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ABSTRACT

POST-HARVEST BIOLOGY OF THE ONION MAGGOT, HYLEMYA ANTIQUA (MEIGEN)

By
FRANCIS ANDREW DRUMMOND

This thesis discusses the post-harvest generation of the onion maggot (OM).
It focuses on the interactions of the third generation with the spatial and
temporal dynamics of onions left in the field after harvest (cull onions). A
comparison of the proportion of the second generation OM population that
entered diapause with a model of diapause induction suggests that the potential
for damage in the spring is largely determined by the density and survival of the
third generation flies. Egg density on culls correlates highly with the relative
abundance of flies after harvest. Cull type (sprouting, whole, cut, rotting, and
cuttops) interact with time to be a major factor in determining the spatial
distribution of eggs within a field. Overwintering survival of pupae is high and
not significantly influenced by habitat. Life table analysis also indicates that
the third generation depends on first instar establishment 300 degree days prior

to sub-freezing temperatures in the fall.
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INTRODUCTION

Current management strategies for the onion maggot, Hylemya antiqua
(Meigen) are based on an intensive use of insecticides. A common application
schedule in Michigan consists of a granular furrow treatment at the time of
planting and foliar sprays as frequent as three times a week during peak flight
activity (Carruthers 1979). One consequence of this approach has been the
development of insecticide resistance. This has led to an increased number of
applications, higher dosages, and new compounds only to result in resistance
again. Hylemya antiqua has developed resistance to almost every insecticide
group used for its control (reviews of the chronological path of these events have
been given by Carruthers 1979, Haynes et al. 1980, Carruthers 1981, Whitfield
1981). The future of this approach does not appear promising in light of
potential ground water contamination (Pimentel 1981) and the economics of
pesticide development for small acreage crops (the average cost to develop a
new pesticide from initial screening to marketing was estimated at ten million
dollars and twenty man-years of research effort during the past decade (Matsu-
mura 1975)).

Integrated pest management addresses the problem of maintaining an
existing production system facing a declining effectiveness of control practices.
Usually this is accomplished by integrating selective biological and chemical
management strategies within an existing production system structure. The high
technology of IPM has focused on incremental adjustments within the established
structure and has eliminated unnecessary pesticides and has reduced secondary
pest outbreaks (Edens and Haynes 1982).

al



The existing onion production structure has dictated the type of biological
research conducted and thus the results for integration into management
decisions. In 1976, a multidisciplinary research project was initiated at Michigan
State University to investigate the ecological interactions in an onion agroeco-
system independent but inclusive of the production system (see Groden 1982 for
more details). An approach utilizing various states within a continuum of the
onion agroecosystem (chemical-intensive production system, non-chemical inten-
sive production system, and a passive pristine system) identified biological links
not discernable within a chemical-intensive production system alone.

The early findings of this study suggested that the absence of many
important biological components in the crop production system (Entomopthora
muscae (Cohn), Aphaereta pallipes (Say), and Aleochara bilineata (Gyll.)) was not
solely related to pesticide use but was influenced by the design of the
agricultural production system (Haynes et al. 1980, Carruthers 1981, Groden
1982). Field borders are essential for high levels of infection by E. muscae
(Carruthers 1981), and proximal bovine pastures are necessary for high levels of
parasitism from A. pallipes (Groden 1982).

It was in this vein that the role of onions left in the field after harvest
(culls) were studied as to their possible impact on the onion maggot population.
Prior to 1979 the temporal structure of the onion crop production system study
of the population dynamics of the onion maggot was confined to generations
present during the growing season. Lack of understanding in the process of
diapause induction may have also been responsible for the historic bias in the
biological investigations of the onion maggot, as the potential for the post-

harvest generation to contribute to the overwintering pupal density during some
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years but not others was not realized. In fact the epidemic outbreaks of onion
maggot damage in the past has only been attributed to (1) soil moisture during
the spring and (2) insecticide resistance (Workman 1958).

This thesis reports upon a preliminary analysis of the post-harvest biology
endemic to the onion agroecosystem and its consequences concerning population
regulation. The major objectives of the study were: (1) to describe the food
resource (cull population) available for colonization by the onion maggot, (2) to
examine the spatial and temporal dynamics of the onion maggot and the culls, (3)
to determine factors affecting survival, and (4) to document the incidence of

other arthropod colonizers on culls.
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REVIEW OF THE LITERATURE

The past three decades of research aimed at elucidating the biology of the
onion maggot, Hylemya antiqua (Meigen) represent an evolution in philosophy and
methodology culminating in a more holistic perspective. Basic life history was
the major emphasis of investigations from the 1940's to the 1960's (Armstrong
1924, Hammond 1924, Baker and Stewart 1927, Kastner 1929) before insecticides
dominated onion maggot research (see Carruthers 1979, Haynes et al. 1980,
Carruthers 1981, Whitfield 1981). When biological research was rekindled, the
approach had shifted to onion maggot behavior, although often divorced from the
ecology of the agroecosystem (Tozloski 1954, Workman 1958, Ellington 1963).
These areas of investigation (interaction of the onion maggot with the environ-
ment), particularly the relationships between the onion plant and the onion
maggot, were initiated by the pioneering work of Perron (Perron and LaFrance
1962, Perron 1972). Recent research shows the complexity of interactions
(Loosjes 1976, Carruthers 1979, Groden 1982, Carruthers 1981, Whitfield 1981),
all ultimately impinging on the population dynamics of the onion maggot.
Reviews of the more encompassing research in onion agroecosystem ecology as it
pertains to crop production have been compiled by Loosjes (1976), and Carruthers
(1979, 1981). Whitfield (1981) discusses the biology of the onion maggot.

Despite the systems approach to agricultural research in the onion agro-
ecosystem (Haynes et al. 1980), most studies have focused on interactions within
the framework of the onion production system (Whitfield 1981, Carruthers 1981,
Hammond 1924). Research on the onion maggot has been conducted generally on
two generations. The distribution of the onion maggot globally is restricted to

the northern hemisphere (Loosjes 1976), although Hennig (1974) made reference







to a finding in Brazil, but this is suspect (Loosjes 1976). The number of flights or
generations per year reported around the world range from one to five. Northern
Norway has one generation a year (Loosjes 1976). Two generations per year,
with a partial third, have been recorded by: Maan (1945) and Loosjes (1976) in
the Netherlands; Ellington (1963) in New York; Hammond (1924) in Ontario,
Canada; Kastner (1929) in Germany; and Eyer (1922) in Pennsylvania.

The onion maggot produces three generations in Quebec, Pennsylvania,
England, and Michigan (Armstrong 1924, LaFrance and Perron 1959, Perron and
LaFrance 1960, Eyer 1922, Smith 1922, Carruthers 1979, Whitfield 1981).
Reports of four and five generations per year are not as common, but Loosjes
(1976) makes reference to occurrences of four generations per year in Turkey
and four with a partial fifth generation in southern France. Perron et al. (1955)
mentions a partial fourth generation in Quebec.

Despite these local properties of the onion maggot's biology, little research
has been conducted on the onion maggot after the second generation pupates.
Some of the early researchers indicated that a third generation existed.
Armstrong (1924) reported on the occurrence of three generations of onion
maggots in Montreal. He recorded that third generation flies emerged to be
from August 21 to October 3, 1923, and 2.3% of the total seasonal egg input was
laid in May, 36.1% in June, 8.9% in July, 39.6% in August, and 13.1% in
September. It appears that he did not continue sampling after harvest. Maan
(1945) mentions that third generation adults live for three to four weeks.

In 1957, Workman (1958) found an infestation of onion maggots in the fall
of the year at the college experimental farm. He visited the field in late

January 1958 to examine some bulbs that were left in the field, but he only found
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larvae of the lesser bulb fly, Eumerus strigatus (Fall.). His conclusion was that a
third generation of onion maggots could not survive in Oregon. To substantiate
his hypothesis (or so he thought), he performed a laboratory test in which he
subjected second and third instar larvae to temperature conditions of 4%,
After 60 days only 10.3% of the third instars had survived. After 90 days all had
died. (Note: Workman did not include a food source for them in this
experiment.)  Workman concluded that third generation onion maggot larvae
cannot develop to the pupal stage.

It was not until Perron and LaFrance (LaFrance and Perron 1959, Perron
and LaFrance 1961, Perron 1972) began their studies with the onion maggot in
the 1950's that a life table approach was utilized and applied to the third
generation. The first study reported on a three year field cage study where 100
adult flies (50 males and 50 females) were added to a cage as a pulse cohort.
This was done for each of the three generations. Within the field cages, the
third generation spanned August 10 through November 22, 1953 (104 days),
August 9 through October 17, 1954 (64 days) and August 10 through October 14,
1955 (65 days). Other data showed that oviposition decreased whenever the
temperature remained below 14°C; a mean of 24.3 eggs per female resulted over
the generation for the three years, and the mean adult fly longevity was 66.6
days. The main conclusion was that of the three generations, the second
generation was the most important when measuring population increase (in terms
of pupa to pupa increase). These increases were 17.5X, 25.1X, and 10.5X
respectively for the three generations. The result of the differential rates of
growth were not due to existing mortality but to the proportion of diapause

present in each generation (more about this will be mentioned later).



A study comparing the effect of soil type on the population dynamics of
the onion maggot from 1955 to 1958 showed that over the four year period, first
emergence of the third generation was from August 16 through August 27, with
peak emergence occurring between the last week in August and the first week in
September. Perron's last published study (Perron 1972) on the onion maggot
involved a comparative study between the effect of bulb-type storage onions and
green bunching onions on the population dynamics of the onion maggot. He
stated that many larvae were forced to pupate before completing development
(during the third generation). He also observed that thousands of small larvae
were still feeding in November and December in bunching onions and estimated
that there must have been tremendous mortality due to freezing temperatures.

Perron and his collegues gathered some important, though fractionated,
data but this research never led them to look at the onion maggot biology after
harvest. The only reference to a study of the onion maggot population dynamics
after harvest is that of Hammond (1924) in Ottawa. He followed the onion
maggot phenology past harvest in 1922 and 1923. In the first field season,
oviposition by flies in the field continued until October 20; the greater number of
third instar larvae failed to pupate by November 1. During the year of 1923,
second generation oviposition occurred from July 20 through September 20, and
the third generation females laid eggs from September 10 through October 17.
Of 16,000 eggs collected in 1923, 2% were collected in May, 48% in June, 11% in
July, 25% in August, 12% in September, and 2% in October. Hammond also
reported on other species that were found in cull onions.

The lack of attention to the onion maggot's third generation is probably due

to the onion harvest, the synchrony of third generation emergence, and the







dynamics of diapause induction, which until recently had not been fully under-
stood. Armstrong (192%4) and Hammond (1924) document the occurrence of
diapause in the second generation of the onion maggot (81% and 87% respec-
tively). Mann (1945) mentions the incidence of a low percentage of first
generation pupae in the soil until the following year. Miles (1955) found in the
laboratory that larvae reared at 12-18°C and maintained at that temperature
induced diapause in pupae (85% induction rate at 18°C). She hypothesized on the
appearance of a third generation of onion maggot flies: "the temperature during
larval development of the second generation would determine the number of flies
emerging for the third generation." Perron and LaFrance (1961) have reported
mean diapause percentages of 6.3, 67.5 and 99.8 for the three generations of the
onion maggot during the years of 1953 through 1955. LaFrance and Perron (1959)
showed that soil temperature mediated by soil type produced frequencies of 20-
29%, 65-91%, and 100% for the years 1956 through 1958 on organic soils and 2-
8%, 89%, and 100% for the same period on sandy loam (three frequency classes
refer to generations 1, 2 and 3 respectively). They believed that 21.1°C was the
threshold temperature for larval development that would induce diapause. Many
other authors have reported diapause frequencies from different parts of the
world, and excellent synoposes have been given by Whitfield (1981), Ellington
(1963), and Loosjes (1976).

Experiments performed by Whitfield (1981) to determine the proportion of
pupal diapause in the first and second generation yielded similar results to what
Ellington (1963) found in New York state. Ramakers (1973) and Kelderman
(1972) determined the environmental factors inducing diapause in the pupae.

Diapause induction is strongly age dependent (with regards to the third instar




larvae). Short day length during the third instar induces diapause (Kelderman
1972), and low temperatures induce diapause in the first days of pupal develop-
ment (Ramakers 1973). The interaction between photoperiod and temperature
directs "a strong selection pressure in favor of a low percentage diapause at
longer day lengths, provided the temperature is at least 18°C, and a high
percentage diapause at shorter day lengths even if the temperature is high"
(Loosjes 1976). The dynamics of diapause induction plays a role in creating a
large third generation of onion flies one year and possibly a smaller generation
the next (in certain locales, possibly marginal climates). This activity insures
optimal conditions for the fly to increase either as a three generation strategy or
a two generation strategy. The impact of diapause induction on the number of
generations per year in a region has to be explored not only in context to the
following generation of the onion maggot, but also as it relates to other
organisms that utilize the same post-harvest niche.

The onion maggot is not the only insect that attacks or establishes in
onions after harvest. Loosjes (1976) compiled a list of insects that were found in
rotting onions. Eleven species of diptera and eleven species of Coleoptera were
recorded. Among the more commonly found diptera in the Netherlands were
Eumerus strigatus Fall., Hylemya platura (Rond.) seed corn maggot, and the
onion maggot. Among what Loosjes termed "regular frequenters" were Lon-

chaeidae chorea (Fabr.), Fannia cannicularis L., Muscina assimilis Fall., and

Ortarlis urticae L. Most beetles were predators of the family Staphylinidae.

Diptera attacking Michigan onions have been documented (Merrill 1951, Merrill
and Hutson 1953). Fifty-two species of diptera were collected in all. Of these,

only 20 species were implicated in pre-harvest onion attack. Hylemya antiqua
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was abundant in the autumn 42.6%. In decreasing order of incidence were:

Muscina assimilis 12.5%, Muscina stabulans 8.4%, Euxesta notata 7.2%, Eumerus

spp. 7.0%, Scatopse fuscipes 4.0% and Fannia cannicularis 3.5%. The other
species were less than 2% represented in the mean proportion per collection. In
sampling cull piles, the onion maggot was the most predominant. In older cull
piles (after the spring), no onion maggot flies were found, but a variety of
syrphid flies (including E. strigatus) and predators were found. Brooks (1951)
documented fourteen species of diptera in onion; Diptera and Coleoptera most
frequently visited onion bulbs after harvest. A mite species, Rhizoglyphus
echinopus (Fumouze and Robin) is abundant on onion bulbs in storage and cull
onions left in the field (McDaniel 1931). These accounts indicate that species
diversity might be much greater after harvest, but there has been no documenta-
tion of any competitive interactions between species of arthropods found feeding

on onion bulbs.







MATERIALS AND METHODS

STUDY AREA

The research conducted during the third generation of the onion maggot
was initiated on September 15, 1979, and was terminated towards the end of
December, 1979. Geographically, three regions in the state served as study sites
(Figure 1). Eleven fields were used for data collection: two fields in Eaton
Rapids, Michigan; two fields in Laingsburg, Michigan; and seven fields in Grant,
Michigan. Grant and Eaton Rapids are commercial onion growing areas. The
Michigan State University Organic Soils Research Farm (MSU Muck Farm) in
Laingsburg is strictly experimental. The fields at the Muck Farm and Eaton
Rapids were coded with letters, and the fields in Grant were number coded
according to a method by Whitfield (1981) and Carruthers (1981)--one difference
being the code for field R is referred to as field 7 by Whitfield (1981). A more
exact description of the location of these fields can be found in Whitfield (1981)
and Carruthers (1981). The physical attributes and historical singularities of
these fields formed a major part of the study; a brief summary of these are

depicted in Table 1.

FALL ARTHROPOD POPULATION SAMPLING

The principal objective of the study was to quantify the numerical changes
of onion infesting arthropod populations under different environmental condi-
tions. Sampling was conducted by Whitfield (1981) and Carruthers (1981).

Life Table Method

A single-stage cluster sampling plan was the experimental design for this

study (Cochran 1977). The sample universe was the three onion growing regions

L1







MSU muckfarm-2 fields,

Eaton Rapids-2 fields, B:

Geographic location of study sites for 1979 post harvest
Grant Swamp-7 fields.
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discussed earlier, composed of eleven fields. The fields ranged from 0.2 to 14.4
hectares. Each field was divided into five strata from which random samples
were regularly removed. The sample unit was a cluster of onions (each cluster
consisted of the twenty nearest onions to a random point) (Cochran 1977). A
stratification of the clusters was performed so that each strata in a field (total
of five) received two clusters. Within each strata the origins for the clusters
were selected randomly from a random number table (Cochran and Cox 1957,
Steele and Torrie 1960). This was done by randomly selecting two coordinates (x
and y). From the point of entry into the strata the two directions (perpendicular
to one another) were paced off; the resultant vector was the origin for the
cluster. The first cluster location served as the starting point from which the
second cluster was located, as described above. Every onion within the cluster
sample was checked for onion maggot life stages. Samples were taken at one
week intervals. In the fall, the average developmental times were about a week;
therefore, the construction of age-specific population curves was not severely
affected (Helgesen and Haynes 1972). There was no previous data base to utilize
for adjusting the standard sample error to 10% of the mean. The sample size
was established purely on the limits set by time and labor availability. With
hree endividuals working, the sample size (N) was set at 10, 9.2 M2 quadrats per
field, thereby allowing the census of all 7 fields in Grant to be conducted in one
ay.

Cohort Method

The experimental design for establishing cohorts (egg sampling) in this
tudy is labeled by Cochran (1977) as a simple, random, stratified sampling plan.

ach field was subdivided into five equal subplots where cohorts were estab-
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lished. Initially three sample units were utilized, 0.83 sq m, 1.5 sq m, and 9.2 sq
m. The most efficient unit was selected for the rest of the season (9.2 sq m).
The sample size in this study was set at ten-9.2 sq m samples for a total sample
size of 92 sq m per field. The fields were sampled once a week.

In this sampling plan, the type and number of onions were recorded per
sample unit. Onions were categorized into five arbitrary classes: (1) whole,
undamaged bulbs; (2) cut or crushed, but not rotted, bulbs; (3) rotting bulbs; (4)
sprouting bulbs; and (5) tops (leaves of onions cut off and left in the field). Eggs
found on bulbs were counted and recorded. The bulb was then moved four to five
cm from the original location of the bulb. The depression left in the soil was
gently scraped with a paintbrush or a pencil for a depth of approximately ten
‘mm, and the eggs were collected. The eggs were transferred to fine mesh
pouches (6.45 sq cm); a fine layer of muck soil was sprinkled over the pouch, and
then the pouch was moved to the new location and laid under the original bulb.

A bulb with eggs was marked with a garden stake (30.5 cm) and an
identification code. The bulb type, density and type of eggs (onion maggot,
syrphid, or muscid) were recorded on a data sheet and the stake. For each
sample unit that bulbs with eggs were found, a 1.2 m wooden lathe stake was
pushed into the soil so that the same onions could be located again. The cohorts
were separated into two groups one of which was not observed again until
pupation was expected; 0.06 sq m nylon mesh swatches were dug in approxi-
mately 15 cm under the onions to catch the pupating larvae. It was hypothesized
that this would facilitate pupae recovery. The second group of cohort individuals

ere visited every week and their progress recorded. With a few onions this

eant careful dissections of the onion bulb (without trying to open the bulb too







A7,

much to the air) were made. If larvae had gone deep into the onion, which was
unusual, the bulb was left and visited the next week. When pupation for the
cohort was near, square sheets of nylon mesh were dug under the onions.

The cohort study initially was concerned only with documenting the change
in numbers of onion maggot immature stages. After the first week of sampling,
other arthropods infesting onions were included: adults and nymphs of the bulb
mite Rhizoglyphus echinopus (F. and R.) were counted and recorded as one; eggs
and larvae of Eumerus spp.; larvae of the black onion fly, Tritoxa flexa
(Wiedemann); Muscid eggs, larvae, and pupae where possible; and immature
stages of the seed corn maggot, Hylemya platura (Rond.), were looked for but
not found. Identification was based on McDaniel (1931), Evans et al. (1961), and
Hoffman (1979) for the bulb mite; Hodson (1927) for the lesser bulb fly, Eumerus
spp.; Allen and Foote (1975) for the black onion fly; Fisher (1979, personal
communication) for Muscid spp.; and Loosjes (1976) for H. platura pupae.

As microscopic observations were not realistic, a frequency distribution
was used for determining size (see Discussion). Sampling efficiency was
determined for eggs and pupae for three out of the four personnel in the study.
Known quantities of these stages were buried in typical locations. Densities and
environmental factors were varied while mock sampling was carried out.
Sampling efficiencies were computed and correlated to sampling efforts during

the season.

ADULT ONION MAGGOTS
Relative abundances of onion flies were determined by Whitfield (1981)

through flight interception traps in the seven fields in Grant. Unfortunately,
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there were no monitoring provisions in Eaton Rapids or Laingsburg. Adult
longevity was studied using caged individuals in Grant and Eaton Rapids. These
studies were initiated on September 19, 1979, and finished when it was no longer
possible to collect adequate numbers of flies (late October). Thirty-one field
cages were used in Field I in Grant and 10 cages in Field K in Eaton Rapids. The
cages were set up in the field and field borders (25-6 respectively in Grant and 6-
4 respectively in Eaton Rapids). Cage dimensions were 1 m in diameter at the
base with a 1 m height. The cages were dug into the soil at a depth of ca. 15 cm,
and crude lids of duct tape and nylon mesh screening were fitted on the tops.

Flies were initially caught in a vacuum sampler mounted on a tractor built
by Carruthers (1981), but this method was abandoned and a sweepnet was used
for collection. Three flies were put into each cage with an onion, and fly
longevity was assessed daily. Fecundity was assessed on weekly. New flies were
introduced at ca. 100 degree-day (DD) intervals. Infrequently some female flies
that were not in the cages were dissected to estimate egg maturity (Theunissen

1976).

CULL ONION DYNAMICS
Cull Weight Loss and Rates of Population Change
A study of the rate of change in cull onions through time was conducted to
etermine the dynamics of cull transformations that impinged on the life system
f the onion maggot. Two experiments were designed to measure average weight
oss in soil type, cull type, cull location, and arthropod colonization. Data for
he analysis of the change of numbers of culls were collected during the sampling

tforts for life-stage density estimation (discussed earlier).




f



1

The experiments were laid out in field 5 of the Grant Swamp Region. Field
5 was selected for its soil makeup. Approximately one-half of the field is of a
Houghton-type muck soil while the other half is a Martisco soil classification
(marl at the soil surface). The experimental units were collected the day the
experiments were initiated from neighboring onion fields that had not yet been
harvested. Weight loss was measured through repetitive sampling (repetitive
means that the same experimental units were measured throughout the study).
Each cull was weighed (g + nearest 1/10 g) three times a sample period on a
portable triple beam balance with the average weight used for analysis. An
experimental unit (cull) found with an arthropod colonizer (except for experi-
ment two) during these weighings was removed from the study.

The first experiment was actually two sub-experiments or trials evaluating
two populations of culls through time. The first group was harvested on
September 20, 1979 (Julian day 263). Sequential sampling periods were Julian
days 271, 274, 276, 278, 281, 289, 315, and 347 (December 13, 1979). The second
population was harvested on October 8, 1979 (Julian day 281) and were sampled
on Julian days 289, 315, and 347. A three-way design was laid out with five
experimental units per treatment combination. The variables were soil type
(Houghton and Martisco, position with respect to the soil surface: 0 cm or on the
soil surface and -2.5 cm below the surface) and cull type (whole, cut, crushed, or
smashed, and cut top).

Experiment 2 looked at arthropod colonization of cut cull onions. Soil type
(Houghton muck), position (0 cm.), and cull type (cut cull, ten per treatment)
were held constant. The colonizers were the common arthropod species that

feed on onions during the post-harvest season. These were the bulb mite, R.






echinopus (F. and R.); the onion maggot, H. antiqua (Meig.); and the lesser bulb
fly, Eumerus spp. A control was added from experiment 1. This was a valid
procedure because the date of initiation and subsequent sampling dates were the

same for the two experiments.

Cull Pile Survey

Six different cull piles in each of three locations within the Grant region
ere surveyed on November 20, 1979. One thousand onions from each pile were
nspected for onion maggot life stages, and the distance of each pile from the

order of the Grant swamp was measured.

Sprout Survey

By mid October, many fields in all three regions had sprouted culls.
‘requent comparative sampling was carried out for immature life stages on
prouts and other classes of onions. Sprouts with eggs were marked with garden
takes, and the survival of the life stages was measured (see Cohort Study).
ovariates, such as height and color of leaves, were recorded also. Data

ollected from the life table study duplicated some of this effort.

Cover Crop Survey

In all three regions there were fields that had cover crops sown after
irvest (see study site description, Table 1). A paired experimental design was
t up to discover whether a cover crop influenced the population dynamics or
e behavior of the onion maggot. Eggs on culls were sampled in both habitats
roughout the fall. Fifty onions were sampled per habitat per sampling period,
d onion maggot life stages were recorded. Field R (Eaton Rapids) was a
rticularly useful field in the study because the rye crop had been sown in strips

e study site description, Table 1).







OVERWINTERING MORTALITY OF PUPAE

In November of 1979, an experiment was conducted to determine whether
the habitat of the overwintering pupae would effect mortality. Eight treatment
habitats were selected and replicated three times. Each replicate consisted of
225 pupae in nylon mesh packets with 75 pupae per packet. The habitats were:
(1) sandy-mixture of muck soil, (2) rye grass cover crop, (3) clay or marly muck,
(#) Houghton muck, (5) field border, (6) poorly drained field that flooded in the
spring, (7) a simulated hardpan habitat, and (8) pupae within onion bulbs.
Treatments 1 through 6 were buried at a depth of 10 cm. Treatment 7 consisted
of a plastic-wrapped sheet rock surface with the pupal packets tacked onto the
upper surface (packets were buried 2.5 cm below the surface). The onions in
treatment 8 were not buried. In the spring before the the fields were plowed,
the packets were recovered, and mortality was measured through emergence of
adults in glass lamp globes in the laboratory at approximately 21°C.  Another
study designed to detect genetic population differences in regards to suscepti-
bility to overwintering mortality, utilized the philosophy of a providence
experiment (Haynes 1979, personal communication). Two hundred and fifty
pupae (5 packets of 50) were transplanted from Grant to Eaton Rapids and buried
t 10 cm depths along with the same number of pupae from Eaton Rapids
complete randomized design). Pupae from an Eaton Rapids population were
ikewise buried in Grant with pupae from a Grant population. All pupae were
ecovered in April before the fields were plowed. Mortality was assessed in the

ame manner as the overwintering habitat study.
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ENVIRONMENTAL MONITORING

Weather instrumentation was placed at all three regions (field K--Eaton
Rapids; field R--Laingsburg; field R--Grant). Soil temperatures were recorded
from soil depths of 2.5 cm, 7.5 cm, and 15 cm using continuous recording chart
three-point soil thermographs. Air temperature and relative humidity were
recorded continuously using hygrothermographs in Stevenson Weather Shelters
approximately 1.5 m above the ground. Maximum and minimum daily tempera-
tures were used to compute degree-days (Baskerville and Emin 1969). Daily
precipitation data for the three areas was recorded at the nearest local airport

vithin each region.

RESULTS AND DISCUSSION

)JIAPAUSE INDUCTION
The number of flies emerging in the third generation depends on the
eproduction and survival from the first two generations and the proportion of
iapausing pupae in these generations. Ramaker (1973) developed a model of
apause induction based on laboratory data (Figure 2). Loosjes (1976) used the
ean soil temperatures from ten years of field data to predict diapause
duction. The validation data consisted of seven sets of pupal sampling data
ly four complete sets). The expected percent diapause for the first and
ond generation were: 10% and 75% for a photoperiod corresponding to the
ronomical day length (sunrise to sunset) when third instar larvae were present,
and 86% for a photoperiod of astronomical day length minus one hour, and
and 94% for a photoperiod of astronomical day length minus two hours.
sjes (1976) hypothesized that the larvae would not be able to sense photo-

iod within the onion except if the larva was near the bulb's outer surface. He
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felt that this would make the larvae perceive shorter light periods than the
biologically effective day length, which is the astronomical day length plus an
additional half hour in the morning and evening. Loosjes (1976) does not include
enough data to calculate a standard error for his prediction means, so it is
difficult to interpret his results. The prediction is fairly close to the observed
(21.9% and 84.6%, respectively, for first and second generation).

A rough validation of the model was performed on data sets from Michigan
(Whitfield 1981) and Quebec (Perron and LaFrance 1961). Photoperiod data for
Grant, Michigan (41° latitude), and St. Jean, Quebec (45.5°), was obtained from
two sources, Sunset-Sunrise charts1 and a computational formula slightly modi-
fied from a computer subroutine (Fulton 1978). Validation of the model with the
Quebec data was done at the crudest of levels since temperatures were available
only as mean values for the generation. The Michigan data had a complete
temperature data set for the periods needed in the analysis. Peak third instar
incidence was estimated in both generations from the DD requirements by
Carruthers (1979, Table A2) with the aid of a biofix (Croft et al. 1976) from
cumulative larval and pupal incidence (Whitfield 1981). Soil temperatures were
measured at 3 cm in depth at the research weather station in Grant (Whitfield
1981, Appendix K). The data from Quebec did not have a sample size reported
nor a standard error of the sample mean computed; therefore, it is not possible
to determine the accuracy of the prediction.

Hypothetically, if the means are fairly representative of the population
mean, the model's predictive capability is fairly accurate (7-25% in absolute

percentage difference for second generation) for arriving at an estimate. The

Sunset-Sunrise charts, Nautical Almanac Office, U.S. Naval Observatory. C. G.
Christie.
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model appears to underestimate diapause from the Michigan populations (Table
2). Unfortunately, only low proportions of the pupae were induced into the
diapause state in Michigan during 1978 and 1979. The model shows that cool soil
temperatures and a late second generation induce a substantial proportion of the
population to diapause.

Haynes (personal communication) hypothesized that there may be a tre-
mendous selection pressure, due to heavy insecticide use, for the second
generation pupae not to diapause and take advantage of an uncontaminated food
resource. This seems conceivable in light of the onion maggot's genetic
plasticity regarding pesticides (Carruthers 1979). A management strategy of
cleaning up or burying the culls in the fall may reverse this action and push the
the population back into two generations. The literature reporting on onion
maggot population dynamics from the northern range of onion growing areas
shows oscillating second to third generation incidence (Workman 1958, Ellington
1963, Perron and LaFrance 1961, and Armstrong 1924). Whether this is due to a
dynamic process of diapause induction, pesticide pressure, a lack of research
activity after harvest or all of these is unknown. These dynamics should be
further evaluated since they could be important in deciding whether or not a

post-harvest cull program need be implemented in a given year within a region.

MODEL FOR FIELD LEVEL INSTAR DETERMINATION

A major consideration at the start of the fall research effort was the
development of a method enabling an observer to classify and record the
>ccurrence of onion maggot larval stadia in the field. A method used in previous

tudies utilized determinations based on microscopic examination of the protho-
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racic spiracles Brooks 1951). Whitfield (1981) adopted this procedure for
developmental studies of the first two generations of the onion maggot. It was
felt that the fall life table studies required a quick reference index that was
reliable and accurate, but also versatile enough to use in the field under a
variety of weather conditions and adaptable to different personnel skill levels.
Most important, the technique was needed to assess development without
harming the larvae.

A model for determining the three onion maggot larval instars was
constructed from a data base of length and width measurements of a field
population sampled in 1978. The larvae were measured in the contracted and the
extended state. Only immature stages from mature green and dry bulbs were
utilized to minimize spurious relationships due to host phenology that could add
error to the frequency distribution of measurements. Data from two regions
were included in the model, thereby, providing an index for differences in
genetic populations. A micrometer was used to measure both length and width
(basal cross-sectional diameter) (Table 3). These limits represent the variance
due to measuring, as well as the variation between indivisuals. Standardizing
body form (extended or contracted) minimizes measurement error (Table 3).
These margins of error, however, are probably less than one might obtain when
field-measuring live larvae. A standard body form probably could not be found in
the field without killing the larvae in a preservative. Thus, measurements made
for the data base were performed on a range of states (fully contracted to fully
extended).

Determinations correlated to the measurements were based on the previ-

>usly mentioned technique of prothoracic spiracle examination. The data sets
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le 3. Average precision of onion maggot immature 1life
stage measurements.

2
Standard error expressed as percent of mean

Width Length

1.86 1.53
t instar 1.6 1.34
nd instar 1.22 0.55
d instar 1.33 .82

0.72 0.56

rce of immature onion maggot stages: Eaton Rapids; June, 1978.

dard error of the mean was computed from 3 measurements from each
> individuals.
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(measurements in millimeters) used for constructing the indices were summar-
ized (Table 4). The choice of length or width as the variable for determinations
could not be arrived at through comparing the coefficients of variation within
larval stadia due to the overlap of the .95 confidence intervals. Therefore,
another approach was used. Measurement data, either in the raw state or as a
transformed variable, generally can be described by the normal distribution
(Fisher 1938). This hypothesis was tested using the Kolmogorov-Smirnoff test
and the Cramer-Von Mises test (Dimoff et al. 1980). The test statistics for these
two nonparametric tests for goodness of fit are much less than the tabled values
(Dimoff et al. 1980) at the p = .01 level. Therefore, there was no basis to reject
the null hypothesis that the distributions were not significantly different from
the theoretical normal distribution (Table 5). Based on the goodness of fit to the
theoretical models, the proportion of overlap was calculated between the density
functions for each larval stadium within each of the measurement criteria
(length and width). These were compared, and the minimum overlap was used as
the basis for the decision (Table 5). Therefore, the length character was chosen
for identifying onion maggot larval instars. Metal standards made from
nichrome ignition wire were used for field measurements (2.9 mm for separating
first and second instars and 5.1 mm for distinguishing between second and third
instars). Thirteen to 15% of the first and second larval instar populations (95%
of expected populations) overlap one another (Table 5). Therefore, a small
imount of error in determining first and second instar larvae (and to a lesser
legree third instar larvae) will occur. The method for determinations was not
1odified and was used in the fall post-harvest study accepting the built-in error

s a sacrifice for sampling more fields and onions within fields. (A better
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approach may be to calculate the sites of overlap for three standard deviation
units and utilize the prothoracic spiracle technique on the population where
there is uncertainty.) Another method would be to set the upper and lower limits
(see Table 5) at 1.5-1.7 standard deviations to provide a better margin for error.

Questionable individuals within the regions of overlap would be keyed out.

CULL ONION DYNAMICS

Onion harvests generate a food resource that can theoretically support
large numbers of onion maggots (3000 g/mz). Table 6 depicts regional estimates
of cull production in the Grant Swamp for the years 1979 and 1980. Based on the
1980 statistics, which is a more reliable estimate since the sample size is more
than three times that of 1979, the expected range of the number of cull onions
available for attack in the Grant Swamp region on an average yearly basis (p=.95)
is between 10,431,160 and 19,983,600 (based on 500 hectares of onions/year (Ellis
1980, personal communication)). Because harvesting practices vary little, I
suspect that other onion growing regions in the state produce a similar initial
density of culls per hectare. Therefore post-harvest cultural activities probably
have the greatest impact on this food source. A few of these cultural practices
will be discussed in the life table section as they directly affect onion maggot
populaton dynamics.

The production, transformation, and attrition of cull onions in the fall post-
harvest generation of the onion maggot was studied in a qualitative, descriptive
manner from the perspective of numbers of culls and weight loss. (The term
"cull" in this text refers to any onion bulb or onion plant part that has been left

in the field after harvest.) The methodology was based on the hypothesis that
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1
able 6. Onions left in the field after harvest.

#/hectare > %* #/hectare kilogram/hectare
979 13136.6£1583.5 = 528.0£72.9
980" 25341.6£3979.2 26696.2:4276.3 =

Based on September and October samples in Grant Swamp.
Only onion pieces 1.25 cm diameter or greater considered.
X * SE based on 10 9.3m? sample units/field; fields=6.

X * SE based on 20 9.3m? sample units/field; fields=21.

o
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culls possess characteristics that distinctly effect their environment. the

population of parameters were not known specifically; therefore, six easily

identifiable and distinct classes of culls or cull parts were defined and traced

through time. These six classes were:

1) Whole culls--green or dried bulbs whose outer and inner integrity was
not disturbed.

2) Cut culls--bulbs having a tear or gash penetrating through the outer
dry scales and into the green epidermal tissue.

3) Crushed or smashed culls--culls with damage ranging from a water-
soaked bruise to total obliteration of the bulb.

4)  Rotted culls--bulbs having microbial-induced decay symptoms.

5)  Sprouts--culls initiating root and leaf growth after the onion has been
harvested (see discussion in Appendix A).

6) Tops--the excised leaf tissue from the neck-bulb interface left in the
field after harvest.

Data collected from sampling cull onions to determine life-stage incidence

see discussion of sampling) was used for the descriptive analysis of numerical

change through time within the three study sites. The first step in critically

=valuating cull dynamics was to look at the change in estimated population

densities through time using the first sampling date or date of harvest for each

ield as a reference point. The understanding of the post-harvest physiology of

nion bulbs is exclusively related to the storage environment (Appendix A). The

nowledge that might pertain to cull phenology is embraced in a biochemical

ramework and not applicable to this study (Herner et al. 1975), thus chronologi-

al time was used as an index. The sample number size for the 9.2 m2 quadrat







sample unit provided an average sampling precision of approximately 15-30%
with regard to the standard error to mean ratio (see discussion on cull sampling).
These limits allow for an analysis of the change through time, if not for each
sampling interval at least between initial and final sampling dates. Figure 3
illustrates the average relationship between time from harvest in weeks and
mean cull density for the fields in the three regions. Although the harvest date
for each field was not the same, there are detectable trends.

A non-parametric test based on the sampling distribution of S (Ferguson
1965) was used for analyzing and describing the trends represented in Figure 3.
The S distribution, as used in Kendalls Tau, is a symmetrical discrete distribution
that approximates the normal distrvjibution as N approaches infinity. The test
statistics based on S are a corollary to the method of orthogonal polynomials in
the analysis of variance, but can be applied to polytonic as well as monotonic
functional relationships. Tests of significance can be applied to populations of

continuous probability density functions by using the standard normal deviate of

S, Z, where:

z=I% g o2ms = NG
oLs N

and

M
= b KK -1 @K +5)-T t(t-1)@ts3)
i=1

K represents the different fields, t the number of M types, and Ss denotes S
since each individual field with its inherent variation was used in the analysis as
a multiway classification. Table 7 provides some interpretation of the data

>lotted in Figure 3. Each cull type exhibits a trend where the sum total of the
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Table 7. Nonparametric trend analysis for onion culls through time.

Cull Type
Whole Cut Rotted Sprouted Total
5s -78 -100 +64 +123 -16
2t 4.07 16.56 56.50 23.15 0.40

!Table Z is 2.03 at the .0l level, null hypothesis: a monotonic
trend does not exist.
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culls remains fairly constant (Z=0.40). Based on the significance of Z (Table 7),
the average cut cull tends to decrease in numbers at a higher rate than whole
culls (ZS = -78 and IS = -100, respectively). This decrease might be explained
(1) by the cull's physiological response to damage (sprouting) or subsequent
microbial invasion (rotting), and (2) because freshly damaged onions are more
attractive to females for egg laying than undamaged bulbs (Carruthers 1979).
The rotted culls increase through time (ES = +64) but the low relative correlation
with a monotonic property suggests significantly more variation in the density
estimates, a polytonic relationship, or both. An interesting relationship in Figure
3 is between weeks one and three. The decreasing rate of whole culls and cut
culls is not synchronized with the increasing rate of rotted culls.

Unless the fields are synchronized at least initially on a chronological or
pseudo-physiological time basis, events that are out of phase with each other
may be obscured, thus interpretations of the trends may be incorrect. For
example, sprout numbers show a positive correlation with time. The linearity of
the response, however, is unexpected since one would hypothesize a time-delayed
pulse initiated at harvest.

The physiological time base of cull dynamics could not be estimated.
Therefore, the fields were grouped into two classes representing the two main
dates that the research fields were harvested (Julian Days 254 and 268). The
sample data was examined on the physiological time scale of the onion maggot
with a biofix at 50% adult emergence (Whitfield 1981) or 1855 degree days (base

4.4°C). The fields harvested before emergence was completed had a mean
harvest date of 15 degree days before 50% emergence. The first sampling date,

however, was not until almost 40 degree days later. Figure & illustrates the
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relationships between harvest times and cull type as would have been experi-
enced by the onion maggot third generation. The mean duration of development
from emergence to pupa was approximately 370 degree days (Carruthers 1979).
The dashed line represents a hypothetical extrapolation to 50% emergence
devoid of any confidence regions.

Date of harvest does not impact whole cull dynamics (Figure 4). Differen-
ces in whole cull numbers intitially sampled do not appear until 250 degree days,
which corresponds with the mean first instar incidence. Whole cull numbers do
not change dramatically through time after 250 degree days. I hypothesize that
this may be because the infested culls are more attractive to ovipositing female
flies or to the truncation of oviposition as a response to cool autumn weather
(see Life Table Study).

The change in cut culls is more rapid (Figure 4). A decreasing slope with
time suggests that these onions may be the first to be exploited by colonizers.
The rate at which this happens could beneficially impact onion maggot survival.
Rotted or infested culls provide an ideal food source and habitat for survival (see
Life Table Study). Within 100 degree days after harvest, cut culls rot or are
infested. Therefore, the physical process of harvesting may be a key to
manipulating onion maggot survival as well as harvest timing.

The 107 degree day lag between the two populations of rotted culls
continues until the end of the season when the two curves become one. Due to
the sampling variance at the higher densities, it is difficult to tell whether the
lag is real or an artifact and whether the associated slopes are changing at the

ame rate per degree day or whether there is a faster rate of change in the fields

arvested after emergence. Logically, the slopes should be the same, and they










Figure 4.

41

Change in onion cull density as a function of cull
type and time of harvest in relation to adult onion
maggot emergence (A = whole culls, B = cut culls,

C = rotted culls, D = sprouted culls).
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should go to zero, since egg-laying causes an aggregated response that would not
increase the rate of rotted cull production after random oviposition.

The data does not explain the transformation of cut culls to rotted culls.
Cut culls have a high negative rate of change for the first 100 degree days after
harvest (Figure 4c). Cut onions probably have to either stay as a cut bulb or
start decaying. The data for rotted culls do not show an equally inverse
geometric rate of increase. Instead, there is a lag in response. This cannot be
explained since the sprouting onions were not detected until 150-200 degree days
after harvest. Perhaps the sampling of low-level populations did not reflect the
early season rates of change, since the distributions were more highly aggregated
at first. Another possibility is that some cut bulbs calloused over and became
whole culls.

The sprouts were the most attractive for oviposition and the best suited for

population increase out of all the types of culls (see Life Table discussion).

In both groups of fields, sprouting began approximately 150 degree days

after harvest. This response is probably more closely correlated than any of the
ther cull dynamics since the heat unit base for onions is 5.6° C (Bolgiano 1980).
sing sprouts as a trap crop or forcing onion flies to oviposit on less desirable
osts could be a management tool. (Both onion maggot adult emergence and
prout growth can be predicted.)

Weight loss of culls through time was the second component studied in
lation to the population behavior of the onion maggot food source. A
liability analysis modeled the analysis since the experimental units from each
mpling period we are the same (Mehrens et al. 1967) (Tables 8 and 9). A was

ed to adjust the mean weight loss since the surface to volume ratio interacts
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Table 8. Repeated measures three-way anova results for weight

loss, cohort II.

Source DF ss MS F

S (soil type) 1 0.0159 0.0159 1.88 NS

L (location) a4 0.2168 0.2168 25,65 *%%x
C (cull type) 3 0.5417 0.1806 21.37 %%
SL & 0.0064 0.0064 0.75 NS

sC 3 0.0208 0.0069 0.82 NS

LC 3 0.1651 0.0551 6.51 *xx
SLC 3 0.0158 0.0053 0.62 NS

Covariate 1 6.6621 6.6621 788.51 *xk
Error 63 0.5328 0.0085

T (time) 3 0.7443 0.2481 112.57 %%k
s 3 0.0046 0.0015 0.69 NS

TL 3 0.0757 0.0252 11.45 %%
TC 9 1.1272 0.1253 56.83 dokk
TSL <) 0.0123 0.0041 1.86 NS
TSC 9 0.0108 0.0012 0.54 NS
TLC 9 0.0688 0.0077 3,47 %
TSLC 9 0.0309 0.0034 1.56 NS
Error 192 0.4232 0.0022

1Transformecl data log (x+1)
ok
Significant at .0l level

Kkk
Significant at .001 level
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Table 9. Repeated measures three-way anova results for weight
loss, cohort I-+.

Sourc‘e DF SS MS F

S (soil type) s 0.0299 0.0299 1.18 NS

L (location) 2l 1.8301 1.8301 72,41 *&%
C (cull type) 3 8.938 2.979 117.89 #%*
SL 1 0.0001 0.0001 0.000 NS
sc 3 0.1209 0.0436 2.91 NS

LC 3 0.6181 0.2060 8.15 *kk
SLC 3 0.0699 0.02330 0.92 NS

Covariate bl 25.3119 25.3119 1001.5 ***

Error 61 1.5417 0.0253

T (time) 8 4.9621 0.6203 251,51 *%%
TS 8 0.0200 0.0025 1.00 NS

TL 8 0.28368 0.0355 14.38 *xx
TC 24 3.8009 0.1584 64,22 *%%
TSL 8 0.0116 0.0013 0.56

TSC 24 0.1217 0.0051 2.04 NS

TLC 24 0.3378 0.0140 5.69 *%i
TSLC 24 0.0415 0.0017 0.70 NS

Error 496 1.2232 0.0025

1

Transformed data log (x+1)
kk

significant at .01 level

ok
significant at .001 level
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with water loss. The adjusted means are plotted for both cohorts (Figure 5) to
interpret the analysis of variance. Weight lost in the first cohort (Table 8) was a
result of location (on the soil surface or 2.5 cm below), the type of cull, the
interaction of location and cull type , time, and the interaction of time with
these factors. This suggests that soil type (Houghton or Martisco) had little
effect on weight loss. Cohort 2 (Table 8) responded similarly to the factors of
location, cull type, and time. Tables Bl and B2 (Appendix B) show the results of
the analysis on a per sample period basis. In both groups the interaction with
time became less predominant through time. This suggests that most weight loss
occurs soon after harvest except where culls are under the soil (Tables Bl and
B2). The significance of this weight loss on the population dynamics of the onion
maggot is unknown.

Data was collected on weight loss as affected by the bulb mite, Rhizogly-
phus echinopus (F. and R.); the lesser bulb fly, Eumerus spp. (Fall.); and the onion
maggot.  The variance was analyzed through a log (x+1) transformation.
Heteroscedasticity of the irregular type (Steele and Torrie 1960) was character-
ized by the onion maggot treatment possessing considerably more variability
than the other three treatments with no apparent relation between means and
variances. To make valid comparisons, the error mean square was subdivided
into components so a weighted comparison of treatments could be made.
Significant differences were not found between treatments of arthropod species
(Table B3), although treatment interactions with time did exist. The variability
between weight loss in culls colonized by onion maggots and that of the other
reatments cannot be explained.

Cull type and location interactions through time may impact on onion

naggot dynamics. It is hypothesized that the qualitative relationships will
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Sandy Muck
Houghton Muck

e s ——

A: whole onions E: whole onions

ADJUSTED MEAN WEIGHT (GMS.)

B: cut onions

G: smashed onions

D: onion tops
zt0 2% 20 30 d0 wms w0
JULIAN DAYS
Figure 5. Mean adjusted cull weight loss through time (A-D: culls

buried under the soil surface; E-H: culls left on top
of soil surface.




ope
ext
wa
eff

be



48

operate from season to season although the functional forms of these will be
extremely dynamic especially right after harvest. Until more is known about
water loss in onion culls and onion maggot population dynamics, future research
efforts should be directed into cull transformation and the possible interactions

between cull host and onion maggot synchronies.

CULL ONION SAMPLING

Sample Unit Size For Sampling Onion Culls

The efficiencies of three square sample units (0.84 m2, 2.32 m2 and 9.29
m2) were estimated using a similar method as that of Helgesen and Haynes
(1972). The relationship of the mean density of onions to sample standard
deviation was approximated linearly. A sample size (n) for each sample unit was
calculated for a mean of 2.0 onions/sample unit (a density within the range of all
three regressions) by dividing the population variance (yz) by the sample variance
(Sx2), where SX was fixed at 10% of the mean (X):

N = y2/Sx2
In Table 10 the efficiency of the sample units is compared. The evaluation of
the efficiencies should not be based on N converted to total square meters but on
N, The majority of time taken to sample cull onion density was not as much a
function of area of soil as it was moving from location to location and setting up
the sampling quadrat (sample unit). In light of this, a sample unit of either 2.32
m2 or 9.29 m2 was equally efficient (slopes not significantly different at P =

.05). The sample unit size of 9.29 m?2 was chosen for the remainder of the study.
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Table 10. The relationship between the mean number of cull
onions per sample unit and the sample standard
deviation.

Regression statistics®

Sample

unit size N b *+ SE : 4 N2
0.84 m? 14 2.24 + 0,15 .95 502
2,32 m? 17 1.29 * 0.16 .75 166
9.29 m? 39 1.06 * 0.07 .89 112

! Regressions forced through the origin.

2 Number of samples which will allow a standard error (sX)
to be equal to or less than 10% of a mean of 2.0 onions/
sample unit.
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Development Of A Sampling Plan For Cull Onions

Onions are not uniformly distributed within a field after harvest. Observa-
tions of harvest operations showed that the two major factors influencing cull
distribution were initial onion distribution prior to harvest and the machinery and
technique used during harvest. If these are constant from year to year, then the
development of a standardized sampling plan for annual cull estimates should be
feasible.  These estimates can be used to determine total onion maggot
production for the post-harvest season to estimate biomass for cost-benefit
analysis regarding alternative uses for onion culls (Haynes et al. 1980).

The mathematical form of the spatial pattern of onions left in the field
after harvest was derived from the 1979 data collected in Eaton Rapids and
Grant, Michigan. The fields in the analysis (K, R, P, 1, 2, 3, 4, 5, 6) had not been
culturally manipulated after harvest (disked, plowed, or harrowed), and all
recorded cull types were pooled. Seven theoretical parent distributions: normal,
logarithmic series, gamma, negative binomial, positive binomial, poisson, and
exponential (algorithms developed by Dimoff 1979) were tested for goodness of
fit to the sample frequency distributions. The basis of acceptance was derived
from the results of the x2 test, Kolmogorov-Smirnov test, and the third moment
test.

The three tests evaluate different criteria. The X2 test is based on the
absolute differences between sample and theoretical frequency distribution.
There has been debate as to the utility of the )(2 test for "goodness of fit"
determinations due to the test's sensitivity to chance irregularities in the data
(Bliss and Fisher 1953). To minimize this effect, frequencies have been

combined such that no expected values are less than 5 (Sokal and Rohlf 1969).
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Cochran (1954) believes this restriction weakens the sensitivity of the test and
alters the alpha level. The third moment test measures the difference between
the sample estimate of the third moment and the expected third moment (T).
Agreement is accepted if the value of T differs from zero by less than its
standard error. The third moment test is considered to be the most powerful
test for "goodness of fit" (Anscombe 1950, Bliss and Fisher 1953, Bliss and Owen
1958, and Elliot 1973). The Kolmogorov-Smirnov test (a nonparametric test) is
based on the absolute differences between the sample cumulative and the
theoretical cumulative frequency distribution. It is an exact test and is believed
to be more powerful than the ¥2 test, especially when the sample size is small
(Conover 1971). A nice feature of the Kolmogorov-Smirnov test is that it
enables a confidence band to be constructed about an unknown distribution
function. I integrated the results of all of the tests, thereby averaging the
effects of bias and various levels of power in any one individual test.

Despite the indication from the X2 test and the Kolmogorov-Smirnov test
that there was good agreement between the observed data and the expected
negative binomial frequencies (Table 11), the results of the more sensitive third
moment test did not support this (only two of the nine fields were not
significantly different from theoretical distribution). Evaluating the mechanics
of the third moment test showed that it was not applicable in analyzing the
spatial distribution of onion culls. The derivation of the third moment test is
based on the assumption that an efficient estimate of K is not available for
computing the expectation of the variance (Anscombe 1950). The estimate of K
was arrived at using an interative algoritym, (Elliot 1973), to obtain the
maximum likelihood estimate (algorithm programmed by Dimoff 1979). Both T

and the variance of T (V(T)) are computed from a known value of K.



Table 1
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able 11. Spatial distribution statisties of cull onions, 1979.

ield density s? ;{ chi-square K-s?
Df' Calculated Tabled?
1 15.87 96.80 3.93 3 1.014 7.82 .039
2 14.18 47.18 6.49 4 9.09 9.49  .076
3 17.14 114.70 5.66 2 3.30 5.99 .070
4 10.72 78.40 2.19 3 319 7.82  .069
5 12,51 59.38 4.34 3 i by 7.82  .065
6 12,33 31.25 7.96 6 10.02 12,59 .042
P 7.91 19.26 6.77 3 1.81 7.82  .073
R 11.58 42,19 5.02 5 5.77 11.07 .059
K 23.81 473,08 2.01 3 0.31 7.82  .033

Degrees of freedom (no expected class values < 5)

Kolmogorov-Smirnov test statistic, tabled value @P
of freedom is .454

= .05 and 8 degrees
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3 2
T:—)NL -oZ{EnL-I}

T = sample third moment - expected third moment

where in the negative binomial distribution

o A52
2 =k + X

K
V(T) = 2m(K + 1)p2q2 (2(3 + 5p) + 3Kq)/N

where:  m = arithmetic mean
K = estimate of K based on maximum likelihood estimate
X3 = £x3 - 3%0x2 + 2%25x

p,q = expected proportions of binomial classes.

The problem is that the values of T and V(T) should be derived with
independent estimates of K, otherwise the validity of V(T) is questionable (Bliss
and Fisher 1953). Anscombe (1950) evaluated the efficiencies of the moment
estimate of K, an estimate of K from the proportion of zeros, and the
transformation method of estimating K. As these conditions (described by
Anscombe 1950) were not met in the analysis of the cull onion data; therefore,
the results of the third moment test (Elliot 1973) probably cannot be relied on as
a basis for a decision. Table 11 shows the maximum likelihood estimates of K
and the associated test statistics of the 2 test and the Kolmogorov-Smirnov test
from which the acceptance of the negative binomial distribution as an adequate
descriptive model was based.

Generality of a sampling scheme based on the negative binomial distribu-

tion can be achieved if the respective distributions have the same relative
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dispersion in terms of R A common K or stable K indicates that the level of
clumping is a fairly constant characteristic of the populations being sampled. To
justify the calculation of a common K, Elliot (1973) suggests that X vs. 1/K be
plotted. A common K should be suspected only if no definite trend exists
between X and 1/K (See Figure 6).

Several methods for estimating a common K have been described (Bliss and
Owen 1958). The method chosen for this analysis utilizes a linear regression of y'

on x' forced through the origin (0,0), where:
x'= %2 - s2/N
il

the resulting slope being the reciprocal of common K. The common K (3.460)
for the 1979 data sets was tested for agreement to each individual field data set
with the x2 test and Kolmogorov-Smirnov test (p = .05). (Table 12). There is no
evidence to reject the negative binomial parent distribution with a common K of
3.460 as a model describing the spatial distribution of the sampled onions.

This model was validated using a randomly selected subset of data
collected in Grant Township, Newaygo County, Michigan, 1980 (Ellis unpublished
1980). The model was applied to two groups of fields: (1) before cultural
manipulations, and (2) after disking, plowing or harrowing. Since the sample
sizes in the validation fields were smaller (n = 20), an additional goodness of fit
test, the Cramer-von Mises test, was used as a decision criterion. The test is
very discriminating when used with small sample sizes (Conover 1971) in
rejecting the null hypothesis. The results of the validation are shown in Table

12. Only one field (#141) of the two groups did not fit the model at the 5% level
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for two of the three tests. Whether the extremely high density of onions in the
field (80.15 onions/9.29 m2) was a factor is unknown. It does appear that fields
with an average density (10-20 onions/9.29 m2) are adequately described by the
model, as are plowed and disked fields.

Using the negative binomial parent distribution with a common K of 3.460,
a sampling scheme was constructed for determining the sample size necessary in
estimating onion density for a given specified error term. The general formula
outlined by Karandinos (1976) was used

1
n= Z_/_z“ 2 [’_‘ iKi)
D2

where:

n = sample size

Z«/2 = upper «/2 point of the standard normal distribution

X = arithmetic mean

Kc = common K

D = relative error of confidence limits.

Table 13 shows the number of square meter sample units necessary for
estimating various mean densities at different specified error levels. No attempt
was made to construct a regional sampling.

An interpretation of how to use the information depicted in Table 13 can
best be conveyed via an example. Suppose that an extension agent needed to
have an estimate of within field cull onion production, perhaps for approximating
the overwintering onion maggot density. The agent would select a level of
precision (expressed in terms of the confidence limit as a proportion of the mean

or, more simply, the range of uncertainty one is willing to accept). If the




Table
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le 13. Sample size based on cull distributions.

confidence limit® as proportion of X

X .10 .20 .30 .40 .50
5 881 220 98 55 35
1 481 120 53 30 19
5 161 40 18 10 6
10 121 30 13 8 5
15 105 26 12 7 4
20 101 25 11 6 4
25 97 24 11 6 4
50 89 22 10 6 4
o 81 20 9 5 3

suming a .95 probability level of error term for confidence limits.
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individual is satisfied to estimate a low cull density such as 5 culls/9.2 m2 when
the true mean could range from 6-4 culls/9.2 m2 (.20 confidence level) then 40
sample of 9.2 m? per field would have to be taken. The critical decision is
determining the upper bound of the cull density one is working with. If the agent
decided on 40 sample units per field and ended up with an estimate of 1 cull/9.2
m2 for a given field, the range for .40 (at a .95 level). This may not be of
concern since the range would only be 0.6-1.4, whereas, a mean of 20 culls/9.2
m2 is more affected by a shift in the confidence limit precision due to

inadequate sample size.

EGG SAMPLING

Eggs were sampled by two different sampling plans during the fall of 1979.
Age-specific density estimates were based on a twenty onion cluster sample unit.
The following analysis of egg sampling is based on variances and cost structures
associated with these fixed sample units and may be more energy intensive for a
given precision level than one based on more appropriate sample units.

Both sampling schemes used a geographically stratified design (fields were
apportioned into five equal sectors). Previous findings of the temporal and
spatial distribution of adult flies during the growing season (Whitfield 1981,
Carruthers 1981) initiated a preliminary study on existing ovipositional zones
within a field. Three strata in fields 1 and 3 that were probably oviposition
zones were: (1) strata with adjacent grassy borders, (2) strata adjacent to other
onion fields, and (3) strata confined to the middle areas of the sampled fields.

Results of an analysis of covariance (egg densities adjusted by onion densities)
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suggested that strata do not cause differences in egg density (Table 14).
Nonetheless, the sample universe stratified partly to increase our knowledge of
the post-harvest ecosystem. Optimal weights for strata were applied proportio-
nately, thus yielding a self-weighting sample.

Only within field variation was analyzed concerning relative efficiency and
optimal sample sizes (see Carruthers 1979 for discussion on damage sampling).
The initial analysis of the sampling data (Tables 14 and 15) revealed that
stratifying each sample field into five equal geographic sectors did not add
precision to a simple randomized design. The mean square among strata
(strata/field) was compared with the mean square error. Proportional stratifica-
tion reduces variance over simple random sampling when the mean square among
strata is larger than the mean square error (Cochran 1977). The mean square
error was larger in 6 out of 7 sample dates for the quadrat sampling and greater
than or equal to 5 out of 9 sample dates for the simple stage cluster sampling.
Early sample dates for the cluster sampling showed a gain due to proportional
stratification (degree days 1990-2081), but after the third sampling interval, the
variance of the strata component was lower. Agricultural surveys where strata
are based on geographic characters often show no gain (Jessen 1978). The
possibility of a change in the strata variance should always be considered when
sampling plans such as these are used between years and regions. The
interactions of onion fly behavior, cull type, distribution, and weather may
considerably influence egg distribution.

Initial analysis of the frequency distribution of the quadrat sampling data
did not theoretically describe the spatial pattern of the eggs (see cull distribu-

tion section for methods of analysis). The overall mean to variance relationship
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able 14. Results of analysis of covariancel in relation to
gg density by strata.

Source Sum of Significance
f Variation DF Squares _ Mean Square F level

'ield 1 Total 11 342,34

Strata 3 85.45 28.49 .776 .543
Within 8 256,88 36.69

'ield 3 Total 15 65.55
Strata 3 7.39 2.47 0.296 .826
Within 8 58.16 83

square root transform, Bartlett's test significance level: Field
1: P = .792 and Field 3: P = .135
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ble 15. Results of nested analysis of covariance on mean
numbers of eggs/9.26 M2 in Grant, Michigan 1979.

Degree Source Degrees Adjusted' Adjusted'
day of of Sum of Mean

ase 4.4°C) Variation Freedom Squares Square
1934 Field 3 440,29 146.76
Strata/Field 16 910.69 56.91
Error 19 3148.59 165.72
1974 Field 5 23,95 4.79
Strata/Field 24 226.81 9.45
Error 29 372.04 12.83
1990 Field 5 559.96 111.99
Strata/Field 24 1949.49 81.23
Error 29 2571.58 91.84
2034 Field 5 4885.32 977.06
Strata/Field 24 6663.19 277.63
Error 29 4075.32 140.52
2100 Field 5 5724.27 1144.85
Strata/Field 24 3797.08 158.21
Error 29 6009.29 207.22
2110 Field 5 1144.67 228.94
Strata/Field 24 2147.89 89.49
Error 29 2910.81 100.37
2154 Field 5 18.31 3.66
Strata/Field 24 219.82 9.16
Error 29 288.64 9.95

1Adjusted by mean density of culls per quadrat
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of the eggs through time indicated that the spatial distribution was contagious.
The amount of aggregation (at least to the sample unit) was determined by
quantifying the linear relationship between the log mean and log variance of eggs
per unit area (Taylor 1961). Figure 7 shows the sampling data (slope = 1.91) as a
poisson distributed (slope = 1.0) random variable. The sample variance for each
sampling date was separated into its within and between field components using
a one-way analysis of covariance (Table 15) to arrive at the mean-square error
(within field variance) and the sum of squares of strata (field and error must be
pooled and divided by the respective pooled degrees of freedom) (Harcourt and
Binns 1980). This imposes a structure of randomized sampling where quadrats
are widely distributed throughout the field. The mean-square error (MSw) of the
analysis of covariance is an unbiased estimate of the within-field variance
component (33/) corrected by cull density/quadrat (Jessen 1978). As §3v is
dependent on the sample mean, a log-mean log-variance function was used to
describe the relationship (Carruthers 1979). The estimated parameters for the

relationship:
log 0%= log a + b log X
2__c-b

0% = ax

are shown in Table 16. The arithmetic mean (Carruthers 1979) was corrected to

adjust for the biased regression estimate:
Y = Antilog (a + b log x + 1.1513 S%)

where $2 - residual mean square (Table 16). Thus, the adjusted relationship

: 2 .
between the mean and the variance Sw iss
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ble 16. Regression statistics for quadrat log mean-log 52y relation-

ship.

Degrees of Sum of Mean

Source Freedom Squares Square
gression 1, 1.647 1.647
sidual 5 0.179 0.035
tal 6 1.827
= 0.96 + 0.07
=135 470,19

=.90
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=10.01 x

suming normality from the Central Limit Theorem (Steel and Torrie 1960), the
timal number of samples per field can be estimated by substitution into the
uation developed by Carruthers (1981). Therefore, within a region, the number

samples taken per field (M) is:

=1.35

= Zi/z (10.01 **%?) / NF(Dx )?

ere: Zi/z = square of the one-tailed standard Z score (Karandinos 1976)

o = probability of type 1 error (=),

NF = number of fields within a region, and

D = precision (SX/X).
the estimate of concern is eggs/onion, the coefficient of variation for both
its can be adjusted to a common basis (eggs/onion) where the quadrat is a
ister of varying size. Jessen (1978) found that the quadrat is only one-third to
ee-fifths efficient as the cluster unit in estimating eggs/onion.

The relative precision of clustering was determined over the sample dates.
ividual onion variance can be arrived at using Cochran (1978) and mean square
a (Table 17):

_IN-D3B e NM-DSE
NM -1

a

res Sé = an unbiased estimate of S? cluster,
va = an unbiased estimate of the error,
N = the number of clusters, and

M = the number of elements/cluster.
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e 17. Results of nested analysis of variance on mean number of
eggs/onion with single stage cluster sampling in Grant,
Michigan 1979.

ree day Source of Degrees of Sum of Observed

e 4.47c) Variation Freedom Squares Mean Square
1990 Field 5 925 1.85
Strata/Field 24 33.72 1.41
Cluster/Strata 30 32;55 1.10
Error 1140 979.80 0.86
2051 Field 5 147.71 29.54
Strata/Field 24 262.32 10.93
Cluster/Strata 30 222.60 7.42
Error 1140 6956. 50 6.10
2081 Field 5 428.35 85.67
Strata/Field 24 375.90 15.67
Cluster/Strata 30 417.28 13.91
Error 1140 11159.95 9.79
2097 Field 5 1.30:,55! 26.31
Strata/Field 24 206.18 8.59
Cluster/Strata 30 367.30 12.24
Error 1140 9918.70 8.71
2106 Field 5 1292.24 258.45
Strata/Field 24 486.68 20.28
Cluster/Strata 30 754.13 25.14
Error 1140 32449.75 28.46
113 Field S 102.84 258.45
Strata/Field 24 71.78 2.99
Cluster/Strata 30 166.95 5.56
Error 1140 3514.10 3.08
134 Field 5 407.32 81.47
Strata/Field 24 1894.34 78.93
Cluster/Strata 30 2149.18 71.64
Error 1140 1944.45 1.71
198 Field 5 4.18 0.84
Strata/Field 24 7.60 0.32
Cluster/Strata 30 11.40 0.38
Error 1140 405.60 0.36
04 Field 5 0.11 0.02
Strata/Field 24 1.02 0.04
Cluster/Strata 30 0.98 0.03
Error 1140 36.75 0.03







The relative variances for a fixed total sample size are shown in Table 18. Ona

straight precision basis, a cluster of twenty onions does not reduce the variance
ith sampling individual onions. This implies that within a cluster the onions are
ot similar to one another in terms of eggs laid. Thus it would be just as
dvantageous to sample random elements. The cost involved in selecting random

ocations makes it much more favorable, however, to sample clusters (Co = 3
an-minutes and Cpojnt = 4 man-minutes).

As in the quadrat sampling, an underlying theoretical distribution could not
>e found that adequately described the dispersion of the eggs on onions through
ime. The overdispersion of the field counts is shown in Figure 8 (slope = 4.87).
\gain the strata variances were not large; therefore, a simple, randomized,
ingle-stage clusterl sampling design was adopted. The contributions to the
ariance of the mean were estimated from a two-level nested analysis of
ariance for each sample date (Table 17: strata within field source of variation
ooled with cluster source of variation to yield cluster within field source of
ariation). This essentially imposes on the data the structure of the cluster units
ell spread out over the sampled field. Presumably this should not effect the
osts involved, as the cost of sampling random clusters within a geographically
ratified field is equivalent to sampling random clusters throughout the whole
eld.

The estimate of variance for untransformed numbers of eggs per onion,
nsidering the components of variance between and within clusters, is (Jessen

78):

he terminology of single stage is used as suggested by Cochran (1977) where
Il the elements within the primary (cluster) are sampled as opposed to a 2-
tage plan where the elements within the primary are a randomly selected
ibset of N total elements.
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e18. Relative precision of cluster sample to onion sample.

Relative Variances

mple Degree £OraFixed Sample Size Relative Precision
(base 4.4°C) Cluster Onion Cluster/Onion (%)
1974 1.10 0.87 79.3
2034 7.42 6.17 83.2
2064 13.91 9.96 71.6
2080 12.24 8.89 72.6
2089 25.14 28.29 11255

2097 5.56 3.20, 57.5
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= 32 $2
\R()—()=SW+MOSB
nMo

ere: 5% = variance within clusters

v -

é = variance between clusters
n = elements per cluster, and
Mo = number of clusters per field.

The total cost (CT) of sampling is defined as:
= nCB +nMoCy,

ere: CB = cost of selecting a random cluster, and
Cy = cost of sampling an individual onion.
lizing these equations, the optimal value for Mo (M(opt)) can be determined

a fixed budget, CT’ and constant costs, Cy, and CB by:
pt) = (Cy 821Gy ASé)yz

= [(CB/CW) /(1 -a)}s))2
re:0 = gé/(éé + §‘fv)

the intraclass correlation coefficient,0 (Jessen 1978) can be determined

n the relationship:
= (MSB - MSE)/Mo

re:  MSp = mean square of cluster/field (Table 20) and

MSE = mean square error (Table 19).






72

ible 19. Regression statistics for log mean-log relationship §2y
within clusters.

Degrees of Sum of Mean
Source Freedom Squares Square
2gression 1 16.81 16.81
>sidual 8 0.18 0.02
tal 9 17.00
=1.79 + 0.05
=1.43 + 0.05

)
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Table 20. Regression statistics for log mean-log S°b (Q1, = M8 )/n)
relationship between clusters.
Degrees of Sum of Mean
Source Freedom Squares Square
Regression 1 15.67 15.67
Residual 8 1.80 0.23
Total 9 17.47

a=-0.39 + 0.15

b=1.38 +

r? = 0.90

0.17
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