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I. INTRODUCTION 

An important aspect of the biological control of a weed is to 

survey the insect fauna associated with the target weed throughout its 

growing season. This should: 1) provide information about the success 

of the weed, 2) reveal any insects, either indigenous or naturalized,. 

which appear to have an impact on its normal development and 3) prevent 

the introduction of potential control agents which are already present. 

Basic studies on the insects and factors affecting their ability to 

control the weed would help in the selection of potential biological 

control agents. It may be possible to introduce a closely related species 

which can avoid being restricted by limiting factors and thus be more 

effective in controlling the weed. The possibility also exists of aug-

menting the population of a potentially effective species by increasing 

its numbers or improving its synchronization with the target host. 

Inundative releases for the control of an insect pest has its roots in 

classical biological control (Debach 1964; Stinner 1977). Although this 

has not been attempted in the biological control of weeds, the augmenta-

tion of Bactra verutana Zeller for the control of nutsedge was advocated 

by Frick and Garcia (1975) and Frick (1977). 

A survey of the insect fauna associated with hedge and field bind-

weed (Convolvulus sepium L. and f· arvensis L., respectively) in Virginia 

was initiated in 1972 (Parrella and Kok 1975). Most of the sampling and 

subsequent work involved only hedge bindweed because of its abundance in 

Montgomery and surrounding counties. Based on the preliminary surveys, 

two insects feeding on this weed were selected for further studies. 
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These are the plume moth, Oidaematophorus monodactylus (L.) 

(Lepidoptera: Pterophoridae), and the "Morning Glory Leaf Miner", 

Bedellia somnulentella (Zeller) (Lepidoptera: Lyonetiidae). 

Previous workers (Mohyuddin 1969; Ghani et al. 1975) indicated 

that both these insects have potential as biological control agents of 

Convolvulus spp. where sweet potato (Ipomoea batatas (L.) Lam.) is not 

grown conunercially. However, some questions relating to the insects' 

effectiveness, reproductive capacity, and host preference would have to 

be resolved before a control program using these insects as control agents 

could be initiated. This study was undertaken to ascertain: 1) further 

developmental aspects of these insects on bindweed and sweet potato, 2) 

their effectiveness in controlling bindweed in the field, and 3) the 

feasibility of using them in a biological control program. 



II. LITERATURE REVIEW 

The Genus Convolvulus L. 

The genus Convolvulus L. of the tribe Convolvuleae (fam. 

Convolvulaceae) contains about 200 species (Bailey 1949), all of which 

are Eurasian in origin. This genus is derived from the Latin word 

convolvere, meaning to entwine. In temperate regions, the Convolvulaceae 

are mostly twining or trailing plants. Most of the species are weeds; a 

few are cultivated as ornamentals. Rickett (1966) recognized 3 species 

of Convolvulus occurring in the northeastern United States: C. arvensis 

L., f· sepium L., and f· spithamaeus L. The latter species is not 

recognized as an economically important weed by the Weed Science Society 

of America (Darrow et al. 1967) and is not considered further in this 

thesis. 

Fernald (1950) included two other genera in the genus Convolvulus: 

Volvulus Medic. and Calystegia R. Br. (Gray). In general Convolvulus 

spp. are perennial weeds with the following characteristics: style undi-

vided and cleft at the apex; corolla funnelform to campanulate; stamens 

present; 2 stigmas linear-filiform to subulate or slenderly ovoid; capsule 

globose to sub-globose; 2 locular or 4 imperfectly locular or 1 locular by 

abortion. The plants may be shrubby, twining erect or prostrate. The 

most striking anatomical characteristic of the family Convolvulaceae is 

the occurrence of rows of secretory cells with milky, resinous contents 

(Wagner 1973). This has been termed milky sap or latex by Lawrence 

(1955). Wagner pointed out that resin glycosides and tropane alkaloids 

along with the distribution of cinnamic acid derivatives and courmarins 
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are important characteristics of the family. Mohyuddin (1973) indicated 

that a precursor of the tropane alkaloids may be the chemical basis on 

which insects select bindweed as their host. 

A. Convolvulus arvensis L. - Field Bindweed 

Linne' (1753) erected this species. Wiese and Phillips (1976) 

indicated that it was introduced as early as 1739 in Virginia. By 1900 

it was present in most of the western states (Kiesselbach et al. 1934). 

Smith (1938), and Wiese and Phillips (1976) agreed that the weed was 

also introduced directly into Kansas with wheat seed brought by immi-

grants from Russia about 1875. .£.. arvensis is currently found throughout 

all the United States except the extreme southeast, parts of southern 

Texas, New Mexico, and southern Arizona (USDA 1970). The weed has 

spread into Canada and is found from Nova Scotia to British Columbia. 

According to Frazier (1943), its distribution is very extensive, especially 

in the temperate zone of North America and Eurasia. Bakke (1939a) reported 

this weed in Europe, Asia, Egypt, Arabia, Mexico, South America, from 

northern Europe to southeastern Norway, and in Syria and Palestine. 

Field bindweed has also been called possession vine, creeping jenny, 

creeping charlie, European morning glory, small-flowered morning glory, 

Russian creeper, European bindweed, wild morning glory, and hell weed. 

More than 60 varietal names have been given to specimens of .£.· arvensis 

in Europe, but only a single variety (Q .. arvensis var. obtusifolius 

Choisy) is generally recognized in North America (Robinson and Fernald 

1908). Brown (1946) believed that the number of intermediate gradations 

used in separating the European varieties is so great that no varietal 
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name of this species should be retained. Fernald (1950) recognized no 

varietal name, but acknowledged 2 forms of this species in North America: 

C. arvensis forma cordifolius Lasch and C. arvensis forma auriculatus 

Desr., which differ mainly from the typical form in the shape of their 

leaves. A .description of C. arvensis is given in Table 1. 

B. Convolvulus sepium L. - Hedge Bindweed 

Available literature on f· sepium is relatively scarce because it 

is not considered as serious a pest as field bindweed. This species was 

erected by Linne/in 1753. No records are available on its introduction 

into North America. Hedge bindweed is currently found throughout the 

eastern half of the United States, extending as far west as Colorado and 

New Mexico. It is also present in parts of some northwestern states and 

in southern Canada from Newfoundland to British Columbia. Accurate 

records of worldwide distribution are not available. 

Hedge bindweed has been called wild morning glory, glory vine, and 

great bindweed. Fernald (1950) recognized 3 varieties besides the 

typical variety occurring in the northeastern United States: f· sepium 

var. dumetorum Pospichal, C. sepium var. fraterniformis Mackenz., and 

C. sepium var. repens Gray. He also recognized 2 forms of the typical 

C. sepium L.: f· sepium forma coloratus Lange and f· sepium forma 

malachophyllus Fern. A description off. sepium is given in Table 1. 

Table 2 shows the differences between field and hedge bindweed that 

can be used for quick field identification. In most instances, the 

biology, ecology, history and control of C. sepium is similar to that 

given for C. arvensis. 
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Table 1. - Distinguishing characters of field and hedge bindweed1 

Field Bindweed 

1) Pubescent to glabrate 
perennial 

2) Branching stems up to 
1 meter long with roots 
6-9 meters deep 

3) Leaves long petioled 
and very variable 

4) Peduncles mostly 1 
flowered 

5) Bracts minute, remote 

6) Corolla 1.5-2.0 cm long, 
white or reddish 

7) Seeds with two flat sides 
and one rounded side; 3.0-
5.0 mm long 

Hedge Bindweed 

1) Pubescent to glabrate 
perennial 

2) Extensively branching stems 
with shallow roots 

3) Leaves cordate- or deltoid-
ovate to narrowly saggitate-
lanceola te; long petioled 

4) Flowers from many axils on 
4-angled short to prolonged 
divergent or ascending 
peduncles 

5) Paired bracts, cordate, ovate 
and 1.5-3.5 cm long 

6) Corolla white to roseate, 
4.0-8.0 cm high and equally 
broad 

7) Seeds are flattened on one 
side and rounded on the 
others; 4.0-5.0 mm long 

1 After Fernald (1950) and USDA-ARS (1970) 
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Table 2. - Differences between the bindweeds used for quick field 

identification1 

Field Bindweed 

1) Leaves are ovate-oblong 
in shape without a sharp 
point (4.0-7.0 cm long and 
equally wide) 

2) Flowers are pink or white: 
1.6-2.5 cm wide and 1.8-2.5 
cm deep 

3) No bracts covering the buds 
or base of the flower 

4) Two minute leaves or bracts 
are situated about one third 
of.the length of the stalk 
below the flower 

Hedge Bindweed 

1) Leaves are heart-shaped 
and sharp pointed (5.0-
10.0 cm long and 3.0-7.5 
cm wide) 

2) Flowers are white: 5.0-7.5 
cm wide and nearly as deep 

3) Large leaf-like bracts 
cover the buds or base of 
the flower 

4) No bracts or leaves on the 
stalk below the flower 

1 After Alcock and Dickerson (1974) and Knight (1959) 
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Biology of Bindweeds 

A comprehensive control approach is based on a good understanding 

of the weed, including its anatomy and physiology. Most of the studies 

on bindweed have centered around its root system which enables it to com-

pete so well. Kennedy and Crafts (1931) were the first to explore the 

anatomy and physiology of C. arvensis in detail. They noted that the 

root system is characterized by the production of large numbers of 

annual lateral roots. These laterals develop adventitiously throughout 

the length of the taproot and its branches, and permeate the soil in all 

directions. While most perish and are replaced the following year, some 

roots which are favorably situated may grow extensively and are able to 

persist. More recent work on adventitious rooting inf· sepium was by 

Wells and Riopel (1972). They found that foliar organs produced inhibi-

tors of root initiation. Kennedy and Crafts (1931) called attention to 

the influence of external factors on the growth habit, especially the 

relation of favorable soil conditions to the development of permanent 

lateral roots. They noted that the large storage capacity of the root 

requires the existence of many living cells in close proximity to a 

large food supply. This, coupled with an efficient system for absorbing 

mineral nutrients, favors bud formation. Under favorable growing condi-

tions or after the destruction of top growth, these buds may be produced 

by the hundreds. Kennedy and Crafts believed this ability to produce 

buds, together with the food reserve of the plant, favored vegetative 

production and made the plant persistent. The resultant dense foliage 

and twining growth enabled bindweed to choke out competitors and 

prevent thorough coverage during spraying. Hitchcock and Clothier 
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(1898), Klitz (1930), Kiesselbach et al. (1934; 1935), Bakke (1939a), and 

Frazier (1943) all presented similar results on the nature of the vertical 

and horizontal portions of bindweed's root system. Frazier observed that: 

1) the root system consisted of the primary vertical root and one to many 

permanent lateral roots, 2) the plant spreads horizontally by means of a 

series of permanent lateral roots, and 3) the source of the shoot develop-

ment was from the plumule and at the bend separating the lateral root from 

its vertical phase. He indicated that the plants spread radially; 3.1 

meters in one growing season and 5.2 meters by the middle of the third 

growing season. At this time many vertical roots had extended 4.3-4.9 

meters deep. Best (1963) obtained similar results on the spread of the 

root system in one growing season. 

Stahler (1948) found that bindweed competed successfully with crop 

plants for soil moisture. Hence, competition for available soil moisture 

is not normally the limiting factor in suppression of bindweed. He 

showed that when soil moisture and nutrients are ample, light is the 

prime factor around which competitive forces develop. While it is not 

possible to control bindweed through competition for soil moisture, bind-

weeds often present serious problems to its competitors. Bakke (1939a) 

demonstrated a drastic reduction in yield of corn influenced by bindweed. 

Call and Getty (1923) reported that heavily infested fields were 

practically worthless for small grain production because the roots sap 

the soil moisture and nutrients and the vines twine about the grain and 

prevent their proper development. 

Bindweed also has the ability to give rise to aerial shoots from 

very small root fragments. New shoots may arise from root tips no more 



-10-

than a few millimeters long (Muzick 1970). Recent work by Swan and 

Chancellor (1976) showed that horizontal root sections are not always 

capable of regenerating a new plant. They indicated that creeping roots 

were not as important as previously thought, since regeneration is mainly 

from vertical roots. 

According to Muzick (1970), bindweed tolerates very close mowing 

and will set flowers and seed when mowed at 1 nnn. Bindweed produced 

an abundance of seeds during seasons of high temperature and low rainfall 

(Brown and Porter 1942). Periods of cloudy weather restricted blossoming 

and seed production. Like the seeds of many other weeds, bindweed seeds 

have hard coats, and germination is often delayed until the seed coat is 

decomposed by microorganisms in the soil. Only when such seeds are 

brought to the surface do they sprout and grow (Robbins et al. 1942). 

Stahler (1948) proved that germination of bindweed seeds is directly 

related to their moisture content. He obtained 62 percent germination 

from 50 year old seeds. 

Bindweed seeds are very similar morphologically to those of wheat, 

rye and barley; hence the weed was widely disseminated throughout the 

western grain growing districts before seed cleaning became an estab-

lished practice. Bindweed seeds pass through the screens of combined 

harvesters and stationary separaters and turn up in the threshed grain. 

Only by special seed cleaning methods can they be eliminated. They are 

also difficult to separate from such crops as sugar beets, onions, 

radish, and vetch (Muzick 1970). Wiese and Phillips (1976) estimated 

more than half a million bindweed seeds per acre in a wheat field, and 

4.5 million seeds per acre in bindweed infested roadside ditches in 
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western Texas. Kiesselbach et al. (1934) stated that samples of grain 

have been examined which contained 26,000 bindweed seeds per bushel. 

They thought that seed production varied between and within a season. 

Brown and Porter (1942) found 1 to 4 seeds per capsule in Iowa and 

nearby states. Their germination tests of freshly harvested seeds from 

several sources showed that not only were many seeds impermeable but the 

degree of impermeability varied with the year and place of production. 

These data suggest the dif.ficulty in determining accurately the total 

production of bindweed seeds and germination rate per field. Czimber 

(1970) showed that seeds of C. arvensis are resistant to repeated 

applications of soil sterilizing herbicides. He indicated that future 

control programs should pay special attention to weeds with hard coated 

seeds, especially Convolvulus spp. Today, a farmer with bindweed 

infested land is aware of its reproductive potential and will take 

care to make sure it does not spread further on his land. However, the 

spread of bindweed via seed dissemination is beyond his control. Seed 

dissemination is the primary means by which bindweed spreads and they 

can be carried by strong wind, birds and other animals. Bakke (1939a) 

obtained 19 percent germination from bindweed seeds passed through the 

digestive system of a horse. 

Besides its reproductive capacity and importance as a weed, bind-

weed has been implicated in the poisoning of hogs, possibly due to the 

high levels of nitrates (Muzick 1970). This weed is also considered a 

threat to the development of potatoes in many areas of the United States 

for 2 reasons: 1) it serves as a breeding site for a species of whitefly 

which attacks potatoes (Landis and Getzendaner 1947), and 2) it is a 
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suspected reservoir for destructive potato viruses during the winter 

months (Salaman and Wortley 1939). Since bindweed often grows along the 

borders of cultivated fields, its dense foliage offers excellent cover 

for insects attacking the adjacent crops (Tamaki et al. 1975). 

Control of Bindweeds 

Research conducted in Oklahoma (Cunningham 1958) showed that grain 

crop yields were reduced by the following percentages when infested with 

bindweed: wheat-30%, rye-20%, barley-39%, kaffir-69%, and milo-78%. 

Cunningham reported that the amount of cured forage per acre for surnme~ 

growing crops was also greatly reduced: kaffir-55%, milo-49%, drilled 

sorgo-37%, and sudan grass-43%. A loss of corn yield by up to 90% was 

reported by Franzke and Hume (1936). Stewart and Pittman (1924) summed 

up the attitude of the farmers in Utah toward this weed as follows: 

" ... A strong feeling of hopelessness was spreading. Buyers for infes-

ted land were not to be found. Even city building sites that were 

overrun with morning glory were noticeably less attractive. The great 

dread in which the pest was held is partly expressed by the local name 

'devil gut' applied to it in Davis and Weber counties. 'Sucker weed' 

and 'strangle hold' were also heard." 

Field bindweed was the first weed to be recognized as a national 

menace by the USDA and to be made the subject. of an active research 

project (Robbins et al. 1942). The United States Legislature of 1907 

appropriated 1,000 dollars for experiments to exterminate bindweed 

(Call and Aicher 1963). This money went to central Kansas where the 

problem was most acute. 
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Fortunately, bindweed is not as serious a pest today as it was in 

the early 1900's because of an intensive effort to find ways of control-

ling this weed. A brief review of some of these methods is given below. 

A) Legislative Control 

Forty-eight states, the District of Columbia, and many Canadian 

provinces have laws restricting or prohibiting the use of crop seed and 

sale of feed containing field bindweed seeds (Cox et al. 1974). 

B) Mechanical and Physical Control 

The use of artificial smothering has been investigated by a number 

of researchers (Cox 1909; Stewart and Pittman 1924; Franzke and Hume 

1936; Bakke 1939a). Building paper, mulch, manure, beet pulp, apple 

pomace, straw and other litter were used in an attempt to control bind-

weed by shutting out all light. Such materials, except building paper, 

had to be applied quite thickly, as bindweed has been shown to go through 

a thickness of 2 feet. This method is expensive and applicable only to 

small infestations. According to Bakke (1939a), 3 years of complete 

coverage will eradicate a small stand of bindweed. 

In some western states, flooding has been successful for the 

control of bindweed in areas which lend themselves to this type of 

control. It was accomplished by surrounding the infestations with dikes 

and covering them with between 15 to 25 cm of water for 8 to 10 weeks 

during the summer. The infested land had to be plowed before immersing 

and no growth could appear above the surface. The success of this method 

depends on the type of soil and in most cases it is not practical. 

Burning and searing of bindweed in Wyoming also resulted in satisfactory 
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kills of small stands (Robbins et al. 1942). Unfortunately, it took 

6 to 7 years to effect this result. The heat has to be applied during 

the weed's first full spring bloom followed by applications each time 

new buds form on the plant. This makes the cost both in money and time 

far too great for it to become a practical method of control. 

Tillage is undoubtedly the most practical means developed thus 

far for controlling bindweed (Robbins et al. 1942). The Bindweed Project 

of the USDA has demonstrated that the time interval between cultivations 

in a tillage program should be 6 to 12 days after emergence. Two weeks 

have become a standard interval, and in many regions tilling at these 

times from spring bloom until growth ceases in the fall will completely 

kill a young stand of bindweed in one season. The bindweed must be 

plowed to a depth of at least 2.54 cm (Tinunons and Bruns 1951). However, 

this method is applicable only to relatively small areas. An intense 

cultivation program will prove expensive and difficult on a large scale. 

It then becomes necessary to supplement cultivation or fallowing with 

other less expensive methods, even though these may be less effective. 

The use of a smother crop is a promising method under these conditions. 

C) Cultural Control: Cropping and Competition 

Using a competitive crop in a bindweed control program is an econom-

ical method of controlling this weed. The crop produces an income and at 

the same time helps to control wind and water erosion while the weeds are 

suppressed. Most researchers agree on the effectiveness of the alternate 

fallow-smother crop rotations for the control of bindweed (Cox 1909; Call 

and Getty 1923; Stewart and Pittman 1924; Zahnley and Pickett 1934; 
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Franzke and Hume 1936; Bakke 1939a; Stahler 1948; Wiese and Burns 1955; 

Baker et al. 1956; Cunningham 1958; Phillips 1961; Call and Aicher 

1963). Fall sown rye or wheat, when preceded by intense cultivation, 

intercepts such a high percentage of sunlight that subsequent bindweed 

growth is inhibited. Alfalfa is one of the best competitors for soil 

moisture, nutrients and sunlight (Stahler 1948). Millet, soybeans, 

sorghum, and sudan grass have been used as summer planted competitive 

crops. 

The problem with this control method is that bindweed is usually 

able to survive periods of controlled cropping. Also the results of 

competition between a smother crop and bindweed are not always predict-

able. In many cases the two seem to grow side by side without any 

apparent competition (Stahler 1948). 

D) Chemical Control 

The first control measures (chemical and others) were suggested 

by Cox (1909). Since that time there have been a number of extensive 

review articles on the chemicals available to control bindweed: Latshaw 

and Zahnley (1927), Franzke and Hume (1936), Bakke (1939a), Cunningham 

(1958), Phillips (1961), Lange (1973), and Davison and Bailey (1974). 

Chemicals currently recommended for bindweed control include 2,4-D, 

Tordan (Pichlorarn), 2,3,6-TBA, and Dicamba (Wiese and Phillips 1976). 

However, no one control measure is best in every case. Each 

individual will have to assess his own situation and determine whether 

chemical or cultural methods, or a combination, will fit most effectively 
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into his pl~nned farming program (Cunningham 1958). A combination of 

tillage, 2,4-D, fallowing and cropping has been supported by Wiese and 

Burns (1955), Russ and Anderson (1960), Derschied et al. (1970) and 

Wiese and Phillips (1976). 

E) Current Control Methods 

Wiese and Phillips (1976) recommended the following controls for 

different situations: 

Infestation of Seedlings 

The use of certified crop seeds, cleaning combines, grinding infes-

ted field grain, and careful checks for contaminated hay are important 

practices to reduce infestation of crop seedlings. Other methods include 

monthly cultivations between crops of winter rye or closely drilled 

sorghum with an application of 2,4-D substituting for some of the 

cultivations. 

Infestation of Non-cropped Sites (roadsides, etc.) 

A number of herbicides such as Tordan or 2,3,6-TBA can be used. 

These are highly toxic to a number of crops and are restricted only to 

non-cropped sites. 

Infestation of Fields Used for Cropping 

In dryland fields, bindweed can be controlled by combining a fallow-

wheat-fallow rotation with sweep tillage and 2,4-D applications. Tillage 

should be at two week intervals with sweeps 11 to 15 cm deep. After a 

heavy rain, the number of tillages can be reduced by allowing bindweed 

to grow until runners are 15 to 20 cm long and then treating with 0.5 to 
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1.5 lbs./acre of 2,4-D. After 2,4-D application, tillage can be post-

poned until weeds emerge. To prevent weeds from seeding in wheat, 

0.5 lbs./acre of 2,4-D is applied after wheat is fully tillered. In the 

eastern great plains, one year of fallow followed by wheat helps in the 

control of field bindweed. Gradual elimination of bindweed by combina-

tion of 2,4-D and intensive tillage usually costs about 5 to 10 dollars 

more per acre annually than regular fallowing operations. However, 

increased productivity usually returns more than 10 dollars per acre by 

eliminating bindweed. 

Under irrigation, the most economical cropping system for the 

control of bindweed is one year of fallowing followed by either annual 

crops of small grain or closely drilled sorghum forage. If sensitive 

crops are not growing nearby, 0.5 lbs./acre of 2,4-D can be used to 

control bindweed in wheat. During fallow periods, 2,4-D and sweep 

tillage are suggested for dry land. Pre-irrigating in the spring of the 

fallow year and treating the bindweed when it is starting to bud will 

improve 2,4-D effectiveness. Agbakoba and Goodin (1970) showed that 

2,4-D is synergized when applied with Pichloram to control field bindweed. 

However, they did not indicate whether the increased cost was justified. 

The foregoing control procedures are very costly, consume a great 

deal of the farmer's time and equipment, and the results are not 

guaranteed. At Davis, California, an old vigorous stand of field bind-

weed growing in deep alluvial soil was cut at 10-day intervals throughout 

the growing season for 5 years. At the end of that time the project was 

abandoned, but a few plants survived. Within 2 years, the infestation 

was as dense as it was originally, and nothing was left to show for 5 
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years of cultivation (Robbins et al. 1942). Also field bindweed's 

response to applications of 2,4-D is not always the same. Whitworth 

(1963) believed it to be due to inherent physiological differences. 

Harvey and Muzick (1973) indicated that the binding of 2,4-D within the 

plant cell was a likely explanation for the differences in the response 

of field bindweed to this herbicide. According to Wiese and Rhea (1962), 

good control of bindweed in May with 1 lb./acre of 2,4-D will occur if 

there is at least 3.8 cm of available soil moisture when the runners are 

15 to 25 cm long. However, these conditions are not always met, and they 

showed that good control of field bindweed occurred only 54 percent of 

the time in Amarillo, Texas. 

Promising Chemicals for Bindweed Control 

Subsurface layering of dinitroaniline herbicides such as Treflan 

(Trifluralin) or Tolban (Profluralin) for bindweed control in cotton, 

grapes, and tomatoes is a new treatment which has not yet been labeled 

(Wiese and Phillips 1976). Furness and Halawi (1974), working in 

Lebanon, found that Methazole at 10 kg/acre gave 3 to 9 month control of 

bindweed in orchards and vineyeards. The 1,3-Dichloropropene soil 
@ @ 

fumigants (D-D, Telone) are recent additions to the arsenal of chemicals 

used against bindweed (Fischer and Lange 1975). Temporary control with 

these fumigants has been achieved, but for effective control, soil 

conditions must be favorable for the uniform application and diffusion 

of the fumigant. Also at least 25 to 30 gal. of fumigant are needed per 

acre, making its application expensive. 
@ 

A new herbicide, Roundup, shows 

great promise as a control agent for bindweed (Sci. Am. 1976). It is a 
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water soluble formulation of the isopropylamine salt of Glyphosate and 

is applied as a spray at 4 lbs./gal. water when the weeds reach the 

vigorous growth stage. The herbicide attacks the weed only by traveling 

through the leaves and stems to the roots, where it acts to kill the 

plant. When the herbicide comes in contact with the soil, it is 

inactivated. Thus, it is non-persistent and can do no harm to crop 

plants that emerge later. It is particularly effective against 

perennials. 

F) Biological Control 

Smith (1938) indicated that there were no serious insect enemies 

of bindweed in Kansas. He believed that the Lepidoptera feeding on 

bindweeds were held in check by the high rate of parasitization and that 

similar feeders introduced without their parasites might effectively 

suppress bindweeds. He also noted the lack of insects feeding on the 

roots and stems and that introductions of insects attacking these parts 

of the plant might be worthwhile. Recently, Rosenthal and Carter (1977) 

reported that Galeruca rufa Germar, a leaf feeding Chrysomelid native to 

southern Italy, has potential as a biological control agent of bindweeds 

in California. Mohyuddin (1969) indicated that the seed beetle, 

Megacerus discoideus (Say), a native of North America, might be con-

sidered for introduction into Europe to control bindweed via seed 

destruction. However, he noted that it does not attack the seeds of 

.f_. arvensis because they are too small for it to complete development. 

Ghani et al. (1975), working in Pakistan, named the seed feeders, 

Alcidodes fabricii (F.) and Melanagromyza convolvuli Spencer, and the 



-20-

flower feeder, Eublemma baccalix Swinh., as potential control agents of 

bindweed. They advocated consideration of introducing these insects into 

the United States. Mohyuddin and Ghani et al. agreed that some of the 

leaf feeders on bindweed, including Oidaematophorus monodactylus (L.) 

and Bedellia somnulentella (Zeller), have potential as control agents of 

bindweed in areas where sweet potato is not grown commercially. Both 

species were found causing damage to hedge bindweed in southwestern 

Virginia (Parrella and Kok 1975; 1976). 

G) Taxonomy 

a) Oidaematophorus monodactylus (L.) 

Barnes and Lindsey (1921) named this species and listed the 

following synonyms: 

Alucita monodactyla L. 

!:_. pterodactyla Heubner 

Pterophorus cineridactylus Fitch 

P. neavosidactylus Fitch 

P. pergracilidactylus Packard 

P. monodactyla Tutt 

P. barberi Dyar 

P. pictipennis Grinnel 

Emmelina monodactyla Tutt 

Yano (1963) placed this species in the genus Pterophorus Geoffroy and 

included the following synonyms: 

P. pterdodactylus Zeller 

P. monodactyla South 
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R_. monodactylus Spuler 

Emmeline monodactylus Pierce and Metcalf 

Hori (1934) suggested that the following species from Japan are synonyms 

of 0. monodactylus: 

P. komabensis Zeller 

P. jezonicus Matsumura 

P. yanagawanus Matsumura 

Yano's conclusions are in conflict with Hori's, as he believed that 

R_. jezonicus was a valid species. He also stated that he had not seen 

any specimens of _Q. monodactylus from Japan. Specimens collected from 

southwestern Virginia were identified as _Q. monodactylus by 

Dr. D. C. Ferguson from the Systematic Entomology Laboratory, USDA-ARS. 

Although there are over 70 documented species in the genus 

Oidaematophorus Wallengren, only a few have been studied in detail. Some 

of these are: 0. confusus Braun (Tilden 1950), Q. phoebus Barnes and 

Lindsey, and _Q. grandis (Fish) (Lange 1939), and _Q. monodactylus 

(Mohyuddin 1969; Ghani et al. 1975). 

The species _Q. monodactylus can be distinguished from other members 

of this genus by the following morphological characters: greatest width 

of the front wings is about one-sixth the length, but with long fringes 

at the anal angle of the second lobe exceeding its width; mid tibia 

with two weak tufts; hind tarsi usually with a conspicuous dorsal crest 

(Forbes 1923). 

b) Bedellia somnulentella (Zeller) 

This species was described by Zeller in 1847 in Europe as Lyonetia 

somnulentella. In 1849, Stainton removed it from the genus Lyonetia Hbn., 
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and relocated it to the newly established genus Bedellia Stt. (Szocs 

1967). It was first described in America by Clemens (1862). Fletcher 

(1920b) mentioned the following synonyms of _!!. somnulentella: 

Lyonetia somnulentella Zeller 

B. somnulentella Wlsm. 

Szocs (1967) indicated the following as synonyms: 

_!!. orpheela Stainton 

Gracill ia (Bedellia) convolvulella Fologne 

B. staintonie la Clemens 

B. mesileuca Meyrick 

B. ipomoeae Meyrick 

Walsingham (1908) indicated that Daphneela somnulentella Wlsm. was a 

synonym of _!!. somnulentella. 

The specimens collected in southwestern Virginia were identified 

as B. somnulentella by Dr. D. Davis from the Systematic Entomology 

Laboratory, USDA-ARS. 

The genus Bedellia Stainton contains 14 species, portions of the 

biology of two have been reported: _!!. ehikella Szocs (Szocs 1967); and 

B. somnulentella (Shorey and Anderson 1960; Draghia 1974). 

The species _!!. somnulentella is distinguished from other Bedellia 

spp. by the following wing characters: forewings greyish-ochroeus, 

sprinkled fuscous except for a yellowish tinge along the dorsum; posterior 

wings grey with long cilia (Meyrick 1927; Szocs 1967). 
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Ipomoea batatas (L.) Lam. - Sweet Potato 

The sweet potato (Ipomoea batatas (L.) Lam.) has been an important 

source of human food for centuries and is the second most important 

vegetable crop grown in the United States (Smith 1950). It is in the 

family Convolvulaceae, but is more closely related to members of the 

genus Ipomoea L. than to those in the genus Convolvulus L. (Martin and 

Jones 1971). There is no agreement 0n where sweet potato originated; 

some authorities believed it evolved in tropical America, others in the 

tropical south Pacific islands (Cooley 1951; Steinbauer and Kushman 

1971). Today sweet potato is grown in tropical, subtropical, and 

warmer temperate regions throughout the world. Production is large in 

African, Far Eastern and Latin American regions; moderate in North 

America and small in European, Near Eastern, and Oceanic regions 

(Steinbauer and Kushman 1971). The worldwide harvest exceeds 130,000,000 

metric tons, ranking the sweet potato sixth among the world's food 

crops in total production (Harlan 1976). 

Many varieties of sweet potato have been grown in the United 

States, but only a few constitute an appreciable part of the current 

sweet potato supply. The most important varieties include: Centennial, 

Goldrush, Nemagold, Georgia Red, and Porto Rico. Together, these made 

up over 80 percent of the total sweet potato production in the United 

States in 1965 (Steinbauer and Kushman 1971). Nemagold is currently 

the most popular variety grown in Virginia (Graves et al. 1971). Selec-

tion of varieties are based on such attributes as uniformity of root 

size, shape and flesh color, nutritional properties, processing 
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characteristics, storage and reproductive capacities, and resistance to 

diseases, insects and nematodes. 

Cuthbert and Davis (1971), and Cuthbert and Jones (1972) bred 

sweet potato for resistance to insect pests. Emphasis was on root 

feeding insects because Cuthbert (1967) indicated that there were no 

serious leaf feeding insect pests of sweet potato. This was supported 

by the findings of other workers: Elmer (1950) indicated that serious 

injury from any insect pest in Kansas was not common; Smith (1950) and 

Ware and McCollum (1968) agreed that sweet potato is usually free from 

serious insect attack throughout the United States; and Pillai et al. 

(1973) reported that most insect defoliators in India were not potent 

enemies. 

The Biological Control of Weeds 

Research interest in the biological control of weeds has increased 

in recent years. Some examples are: Tillyard (1929); Imms (1929); 

Huffaker (1957; 1959; 1962; 1964); Holloway (1964); Wilson (1964); 

Simmonds (1967); Andres and Goeden (1971); Harris (1973); Frick (1974) 

and Kok (1974). Simmonds (1967) pointed out some outstanding successes. 

These data supported Huffaker's (1957) contention that biocontrol offers 

a greater chance of success against weeds than insect pests. 

Augmenting an indigenous or naturalized insect population to 

control an insect pest has its roots in classical biological control and 

has been successful many times (Debach 1964; Stinner 1977). This concept 

has not been attempted in the biological control of weeds, but Frick and 

Garcia (1975) and Frick (1977) advocated the augmentation of spring 
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populations of Bactra verutana Zeller for the control of nutsedge. 

Recent work involved determinations on the safe use of potential biologi-

cal control agents (Zwolfer and Harris 1971; Harris 1973; Wapshere 1974; 

Bennet 1974). Most of these concerned insects which are to be introduced 

into a new region where they may become a pest. No mention was made of 

the hazards involved in manipulating a native or naturalized insect 

population to control a weed. It is possible that this has been over-

looked because the economics for such a program do not appear to be 

encouraging. Augmenting a natural insect population to control or 

reduce a weed problem does not fit into the strict definition of a 

biological control agent. The insects would be used as a biological 

herbicide and repeated applications would be necessary. The advantage 

in such a program is that the risk of creating a pest problem would be 

greatly reduced. Although such a program would be costly, there may 

be instances where the benefits exceed the costs. Until the benefits 

can be accurately assessed, the concept of augmentation should not be 

completely ruled out. 



III. BIONOMICS OF OIDAEMATOPHORUS MONODACTYLUS ON 

HEDGE BINDWEED IN SOUTHWESTERN VIRGINIA 

A. INTRODUCTION 

Oidaematophorus monodactylus (L.) is commonly found feeding on 

hedge bindweed (Convolvulus sepium L.) in Virginia (Parrella and Kok 

1975) where it undergoes 2-3 generations per year. Moths are active 

beginning in late May. Larvae actively feed on bindweeds from June 

through October. According to Forbes (1923), it is nearly worldwide in 

distribution. Meyrick (1927) indicated that the insect overwintered as 

an adult. Descriptions of the insect or notes on its life history were 

reported by Barnes and Lindsey (1921), Yano (1963), Fletcher (1920a; 

1932), Meyrick (1927) and Forbes (1923). Mohyuddin (1969) confirmed the 

following host plants of O. monodactylus: Calystegia sepium (L.) 

f_. spithamaea (L.), Ipomoea batatas (L.) Lam., Hyoscyamus niger L. and 

Datura stramonium L. Ghani et al. (1975) added..!.· hispida (Vahl) and 

Convolvulus microphyllus (Sieb.) to this list. Mohyuddin observed the 

phenology and general life cycle of this moth at Belleville, Ontario, 

while Ghani et al. briefly described its biology in Pakistan. The 

emphasis in both studies was on the insec~s host specificity. They 

indicated Q. monodactylus restricted its feeding almost entirely to the 

genera Ipomoea L. and Convolvulus L. and that. it has potential as a 

biological control agent of Convolvulus spp. in areas where sweet potato 

~is not grown commercially. Its frequent occurrence and visible damage 

to hedge bindweed in southwestern Virginia, an area with no major 

commercial production of sweet potato, during regular sampling of insects 

-26-
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feeding on bindweeds between 1972-74 (Parrella and Kok 1975; 1976) 

resulted in its selection for further detailed biological studies. 

B. MATERIALS AND METHODS 

A laboratory colony was established using field collected larvae 

from 10 sites throughout southwestern Virginia. These larvae were 

reared to adults in 120-ml plastic containers supplied with fresh 

cuttings of hedge bindweed. The container bottoms were replaced by 

100-mesh wire screen to allow air circulation. The modified containers 

were inverted and a hole punched in the snap-on lids to allow the cut 

portion of the bindweed to extend into a vial containing water. Cotton 

was used to hold the bindweed firmly in place and to prevent larvae 

from dropping into the water. Each vial was held vertically in place 

in a rack. Hedge bindweed was used as host material throughout the 

study. 

a) Oviposition Studies of Adults 

Newly emerged adults were placed in gal. glass jars covered with 

cheesecloth at various sex ratios (~/~) ranging from 0.3 to 1.5 and 

replicated twice. Separate male and female cages were also set up for 

observation. The number of moths usually did not exceed 10 per jar. 

Each jar was provided with a cutting of bindweed for oviposition 

together with a 5.5% sugar solution, and kept in small environmental 

chambers maintained at 23.9 ~ 1°c, 15-h photoperiod and 60 to 80% RH. 

Eggs were removed from the leaves every other day and incubated in the 

same environmental chambers until eclosion. The moths were lightly 

anesthetized with co2 to facilitate egg removal. Mortality of adults 
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was recorded daily, and bindweed cuttings were changed as soon as they 

began wilting, usually within 4 days. Observations on female longevity 

and fecundity were based on 68 individuals; male longevity was based on 

93 individuals. 

b) Egg and Larval Development 

Eggs were removed from the leaves with a fine camel-hair brush, 

counted and transferred to 30-ml plastic cups. Each cup was lined with 

a thin layer of cotton, topped with a piece of No. 1 Whatman filter 

paper and moistened with distilled water. The lid of each cup was 

fitted with 100-mesh wire gauze to prevent condensation. Freshly laid 

eggs were weighed in fixed batches of 100 and checked daily until 

eclosion; those not hatching within 15 days were discarded. A total of 

500 eggs was maintained at each of the following temperatures: 18.3 + 1, 

0 23.9 + 1 and 29.4 + 1 C. 

The first instars were placed on bindweed cuttings and reared to 

the adult stage in the containers described. Daily checks were made on 

developing larvae for ecdysis, and confirmed by head capsule measurements. 

After each molt, larval length and weights were recorded. Length was 

based on individual measurements using microscope with an ocular micro-

meter. First instars were weighed in groups of 50, and second instars 

in groups of 5, because of their light weight. The leaf area consumed 

by each instar was determined by running paper tracings of the defoliation 

through a Hayashi Denko automatic area meter. 



-29-

Over 200 field collected larvae were caged and reared for parasites. 

Emergent insects were sent to the Systematic Entomology Laboratory, 

USDA-ARS for identification. 

C. RESULTS AND DISCUSSION 

a) Adult Stage: Description and Oviposition Studies 

0. monodactylus is a small, delicate whitish brown moth (Fig. 1). 

The males (10.0 ::±" 0.5 mm) were significantly longer (P< .01, t-test) than 

the females (9.1 ::±" .09), but the wingspans were not significantly 

different (male 20.8 ± 3.5; female 22.3 ± 2.1). The moths fed readily 

from cotton saturated with sugar solution; most of them were found rest-

ing on the cheesecloth covering the top of the jar (Fig. 2). Although 

copulation was seen to occur when the moths were first exposed to light, 

they ~ould mate in total darkness. Females commenced oviposition 

2.8 ± 0.9 (range 2.0-5.0) days after emergence, regardless of copulationA 

They normally mated more than once. The mean number of eggs per female 

was 173.0 ± 69.5 (range 55.0-306.0) obtained from averaging egg produc-

tion from the females of the sex ratio cages mentioned previously. Most 

of the eggs were laid during the first 10 days of oviposition, which 

averaged 15.8 ± 3.1 eggs/~ per day. Average longevity of females, 

26.7 + 11.2 days (range 5.0-53.0), did not differ (P>0.05, t-test) from 

that of the males, 23.4 ± 10.8 (range 4.0-47.0). 

Fecundity, preoviposition and oviposition periods and longevity of 

the females and males were not affected by variations in sex ratio, the 

use of co2 or the number of moths per cage. No significant differences 

were found between cages containing 15-23 moths and those with less than 

10 moths (P > 0. 05, Anova) • 
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Fig. 1. - Adult female plume moth, Oidaematophorus monodactylus. 
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Fig. 2. - Rearing jar of 0. rnonodactylus adults . . 
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b) Egg Stage 

Spherical, opaque-whitish eggs were usually laid singly or in pairs 

on the underside of the leaves (Fig. 3). When large numbers of adults 

(>30) were placed in one jar, eggs were coTlllllonly laid on both leaf 

surfaces. The incubation period had a range of 3 to 10 days at 

23.9 + 1°c with mean of 3.5 days (Table 3). The eggs turned yellowish 

after 24 hours, followed by the appearance of a tiny black or red dot at 

the anterior end, indicating initial pigmentation of the head capsule. 

Dark head capsules became evident within one day of eclosion. Approxi-

mately two-thirds of the 29,000 eggs that were observed, hatched. 
0 Percent hatch was not affected by temperatures between 18.3-29.4 C but 

0 incubation periods at 23.9 and 29.4 C were significantly shorter than 

that at 18.3°C (Table 4). 

c) Larval Stage 

There are four larval instars. The first instars fed gregariously 

on the leaves close to where the eggs were laid. As they developed, the 

larvae spread out. The duration and feeding of the larval stages was 

influenced by temperature (Table 4). Larvae did not complete develop-

ment at 15.6 + 1°c or at 32.2 ~ 1°c, but duration of development at 

18.3, 23.9 and 29.4°C was significantly different being 22.6, 17.7 and 

13.9 days, respectively. The corresponding total leaf material consumed 

by a single larva at these temperatures was 12.7, 12.8 and 15.8 2 cm . 

The latter is significantly greater (P c:: .01) than the other leaf areas 

consumed. The respective percent larvae completing development at the 

three temperatures was 26.0, 57.0 and 75.0. At each temperature, the 
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Fig. 3. - Various stages of Q· monodactylus: A) Eggs, B) 1st instar, 

and C) 2nd instar. 
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Table 3. - Descriptive data on the developmental stages of O. monodactylusa 

Ontogenic feature X+ SD -

Egg stage 

Egg size (mm)b 0.5 + 0.1 x 0.3 + 0.1 - -
Weight of 100 eggs (mg) c 1. 7 + 0.4 -
Duration (days) d 3.5 + 0.8 -
% hatche 60.6 + 14.2 -

Larval stage 

1st instar 

Head capsule width (mm)f 0.2 + 0.004 

Body length (mm)g 2.8 + 0.4 -
Weight of 50 larvae (mg) h 0.5 + 0.2 

Duration (days)f 3.3 + 0.7 

% reaching adult stagei 57.0 + 3.5 

2nd ins tar 

Head capsule width (mm)f 0.3 + 0.01 -
Body length (mm)g 2.8 + 0.4 

Weight 5 larvae (mg)j 1.2 + 0.2 

Duration (days)f 3.6 + 1.1 

3rd instar 

Head capsule width (mm)f 0.5 + 0.02 

Body length (mm)g 5.1 + 0.6 

Body weight (mg)g 1.5 + 0.6 

Duration (days) f 4 .1 + 1. 7 
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Table 3. (continued) 

Ontogenic feature X +SD -

4th instar 

Head capsule width (nun) f 0.8 + 0.1 -
Body length (mm)g 8.0 + 1.2 -
Body weight (mg)g 5.7 + 2.9 -
Duration (days) f 6.7 + 1.5 -

PuEal stage 

Body length (nnn) f 9.9 + 1.1 -
Body weight (mg)g 15.5 + 1.9 -
Duration (days) f 7.1 + 1.1 -

aAll data recorded at 23.9 + 1°c; larval measurements were of newly 

molted individuals. 
b Mean of 50 eggs. 

~ean of 9 replications of 100 eggs. 
d Mean of 500 eggs. 
e Mean of 97 batches of 300 eggs each. 
f Mean of 36 individuals. 

gMean of 30 individuals. 

~ean of 7 replications of 50 larvae. 

iPercentage completing development out of 72 larvae. 

jMean of 5 replications of 5 larvae. 



Table 4. - Development and feeding of O. monodactylus at different temperaturesa. 

Larval instar c 

1st 2nd 3rd 4th Total 

b food food food food food 
Egg Pupa 

dura- con- dura- con- dura- con- dura- con- dura- con-
Temp. stage tion sumed tion sumed ti on sumed tion sumed tion sumed duration 

(oC) (days) (days) (%) (days) (%) (days) (%) (days) (%) (days) (%) (days) 

18.3 + 1 6.7a 6.7a 4.6a 4.5a 9.0a 4.2a 16.3a 7.2a 70. lb 22.6a 100 9.2a 

23.9 + 1 3.5b 3.3b 4.2a 3.6b 5.8c 4.la 17.0a 6.7b 73.oa 17.7b 100 7. lb 

29.4 + 1 3.2b 3.2b 4.0a 3.5b 7.7b 2.9b 28.0b 4.3c 60.3c 13.9c 100 4.9c 

~eans in the same column followed by the same letter do not differ significantly (P < 0.01), least 

significant range test. 

b Based on 500 eggs at each temperature. 

cMean of 13 individuals completing larval development at 18.3°C, 36 individuals at 23.9°C and 15 

individuals at 29.4°c. 

I 
(,,.) 
Q\ 
I 
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majority of the leaf area was consumed during the fourth stadium. 

However, the quantity of leaf material consumed by the fourth instar 

was not significantly different (P>0.05, Anova) at the three 

temperatures. 

Female larval development period and food consumption were 
0 significantly (P < .05) greater than for males at 18.3 C, but not at 

23.9° or 29.4°c. For each sex, larval duration decreased with increas-

ing temperature, and the male fed significantly more at 29.4 + 1°c than 

at the two lower temperatures (Table 5). 

A quiescent prepupal stage was observed 2 days prior to pupation. 

At this time the larvae contracted slightly in length and spun a small 

silk pad on the surface beneath itself. The prepupa became very dull 

colored just before pupation in contrast to the dark green larva. 

d) Pupal Stage 

Pupation occurred under the leaves on which the fourth instars 

were feeding, or at the tops of the containers. Pupae varied from light 

brown to dark green, depending on the color of the substrate. When 

disturbed, the pupa bent its abdomen back over itself in whip-like 

motions. The pupal period decreased significantly (P < .01) with 

increasing temperature (Table 4). There were no differences in weight 

between the sexes at any of the three tempera.tures. 

e) Life-Cycle 

Duration of immature stages of this moth in Virginia was similar 

to that in Ontario (Mohyuddin 1969) and in Pakistan (Ghani et al. 1975) 

(Table 6). However, differences are apparent in adult longevity and 

d 



Table 5. - Larval development time, feeding capacity and weight of O. mondactylus at different 
a temperatures • 

Temperature b Larval Period (days) Larval Feeding (cm2) Weight of Pupa {mg) 

(oC) ~ <!' ~ O' ~ O' 

18.3 + 1 23.4a 21.5a 14.3a 11.0a 16.0a 14.6a -
23.9 + 1 18.7b 18.4b 12.7a 11.2a 15.7a 15.3a 

29.4 + 1 15. lb 12.9c 15.3a 16.3b 14.3a 14.8a 

a Means followed by the same letter for each column do not differ significantly (P < 0.05), 

least significant range test; at 18.3°C larval period and feeding of the females were 

significantly greater than the males, differences between sexes at the other temperatures 

were not significant. 

bMean of 13 individuals (7 'i? s, 6 (J s) completing larval development at 18. 3°C, 19 individuals 

(102s, 98's) at 23.9°C; and 15 individuals (72s, 80's) at 29.4°C. 

I w 
00 
I 
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Table 6. - Comparison of observed life cycles of 0. monodactylus in 

different areas. 

Location and Temperature 

Ontario a Pakistan a Virginia 

Life Stage (21°C (24 + 1°C) (23.9 + 1°C) 

Immature stages 

Egg (days) 4.3 4 3.5 + 0.8c 

Larva (days) 18.9 13-15 17.7 + 3.4d -
Pupa (days) 7.7 7-10 7.1 + 1.ld -

Adult (days) 19b 15b 26.7 + 11.2(5.0-53.0) e 
-

Preoviposition 3 1-3 2.8 + 0.9 (2.0-5.0) f -
period (days) 

Oviposition 15b 15b 9.8 + 8.3f 

period (days) 

Fecundity 173.0 + 69.5f 

(no.· eg.gs/ ~ ) 

aNumber of replications not reported. 

bMaximum for 1 individual. 

cMean + SD for 500 eggs. -
d Mean + SD for 36 individuals. -
eMean + SD for 68 individuals. -
f Mean + SD for 8 sex ratios (~l(J) ranging between 0 .3 and 1. 5; each 

replicated twice. 
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fecundity. The adult females survived a maximum of 19 days in Ontario 

(Mohyuddin 1969) and 15 days in Pakistan (Ghani et al. 1975) as compared 

to 53 days (mean of 26.7 ~ 11.2) in Virginia. Fecundity of the moths in 

the respective areas were 478, 246 and 173.0 + 69.5. The data reported 

by Mohyuddin and Ghani et al. appeared to be maximum values for a single 

individual. There was no indication of sample size or variation. Thus, 

it is not possible to adequately assess the reproductive capacity of 

O. monodactylus based on the previously limited published information. 

These data are essential in the evaluation of the insect's potential as 

a biological control agent. 

Two species of parasites were reared from over 200 field collected 

larvae. A tachinid, Oxynops anthracinus (Big.), emerged from 5% of the 

larvae and one specimen of Pnigalio proximus (Ashm.), a eulophid, was 

also recovered. 



IV. FEASIBILITY OF USING OIDAEMATOPHORUS MONODACTYLUS 

AS A BIOLOGICAL CONTROL AGENT OF HEDGE BINDWEED 

A. INTRODUCTION 

The use of Oidaematophorus monodactylus (L.) as a biological 

control agent of Convolvulus spp. has been considered by Smith (1938), 

Mohyuddin (1969), and Ghani et al. (1975). Smith (1938) concluded that 

this insect could not be used in Kansas because it was heavily parasitized 

in the field. Two parasites were reared from its larval stage in south-

western Virginia, but the rate of parasitization was very low (Parrella and 

Kok 1977). Mohyuddin (1969) and Ghani et al. (1975) indicated that 

Q. monodactylus has potential as a biological control agent but only where 

sweet potato (Ipomoea batatas (L.) Lam) is not grown commercially because 

of its ability to complete development on this economic crop. According 

to Forbes (1923), this insect is nearly worldwide in distribution. 

Although sweet potato is grown all over the world (Steinbauer and Kushman 

1971), there has been only one documented case of 0. monodactylus attack-

ing sweet potato (Bogdanov-Kat'Kov i Tropkina 1933). Ware and McCollum 

(1968) stated that sweet potato is usually free from very serious insect 

attack. 

Ghani et al. (1975) studied the insect enemies of bindweed in 

Pakistan and indicated that prospects for the. biological control of this 

weed were not very promising. However, they named two insects, the seed 

feeder, Alcidodes fabricii (F.), and the flower feeder Eublernma baccalix 

Swinh., as potential agents which would not pose a threat to the vegeta-

tively propagated sweet potato. O. monodactylus also has the potential 

-41-
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of reducing seed production, and since Mohyuddin (1969) showed that it 

prefers hedge bindweed to sweet potato, the feasibility of using this 

moth for hedge bindweed control, especially in areas without sweet 

potato, merits further review. We evaluated its ovipositional preference 

and development on different varieties of sweet potato, its effectiveness 

in suppressing hedge bindweed in field and greenhouse cage experiments, 

and estimated the direct cost of a mass rearing program for this insect. 

B. MATERIALS AND METHODS 

a) Ovipositional Preference Test 

Adult males and females were caged in gal. glass jars covered with 

cheesecloth. The moths were provided with a cutting of sweet potato 

(var. Centennial) and hedge bindweed of approximately the same leaf 

areas together with a 5.5 percent sugar solution for feeding. Moths 

were also placed in jars containing only sweet potato or bindweed. The 

cuttings were kept in 120-ml plastic containers filled with water. The 

containers were modified by punching a hole in their plastic snap on lids 

large enough for the cut ends of the plant material to pass through. 

Eggs were counted and removed from the plant material and sides of the 

containers every 2 days. A cage with between 20 and 80 unsexed adults 

was kept in this manner for 20 days and cages with sex ratios of 0.5 and 

0.75 (~18) were observed until all the females died. Each cage with sexed 

adults was replicated twice. The bindweed and sweet potato cuttings were 

replaced as soon as they began to lose turgidity, usually within 4 days. 

0 Environmental conditions were 23.9 C, 15-h photoperiod, and between 60 

and 80 percent RH. 
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b) Development on Different Varieties of Sweet Potato 

Development of Q. monodactylus larvae was compared on 9 varieties 

of sweet potato: Baker, Julian, Jewel, Porto Rico 109, Hayman, 

Nernagold, Centennial, Nancy Hall, and Painter. All were obtained from 

the Virginia Truck and Ornamentals Research Station in Norfolk and 

Painter, Virginia. A cutting of each variety, replicated three times, 

was placed in a gal. glass jar with numerous unsexed plume moths until 

100 eggs had been oviposited on its leaves, usually within 2 days. Eggs 

in excess of 100 were removed. The cutting was then placed in an 

individual gal. jar where egg and larval development were allowed to 

occur. These were checked daily and a fresh cutting of the same sweet 

potato variety was provided when needed. The number of adults emerging 

and their development time were recorded for each variety. 

c) Effectiveness of O. monodactylus in Suppressing Hedge Bindweed 

(i) Greenhouse Cage Study 

Hedge bindweed rhizomes were dug from a heavily infested corn field 

adjacent to the VPI & SU campus in October, 1975, and placed at 4.4°C for 

one month. Upon removal from cold storage, they were washed in cold 

running water for 20 minutes and planted in soil inside a wooden frame 

cage 100 x 77.5 x 100 cm enclosed in plastic. The upper 22.5 cm of the 

smaller cage sides was made of 100-mesh plastic screen as was the entire 

top to allow air circulation. Four 100 watt light bulbs hung from the 

cage were used as supplemental lighting. The soil, 30 cm deep, was 

composed of a 5 cm base of railroad cinders topped by 25 cm of Weblite. 
@ 

One-half gal. of a 0.8 percent solution of Peter's 15-30-15 fertilizer 
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with trace elements was added 2 days after the rhizomes were planted. 

The cage was divided equally into 4 compartments and the rhizomes were 

distributed evenly among each. The plants were allowed to develop 

normally for 30 days at which time first instars of Q. monodactylus were 

released at the rate of 1, 3, and 5 larvae per leaf per compartment; 

leaving one compartment as a control. The number of leaves in each 

compartment was record.ed after O, 10, 20, and 30 days as were the number 

of larvae completing development. The cage conditions were: temperature 

23.9 to 32.2°C; photoperiod 15-h; and RH 40 to 100 percent. 

(ii) Field Cage Study 

Hedge bindweed rhizomes were used from the group dug for the 

Greenhouse Cage Study, but these were left at 4.4°C until July, 1~76, 

when 30.5 cm sections were potted in Weblite at the rate of 2 per pot. 

Two days later, the soil was soaked with a 0.8 percent solution of 
® Peter's fertilizer with trace elements and left in the greenhouse for 

2 weeks. The bindweed plants with their corresponding soil were then 

transplanted into field cages. 

The area in which the cages were located had been fallow for many 
1 years . The ground was disced and roto-tilled 2 weeks before the cages 

were put out and Methyl Bromide was applied to the soil one week before 

cage placement. 

1 Soil samples taken from each cage revealed the following: Ph 6.3; 
CaO medium to high; MgO high; organic matter 1.6%; P2o5 medium; 
K20 medium to low; and N03 24.5 ppm; performed by the Cooperative 
Extension Service, VPI & SU, Blacksburg, Va. . 
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Twelve cages were constructed each measuring 91.4 cm square and 

61 cm high, with a heavy wooden frame covered with 40-mesh wire screen. 

Fine organdy cloth was glued and stapled to the frame to prevent insect 

penetration. A large hinged door (50.8 x 50.8 cm) was provided on one 

side to allow access into the cage. A plastic skirt, which was glued 

and stapled into place around the bottom perimeter of the cage, extended 

46 cm into the soil. A hole 61 cm deep dug around each cage allowed for 

the proper placement of the skirt. This prevented burrowing insects from 

entering the cage. In addition, Tanglefoot was liberally applied to the 

junction of the plastic skirt and cage perimeter as well as to the seams 

around the door. The cages were spaced 61 cm apart. 

Once the bindweed plants were in place, they were allowed to 

reach a size of at least 20 leaves when first instars of Q. monodactylus 

were released at the rate of 0 (control), 1, 3, and 5 larvae per leaf. 

Each randomized treatment was replicated three times. Data including: 

no. leaves, no. shoots, total plant length, and the number of surviving 

larvae·were recorded every 5 days for the 25 day duration of the 

experiment. All leaves longer than 1.3 cm, and all shoots longer than 

2.54 cm were counted. In the case of laterals, lengths were measured 

from the main stem and added to the total. 

d) Colony Initiation, Mass Rearing, and Cost Analysis 

The best time to initiate an Q. monodactylus rearing program is in 

early June when the larvae first appear in the field. Therefore, if an 

inundative release of O. monodactylus is planned for the following June, 

a laboratory colony needs to be maintained throughout the winter and then 
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increased in numbers prior to the release. 0. monodactylus was collected 

weekly from three sample sites in southwestern Virginia for initial estab-

lishment of the laboratory colony. At each collection site, sufficient 

bindweed was taken to fill two 50 x 75 cm plastic bags. On returning to 

the laboratory, the plant material was put into large Berlese funnels 

terminating in mason jars. These were checked every two days for 0. 

monodactylus larvae. The number of larvae collected throughout the 

summer was recorded for each site and sampling date. Parrella and Kok 

(1977) have described the conditions for rearing the larvae, subsequent 

adults and eggs. 

To study the effect of cold storage on egg viability eggs were 

0 0 placed at 4.4 C for 2, 5, 8, 10, 15, and 20 days, then removed to 23.9 C, 

and the rate of hatch recorded. Solid tops were used on the egg cups to 

prevent rapid dessication and distilled water was added whenever necessary 

to keep the eggs moist. 

On hatching, first instars were placed on bindweed cuttings 14 cm 

long at the rate of 5, 10, 15, 20, and 25 per 120-ml container to 

determine the density of larvae which would return the largest number of 

adults. Each density was replicated twice. The containers were checked 

daily and the bindweed was replaced whenever necessary; excess frass was 

also removed. The number of adults emerging from each container was 

recorded. 

The cost involved for all the materials and labor necessary for the 

rearing procedures were determined at 1976 prices. 
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C. RESULTS AND DISCUSSION 

a) Ovipositional Preference Test 

Of 21,050 eggs counted in the cage with unsexed adults, 72 percent 

were on bindweed, 20 percent on sweet potato, and 8 percent on the glass 

walls of the cage. Moths in sex ratios of 0.5 and 0.75 oviposited 1,500 

eggs of which 80 percent were on bindweed, 18 percent on sweet potato, 

and 2 percent on the containers. Adults readily oviposited on sweet 

potato when it was the only substrate provided. These data indicate 

that Q. monodactylus, under these conditions, prefers to oviposit on 

hedge bindweed and that sweet potato is acceptable for oviposition 

approximately 20 percent of the time when the two are present together. 

b) Development on Different Varieties of Sweet Potato 

Q. monodactylus completed development on the 9 varieties of sweet 

potato tested. There were no differences in development time or the 

number of emergent adults between varieties. Although there are 

currently over 40 different varieties of sweet potato grown in the 

United States, Centennial, Julian, Nancy Hall, Nemagold, and the Porto 

Rico varieties accounted for over 63 percent of the total acreage 

(Steinbauer and Kushman 1971). Thus, variation in the germ plasm among 

the varieties is unlikely to deter feeding by this moth, even though some 

varieties are being bred for resistance to root feeding insects and nema-

todes. The ability of the moth to complete development on all the test 

varieties confirms the belief of Mohyuddin (1969) and Ghani et al. (1975) 

that Q_. monodactylus should not be used as a biological control agent 

where sweet potato is grown commercially. Since the majority of sweet 
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potato production occurs in the warmer areas of the United States 

(Steinbauer and Kushman 1971), there are many regions where bindweed 

is a problem and where no major connnercial sweet potato production 

occurs, such as in southwestern Virginia. In such areas, the moth 

would pose no threat to sweet potato. 

c) Effectiveness of O. monodactylus in Suppressing Hedge Bindweed 

(i) Greenhouse Cage Study 

Results of this study (Table 7) showed that complete defoliation 

occurred after 20 days when 5 larvae were released per leaf (Fig. 4), 

and a 90 percent foliar decrease resulted with the 3 larvae per leaf 

release. Despite precautionary measures, starving late instars from the 

5 per leaf release migrated on to the control plants and reduced their 

growth rate. The total number of leaves in the control increased by 

only 19 percent in 30 days. This shows that at a sufficiently high 

density, the moth is capable of effectively defoliating a hedge bindweed 

plant •. Regrowth of the bindweed in the 5 per leaf release compartment 

began 45 days after the initial release. The percentage of larvae com-

pleting development in this treatment was low because of starvation and 

cannibalism. The same factors contributed to the small number completing 

development in the 3 per leaf release compartment. In contrast, the 

treatment with 1 larva per leaf had a higher moth survival rate. With 

only 24 percent reduction of the leaves, there was sufficient leaf 

material for larval development. 
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Table 7. - Effect of varying densities of Q· monodactylus larvae 

released on caged hedge bindweed plants in the greenhouse 

and resulting adult emergence. 

% leaf change after larval release a Adult 
emergence 

No. larvae per leaf b 10 days 20 days 30 days (%) 

0 (control) + 4.4 + 10.1 + 18.8 

1 +17.0 - 10.0 - 24.0 34.7 

3 - 2.3 - 87.6 - 91.1 14.8 

5 - 2.3 -100.0 -100.0 5.6 

a~% h b d N 1 d f 1 c ange ase on o. eaves on ay o re ease: (+) increase; 

(-) = decrease. 

bTotal number of larvae released for each treatment was: 1-150 larvae; 

3 - 1014; 5 - 3300. 
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Fig. 4. - Results of the Greenhouse Cage Study: A) day of release of 

1st instars, B) 20 days after release (5 larvae/leaf). 
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(ii) Field Cage Study (Fig. S) 

Results of the above test repeated in field cages (Table 8) 

indicated a trend similar to the Greenhouse Cage Study. Complete 

defoliation did not occur, but the plants were prevented from increasing 

their leaf production in the 3 per leaf release which showed signifi-

cantly smaller (P < .OS) percent increases in the no. leaves, no. shoots, 

and total length of the plant than the control. The S larvae per leaf 

release, however, was not significantly different from the control in any 

of the 3 categories because of poor survival; less than 2 percent of the 

larvae completed development. This survival rate was significantly 

smaller (P < .OS) than the 3 per leaf release. With such a small per-

centage completing development, the full impact of larval feeding was not 

felt and it was not surprising that it had a smaller impact than the 3 

per leaf release on the bindweed. Larval density at the rate of 1 per 

leaf was not sufficient to cause any significant difference from the 

control in any of the categories. The relationships between larval 

density and the no. leaves, no shoots, and total length of a hedge bind-

weed plant over time were very similar (Fig. 6). 

These data indicate that Q. monodactylus larvae have the potential 

to significantly reduce the production of new leaves and shoots as well 

as the total length of hedge bindweed in the field. Since over 90 per-

cent of the total leaf area is consumed by the third and fourth instars 

(Parrella and Kok 1977), the impact is dependent on the proportion 

reaching the third instar. In the greenhouse study, the bindweed plants 

lost the greatest percentage of leaves between the 10th and 20th day 

after the first instars were released (Table 7). This corresponds to 
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Fig. 5. - Cages used in the Field Cage Study: A) cages with their 

corresponding skirts set in position, B) one cage in its 

final position with dirt filled in. 
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Table 8. - Effect of varying densities of O. monodactylus larvae 

No. 
per 

0 

1 

3 

5 

released on hedge bindweed plants in the field and 

larvae 
leaf b 

a resulting adult emergence • 

Mean % 5-daI increase 
No. leaves No. shoots 

(control) 96.2a 64.6a 

75.5a 73.6a 

8.6b 11.2b 

56.9ab 21.5ab 

c of 
Total length 

100.0a 

105.0a 

24.5b 

83.7a 

Adult 
emergence 

% 

6.4a 

8.8a 

1.8b 

a3 replications; means followed by the same letter do not differ 

significantly (P< 0.05), least significant range test. 

bThe mean number of larvae released per treatment was: 1 - 50 larvae; 

2 - 121; 5 - 133. 

c% increases based on the number leaves, no. shoots and total length on 

day of release. Measurements were taken every 5 days for 25 days. 
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-----.--• 1 larva per leaf 
..______.. ___ Control 

o>-----c--o 5 larvae per leaf 
---o--<o 3 larvae per leaf 

5 10 15 20 
Days After Release 

25 

Fig. 6. - Effect of varying densities of Q. monodactylus larvae on 

leaf and shoot production and total length of a hedge 

bindweed plant. 
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the time when the larvae were in the third and fourth stadia (Fig. 7). 

Similarly, in the field study, the smallest rate of foliar increases 

occurred when third and fourth instars were present on the plants. 

Therefore, mass release of third and fourth instars on large stands of 

bindweed would bring about the quickest results in terms of defoliation. 

These later instars are active and would easily be able to disperse 

among the bindweed plants. Also, a mass release of third instars would 

result in an increased adult population in the field within 13 days; 

which would actively seek out other bindweed plants for oviposition. 

Therefore, the release of late instars would be superior to the release 

of first instars or adults, since mortality in the field may make it 

difficult to attain the proper density of late instars per plant. This 

is well illustrated in the 5 per leaf release in the field test, where 

a number of Geocoris uliginosus (Say), were found feeding on the larvae. 

In southwestern Virginia, we have found a large number of non-specific 

predators which also attack 0. monodactylus. Samples of bindweed taken 

in early June, however, _showed that many of the general predators were 

at early stages of their development and were too small to feed on late 

instars of Q. monodactylus. Thus, manipulation of the insect via a well-

timed mass release in early June of third and fourth instars might allow 

enough feeding to reduce plant growth. Cannibalism occurs among the 

larvae, but only when there is a great disparity in stadia or a severe 

shortage of food. Besides reducing leaf and shoot production, it also 

affects seed production. Our observations have shown that one late instar 

is capable of destroying one bud. By releasing large numbers of third 
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Fig. 7. - Fourth instar of O. monodactylus. 
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and fourth instars at the time of bud production, the potential exists 

for reducing seed production by a stand of bindweed. 

The potential effectiveness of O. monodactylus as a biological 

control agent based on the 12 point system suggested by Harris (1973), 

gave it a score of 22 (direct damage inflicted-1; indirect damage-0; 

phenology of attack-4; number of generations-4; no progeny per genera-

tion-0; extrinsic mortality factors-0; feeding behavior-2; compatibility 

with other control agents-2; distribution-6; evidence of effectiveness 

as a control agent-0; size of insect-0; and host specificity-3). This 

is more than the total for Ceutorhynchus litura (F.) (17 points) a 

biological control agent established on Cirsium arvense (L.) in Ontario 

and Saskatchewan (Peschken and Harris 1975). 

d) Colony Initiation, Mass Rearing, and Cost Analysis 

Field sampling of 0. monodactylus in southwestern Virginia at 

different sites with dense stands of hedge bindweed yielded 7 larvae per 

site per sample in July, 6 in August, and 2 throughout September. Only 

third and fourth instars were strong enough to survive the Berlese 

funnel method of separation; 20 percent reached adulthood. Within 2 

weeks after collection, these emerged as adults with an approximate sex 

ratio of 1:1. All emerging adults were then used to start the laboratory 

colony. The colony was easily maintained throughout the winter on hedge 

bindweed grown in the greenhouse with the aid of 1,000 watt metal halide 

lamps. An example of releasing 10,000 third instars in early June was 

chosen so that colony manipulation throughout the fall, winter, and 

spring could be analyzed. With this objective in mind, optimum colony 



-58 

size during the fall and winter was 50 adults (25 males and 25 females) 

set up in 2 gal. glass jars. Egg production decreases with age, but a 

female averages 15 eggs per day during the first 10 days of her life 

(Parrella and Kok 1977). A 60 percent hatch was obtained at 23.9°C. 

The highest return of adults when inoculating first instars on 14 cm sec-

tions of bindweed in 120 ml containers was 75 percent; with 15 larvae per 

container (Fig. 8), Removing 15 eggs every two days from the colony will 

assure 6 new adults 30 days later and every second day thereafter. The 

eggs not hatching in 10 days can be discarded. This yields over 50 

moths, and by selection of vigorous individuals a colony of 50 healthy 

adults can be maintained until March. Then using all the eggs, larvae, 

and emergent adults, a goal of 350 newly emerged adults (175 pairs) can 

be achieved by the second week in May. 
0 Egg hatch can be controlled by holding them at 4.4 C, but percent 

hatch will decrease with exposure time (Fig. 9). Taking this into 

consideration, an example for producing 10,000 third instars by June 10th 

is shown in Tables 9 and 10. 0 If the larvae are reared at 23.9 C, a stand 
2 of bindweed with a leaf area of at least 13,000 cm is required to feed 

them. Bindweed used to feed the larvae would have to be replaced 4 

times each generation between September-May 16. In early June, when 

development is needed only to the third instar, the cuttings in each 

container would have to be replaced twice. 

The total direct costs of initially rearing 10,000 Q· monodactylus 

third instars is a little less than $8,000, averaging 0.78¢ per insect 

(Table 11). The major costs are for materials and labor; the cost of the 

research supervisors time is not included in this estimate. 
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Fig. 8. - Larval rearing apparatus: A) 120 ml container with bindweed, 

B) vials with water, C) vial rack. 
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Table 9. - Rearing data for O. monodactylus. 

Day No. Eggs a 0 b No. days at 4.4 C % hatchc Total third instars d 

1 2,625 9 41.0 807 

2 2,625 8 43.0 846 

3 2,625 7 45.0 885 

4 2,625 6 47.0 925 

5 2,625 5 53.0 1,043 

6 2,625 4 53.0 1,043 

7 2,625 3 54.0 1,063 

8 2,625 2 55.0 1,082 

9 2,625 0 60.0 1,181 

10 2,625 0 60.0 1,181 

=10,036 

aAssuming 175 newly ovipositing females producing 15 eggs per day for 10 

days. 

bEgg duration is approximately 3.5 days (Parrella and Kok 1977); eggs 
0 from the first 8 days of oviposition are maintained initially at 4.4 C. 

cObtained from Fig. 1. 

d Based on approximately 75% of first instars becoming viable 3rd instars. 



Table 10. - Proposed schedule for rearing 10,000 third instars of Q. monodactylus at 23.9°c, 15-h 

photoperiod, RH 60-90% in southwestern Virginia. 

Schedule 

Maintenance of over-
wintering population 
(Sept.-Feb. 28) 

Increasing spring 
population 
(March 1-May 16) 

Production of 10,000 
third instars 
(May 17-May 26) 

May 29 

June 10 

No. 0. monodactylus 

50 adults 
225 eggs/mo 

All adults, eggs 
and larvae are 
usedb. 

350 adults 
26,500 eggs/10 days c 

13,500 first instars 

10,000 third instars 

a Materials and Labor 

2 gal.jars: 
110 egg cups: 
63 containers: 

5 gal.jars 
200 egg cups 
400 containers 

14 gal. jars· 
90 egg cups 

900 containers 

egg collection 
larval transfer 

larval maintenance 

Time (man-h) 

390 

880 

288 

a Labor from Sept.-Feb. 28 remains unchanged through May 16; May 17-26, egg collection only; 
May 29-June 10, larval transfer and maintenance in containers. Colony maintained at rate of 
25 moths/gaL jar; 15 eggs/cup (Sept.-Feb. 28), 300 eggs/cup (March 1-June 10); 15 larvae/container. 

b Once 70 adults are obtained on March 17 and 110 adults on April 17, further colony expansion 
is not necessary. All adults are considered newly emerged with a sex ratio of 1:1. 

cEgg hatch is obtained from Fig. 9: Table 9. 
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Table 11. - Cost estimate to initially rear 

Direct Costs 
Labor 
1 full-time technician (6.5 mos.) 
1 part-time technician (3.5 mos.) 

Material 
Non-recurring costs 

Metal halid lamps (1,000 watt) 
Vial racksa 
Glass jars (gal) 
Wire gauze (60 mesh) 
Berlese funnels (with stands, 

heating elements and mason 
jars) 

Vials (8 dram) 
Plastic containers (120 ml with 

lids) 
Plastic egg cups (SO cc with lids) 

Recurring costs 

C02 cylinder 
Soil mixture (40 lbs) 
Fertilizer (25 lbs) 
Cheesecloth 
No. 1 filter paper (11 cm). 
Cotton 
Miscellaneous 

Transportation 
25 mi/wk for 4 mos. 

10,000 Q. monodactylus larvae on hedge bindweed. 

Estimate in $ 

$4,600.00 
860.00 

Quantity Unit Price $ 

4 150.00 600.00 
100 5.00 500.00 
20 2 13.00 260.00 
35 ft. 7.00 245.00 

6 30.00 180.00 

1,000 0.13 130.00 
1,000 4.59/case of 72 65.00 

Case of 1,000 @ 52.00 

1 @ 50.00 
20 1. 75 35.00 

1 30.00 30.00 
One 80 yd bolt 28.00 28.00 

3 boxes 2.00 6.00 
1 lb 6.00 6.00 

6.00 100.00 

0.13 52.00 
Total =7,799.00 

I 

°' 'I' 
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A laboratory technician equivalent to 6.5 months full time will be 

required (390 man-h from September-March; 584 man-h from March through 

June 10th). In March, additional help of approximately 584 man-h to 

complete the rearing schedule (March-June 10th), will be required. After 

the initial materials are purchased, the major cost of rearing the insect 

will be mainly for labor and transportation. This would average 0.58¢ 

per insect. Indirect costs, not considered in this estimate, would 

include maintenance of a photoperiod and temperature controlled room, 

and greenhouse space. Although the direct cost for rearing the insect 

seems high, the development of an artificial diet with improved rearing 

procedures would make it more economical. 

The justification for releasing this insect will have to be 

compared to the potential benefits. A stand of bindweed with its exten-

sive root system is not likely to be destroyed via defoliation alone, 

unless it is very young. A more realistic objective is for a release· 

of large numbers of O. monodactylus larvae, in early June or at the time 

of bud formation, to reduce the seed production of a stand of bindweed. 

A very important means by which bindweed spreads is through the prodigious 

production of seeds followed by their dissemination. Thus, Q. 

monodactylus could directly influence the inception of new bindweed 

stands. 

Large stands of bindweed can be grown in the greenhouse year round 

from field collected rhizomes. Individual potting is not necessary, as 

the rhizomes will grow well in much larger receptacles, providing the soil 

is about 30 cm deep and the plants have something to climb on. This 
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would partially offset the cheaper cost of mass rearing on an artificial 

diet. Garcia and Frick (1975) did not offer a cost breakdown in the 

large scale rearing of Bactra verutana Zeller on an artificial diet. 

They proposed augmenting spring populations of this insect on nutsedge. 

One advantage to rearing the insect on its host plant is the confidence 

that there will be no loss in vigor or ability to attack its host plant 

in the field. 



V. STUDIES ON THE DEVELOPMENT AND REPRODUCTION 

OF BEDELLIA SOMNULENTELLA ON HEDGE 

BINDWEED AND SWEET POTATO 

A. INTRODUCTION 

Bedellia somnulentella (Zeller), the "Morning Glory Leaf Miner," 

was first described in America by Clemens in 1862 and subsequently by 

Fletcher (1920b) and Forbes (1923). According to Meyrick (1927) and 

Needham et al. (1928), it was probably native to North America but is 

now distributed worldwide (Fletcher 1920b). An extensive morphological 

study of this moth was conducted by Draghia (1974) in Romania, and 

Szocs (1967) compared it to his new species, ]_. ehikella, in Hungary. 

B. somnulentella was reported causing extensive damage to sweet potato 

(Ipomoea batatas (L.) Lam.) in California by Shorey and Anderson (1960) 

in studies on its biology and chemical control. Ghani et al. (1975) 

investigated its host specificity and concluded that its feeding was 

restricted to the genera Ipomoea L. and Convolvulus L. They indicated 

that ]_. somnulentella has potential as a biological control agent of 

Convolvulus spp. where sweet potato is not grown commercially. 

Sweet potato, commercially the second most important vegetable crop 

in the United States (Elmer 1950), is usually free from serious insect 

attack (Smith 1950; Elmer 1950; Ware and McCollum 1968). Smith (1950) 

stated that B. somnulentella or B. orchillella (Wesm.) (the "Sweet Potato 

Leaf Miner") did not constitute a pest problem on sweet potato in Kansas. 

This crop is grown worldwide (Steinbauer and Kushman 1971), but only two 

documented cases of this moth being a pest of sweet potato could be found 
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(Bogdanov-Kat'Kov i Tropkina 1933; Shorey and Anderson 1960). No 

indication of the variety of sweet potato being attacked was given in 

either study. 

Smith (1939) indicated that B. somnulentella was the most abundant 

insect attacking bindweed in Kansas. However, he concluded that its 

ability to control bindweed was limited by heavy parasitism. In 

contrast, we found percent parasitization to be low in southwestern 

Virginia. B. somnulentella attacks hedge bindweed (Cortvolvulus sepium 

L.) in southwestern Virginia during September and larvae are present 

until the first frost, usually around the end of October. This is much 

later in the year than reported by other workers (Forbes 1923; Meyrick 

1927; Smith 1938; Shorey and Anderson 1960; Mohyuddin 1969; Draghia 

1974). Healy and Staenton (1865) noted that in England!· somnulentella 

"is notorously uncertain as to the time of its appearance." The low 

rate of parasitization of B. somnulentella and its apparently different 

phenology in this area suggest that its pattern of development is not 

consistent with reports from previous biological studies. Also, 

information on B. somnulentella in relation to varietal differences of 

sweet potato is lacking. This study was undertaken to ascertain further 

aspects of its developmental biology on hedge bindweed and sweet potato. 

B. MATERIALS AND METHODS 

A laboratory colony of B. somnulentella was started in September, 

1975, and again in 1976, using field collected larvae from 4 hedge bind-

weed sites in southwestern Virginia. These larvae were fed bindweed 

cuttings. The subsequent adults were caged with hedge bindweed plants 
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for oviposition and were provided with a 5.5 percent sugar solution. 

The cages consisted of bell-shaped jars, 26.7 cm high, with openings at 

both ends (Fig. 10). The bottom opening possessed a lip which fitted 

perfectly over 16.5 cm diameter plastic pots containing bindweed plants. 

The top of the bell-jar was covered with cheesecloth held in place with 

a rubber band. After being caged for 4 or 5 days with one bindweed 

plant, the moths were transferred to another jar and plant. All eggs, 

0 0 larvae and adults were kept at a temperature of 23.9 + 2 C, 15-h 

photoperiod, and RH between 50 and 80 percent. 

a) Adult Data: Effect of Sex Ratio on Fecundity and Longevity, and 

Oviposition Preference 

Newly emerged adults were caged with cuttings of hedge bindweed and 

sweet potato (var. Nemagold) of approximately the same leaf areas. Sex 

ratios (9/a) ranging from 0.25 to 1.25 were obtained by keeping the 

number of males at 4 and altering the number of females. Separate male 

and female cages were also set up as were sex ratios of 1.0 where the 

males were removed after 2 days to determine if multiple mating affected 

fecundity. Each treatment was replicated twice, except the latter, which 

was replicated 4 times; the extra two being used without co2 to determine 

if anesthetization affected the adults. Additional moths were placed in 

jars containing only sweet potato. All cages were checked daily and 

adult mortality recorded. Eggs were counted and removed from the leaves 

every 2 days. The bindweed and sweet potato cuttings were replaced as 

soon as they began to wilt, usually within 4 days. The adults were 

lightly anesthetized with co2 to facilitate egg removal. 
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I 

Fig. 10. - Bell-shaped rearing jar of B. somnulentella adults. 
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b) Egg, Larval and Pupal Development 

A large number of unsexed moths was caged with an individual 

0 bindweed plant at 18.3, 23.9, 26.7 and 29.4 ~ 2 C. The adults were 

then removed and the number of eggs and their position on the leaves 

recorded. Daily checks were made to determine development time for the 

egg and total larval stage at the respective temperatures. Duration of 

the larval stage was obtained by substracting mean egg duration from 

individual pupation time at each temperature. Larvae on pupating, 

were put into individual plastic containers and the duration of the 

pupal stage was recorded. 

Over 80 field collected larvae were reared for parasites. Erner-

gent insects were sent to the Systematic Entomology Laboratory, USDA-ARS, 

for identification. 

c) Development on 9 Varieties of Sweet Potato 

A comparison of the development of B. somnulentella was conducted 

on the following 9 varieties of sweet potato obtained from the Virginia 

Truck and Ornamentals Research Station at Norfolk and Painter, Virginia: 

Centennial, Nemagold, Painter, Hayman, Julian, Jewel, Porto Rico 109, 

Nancy Hall, and Baker. A cutting of each variety was caged at 23.9°C 

with a large number of unsexed moths. Eggs in excess of 50 were 

removed. The cuttings were checked daily and sweet potato leaves of the 

same variety were added whenever needed. Each treatment was replicated 

three times. The duration of development from egg to adult and the 

number of emergent adults were recorded. 
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C. RESULTS AND DISCUSSION 

a) Adult Data: Effect of Sex Ratio on Fecundity and Longevity, and 

Oviposition Preference 

The adult, a small, greyish moth (Fig. 11), fed readily from 

cotton saturated with sugar water. Mating occurred randomly and each 

female usually mated more than once. Females conunenced oviposition 

within 1 day after mating; those caged without males began ovipositing 

20 days after emergence and laid very few eggs. The mean number of 

eggs per mated female was 169.2 + 71.8 (range 80-324) obtained by avera-

ging the egg production of the females in the sex ratios 0.25-1.25. 

Most of the eggs were laid during the first 8 days of oviposition, at 

an average of 19.8/female per day. Based on 30 females and 40 males, 

average longevity of the females 22.4 + 7.1 days (range 5-36), did not 

differ significantly (P > 0.05, Anova) from that of the males, 26.6 + 8.7 

days (range 5-43). 

Fecundity decreased with increasing sex ratio (~la) (Fig. 12); 

more than 2.5 times as many eggs were found with ratios of 0.25 than 

1.25. Thus, the oviposition rate was highest when there were 4 times as 

many males as females. Removal of the males after 2 days from the 1.0 

sex ratio cages resulted in an average of 43 eggs per female. Although 

this was considerably less than when the males were not removed (128 

eggs/female), the two were not significantly different (P > 0.05, Anova). 

Preoviposition and oviposition period of the females and longevity of 

both sexes were not affected by variations in sex ratio, the use of co2 , 

or by the number of moths per cage (P > 0.05, Anova). 
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Fig. 11. - Adult female leaf miner, Bedellia sornnulentella. 
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Fig. 12. - Effect of sex ratio on the fecundity of B. somnulentella 

(r = -0.97). 
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Eggs were equally divided on sweet potato and bindweed when the 

moths were caged with both plants; of 4,826 eggs counted, 2,565 were on 

sweet potato and 2,261 on bindweed. No eggs were laid on the glass walls 

of the container. Females readily oviposited on sweet potato when it 

was the only substrate provided. 

b) Egg, Larval and Pupal Development 

Shorey and Anderson (1960) described the eggs as transluscent, 

white, hemispheroids flattened against the leaf surface. They reported 

75 percent of 165 eggs on the lower leaf surface of sweet potato with 95 

percent adjacent to veins. In contrast, we found 55 percent of 2,090 

eggs on the lower leaf surface, the majority randomly placed and laid 

singly or in pairs. On bindweed, the eggs were laid equally on both 

leaf surfaces usually singly or in groups of 2 or 3 along main veins. 

Occasionally, eggs in long chains of 4-7 would be found. Percent egg 

hatch was highest at 23.9°C (98.0) and lowest at 29.4°c (69.5) 

(Table 12). Embryonic development increased significantly with increas-
0 ing temperature from 18.3 to 29.4 C, but there was no difference between 

development at 23.9 and 26.7°c. No larval development followed when the 

eggs were carefully removed from one leaf to another. Shorey and Anderson 

(1960), and Draghia (1974) reported that the larva penetrates down through 

the egg feeding directly into the leaf. By transferring eggs to other 

leaves, the close association of egg to leaf necessary for first instars 

to successfully penetrate the leaf is disrupted. Eggs removed from 

the leaves and placed on moist filter paper hatched, but attempted 



a Table 12. - Effect of temperature on the development of !· somnulentella 

Egg b Larva Pu Ea 
adult 

Temperature stage hatch stage pupation stage emergence 
(± 2°C) (days) (%) (days) (%) (days) (%) 

18.3 6.Sa 77.8 16.7a 27.6 6.5a 88.5 

23.9 4.5b 98.0 13.2b 97.8 5.6b 100.0 

26.7 4.4b 78.7 9.3c 78.0 3.8c 89.1 

29.4 3.8c 69.5 8.9c 4.6 3.5c 66.7 

Total developmental 
period from egg -

adult 
(days) 

30.0 

23.3 

17.5 

16.2 

~eans followed by the same letter in the same column do not differ significantly (P < 0.01), 

least significant range test. 

b 0 0 0 0 Number of eggs at the respective temperatures were: 18.3 C-126; 23.9 C-94; 26.7 C-75; 29.4 C-95. 

I ...... 
VI 
I 
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inoculations of these first instars on leaf material failed. As a 

result, larval development was not individually observed. 

There are 5 larval instars. First and second instars form ser-

pentine mines, while instars 3 to 5 usually form blotch mines (Fig. 13). 

As reported by Draghia (1974), the mines of the late instars vary 

greatly in size and shape. In the course of their development, the 

larvae occupy several mines in the same or adjacent leaves. Larval 

duration decreased significantly with increasing temperature, up to 

26. 7°C (Table 12). No differen.ce existed between the larval duration 

at 26.7 and 29.4°C. The fifth instar forms a naked pupa under the leaf 

in which it was feeding. The pupa is held in place by a network of 

numerous, silk, cross-threads. Percent pupation ranged from 98.0 at 

23.9°C, to 4.6 at 29.4°c. Pickett and Measells (1964) working in 

Tennessee, showed that the mean temperatures around sweet potato leaves 
0 from May through September were greater than 29.4 C, with a maximum of 

0 40.5 C. At these temperatures, the leaf miner would have less than a 

5 percent pupation rate. This may explain why !· somnulentella has been 

found infesting sweet potato in only a few cases. The pupal stage 

decreased significantly in duration with increasing temperature; dura-

tions at the two higher temperatures were not different. 

Total development time from egg to adult was greatly influenced by 

increasing temperature (Table 12). The generation interval at 18.3°C 

(30 days) was almost twice that at 29.4°C (16.2 days). The durations at 

26.7°C for the egg, larval, pupal and total egg to adult development 

times (4.4; 9.3; 3.8; 17.5, respectively) were in agreement with those 
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Fig. 13. - Fourth instar of ~· somnulentella; A) inside a mine in a 

sweet potato leaf, B) on the surface of a sweet potato 

leaf • . 
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obtained by Shorey and Anderson (1960) (4.5; 11; 4.5; 20.2) indicating 

that B. somnulentella has a similar rate of development in Virginia and 

California. 

c) Development on 9 Varieties of Sweet Potato 

B. somnulentella completed development on all 9 varieties of sweet 

potato tested. There were no differences in development time or number 

of emergent adults between varieties. Over 40 varieties of sweet potato 

are grown in the United States (Steinbauer and Kushman 1971), many of 

which are being bred for resistance to root feeding insects and nematodes. 

The variability in the germ plasm of the test varieties did not affect 
0 the development of B. somnulentella at 23.9 C. This, together \Tith the 

results of the oviposition preference test, support the conclusion of 

Ghani et al. (1975) and Mohyuddin (1969) that this insect should not be 

used as a biological control agent where sweet potato is grown commerci-

ally. Nevertheless, B. somnulentella will probably not be a serious 

threat to sweet potato production in areas where the average leaf tempera-

ture exceeds 29.4°C when the leaf miner is present. This is important 

because sweet potatoes are grown primarily in the warmer parts of the 

United States (Steinbauer and Kushman 1971). 

Only one parasite has been found attacking !· somnulentella in south-

western Virginia. The Braconid, Apanteles bedelliae Viereck, emerged from 

less than 5 percent of the caged larvae. This parasite was reported heavily 

parasitizing !· somnulentella in California and Kansas (Shorey and Anderson 

1960; Smith 1938). The low rate of parasitization in southwestern Virginia 

could be due to the late occurrence of B. sornnulentella in this area. 
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This, together with the leaf miner's inability to complete development 

at the temperatures around sweet potato leaves, suggest an augmentation 

program utilizing mass releases of B. somnulentella in June might result 

in restricting the growth and seed production of hedge bindweed. 



SUMMARY 

Studies on the plwne moth, Oidaematophorus monodactylus (L.) 

(Pterophoridae), and the leaf miner, Bedellia somnulentella (Zeller) 

(Lyonetiidae), were undertaken to ascertain: (a) some aspects of the 

developmental biology and reproductive capability of these insects on 

hedge bindweed (Convolvulus sepiwn L.) and sweet potato (Ipomoea 

batatas (L.) Lam.); (b) their effectiveness in controlling bindweed; 

and (c) the feasibility of using them in a biological control program 

for hedge bindweed. 

O. monodactylus is a plwne moth connnonly found feeding on hedge 

bindweed in Virginia. Females collected in June and maintained at 
0 23.9 ~ 1 C laid an average of 173 eggs, 61% viable, during a 10 day 

oviposition period. Duration of the egg stage was 3.5 days. Newly 

eclosed first instars fed gregariously on the leaves and spread out on 

the plant as they developed, 57% reached adulthood. Average leaf conswnp-
2 0 2 0 tion was 13 cm at 18.3 C, increasing to 16 cm at 29.4 C; over 60% was 

consumed by the last instar. The first to fourth stadium were 

respectively: 3.3, 3.6, 4.1, and 6.7 days. The pupal stage lasted 7.1 

days and the mean development period from egg to adult was 28.3 days at 

23.9°C. Adult longevity averaged 26.7 days for the female and 23.4 for 

the male. 

Ovipositional tests showed that O. monodactylus had a distinct 

oviposition preference for hedge bindweed over sweet potato, but the 

ability of the moth to complete development on 9 sweet potato varieties 

confirms that it should not be used as a biocontrol agent where sweet 
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potato is grown commercially. It does, however, have a significant 

impact on hedge bindweed. In greenhouse cage experiments, it com-

pletely defoliated vigorous hedge bindweed plants which were infested 

at the rate of 5 larvae per leaf, and caused a 90% decrease in foliage 

with 3 larvae per leaf. A similar experiment conducted in field cages 

during late July showed a significant decrease in the mean percentage 

of leaf and shoot production as well as total length with an infestation 

of 3 larvae per leaf. This indicated that inundative releases of late 

instars in early June or at the time of bud formation could be used to 

reduce the growth and seed production of hedge bindweed in southwestern 

Virginia, an area where no major connnercial production of sweet potato 

occurs. An estimate of the direct costs of rearing 10,000 third 

instars for a June release totaled $7,800. The estimate was based on 

colony initiation using field collected larvae in the previous summer, 

maintenance of a minimal population of 25 pairs in the fall and winter, 

and a subsequent 7-fold increase in the spring. The cost of rearing 

more than 10,000 insects would be less than the initial mean of 0.78¢, 

because 30% are non-recurring expenses. 

B. somnulentella is a leaf miner found on hedge bindweed in south-

western Virginia from September through October. Females maintained at 

23.9 ± 2°c laid an average of 169 eggs, most of them within the first 8 

days of oviposition. At this temperature, the egg stage averaged 4.5 

days with 98.0% hatch, and larval and pupal duration were 13.2 and 5.6 

days, respectively. Mean development period from egg to adult was 

23.3 days at 23.9°C. Successful completion of the larval stage at this 

0 temperature was 98.0%, but only 4.6% at 29.4 C. Adult longevity averaged 
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22 days for the female and 26 days for the male. Fecundity decreased 

with increasing sex ratio; ranging from 280 eggs/female at 0.25 (~/8) 

to 110 at 1.25. Less than 5% of field collected larvae were parasitized 

by Apanteles bedelliae Vier. No difference was found in the rate of 

development of !· somnulentella on 9 varieties of sweet potato. How-

ever, it would probably not be a pest of sweet potato because the 

temperatures around sweet potato leaves exceed that at which it can 

develop normally. As B. somnulentella is also not heavily parasitized 

in southwestern Virginia, an augmentation program utilizing mass 

releases of this leaf miner in June might result in restricting the 

growth and seed production of hedge bindweed. 
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OIDAEMATOPHORUS MONODACTYLUS (L.) AND BEDELLIA SOMNULENTELLA 

(ZELLER): TWO POTENTIAL BIOLOGICAL CONTROL AGENTS OF HEDGE 

BINDWEED IN SOUTHWESTERN VIRGINIA 

By 

Michael Peter Parrella 

(Abstract) 

Oidaematophorus monodactylus (L.) is a plume moth connnonly found 

feeding on hedge bindweed (Convolvulus sepiurn L.) in southwestern 

Virginia. Females maintained at 23.9 + 1°c laid an average of 173 eggs, 

61% viable, during a 10-day oviposition period. Average larval leaf 
2 0 2 0 consumption was 13 cm at 18.3 C, increasing to 16 cm at 29.4 C; over 

60% was consumed by the last instar. Mean development period from egg 
0 to adult was 28.3 days at 23.9 C. 

O. monodactylus completely defoliated a hedge bindweed plant which 

was infested at the rate of 5 larvae per leaf in greenhouse cage experi-

ments, and caused a significant decrease in the mean percentage of leaf 

and shoot production as well as total plant length with infestations of 

3 larvae per leaf in field cages. This indicated that inundative 

releases of late instars in early June could reduce the growth rate and 

seed production of hedge bindweed plants. An estimate of the initial 

direct cost of rearing 10,000 third instars for a June release totaled 

a little less than $8,000; of which 30% are non-recurring costs. 

A second insect feeding on hedge bindweed is the leaf miner, 

Bedellia somnulentella (Zeller), which can be found in southwestern 

Virginia from September through October. Females maintained at 



0 23.9 : 2 C laid an average of 169 eggs, most of them within the first 8 

days of oviposition. The highest rate of pupation was at 23.9°C (98.0), 

but only 4.6% pupated at 29.4°C. Less than 5% of field collected larvae 

were parasitized by Apanteles bedelliae Vier. 
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