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MECHANISMS OF RESISTANCE IN BROCCOLI, BRASSICA
OLERACEA ITALICA, TO THE GARDEN

SYMPHYLAN, SCUTIGERELLA
IMMACULATA (NEWPORT)

INTRODUCTION

An investigation of resistance in broccoli, Brassica oleracea

italica, to the garden symphylan, Scutigerella immaculata (Newport),

was conducted to determine the mechanisms contributing to resis-

tance. The mechanisms of resistance are classified as tolerance,

preference and antibiosis (Painter, 1951). Tolerance refers to the

general vigor of certain plants including the ability to repair tissues

and recover from the attack of pests. Preference or non-preference

is related to the response of insects to factors or characteristics of

the host plant such as color, light reflection, taste, odor, etc. Anti-

biosis is the term applied to the adverse effect of the plant on the

insect. These three sources of resistance are usually the result

of separate genetic factors. Knowledge of the mechanisms of insect

resistance could provide useful information to plant breeders.

The garden symphylan is considered one of the most destruc-

tive pests of agriculture in the Pacific Northwest. The first indica-

tion of its economic importance in Oregon was reported by Lovett

(1921).

Symphylans attack many crops including most vegetables,

small fruits and ornamentals. Injury to plants is caused by chewing
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off rootlets and root hairs and tunneling in the roots resulting in

stunting or killing the plant.

Since symphylans live in the soil, control has been difficult.

For example, cultural control methods, such as flooding or drying,

have proven impractical in most instances. The use of fumigants

has been effective, but only when soil conditions are ideal for fumi-

gation. Moreover, fumigation is expensive and requires special

equipment. Symphylan problems are usually not diagnosed until

after crops have been planted and after it is too late to use control

measures. Thus, host plant resistance to symphylans would be an

important means of control.

Hopefully, the results of this investigation will provide infor-

mation leading to the use of resistant varieties to improve the quality

and yield of broccoli grown in fields infested with symphylans.



LITERATURE REVIEW

The resistance of plants to insect attack has been recognized

for over a hundred years. Painter (1951) noted that the first report

of resistance in plants to insect attack was made in 1785.

The first extensive search for sources of plant resistance to

insects was made in California in 1881. These observations of

resistance in grains to hessian fly were reported by Wickson

(1886), Woodworth (1891), and Kellner (1892).

3

According to Snelling

(1941), only 37 papers reporting plant resistance were published

during the 128-year period, 1792-1920. However, more interest

has been shown in host resistance with the added knowledge of plant-

breeding making it possible to incorporate genetic factors for resis-

tance. Snelling (1941) noted that during 1931-1940 a total of 163

papers were published which reported plant resistance to insect

attack.

Painter (1951) stated that about the middle of the nineteenth

century some of species of American grapes, Vitis spp. were

highly resistant to the grape phylloxera, Phylloxera vitifoliae (Fitch),

while the European species, Vitis vinifera Linn. was very suscep-

tible. In 1877, Riley reported that there were differences in suscep-

tibility in corn, Zea mays Linn., and sorghums, Sorghum vulgare

(Persoon), to grasshoppers, Melanoplus spp. Corn was much more
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susceptible to grasshoppers than sorghum resulting in an increased

acreage of resistant sorghums from very few acres to many millions.

Painter (1960) reported that in 19 57 over 8 million acres of sorghums

were grown in Kansas.

This observation on sorghum and grasshoppers lead to more

investigations of grasshopper resistance in corn and other crops.

Thus, the knowledge obtained from these early observations formed

the basis for using host resistance as a method of controlling insect

pests.

The problems of plant resistance to insect attack have attracted

much attention in recent years because many resistant crop varieties

have been grown successfully. Included in the report of Insect-Pest

Management and Control (1969), were some excellent examples

of the use of resistant crop varieties to control insect pests. For

example: Six varieties of wheat, resistant to the wheat stem sawfly,

Cephus cinctus Norton, are being grown on several million acres

in Canada, Montana, North Dakota, and neighboring states where

wheat previously could not be produced because of this insect. The

availability of cotton varieties resistant to the leafhopper, Empoasca

fascialis (Jack), in South Africa has made growing cotton possible

where it could not have been grown economically before the advent

of DDT and without resistant varieties. Varieties of winter wheat

resistant to hessian fly, satisfactory in milling and baking qualities,
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with high yield, and disease-resistant are available in all major

wheat-growing areas of the United States. More than 20 fly resis-

tant wheat varieties are presently recommended by the agricultural

experiment stations of the states involved. For the first time, a

high level of hessian fly control is available to all wheat-growing

farmers.

The use of genetic factors for resistance was recently reported

by Da Costa and Jones (1971) who reported that non-bitter cucumber,

bibi genotype, was much more susceptible to two-spotted mites,

Tetranychus urticae Koch, than bitter cucumber, Bibi genotype,

because of lack of cucurbitacins in bibi genotype.

It is well known today that growing varieties of plants resis-

tant to insect attack is an important method of preventing serious

insect depredations. However, experimenters have used insect

resistant in crop improvement and insect control for many years

without knowing the reasons why the plants were resistant.

There have been several attempts to define plant resistance.

Snelling (1941) defined plant resistance as

including those characteristics which enable a plant to
avoid, tolerate, or recover from the attacks of insects
under conditions that would cause greater injury to
other plants of the same species.

Painter (1951) defined resistance as

... the relative amount of heritable qualities possessed
by a plant which influence the ultimate degree of damage
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done by the insect. In practical agriculture it repre-
sents the ability of a certain variety to produce a larger
crop of good quality than do ordinary varieties at the
same level of insect population.

Beck (1965) emphasized the biological relationships involved in plant

resistance as

. . . being the collective heritable characteristics by
which a plant species, race, clone, or individual may
reduce the probability of successful utilization of that
plant as a host by an insect species, race, biotype, or
individual.

Classification of the mechanisms of resistance have also been

proposed by several workers. Mc Col loch (1924) classified the

mechanisms of resistance in 6 categories as (1) habit of growth,

(2) morphological characters of plants, (3) physiological characters

of plants, (4) mechanical factors, (5) ability to recover from injury,

and (6) external or environmental factors. He also stated that there

were two types of resistance--natural and artificial. Natural resis-

tance was described as the resistance shown by native plants or

acquired by cultivated ones, while artificial resistance was that

developed in cultivated plants by selection, crossing, breeding, and

stimulation by means of alterations in cultural or other practices.

Mumford (1931) stated that resistance to insect pests might be due

either (1) to some external protective agency, such as thickened

epidermis or cuticle, (2) to some condition of the cell-sap which

repelled the insects, such as the presence of certain oils, alkalis
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and organic acids, or (3) though not actually unattractive or repellent,

the sap might be unsuited to the insects' food requirements. He

proposed the term "epiphylaxis" for external protective agencies,

and "endophylaxis" for the internal protection afforded by biochemical

qualities that render the plant unattractive, repellent or unsuited to

the food requirements of insects. Snelling (1941) suggested that

plant characteristics have an influence in resisting insect attack

and classified them in 15 categories which involved a wide variety

of factors.

Painter (1951) proposed a threefold basis of resistance which

divided plant resistance mechanisms into three major categories:

(1) preference or non-preference, (2) antibiosis, and (3) tolerance.

These factors may act singly or in combination to effect insect

resistance in host plants. Painter (1951) defined these mechanisms

as follows:

Preference or non-preference denotes the group of
plant characters and insect responses that lead to or away
from the use of a particular plant or variety, for oviposi-
tion, food, or shelter, or for combinations of the three.

Antibiosis is the tendency to prevent, injure, or
destroy (insect) life. It was proposed for those adverse
effects on the insect life history which result when the
insect uses a resistant host-plant variety or species for
food. The effects on the insect take the form of reduced
fecundity, decreased sized, abnormal length of life, and
increased mortality. The latter appears usually in the
first instar or in those stages just preceding the adult
stage. Various combinations of these effects result
from feeding on different varieties.
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Tolerance is the ability of a plant to grow and repro-
duce or to repair injury to a marked degree in spite of
supporting a population approximately equal to that dam-
aging a susceptible host.

The analysis of the mechanisms of resistance in plants using

the three basic mechanisms was reported in a later paper by Painter

(1958). He explained that plants might not be preferred for oviposi-

tion, shelter or food, primarily because they lack specific qualities.

Also, resistant plants might affect the biology of the insect adversely,

a component of resistance called antibiosis. Finally, resistant

plants might be tolerant, surviving under levels of infestation that

would kill or severely injure susceptible plants.

More recently Beck (1965) classified the mechanisms of resis-

tance as nonpreference and antibiosis. Tolerance was dropped from

his consideration since according to him, "tolerance is an important

agronomic plant characteristic, but implies a biological relationship

between insects and plants that is quite different from resistance in

the strict sense." Beck (1965) suggested that "nonpreference" and

"antibiosis" would probably be of empirical value in the classifica-

tion of resistance mechanisms but such categories were arbitrary

and vaguely delimited. He also reported that not all aspects of

problems associated with plant resistance could be forced into one

or the other category. Thus, even though the mechanisms of resis-

tance are not rigidly defined, Painter's classification is still the
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most useful based on current knowledge of the mechanisms underly-

ing plant resistance.

Symphylans were first reported as pests by Woodworth (1905),

who described symphylans feeding on roots and shoots of asparagus

and similax in California. The first report of symphylan damage in

Oregon was by Lovett (1921), who described damage to all kinds of

sprouting seed, particularly peas and beans. Wymore (1924) empha-

sized the economic importance of the garden symphylan in California

where thousands of acres of asparagus were damaged annually.

Since that time, damage to a wide range of crops attributed to this

soil pest has been reported.

It is well known that the distribution of the garden symphylan

is almost cosmopolitan. Wymore (1931) stated that the garden

symphylan was known to occur in Denmark, England, France,

Germany, Australia, Czechoslovakia, Italy, and in Sweden as far

as 60 ° northlatitude. In Africa it was known in Algeria; in South

America, in Buenos Aires, Argentina; in North America it occurred

in Corboda, Mexico; in Canada, near Victoria, B. C. In the United

States, Waterhouse (1970) reported that a wide range of crops in 35

states had been attacked by S. immaculata.

Michelbacher (1949) noted that symphylans appeared to be

most abundant in the warmer temperate and tropical regions. He

also reported that they occurred in cultivated as well as uncultivated
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soils. Waterhouse (1970) noted that where irrigation had been

introduced to areas of low annual rainfall, such as eastern Washing-

ton and Oregon, garden symphylan injury might occur throughout the

growing season. He also suggested that populations of S. immaculata

would increase when similar new areas were opened to agriculture.

Wymore (1931) reported that conditions which promoted vigorous

growth of truck and field crops were ideal for symphylan develop-

ment.

Symphylan injury to crops is on the underground portion of

the plant where symphylans feed on the fine root hairs and small

rootlets. Various types of root injury have been illustrated and

described by Waterhouse (1967).

Since symphylans are unable to construct their own runways

in the soil (Fillinger, 1928; Michelbacher, 1949), they live in earth-

worm burrows, in natural cracks and crevices in the soil, and in

cavities or openings left by decaying roots. Satisfactory control of

symphylans has been extremely difficult because symphylans can

move deep into the soil.

A large number of pesticides have been investigated for

symphylan control. Reports from Howitt and Bullock (1955),

Morrison (1957), and Edwards (1957) indicated that parathion

gave outstanding control. Shanks and Gans (1965) who investi-

gated 74 chemicals reported that parathion and Zinophos were
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the best insecticides for symphylan control. More recently Dyfonate

was reported to be highly effective against symphylans (Berry, 1972).

However, these three pesticides are short-lived in the soil and have

high mammalian toxicities which limits their usefulness. Moreover,

a number of failures with parathion have been reported by Morrison

and Savos (1957) and Howitt, Waterhouse and Bullock (1959).

Edwards (1957) noted that applications of insecticides to the

soil surface were inadequate because symphylans are found in the

lower soil layers (three to six feet deep). He also stated that even

if satisfactory control was obtained by incorporation of persistent

insecticides with surface soil, reinfestation occurred rapidly from

the reservoir of symphylans in the lower soil strata.

Cultural methods may give some relief under limited condi-

tions. Michelbacher (1935) reported that firming the soil over the

seed reduced symphylan damage, but he also mentioned that heavy

rain caused the soil to crust so badly that the germinating seeds

were unable to reach the surface. Wymore (1931) reported that

flooding fields and maintaining the water depth at a foot or more

for three weeks gave satisfactory control of symphylans. This

method, however, has many objections since symphylans could

migrate into the levee where they could become a source of reinfes-

tation for the recently flooded field. In addition, the method is

available only when conditions are ideal for flooding. Wymore
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(1931) also reported that intensive methods of soil tillage controlled

large numbers of symphylans, but even the most intensive cultiva-

tion did not eliminate this pest. It seems likely that cultural methods

are impractical for symphylan control in most instances.

Since growing resistant varieties may be an important means

of reducing symphylan injury, it is remarkable that so little research

has been done to develop plants resistant to symphylans. The first

report of host plant resistance to symphylans was by Fillinger (1931)

who was told by a grower that symphylans did not feed on onions.

Michelbacher (1938) is the only worker who reported that onions were

host plants of symphylans. Dustan (1941) and Edwards (1957) later

confirmed that onions were usually unacceptable as host plants.

Edwards (1957) listed the major host plants, occasional host plants,

and rare host plants of S. immaculata according to the frequency of

symphylan attack. He noted that crops varied widely in their sus-

ceptibility to symphylan attack.

More recently Ramsey (1969), who studied symphylan injury

to potted plants in the greenhouse, reported methods for investigat-

ing plant resistance to symphylans. He planted bean varieties in

individual pots which were infested with symphylans. Resistance was

judged by comparing the dry weight from infested and noninfested

plants. Ramsey (1969) found that symphylans did not cause notice-

able harm to plants with well-established root systems.
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MATERIALS AND METHODS

Symphylan Cultures

Symphylans were collected from the entomology farm and the

vegetable crops research farm near Corvallis. Cultures were main-

tained in plastic trays half filled with ground hemlock bark. Fresh

lettuce leaves were added to the cultures weekly and water was applied

as needed to maintain moisture. Petri dishes containing two parts

soil, one part plaster-of-Paris, and charcoal were also used to cul-

ture symphylans. Stock cultures were maintained in a controlled

temperature chamber at Z5°C.

Broccoli Cultivars

Five cultivars of broccoli, B. oleracea italica, were selected

to investigate the mechanisms of resistance to symphylans: Crusader,

Green Duke, Bravo, Waltham, and Spartan. Seeds of Crusader,

Green Duke, Bravo, and Waltham were obtained from Northrup,

King & Co. Minneapolis, Minn. Spartan was obtained from Joseph

Harris Co. , Inc., Moreton Farm, Rochester, N. Y. Crusader,

Green Duke, and Bravo are hybrids.
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Greenhouse Experiments

Soil used in the greenhouse experiments had to be loosely

packed to allow enough cracks and crevices for free movement of

symphylans. Vermiculite and greenhouse soil were arranged in

three layers in each container with vermiculite forming the middle

layer. All experiments were conducted in the greenhouse during

the winter and spring at 60 -85° F under 12 hours of light provided

by Gro Lux fluorescent lights.

Investigation of Tolerance

The five cultivars of broccoli were planted individually in ten

plastic pots, 5 1/2 inches in diameter (Figure 1). Five pots were

infested with 50 symphylans and five were left as controls. Five

replicates of each experiment were conducted in a completely ran-

domized block design. All pots were placed in saucers and watered

from below daily.

At the end of each experiment the plant stems were cut at

the soil surface. The roots of each plant were also collected.

Stems and roots were dried individually in an oven for three days

at 70°C. Dry weight values were obtained with a Mettler electric

balance' equipped with an infrared drying unit. 2

'Mettler electric balance, Model P 162.
2The Mettler Drying unit, Model LP 11, is an accessory for

drying materials by infrared light while weighing.
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Investigation of Preference

The five cultivars of broccoli were planted in wooden flats,

3 X 18 X 14 inches (Figure 2). Each of five flats was infested with

500 symphylans and five were left as controls. Plants were grown

in 10 rows per flat with each row containing eight plants of the

same cultivar. Each row was arranged at random and repeated

twice in each flat.

A 3 1/2 inch frame was built around the edge of a greenhouse

bench and covered with a sheet of plastic, so that the flats could be

watered from below.

At the end of the experiment the plants were cut at the soil

surface and dried in an oven at 70°C for three days. The dry

weight of the plants was obtained using the same procedure described

in the tolerance experiment. The number of plant survivors was

also recorded for each flat.

The dry weight of the plant roots was not evaluated in the

preference experiment because the roots of the cultivars grew

together making them nearly impossible to separate.

Laboratory Experiments

Investigation of Antibiosis

The effects of antibiosis on symphylans were studied in



Figure 1. Control and infested pots used to evaluate tolerance in
broccoli to symphylans.

I 1111 I Aim

Figure 2. Control and infested flats used to evaluate symphylan
preference for broccoli.

Figure 3. Cylindrical glass observation cages used to study effects
of antibiosis.



17

specially constructed glass observation cages (Figure 3). Cages

were constructed from a glass cylinder, 6 centimeters in diameter

and 15 centimeters in length, and a brass screen cylinder, 5 centi-

meters in diameter and 15 centimeters in length. The brass screen

(50 mesh) was rolled into a cylinder and fit inside the glass cylinder

to allow 1/2 centimeter between the two cylinders. Soil granules,

screened to 9-7 mesh with a Standard Tyler Sieve, were used to fill

the space between the cylinders. Seeds of each cultivar were planted

in sand inside the brass screen cylinder. Plants were thinned to

one per cage after 10 days. Symphylans were introduced into the

screened soil between the glass and brass cylinders after the plant

roots were visible. The brass screen cylinder worked as a barrier

to keep the symphylans in the space between the cylinders. In this

manner, the activity of symphylans feeding on the plant roots that

grew out through the brass screen could be observed. The cages

were set in petri dishes and watered from below. The experiment

was conducted in constant temperature at 70° F and in a 12 hour

light regime.

The effect of the different cultivars on the reproductive capacity

of symphylans was investigated in the cylindrical glass observation

cages. A plant of each cultivar was grown separately in each cage

which was infested with 20 symphylans. Observations were made

every other day on the number of eggs deposited. At the end of the
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experiment the total number of eggs deposited in each treatment or

cultivar were used to evaluate the effect of antibiosis.

The effect of antibiosis on symphylans was also observed in

petri dishes filled with the soil, plaster-of-Paris, and charcoal

mixture. Twenty symphylans were introduced into each dish.

Symphylans in each dish were fed plant roots from a single cultivar.

The effect of the different cultivars on symphylans was evaluated

by counting the number of symphylan survivors after 60 days.

Field Experiments

The cultivars were evaluated in plots 15 x 74 feet at the ento-

mology farm. The experiments were conducted in June-August, in

1971 and 1972.

The plots were naturally infested with symphylans. A survey

of the symphylan population was conducted approximately 25 days

after the plots were planted.

Each cultivar was planted in a row, 74 feet long, and replicated

four times in the plot. The experiment was designed as a random-

ized complete block with rows of plants placed at random in each

replication.

At the end of 7 weeks one sample, 6 feet long, was taken from

the middle of each row. Plants were cut at the soil surface, counted



19

and dried in an oven at 70°C for three days, then weighed with a

Mettler electric balance to obtain the dry weight.
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RESULTS AND DISCUSSION

Preliminary Experiment

A preliminary experiment was conducted to evaluate resistance

to symphylans in eight cultivars of broccoli, B. oleracea italica, and

four cultivars of Brussel sprouts, B. oleracea gemmifera, at the

entomology farm in June 1971. Field plots used for this experiment

were naturally infested with symphylans, but the population was not

estimated for this experiment.

This experiment was evaluated by counting the number of

surviving plants and measuring their heights at the end of 11 weeks.

The results, which are summarized in Table 1, suggested that

certain cultivars of broccoli and Brussel sprouts were resistant to

the garden symphylan. Resistance to symphylan injury among

cultivars of Brussel sprouts was slightly different. Jade Cross,

Dwarf Improved, Improved Long Island, and Green Gem all showed

moderate resistance to symphylan injury. Among the cultivars of

broccoli, Crusader showed a high level of resistance to symphylan

injury whereas Spartan was highly susceptible.

Mechanisms of Resistance

Experiments were conducted to determine the mechanisms of

resistance to symphylans in broccoli. Five cultivars of broccoli,



Table 1. Field evaluation of host plant resistance in broccoli and Brussel sprouts to the garden symphylan.

Cultivars

Total
Plants

Surviving No. > 9"

Surviving Plants Grouped by Height

No. 5-9" o/0 No. <5" ox,

Broccoli

1) Crusader 161 42 26.0 77 47.8 42 26. 2

2) Coastal 57 6 10. 5 24 42. 1 27 47. 3

3) Green Duke 37 12 32.4 15 40.5 10 27. 1

4) Bravo 59 4 6.7 26 44.0 29 49.3

5) Green sprouting 18 3 16, 6 9 50.0 6 33. 4

6) Cleopatra 7 4 57. 1 3 42. 9 0 0.0

7) Waltham 5 0 0.0 4 80.0 1 20.0

8) Spartan 0 0 0.0 0 0.0 0 0.0

Brussel Sprouts

41 6 14.6 16 39.0 19 46.49) Jade Cross

10) Dwarf Improved 47 5 10.6 29 61.7 13 27.7

11) Improved Long Island 42 8 19.0 7 16.6 27 64. 4

12) Green Gem 28 2 7. 2 13 46.4 13 46.4

INJ
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which had shown various levels of resistance to symphylan injury

in the preliminary experiment, were selected for these experiments- -

Crusader, Green Duke, Bravo, Waltham and Spartan.

Greenhouse Experiments

Effect of Plant Tolerance

This experiment was designed to evaluate tolerance in each

broccoli cultivar to symphylan injury.

Ten pots were used in 5 replications for each cultivar. Five

were infested with 50 symphylans and five served as controls. To

assure germination and uniform stand, 5 seeds of each cultivar were

planted in each pot and thinned to 3 plants one week after germina-

tion.

The plants were allowed to grow for 30 days before evaluating

the experiment. An analysis of variance was conducted on the dry

weights of the stems and roots of each cultivar. The results

showed that there were significant differences between cultivars

of broccoli in infested pots (T), but no differences were apparent

between cultivars in the control pots (C) (P < 0.01) (Table 2).

The analysis of variance indicated a highly significant differ-

ence in the dry weight of plants between the infested and control pots.

These results showed that a considerable amount of damage was done



Table 2. Dry weight of broccoli cultivars from the plant tolerance experiment.

Replication
Broccoli Cultivars (g dry wt )

Crusader Duke Bravo Waltham Spartan

no. T C T C T C T C T C

1 1.50 2.08 1.58 2.56 1.31 2.04 1.25 2.33 1.04 1.90

2 1.56 2.10 1.14 1.87 1.15 2..61 0.96 2.25 1.19 2.09

3 1.79 2.11 1.28 2.61 1.16 2.21 1.14 2.05 0.71 2.04

4 1.47 2.21 1.71 2.27 1.39 2.09 1.05 2.01 1.26 2.14

5 1.53 2.34 1.20 1.67 1.39 1.85 1.02 1.95 0.70 2.24

Total 7.85 10.84 6.91 10.98 6.40 10.80 5.42 10.59 4.90 10.41

Mean 1.57 2.16 1.38 2.19 1.28 2.16 1.08 2. 11 0. 98 2.08

Analysis of Variance

Source of variation Degrees of freedom F Significance

Between treatment and control 1 203. 0165 P < 0. 01

Treated cultivars 4 5. 7178 P < 0.01

Control cultivars 4 O. 2116 NS

Error 40
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by the symphylans in the infested pots.

Dry weight is a reflection of plant growth which is affected by

the ability to grow and to recover from injury caused by symphylans.

Since there was only one cultivar in each container, it is assumed

that there was no symphylan preference for the cultivars in this

trial. The differences in the plant dry weight in the infested pots

indicated significant differences in tolerance between the cultivars

of broccoli (Table 2).

Results showed that there was no significant difference between

cultivars of broccoli in the controls (Table 2). In the infested pots,

however, Crusader had a higher degree of tolerance than other

cultivars. Green Duke and Bravo were more tolerant than Waltham

and Spartan. These results undoubtedly reflected the ability of the

cultivars to replace or regrow roots damaged by symphylans. The

greatest amount of tolerance occurred in the hybrids: Crusader,

Green Duke, and Bravo, which could be the result of hybrid vigor.

Similar results were reported by Painter (1951) in corn, wheat, and

other varieties to the attacks of soil insects.

Effect of Symphylan Preference

This experiment was designed to determine symphylan prefer-

ence for the different cultivars of broccoli.

All five cultivars of broccoli were planted at random in
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individual flats containing 500 symphylans. A control flat was set

up for each infested flat. The garden symphylan, therefore, had

free choice to feed on the plant roots of the different broccoli culti-

vars.

Two flats, one infested and one control, were used in each of

five replications of this experiment.

At the end of 4 weeks, the plants were cut at the soil surface

and dried in an oven. The dry weight of each cultivar is summarized

in Table 3.

The effect of plant tolerance could not be discounted in this

experiment because the results were based on dry weight of the

plants. Previous experiments indicated that there were differences

in tolerance among cultivars of broccoli suggesting that differences

in dry weights among cultivars in this experiment could be due to

the effect of tolerance. Therefore, data from the preference experi-

ment were adjusted in order to test for the single effect of symphylan

preference. Data were analyzed by an analysis of covariance.

To use the covariance, data of plant tolerance have to be

included and represented as an independent variable (X) whereas

data of symphylan preference have to be represented as a dependent

variable (Y). Since the data from the preference experiment were

dry weights of the plant stems only, the data from the tolerance

experiment used in this analysis did not include the dry weights



Table 3. Dry weight of broccoli cultivars from the symphylan preference experiment.

Broccoli Cultivars (g dry wt )
Replication Crusader Duke Bravo Waltham Spartan

no.

1 2.09 2.02 1.36 2.06 1.06 1.99 0.73 1.17 0.84 1.62
2 0.99 1.30 0.86 1.28 0.90 1.54 0.26 1.17 0.16 0.91
3 0.20 0. 60 0.04 0.72 0.13 0.62 0.09 0.48 0.04 0.43
4 0.14 1.18 0.10 1.17 0.18 1.26 0.02 0.65 0.03 0.73
5 0.24 0.81 0.24 1.00 0.34 0.80 0.09 0.75 0.04 0.45

Tot al 3.66 5.91 2.60 6.23 2.61 6.21 1.19 4.22 1.11 4.14

Table 4. Stem dry weight of broccoli cultivars from the tolerance experiment.

Replication
no.

Broccoli Cultivars (g dry wt )
Crusader Duke

C

Bravo Waltham Spartan
T C T C T C

1 1.30 1.64 1.45 2.02 0. 96 1.61 1.09 1.92 0.84 1.62
2 1.17 2.05 0.80 1.48 1.14 1.94 0.83 1.91 1.02 1.82
3 1.53 1.85 0.95 2.15 1.04 1.86 1.03 1.59 0.61 1.78
4 1.09 1.86 1.52 1.77 1.07 1.84 0. 91 1.84 1.12 1.83
5 1.36 1.86 1.01 1.47 1.32 1.64 0.80 1.78 0. 63 1.84

Total 6.45 9.26 5. 73 8.89 5. 53 8.89 4.66 9. 04 4.22 8.89

Analysis of Covariance

Source of variation Degrees of freedom F Significance

Between treatment and control 1

Cultiv ars 4

Error 39

3.7429

1.3926

P < 0. 05

NS
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of the plant roots (Table 4).

The res'ilts of the analysis of covariance showed that there

were no significant differences between cultivars of broccoli due to

symphylan preference (P < 0.05) (Table 4). The differences in the

dry weights among cultivars (Table 3) can most likely be attributed

to the effect of tolerance.

The number of plants surviving in each flat were also counted

in this experiment. The results (Table 5) showed that there were

significant differences between cultivars in infested flats, but there

were no differences between the control flats (P < 0.01).

Differences in the number of plants surviving among cultivars

of broccoli in infested flats was influenced by tolerance of the culti-

vars to symphylans. Unlike the tolerance experiments, symphylans

caused considerable plant mortality in some cultivars in the infested

flats (Table 5). This result is attributed to the larger number of

symphylans used in the preference experiment (500/flat) as compared

to the tolerance experiment (50/pot). Crusader had the largest

number of surviving plants, Green Duke and Bravo were intermed-

iate, and Waltham and Spartan had the fewest survivors (Table 5).

Symphylan response to individual broccoli cultivars was not

conducted in the preference experiment. Therefore, a complete

conclusion regarding symphylan preference for cultivars could not

be reached since behavior is an important basis for determining



Table 5. Number of plants surviving in each broccoli cultivar in the symphylan preference experiment.

Replication
no.

Broccoli Cu ltivars

Crusader Duke Bravo Waltham Sp art an
T C T C T C T C T C

1 14 15 10 15 8 13 9 13 10 15

2 14 15 12 14 12 13 6 15 4 13

3 6 15 4 13 4 13 2 12 3 12

4 13 16 9 15 10 15 4 13 3 15

5 10 15 6 16 9 13 5 16 6 14

Total 57 76 41 73 43 67 26 69 26 69

Mean 11.4 15. 2 8.2 14.6 8. 6 13. 4 5.2 13.8 5. 2 13.8

Analysis of Variance

Source of variation Degrees of
freedom

F Significance

Between treatment and control 1 152. 3778 P <0. 01

Treated cultiv ars 4 10. 0111 P <0.01

Control culti v ars 4 0. 7759 NS

Error 36



host preference (Painter, 1951).

Laboratory Experiments

Effect of Antibiosis

29

Twenty-five petri dishes containing the soil, plaster-of-Paris,

and charcoal mixture were set up to evaluate the effect of antibiosis

among the different cultivars of broccoli on symphylans.

Twenty symphylans were introduced into each petri dish. Five

replications each containing 5 petri dishes were used in this experi-

ment. Symphylans in each petri dish were fed roots from a single

cultivar. Plants of each cultivar were grown in greenhouse flats to

provide the necessary roots. Roots of each cultivar were cut every

three days and fed to the symphylans in the petri dishes.

An analysis of variance was conducted on the number of

symphylan surviving in the petri dishes at the end of 60 days. The

results showed that there were no significant differences in the

number of symphylans which survived when fed different cultivars

of broccoli (P < 0. 05) (Table 6).

The considerable symphylan mortality which occurred in this

experiment could be the result of insufficient food. In addition, no

eggs were deposited in the petri dishes during the experiment.

Similar results were reported by Ramsey (1969) in experiments with



Table 6. Effect of broccoli cultivars on symphylan survival.

Observation
no.

Broccoli Cultiv ars

Crusader Duke Bravo Waltham Spartan

1

2

3

4

5

11

12

6

11

13

11

5

9

6

14

8

7

9

9

9

13

11

10

10

10

9

9

11

7

6

Total 53 45 42 54 42

Mean 10.6 9 8.4 10.8 8.4

Analysis of Variance

Source of
variation

Degrees of
freedom

F Significance

Treatment

Error

4

20

1. 2804 NS

30
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pea and bean roots. He suggested that the conditions for a thriving

culture were marginal when plant roots were added once a week.

Even though plant roots were added twice a week in this experiment,

the root material was inadequate to support the culture. The results

of these observations support those of Shanks (1966) in that fresh

succulent food is needed for symphylan reproduction and culture

maintenance.

An experiment was conducted to determine the reproductive

capacity of symphylans feeding on the cultivars of broccoli. The

number of eggs deposited by symphylans in response to the different

cultivars was observed in cylindrical glass observation cages.

Each observation cage contained only one plant from each

cultivar which was replicated five times. Twenty symphylans were

introduced into each observation cage. This experiment was con-

ducted for 90 days at a constant temperature of 70° F and 12 hours

of light.

An analysis of variance was applied to the number of eggs

deposited by symphylans in response to the broccoli cultivars. The

results showed that there were no significant differences between

the cultivars of broccoli (P < 0.05) (Table 7).

The number of eggs deposited in response to the cultivars

varied from one replicate to another. These differences could be

attributed to reproductive periodicity (Berry, 1972), since
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Table 7. Number of eggs deposited by symphylans in response to differ ent broccoli cultivars.

Replication
no.

Broccoli Cult vars
Crusader Duke Bravo Waltham Spartan

1 32 31 9 7 14

2 7 5 3 8 11

3 8 23 30 4 8

4 8 16 3 1 5

5 11 3 20 46 9

Total 66 78 65 66 47

Mean 13.2 15.6 13 13.2 9.4

Analysis of Variance

Source of Degrees of F Significance
variation freedom

Treatment 4 0, 165 NS

Error 20
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replications were initiated at different times with symphylans col-

lected from the field. In nearly all instances, eggs were deposited

singly suggesting that sufficient food was not available from the

roots which penetrated through the brass screen in the cage.

Field Experiment

A field experiment was conducted during the summer of 1972

to confirm the occurrence of resistance against symphylans in some

broccoli cultivars. The experiment was established in a field natur-

ally infested with symphylans at the entomology farm near Corvallis.

Survey of the Symphylan Population

The five cultivars of broccoli were planted in single rows,

each replicated 4 times, on June 15. A survey of the symphylan

population was conducted 25 days after planting. Twenty soil samples

were taken across the plots by taking a shovelful of soil, about 10

inches deep, from between each row. The number of adult and

immature symphylans were counted in the field by sorting each

sample by hand (Table 8).

An average of 34. 4 symphylans/sample was found in the

experimental plot which exceeds the economic damage level sug-

gested by Morrison (1965). He indicated that an average of 10 or

more symphylans per shovelful of soil in 30 samples/acre
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Table 8. Number of immature and adult symphylans sampled from the experimental plot.

Sample
no.

No.
adults

No.
immatures

Total no.
symphylans

1 3 17 20

2 1 0 1

3 1 0 1

4 1 0 1

5 1 2 3

6 7 22 29

7 24 54 78

8 10 67 77

9 25 37 62

10 19 56 75

11 16 39 55

12 5 40 45

13 3 13 16

14 10 32 42

15 14 46 60

16 12 24 36

17 20 18 38

18 8 13 21

19 8 17 25

20 1 2 3

Total 189 499 688
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constituted an economic damage level.

Field Evaluation of Resistance Between
Broccoli Cultivars to Symphylan Injury

This experiment was designed to evaluate resistance between

broccoli cultivars to symphylan injury in the field. The results of

the dry weight analysis showed that there was a significant difference

between the cultivars (P < 0.05) (Table 9).

The most resistant cultivar was Crusader followed by Green

Duke, Bravo, Waltham, and Spartan (Figure 4) (Table 9). The

hybrid cultivars, Crusader, Green Duke and Bravo, grew better in

the field infested with symphylans than Waltham and Spartan which

is similar to the results obtained in the tolerance experiments.

Differences in root injury between broccoli cultivars caused by

symphylans are shown in Figure 5.

The total number of plants sampled from each cultivar are

shown in Table 10. An analysis of variance applied to the total num-

ber of plants sampled in the experimental plot, showed that there

were no significant differences between cultivars of broccoli

(P <0 05).

The analysis of variance applied to the total number of plant

survivors, although statistically not significant (P <0.05), are

meaningful with respect to dry weight differences as indicated in

the previous analysis (Table 9).
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Table 9. Total dry weight of broccoli cultivars sampled from the field.

Replication
no.

Broccoli Cultivar (g dry wt. )
Waltham SpartanCrusader Duke Bravo

1 184.30 105.77 109.92 36.78 10.65

2 115.05 103.87 16.39 8.13 5.53

3 36. 69 24. 62 18. 47 23. 63 4. 89

4 23.40 25.29 37.82 9.05 16.80

Tot al 359.44 259.55 182.60 77.59 37.87

Me an 89.86 64.88 45.65 19.39 9.46

Analysis of Variance

Source of Degrees of F Significance

variation freedom

Cultivars 4 3.6137 P < O. 05

Error 12
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Figure 4. Experimental field plot showing differences inresistance
between broccoli cultivars to symphylan injury.

Figure 5. Differences in root injury between broccoli cultivars caused
by symphylans (C = Crusader, D = Green Duke, B = Bravo,
W = Waltham, S = Spartan).
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Table 10. Total number of plants of each cultivar sampled from the field.

Replication
no.

Broccoli Cultivars
Crus ader Duke Bravo Waltham Spartan

1 30 17 17 10 11

2 12 20 11 6 5

3 17 10 7 21 9

4 9 10 7 7 12

Total 68 57 42 44 37

Me an 17 14. 25 10.5 11 9.25

Analysis of Variance

Source of Degrees of F Significance
variation freedom

Cultivars 4 1. 2165 NS

Error 12
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The chances of plants surviving and recovering from symphylan

injury would be better in the field than in the greenhouse. Plants in

the field had a better chance for root establishment since most

symphylans live 6-12 inches deep in the soil (Martin, 1939) whereas

plants in the greenhouse experiments were confined to pots and flats

infested with symphylans. In addition, the population density of

adult symphylans was lower in the field. Even though, no significant

difference was shown in the number of plant survivors in the field,

the large differences in the dry weight between the cultivars indi-

cated significant differences in resistance between broccoli cultivars.
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SUMMARY AND CONCLUSION

Studies were conducted on the mechanisms of resistance in

selected cultivars of broccoli to the garden symphylan. The culti-

vars, Crusader, Green Duke, Bravo, Waltham and Spartan were

selected because they showed various levels of resistance to

symphylans in preliminary experiments.

The tolerance experiments showed that there were significant

differences between the cultivars (P < 0.01). Crusader was the

most tolerant whereas Spartan was the most susceptible to symphylan

injury. The degree of tolerance was attributed to growth of a well-

developed root system and the ability to regrow a root system follow-

ing symphylan injury.

The results of the preference experiments showed that there

were no significant differences in symphylan response to the broccoli

cultivars (P < 0. 05). However, since plant tolerance affected the

results of these experiments, additional studies are needed to clarify

symphylan preference for individual cultivars.

Results of the antibiosis experiments showed that there were

no significant differences between the cultivars with respect to

symphylan survival (P < 0. 05). Additional experiments indicated

that there were no significant differences in the number of eggs

deposited by symphylans in response to the broccoli cultivars



41

(P < 0.05). These experiments suggested that there were no adverse

effects of the broccoli cultivars on symphylan survival or reproduc-

tion.

The results of field experiments confirmed that there were

differences in resistance between the cultivars to symphylan injury.

Crusader, Green Duke, and Bravo were more resistant than Waltham

and Spartan in field plots naturally infested with symphylans.
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Appendix Table 1. Dry weight analysis of broccoli cultivars from the plant tolerance experiment.

Source of variation

Cultivar

Between treatment
and control

Within treatment
and control

Within treatment

Within control

Error

Total

df SS MS

9 10. 9296 1.2144

1 9. 7854 9. 7854 203. 0165**

8 1. 1442 0. 143

4 1. 1027 0. 2756 5. 7178**

4 0.041 0.0102 O. 2116

40 1. 9295 0.0482

49 12. 8591

**Significant at 0.01 level of probability

L. S. D. 0.05 = 0. 2799

L. S. D. 0.01 = 0.3745

C. V. =12.86%



Appendix Table 2. Analysis of covariance for the effect of symphylan preference.

2
Source of variation df X XY

2
Y df SS MS

Total 49 8.9313 6.3973 17.1176

Between treatment 1 6.7499
and control (A)

5.7108 4.8317

Cultivar (B) 4 0.3871 0.7411 1.7191

Interaction 4 0.2601 0.0196 0.1240

Error 40 1.5343 -0.0743 10.4428 39 10.4392 0.2677

Factor A + Error 41 8.2842 5.6365 15.2745 40 11.4394 0.2860

Factor B + Error 44 1.9214 0.6669 12.1619 43 11.9304 0.2775

Interaction + Error 44 1.7943 -0.0546 10.5668 43 10.5651 0.2457

Regression on error 1 0.0036 0.0036

Factor A adjusted for average error regression 1 1.0002 1.0002

Factor B adjusted for average error regression 4 1.4912 0.3728

Interaction adjusted for average error regression 4 0.1259 0.0315
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Appendix Table 3. Analysis of variance for number of plants surviving in the preference experiment.

Source of
variation

Replication

Cultivar

Between treatment
and control

Within treatment
and control

Within treatment

Within control

Error

Total

df SS MS

4

9

89. 12

665. 22

22. 28

73. 9133

1 518.42 518.42 152.3778**

8 146.80 18.35

4 136. 24 34.06 10.0111 **

4 10. 56 2. 64 0. 7759

36 122, 48 3. 4022

49 876.82

**Significant at 0.01 level of probability

L. S. D, 0.05 = 1.5232

L. S. D. 0.01 = 3. 1756

C. V. = 29.84%



Appendix Table 4. Analysis of variance for the effect of broccoli cultivars on symphylan survival.

Source of
variation df SS MS

Cultivar 4 27. 76 6. 94 1. 2804

Error 20 108.40 5.42

Total 24 136. 16

C. V. = 24. 66%

49

Appendix Table 5. Analysis of variance for number of eggs deposited by symphylans in response
to different broccoli cultivars.

Source of

variation df SS MS

Cultivar

Error

Total

4

20

24

98. 64

2988

3086.64

22. 66

149.40

0. 165

C. V. = 94. 89%



Appendix Table 6. Analysis of variance for the total dry weight of broccoli cultivars sampled
from the field.

Source of
variation df SS MS

Replication 3 15, 255. 8402 5, 085. 28

Cultivar 4 17, 291. 0701 4, 322, 7675 3. 6137*

Error 12 14, 354, 5935 1, 196. 2161

Total 19 46, 901. 5038

50

*Signific ant at 0. 05 level of probability

L. S. D. 0.05 = 47.6640

L. S. D. 0.01 = 66. 8259

C. V. = 75.42%

Appendix Table 7. Analysis of variance for the total number of plants sampled from the field.

Source of
variation df SS MS

Replication 3 177. 2 59. 0666

Cultivar 4 160. 3 40. 075 1.2165

Error 12 395.3 32. 9416

Total 19 732.8

C. V = 40. 41%


