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CHAPTFR I 

SOUTHWESTERN CORN BORER 

Introduction 

Corn, Zea mays (L.), is a major agricultural crop in several 

regions of the United States. As with most major agricultural crops, 

insect pest control often plays a vital role in profitable production. 

The southwestern corn borer (SWCB), Diatraea grandiosella (Dyar) 

(Lepidoptera: Pyralidae); is a major pest in irrigated corn-growing 

regions of Texas and 13 other states ranging across the southern corn 

belt from Arizona to Alabama (Chippendale, 1979). Corn is the primary 

host of the SWCB, although severa! other plant species may serve as 

alternate hosts (Burton et al., 1982). 

Damage to corn results from larval feeding in the whorl, larval 

tunneling, stalk girdling, and subsequent lodging with losses in the 

United States estimated at 1% of annual corn yield (Wiseman and 

Morrison, 1981). From 1981 to 1985 the average annual corn production 

in the United States was valued at over 19 billion dollars (Texas Dept. 

of Agric. and USDA, 1985). Thus, over this period of time the SWCB was 

responsible for en approximate 190 million dollar loss in United States 

corn yield. 

The host range and damage caoahility of the SWCB make this pest an 

increasingly important obstacle to profitable corn production. Due to 

its DOtential importance, the SWCB lends itself to additional research. 

Attention focusing on species biology and host range of the SWCB are 

fundamental in the development of effective and acceptable pest 

management programs for this pest. 
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The purpose of this research was two-fold: 1) to compare 

johnsongrass and corn as hosts for the SWCB; and 2) to determine the 

effects of herbicide applications to infested corn and johnsongrass on 

SWCB biology. 

Literature Review 

Distribution and History 

The southwestern corn borer was first described by Dyar in 1911 

from a specimen collected in Mexico, and was later discovered in 

Lakewood, New Mexico in 1913 (Henderson et el., 1966). The insect has 

spread in a northeasterly direction (Henderson et al., 1966), now 

extending from Mexico into the south and central United States 

(Chippendale, 1979). The eastwardly dispersal rate has been estimated 

by Fairchild et al. (1965) at 21 km per year from 1913 to 1931, 32 km 

per year from 1932 to 1953, and 56 km per year from 1954 to 1964. Since 

1955, dispersal has continued at a mean rate of about 19 km per year 

(Chippendale, 1979). The SWCB has been reported in 14 states in the 

United States: Arizona, New Mexico, Texas, Oklahoma, Kansas, Colorado, 

Nebraska, Arkansas, Missouri , Mississippi, Louisiana, Tennessee, 

Alabama, and m i n o i s (Henderson et al., 1966). The SWCB occurs in 

several areas in Texas including 28 counties in the Panhandle and 8 

counties in the Trans-Pecos area (Payne, 1981). In 1929, the pest was 

reported in Parmer, Hale, and Dallam counties of Texas (Todd and Thomas, 

1930). The northern distribution of the SWCB is probably related to its 

ability to adapt to cold temperatures, as well as other geographic, 

dimatic, and edaphic factors (Chippendale, 1979). Field conditions 

where the 10-year mean January temperature fa1ls below -7 C have proven 



to be detrimental to diapausing larvae (Chippendale and Reddy, 1974). 

Chippendale (1979) also suggested that the lack of suitable hosts may 

limit distribution of the pest. Soil type and moisture accumulation may 

also influence distribution, with wetter clay soils resulting in a 

higher nortality rate to diapausing larvae than well-drained sandy soils 

in localities near the northern limits of the species distribution 

(Wilbur et al., 1950). Chippendale (1979) suggested that this may be 

due to the wetter clay soils promoting the formation of ice crystals in 

the overwintering cells and causing inoculative freezing of diapausing 

larvae. 

Hosts 

Although corn is the primary host nf the SWCB, sev^ral nther plant 

species also serve as hosts (Gerhardt et al., 1972). According to 

Rolston (1955), johnsongrass (Sorghum halepense L. Pers.), sugarcane 

(Saccharum officinarum L.), grain sorghum (Sorghum bicolor L.), sudan 

grass (Sorghum bicolor var. sudanese Hitch.), and broom corn (Sorghum 

bicolor var. technicum Koernn) are all alternate hosts for the SWCB. 

Teosinite (Euchlaena mexicana Schrad.) may also serve as a host for the 

SWCB (Burkhardt and Painter, 1954). Although millet (Panicum niliaceum 

L.) may be a potential host for the SWCB, larval development is often 

poor and inferior when compared to other hosts (Rolston, 1955; Burton et 

al., 1982). Chippendale (1979) reported that all commercial varieties 

of corn, including field corn (Zea mays indentata), sweet corn (Zeâ  mays 

saccharata), and popcorn (Zea mays everta) (Wilbur et al., 1950), appp^ar 

to be acceptable host plants for the SWCB. Not only may some of these 

hosts be injured by SWCB attack (Chippendale, 1979), but they may also 



serve as an important overwintering site for diapausing larvae to infest 

corn (Gifford et al., 1961). It has been noted that sorghum becomes an 

increasingly important overwintering site following years in which corn 

has been severely damaged by drought (Gifford et al., 1961). 

Damage 

Damage to corn caused by the SWCB may take several forms. Plant 

injury may result from one or more of the following activities: (1) 

feeding on the Teaves; (2) feeding on the terminal bud within the whorl; 

(3) boring into shanks and ears; (4) boring within the stalk; and, (5) 

internal girdling of stalks (Wilbur et al., 1950). 

Newly-hatched SWCB larvae will often feed on the furled leaves 

within the whorl causing a series of smsll hnles across the leaves when 

they unfurl (Rolston, 1955). This damege is typically known as "shot-

holing" and is usually of little importance (Rolston, 1955). Hovever, 

Davis et al. (1978) reported that leaf feeding in combination with stalk 

tunneling by first generation SWCB larvae on mid-whorl stage corn may 

decrease grain yield and reduce plant height. 

Extensive feeding by young SWCB larvae may damage the terminel bud 

of the corn plant thus causing a condition known as "deadheart" (Wilbur 

et al., 1950). Larval feeding in the whorl may destroy the terminel bud 

causing a loss of apical dominance and the development of lateral buds 

in leaf axils (Arbuthnot et al., 1958; Chippendale, 1979). This results 

in a bushy plant (Wilbur et al., 1950; Chippendale, 1979) which is 

usually somewhat unproductive (Rolston, 1955). "Deadheart" is usually 

caused by first generation SWCB larvae and is most likely to occur in 

late-planted corn (Chippendale, 1979). 



Young second generation SWCB larvae may feed on the husks of the 

ears, leaf sheaths, shanks, kernels, and cobs (Chippendale, 1979). 

Damage to field corn caused by this type of feeding is usually of little 

significance (Rolston, 1955; Chippendale, 1979), but damage to sweet 

corn can be more pronounced (Rolston, 1955). 

The SWCB often exhibits a characteristic tunneling behavior 

(Morrison et al., 1977). The half-grown larvae usually bore into the 

stalk at one of the above-ground internodes (Wilbur et al., 1950). 

Whitworth et al. (1984) estimated SWCB tunneling at 20 cm/larva. Larval 

tunneling may disrupt the transport of water and nutrients within the 

plant and thus mey indirectly affect corn yield potential (Chippendele, 

1979; Whitworth et al., 1984). Williams et al. (1983) observed a direct 

relationship between SWCB egg numbers and larval tunneling, with 

increasing egg numbers being related to increased larval tunneling. 

Wilbur et al. (1950) suggested that injury caused by SWCB tunneling is 

often dependent upon stalk maturity at the time of attack, with more 

mature stalks'having less damage. 

Perhaps the most important type of damege caused by the SWCB is its 

girdling activity (Wilbur et al., 1950). Bynum et al. (1980) suggested 

that the greatest potential for yield loss in Texas is due to larval 

girdling and subsequent lodging of plants. After preparation of an 

overwintering cell, pre-diapausing larvae ascend within the stalk to a 

point several centimeters above the soil surface where they cut an 

internal v-shaped groove within the stalk (Chippendale, 1979). 

Subsequent lodging of girdled plants subjects the grain to invasion by 

rodents, birds, and pathogens (Henderson and Davis, 1969). Fallen 



I? 

stalks also present a problem for mechanical harvesters (Rolston, 1955). 

The circumference of the stalk, the weight of the upper part of the 

stdlk and ears, and the prevalence of high winds all may determine the 

extent to which,the girdled stalks lodge (Wilbur et al., 1950). Stalk 

girdling and plant condition may be releted in thet factors contributing 

to plant stress may cause an increase in girdling (Zepp and Keaster, 

1977). Wilbur et al. (1950) estimated that, given enough time, 

approximately three-fourths or more of the girdled stalks fall. 

Yield reductions often accompany SWCB attack on corn. The yield of 

whorl-stage corn plants may be reduced as much as 20-28°; (by first 

generation larvae), while a 9-22% reduction in yield (by second 

generation larvae) may accompany plants infested at anthesis (Scott and 

Davis, 1974; Davis et al., 1978; Williams et a U , 1983). Wiseman and 

Morrison (1981) estimated losses in corn yield due to the SWCB to be 

approximately 1% per year in the United States. Corn yield reductions 

due to SWCB feeding are probably a reflection of reduced numbers of 

kernels produced per plant (Scott and Davis, 1974). 

Biology 

Eggs of the SWCB are approximately 1 m:"i wide, oval in shape, and 

somewhat flattened (Chippendale, 1979). Eggs are preferentially 

deposited on upper leaf surfaces (first), 1ower leaf surfaces (second), 

and stems (third) (Rolston, 1955; Poston et al., 1979). Each female may 

oviposit from 100-400 eggs (Chippendale, 1979) either singly or 

overlapping each other in small masses (Wilbur et al., 1950; Rolston, 

1955). Immediately after deposition, the eggs are usually pale yellow 

in color (Chippendale, 1979). Fertile eggs develop three transversf 



orange bands approximately 36 hours after deposition (Chippendale, 

1979). Stewart and Walton (1964) have correlated leaf surface area to 

the number of eggs deposited, with larger plants usually receiving more 

eggs. Prior to eclosion (hatching), a dark head capsule appears inside 

the egg and the orange bands diffuse (Rolston, 1955). Incubetion of 

eggs requires from four to seven days (Rolston, 1955), with five days 

being average (McWhorter, 1976). A small slit in the egg facilitates 

larval eclosion, which usually occurs during the early morning (Rolston, 

1955). 

On whorl-stage corn, newly-hatched larvae move to the inner whorl 

where they feed for about 10 days (Davis et a1., 1972). Larvae remein 

in the whorl until the third instar, at which time they leave the whorl 

and move down the stalk to begin tunneling (Hensley and Arbuthnot, 1957; 

Davis et a1., 1972). Beginning with the third instar, larvae begin to 

develop their characteristic black pinaculae on a yellowish-white 

background (Rolston, 1955). On tassel-stage corn, newly-hatched larvae 

show preference' for the ear zone where they feed on ear husks, leaf 

sheaths, shanks, kernels, and cobs for about 15-20 days (Davis et a1., 

1972). Between 15 and 20 days following eclosion, the larvae begin 

tunneling in the stalk, usually below the ear zone (Davis et a1., 1972). 

Due to the cannibelistic behavior of late instar larvae, there is 

usually only one larva per stalk (Rolston, 1955). The larva then 

excavates a vertical tunnel within the stalk where it completes its 

feeding cycle (Chippendale, 1979). According to Chippendale (1979), thé 

non-diapausing summer larva prepares an exit hole for the adult and then 

pupates within the tunnel. The full grown diapausing larve tunnf'ls to 
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the base of the stalk where it prepares an exit hole for the adult and 

an overwintering cell below ground level in the crown (Chippendale, 

1979). In preparation for diapause, the larva ascends several 

centimeters above ground level where it internally girdles the stalk 

(Rolston, 1955). After girdling is complete, the larva again descends 

to the stalk crown where it spins a thin layer of silk and undergoes a 

stationary ecdysis from a spotted to an immaculate (unspotted) form 

(Chippendale, 1978). Diapause induction is regulated by the level of 

juvenile hormone in the larval hemolymph, low temperatures, short days, 

and senescence of the host plant (Chippendale, 1978). At the 

termination of diapeuse in the spring, the lerve cleers the tunnel end 

exit hole and returns to its cel1 to pupate (Chippendale, 1978). First 

generation larvae usually have five instars, whereas second generation 

larvae usually have six instars (A.E. Knutson, personal communication). 

A third generation is also possible in some years (Knutson et a1., 

1982). The average larval period in Texas is approximately 25 days for 

the non-diapausing generation (McWhorter, 1976). 

First generation pupation occurs in a larval tunnel within the 

stalk, while second generation pupation occurs within the overwintering 

cell of the stalk (Wilbur et a1., 1950). The pupae are slightly shorter 

than the mature larvae and are brown in color (Wilbur et a1., 1950). 

Male pupae are usually smaller than female pupae (Rolston, 1955). The 

duration of the pupal stage mey vary according to geographic region 

(Huffman, 1985), with an average of 10 deys being common in Texes 

(McWhorter, 1976). 
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The adult moths are usually pale yellow in color (Wilbur et al., 

1950), approximately 15-20 mm long, and have a wing expanse of 30-40 mm 

(Rolston, 1955). The moths have palpi which project forward from the 

head, giving them a characteristic snout-like appearance (Rolston, 

1955). Males are usually slightly smaller than females, with both sexes 

folding the wings about the body when at rest (Wilbur et a1., 1950). 

Definite determination of the species depends upon examination of 

genital structures (Rolston, 1955). 

According to Chippendale (1979), the adults do not feed and, 

therefore, must rely upon nutrient reserves accumulated during the 

larval stage for their energy requirements. Most adults usually emerge 

from corn stalks during the early evening and at dusk (Chippendale, 

1979). The moths usually remain within the corn plant canopy during the 

day and, unless disturbed, are active only at night (Wilbur et a1., 

1950; Rolston, 1955). 

The females produce a sex pheromone until mated, with its 

production possible during the first three nights after adult emergence 

(Chippendale, 1979). This pheromone has recently been identified (F.M. 

Davis, personal communication). Most males are attracted to virgin 

females which are less than one day old (Langille and Keaster, 1973). 

The males usually engage in a precopulatory flight just above the corn 

tassels between 2100 and 2400 hours (Langille and Keaster, 1973). Mnst 

females mate on the night of emergence, with the remainder mating on the 

succeeding two nights (Chippendale, 1^79). Mating usually occurs 

between the hours of 2300 and 0200, possible due to cooler temperatures 

and higher relative humidity (Langille and Keaster, 1973). Rolston 
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(1955) suggests that most females mate only once, while males may mate 

several times; however, Schenck and Poston (1979) reported that females 

also have the potential to mate more than once. Oviposition may begin 

on the night after emergence and continue on the succeeding two nights 

(Chippendale, 1979). 

On the Texas High Plains, moths emerging from the overwintering 

generation may be present from late May through June, while first 

generation moths are present from mid-July through August (Knutson et 

a1., 1982). In Texas, the average life span of the adult is 

approximately five days (McWhorter, 1976). 

Mortality Factors 

Mortality of the SWCB may be due to parasitoids, pathogens, egg 

desiccation, predation, cannibalism, and freezing of diapausing larvae. 

Southwestern corn borer eggs are subject to parasitoid attack. A small 

wasp, Trichogramma minutum (Riley) (Hymenoptera: Trichogrammatidae), may 

ovipost in the eggs of the SWCB, often causing them to turn black and 

fail to eclose (Henderson and Davis, 1969). Three other species of 

Trichogramma, T. pretiosum (Riley) (Calvin et a1., 1984), J. thalense 

(Pinto and Oatman) (Pinto and Oatmen, 1985), and T̂ . exiguum (Pinto) 

(Lopez et al., 1982) dre also parasitoids of SWCB eggs. 

The braconid wasp, Apanteles diatraeee (Hues.) (Hymenoptera: 

Braconidae), is an internal larval parasitoid of the SWCB (Davis, 1944). 

Parasitoid eggs are deposited in the body cavity nf the host larva. 

After eclosure, the parasitoid larvae feed on the internal body contents 

of the host. Pupation and adult em^rgence of the wasps follows. A_. 

diatraeae is usually more effective on early instars of the SWCB. 
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Several other larval parasitoids and pathogens may also attack SWCB 

larvae. Chelonus annulipes (Wesm.) (Hymenoptera: Braconidae) (Hensley 

and Arbuthnot, 1955), Lixophaga diatraeae (Townsend) (Diptera: 

Tachinidae) (McPherson and Hensley, 1976; Beland and King, 1977), and 

the bacterial pathogen Bacillus thuringiensis (Berliner) (Sikorowski and 

Davis, 1970) are all potential parasitoids or pathogens of SWCB larvae. 

Desiccation of SWCB egg embryos may occur during extremely hot and 

dry weather (Rolston, 1955). The embryos thus affected usually die 

before or during eclosure. 

Predation of the SWCB also occurs. Reported predators include the 

adult and/or immature stages of lady beetles (Coleoptera: 

Coccinellidae), flower bugs (Hemiptera: Anthocoridae), brown lacewings 

(Neuroptera: Hemerobiidae), green lacewings (Neuroptera: Chrysopidae), 

assassin bugs (Hemiptera: Reduviidae), spiders fArachnida) (Clymer and 

Daniels, 1975), and some mites (Caloglyphus spp.) (Henderson and Davis, 

1969). 

Several states, including Texas (Castro Co.), have reported 

predation by birds on overwintering SWCB larvae (A.E. Knutson, personal 

communication). The yellow-shafted flicker, Colaptes auratus (L.), has 

been reported to remove overwintering SWCB larvae from the base of 

undisturbed corn stalks (Wall and Whitcnmb, 1964; Floyd et a1., 19f>9; 

Black et a1., 1970). 

Cannibalism is often a characteristic feature of SWCR larvae, 

especially pre-diapausing larvae (Chippendale, 1979). Cannibalism is 

most f)reva1ent among fully-grown larvae as they descend to the base of 

the stalk to prepare an overwintering cell (Chippendale, 197^"). This 
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occurrence often leaves only one pre-diapausing larva per plant, 

possibly maximizing the overwintering survival rate of the species 

(Chippendale, 1979). 

Abiotic factors, moisture and cold temperatures, often contribute 

to increased overwintering SWCB mortality (Rolston, 1955). This type of 

mortality usually occurs during the winter, where mortality may range 

from 50% to over 90% (Chippendale, 1979). However, as Wilbur et a1. 

(1950) reported, a winter survival rate of 2% is often adequate to 

restore population levels in the second generation. Diapeusing larvae 

usually have high mortality rates when the 10-year mean January 

temperature falls below -7°C (Chippendale and Reddy, 1974). 

Control 

Southwestern corn borer control may be accomplished through the use 

of various cultural control measures and timely use of insecticides. 

Fall and spring plowing destroys corn stubble and thus exposes 

diapausing larvae to the rigors of winter (Chippendale, 1979; Archer et 

a1., 1983). However, this must be practiced over a large geographic 

area in order to be effective (Archer et a1., 1983), as the adults are 

strong fliers and can colonize from infested fields (Henderson end 

Douglas, 1967; Chippendale, 1979). Early planting may be advantageous 

in that early-planted corn may be able to escape "deadheart" injury due 

to its advanced stage of development at the time of first generation 

SWCB attack (Wilbur et a1., 1950). Also, early-planted corn may be 

harvested before girdling begins (Rolston, 1955). When considering 
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early planting, care must be taken in order to avoid cold, wet weather, 

as such conditions may reduce seedling vigor (Henderson and Davis, 

1969). 

Although some lines of corn have shown intermediate resistance to 

both first and second generation SWCB attack (Davis et al., 1973), most 

resistance is currently to the first generation (R.J. Whitworth, 

personal communication). Studies by Williams and Davis (1984) suggested 

adequate SWCB resistance of some resistant whorl-stage corn hybrids to 

prevent significant height or yield reductions. However, l'ittle is 

known about the causes or inheritance of this resistance (Williams and 

Davis, 1985), and currently, most resistant lines yield poorly (Williarís 

and Davis, 1984). Bynum et a1. (1980), working in Texas, reported some 

degree of resistance to lodging, although no lines of corn tested had 

adequate resistance to lodging. Plants which are termed "resistant" 

have some capability to withstand leef, sheath, and stalk feeding 

(Chippendale, 1979). Resistance is often characterized by fewer lervee 

per plant and smaller larvae (Davis et a1., 1973). 

The use of insecticides to control the SWCB may also be enployed. 

Foliar applications with a spray or granular formulation are usually 

effective against the SWCB (Chippendale, 1979). Chemigation offers a 

promising alternative to aerially applied insecticides for SWCB control 

(Michels and Chedester, 1983). Timing of insecticidal applications is 

critical, as little control will be obtained after the larvae have 

entered the stalk (Clymer and Daniels, 1975). On the Texas High Plains, 

insecticide treatment recommendations are usually aimed at second 

generation larvae (Parker et a1., 1986). When considering management 
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options, Whitworth et a1. (1984) noted that the number of SWCB larvae 

per plant is less important than the number of infested plants in a 

field. At the present time, applications are usually recommended on the 

Texas High Plains when 20-25/í of the plants are infested with eggs or 

newly-hatched larvae (Parker et a1., 1986). Current recommendetions on 

the High Plains of Texas involve the use of one of severa! carbamate, 

organophosphate, or pyrethroid insecticides (Parker et a1., 1986). 



CHAPTER II 

JOHNSONGRASS 

Introduction 

Johnsongrass, (Sorghum halepense L. Pers.), is one of the most 

troublesome weeds in the world. Holm (1969) lists this species as one 

of the world's 10 worst weeds. According to Behrens (1979), 

johnsongrass is the most important perennial grassy weed in the central 

and southern maize growing regions 'of the United- States. The resiliency 

and success of johnsongrass as a weed is due to its extensive rhiznme 

system, large numbers of seeds, easy regeneration of cut rhizomes, self-

compatibility, seed dormancy and longevity, and the ability to adept to 

a wide range of growing conditions (Warwick and Black, 1983). 

Johnsongrass has growth habits and nutrient requirements similar to 

corn, making this weed an important pest in corn production (Jeffrey et 

a1., 1975), as well as in other crops. 

Profitable crop production is often contingent upon proper 

management of crop pests. The annual and perennial habits of 

johnsongrass, in part, make the control of this pest difficult. Further 

studies concerning the biology of johnsongrass might add insight to its 

control and thus benefit crop production. 

Literature Review 

Distribution and History 

Johnsongrass is native to the Mediterranean region (Vinall, 1926) 

and i£ believed to have entered the United States in the early 18nn's 

(McWhorter, 1971a). The species was introduced mainly for its use as a 

15 
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forage (Warwick and Black, 1983) and derived its common name when, in 

about 1840, WiHiam Johnson began sowing the seed in great quantities in 

Alabama (Vinall, 1926). According to Holm et a1. (1977), johnsnngrass 

inhabits all major agricultural areas of the world from latitude 55°N to 

45^S (as cited in Warwick and Black, 1983). In the United States, 

johnsongrass is most evident in the southern states (McWhorter, 1971b), 

its extension into conler climates being limited primarily by the lack 

of rhizome tolerance to freezing temperatures (Warwick and Black, 1983). 

Although johnsongrass may grow on a wide range of soH types, it is best 

adapted to porous, fertile soils and least adapted to poorly-drained 

clay soils (McWhorter, 1983). 

Damage 

Johnsongrass infestations may cause crop losses due to competition, 

allelopathy, and/or by serving as an alternate host for several crop 

pests (Warwick and Black, 1983). Due to its rapid growth rate, the 

species may be a vigorous competitor for water, plant nutrients, and 

sunlight (Horowitz, 1973; Behrens, 1979). According to Friedman and 

Horowitz (1970), extracts from johnsongrass leaves and rhizomes, as well 

as leachate from soil infested with johnsongrass, may inhibit the 

germination and growth of other plant species. Johnsongrass may serve 

as an alternate host for crop pests of sorghum and corn, induding 

several insects, nematodes, fungi, bacteriô, and viruses (Warv.'ick and 

Black, 1983). 

Possible crop yield reductions in the llnited States due to 

johnsongrass infestations indude a 25-50% reduction in sugarcane 

(McWhorter, 1972). a 12-33% reduction in corn (Holm et a!.. 1977, as 
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cited 1n Warwick and B1ack, 1983), and a 23-42% reduction in soybeans 

(McWhorter and Hartwig, 1972). Yield reductions in other crops also 

occur. 

Biology 

Johnsongrass is a gramineous plant with annual and perennial 

characteristics. It is capable of reaching helghts of 1.8-2.4 m and 

spreads rapidly (McWhorter, 1971a). New plants may be produced from 

either seeds or rhizomes. (McWhorter and Jordan, 1976) during the spring, 

summer, or fall months. 

Johnsongrass seeds are borne on large, open seedheads (Oyer et a1., 

1959), with each seedhead capable of producing 87-352 seeds, depending 

on ecotype (McWhorter,1971b). According to Holm et a1. (1977), 

dissemination of seeds is due to several factors, induding shattering, 

water, wind, movement of contaminated equipment, and ingestion by birds 

and cattle (as cited in Warwick and Black, 1983). Seed dormancy is 

quite common among johnsongrass seeds, with germination being inhibited 

by mechanical restriction of the seed coat (Taylorson and McWhorter, 

1969). Most of the seeds may remain viable in the soil for 

approximately two and one-half years (Egley and Chandler, 1978). Holm 

et al. (1977) reported that most johnsongrass seeds germinate in the too 

7 cm of soi1, although germination from deeper depths is possible (as 

cited in Warwick and Black, 1983). Germination and emergence may occur 

in various soil textures. However, according to McWhorter (1972), 

emergence is usually greater in coarser textured snils, such as a fine 

sandy loam, than in finer textured d a y soils. 
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Within a few weeks after emergence, seedling johnsongrass plants 

begin to develop rhizomes (Oyer et al., 1959; Anderson et al., 1960; 

McWhorter, 1961), Rhizomes are fleshy, segmented underground stems 

having scales at the nodes (Oyer et al., 1959). Rhizomes may serve as 

sites for carbohydrate storage and reproduction of new plants (Anderson 

et a1., 1960). These new plants are produced from axillary and terminal 

buds on the rhizome (Anderson et al., 1960). Most of the new 

johnsongrass plants result from rhizome buds rather than from seeds. as 

johnsongrass may contain 20-40% hard seed "(McWhorter, 1972). According 

to McWhorter (1972), production and emergence of plants from rhizome 

buds is usually greater in a sandy loam than in a d a y soil. Rhizome 

grov/th and development is relatively constant throughout the growing 

season until seedhead formation, at which time development increases 

rapidly (McWhorter, 1972). A single johnsongrass plant is capable of 

producing over 61 m of rhizomes in one year (McWhorter, 1961). 

Flowering beings approximately six weeks after emergence and 

continues throughout the growing season (McWhorter, 1961). Shoot growth 

predominates over rhizome growth at the beginning of the growing season, 

whereas most of the rhizome production occurs after flowering 

(McWhorter, 1961). Seed production apparently draws upon a small 

portion of the plant's photosynthetic area, as most of the photosynthate 

is being translocated to the rhizones at this time (Hu11, 1969a). 

Johnsongrass is generally self-pol1inated but mey cross-pol1inate in 

some instances (Tarr, 1962, as cited in Warwick and Black, 1983). 

Johnsongrass overwinters either as seeds or underground rhizomes 

(Warwick and Black, 1983). 
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Reseârch by McWhorter (1971 b, c) has shown that various ecotypes 

of johnsongrass exist. He found ecotype differences in leaf and rhizome 

anatomy, leaf length and width, culm height and density, seed number, 

panide and spikelet size, and the number and arrangement of branchlets 

within panides. 

Control 

Several methods may be utilized in attempting to control 

johnsongrass. These methods may indude tillage, crop rotation, and the 

use of selected herbicides. 

According to Warwick and Black (1983), johnsongrass rhizomes are 

susceptible to damage caused by freezing temperôtures and hot, dry 

conditions. Research by McWhorter (1972) suggests that rhizomes may be 

detrimentally affected by temperatures of -3 to -5°C and/or 50-60°C. 

Further research by Anderson et al. (1960) suggests that rhizomes may be 

injured beyond the point of recovery when they are dried to 20% of their 

original weight. Repeated tillage may subject rhizomes to extreme 

temperatures (Hull, 1969b)"and dehydrating conditions (McWhorter, 1972) 

on the soil surface, thus aiding in johnsongrass control. 

Crop rotation in conjunction with herbicide use may offer a viable 

means of johnsongrass control. Crop rotation allows for the use of 

selective herbicides that are specific for certain weeds. For example, 

research by Dale and Chandler (1979) has shown that a cropping sequence 

of corn-cotton-cotton-corn and the use of several herbicides for weed 

control in cotton may effectively control johnsongrass infestations. 

When compared to the herbicide-treated continuous corn plots, the 

herbicide-treated corn-cotton-cotton-corn plots showed a marked decrease 

in johnsongrass seeds and plants (Dale and Chandler, 1979). 
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Depending on thecrop involved, several herbicides may be used for 

seedling and rhizome johnsongrass control. Several dinitroani1ine (Dale 

and Chandler, 1979), triazine, carbamate (Behrens, 1979), and acid anide 

(Hurst et al., 1976) herbicides may be effective in controlling seedling 

johnsongrass. Rhizome johnsongrass may be controlled using one of 

severel aliphatic acid (Hauser and Thompson, 1959) or organic arsenicel 

(Hamilton, 1969) herbicides. Also, glyphosate (Jeffrey et al., 1981) 

and several postemergence grass herbicides, induding sethoxydin 

(Poast^) and fluazifop-butyl (Fusilade^) (Bean, 1983), are \/ery 

effective in controlling johnsongrass. At this time, complete 

johnsongrass control in one year is quite rare. However, e combined 

program of repeated tillage, crop rotation, and proper use of herbicides 

over several successive years usually provides the best johnsongrass 

control (Jeffrey et al., 1981). 
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CHAPTER III 

SOUTHWESTERN CORN BORER AND JOHNSONGRASS 

Introduction 

Many factors play a role in determining crop yields. Not only do 

these factors act independently, but they mey also interact with one 

another. For example, several of the more important crop growth 

determinants are sunlight, moisture, nutrients, weeds, and insects. The 

interaction of these factors, and many others, often has a dramatic 

influence on final crop yields. 

The interaction of weeds and insects is of particular interest 

because they are potential sources of damage to crop health (Thurston, 

1970). Many weeds, in addition to directly competing with crops for 

sunlight, moisture, and nutrients, also harbor pests that may attack 

crops (Eastin, 1983). Johnsongrass, for example, is one of several host 

plants of the SWCB (Wilbur et a1., 1950). Although very little research 

has been conducted on SWCB-johnsongrass interactions, several other 

insect-weed associations illustrate the importance of interactive 

studies. 

Literature Review 

Alternate Hosts 

Many insects, while having primary hosts, will develop on several 

alternate hosts. Other insects, crops, and/or weeds may serve as 

alternate hosts. 

Weeds may be important pest hosts in agricultural ecosystems. van 

Emden (1965) emphasizes the importance of weeds as pest hosts hy citing 
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more than 400 pest problems caused by weeds. Research by Tamaki et a1. 

(1975) illustrates the importance of perennial weeds to the red-backed 

cutworm, Euxoa ochrogaster (Guenee) (Lepidoptera: Noctuidae), a pest on 

asparagus, Asparagus officinalis (L.). Their results suggest a strong 

relationship between the red-backed cutworm and several perennial weeds 

in that higher weed populations were directly related to higher red-

backed cutworm populations. The greenbug, Schizaphis graminun-i (Rondani ) 

(Homoptera: Aphididae), while being important an pest of grain sorghum 

and wheat on the Texas High Plains, may also feed and develop on 

johnsongrass (Lopez and Teetes, 1976). Sorghum midge, Contari nia 

sorghicola (Coquillett) (Diptera: Cecidor.yiidae), a major pest of 

developing seed in grain sorghum, has been shown to utilize johnsongress 

not only as an overwintering site, but a1so as an initial food source 

(Young and Teetes, 1977; Baxendale et a1., 1984; Brooks and Gilstrap, 

1985). Gerling and Kugler (1973) demonstrated the possibilities of 

larval grass moth, Metacrambus carectellus Zeller (Lepidoptera: 

Pyralidae), feeding on johnsongrass rhizomes. Johnsongrass mey serve as 

a host for the sugarcane green borer, Raphimetopus ablutellus Zeller 

(Lepidoptera: Pyralidae) (Chaudhary, 1970). Larvae of several pyralid 

species have also been reported to feed on johnsongrass rhizomes and 

stems (CIBC Pakistan Stn. Rep., 1981). Many more insect-weed 

associations have been reported (van Emden, 1965; Thurston, 1970; 

Pemberton and Hoover, 1980; CIBC Pakistan Stn. Rep., 1981). 

The southwestern corn borer relies primarily on corn as its host 

(Burton et a1.. 1982); however, research by Rolston (1955) has shown 
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that several other plant species serve as alternate hosts. Besides 

corn, the SWCB may feed on johnsongrass, sugarcane, grain sorghum, sudan 

grass, broom corn, teosinte, and millet (Rolston, 1955). Developmental 

rates and larval weights may differ when comparing SWCB larvae reared on 

corn to those reared on alternate hosts, such es grain and forage 

sorghum (Gifford et a1., 1961); however, Gifford et al. (1961) reported 

that most SWCB behavioral and biological characteristics were similar. 

Gifford et a1. (1961) suggest the possibilities of increased SWCB 

problems on corn when corn and an alternete host are grown in the sene 

community. These problems may be caused, in part, by the alternate host 

serving as an important overwintering site for borers to produce 

infestations in corn (Gifford et a1., 1961). 

Control 

Consideration of several aspects of control might prove beneficial 

when dealing with the interactions of weeds and insects. The direct and 

indirect effects of herbicides is an important consideration in insect-

weed interactions. 

While herbicides are inherently toxic to susceptible plants, some 

herbicides may also directly influence the expression or severity of 

some insects (Eastin, 1983). For example, the herbicide 2,4-D, while 

being toxic to most broadleaf plants, may also increase mortality enj 

time to pupation of coccinellid larvae (Adams, 1960). The herbicidts 

2,4-D and chloropropham have proven lethal to some carabid predetors 

(Muller, 1971, as cited in Brown, 1978). Research by Edwards (1964) 

suggests the possible lethal effects of simazine to dipterous and 

coleopterous larvae in the soil. Edwards (1964) also mentions the 
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toxicity of DNOC to soil populations of Collembola. Honeybees are 

susceptible to herbicidal applications of MSMA, DNOC, and paraquet 

(Moffett et a1., 1971). Even some predaceous and phytophagous r.ites ney 

be detrimental1y affected by such herbicides as delapon, peraquat, 

terbacil, and 2,4-D amine (Rock and Yeargan, 1^73). 

Weed control is often a necessary component in insect and pathoq-n 

control. According to Eastin (1983), weed control reduces aUernate 

host sites for insects and may influence the environnent favoring 

insects. For exanple, weed control in and eround rice fields not only 

increases crop yields due to reduced weed competition, but also he'ips 

eliminate alternate host sites for rice pests (Eastin, 1^33). Eastin 

(1983) further suggests thet a reduction in weed control may allow 

insects to multiply on their alternate hosts, thus representing Ô 

potential source of infestation in crops. Therefore, a good weed 

control program not only reduces weed populations, but mey also help 

control insects (Eastin, 1983). 



CHAPTER IV 

MATERIALS AND METHODS 

Corn and johnsongrass plots were established in 1985 at the Texas 

Tech University Research Farm 10 km east of New Deal, Texas and at the 

Texas A&M University Research and Extension Center, 13 km north of 

Lubbock, Texas. Soil textures for the plots were Pullman Clay Loan and 

Amarillo Fine Sandy Loam, respectively. Standard agronomic practices 

(planting, irrigation, cultivation) were followed on all plots. 

Research techniques and indement weather the first year indicated the 

need for modifications in research methodology. The research techniques 

used in 1985 were therefore abandoned and more appropriate techniques 

employed during 1986. For ease in research methods and data collection, 

research in 1986 was conducted solely at the Texas Tech University 

Research Farm east of New Deal, Texas. 

Johnsongrass 

Seventy rhizome johnsongrass dumps, each consisting of 20-25 

stalks/dump, were established in 1986 at the Texas Tech University 

Research Farm east of New Deal, Texas. The dumps were arti^icially 

created by selectively spraying an existing johnsongrass field using a 

hand-held sprayer with 2.30 kg a.i./ha of MSMA. A completely randomized 

design with a split-plot arrangement was employed. The mainplot factor 

was the herbicide treatment and the subplot factor was johnsongrass 

stalk diameter. The experiment consisted of treatment combinations of 

herbicide-treated johnsongrass dumps, untreated (control) clumps, and 

johnsongrass stalk diameter. Metolachlor (Dual 8E) and cyanazine 

25 
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(Bladex 4L) were tank-mixed and applied (2.24 kg a.i./ha) at planting 

on 9 May for control of annual grassy and broadleaf weeds. 

Fifty of the 70 clumps were artificially infested with black-head 

stage SWCB eggs, and the remaining 20 were utilized as a general 

indicator of natural SWCB oviposition on johnsongrass in the area. Red-

line and black-head stage SWCB eggs were obtained from the Crop Science 

Research Laboratory in Mississippi State, Mississippi. The eggs were 

stored in an environator at approximately 22.2 - 24.4°C and 80% RH until 

the black-head stage. Johnsongrass clumps were artificially infested 

between the hours of 1800 and 2100 on 9 and 10 August with black-head 

stage SWCB eggs to simulate a natural second generation infestation. 

Most johnsongrass dumps were 1.2 - 1.8 m tall and plants were flowering 

when infested. Stalks selected for artificial infestation had diameters 

ranging from 3-9 mm, therefore, a stalk diameter of 6 mm was chosen as 

the differentiating point. Four stalks per dunp, two with small 

diameters (<6 mm) and two with large diameters {>6 mm), were selected 

from each of the 50 clumps for artificial infestation. 

The laboratory-reared female SWCB adults (from the Crop Science 

Research Laboratory) utilized wax paper as an ovipositional site. The 

wax paper (obtained from the Crop Science Research Laboratory and 

complete with SWCB eggs) was cut into small squares, each square 

containing a minimum of five (maximum of 20) black-head stage SWCB eggs. 

The square pieces of wax paper were attached by paper d i p s to the upper 

surface of johnsongrass leaves at approximately 2.5 - 5 cm from the 

stalk. Each of the four selected stalks from each clump was 

artificially infested with a minimum of five (maximum of 20) black-head 
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stage SWCB eggs on the upper part of the stalk and a minimum of five 

(maximum of 20) black-head eggs on the lower part of the stalk. All 

artificially infested stalks were marked at the base with red surveyor's 

tape. Four days after artificial infestation, SWCB egg hatch was 

determined, as percent, for each artificially infested stalk by counting 

empty SWCB egg shells. 

Twenty-five of the artificially infested johnsongrass dumps were 

treated on 20 September with a 2% solution of glyphosate (Roundup ), and 

25 of the artificially infested johnsongress dumps served as a control. 

According to thermal unit accumulation, the larvae were approximately 

fifth or sixth instar when the johnsongrass was treated. The dunps 

were treated when they were in the post-grain filling stage, yet sti11 

green. 

Larvae were allowed to develop and overwinter until 8 March, at 

which time stalk diameter was determined for each infested stalk 

(containing an SWCB exit hole) by measuring the diameter of the stalk 

approximately 2.5 - 5 cm above ground level. A11 infested stalks from 

a11 dumps were then destructi vely sampled to determine SWCB 

overwintering survivorship in johnsongrass. Larvae were recorded as 

present, absent, dead, or alive for each infested stalk. 

Diapausing larvae were collected and brought into the 1abc"atory, 

allowed to pupate according to the techniques described by Davis (1983), 

and then weighed approximately one day later using a CAHN 29 automatic 

D 

Electrobalance . A11 pupae were sexed and the males were discarded. 

Each female pupa was placed in a small cage containing moist paper 
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towels on the bottom. The cages consisted of milk cartons (473 ml ) in 

which each carton top was removed and replaced with a nylon mesh doth 

which was secured in place with a rubber band. Each cage was completely 

lined (except for the mesh screen top) with wax paper to provide a 

suitable ovipositional site for female moths. Cages were labeled 

according to treatment and placed in environators. Diapausinc larvae 

were maintained in environators under conditions similar to those 

suggested by Davis (1983), (photoperiod of LD 24:0, 27 ĵ  3°C, and 80-

100% RH). After the diapausing larvae pupated, they were removed and 

placed in a separate environator under conditions similar to those 

suggested by Davis (1976), (photoperiod of LD 14:10, 27 ĵ  3°C daytime 

and 22 +_ 3°C nighttime, and 80-100% RH). After emergence, the adults 

(and their eggs) were also maintained in the same environator and under 

the same conditions as were the pupae. A 5.0 cm layer of water was 

maintained in the bottom of the environators to provide a suitable 

relative humidity. 

Pupal age wes recorded daily and on dey eight of each pupa's life 

(on the average, two days before emergence of each female moth), two 

male moths (obtained male pupae from the Crop Science Research 

Laboratory in Mississippi State, Mississippi) were placed in each cage. 

Each cage then contained one field-collected female moth and two 

laboratory-reared male moths. 

The wax paper was removed from each cage 14 days after female moth 

emergence. The total number of eggs deposited by the female moth was 

recorded and egg numbers from each cage were combined and avereged for 

each treatment. In order to determine female moth fecundity, a mean 
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number of eggs oviposited per moth for each treatment was then outaineci. 

Moth fertility was determined by countino egg shells, black-head staae 

eggs, and red-line stage eggs. Fertile egg numbers were averâced for 

each treatment to obtain a mean number of fertile eggs deposited per 

moth per treatment. 

Overwintering survival, pupal weights, and egg counts were recorded 

and compared between treatments to determine: 1) the effects of 

glyphosate applications and johnsongrass stalk diameter on SWCB 

overwintering survival and pupal weight; and, 2) to determine the 

effects of gylphosate applications on SV.'CB fecundity and fertility ir 

johnsongrass. Overwintering survival data were analyzed using the V 

square test. Pupal weight, fecundity, and fertility data we^e anelyzed 

using the Student's T-test. 

Corn 

Field corn (W2145 Hybrid Field Corn, supplied by George Warner 

Hybrid Seed Corn Co., I n c , Hereford, TX) plots were established in 1986 

at the Texas Tech University Research Farm east of New Deal , Texas. A 

completely randomized design was employed. The experiment consisted of 

two treatments, herbicide-treated corn and untreated (control ) corn, 

each replicated six times. The corn plots were planted on 9 May at a 

seeding rate of 70,453 seeds per hectare. Metolachlor (Dual 8E) and 

D 

cyanazine (Bladex 4L) were tank-mixed and applied (2.24 kg a.i./ha) et 

planting for control of annual grassy and broadleaf weeds. Each plot 

consisted of four rows, each row being 6.1 m in length (4.1 m x 6.1 m ) . 

Each row contained approximately 39 stalks (ca. 156 stalks/plot). 
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Each stalk in the two center rows of a11 plots was artificially 

infested between the hours of 1800 and 2100 on 10, 11, or 12 August with 

black-head stage SWCB eggs to simulate a natural second generation 

infestation. The corn plants were in the silk-stage when infested. 

As in the johnsongrass experiment, small squares of wax paper, each 

containing a minimum of five (maximum of 25) black-head stage Sl.'CB eggs, 

were attached by paper d i p s to the upper surface of the ear leaf at 

approximately 2.5 - 5 cm from the stalk. Four days after artificial 

infestation, SWCB egg hatch was determined, as percent, for each 

artificially infested stalk by counting empty SWCB egg shells. 

One-half of the artificially infested corn plots (2 center 

rows/plot) were treated on 3 September with a 2% solution of glyphosate, 

and one-half of the artificially infested corn plots served as a 

control. The larvae were approximately fifth or sixth instar when the 

corn was treated. Although the length of time between artificial 

infestation and herbicide treatment was different for corn and 

johnsongrass (corn, 23 days; johnsongrass, 42 days), the larval instars 

were similar. This may be due to the fact that SWCB larval developnent 

rates are slower on johnsongrass than on corn (Rolston, 1955; Aslam, 

1985). The plants were treated when they were in the dough to beginning 

dent stage. 

Larvae were allowed to develop and overv/inter until 1 Merch, et 

which time a sufficient number (ca. 50-60) of stalks (each containing an 

SWCB exit hole) from the two center rows of each plot were destructively 

sampled in order to recover approximately 35-40 diapausing larvar per 

plot. Plots were then combined according to treatment to determint 
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southwestern corn borer overwintering survivorship in corn for each 

treatment. Larvae were recorded as present, absent, dead, or alive for 

each infested (containing an SWCB exit hole) stalk. 

As in the johnsongrass experiment, diapausing larvae were collected 

and brought into the laboratory, allowed to pupate, weighed, sexed, put 

into small cages, and the cages labeled according to treatment. The 

cages were the same as those described in the johnsongrass experiment. 

Environators were utilized to establish the appropriate conditions (for 

diapausing larvae, pupae, adults, and eggs) suggested by Davis (1976, 

1983). 

Overwintering survival, pupel weight, fecundity, and fertility 

studies were conducted as described in the johnsongrass experiment 

(excluding stalk diameter). Treatments were compared to determine the 

effects of glyphosate applications on SWCB overwintering survival, pupal 

weight, fecundity, and fertility in corn. Overwintering survival date 

were analyzed using the V square test and pupal weight, fecundity, and 

fertility data analyzed using the Student's T-test. Johnsongrass date 

(overwintering survival, pupal weight, fecundity, and fertility) were 

then compared to that of corn using the V square test for overwintering 

survival and the Student's T-test for pupal weight, fecundity, and 

fertility. 
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RESULTS AND DISCUSSION 

SWCB Development and Overwintering 
Survival on Johnsongrass 

The data presented in Table 1 suggest that glyphosate applications 

to johnsongrass (stalk diameter < 6mm) did not significantly (P > 0.05) 

affect SWCB presence or overwintering survival on johnsongrass. 

Table 1. The influence of herbicide treatment on southwestern corn 
borer presence and overwintering survival on johnsongrass 
with a stalk diameter of < 6 mm, 1986. 

Treatment 
No. of Larvae 

1 

Present Absent Total 
No. of Larvae' 

Dead Alive Totel 

Herbicide 

Control 

Total 

18 

22 

40 

41 

41 

82 

59 

63 

122 

11 

18 

29 11 

18 

22 

40 

1 
P V square = 0.267, df = 1, p = 0.6118 ns 

V square = 2.076, df = 1, p = 0.1457 ns 

When glyphosate was applied to larger johnsongrass (stalk diameter >_ 

6mm), presence of the SWCB was not significantly (P > 0.05) affected; 

however, SWCB overwintering survival was significantly (P < 0.05) 

greater on glyphosate-treated johnsongrass (Table 2). The herbicide 

affects on SWCB overwintering survival on larger johnsongrass (stalk 

diameter _>. 6 mm) may be due to the rapid dessication of the plant. 

Since larger stalks were dessicated more quickly with the herbicide (as 

compared to the large untreated stalks), a more favorable (drier) 

internal stalk environment may have been created, thus increasing SWCIí 
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overwintering survival. The herbicide may have had only a ninimel 

affect on SWCB overwintering survival on smeller johnsongrass (stalk 

diameter < 6 mm) because the smaller stalks possessed less internal 

moisture and thus had a more rapid natural dessication rate. 

Table 2. The influence of herbicide treatment on southwestern corn 
borer presence and overwintering survival on johnsongress 
with a stalk diameter of >_ 6 nT,, 1986. 

1 2 
No. of Larvae No. of Lervae Treatment Present Absent Total Dead Alive Totel 

Herbicide 23 18 41 8 15 23 

Control 14 14 28 10 4 K 

Total 37 32 69 18 19 37 

l V square = 0.245, df = 1, p = 0.6265 ns 
"̂  V square = 4.552, df = 1, p = 0.0308* 

The influence of herbicides on insect development and behavior hes been 

documented in several instances (Adams, 1960; Edwards, 1964: Moffett et 

a1., 1972; Rock and Yeargan, 1983; Eastin, 1983). The results presented 

in Tables 1 and 2 may be due, at least in part, to the direct effects of 

glyphosate on SWCB survival. For example, some herbicides, such as 2,4-

D, actually provide an adaptive advantage to certain aphids, 

[Rhopalosiphum padi (L.), R̂ . maidis (Fitch), Macrosiphum avenae (Fab.) 

(Homoptera: Aphididae) (Adans and Drew, 1965); the wireworn, Ctenicera 

aeripennis destructor (Brown) (Coleoptera: Elateridae), (Fox, 1948); and 

the rice stem borer, Chilo suppressalis (Walker) (Lepidoptera: 

Pyralidae) (Ishii and Hirano, 1963). Since glyphosate has very little 

known toxicity to insects (S. Parrish, personal communication), the 

possibility exists that this herbicide may actually increase SWCB 
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survival, possibly by acting as an insect growth stimulant, by 

inhibiting the production of plant feeding deterrents, or by physicaUy 

altering the plant to make it more suitable fnr SWCB survival. A 

hypothesis involving moisture might also be formulated. Moisture 

accumulation in and around the crown area of the plant has been shown to 

encourage fungal development and ice crystal formation, both of which 

decrease SWCB overwintering survival (Chippendale, 1979). Since 

glyphosate causes a more rapid dessication of the plant, a more 

favorable (drier) environment may be created thus increasing SWCB 

overwintering survival. Also, Zepp and Keaster (1977) suggested that 

factors contributing to plant stress (such as herbicide applications) 

may cause an increese in girdling and thus an increase in SWCB 

overwintering survival. 

Insect pupal weights are often related to larval hosts, induding 

host quantity, quality (Slansky and Scriber, 1985), and physicel 

characteristics (Berneys, 1985). The influence of several paremeters on 

SWCB pupal weight are presented (Table 3 ) . Johnsongrass stalk diameters 

were combined in comparisons 1-5 because there were no significant (- > 

0.05) differences in pupal weight between stalk diameters. Similarly, 

herbicide treatments were combined in comparisons 6-7 since there were 

no significant (P > 0.05) differences in pupel weight between herbicide 

treatments. However, pupal weight was significantly (P < 0.05) 

influenced by sex of the insect, as females were heavier than males 

(comparisons 4-5). This is in agreement with Rolston (1955), who found 

male pupae to be generally smaller than female pupae. When stalk 

diameter was < 6 mm, herbicide treatment did not significantly (P > 

0.05) affect male pupal weight (comparison 8 ) . When staU. diameter wes 



35 

>_ 6 mm, herbicide treatment did not significantly (P > 0.05) effect 

female pupal weight (comparison 9 ) . 

Table 3. The influence of herbicide treatment, sex, and stalk 
diameter on southwestern corn borer pupal weicht on e 
johnsongrass host, 1985 and 1986. 

Comparison 
no. Treatment Sex 

1 
Stalk Mean pupal 
diameter(mm) weight (mg) Year 

1 Herbicide M 
Control M 

8 

10 

11 

Herbicide 
Control 

Herbicide 
Control 

M 
M 

F 
F 

Herbicide M 
Herbicide F 

Control 
Control 

• • 

• • 

• • 

Herbicide 
Control 

Herbicide 
Control 

Herbicide 
Herbicide 

Herbicide 
Herbicide 

M 
F 

M 
M 

F 
F 

M 
M 

F 
F 

M 
F 

M 
M 

• 

• 

• 

• 

• 

• 

<6 

IP 

<6 
>_6 

<6 
<6 

>6 
2.6 

>6 

<6 
>6 

108.7+18.lOa 
112.U21.95a 

141.1+34.lOa 
118.U5.99a 

187.5+47.48a 
199.U45.20a 

136.6+30.53a 
187.5j^47.48b 

118.1+5.99a 
199.1+45.20b 

139.6+37.43a 
134.6H^29.19a 

204.3+45.16e 
189.4;^46.64e 

148.2+41.87a 
117.8jf8.49a 

175.4+44.92a 
208.0jf50.88a 

136.6+30.53a 
175.34^44.92a 

148.3+41.87a 
136.6+30.532 

3 
2 

13 
3 

5 
4 

8 
5 

3 
4 

7 
Q 

2 
7 

5 
2 

c 

8 

5 
8 

1985 
1985 

1986 
1986 

1986 
1985 

1986 
1986 

1986 
1986 

1986 
1986 

1985 
1986 

1986 
1986 

1986 
1986 

1986 
1986 

1986 
1986 

Means in the same column and comparison followed by the sa^e letter 
are not significantly different (P > 0.05; two-tailed T - t e s t ) . 

* Stalk diameters were combined. 
** Herbicide + control. 

http://112.U21.95a
http://199.U45.20a
http://117.8jf8.49a
http://208.0jf50.88a
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When stalk diameter was >_ 6 mm and treatment was herbicide, female pupal 

weight was greater than male pupal weight (comparison 10). When 

treatment was herbicide, stalk diameter did not significantly (P > 0.05) 

influence male pupal weight (comparison 11). This seems to indicate the 

relatively unirr.portant role of johnsongrass stalk diameter in 

determining SWCB pupal weight in johnsongrass. 

Fecundity and fertility of insects is often influenced by many 

factors, including host plant stress (Summer et a1., 1983). While there 

are various forms or causes of plant stress, many studies concern plant 

water stress. However, other causes of stress, such as herbicide appli-

cations, may be comparable to plant water stress studies. For example, 

Vaadia et a1. (1961) reported a reorientation of protein which m?y 

somehow lead to reduced protein synthesis in water stressed plants. 

Similarly, glyphosate appears to act by inhibiting the aromatic amino 

acid pathway, thus also reducing protein synthesis (Jaworski, 1972). 

Mean SWCB fecundity and fertility for females developing and overwin-

tering on control johnsongrass wes greeter than that for females devel-

oping and overwintering on herbicide-treated johnsongrass (Table 4 ) . 

Table 4. The influence of herbicide treatment on southwestern corn 
borer fecundity and fertility on a johnsongrass host, 1986-

• 1 •2 

Treatment Mean fecundity Meen fertility K 

Herbicide 345.2_+102.8a 328.7jfl03.5a 4 

Control 427.7jf60.1a 404.3Hj57.8a 3 

* Means in the same column followed by the same letter art not 
. significantly different (P > 0.05; two-tailed T-test). 
P Mean number of eggs deposited/female. 

Mean number of red-line, black-head, and hatched eggs/female. 
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The differences observed between fecundity and fertility of the two 

herbicide treatments may be due to the reduced protein content of the 

herbicide-treated johnsongrass. According to Chippendale (1975), a 

deficiency or imbalance of some nutrients mey have a more adverse affect 

on female than on male insects. Since protein is essential for nornal 

insect growth and reproduction (Chippendale, 1979), a decrease in the 

protein content of the herbicide-treated johnsongrass may cause a 

decrease in fecundity and fertility of the SWCB. 

SWCB Development and Overwintering 
Survival on Corn 

While the SWCB may feed and develop on several plant species, corn 

is the primary host (Gerhardt et a1., 1972). As in the johnsongrass 

study, herbicide treatment had little affect on SWCB presence or 

overwintering survival on corn (Table 5 ) . 

Table 5. The influence of herbicide treatment on southwestern corn 
borer presence and overwintering survival on a corn host, 
1986. 

Treatment 
No. of Larvae 

1 

Present Absent Total 
No. of Larvae' 

Dead Alive Total 

Herbicide 315 49 364 92 223 315 

Control 

Total 

308 

623 

0.315, df = 
0.655, df = 

54 

103 

= 1, P = 
= 1, P = 

362 

726 

= 0.5814 ns 
= 0.4237 ns 

81 

173 

227 

450 

308 

623 

2 V square 
V square 

Likewise, herbicide treatment seemed to have little affect on male and 

female pupal weights (Table 6, comparisons 3-5). While control femcles 
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were significantly (P < 0.05) heavier than herbicide fenales (comparison 

5), males did not significantly (P > 0.05) differ in pupal weight 

between herbicide treetments (comparisons 3-4). Again, this may be due 

to the fact that female insects are often more susceptible to nutrient 

imbalances or deficiencies (as caused by herbicide applications to the 

host) than are male insects (Chippendale, 1975). The data in Table G 

also illustrate the influence of sex on SWCB pupal weight. As in the 

johnsongrass study, female pupal weights were consistently heavier 

(regardless of herbicide treatment) then male pupal weights (conparisons 

1-2, 6-7). 

Table 6. The influence of herbicide treatment and sex on southwestern 
corn borer pupal weight on a corn host, 1985 and 1986. 

4 
Comparison 
no. Treatment Sex 

Mean pupal 
weight (mg) Year 

1 Herbicide 
Herbicide 

Control 
Control 

Herbicide 
Control 

Herbicide 
Control 

Herbicide 
Control 

Herbicide 
Herbicide 

Control 
Control 

M 
F 

M 
F 

M 
M 

M 
M 

F 
F 

M 
F 

M 
F 

196.6+23.35a 
235.6^35.46a 

179.1+22.3 a 
226.3_+_73.53a 

195.5+23.35a 
179.U22.30a 

168.7+35.59a 
176.2;^35.17a 

211.8+42.30a 
233.2^36.34b 

168.7+35.59a 
211.8jf42.30b 

176.2+35.17a 
233.2+36.34b 

5 
5 

8 
4 

5 
8 

73 
78 

56 
62 

73 
56 

78 
62 

1985 
1985 

1985 
1985 

1985 
1985 

1986 
1986 

1986 
1986 

1986 
1986 

1986 
1986 

Means i n the same column and comparison fo l lowed by the sam^ l c t t e r 
are not s i g n i f i c a n t l y d i f f e r e n t (P > 0.05; t w o - t a i l e d T - t e s t ) . 

http://179.U22.30a
http://211.8jf42.30b
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The influence of herbicide treatment on fecundity and fertility of 

corn-reared SWCB was also investigated. Mean SWCB fecundity and 

fertility for females developing and overv.intering on control corn was 

significantly (P < 0.05) greater than that for females developing and 

overwintering on herbicide-treated corn (Table 7 ) . 

Table 7. The influence of herbicide treatment on southwestern corn 
borer fecundity and fertility on a corn host, 1986. 

Treatment Mean fecundity Mean fertility 

Herbicide 

Control 

353.6H^156.9a 

432.2+130.6b 

299.2j^l48.7a 

382.2-123.9b 

23 

32 

* Means in the same column followed by the same letter are not 
, significantly different (P > 0.05; two-tailed T-test). 
P Mean number of eggs deposited/female. 

Mean number of red-line, black-head, and hatched eggs/female. 

Again, the reduced protein content of the herbicide-treated corn may 

have caused a decrease in SWCB fecundity and fertility. The difference 

in statistical significance between SWCB fecundity/ferti1ity on corn and 

johnsongrass was probably due to differing number of observcticns. 

Since the number of observations was greater for corn when compared to 

johnsongrass, the greater number of degrees of freedom may have 

enhanced statistical significance. 

Corn vs. Johnsongrass as a 
Host for the SWCB 

The importance of johnsongrass as an alternate host for the SWCB 

may be determined through various comparisons with corn, the primary 
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host of the SWCB. As shown in Table 8, percent SWCB eclosion on 

artificially infested corn and johnsongrass was similar. However, when 

comparing SWCB development between the two hosts. corn was superior to 

johnsongrass es indicated by a greater percentage of larvae completing 

development. These results are in agreement with Rolston (1955) who 

reported johnsongrass, when compared to corn, to be an inferior host for 

the SWCB. 

Table 8. Summary of southwestern corn borer- development on 
johnsongrass and corn as a result of artificial infestation 
in the field, 1986. 

Host 

Johnsongrass 4300 

f̂ o. of No. of No. of larvee % of larvae 
eggs placed eclosed % completing completing 
on host eggs eclosion development development 

Corn 7050 

4008 

5993 

93.2 

85.0 

30 

450 

0.75 

7.5 

Tables 9 and 10 illustrate the influence of host on SWCB presence and 

overwintering survival. Regardless of herbicide treatment, a 

significantly (P < 0.05) greater percentage of SWCB were present and 

a1ive on corn than on johnsongrass. 

Table 9. The influence of herbicide-treated johnsongrass and corn 
on southwestern corn borer presence and overwintering 
survival, 1986. 

Treatment 
No. of Larvae 

Present Absent Total 
No. of Larvae' 

Dead Alive Totel 
Johnsongrass 

Corn 

Total 

41 

315 

356 

59 

49 

108 

100 

364 

464 

19 

92 

111 

22 

223 

246 

41 

315 

;56 

\ V square = 90.900, df = 1, p = O.OOO^ 
^ V square = 4.950, df = 1, p = 0.024* 
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Table 10. The influence of johnsongrass and corn on southwestern 
corn borer presence and overwintering survival, 1986. 

No. of Larvae 
1 

Treatment Present Absent Total 
No. of Lervae' 

Dead Alive Tctc 

Johnsongrass 36 

Corn 308 

Total 344 

55 

54 

109 

91 

362 

453 

28 

81 

109 

8 

227 

235 

36 

308 

344 

1 V square = 82.291, df = 1, p = 0.000* 
V square = 39.347, df = 1, p = 0.000* 

Southwestern corn borer pupal weights can be directly related to 

the host plant. For example, earlier workers found a reduction in pupal 

weight of the SWCB on alternate host plants, induding sorghun and 

millet (Burton et a1., 1982), and johnsongrass (Rolston, 1955). 

Southwestern corn borer pupal weight, as affected by host, was 

investigated and the results presented in Table 11. Herbicide 

treatments were combined in comparisons 3-4 because there were no 

significant (P > 0.05) differences in pupal weight between herbicide 

treatments. Regardless of herbicide treatment, SWCB male pupae in 1985 

were significantly (P < 0.05) heavier when developing and overwintering 

on corn than on johnsongrass (comparisons 1-2). Results were similer in 

1986, with SWCB male pupae being significently (P < 0.05) heevier when 

developing and overwintering on corn than on johnsongrass (comparisor.s 

5-6). Southwestern corn borer female pupee were also heavier when 

developing and overwintering on corn than on johnsongrass (comparisons 

7-8). When herbicide treatments were combined, SWCB male and femele 
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heavier when developing and overwintering on corn than on johnso^grass 

(comparisons 3-4). 

Table 11. The influence of herbicide treatment, host (johnsongrass 
and corn), and sex on southwestern corn borer pupal 
weight, 1985 and 1986. 

Comparison 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

Treatment 

Herbicide 
Herbicide 

Control 
Control 

• 

• 

• 

• 

Herbicide 
Herbicide 

Control 
Control 

Herbicide 
Herbicide 

Control 
Control 

Host 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

Johnsongrass 
Corn 

SPX 

M 
M 

M 
M 

M 

F 
F 

M 

M 
M 

F 
F 

F 
F 

Mean pupal weight 

108.8+18.lOe 
196.6+23.35b 

112.1+21.953 
179.U22.30b 

136.8+31.96a 
172.5j^34.45b 

192.7+43.93a 
223.0H^40.55b 

141.1 + 34.lOa 
168.7+_35.59b 

118.1+5.99a 
176.2jf35.17b 

187.5+47.48e 
211.8jj42.30a 

199.1+45.20a 
233.2^36.34e 

fmg^' N 

3 
5 

2 
8 

16 
151 

9 
118 

13 
73 

3 
78 

5 
56 

4 
62 

Yeer 

1985 
1985 

1985 
1985 

1986 
1986 

1986 
1986 

1986 
1986 

1986 
1986 

1986 
1986 

1986 
1985 

Means in the same column and comparison followed by the same letter 
are not significantly different (P > 0.05; two-tailed T-test). 

* Herbicide + control. 

The poor nutritional quality of johnsongrass, as compared to corn 

(Jangaard, 1974), may be a contributing factor in smaller larvae and low 

pupal weights. Also, the smaller stem diameter of johnsongrass may be a 

contributinq factor in smaller larvae and low pupal weights on this 

http://179.U22.30b
http://176.2jf35.17b
http://211.8jj42.30a
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host, possibly by limiting the space available for larvel development 

(Aslam, 1985). 

Southwestern corn borer fecundity and fertility, according to host, 

is presented in Table 12. Regardless of herbicide treatment, mean SWCB 

fecundity and fertility for females developing end overwintering on 

johnsongrass was not si cnif icantly (P > 0.05) different from fenôle?. 

developing and overwintering on corn (comparisons 1-2). This adds 

credibility to johnsongrass as a potential host of the SWCB. 

Table 12. The influence of herbicide treatme^t and host (johnsongress 
and corn) on southwestern corn borer fecundity end fertility, 
1986. 

Comparison 
no. Treatment Host 

*1 *2 
Mean fecundity Mean fertility N 

1 Herbicide Johnsongrass 
Herbicide Corn 

Control 
Control 

Johnsongrass 
Corn 

345.2_+102.8a 
353.6jfl56.9a 

427. 7+^60. la 
432.2+130.6a 

328.7jjl03.5a 4 
299.2_+148.7e 23 

404.3j^57.8e 3 
382.24123.9ô 32 

* Means in the same column and comparison followed by the seme letter 
, ere not significantly different (P > 0.05; two-tailed T-test). 
r. Mean number of eggs deposited/femele. 

Mean number of red-line, black-head, and hetched eggs/female. 
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SUMMARY AND CONCLUSIONS 

Results of this study show that applications of glyphosate to 

johnsongrass (stalk diameter < 6 mm) did not significantly (P > 0.05) 

affect SWCB presence or overwintering survival on johnsongress. 

Glyphosate applications to larger johnsongrass (stalk diameter >_ 6 mr) 

again did not significantly (P > 0.05) affect the presence of the SWCB; 

however, SWCB overwintering survival was significantly (P < 0.05) 

greater on glyphosate-treated johnsongrass. Neither herbicide treatment 

nor johnsongrass stalk diameter had a significant (P > 0.05) influence 

on SWCB pupal weight in johnsongrass. Regardless of herbicide treatment 

or johnsongrass stalk diameter, female SWCB were significantly (P < 

0.05) heavier than males, except in one case where statistical 

significance was not noted. Mean SWCB fecundity and fertility for 

females developing and overwintering on control johnsongrass was greater 

than that for females developing and overwintering on herbicide-treated 

johnsongrass. 

Herbicide treatment had no significant (P > 0.05) affect on Sl.'CB 

presence or overwintering survival in corn. Also, herbicide treetment 

had little affect on male and female pupal weights. Female SWCB seemed 

to be slightly more sensitive to herbicide applications on corn, as 

control females were significantly (P < 0.05) heavier than herbicide 

females, while males did not significantly (P > 0.05) differ in pupal 

weight between herbicide treatments. Again, regardless of herbicide 

treatment, female pupal weights were consistently heavier thari nãle 

pupal weights. Mean SWCB fecundity and fertility for females developing 

44 
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and overwintering on control corn was significantly (P < 0.05) greater 

than that for females developing and overwintering on herbicide-treated 

corn. 

Although percent SWCB eclosion on artificially infested corn end 

johnsongrass was similar, SWCB development was superior on corn. 

Presence and overwintering survival of the SWCB on corn was 

significantly (P < 0.05) greater than on johnsongrass, regardless of 

herbicide treatment. Southwestern corn borer pupae were heavier when 

developing and overwintering on corn than on johnsongrass. Mean SWCB 

fecundity and fertility for females developing and overwintering on 

johnsongrass was not significantly (P > 0.05) different fro^: females 

developing and overwintering on corn, regardless of herbicide treatment. 

In conclusion, corn seems to be a superior host of the SWCB es 

illustrated by a greater presence and overwintering surviva! of the 

SWCB. However, the possibility of johnsongrass as a potential host for 

the SWCB should not be overlooked, as the SWCB is capable of developing, 

overwintering, and producing fecund females on johnsongress. 

Glyphosate, while having no direct lethal effects on the SWCB, mey, in 

sublethal doses, affect SWCB fecundity and fertility. Thus, aree corn 

producers might consider stricter johnsongrass control strategies, 

especially around tailweter pits and ditches, to help reduce 

overwintering sites for the SWCB. As with most cultural management 

techniques, however, this would have to be practiced over the entire 

area in order to be effective. 
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