositor, with sheaths 1/2 to 2/3 as long ac abdomen,
apical segments split on ventral side. Hale {(Figure 49) has a
short projection at apex of abdomen, and apical segments not split.
Family TorymidaR...v.vserenonneneannns Ligdontomerus perplexus Gahan

fs above, but with sheaths longer than the abdomen in the female
{Figure %0). Males of thics species unknown.

Family Torymidae...oreeeerecenasnnscaas Lipdontomerus incsuetus Gahan
Ovipositor length compariscn between L. perplexus and L. insuetus
in Figure o1,
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Mesonotum with 3 median aqroove, scuttellum with four parallel
grocves (Figure S52). Body metallic green. Abdomen evenly tapered
to tip with apical seamentes cplit on the ventral side in female
{Figure 39) or more truncate, with a short median projection and
apical segments not split in male.

Family Eulophidae......coviivennennns Tetrastichus bruchophagi Gahan

Mesonotum and scutellum without grooves. ... et iinn i nnen b

Head end thorax black toc blue with four metallic blue spote
anteriorly (Figure S3) apical seaments of the abdomen split on the
ventral side in the female (Fioure S4) or with a short projection
at the apex of abdomen and apical seagments not split in male.
Family Prteromalidac:ssssnuwsssnnwses sos Trimeromicrus maculatus Gahan

Figure 45. Female Bruchophagus roddi



Figure 46. Male Bruchophaous roddl

Figure 47, Eupelmus allyniil



Figure 48. Female Licdontomerus perplexus

Figure 49. Male Liocdontomerus perplexus



Figure S50. Female Liodontomerus insuetus

Figure S51. Ovipositor Length Comparison between L.
perplexus (bottom) and L. insuetus (top)

o
o
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Figure ©2. Dorsezl View of T. bruchophagi to show
the Grooves on the Thorax

Figure 53.
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Fiqure S4. Doresal view of T. maculatus toc Show the

Blue Spots on the Thorax

Figure S&. Female Trimeromicrus maculatus
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