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ABSTRACT

THE EFFECTS OF ONION AGRO-ECOSYSTEM STRUCTURE
ON THE POPULATION DYNAMICS OF Delia antiqua (MEIGEN)

By

Brian R. Chambers

Population dynamics of Delia antiqua (Meigen) were assessed by the effects
of planting time, soil treatment and harvest of onions; density and distribution of
spring volunteer onions; post-harvest cover-crop planting time; and autumn
larval freeze resistance. Earlier onion plantings received larger larval
populations than later plantings regardless of the use of a soil insecticide. Onion
stand reductions were not proportional to larval populations. Earlier plantings
received more larvae per damaged plant. Volunteer onions that occured within
seeded rows of onions caused higher stand loss to the surrounding rows than
volunteers between onion rows. Post harvest field D. antiqua adult activity was
affected by both the time of day and duration from harvest time. The time of
soil conditioning for a post-harvest cover-crop affected D. antiqua more in
relation to peak female fly field acticity than time of harvest. Autumn larvae
were freeze resistant as a function of larval length and ekposure to fluctuating

environments.
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Oh investigator, do not flatter yourself that you know the things
nature performs for herself, but rejoice in knowing the purpose of

those things designed by your own mind.

Leonardo Da Vinci

Madrid Codices

Clearly the problem of man and nature is not one of providing a
decorative background for the human play, or even ameliorating the
grim city; it is the necessity of sustaining nature as source of life,
milieu, teacher, sanctum, challenge and, most of all, of rediscovering

nature's corollary of the unknown in the self, the source of meaning.

Ian L. McHarg

Design With Nature
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INTRODUCTION

In 1976 a project was initiated at Michigan State University to study the
onion agroecosystem from a systems perspective across»discipline boundaries to
affect alternative working hypotheses concerning its management. Research co-
operators have included economists Mr. Alex Russell, Ms. Sharon Hart and Dr.
Thomas Edens; plant physiologists, Mr. Nick Bolgiano and Dr. Gene Safir;
nematologists, Dr. An MacGuidwin and Dr. George Bird; system scientists, Ms.
Julia Pet and Dr. Lal Tummala; and entomologists, Mr. Francis Drummond, Mr.
Thomas Ellis, Ms. Eleanor Groden, Ms. Marion Harris, Fred Warner, this author,
Dr. Ray Carruthers, Dr. Dean Haynes, Dr. James Miller, Dr. Ed Grafius and Dr.
Gary Whitfield. The overall objective of the project, conceived and originated by
Dr. Dean Haynes, has been to conduct an ecosystem analysis to define and
investigate the biotic and abiotic components of the onion system as they affect
management of the pest populations.

Ecosystem components investigated prior to this thesis include; foliar
insecticides, volunteers as initiators of spring damage, diurnal and spatial

distributions of the Ist and 2nd generation of Delia antiqua (Meigen), the onion

maggot (OM), OM overwintering mortality (Whitfield 1981), the biology and

distribution of Entomopthora muscae (C.), a fungal pathogen of the OM

(Carruthers 1981), onion mycorrhizae (Bolgiano 1982), onion nematode

(Meloidogyne hapla (C.) pathogenicity and ecology (MacGuidwin 1983), OM

parasite biology and phenology, planting date effects of onions and radishes on
OM damage and parasite phenology (Groden 1982), 3rd generation distribution

and phenology of the OM, and post-harvest cover crop effects on OM larval



occurrence (Drummond 1982). Simulation models were developed for the onion

plant, onion maggot, E. muscae, Aphaereta pallipes (Say), the braconid parasite

of the OM, and economic components (Whitfield 1981; Drummond 1982;
Carruthers 1981; Bolgiano 1982; Whitfield et al. 1982). Some aspects of this
thesis were follow up studies while others employed techniques already
developed to quantify previously unexplored relationships.
The objective of this thesis was to investigate the relationships of agro-

ecosystem structure with D. antiqua through studies of:

1) planting time, soil treatment and harvest time of the onions;

2) the density and location of volunteers in the onion field on the

distribution of plant damage;
3) distribution of D. antiqua adults following harvest;
4) post-harvest cover-crop planting dates; and

5) cold hardiness in the third larval brood.

BACKGROUND

Onion (Alium cepa) production

Current onion production in the U.S. is over 100,000 acres per annum and
may fluctuate 10 - 30 percent between years within a region (Fedewa 1982).
Onions are grown commercially in all fifty states, 87 percent of the total
occuring in seven states: California, Texas, Oregon, New York, Idaho, Colorado
and Michigan. California and Texas together account for approximately 44

percent of the total U.S. production; however, they primarily produce non-



storage, spring and summer onions and, in the case of California, a large portion
of the crop goes to processors. Michigan's onions are principally grown for
storage (90%) and compete mostly with other states that produce storage
varieties, namely: New York, Colorado, Idaho and Oregon (McLaughlin and
Pierson 1981).

The single most important factor influencing Michigan onion prices is the
quantity of onions produced in New york during a given marketing year, even
more important than Michigan's own production. This situation results not only
from the similarities of onion varieties and seasons, but also from the proximity
of New York and Michigan to the same geographic marketing areas, especially
the Middle and South Atlantic states. When New York producers have a large
crop year they have more onions to ship and this typically depresses prices in
many of the markets where Michigan shippers normally compete evenly with
New York. Hence, Michigan shippers in some instances are compelled to accept
market prices which are lower as a result of New York shippers' selling patterns.
Higher Michigan prices occur when New York has a short crop year (McLaughlin
and Pierson 1981).

Onion seedling emergence occurs between 57.5 and 163 degree days from
planting with the form of a logistic growth curve (base 5.6°C)(Bolgiano 1982).
Excessive nitrogen and high plant densities both delay maturity (Magruder et al.
1941). Water stress hastens maturity (Drinkwater and James 1955). Relative
growth rates are maximal between 28 and 33 °C in Michigan (Bolgiano 1982).
Onion bulbing is a function of both temperature and photoperiod with varieties of
A. cepa available for both short and long day-length growing seasons (Robinson

1973 and Kedar et al. 1975).



In Michigan, onion field seeding is initiated as close to April 1 as weather
permits. Major risks include late snow, frost and heavy spring rains. One or two
fields in each region are harvested mid to late August for the early, fresh
market, usually the first planted. The remainder of the onions are harvested at
the initiation of plant leaf senescence, usually through September. Growers,
anxious to harvest before the fall rains of late September will either roll or chop
the tops of the onions and harvest before plant senescence. October would be
considered an extremely late harvest. The onset of autumn temperature reduc-
tions and fluctuating moisture conditions encourages the spread of Botrytis
squamosa (W), a leaf blight of onions. Market preferences for untarnished bulbs
compel growers to harvest as soon as possible to lessen the discoloration of the

onion bulb due to B. squamosa (Swanton 1977).

Delia antiqua (M.) biology

D. antiqua has been the major insect pest in many onion growing regions in
the United States since it was introduced to North America in the mid-l9'Ch
century (Fitch 1867). Doane (1953), Tozloski (1954), Workman (1958), Ellington
(1963), Loosjes (1976), and Hucket (1924) have reviewed much of the biology
known of D. antiqua prior to the M.S.U. agroecosystem project. Carruthers (1979
and 1981), Whitfield (1981), Groden (1982), Drummond (1982), and Harris (1983)
have since contributed to the knowledge of D. antiqua's basic biology. These
studies and others will be appropriately referenced as they pertain to the
background literature of this thesis.

In Michigan there are typically three overlapping generations per year of

D. antiqua. Three adult flights occur with concomitant larval broods, one each in



the spring, summer and fall. Population densities differ between generations due

to environmental conditions as well as cultural practices. Quebec, Canada

regions have reported seasons when the second larval brood is the largest (Perron
1972). Michigan records the first and third broods to be the dominate populations
(Whitfield 1981; Drummond 1982). A related onion maggot species in Egypt, D.
alliaria has its largest numbers in the second and third larval broods (Abul-Nasar
1974).

Other closely related species of Delia include D. platura (R.), the seed corn
maggot and D. brassicae (B.), the cabbage maggot. D. platura is a general seed
and seedling herbivore, feeding on many types of seeds and germinating plants
including onions, beans, corn, and other vegetables. D. brassicae is slightly more
limited in its host range infesting cabbage and other brassicas, turnips and
radishes (Groden 1982; Whitfield 1981). D. antiqua is host specific to Allium
species with preference for A. cepa (Ellis and Eckenroade 1979). Other Allium

hosts include garlic (A. sativum), leek (A. ampeloprasum), rakkyo (A. chinese),

japenese bunching or welsh onion (A. fistulosum), chives (A. schoenoprasum), and

chinese chives (A. tuberosum).

Adult

D. antiqua overwinters as diapaused pupae and emerges in mid spring. A
degree day base of 4.4°C has been found to explain 50 percent of the variability
in the emergence of the first flight (Whitfield 1981). Other factors believed to be
affecting emergence include the pupae's overwintering soil depth and soil
moisture. Fifty percent emergence of the first flight was found to occur by 400

degree days accumulation in Michigan (Whitfield 1982). Summer adult activity



and dispersal was 2.5 times greater outside onion fields than within a field in

Holland (Loosjes 1976). Adult flight occured almost entirely below 120 cm within

a field while only 75 percent occured below that level in field borders (Whitfield
1981). Ninety percent of the summer, second flight adults were found in field
borders and adjacent carrot fields apparently seeking protection from high onion
field temperatures and low moisture conditions (Carruthers 19?;1; Whitfield
1981). Summer adult field activity levels were found greatest between 5:30 -
9:30 a.m. and 5:30 - 8:30 p.m. (Whitfield 1981; Loosjes 1976).

D. antiqua adults have been cited as actively feeding on flowers or weed
pollen following initial emergence (Baker 1928; Maan 1945; Rygg 1960;
Carruthers 1979). Females are anatogenous, requiring a protein rich food source
before oviposition (Miller and Haarer 1981; Missonier 1967). A preovipositional
period of one to two weeks is dependent on temperature and on food availability
(Theunissen 1976). Perron (1972) documented a decrease in oviposition when
temperatures remained below 14 °C; a mean of 24.3 eggs per female in the first
flight over a three year period; and a mean adult longevity of 66.6 days.

Ovipositing adults have been found to prefer plants wider than 2 mm in
diameter at the base (Harris 1983; Harris and Miller 1982). Ovipositional
preferences also occur for sprouting culls both of the spring and fall adult flights
(Lovett 1923; Grey 1924; Whitfield 1981; Drummond 1982). Related Delia
species differ in their ovipositional behavior. D. platura prefer newly emerged
seedlings of lima beans and soybeans (Ibrahim and Hower 1979). D. floralis, a
cabbage maggot, was found on swedes and turnips to be influenced not by the
size of the plant but by its maturity (Rygg and Somme 1972). A similar

phenomena



occurs with D. brassicae in radishes; ovipositional preferences occur at two
seperate stages of plant development apart from size (Ellis et al. 1979). D.
alliaria, the Egyptian onion maggot, prefers seeded oﬁions over transplanted sets
(Abul-Nasar and El-Sherif 1974).

Oviposition and its concomitant stand damage has been depicted as initially
random in its field distribution and either initiated by D. platura, the seedcorn
maggot or by D. antiqua's attraction to volunteer onions in the field (Carruthers
1979; Whitfield 1981). Succeeding damage then spreads contagiously around the
initial points of infestation. Flies are assumed to be ovipositing preferentially in
previously damaged areas. Three chemicals, methyl propyl disulfide, cis-propenyl
disulfide, and trans-propenyl disulfide are known to be attractive to D. antiqua
for oviposition with higher concentrations occuring in field fresh onions over

stored onions (Pierce et al. 1978).

Immatures

Eggs of D. antiqua are laid in the soil around the base of the onion plant.
Normally, eggs are deposited in groups of three to six with ovipositon occuring
repeatedly through the life of the female fly (Karuma et al. 1972). A lower
developmental threshold has been estimated to occur at 3.88 °C with a required
degree day accumulation of 50 degree days for eclosion (Carruthers 1979). Egg
development to eclosion was shown to increase with a decrease in temperature
from 32.2 °C to 10 °C (Ellington 1963). Zero egg survival occured at 37.7 °C and
100 percent relative humidity with 60 percent survival at 32.2°C (100 percent

RH) (Ellington 1963).



Only 23 percent soil moisture in muck soil was found to be needed for

survival of one day old, first instar larvae before they reach the plant tissue of

the onion (Workman 1958). Degree day requirements for completion of the three
larval instars are reported to be 37, 89, and 161 degree days respectively (base
3.88 °C) (Carruthers 1979). First instar larvae have low survival in onion bulbs
greater than or equal to 1 cm in diameter, the second and third instar's survival
is independent of bulb size (Drummond 1982). A larva can consume up to 28 flag-
stage, seedling onions (Workman 1958). They can become freeze susceptible
under early autumn field temperatures in Michigan (Drummond 1982). Larval
survivorship and pupal size are both higher under alternating temperatures (10 -

20 °C) than a constant temperature of 23 °C (Robinson and Zurlini 1979).

Population Management History
The need for population management was first cited by Fitch in 1867. Lovett
(1923) referred to over 70 management practices for D. antiqua and recom-
mended the use of volunteers in flats as "traps" for eggs. Sweetened poison bait
with chopped onion, sodium arsinate, molasses and water were being used at that
time for direct row treatments (Lovett 1923). Mixtures of napthalene and
furnace ash used after first plant damage obtained 80 percent population
reduction (Grey 1924). The variety of agents used to control D. antiqua since
then represents the evolution of pesticides in the U.S. (Carruthers 1981).
Substitution and replacement of insecticides occured in onions due to the
loss of effectiveness of the chemicals to maintain D. antiqua field damage below
economic levels. The reduced effectiveness has been reported the result of

increasing pesticide resistance in D. antiqua populations (Brown 1958; Harris



1972; Harris et al. 1962; Howitt 1958; Guyer and Wells 1959). Harris et al. (1981)

reported resistance levels of a Michigan strain, as compared to a susceptable

laboratory strain, to various insecticides, in 1972 and 1978 following 20 genera-
tions of selection with parathion (Table 1). Resistance develops rapidly in this
species due to its host specificity (Haynes et al. 1980). Once resistance occurs in
a population, even if pesticide pressure is relaxed the resistance will only
partially decrease (Keiding 1967).

Due to the limited nature of the onion crop (non-essential for subsistence)
and current institutional constraints of pesticide registration, few compounds are
being tested for onion production (Haynes et al. 1980). An average of 30 test
compounds a year in the 1960's contrasts to only 3 per year in 1975 (Harris et al.
1981). Only two compounds remain effective in Canada by 1980 out of the 10

that had been used over the past 25 years (Harris et al. 1981).

Alternative management
Ecological data presented by Haynes et al. (1980), Whitfield (1981),
Carruthers (1979 and 1981), Groden (1982), and Drummond (1982) suggests that
non-chemical control alternatives will have to have some of the following
characteristics:
1) reducing pesticides which affect the efficacy of the bio-control
agents
2) providing habitats appropriate for the agents' life histories (weedy
crop borders, alternate hosts, etc.).
Mechanisms that interfere with D. antiqua population behavior mechani-
cally as well as biologically also offer means of population management and are

discussed below.
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Table 1 . Resistance levels of a Michigan onion maggot strain, as
compared to a susceptable laboratory strain, in 1972 and in 1978
fo]l?wing 20 generations of selection with parathion (Harris et al.
1981).

Resistance level

Insecticide 1972 1978

Parathion 5.1 x 24.4 x
Ethion 3.0 x 10.4 x
Fonofos 5.1 x 10.5 x

Carbofuran 6.2 x 10.1 x
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The first adult flight is the largest of the three in Michigan (Whitfield

1981). Economic damage is the most severe from the larvae of these adults and

can cause over 65 percent of the total season's damage (Whitfield 1981). The
survival of the larvae from the previous fall, the emergence and oviposition
behavior characteristics of the spring adults, and the survival of their eggs could
determine a major portion of the phenology and density characteristics of the
first larval brood. Altering these three aspects of the D. antiqua populations
could translate to also affecting a portion of the stand reduction in onions. It
was for this reason that this thesis emphasizes study of the autumn and spring D.
antiqua populations.

The use of delayed spring planting, early trap crops and fall cover crops
have all been recommended to reduce the spring larval populations in the onion
stands (Groden 1982; Drummond 1982). The only documented use of any of these
measures in onions has been by Lovett (1923) and Grey (1924) with stand losses
10 to 15 percent less in fields using volunteers as traps than fields without them.
Inter-row cover crops in oats and cabbage reduce oviposition by the frit fly,

Oscinella frit (L), and the cabbage maggot, D. brassicae, respectively (Adesiyun

1979; Coaker 1980). In onions, the only documented occurrence of this is in the
third adult flight. Fewer eggs were oviposited on sprouting culls in the presence
of a cover broadcast planting following harvest (Drummond 1982). Evidence was
shown by Adesiyun (1979) that the cover interfered with oviposition behavior by
obstruction of preferred oviposition sites. In a cover-no-cover choice experiment
Ryan el al. (1980) recorded an 81 percent reduction of oviposition of D.

brassicae eggs.
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Although no detailed management recommendations have been made for
the use of traps or cover crops in onions, they do indicate a possible integration
with other alternative management options. From a systems standpoint, manipu-
lation of structural components in both the spring and fall generations to affect
the rate of ovipostion and the distribution and survival of D. antiqua immatures
represents an appropriate systems approach for applied research in onions. This
thesis pursued this line of reasoning for assessing the effects of agro-ecosystem

structure on D. antiqua population dynamics in onions.
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INVESTIGATIONS

PLANTING AND HARVEST TIME OF ONIONS

Groden (1982) documented a decrease in D. antiqua onion damage as
plantings were delayed at the Michigan State University Organic Soils Research
Farm in Laingsburg, Michigan. Her plantings were made on May 7, May 14, May
28 and June 12, 1980 in replicated 6.75 m and 7.5 m plots with and without soil
insecticide treatment. The decreasing damage trend was evident in both soil
conditions. The evidence of higher levels of D. antiqua damage in early planted
onions was also recorded by Grey in 1924 at the Lethbridge Entomological
Laboratory in Alberta, Canada. Groden (1982) cited the concern that this
phenomena had not yet been studied in a manner and scale appropriate to derive
interpretations applicable to commercial production practices. A preliminary
study was instituted in 1982 to investigate the effect of the range of commercial
planting dates for that year on onion stand reduction, bulb size and yield as well
as D. antiqua population phenology. Bulb size and yield calculations were made
across the period of commercial harvest for the onion production region the

study was conducted in.

Study site

Experimental plots were established on approximately one acre of land on a
commercial muck farm in Grant Township, Newaygo County, Michigan. Planting
time plots measured 90 meters by 45 meters to a side across 16 double rows of

onions (Figure 1). Each plot was subdivided into two subplots of eight double
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rows. The subplots consisted of either the presence or absence of the soil
insecticide Dyfonate (O-ethyl S-phenyl ethylphosphonodithioate). The treatment
combinations will be referred to as planting time subplots.

No herbicides, fungicides or foliar insecticides were applied to the study
site. All volunteer onions were removed from the area at sprouting to prevent
their effect on aggregate damage from being confounded with error variance
(Whitfield 1981).

The study site was located adjacent to the earliest planted field in the
region that year, April 15. No untreated subplot for April 15 planting was
possible. The field was planted before the investigator had communicated
adequately with the commercial grower. Sampling was done in the April 15
plantings, the eight double rows immediately adjacent to the experimental study

site.

Sampling Methods

The procedures for sampling were extremely time consuming. Sample
intervals, replication and precision were weighted against available resources.
Methods for onion plant, D. antiqua adult, larval, and pupal population and

Dyfonate residue sampling are discussed separately below.

Onion

Onion stand counts were initialized in each planting time subplot ten days
after each seeding. Ten, randomly selected three meter lengths of onion row
were assessed for total number of plants and damaged plants. All stand and

damage counts after the initial one were made in one random 30 meter length of
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row. These post-initial stand estimates were started on June 4 in each subplot
and were made every seven to ten days thereafter until July 23. Final stand
estimates were done in each subplot on August 20 with ten, random three meter
samples.

First generation D. antiqua plant damage was indicated by flaccid,
yellowing plant stems. By the end of July however, as the plants became larger
and more sturdy maggot damage was no longer evident above ground. In the
August 20 stand sample, stand damage was assessed by excavating the plants and
inspecting them for entrance holes and larval specimens.

Onion bulb size and yield estimates were derived for each planting time
subplot as well as the April 15 planted field for three sample harvest periods;
August 20, September 13, and September 24. The August 20 sample coincided
with the commercial harvest of the April 15 planted field. The September 13
sample represented a mid-season commercial harvest. The September 24 sample
represented a late season harvest and coincided with the last commercial harvest
in the Grant region for 1982.

The planting time subplots were assessed for average bulb size and relative
yield from one, randomly selected 10 meter length of row. The sample was
excavated, the bulbs were counted and recorded for size at geatest diameter and

presence of root maggot damage.

D. antiqua
Adult

Two forms of adult monitoring were made for this experiment; spring

emergence and female activity. Emergence was monitored with five emergence
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traps placed adjacent to the study site (Figure 1). These traps were originally
designed to measure emergence rates of cereal leaf beetle adults, Oulema
melanopus (L) (Gage 1974). The traps consisted of a Lumite screen supported by
an aluminum tripod structure such that emerging adult flies would enter a
collection device at the top. A rubberized canvas material was sewn to the
bottom of the screen and was buried at each location to a depth of six inches to
enclose all flies covered by the trap. The trap covered an area of 0.84 m2 (one
square yard).

The traps were placed at the site April 15 and emptied every three to four
days from May 4 to July 31. Since the experimental site was planted in onions
the previous year the emergence of first flight D. antiqua in the vicinity of the
experiment could be monitored by these placements.

Female D. antiqua field activity was monitored using baited traps
developed by Miller and Haarer (1981) (Figure 2). Enzymatic yeast hydrolyzate
(EYH) as a bait is believed by Miller and Haarer to attract female onion flies in
search of an exogenous protein source just prior to oviposition. Laboratory
cultured D. antiqua females aggregated on EYH dishes, peaking in this behavior
eight days following emergence (Miller and Haarer 1981). Vitellogenisis cannot
occur in the laboratory without an exogenous source of protien (McLeod 1964).
If EYH causes gravid females to respond comparably in the field then a close
approximation of oviposition activity can be made.

Large cone traps, somewhat similar to the design of Dindonis and Miller
(1980) were constructed from 8 x 8 mesh screen. A 30 cm diameter (bottom) x 30
cm high cone with a 2.5 cm opening was topped with a 13 cm diameter x 15 cm

high clear outer acetate cone (Figure 2). The outer acetate cone had an inner



Figure 2. Design of baited fly traps using enzymatic yeast
hydrolyzate.
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acetate cone with a 13 cm diameter x 8 cm height and plaster of paris layered
between the two cones for weight. Legs for the trap formed by the screen mesh
held the cone 5 cm above the ground, while wire stakes secured the trap to the
ground. EYH would be placed in a petri dish directly beneath the trap. Air
would circulate beneath the trap and carry volatiles downwind and along the soil.
Only walking insects or those flying close to the ground were able to enter the
trap directly. Al c:m3 volume of Vapona was tacked to a cork that sealed a 2
cm diameter opening at the top of the upper acetate cone. Flies entering the
trap would attempt to leave by flying upward into the upper cone and die upon
contacting the Vapona.

In anticipation of approximating oviposition frequency five EYH traps were
placed adjacent to the emergence traps bordering the study site (Figure 1). The
traps were placed in the field on May 25 and emptied every three to four days
until July 3l. Counts of both male and female D. antiqua were made to verify
the effectiveness of the female monitoring. All fly specimens were returned to

the laboratory for identification and recording.

Immature

Larvae were sampled to examine the phenology and relative density of D.
antiqua immatures in the planting time subplots. Three sections of 0.6 meters of
onion row were sampled twice a week at three and four day intervals. This
sampling was conducted in each subplot from June 6 to July 31. The sections
were randomly selected within areas were root maggot plant damage was evident
(flaccid, yellowing leaves). Each onion in the sample was removed and disected

in the field for root maggots. Once the onions were removed and larvae
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retrieved, the soil beneath the sample length up to a 20 cm depth, 20 cm wide
was sifted to collect any larvae or pupae in the soil (a 20 x 20 x 60 cm volume).

All specimens were returned to the laboratory for identification and recording.

Dyfonate residue

Residue samples were made to account for any degradation that might
have occurred through the season in each treated, planting time subplot. One,
162.56 x 10.16 x 12.70 cm (64 x 4 x 5 in) volume of row was excavated
immediately after each planting in the treated subplots. A sample was also
made at that time from the untreated subplot as a check.

The soil volume was tumbled for 15 minutes in a cement mixer to
homogenize the soil with the Dyfonate residue. A 50 ml subsample was removed
from the center portion of soil in the mixer and sent to the Michigan State
University Analytical Laboratory for Dyfonate residue analysis. This sampling

was repeated after seeding twice a week in each treated subplot until July 31.

Results and Analysis

Onion

Stand damage .

Stand and damage averages are listed in Tables 2, 3 and 4 for each planting
time subplot. Damage was higher in the untreated subplots in contrast to the
treated for all planting times.

For the sample periods from June 4 to July 23 differences of stand and

damage rates are not statistical since only one 30 meter sample was made from
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each subplot. Relative trends can however be discerned. The April 27 planting's
untreated subplot had an estimated 63 percent reduction through the month of
May in contrast to the estimated 40 percent reduction in the May 1l planting's
untreated plot. By June 4, when the May 25 planting was initially assessed, the
earlier plantings were yet receiving proportionately higher rates of stand loss in
both the treated and untreated subplots. The relative trends indicate that the
earlier two plantings were prone to stand loss early in the season and continued
to be more so than the last planting regardless of soil treatment.

After relatively high stand damage early in the season a marked reduction
occurred in each of the subplots after June 30. This trend of high early season
damage and a marked mid-season reduction was comparable to that found by
Whitfield (1981) and Groden (1982).

Statistical tests for differences can be made on the initial and final stand
count data si'nce replicate sampling was performed. Table 5 lists the means of
the initial and final stand estimates for each planting time subplot. Scheffe
multiple range comparisons among the initial stand estimates revealed insignifi-
cantly different means for all subplots. This implies that by the tenth day after
planting each subplot's stand was at a comparable level of plant emergence. The
pooled mean of the initial stands was 51.5 plants per meter.

Paired difference tests between the initial and final stand estimates were
significant for only the untreated subplots. Stand density was significantly
lowered over the season in all untreated plantings (Table 5). The largest
reductions occurred in the April 27 and May 1l untreated subplots. Final
densities were 1.2 and 5.2 plants per meter respectively. In contrast, the May 25

planting's untreated subplot was moderate in its stand loss with a final stand
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density of 32.4 plant per meter. This subplot's stand density was significantly
different from all other treated and untreated subplots.

The means of the initial and final stand counts were not statistically
different within any of the treated subplots. However, relative differences did
occur within them. The relative percent change from the initial to final stand
means, shown in Table 5 highlights a trend in the treated plantings. The April 15
treated subplot was reduced 13.5 percent less in its mean stand density by the
end of the season. The April 27 planting's treated stand was reduced 8.7 percent
and the May 1l planting's treated stand 5.5 percent. However, the May 25
treated stand increased a relative 6.5 percent in mean plant density by the end

of the season.

Discussion

The three earlier treated planting's relative stand reduction trend can be
explained by the higher rates of D. antiqua damage that were found in the
untreated subplots. Groden's 1980 experiments also had the trend of decreasing
damage by delaying planting evident in both respective soil treatments. The
relative stand increase in the last planting can only be explained by onion seed
germination occurring after the June & initial stand estimate. Comparing the
June 4 mean stand estimate with the June 14 for the May 25 planting's treated
subplot in Table 4 shows a relative stand increase from 53.4 to 57.8 plants per
meter. Since all treated subplots' initial mean densities were insignificantly
different from the May 25 planting's initial, it is likely that the earlier plantings
also experienced germination after their initial stand determinations. Because
of late germination the stand reduction estimates within a treated subplot were

likely biased downward.
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Bulb diameter

Two forms of statistical analyses were performed on the bulb diameter
data recorded for each planting time subplot across the three sample harvest
periods. First, Scheffe multiple range tests were made to determine where and
when significant differences occurred between the average bulb diameters of the
subplots. Second, a multiple regression analysis was performed on selected
independent variables which data was available for that were believed to best
explain the differences found. The extent that the selected independent
variables actually characterized. the mean bulb diameter differences detected by
the multiple range test were assessed by the multiple regession.

Mean bulb diameter data for each harvest sample period by planting time
- and soil treatment are listed in Table 6 with the results of the Scheffe multiple
range test. The largest average onion bulbs of 8.4 and 6.8 cm for the three
sample periods occurred across the untreated subplots harvest samples of the
April 27 and May 11 plantings, respectively. These subplots had the lowest final
stand densities of 1.2 and 5.2 plants per meter. It was not unexpected for them
to also average the largest onions.

Although the treated subplots were all insignificantly different from each
others average final stand density their mean bulb diameters were detectably
different at the August 20 harvest sample. A statistical trend of .decreasing bulb
diameters from 5.3 cm to 3.6 cm, at this sample period for the treated subplots
was evident as the plantings were delayed from April 27 to May 25. The April
15 planting's treated subplot was an anomoly in relation to this trend. Although
the April 27 and May 1l treated subplot's August 20 mean bulb diameters were
significantly different from each other, neither were significantly different from

the April 15 planting's 4.9 cm mean.
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Interpretation of the April 15 planting's bulb diameter data is confounded

by cultural practices. These onions were rolled August 10 in preparation for the

early, fresh market. Preparing onions for market in this manner appears to
curtail bulb development. However, the April 15 planting did recover from the
mechanically induced stress by the later harvest samples with bulb diameters of
6.1 and 5.8 cm's.

The significant trend of decreasing bulb diameters also occurred in the
untreated subplots for the August 20 harvest samples. The average bulb
diameters decreased from 8.4 to 6.9 to 4.1 cm's as the subplots' planting times
were delayed from April 27, May 11 and May 25 repsectively. This trend
remained significant for the untreated subplots in both the September 13 and
September 24 harvest samples.

The bulbs were relatively unconstrained by crowding in the untreated
subplots due to the considerable stand reductions. The average diameter does
appear to be limited by the planting time. The untreated subplots of the April 27
and May 1! plantings remained significantly different (8.5 - vs - 7.9 cm) in the
September 24 harvest sample even though their final densities of 1.2 and 5.2
plants per meter were not significantly different.

The treated plantings did not maintain the significant trend of decreasing
mean bulb diameters as planting times were delayed. By the September 13
harvest the April 27 and May 11 planting's treated subplots were insignificantly
different. The trend had become totally indistinct by the September 24 harvest
sample. None of the treated subplots by this time differed significantly in mean
bulb diameter. This included the May 25 planting which had the highest relative

stand density of 56.9 plants per meter. The upper limit of bulb development for
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the range of final stand densities (44.3 to 56.9 plants/meter) exhibited in the
treated subplots appears to be between 5.4 and 5.8 cm's. The treated densities
appeared to curtail bulb size development prior to any limit imposed by the time
of planting as observed in the untreated subplots.

Contrasting the May 25 planting's treated and untreated subplots mean bulb
sizes across the sample harvest periods also depicts an inter-relationship
between the time of planting, final stand density and bulb size. The untreated
subplot was 43 percent less in average final stand density from its treated
counterpart. Even with this disparity in stand densities mean bulb size
differences were not significant until the last harvest sample. The period for
growth necessary for bulb sizes to be detectably constrained by stand density in
the May 25 planting did not occur until September 24.

Five variables possibly explain the differences in mean bulb diameters

detected by the Scheffe multiple range test. They are

1) the time of harvest sample;

2) the length of time allowed for onion growth;

3) the time of planting;

4) the soil treatment (presence or absence of Dyfonate); and

5) the density of the stand at the end of the season

A multiple regression was performed on these variables to determine which
were most inter-correlated and which independently characterized the differ-
ences in the bulb diameters detected. Since treatment combinations were not
replicated, error variance terms were not available for treatment combinations.

The regression model, in this case is used to only characterize the data set.
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The multiple regression was first made using a forward, step-wise regres-

sion on the five previously stated variables expressed in the following seven ways

1)  Julian date of planting (PD);

2) Julian date of harvest sample (HD);

3) degree day accumulation above 5.59C (the developmental base of
onion) at planting from April 1 (PDD);

4) degree day accumulation at harvest sample (base 5.5°C) from
April 1 (HDD);

5) accumulated degree days for growth (the difference between
harvest and planting degree days) (DDGR);

6) soil treatment (absence = 1, presence = 2) (ST); and

7) harvest stand count (HST).

Temperature data was available from the Grant, Michigan State Agricul-
tural Experiment Station starting from April 1, 1982,

Degree days for growth (DDGR) was most correlated with bulb diameter in
this first analysis (r =.36). Julian date of planting and harvest sample were both
highly correlated with their degree day counterparts (r = .98). Only degree days
at planting and harvest were retained for use in the next regression analysis.
Soil treatment and the density of the stand at harvest were only moderately
correlated (r = .70) so both terms were saved for the second analysis.

A second regression analysis was performed to determine which interaction
terms of the remaining variables from the previous analysis were appropriate for

inclusion. The interaction terms were entered based on their level of correlation
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with other variables as well as on the results of the F-tests performed for

significant coefficients (Gill 1978).

After an initial run of this analysis it was decided to drop degree days at
planting (PDD). It was determined that the interaction of degree days at
planting with degree days at harvest (PDD-HDD) was highly correlated with
degree days at planting (PDD) and obtained a higher Rz. Because of this it
appeared that PDD-HDD would substitute well for PDD.

Table 7 lists the regression statistics for the final set of independent
variables that explained the greatest amount of variance in the data, were least
correlated with each other and each passed the F-tests for inclusion in the
regression. In the final analysis the accumulated degree days for growth (DDGR)
most characterized the differences in bulb diameters. The density of the stand
at the end of the season (HST) had the second greatest ability to explain the
differences in the data. Since stand differences varied in direct relation to the
use of dyfonate it was not surprizing that soil treatment (ST) was the fourth
most significant term in the explanation of the variance. The signs of the
correlation coefficients were negative for both ST and HST signifying that as the
insecticide was used and the stand densities became higher the bulb size
decreased.

The third most significant and explanatory term was the interaction of
the degree days at planting and the degree days at harvest (PDD-HDD). The
importance of this interaction term is that it highlights the non-parallel
relationship between the two parameters in the characterization of bulb size. It
was not just the physiological time of harvest (HDD) under which a subplot was

sampled but the subplot's simultaneous identification with a particular planting
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Table 7. Multiple regression statistics for the onion bulb diameter
under field conditions characterized by degree days for growth (DDGR),
the degree day accumulation atplanting (PDD), the density of the

onion stand at harvest (HST), the degree day accumulation at harvest
(HDD), and presence or absence of a soil insecticide treatment (ST).

Source DF Sum of Squares Mean Square F
Regression 7 2369.25 338.46 215,03*%**
Residual 5617 8841.24 1.57

**x (p = ,001)

Variable F to enter R2 B
DDGR 3.26% .130 1.26x1072
HST 218. 92** .047 - 2.23x1072
HDD 96, 20 .003 - 1.09x1072
ST 82, 8] *** .012 1.96
HST-PDD 8.05%* .001 1.09x10°°
ST.DDGR 36.63%** .005 - 4.66x107%
HDD- PDD 88. 25%*+ .012 3.03x107°
constant 2.33

* (p=.10) ** (p = .005) ***(p = .001)

2

R"™ = ,2113
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time (PDD) which characterized the differences in bulb diameters. The unique
combination of degree days at planting and degree days at harvest (PDD-HDD)
explained, in part, a significant trend in the data set.

Similar explanations can be made of the succeeding significant variables in
the regression. What is crucial to this analysis is the ability of the available
independent variable data, in toto, to explain the variance of the dependent
variable data. The coefficient of multiple determination (Rz) is often used as a
statistical measure of a regession's explanatory value of causal (or functional)

relationships (Gill 1978). In this regression the RZ

was 0.216. Approximately 22
percent of the variation in bulb diameter was explained by the selected

regression variables and their derived coefficients.

Discussion

The resultant regression variables were able to charac.terize and verify an
influence on the bulb diameter but they did not explain or predict the differences
well. Replication of the treatment combinations would have permitted a formal
analysis of variance to be made to determine which design variables actually
could explain the variance in the data. Larger sample sizes for normally
distributed data often reduce variance to mean ratios (Steele and Torrie 1980).
A regression from treatment combination replicates would therfore likely be
more explanatory (Cochran and Cox 1957).

The regression analysis results of Table 7 do corroborate the Scheffe
multiple range tests on the mean bulb diameter data (Table 6). Bulb diameter
differences were greatest between the significantly different final stand densi-

ties (HST) as listed in Table 5. The subplots in which more time had been
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allowed for growth had significantly larger bulb sizes, especially in the untreated

subplots (DDGR and ST). The early, insignificantly different mean bulb

diameters of the May 25 planting's subplots likely placed soil treatment (ST) as
the fourth term in the regression even though overall, treated - vs - untreated
subplots were markedly different in mean bulb diameters. Generally as the
harvest times were further into the autumn, bulb sizes were significantly larger

in relation to their planting times (PDD-HDD).

Yield

Commercial onion yield is derived by the density and size distribution of
onions per unit area. Typically, onion yield in the United States calculated in
bushels per acre of U.S. #1 onions. A bushel of #1 onions is defined as 50 pounds
of onion bulbs between one and a half and three inches in diameter with 80
percent between two and three inches.

Relative yield estimates were determined from the subplots for each of the
harvest samples by the use of a computer algorithm. This algorithm incorpo-
rated the diameters of the undamaged bulbs measured at each harvest sample, a
regression between bulb volume and weight and a sorting routine which deter-
mined the maximum number of appropriate 50 pound units possible from each
data set.

Bulb weights were not determined in the field so a regression between
weight and bulb diameter was calculated from a commercial bag of #1 onions.
Each individual bulb in the 50 pounds was weighed and sized at its greatest
diameter. The regression on weight was developed from a spherical estimate of

bulb volume (4/3 pi (1/2 diameter)?),
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Table 8. Regression statistics for the w1§ght of an onion bulb
in grams characterized by 4/3*pi*(1/2(DIA)

Source DF Sum of Squares Mean Square F
. 5 , 5 3
Regression 1 2.22x10 2.22x10 1.38x10 7 ***
Residual 99 1.60x10" 1.62x10°
*** (p = ,001)

Y = 14.14 + 3.218 (4/3+pi*(1/2(DIA)3)

RZ = .9329
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The regression of estimated bulb volume on its weight explained 93 percent
of the variation in bulb weight for the measured 50 pounds of onions (Table 8).
This regression was then used in the computer algorithm which selected the
necessary range of bulb sizes to derive the maximum number of 50 pound units
that could be attained from each subplot's harvest sample. The results were then
extrapolated to acre level determinations. Table 9 lists the results of the

estimates of relative yield for each of the harvest samples.

Discussion

The bushels per acre levels were each determined from a single, 10 meter
length of row sampled at each harvest period. Because of this, differences in
yield between the planting time subplots and, sample periods are only relative.
The relative yield differences do however corroborate the interpretations made
of the bulb diameter analysis in conjunction with the estimates of the final stand
densities. The analysis portrays the trade-offs between the density of the onion
stand and the size distribution of the bulbs in the determination of a commercial
yield.

The significantly larger bulbs of the untreated subplots were assumed to
occur because of the extremely low density of the stands. This apparently also
translated into lower relative yield estimates in the untreated subplots. The
April 27 and May 1l plantings untreated subplots received the greatest stand
reductions with final stand densities between 1.2 and 5.2 plants per meter.
These plots also consistently had the lowest relative yield estimates for all the

harvest periods.
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The mechanical stress induced on the April 15 planted onions for the early
harvest was likely responsible in part for the relatively low yield of 884 bushels
per acre for the August 20 harvest sample. The final density of this stand of
44.3 plants per meter was also relatively lower than the other treated plots
(Table 5). This lower density also could have contributed to its depressed yield.

The treated subplots that had comparable stand densities at the end of the
season followed the same relative trend in yield estimates as they did bulb
diameters. They were markedly different in the estimates in the first harvest
sample. As with bulb diameter, the April 27 planting had the largest relative
yield for this period of 1,115 bushels per acre followed by the April 15 and May
11 plantings of 884 and 767 bushels per acre, respectively. The May 25 planting
had the lowest relative yield of 212 bushels at the August 24 harvest period. At
this time neither the May 1l or May 25 treated plantings appeared ready for
harvest.

The May 1l treated planting had an average bulb size comparable to the
April 27 planting's at the September 13 harvest sample. The relative yield for
the two plantings were 1,378 and 1,176 bushels per acre for the April 27 and May
11 plantings, respectively. These yields appear more comparable and hence the
May 11 would likely have been ready for harvest in a commercial setting by
September 13.

The May 25 planting at 212 bushels per acre for the August 20 harvest was
apparently still at an immature level of bulb development. As the bulb
diameters increased for each of the harvest samples so did the relative yield
estimate for both the treated and untreated subplots in the May 25 planting. The

September 24 harvest sample for this planting had an estimate of 985 and 619
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bushels per acre for the treated and untreated plots. The treated sample

indicated that possibly it was at a level of development appropriate for a

commercial harvest. The untreated subplot, even though it had significantly
larger bulbs on the average, had a relative yield indicative of its lower stand
density.

D. antiqua

Adult

Emergence rates of the spring adults from the five emergence traps are
shown in Figures 4 and 5 for Julian day and degree day accumulation (base 4.4°C
for emergence) time scales, respectively. The average emergence trap catches
were averaged over the time units from the previous sample and plotted at the
midpoint of the sample interval. Relative trend differnces in the two time
scales occur due to the variable temperature fluctuations from day to day.

To estimate the cummulative percent emergence at a given degree day the
average trap catch from each sample interval was distributed evenly, in whole
units across the degree day interval in which the catch was made. The
cummulative proportion of the total was then determined at the degree day
times of the evenly distributed, interval catch data (Figure 6).

Fifty percent of the monitored adult population had emerged by degree day
900 (Julian day 162; calendar day June l1). In relation to the stand germination
counts ten days after seeding, cummulative emergence can be used to contrast
the proportion of the total to which that each planting was exposed. One
percent of the adults had emerged by the April 15 planting's, ten day stand

count. Two percent had emerged by the April 27 planting's initial stand count.
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Figure 3 . Emergence rates of spring adult D. antiqua by Julian days.
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Twenty percent emergence had occurred by the stand initialization of the May

11 planting and 42 percent had emerged by the May 25 planting's June 4 stand

count. Less than half of the monitored adults had emerged by the time all of the
planting's had plant emergence to 51.5 plants per meter.

The catch results of the EYH baited attraction traps for both the females
and male onion flies are shown in Figure 7. As expected the ratio of females to
males was high, ranging from 2:1 to 5:1. Peak female activity at these traps
occurred at 1050 degree days (Julian day 171; calendar day June 20). This peak,
in light of a pre-ovipositional period of one to two weeks (Theunissen 1976;
Biscoe and Kitching 1974), correlates well with the time of 50 percent

emergence at 900 degree days, 9 days previous.

Discussion

Contrasting the analysis of the plant sampling with D. antiqua adult
monitoring indicates plausable interactions of the fly population with the onion
planting times. Assessment of female fly activity by EYH traps indicates
possible peak oviposition rates around June 20. This is well after all the stands
were established to at least 51.5 plants/meter (Table 5). Since the relative rate
of stand damage did not increase during this time (Tables 2, 3 and 4) ovipostion
must have been occurring on previously damaged plants. This phenomena was
documented by Whitfield (1981) as damage initially occurring in a ‘random
pattern in the field with succeeding damage occurring in previously infested
areas contagiously.

In relation to the emergence data the majority of stand damage appears to

have occurred prior to even 50 percent of the total adult emergence from the
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surrounding area. It would therefore be the early emerging flies that oviposited

the eggs for the most damaging immatures of the population. The oviposition by

the mid and later emerging adults did not proportionately increase the rate of
stand loss. It probably only increased the density of larvae per damaged plant.
This also corroborates well with Whitfield's 1981 findings of early stand loss
being greatest with a contagious distribution of plant damage following initial
damage.

Egg dessication from high summer soil surface temperatures is another
possible factor that could explain the lack of stand loss when female f{lies
appeared to be most active. Summer soil surface temperatures have been
recorded in black muck soils as high as 60°C (Warner 1984). Ellington's 1963
report of zero egg survival at 37.7°C (100% RH) indicates the strong possibility
of abiotic mortality being very significant. Although not recorded, muck soil
surface temperatures at this study site could have easily exceeded this threshold

of 37.7°C by late June, 1982.

Immature

Drummond (1982) developed indices of D. antiqua larval length for use in
field determination of instar. His estimates, 2.9 mm for separating first and
second instars and 5.1 mm for distinguishing between second and third instars,
were used for rapid and inexpensive instar determinations of larval specimens in
this experiment.

Three sets of analyses were performed on the larval instar data. The first,
an estimate of the immature population's overall maturity or development used

an index of the weighted mean immature life stage (WMI) (Fulton 1975). The
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instar data for the second and third analyses were used in an index of field instar

density. The second analysis used the instar density index as a function of

planting time and sample period for each soil treatment. In the third analysis
the index was used to derive the total sample season's production of each life
stage per acre for each subplot.

The analysis of the WMI could indicate whether the planting time subplots
differed in the maturity of the immature populations at any point in time. The
effect of the differing planting times might be that the earlier planted have a
more mature larval population than the later planted onions. This would imply
that the earlier plantings not only received more eggs, but that they received
them substantially early in the season.

The analysis of the instar density indexes as a function of the design
variables of planting time and sample period separately for each soil treatment
would allow a determination to be made of the extent that each variable
influenced the instar density of each treatment subplot. The effect of the soil
treatment was obvious in the stand, bulb diameter and yield data. It would not
further any understanding to include this parameter in a single regression
analysis.

The total production derivation estimates the average number of indivi-
duals in a sample season that move through a unit area in a field. The analysis of
the density index used to calculate the total production of each instar in each
planting time subplot will give a relative comparison of each subplot's ability to
foster and sustain D. antiqua immatures. For this experiment it will be a
relative measure since treatment combinations were not replicated. These three
analyses will be described in detail with results and discussions in the following

sections.



48

Weighted mean immature (WMI)
Fulton (1975) developed an index for determining the maturity of a sampled

population by weighting the age classes and adjusting for the proportion of time

spent in each age class relative to the entire life span of all classes:

WMI = E!f’i-(i)-r\li/zpi-Ni (1)

where WMI = weighted mean immature
P, = proportion of the (i)th life stage duration relative to total life
stages in degree days;
Ni = number of individuals in the (i)th life stage in sample;

(i)

life stage number.

Carruthers (1979) estimated mean degree day requirements for the life
stages of D. antiqua from the literature. These estimates were used to derive Pi
values for equation (1) (Table 9). WMI indexes were determined for each sample
period replicate within each planting time subplot.

Three way analysis of variance was conducted on the WMI determinations
by planting time, soil treatment, sample period, two-way and three-way inter-
actions (Table 10). Since treatment combinations were not replicated, statisﬁcal
theory suggests that insignificnt interaction terms be pooled for error mean
square to perform modified F-tests on the main variables (Cochran 1957; Yates
1935; Cornish 1936). All interaction terms proved insignificant in the analysis
(Table 10). The terms were pooled for use as error mean square in modified F-
tests in a second analysis of variance. Planting time and sample period were the

only significant variables in this analysis (Table 11).
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Table 11. Three way analysis of variance for WMI evaluated by planting"
degree day (PDD), soil treatment (ST), sample degree day (SDD) and

interaction terms.

Source SS DF MS F

Main effects 1667.29 1 1667.29 11490. 10****
PDD 2.25 2 1.12 7.76%%%
ST 0.26 1 0.26 1.83
SDD 12.54 11 1.14 7.86%%*%

interactions 9.31 50 0.19 1.35
PDD-ST 0.07 2 0.03 0.24
PDD-SDD 3.94 19 0.21 1.43
ST-SDD 1.66 11 0.15 1.04
PDD-ST*SDD 3.64 18 0.20 1.39

residual error 14.95 103 0.14

**%%x p = .0001 *** p = ,001

Bartlett x2 test for homogeneity of variance: p = .198
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Table 12. Three way analysis of variance for WMI evaluated by planting

degree day (PDD), soil treatment (ST) and sample degree days (SDD) with
insignificant interaction terms pooled for modified F-tests.

Source SS DF MS F

Main effects 1667.29 1 1667.29 8750.67**%*
PDD 2.25 2 1.12 6.05%%*
ST 0.26 1 0.26 1.42
SDD 12.54 11 1.14 6. 12%%k%

interactions 9.31 50 0.19

residual error 14.95 103 0.14

*%%*x p = ,0001 k%% p = ,005
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Scheffe multiple range tests were made separately on planting times and
sample periods (Tables 12 and 13). Planting times were not detectably different
from each other. This was likely due to the lack of strong homogeneous variance
(p = .198). Sample periods did contain significant differences. The first, second,
third and fourth larval samples taken from all subplots on June 9, 16, 19 and 23,
respectively had significantly<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>