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IKTRODUCTIOI

The excretion of honeydew by aphids and other plant-sucking

insects has been widely known for centuries. Honeydew Is unique

in that (1) the water soluble carbohydrates, mainly sugars, nay

exceed 80 per cent of the total weight of the fresh material,

(2) the composition is very complex, containing not only unchanged

plant-sap materials, but synthetic components as well, and (3)

honeydews usually occur as sticky syrups, only rarely forming

crystals* Honeydew when deposited in large quantities becomes a

serious detriment to agriculture, especially in the harvesting of

certain specialised crops like alfalfa and sorghums where cutting

or threshing is necessary* The honeydew deposited on the plant

surface also furnishes a substrate for fungus growth, interfering

with photosynthesis and normal pollination of the flowers. It

also may attract other insects both harmful and useful*

Considerable technical biochemical analysis has been under-

taken in recent years in an effort to determine the composition

of honeydew as a tool in a study of the nutritional needs of

aphids* Virtually no information is available concerning the fac-

tors affecting the rate of honeydew deposition or of methods for

determining the rate of excretion.

It is the purpose of this research to study certain factors

which affect the rate of honeydew deposition by the greenbug,

Toxoptera gramlnum (Rend.), and the spotted alfalfa aphid, Therio-

aphis maculata (Buck.)* Variety of host, temperature and light

intensity constituted three of the more important factors consid-
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•red. The varieties studied were selected because of known vari-

ations in degrees of resistance to the greenbug or spotted alfalfa

aphid. It was therefore of interest to compare the rate of honey-

dew deposition by the aphids while feeding on these varieties with

their resistance rating.

The methods used in evaluating the rate of honeydew deposi-

tion were entirely new; therefore, much of the background experi-

mental work Involved the perfecting of procedures that would elim-

inate as many sources of variability as possible.

Rate of honeydew deposition as used herein is defined as the

number of honeydew droplets excreted by an individual aphid during

a 2**-hour period.

REVIEW OP LITERATURE

Probably the most remarkable feature of honeydew production

is the amount produced in relation to the diminutive size of the

insects involved. Michel (19^2) in studies with Lachmus robaris

(L.) on oak measured an average of 5.0 and up to 8.6 milligrams

of honeydew per aphid during a twenty-four hour period. The max-

imum amount is considered to be more than the weight of the insect

producing It. Day and Irzyklewiez (1953) estimated from studies

with radio-phosphorus that Mvzus perslca (Sulz.) may ingest 35 per

eent of Its weight in one hour. Smith (1937) used the rate of

deposition of honeydew to measure the rate of feeding of Hyalop-

terus prunl (Geoff.). The drops of honeydew were caught on sheets

of paper coated with bromo-cresol green and mounted on revolving



clocks below the feeding aphids. Smith found that the rate of ex-

cretion increased with Increasing temperatures. Schaefer (1938)

found that more honeydew was produced by uncrowded rather than

crowded aphids. The effect of evaporation on rate of excretion

of honeydew was studied by Broadbent (1951)* He found that the

rate of excretion was higher in still air than in wind. Broadbent

also stated that in twenty-two species of aphids observed none ex-

creted honeydew except when feeding; feeding and excretion contin-

ued in darkness, nymphs did not excrete during ecdysis and adults

continued at their usual rate when producing young.

The Bionomics of the Oreenbug

Rondani first described the greenbug in 1852. Passerlni

placed it in the genus Toxoptera in 1863 . Triticum . Hordeum .

Avena . Zea . and Sorghum were mentioned as Its food plants by Pas-

serlni. Webster and Phillips (1912) listed approximately sixty

host species, almost all from the grass family. The greenbug was

first recorded in the United States by Pergande (1902) in June,

1882. Dahms (1951) indicated that there have been fourteen major

outbreaks in the United States. Rietz (195*0 listed the greenbug

as one of the five major Insects attacking wheat.

Webster and Phillips (1912) described the biology of the

greenbug. Luginbill and Beyer (1918) studied the seasonal cycle

and life history of the greenbug. Wadley (193D made extensive

ecological studies. A thorough study of the effects of tempera-

ture on the greenbug was made by Wadley (1935). Peters (1955)
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studied the reaction of the greenbugs to small grains, particular-

ly the principal vheat and barley varieties recommended for Kansas*

Ortman (1957) made an extensive study of greenbug damage to the

root systems and other plant parts of several varieties of wheat.

The Bionomics of the Spotted Alfalfa Aphid

Dickson et al. (1955) reported that the spotted alfalfa

aphid has been in the United States at least since February of

195**-* Smith (1956) reported its presence in fourteen states.

Before 1957, sixteen additional states had reported infestations

(U. 8. D. A. Revs Release). Harvey and Hactcerott (1956) first

reported the spotted alfalfa aphid in Kansas in August, 195^. By

late 1955 It had spread to all areas of the state.

The biology of the spotted alfalfa aphid in relation to Its

host plants has been studied by Peters and Painter (1958).

The Greenbug and Resistance

Painter (195D compiled and summarized the studies of insect

resistance. He listed three main categories of resistance and

reports that the greenbug does more damage in proportion to num-

bers than any other aphid on wheat. Sajo (189*0 was first to note

possible differences in tolerance among oat varieties to the green-

bug. The reactions of greenbugs to several varieties of common

durum, and emmer wheat were reported by Wadley (1931). Fenton and

Fisher (19*K» found that winter barley was more susceptible than

winter wheat and that spring oat varieties were injured more se-



verely than the winter wheat and barley. Blizzard (19^8) found

that Omugi barley from Korea showed exceptional resistance to

greenbugs. In Uruguay, Silveirie and Conde (19**6) reported dif-

ferences in susceptibility among varieties of wheat and rye.

Dahms (19W has compared fifteen small grains and noted varietal

difference. Penton and Dahms (19**0) observed differences in sus-

ceptibility between wheat, barley and oats during the 1939 out-

break. Atkins and Dahms (19^5) reported observations on varietal

resistance in wheat, oats and barley gathered during the outbreak

of 19*f2. Dahms et al. (1955) reported a selection of the Dickin-

son wheat variety to be resistant.

The Spotted Alfalfa Aphid and Resistance

Differences among alfalfa varieties in reaction to the spotted

alfalfa aphid were reported by Harpaz (1955). Stanford (1955) re-

ported that the spotted alfalfa aphid could not survive on the

variety Lahontan. It was reported exceedingly injurious to all

commercial varieties of alfalfa in California except Lahontan by

Reynolds and Anderson (1955). Howe and Smith (1957) reported on

the apparent resistance to the spotted alfalfa aphid in Lahontan

alfalfa. Harvey and Hackerott (1956) reported apparent resistance

to the aphlds of some seedlings selected from susceptible varieties.

Biology of Honeydew Deposition

There are few references in the literature to methods by which

honeydew is excreted. Kirby and Spence (16%3) stated* "When no

xlfcH!
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ants attend them, by a certain jerk of the body, which takes place

at regular intervals, they ejaculate to a distance". Buckton

(I876) described honeydew excretion as the forcible ejection of

the liquid from the anus* Be also reported that Lachnus saliena

(Omelin) erects the terminal rings of their bodies, upon the apex

of which a clear drop of fluid will appear. If this is not quick-

ly withdrawn by an attendant ant, it is projected by a peculiar

jerk to a considerable distance. Weber (1930) found that in Homop-

tera very diverse structures have been developed which facilitate

excretion and which allows the stream of excrement to take a safe

direction away from the Insect preventing entanglement with the

liquid. Weber indicated that in aphids the anus forms a posteri-

orly directed valve, the dorsal region usually being drawn out in-

to a tail or cauda. He said that the cauda is raised by special

muscles, the anus opened, and the honeydew driven out by the mus-

culature of the rectum. Smith (1937) described the method of ex-

cretion of honeydew by Hyalopterns prunis (Oeoff .) in these words

t

"The tip of the abdomen is raised, a globule of transparent colour-

less liquid is secreted and held for an instant on the tip of the

abdomen. The left posterior leg is then swung upward and outward.

The drop of excrement is caught by the tip of the tibia and the

base of the tarsus and thrown with considerable force. From a

height of six inches females frequently throw excrement laterally

for a distance of 6 to 8 Inches. The mass of each droplet and

force and direction of the throw are remarkably uniform". Broad-

bent (1951) indicated that Smith may have observed only the nymphs.

HI
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In studies with 22 species of aphids he indicated that the adult

aphids, "raised their abdomen in the air and that the cauda and

cornicles rose until they were almost at right angles to the bod/;

though they occasionally waved their posterior legs a few times

before the globule appeared, they kept them still while the glob-

ule remained poised on the anus for one or two seconds, prior to

being flicked off by the cauda. The cauda was flexed back dorsal-

ly and then suddenly returned to its normal position, striking the

globule as it did so."

Observations of the adult greenbug and spotted alfalfa aphid

while excreting honeydew Indicate that reactions during deposition

were very similar to Broadbent's descriptions.

Some ideas have been advanced in an attempt to explain why

such copious amounts of honeydew are excreted by the aphids and

by what means the sap is moved into and through the aphids' ali-

mentary tract in such large quantities. Interesting theories have

been advanced, but perhaps the most interesting explanation at

present is that advanced by Kennedy and Mittler (1953). They

found that if the mouthtube of an actively feeding aphid was care-

fully severed, a considerable amount of fluid continued to ooze

from the cut end of the tube remaining in the plant tissue. Simi-

lar rates of honeydew excretion were recorded from adjacent in-

tact aphids. It was therefore suggested that during the feeding

process, plant turgor pressure forces large amounts of sap, in

the form of honeydew, through the insect's alimentary system.

Mittler (1957) in studies with Tuberolachnus salignus (Omelin)
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elaborated further on this theory. Leonardt (19*0) also reported

an apparent relationship between osmotic pressure variations in

fir trees and the rate of production of honeydew. Waterhouse

(1957) reports that if Kennedy and Mittler's theory proves to be

of general applicability the function of the filter chamber in

aphids may be to detour much of the water of this continuous flow

of fluid, thereby reducing not only the volume, but also the rate

of flow of material through the region of the midgut where diges-

tive enzymes have to function.

The possibility of using the rate of honeydew excretion by

aphids as a measure of metabolism has not been investigated but

presents interesting possibilities. Pathak and Painter (1958)

found that the corn leaf aphid, Rhopaloslphum maidls (Fitch) , lost

weight on resistant Piper Sudan te8-l due to a reduction in the

amount of plant material ingested. Cartier and Painter (1956) in-

dicated that the fecundity of the corn leaf aphid was reduced sig-

nificantly while feeding on resistant Piper Sudan ^28-1. Peters

and Painter (1958) found that the weights of the spotted alfalfa

•Phid, Therloaphis maculat

a

(Buck.) varied considerably with the

host plants. Peters (1955) indicated that the greenbug, Toxoptera

graminum (Rond.), lost weight while feeding on resistant Dicktoo

barley and Dickinson wheat. He also noted a decline in the fecun-

dity rate of the greenbug while feeding on Dicktoo barley.

The apparent relation of host resistance to the amount of plant

material Ingested suggests that resistance depresses the feeding

rate and should in theory reduce the rate of honeydew deposition.



Preliminary studies conducted indicated that not only resistance

but many other factors as well may significantly reduce the rate

of honeydew deposition, conceivably through a reduction in the

rate of feeding. If the rate of honeydew deposition could be

used as a plausible measure of the rate of feeding, it could al-

so be used as a possible measure of metabolic activity of the

aphid. This possibility is further enhanced by indications that

the optimum conditions for reproduction and development are also

the optimum for honeydew production and that differences from this

optimum condition can be measured by the increase or reduction in

the rate of honeydew deposition. The optimum conditions for growth

and reproduction are frequently used as a measure of metabolic ac-

tivity. The deviations in metabolic activity as brought about by

various factors could be detected by the corresponding fluctuations

in the rate of honeydew production thus providing a crude, but sim-

ple means of measuring metabolic activity.

MATERIALS AND METHODS

The materials used were those necessary for collecting the

honeydew droplets excreted by the aphids while feeding on wheat,

barley and alfalfa plants and for controlling, as much as possible,

the known variables related to the several experiments.

The greenbugs used in experiments with wheat and barley plants

were from a stock culture grown under artificial light in the base-

ment of Insectary No. 2. All of the greenbugs used were progeny

of one female collected in September, 195** from a stock culture in
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the Entomology greenhouse (Peters, 1955). There were no known

sources from which this culture might have been contaminated by

other aphlds. The aphids used for honeydew studies were usually

chosen from a single flat in order to insure homogeneity of envi-

ronment*

The spotted alfalfa aphids used in the experiments with alfal-

fa were selected from a stock culture maintained in the Entomology

greenhouse. Peters and Painter (1958) reported that this culture

was originally formed from a composite of collections from seven

counties from different regions of Kansas. Since the original for-

mation of the culture, spotted alfalfa aphids collected from fields

near Manhattan, Kansas have been periodically added during the sum-

mer months.

Apterous adults of both the greenbug and spotted alfalfa aphid

were used in all of the experiments except in the study of the ef-

fect of age on the rate of honeydew deposition by the greenbug. In

this particular experiment nymphs of all ages were used. Apterous

adults were used because they could be distinguished from large

nymphs by the exsertion of the cauda which occurs at the fourth

molt. A Dazor Magnifier lamp was used to select the apterous nymphs.

Four varieties of wheat, Trlticum vulgare L. , and one group

of Pi,., Dickinson x Pawnee hybrids, representing several test lines

carrying varying degrees of resistance, were used in the experi-

ments with the greenbug. The seed of the varieties Pawnee, Ponca,

Bison, Dickinson, and Fif. Dickinson x Pawnee hybrids were obtained

from the Agronomy Department.
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Three varieties of barley, %8&am Y\rt8iTl *•! **• *••<* *»

several of the experiments with the greenbug. Seed of the varie-

ties Reno and Dlcktoo vas obtained from the Agronomy Department.

Seed of the variety M0-BM75* developed In Hiasourl, was obtained

from the Fort Bays Experiment Station.

Wheat and barley seedlings were grown either In sixteen by

twenty-two Inch greenhouse flats* two rows to the flat, or In »f-

lnch clay pots. The soil used was a mixture of six parts black

loam, one part sheep manure, and one part sand. The plants were

generally two to three weeks old when the tests were begun.

Clones of nine different alfalfa varieties, Hsdlcaso satlva

L., used In the honeydew experiments with the spotted alfalfa

aphid were obtained from the Agronomy Department. Cuttings were

made from plants In the field during November, 1957 and potted In

W-inch clay pots. The potted plants were maintained during the

period of the experiments In the Entomology greenhouse. Ho alfalfa

seedlings were used In any of the experiments. Clones differ from

seedlings In that they are Individual plants descended by asexual

reproduction from sexually produced plants.

All experiments Involving wheat and barley, except the ones

on effect of temperature, were conducted in the basement of Insec-

tary No. 2 using Uo watt standard fluorescent tubes placed approx-

imately eighteen Inches above the table with four such tubes per

eight foot square area. The lights were on 16 hours a day. A

Fries Hygrothermograph was used to record the temperature and rel-

ative humidity. Average temperature for the period of the experl-
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ments was approximately 75°P» Relative humidity averaged approxi-

mately *f5 per cent. It was comparatively easy to control and main-

tain the temperature and relative humidity due to the nature of the

environment. In the cold months an electric coil heater with ther-

mostat control was used.

All honeydew experiments with the spotted alfalfa aphid, ex-

cept effect of temperature on the rate of honeydew deposition, were

conducted in the Entomology greenhouse. Temperature in the green-

house during period of the experiments averaged approximately A°F.

with a relative humidity average of approximately 35 per cent.

Temperature was maintained by a thermostatically controlled steam

circulating heater. During the summer months the greenhouse was

cooled with evaporative type equipment. Air was pulled through the

greenhouse by a large window fan. In experiments where additional

light was required, *f0 watt standard white fluorescent tubes were

used.

The experiments involving temperature studies with the green-

bug and spotted alfalfa aphid were conducted in a k x 6 foot cab-

inet with thermostatically controlled temperatures located in the

basement of the Agronomy Plant Research Laboratory. Constant kO

watt standard fluorescent lighting was used in the experiments.

Temperatures ranged within 2°F. of preset temperatures. Humidity

varied from *t0 to 80 per cent due to the different temperatures

used. In the experiments with wheat and barley, eleven different

temperatures representing five degree intervals from 35°P. to 85°F.

were used. In the experiments with alfalfa, six different tempera-

tures representing 10 °f. intervals from 35°P. to 85°F. were used.
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Most of the experiments with wheat, barley and alfalfa fol-

lowed a general pattern. Where this general method was modified

to a certain degree to fit the situation, the modified methods

will be given under a separate heading, Special Experiments.

Plastic boxes were adapted to make aphid cages and to provide

an efficient means of collecting the droplets of honeydew. Plate

I illustrates the 1 x 1* x 3 inch cages which had two hinges on

the back and one snap type fastener on the front to hold the cage

closed. Two holes drilled in the tops of these cages were covered

with fine mesh nylon cloth. Boxes used for caging the spotted al-

falfa aphlds on alfalfa were notched with a v-shaped groove in one

end of the box large enough to insert the leaf petiole with a damp

cellulose plug for protection of the petiole. Two leaflets of the

trifoliate leaf were removed to eliminate the possibility of the

honeydew droplets landing on them instead of the plastic cage

(Plate I). The plug was put into the groove and the lid closed with

the petiole in the center of the cellulose pad. The clear plastic

sides made It possible to see the aphlds and the deposited honey-

dew droplets in the cage at all times. The nylon mesh windows al-

lowed for some transpiration from the leaves without condensation

of water Inside the cage. In adapting the boxes for caging green-

bugs on wheat and barley, a groove was cut in each end of the cage,

cellulose plugs placed therein and the leaf passed completely through

the cage. Plate II illustrates this method.

The cages were held in place while in use by fastening them

to i-inch-square wooden stakes of convenient lengths with No. 32
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EXPLANATION OF PLATE I

Illustration of the arrangement of the petiole and leaf-

let in the 1 x li x 3 inch plastic box used for caging the

spotted alfalfa aphid and providing a method for collecting

the droplets of honeydew.
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EXPLANATION OP PLATS II

Illustration of the arrangement of the leaf blade of barley

and wheat In the 1 x 1± x 3 Inch plastic box used for caging the

greenbug and collecting the droplets of honeydew.
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PLATE XX
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rubber bands. In all of the studies with alfalfa, except the ex-

periments on the effect of flowering and effect of distance of

leaves from growing point of host plant, the second or third tri-

foliate leaf from the terminal bud was selected in order to main-

tain as much uniformity as possible (Plate III). In the experi-

ments with wheat and barley the second leaf was used.

Considerable preliminary investigations were made prior to

the adoption of the plastic cage method of collecting honeydew.

Experiments were conducted using twenty-five different types of

paper. Several chemically treated papers, bromo-cresole green, po-

tassium iodide, and aniline hydrogen phthalate, were investigated

for possible use. All of these papers proved to be unsatisfactory

primarily because of the inability to distinguish individual drop-

lets after coalescence with neighboring droplets. The possibility

of measuring the excreted honeydew by the use of minute pipettes

was discarded because of the highly viscous nature of the excrement.

Dry weight as a measure of honeydew excretion was attempted but re-

sults were erratic making an accurate measurement impossible.

The plastic cage method was developed as a technique after hon-

eydew droplets were seen to appear very distinctly against the clear

plastic of the cage. The honeydew droplets retained their convex-

ity and very little coalescence occurred. The attraction for the

droplets was undoubtedly due to the physical and chemical composi-

tion of the plastic cages because the honeydew droplets would

spread and be indistinguishable when collected on glass slides.

Plates IV and V show cages with typical honeydew droplet patterns.



22.

EXPLANATION OF PLATE III

Illustration of the arrangement and method of attachment of

the plastic cages on the alfalfa plants.
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EXPLANATION OP PLATE IV

Illustrations of typical honeydew patterns occurring on

plastic cages. Magnified 10X.
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EXPLANATION OF PLATE ?

Illustrations of typical honeydev patterns occurring on

plastic cages. Magnified 10X.
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The different variations in the sizes of the droplets are clear-

ly illustrated in these plates.

All experiments with alfalfa, barley, and wheat were conduc-

ted for a 2**-hour period; at the end of this interval of time the

cages were removed and the honeydew droplets counted with the aid

of a Dazor Magnifier lamp.

The aphids were selected from the cultures with an aspirator

or a camel's hair brush. Usually one aphid was used per cage,

but on several resistant clones of alfalfa as many as ten aphids

per cage were used in order to obtain one live aphid that set-

tled in feeding position. An adequate interval of time was al-

lowed in all of the experiments for the aphids to adjust to the

plant and begin feeding. This procedure eliminated a possible

"carry over" effect from other varieties.

The statistical analysis of variance used in computing Least

Significant Difference for all data was in accordance with Snede-

cor (1938).

SPECIAL EXPERIMENTS

Area of Feeding on Reno Barley Leaf as a Factor Affecting

the Rate of Honeydew Deposition by the Greenbug . In this experi-

ment the methods were modified in order to restrict the aphids

to particular regions of the barley leaf. The plastic cages were

notched on each side rather than on the ends, and the leaf passed

across through the cage. Four cages were spaced evenly along

the 8-lnch barley leaf at approximately 2-inch intervals. The
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cages were removed at the end of each 2^-hour period and the drop-

lets of honeydew recorded. Nymphs were removed at this time and

the cages cleaned and reinserted on the leaf. Plate VI shows

the arrangement of the cages on a barley leaf. The cages were

not suspended by rubber bands but were placed on a small wooden

platform which was at the same level as the leaf.

Age of Aphid as a Factor Affecting the Rate of Honeydew Dep-

osition by the Greenbug . Three potted Reno Barley plants were

used as the hosts during this experiment. Several apterous green-

bug females were isolated in a plastic cage, allowed to feed on

a Reno barley plant and reproduce. The cage was checked every

three hours during one day and the newly born nymphs removed sin-

gly to cages which were then labeled with the time and date, and

placed on the second leaf of each potted Reno barley plant. The

cages were examined at twenty-four hour Intervals throughout the

seven days of the experiment. The rate of honeydew deposition

for each nymph was recorded until reproduction was observed to

occur. Molt 8 were recorded when noticed.

Reduction in Light Intensity as a Factor Affecting the Rate

of Honeydew Deposition by the Spotted Alfalfa Aphid . In the first

portion of the experiment a large 2i x 3 foot cardboard box was

used to prevent part of the light from reaching the alfalfa

plants. This was accomplished by cutting the end out of the box

and then preparing a sliding mechanism out of this cut end to

regulate the amount of light reaching the plants. The source of

light for both the plant in full light and that in restricted

light was from two regular kO watt daylight fluorescent tubes.

- 1H
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EXPLANATION OF PLATE VI

The arrangement of the cages on a Reno barley leaf to re-

strict the greenbugs to definite areas of feeding.
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In the second portion of the experiment aluminum foil was

used to restrict the amount of light entering the individual

small cages by wrapping the cages in the foil, allowing light to

enter only through the two small nylon mesh covered windows.

The Distance of Leaves from Growlne Point of Host Plant as

a Factor Affecting the Rate of Honeydew Deposition by the Spotted

Alfalfa Aphid . A branch of Bl6 alfalfa clone, 2\ Inches in

height, was used in this experiment as the host plant. Ten cages

were placed on trifoliate leaves occurring at varying intervals

going from the first trifoliate leaf below the terminal bud down-

ward to the base of the plant. Other procedures were as previ-

ously described for other experiments.

Leaf. Stem, and Petiole Feeding as a Factor Affecting the

Rate of Honeydew Deposition by the Spotted Alfalfa Aphid . Math-

ods were identical to other experiments except that the leaves

were removed from the petiole thereby forcing the aphids to feed

on this specified area. The stems were prepared by removing the

leaves and petioles and placing the cages on the bare stems.

Reduced Moisture as a Factor Affecting the Rate of Honeydew

Deposition by the Spotted Alfalfa Aphid . The only modification

in procedure involved in this experiment was the amount of water

allowed the host plants. Three potted B16 alfalfa plants, 18

inches in height, were used. One plant was held at the point of

saturation, a second with adequate moisture for normal growth,

and the third was maintained as nearly as possible at the incip-

ient wilting stage. These conditions were maintained for one
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twenty-four hour period only because of the rapid senescence of

the third plant,

RESULTS

Greenbugs on Wheat and Barley

Temperature as a Factor Affecting the Rate of Honeydev Dep-

osition of the Greenbug while Feeding on Pawnee, and Dickinson

Wheats, and Reno and Dicktoo Barleys . Highly significant in-

creases in the rate of honeydew deposition by the greenbug while

feeding on Pawnee were found to occur between all 5°F. tempera-

ture intervals from kO ?, to 80 F. Ho significant increase in

the rate of honeydew deposition was found to occur between 35°F.

and *K>°F. A highly significant decrease in the rate of honeydew

deposition occurred between 80°F. and 85°F. The lowest rate of

honeydew deposition occurred at 35°F. (*f#3 droplets), the high-

est at 80°F. (28.1 droplets). Table 1 summarizes the results

obtained with this variety. Figure 1 gives a graphic compari-

son with Dickinson wheat, Reno and Dicktoo barleys.

In Dickinson wheat the rate of honeydew deposition was much

lower than Pawnee at all temperatures. Significant differences

were apparent in Pawnee between 5°F. temperature intervals from

*fO°F. upward. In Dickinson, non-significant increases in the

rate of honeydew deposition between the 5°F. temperature inter-

vals were apparent from 35°F. to 60°F.j however, highly signifi-

cant differences were recorded in 10°F. intervals between 35°F.
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o
and 65 F. Highly significant differences vere found to exist

between the 5°F. intervals from 60°F. to 80°F. The rate of

honeydew deposition by the greenbug was found to drop very sig-

nificantly as the temperature increased from 80°F. to 85°F. The

highest rate of honeydew excretion was recorded at 80°F. (Table

2 and Fig. 1).

The rate of honeydew deposition by the greenbug was higher

on Reno barley than on any other cereal variety tested. Average

droplet rate varied from a low of 9»3 at 35°F. to a high of k0.$

at 75°F» lo significant difference at the .001 per cent level

was observed between 3? F. and kO F. Highly significant differ-

ences were obtained between all 5°F« temperature intervals from

^5°F. to 75°F. t except at the 50°F. to 55°F. interval. In this

one exception the difference approached significance. A peak

in the rate of honeydew deposition was reached at 75°F* in this

variety. A highly significant decline in the rate of honeydew

deposition occurred at temperatures of 80°F. to By F. (Table 3

and Fig. 1).

In Dlcktoo barley there was a non-significant difference

between the average rate of honeydew deposition at temperatures

of 35°F. and hO°T, Significant differences at the .001 per cent

level occurred between all 5°F» temperature intervals from *fO°F.

to 75°F* In Dlcktoo, as in Reno, a peak in the rate of honey-

dew deposition occurred at 75°F. A significant decline was re-

corded at temperatures of 80°F. to 85°F. (Table h and Fig. 1).
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Area of Feeding on Reno Barley Leaf »j a Factor Affecting

the Rate of Honeydev Deposition by the Oreenbug. The basal

leaves of two Reno barley plants were used. The leaves were di-

vided Into four separate feeding areas, approximately two inches

apart. There was no significant difference in the rate of hon-

eydew deposition by the greenbug between area 1 (basal portion)

and area 2 of the leaf. Significant differences in rate of hon-

eydew deposition occurred at the .05 per cent level between area

2 and area 3. A highly significant difference was apparent in

the rate of honeydew deposition by the greenbugs feeding on

area h (apical region) in contrast with areas 1, 2 and 3 (Table

5).

Feeding on Yellowed vs. Green Leaves as a Factor Affecting

the Rate of Honeydew Deposition by the Greenbug . Replication

numbers k, 5 and 6 of this experiment were omitted from the sta-

tistical analysis because of the presence of green streaks and

spots in one of the yellowed leaves used in the test. The green-

bugs apparently preferred these green areas of the leaf to yel-

lowed portions, and were found to excrete at almost the same

rate on these green areas as they did on green leaves (Table 6).

An average honeydew droplet rate of 5.71 was recorded for

aphlds feeding on the yellowed leaves for a twenty-four hour

period. In contrast, 16.71 droplets were excreted by the green-

bugs feeding on the green leaves. A statistical "t" test showed

this difference of 11 droplets to be highly significant at the

•001 per cent level.
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Table 6. The effect of feeding on yellowed vs. green leaves
of M0-B*f75 barley as a factor affecting the rate of
honevdew deposition bv the Kreenbue. Toxoutera *ram-
inum (Rond.) for a 2^ hour period under fluorescent
lighting at an average temperature of 75°F.

flumber of flropMs m
Replications t if t Green Leaf

1 6 Ik

2 5 20

3 6 16

k* 15 18

5* 16 19

6* 13 12

7 7 15

8 5 17

9 7 17

10 h ie

Tot. to 117

AVg. 5.71 16.7

Aphids feeding on green area in yellow leaf. These replica-
tions were omitted from the total number of honeydew droplets
excreted, average number of droplets and from the statistical
analysis.

•L.8.D. - 1.867 fit .001 per cent level
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Age of Aphid as a Factor Affecting the Rate of Honeydew

Deposition , The period of the test constituted seven days. Re-

production was observed to occur on the sixth and seventh days.

Due to the adverse effect of reproduction on the rate of honey-

dew deposition, the data from the sixth and seventh days were

omitted from the statistical analysis.

Ho significant differences were found to occur in the rate

of honeydew deposition during the first five days. A statisti-

cal analysis did show significant differences occurring between

the deposition of honeydew by aphids in cages for the first five

days even though there were no significant differences between

the rate of deposition by days (Table 7). Molting was observed

to have a slight depressive effect on the rate of honeydew depo-

sition. Reproduction was found to significantly retard the rate

of honeydew deposition. Figure 2 gives a graphic representation

of the average rate of honeydew deposition by the greenbugs by

days from birth to time of reproduction.

The Varietal Effect of Pawnee. Ponca. Bison and Dickinson

Wheat as a Factor Affecting the Rate of Honeydew Deposition by

the Greenbug . The rate of honeydew deposition by the greenbug

was highest on Pawnee with an average of 3^.0 droplets while

an average of 19.0 droplets was excreted by the greenbug while

feeding on Dickinson wheat. The latter rate of honeydew depo-

sition was significantly lower than the rate of deposition on

the other three varieties. The average rate of honeydew depo-

sition while feeding on Bison and Ponca wheat was 30.5 and 25.9
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droplets respectively (Table 8). Significant differences were

found to exist between Dickinson and the other three varieties.

Ponca was almost significantly better than Pawnee. Figure 3

gives a graphic comparison of the rate of honeydew deposition

by the greenbug while feeding on the four different wheat varie-

ties.

The Varietal Effect of Dicktoo. M0-Blf75 and Reno Barley as

| Factor Affecting the Rate of Honeydew Deposition by the Qreen-

bug . The average rate of honeydew deposition by the greenbug

was found to be generally higher on barley than on wheat. This

was especially true on susceptible Reno and MO-B*f75 barley.

Greenbugs feeding on Reno excreted at an average rate of **5.6

droplets over a twenty-four hour period. This was significant-

ly higher than the 19.3 average droplet rate of the greenbug

while feeding on Dicktoo. Ho significant difference was found

in the rate of honeydew deposition between M0-B*+75 and Reno,

even though there was a 7.1 droplet difference in the average.

There was a definite significant difference in the rate of hon-

eydew deposition between varieties MO-B1+75 and Dicktoo. Table

9 summarizes the results of the experiment and Pig. 3 shows a

graphic comparison of the rate of honeydew deposition by the

greenbug while feeding on Reno, Dicktoo and MO-B^75 barley.

The rate of honeydew deposition by the greenbug on barley

is also compared graphically in Fig. 3 to the rate deposited

while feeding on Ponca, Bison, Dickinson and Pawnee wheat.
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The Effect of Fi, . Pawnee x Dickinson Hybrids Carrying Dif-

ferent Degrees of Resistance as a Factor Affecting the Rate of

Honeydew Deposition by the Greenbug . The five hybrid lines used

in this experiment had been assigned the following per cent

plant survival rating on the basis of a previous greenbug resis-

tance test j 132»f5 - 30 per cent, 13208 - $2 per cent, 132»f2 -

13 per cent, 13209 - 72 per cent, and 1320$ - 85 per cent. The

checks used had the following rating: Dickinson - 100 per cent

and Pawnee - per cent.

The rate of honeydew deposition by the greenbug was found

to be highest from test lines 132**5» 13208 and 132**2. There

were no significant differences in the rate of honeydew deposi-

tion among these three hybrid lines. The lowest rate of honey-

dew deposition occurred from test lines 13209 and 13205. Sig-

nificant differences at the 5 P«r cent level were found to ex-

ist between 13205 and 132^2, 13208 and 132M-2. There was no

significant difference between 13209 and 132^2; however, sig-

nificant differences existed between 13209 as compared to 132^5

and 13208 (Table 10).

Spotted Alfalfa Aphid on Alfalfa

Effect of Various Temperatures on the Rate of Honeydew Depo«

sit ion by the Spotted Alfalfa Aphid while Feeding on Alfalfa

Clones B16. B105 and C89 . The rate of honeydew deposition by

the spotted alfalfa aphid on alfalfa clone B105 increased from

a low of lf.66 droplets at 35°F. to a high of 38.25 at 85°F. The

::i**;
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rate of honeydew deposition was found to increase as temperature

increased. When averages at the various temperatures were placed

on a graph, they formed an almost straight line (Fig. h) . High-

ly significant differences were found to exist among the rates

of honeydew deposition at all the six 10°F. temperature inter-

vals used (Table 11).

The rate of honeydew deposition by the spotted alfalfa

aphid feeding on alfalfa clone B16 increased from an average

droplet rate of 1.66 at 35°P. to a high of 21.25 at 85°F. The

rate of honeydew deposition, as with clone B105, increased rap-

idly with increased temperatures. When the rate of honeydew

deposition was plotted on a graph, it appeared slightly irreg-

ular as compared with the rate on clone B105. Highly signifi-

cant differences were found between all 10°F. intervals from

3rP. to 85°F. No optimum temperature for the rate of honeydew

deposition on clones B16 and B105 was found between the tempera-

tures 35°F. to 85°F. (Table 12 and Fig. h).

Much difficulty was encountered with feeding aphids on al-

falfa clone C89. The resistant nature of this plant apparently

had a highly detrimental effect upon the insects. The aphids

usually died within 2*f hours after being caged. Occasionally

an aphid would remain alive but would seldom excrete honeydew.

Table 13 summarizes the rate of honeydew deposition by the

spotted alfalfa aphid while feeding on clone C89. There is a

slight Indication that honeydew production occurs more often with-

in the temperature range of h$°¥. to 65°F. while feeding on this
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clone but the rate of honeydew deposition was found to be negli-

gible.

Light Intensity as a Factor Affecting the Rate of Honeydev

Deposition by the Spotted Alfalfa Aphid Feeding on Several Dif-

ferent Clones of Alfalfa . The depressing effect of reduced light

on the rate of honeydev deposition by the spotted alfalfa aphid

was first noticed during a cloudy interval in March, 1958 while

records were being taken on alfalfa clones B105» B8, and C89.

Later, additional readings were taken on these same clones dur-

ing a normal sunny period. Tables 15 and 16 summarize the rate

of honeydew deposition by the spotted alfalfa aphid feeding on

B105, B8, and C89 clones under the two different light conditions.

The reduction In light intensity by the cloudy weather was found

to significantly reduce the rate of honeydew deposition by the

spotted alfalfa aphid on clone B105 from an average of 31A7

droplets to an average of 11.2 droplets. The rate of honeydew

deposition on clone B8 was reduced significantly from an average

of 11.8 droplets to a low of 2 droplets. The rate of honeydew

deposition on clone C89 was affected only slightly by the reduc-

tion in light.

Alfalfa clones B16, 50-1266, and C89 were tested under re-

stricted light conditions using a modified light-proof card-

board box to restrict light from all of the plants except the

checks (Table 17). Highly significant differences were noted

between the rates of honeydew deposition by the spotted alfalfa

aphid feeding on alfalfa clones 50-1266 and B16 when compared
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Table 15. Reduced natural light as a factor affecting the rate
of honeydew deposition by the spotted alfalfa aphid,
Therioaphls maeulata (Buck.), feeding for a 21* hour
period on C89 and Bb alfalfa clones at an average
temperature of 72 F.

Replications
Number

Tot.

Avg.

1

2

3

»f

5

6

7

8

9

10

Reduced
light
C§9«

Number of droplets
Normal

i

sunshine s

g8? L

1

5

6

0.6

Reduced i

light |

B8* i

i Normal
i sunshine
i B8

12

13

10

10

11 12

5 10

15

6
*

13

V 17

20 118

2.0 11.8

Records were taken during an exceptionally cloudy period dur-
ing March, 1958. Tests were conducted in the Entomology green-
house. Normal sunshine records were taken at a later date dur-
ing good weather.
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Table 16, Reduced natural light as a factor affecting the rate
of honeydev deposition by the spotted alfalfa aphid,
X$9rtPflPh^s maculata (Buck.), feeding on B105 alfalfa
C
J°SJo»

for a 2h hour Period at an average temperature
of 7*+°F.

Number of honeydev droplets excreted under
Replications i

SUSfeSZ 1 Reduced light* t Hormal light

i

I

I

it
11
12

n
s
19
20
21

Tot * 236 661

Avg. 11.20 31,1^

*?JSS
rds

w
ta
^
en durin€ an exceptionally cloudy period, March

1958. Tests were conducted in the Entomology ereenAouse at

mll'vlathe'r!
C°llege

'
The ^ok was taken UtfrluriSg nor-

***L.S.D. s 8.2 at .001 per cent level.
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with the rate of honeydew deposition while feeding on the same

clones under constant fluorescent lighting. The rate of honeydew

deposition by the spotted alfalfa aphid feeding on clone 50-1266

was reduced from an average droplet rate of kO,6 under fluores-

cent lighting to 19.3 under the reduced light. This represented

slightly more than a fifty per cent reduction in the rate of hon-

eydew deposition while feeding on this particular clone. The

rate of honeydew deposition by the spotted alfalfa aphid feeding

on B16 clone was reduced from an average droplet rate of 19.0

under fluorescent lighting to a low of 3.08 under reduced light.

This represented more than a 75 per cent reduction in the aver-

age droplet rate on this clone. Reduction in the rate of honey-

dew deposition brought about by the reduced light conditions ap-

peared to be greater in clones B16 and B8 than in BIO 5 and 50-1266,

The restriction of light from the alfalfa clones and aphids

caused a peculiar change in the color and consistency of some of

the honeydew droplets. After approximately one day under the re-

stricted light conditions, the aphids began excreting milky white

honeydew droplets Instead of the usual clear and viscous type.

The white droplets were observed to be watery in consistency and

after drying had a granular appearance*

Table 18 summarizes the results of the effect of the restric-

tion of light from the immediate area of feeding. The cages were

wrapped in aluminum foil to restrict the light only from the

leaves where the aphids were feeding. The rate of honeydew depo-

sition by the spotted alfalfa aphid while feeding on check clone
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Table 18* The effect of reduced light on the rate of honeydew
deposition by the spotted alfalfa aphid, Therloaphis
maculata (Buck.), while feeding on plants or alfalfa
clone 50-1266 using covered and uncovered cages under
constant fluorescent lighting and at an average tem-
perature of 7yy,

Number of honeydew droplets excreted in
Replications: Coveredt Uncovered:

Number » Cages x Cages » Remarks

1
2

I

I

Z
11
12

§

Tot. 276 »f95

Avg. 17.25 30.93

Light was not restricted from plant other than in area of feed-
ing.

Constitutes readings taken during a second day of the test.
L.S.D. - h.7& at 1 per cent level.

11 30
15 25
20 29
12 30
10

U20
15 3P

s. 3^
9* 30

21* 35
22* 29
16* 32
37* 38
19* 25
20* 31

Droplets white in covered cage

Droplets white in covered cage
Droplets white in covered cage
Droplets white in covered cage
Droplets white in covered cage
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50-1266 averaged 30.93 droplets. In contrast, an average rate

of 17.25 droplets was excreted by the spotted alfalfa aphid while

feeding on clone 50-1266 where light was restricted from the area

of feeding by the aluminum foil. This difference of 13.7 drop-

lets was significant at the .001 per cent level.

The honeydew droplets were again observed to be white in

color in several replications of this experiment. This phenomenon

occurred during the second day of the test but was not as apparent

as in the previous experiment where the light was restricted from

all the plant.

Tables 16, 17, and 18 are summarized in Table 19. A better

understanding of the effect of light intensity as a factor affect-

ing the rate of honeydew deposition can be visualized by refer-

ence to this table.

The Effect of Reduced Moisture to Host Plants as a Factor

Affecting the Rate of Honeydew Deposition by the Spotted Alfalfa

Aphid . Kennedy and Mittler (1953) indicated that turgor pressure

may be responsible for forcing plant sap up into and through the

aphid's alimentary tract. This study was conducted in order to

see if this theory proved to be applicable with the spotted alfal-

fa aphid, Therioaphis maculata (Buck.). Three plants from the

B16 alfalfa clone were used as hosts in this experiment. The

soil of plant number one was kept at the point of saturation with

water, plant number 2 moist, and number 3 dry enough to induce in-

cipient wilting.



67.

s

1

|

Or-l«H
a

«£ +3
nt«H >»«h

T5

9

o
J

o

I
S3
« p.
i
go

W-H-P
» fc «

c
o

P
O

K

48
O w
V «
ofe» 3

r-i

TS*-t

o cca a «*

IItrj

(JHfl
: •P »4

> At! S
2 3S2J fc*-4 P.

C DO

3
JJ

I

c o H

•§££

2 *~
. P •

wv o >
«H • «-» <
•3 fa O'-'

M
4>
W
o

S 8
3

3 &
«

S ft

CM

Q
CM

CI
CI I

CO
«

o
CM

CM

2
o

S
o I

s
o

HON
C00O 0r4

%1 %4 V.c-4
•H 1

s® a* ss sR

M
J

I

0.
I

£
be

fa

•P
O
<H
fa
4*
« •

« e
fa o

« e

irs

!:tJro



68.

Table 20 summarizes the results of this experiment. The

highest rate of honeydew deposition by the aphids occurred while

feeding on plant number one whose soil was at the point of satu-

ration. The next highest rate of honeydew deposition was found

to occur on plant number 2. The average rate of 16.h droplets

obtained on this plant was only 1.1 droplets higher than the rate

of deposition on the plant maintained at the incipient wilting

stage. Ho significant differences occurred in the rates of hon-

eydew deposition among the B16 clones under the three different

moisture conditions.

A number of milky white honeydew droplets similar to those

occurring under reduced light and on yellowed leaves of barley

were excreted by the aphids while feeding on the Bl6 alfalfa

clone during incipient wilting.

The Distance of Leaves from Growing Point as a Factor Affect-

ing the Rate of Honeydew Deposition by the Spotted Alfalfa Aphid .

Table 21 summarizes the different rates of honeydew deposition by

the spotted alfalfa aphids while restricted to ten different areas

below the growing point of a twenty-four inch Bl6 alfalfa plant.

It was observed that the rate of honeydew deposition by the

spotted alfalfa aphid was lowest while feeding on leaves occurring

eight inches below the growing point and highest while feeding on

the leaves attached to the basal four inches of the plant. Al-

though the lowest rate was at eight inches and the highest at

twenty inches, distance of the leaves from the growing point of

the B16 alfalfa plant was found to have no significant affect on
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Table 20. The effect of reduced moisture to host plants* as a
factor affecting the rate of honeydew deposition by
the spotted alfalfa aphid, Therioaohis maculata
(Buck.), over a 2k hour period under natural green,
house lighting and at an average temperature of 76f.

Bumber of honevdew droplets excreted with
""

Replications : Soil : Soil i Soil dry, piJnt at
NumbeE t saturated : damp t incident wilting

fffoff
*»»

i ,2 n 20

f 13 10 18

I J 3Z *Z
5 33 9 5

S
22 23 l»f

7 »K> 9 17

*»*« 1^3 116 108

Avg. 20A 16.5 15A

1*r*Average heights of plants of B16 clone were li*."Numerous milky white droplets were noticed at this stage in
3

place of normal clear droplets.
All readings were taken on second and third leaves from ton

u or plant. *

L.S.D. = non-significant.



70.

*

• a
M 1

«M o P J* »-l vO un o H Os UN -± H
•

tN

°SS CM CM CM CM H CM H r-4 3 rH

<j»w<H
P
CO CD

H II
^i

(8
t
co

s
CM CM IN sO UN Os CO fN Os co Os

I? %
cm CM CM H H H H H H UN r-l

P O 1 - CM
sO

s

1
sO H o 00 H IN CO sO IN

9
ON

P"H M CM CM CM H CM H iH r-l UN iHa iH

© P H
«H CO 09 M

Cs.
v« o (4
««H CO

§

II
P
1 p r-t

m
co

O
CO

o
tH

O 3 CO r-lH COH H
CO

•
sOH

PH. a H
o u <H
08 •>« O

P
«•

UN
CM

05 jC 9 1 u> O ON Os CO Q sO -± \f\ sO
•

UN

«8 >
r-l co H H H tH r-l H 9

H
O
E

dr-i CC M ?l
•rt 0B«H
0«M«H
P.f-t CO

B
O

r
CM CM vO sO r-l 8 fN sO un CO

•
ON

(4 • fa i-« CM H •H CM rH H CM UN r-l

!*8fc
Vi H

•h ©pqj- io ••

opp c
tNU O C«w 00

MP, CO O P co
•H n c •

a p-*
1 - fa

oo CO UNH R COH IN A a
UNH §^ a

•hP OP
U (0 M *

to SsVt U ato £> <D

co c o a SO r-» H Jr H Os CO Os 00 H
•

UN
© o-h © H CM ri H r-4 iH H CM H
r4Ti *«P H
P t>

V|«H P.*on (no

o It oo % i
m• P.9 *H

o © o © CA H un sO .*• IN sO CO H
•

UN

CO CO

CM H «H r-l H H r-l CM fH

p >J- M %4
« •CVJ'O 3 rl

The

d
honey

for

a

lng

a
r-4 CM j*- .*• sO J* IN sO oo r-t

•
UN

r-l 7l TH iH pH H H tH » r-l to

M M

1
P
o

O
• •H UH

CM a <° r-l CM co J- UN SO IN 00
II

©
O B •

tH •HMK • • •

A P. 4» «« CO

CO © O •

H K H m M



71.

the rate of honeydew deposition by the spotted alfalfa aphid*

Leaf. Stem and Petiole Feeding as a Factor Affecting the Rate

of Honeydew Deposition by the Spotted Alfalfa Aphid . The effect

of leaf 9 stem and petiole feeding as a factor affecting the rate

of honeydew deposition by the spotted alfalfa aphid is summarized

in Table 22. An average rate of 15*6 droplets was excreted by

the spotted alfalfa aphid s while feeding on the leaves of the B16

alfalfa plant* In contrast, averages of 9*73 and 11A6 droplets

were excreted by the aphids while feeding on the petiole and stem*

The difference of 5*9 droplets between the rates of honeydew depo-

sition on the petiole and leaf proved to be highly significant at

the .001 per cent level* The difference of k,2 droplets between

the rates of deposition by the aphids while feeding on the leaf

and stem was also highly significant. The difference of 1.73 drop*

lets occurring between the rate of deposition on the petiole and

stem was not found to be significant*

Restricted Feeding on Buds and Flower s or Leaves of Alfalfa
,

Clone B16 as a Factor Affecting the Rate of Honeydew Deposition

by the Spotted Alfalfa Aphid . The average rate of honeydew depo-

sition by the spotted alfalfa aphid while feeding on the buds and

flowers of a B16 alfalfa plant was not significantly different

from the deposition when feeding on the leaves of a non-flowering

B16 alfalfa plant (Table 23).

The effect of flowering as a factor affecting the rate of

honeydew deposition by the spotted alfalfa aphid is set forth in

Table 23* A difference of 2.1 droplets in the average rate of
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Table 22. Leaf, stem and petiole feeding as a factor affecting
the rate of honeydew deposition by the spotted alfal-
fa aphid. Therioaphls maculata (Buck.), while feed-
ing on alfalfa plant B16 for a 2h hour period under
constant fluorescent lighting and at an average tem-
perature of 72Tf.

Number of honeydew dro-lets excreted while feeding on
Replications t

SaakSI 1 Stem 1 Petiole « L»nf

1 Ik ip 17

3 16 17 9

J A 12 16ft! 11
S 7 7 12
I 20 9 17IS 7 15
9 11 I 16

i? H 20
11 6 7 15
M 9 i 16

10 10 17
13 IV ft
8 12 2515

Tot « 172 1^6 23»f

Avg. Il.if6 9.73 i5. 6

***L.S.D. s 2.731 at .001 per cent level
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Table 23. Restricted feeding on buds, flowers and leaves of al-

falfa clone B16 as a factor affecting the rate of

honeydew deposition by the spotted alfalfa aphid,

TherioaPhis maculata (Buck.), for a 2k hour period

under constant fluorescent lighting.

Number of honeydew droplets excreted from

Replications t aphids feeding t on buds and » on non flowering

Number t at ?1°¥. * flowers » branch
» at 72°?.

1?
11
12

a

Tot.

Avg.

_L
at 725F. : at 71°F.iat 72°F,

9
12

3
18
15
22
8

3
12

819
22

293

16.27

3
21

15
11
26
20
20

a
20

8

12

333

18.50

18
2k
17
13
15
25
21
20
25
21
22
2k

II
10
16

18

331

18.30

17
22
18

\l
21
28
15
20
27
l»f

28
22
16

$
12
20

3^3

19.0

L.S.D. s non-significant.
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deposition was obtained between the flowering B16 plant and the

unflowering Bl6 plant. Ho significant difference in the rate of

honeydew deposition by the spotted alfalfa aphid was detected on

the leaves of an unflowering B16 plant.

The Effect of Different Alfalfa Clones Carrying Various Da-

grees of Resistance as a Factor Affecting the Rate of Honeydew

Deposition by the Spotted Alfalfa Aphid . Table 25 summarizes

the results obtained from individual experiments with the differ-

ent clones represented. The rate of honeydew deposition by the

spotted alfalfa aphid was found to be highest on the susceptible

alfalfa clones B105 and 50-1266. There were no significant dif-

ferences between the two clones in the rate of honeydew deposition.

The rate of honeydew deposition by the spotted alfalfa aphid was

approximately the same while feeding on alfalfa clones B»f , B8,

B16, and 2^7. Difficulty in getting aphlds to settle on clone

2^7 was experienced. No significant differences in the rate of

honeydew deposition were found on alfalfa clones B1*, B8, B16 and

2*f7. Highly significant differences were apparent between the

rate of honeydew deposition on B^, B8, B16 and 2»f7 as compared to

the rate of deposition on clones B105 and 50-1266.

Extreme difficulty in getting spotted alfalfa aphids to sur-

vive and excrete on clones C89, C6% and 78 was experienced. Due

to this difficulty the number of replications used in the average

is necessarily low. The rate of honeydew deposition was approxi-

mately the same on these three clones and no significant differ-

ences were detected. Highly significant differences were appar-
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Table 25. The effect of different alfalfa clones carrying vari-

ous degrees of resistance as a factor affecting the

rate of honeydew deposition by the spotted alfalfa

aphid, Therioaphls macul,ata (Buck.) , feeding fgr a

2M- hour period at an average temperature of bTr»

Clone

B105
50-1266
BU-

BS
B16
2>f7

C89
C8»f

78

Number of »

replications l

3

27
7
13/

Average number of
droplets per aphid

28.5^
13.21
12.22
12.07
10A3
2.88
1.66
1.00

3

*The low number of replications used to obtain an average number
of honeydew droplets excreted per aphid is due to the highly re-

sistant nature of these plants to spotted alfalfa aphid feeding.

Aphids were caged on 2k7 9 C89, C8*+ and 78 but excretion of honey-

dew occurred only in the number of cages indicated. If zeros
Jiad been included averages would have been much lower.
^Three L.S.D. f s were taken at random. ***L.S.D. - 5.07S 11.2^-2,

and 9.910.
JThe lower average deposition rates for B8 and B16 in this exper-
iment as compared to others is attributable to the lower temper-
ature and shorter day periods during February, 1958.
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Table 26. Rate of honeydew deposition by the spotted alfalfa
aphid

T
Therioachis maculata

period while feeding on tree
(Buck.), for a 2f hour

> alfalfa, tedicaKO
arborea. in comparison with clone 50-1266, JJedicago

ativa. under natural greennouse lighting at an av-

erage temperature of Ar.

Number of droplets excreted on.

Replications i » . _ £ , m . .

Humber i 2f. arborea t Clone 50-1266, M. sativa

1
2

18
26

1
§

i
35
22

I
19
32

I
29
22 i

9 27 3^
10 15 37
11 20 hO

12

8 5
^5

3
15 20 B
16 19 $5

12 1 3
19
20 n

Ho
35

Tot. 530 760

Avg. 26.5 38.0

L.S.D. s h*h6 at 5 P«r cent level

•
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ent between the rate of honeydew deposition by the spotted alfal-

fa aphid while feeding on the resistant clones C89, C8*f and 78

as compared to the rate of honeydew excretion on the other clones

used In the experiment. Fig. 5 gives a graphic comparison of

the different rates of honeydew deposition as occurring on the

nine different clones tested.

Comparison of Spotted Alfalfa Aphid Rate of Honeydew Deposi-

tion on Tree Alfalfa. Medlcago arborea. with Alfalfa Clone B105.

Medicago satlra . Table 26 summarizes the differences in the rate

of honeydew deposition by the spotted alfalfa aphid while feed-

ing on two different species of Medicago .

An average rate of 38.0 droplets was excreted by the spotted

alfalfa aphid while feeding on clone 50-1266. The average drop-

let rate on tree alfalfa was 26.5. This 11.5 droplet difference

in the rate of honeydew deposition between M. sativa and M. ar-

borea was found to be significant.

DISCUSSIOI

The effect of temperature on the development and reproduc-

tion rates of the greenbug has been thoroughly studied by Head-

lee (191*0 and Wadley (1935). Reproduction and development of

the greenbug were found to be most rapid at 80°F. Results In-

dicate that the optimum temperature for honeydew deposition by

the greenbug may be near this temperature. Studies with the

rate of honeydew deposition at various temperatures on several

wheat and barley varieties (Tables 1, 2, 3 and h) Indicate that
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the rate of honeydew deposition was highest on wheat at 80°P. The

highest pate of excretion on barley was at 75 r. This apparent

difference of 5°F. in the optimum temperature for honeydew ex-

cretion between wheat and barley may be within experimental error.

The decline in the rate of honeydew deposition occurring

above 8o°F. in wheat and 75°F* in barley varieties except Dick-

too indicates that the higher temperatures tend to depress sig-

nificantly the rate of honeydew deposition. This depressing ef-

fect at higher temperatures may possibly be attributed to the ad-

verse effect of the higher temperatures on the biology of the

aphid which tends to slow down metabolic activity. Another pos-

sible explanation might be that higher temperatures promote phy-

siological changes in the plant which might reduce the amount of

plant sap ingested by the aphid.

The effect of temperature on the rate of honeydew deposition

by the spotted alfalfa aphid was to some extent similar to the

rates recorded on wheat and barley. No optimum temperature was

found for honeydew production and results indicated that the opti-

mum temperature would be somewhere above 85°F. Howe and Smith

(1957) indicated that the spotted alfalfa aphid caused severe in-

jury to susceptible plants In fourteen to sixteen days when day

temperature reached 95°F. A possible reason for the difference

in optimum temperatures for honeydew production between the two

species of aphids might be due in part to the interrelations of

the aphids with the host plant. Wheat and barley are cool season

plants. The greenbug, being adapted to wheat and barley, would
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be expected to have a considerably lower optimum temperature for

honeydew production than would be expected from the spotted alfal-

fa aphid which feeds chiefly on alfalfa, a warm season crop.

The fluctuations in the rate of honeydew deposition with

changes in temperature may indicate a relationship to the meta-

bolic activity and rate of ingestion of plant material by the in-

sect. The temperature at which the rate of honeydew deposition

is highest has also been found to be the temperature of optimum

growth and reproduction in the greenbug (Wadley, 1935). A thor-

ough investigation of the possibility of the relationship between

rate of Ingestion, metabolism and deposition of honeydew needs to

be conducted in order to gain additional knowledge on this subject.

Results obtained from studying the effect of area of feeding

on a Reno barley leaf as a factor affecting the rate of honeydew

deposition by the greenbug showed that significant differences

occurred in the rate of honeydew deposition by the greenbug be-

tween the apical portion and the rest of the leaf. The reason for

the reduction in the rate of honeydew deposition on the apical

portion of the leaf Is not presently known but may be related to

the presence of pectic substances (Gortner, 1938, Oisvold and

Rogers, 19**1, Miller, 1938) which are present in the apical por-

tions of the leaves and buds during the period of maximum growth

of plants.

Yellowed leaves were found to depress significantly the rate

of honeydew excretion over the rate when greenbug s fed on green

leaves (Table 6). Green areas in yellowed leaves were preferred
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and the aphlds were found to excrete at approximately the same

rate on these areas as on green leaves* The reduction in the rate

of honeydew deposition is probably due to the absence of avail-

able plant sap containing the necessary nutrients. The probable

reduction in photosynthesis and the production of llgnln would

retard transformation of starches to available sugars. The pref-

erence of the aphids for the green areas of the leaf may possibly

indicate that sugar was still being produced in these areas of the

leaf.

The age of the greenbug from birth through the first five

days was found to have no significant affect on the rate of hon-

eydew deposition. This suggests that as far as the rate of hon-

eydew deposition is concerned, the age of the nymphs used in ex-

periments would make very little difference. The size of honeydew

droplets increased with age indicating that the total volume ex-

creted may increase with age even though the average rate of drop-

let deposition is approximately the same. The significant dif-

ferences found between rates of deposition by individual aphids

during the period of the test is probably indicative of the ef-

fect of molting. Molting and reproduction were observed to de-

press the rate of honeydew deposition. A clear picture of the ef-

fect of molting was not obtained because of incomplete observa-

tions.

The significant effect of several varieties of wheat and bar-

ley was apparent on the rate of honeydew deposition by the green-

bug. On wheat, the rate of honeydew deposition was highest on
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Pawnee, with Bison, Ponca and Dickinson following in order. The

rate of honeydew deposition on Reno barley was considerably high-

er than the rate of deposition on MO-B*+75, Dicktoo, and the four

varieties of wheat. The difference found in the rate of honey-

dew deposition by the greenbug while feeding on wheat and barley

varieties may be due in part to the susceptible or resistant na-

ture of these varieties. Reno and Pawnee are well known for their

susceptibility to greenbug attack. Ponca and Bison have been

rated near Pawnee in susceptibility to greenbugs. MO-Blf75 barley

is more tolerant than Reno but is still considered to be highly

susceptible. Dicktoo and Dickinson, which had the lowest rates

of honeydew deposition, have considerable tolerance to greenbug

attack. Peters (1955) found that the greenbugs lost weight while

feeding on Dicktoo barley and Dickinson wheat.

Results indicate that a correlation may exist between resis-

tance and the rate of honeydew deposition. The varieties of

wheat and barley used in the experiments may be ranked in the fol-

lowing order from high to low on the rate of honeydew depositions

Reno barley, MD-B*f75 barley, Pawnee wheat, Bison wheat, Ponca

wheat, Dicktoo barley and Dickinson wheat.

The correlation between resistance and the rate of honeydew

deposition was further emphasized in results obtained using sev-

eral F^, Pawnee x Dickinson hybrids carrying different degrees of

resistance (Table 10) • The rate of honeydew deposition was found

to be lowest on test lines that had the greatest per cent survival

in previous greenbug tests. The highest rate of honeydew deposi-
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tion occurred on test lines that had low percentage survival.

The fact that the rate of honeydew deposition on F^. hybrid 132*f2

was out of line in correlation with resistance may be due to ex-

perimental error or else to the incorrect rating of resistance

and per cent survival in previous test or to differences in resis-

tance mechanisms being measured. A thorough study of ?i, F2 and

later generations in crosses is deemed necessary for a clear un-

derstanding of the apparent correlation between rate of honeydew

deposition and resistance.

This theory is further verified by experiments measuring the

rates of honeydew deposition by the spotted alfalfa aphid while

feeding on several clones of alfalfa containing different degrees

of resistance (Table 25) . The rate of honeydew deposition was

found to be highest on clones B105 and 50-1266 which are highly

susceptible to the spotted alfalfa aphid. The rate of honeydew

deposition was significantly depressed on clones BM-, B8, B16 and

2k7 which were selected because of the presence of known degrees

of resistance to the spotted alfalfa aphid. The rate of honeydew

deposition on highly resistant clones 06%, C89 and 78 was negligi-

ble. This low rate is undoubtedly attributable to the highly re-

sistant character of these plants which either repels the aphids

or causes an antibiotic effect resulting in death.

Light intensity, next to temperature, appears to be an impor-

tant factor affecting the rate of honeydew deposition. At low

light intensity rates of honeydew deposition were reduced from 50

to 75 per cent below normal. These acute reductions in the rate
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of honeydew deposition may be attributable either to the effect

of the reduced light on the biology of the aphid or the effect

of the reduced light on the physiology of the host plant which

produces chemical changes that are repugnant to the aphid. The

excretion of white honeydew droplets tends to indicate that the

aphids are probably Ingesting plant material with a high starch

content. Meyer and Anderson (1952) Indicate that a reduction in

the rate of photosynthesis would reduce the starch-to-sugar con-

version and would promote a high starch content in the plant.

The reduction of moisture given the host plant was found to

have no significant effect on the rate of honeydew deposition

(Table 20). The rate of honeydew deposition by the spotted alfal-

fa aphid while feeding on a B16 plant at incipient wilting stage

was not significantly different from the rate of honeydew deposi-

tion obtained while the spotted alfalfa aphid was feeding on a

turgid B16 plant. Kennedy and Mittler (1953) and Mittler (1957),

working with Tuberolachnus sailgnus (Gmelln), advanced the theory

that turgor pressure forces the plant sap through the aphid* s ali-

mentary system and that a specialised pump was not necessary for

the ingestion of plant sap. Results of this experiment, on the

contrary, Indicate that the spotted alfalfa aphid Is able to in-

gest plant sap at the incipient wilting stage and is capable of

excreting honeydew at approximately the same rate as aphids feed-

ing on turgid plants. Turgor pressure is near xero at the incip-

ient wilting stage (Miller, 1938) and, therefore, It seems prob-

able that the spotted alfalfa aphid must apply some type of suc-

tion to ingest the plant sap.



The excretion of milky white droplets of honeydew by the

spotted alfalfa aphid also occurred during the incipient wilting

stage of the plant. The reduction in photosynthesis which oc-

curs during incipient wilting (Thoday, 1910, Iljin, 1923, Bril-

liant, 192*0 raises the starch level in the plant and could be a

possible explanation for this phenomenon.

Wo significant differences were recorded in the rates of

honeydew deposition by the spotted alfalfa aphid while feeding

on buds, flowers and leaves of a B16 alfalfa clone. lo signifi-

cance was found in the rate of honeydew deposition by the spotted

alfalfa aphid while feeding on leaves of a flowering plant as

opposed to leaves of a nonflowering plant. Cartier and Painter

(1956) found the opposite true in the fecundity rate of the corn

leaf aphid, Rftopalo^phum maldls (Fitch), Their studies indicated

that the aphids reproduced two to five times faster on the heads

than on the leaves of sorghums, and that the weights of the ap-

terous adults reared on the heads were double or triple those

reared on the lower leaves of the same plants. These negative

results strongly indicate that the changes in the physiology of

the plant before and during the period of flowering has no signif-

icant effect on the rate of honeydew deposition by the spotted al-

falfa aphid.

The highly significant differences obtained in the rate of

honeydew deposition by the spotted alfalfa aphid between clone

50-1266, Medicafio ffqtlva,, and tree alfalfa, Hedlcaeo arborea . in-

dicate that the rate of honeydew deposition not only differs sig-
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niflcantly between varieties of the same species but may differ

significantly between host species of Medleaeo. Hordeum and prlU-

eum as well. A comparison of the rate of honeydew deposition of

the greenbug and the spotted alfalfa aphid while feeding on sev-

eral varieties of wheat, barley and alfalfa are compared at six

different temperatures (Table 27). Rate of honeydew deposition

was highest on Reno barley at 75°* • with an average droplet rate

of k0.3 f but at 85°F. the highest rate of honeydew deposition oc-

curred on alfalfa clone B105. The lowest rate of honeydew deposi-

tion occurred on alfalfa clone C89. More honeydew was produced

on alfalfa clone B16 than on Dickinson wheat and Dicktoo barley.

Results showed that the rate of honeydew deposition on Reno

and Dicktoo barley and Pawnee wheat exceeded that found on many

of the alfalfa varieties studied. This implies that damage due

to honeydew may be as great on barley and wheat as on alfalfa

but is not as noticeable to the grower due to the different

methods of cultivation and time of harvesting.

The rate of honeydew deposition may provide a new method tbr

measuring resistance. The advantages of using this method lies

in the ability to combine this method with the procedures now in

use for measuring resistance. Another advantage would be that

this method would provide a crude measure of the rate of inges-

tion and metabolic activity of the insect while feeding on host

plants.

The main disadvantage to incorporating this method into the

existing procedure for testing for resistance in plants would be
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the large amount of time and labor required In computing the

rate of deposition where many plants are involved. The varia-

tion in sizes of many of the droplets might prove to be a prob-

lem if a large degree of accuracy is required in tests. Unless

a method can be developed for measuring either the volume or the

weight of the honeydew droplets it is probable that the rate of

deposition would be unsuitable as a measure of resistance by it-

self but combined with methods now employed it would certainly

provide a relative measurement of resistance and in addition con-

tribute valuable pertinent information on the biology of the

aphid.

Resistance to aphids found in several varieties of alfalfa

and small grains presents to agriculture a most desirable means

of control* The presence of resistance in crops not only pro-

vides an Inexpensive method of control of aphids but also pre-

vents the deposits of honeydew which may retard normal pollina-

tion, promote fungus growth, attract other insects, and give rise

to difficult problems In harvesting*

SUMMARY

The purpose of this study was to compare the effect of vari-

ous factors on the rate of honeydew deposition by the greenbug,

Toiontera gramlnum (Rond.), and the spotted alfalfa aphid,

Therloaphis maculata (Buck.), while feeding on host plants wheat,

barley and alfalfa.
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Since no previous work of this particular type of study had

been reported, considerable time was spent in developing a meth-

od that would give reproduceable results. In the method finally

developed, honeydew from one aphid feeding on a plant part was

caught on the bottom or sides of plastic cages. Usually only

one aphid was placed in each cage and was allowed to feed for a

twenty-four hour period after which the cages were removed and

the honeydew droplets counted. A total of 1,192 cages usually

containing a single aphid were placed on plants of sixteen varie-

ties of wheat, barley and alfalfa.

The rate of honeydew deposition was affected significantly

in both the greenbug and spotted alfalfa aphid by changes in

temperatures and by different varieties and hybrids of plants;

the latter may be attributable to the presence of resistance in

variable quantities.

The following factors were found to affect significantly

the rate of honeydew deposition by the greenbug t (1) the area

of feeding on Reno barley leaf, (2) feeding on leaves yellowed

by age, and (3) reproduction and molting.

The rate of honeydew deposition by the spotted alfalfa

aphid was affected significantly by the following factors or

conditions! (1) reduction in light intensity reaching the plant,

(2) differences in rates between petiole, leaf, and stem as feed-

ing sites; and (3) feeding on two different species of Medicago .

The age of the aphid through the first five days had no

significant affect on the rate of honeydew deposition by the

greenbug*
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Changes in the following factors op conditions did not af-

fect significantly the rate of honeydew deposition by the spot-

ted alfalfa aphidt (1) reduced moisture to host plant; and

(2) distance of leaves from growing point.

Milky white honeydew droplets, excreted by the greenbug feed-

ing on yellowed leaves and by the spotted alfalfa aphid feeding

under reduced light intensity and incipient wilting, were noted.

These conditions are believed to be related to the decrease in

the rate of photosynthesis of the plants under these conditions

which is known to promote a high level of starch content in the

leaf.

The varieties of wheat, barley and alfalfa can be ranked

in the following descending order on the basis of the rates of

honeydew deposition by the greenbug and spotted alfalfa aphidt

Reno barley, MO-B1+75 barley, Pawnee wheat, B105 alfalfa clone,

Bison wheat, 50-1266 alfalfa clone, Ponca wheat, Dicktoo barley,

Dickinson wheat, alfalfa clones B*t, B8, Bl6, 2^7, C89, C8*f, and

78.

This comparison clearly indicates that the rate of honeydew

deposition on Reno and Dicktoo barley and Pawnee wheat exceeds

that found on the alfalfa varieties studied. This implies that

damage due to honeydew may be as great on barley and wheat as on

alfalfa but is not as noticeable due to the different methods in

cultivation and harvesting time.

The rate of honeydew deposition was found to be influenced

almost directly in proportion to the known amount of resistance
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found In the host plants used. This condition suggests the pos-

sibility that the rate of honeydew deposition by aphids may be

used to measure the degree of resistance of host plants to aphids,

rate of ingestion of plant material and serve as a crude measure

of the metabolic activity of the insect.

Host resistance not only provide an inexpensive method of

control of aphids but also presents the most desirable method of

retarding the large deposit of honeydev which Interferes with

normal pollination, promotes fungus growth, attracts other in-

sects and gives rise to difficult problems in harvesting crops.
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The purpose of this study was to compare the effect of

various factors on the rate of honeydew deposition by the green-

bug, Toxootera graminum (Rond.), and the spotted alfalfa aphid,

Therioaphis maculata (Buck.) while feeding on host plants wheat,

barley and alfalfa.

Since no previous work of this particular type of study had

been reported, considerable time was spent in developing a method

that would give reproduceable results. In the method finally de-

veloped, honeydew from one aphid feeding on a plant part was caught

on the bottom or sides of plastic cages. Usually only one aphid

was placed in each cape and was allowed to feed for a 2**-hour

period after which the cages were removed and the honeydew drop-

lets counted. A total of 1,192 cages usually containing single

aphid s were placed on plants of sixteen varieties of wheat, bar-

ley and alfalfa.

The rate of honeydew deposition was affected significantly

in both the greenbug and spotted alfalfa aphid by changes in

temperatures and by different varieties and hybrids of plants;

the latter may be attributable to the presence of resistance in

variable quantities.

The following factors were found to affect significantly the

rate of honeydew deposition by the greenbug i (1) the area of feed-

ing on Reno barley leaf | (2) feeding on leaves yellowed by age;

and (3) reproduction and molting.

The rate of honeydew deposition by the spotted alfalfa aphid

was affected significantly by the following factors or conditionsi



(1) reduction in light Intensity reaching the plant; (2) differences

in rates between petiole, leaf, and stem as feeding sites | and (3)

feeding on two different species of Medicago .

The age of the aphid through the first five days had no signi-

ficant affect on the rate of honeydew deposition by the greenbug.

Changes in the following factors or conditions did not affect

significantly the rate of honeydew deposition by the spotted alfalfa

aphldi (1) reduced moisture to host plant | and (2) distance of

leaves from growing point.

Milky white honeydew droplets excreted by the greenbug feeding

on yellowed leaves, and by the spotted alfalfa aphid feeding under

reduced light intensity and incipient wilting were noted. These

conditions are believed to be related to the decrease in the rate

of photosynthesis of the plants under these conditions which is

known to promote a high level of starch content in the leaf*

The varieties of wheat, barley and alfalfa can be ranked in

the following descending order on the basis of the rates of honey-

dew deposition by the greenbug and spotted alfalfa aphldt Reno

barley, MO-B*f75 barley, Pawnee wheat, B105 alfalfa clone, Bison

wheat, 50-1266 alfalfa clone, Ponca wheat, Dicktoo barley, Dickin-

son wheat, alfalfa clones B*+, B8, B16, 2*f7, C89, C8*f, and 78*

This comparison clearly indicates that the rate of honeydew

deposition on Reno and Dicktoo barley and Pawnee wheat exceeds

that found on the alfalfa varieties studied. This implies that

damage due to honeydew may be as great on barley and wheat as on

alfalfa but is not as noticeable due to the different methods in

cultivation and harvesting time.



The rate of honeydev deposition vas found to be influenced

almost directly in proportion to the known amount of resistance

found in the host plants used. This condition suggests the possi-

bility that the rate of honeydew deposition by aphids may be used

to measure the degree of resistance of host plants to aphids,

rate of ingestion of plant material and serve as a crude measure

of the metabolic activity of the insect.

Host resistance not only provides an inexpensive method of

control of aphids but also presents the most desirable method of

retarding the large deposits of honeydew which interferes with

normal pollination, promotes fungus growth, attracts other in-

sects and gives rise to difficult problems in harvesting field

crops.


