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ABSTRACT 

The Fall Armyworm is a serious pest of many crops throughout 

most of the Western Hemisphere particularly those belonging to the 

family Gramineae. This pest is usually controlled by insecticides 

which, however, cause many health and environmental problems. Although 

a rich bank of sorgum germplasm occurs in Yemen, no effort has been 

made to identify the Yemeni cultivars which might express resistance to 

armyworm attack. There is very little information to show at what time 

of the growing season and at what planting stage the sorghum cultivars 

are most susceptible to armyworms. 

Therefore, eight Yemeni and two American sorghum cultivars were 

planted in Tucson, Arizona, during 1983 and 1984. The experimental 

design was a randomized complete block arranged in split-split plots 

with four replications. The main plots were the varieties, and sub

plots were two planting dates and two infestation times. The plants 

were artificially infested with laboratory reared, first instar larvae. 

Infestation consisted of five larvae per plant in 1983 and ten in 1984. 

Results demonstrate that 'IBB' and 'TURBA ' received the least 

leaf damage and 'SGIRL-MR11 and 'ALBAIOA ' received the most in 1983. 

However, during 1984, 'TURBA ' and 'HAIDRAN ' showed the greatest degree 

of resistance and 'SGIRL-MR11, 'AMRAN ' , 'ALMAHWIT ' , and 'ALBAIDA' the 

least. 

x 



CHAPTER I 

INTRODUCTION 

Grain sorghum is one of the most important food and feed crops 

in the world. Among the major cereals it ranks fifth in production and 

area sown, following wheat, rice, maize and barley. In 1982 world 

production of grain sorghum was about 69 million metric tons from an 

area of about 47.5 million ha (Food and Agricultural Organization 

1983). Sorghum is grown in all continents, particularly in North 

America, which produces slightly less than 50% of the world's supply, 

and Africa and Asia, where about three fourth5 of the world's sorghum 

acreage currently produces almost half of the grain crop (Food and 

Agricultural Organization 1983). 

Sorghum is used directly as a staple food for millions of 

people, especially in Africa, Asia and South America. It is also 

considered an important forage plant allover the world. In Yemen 

sorghum is the dominant crop. Approximately 64 percent of all culti

vated land is occupied by food grains, of which about 83 percent are 

sown to sorghum and millet (YAR Yearbook 1980). Large populations rely 

upon it as a main source of food. The Yemenis use the sorghum roots 

and heads as fuel after the grain has been harvested, and the plant 

1 



stems and leaves as an animal feed all year. round. 

plant stem is also used as a building material. 

2 

In many cases the 

Unfortunately sorghum is attacked by several insect pe-sts i n

cluding the sorghum midge, Contarinia sorghicola; the shoot fly, 

Atherigona soccata; stem borer, Chilo partellus; greenbug, Schizaphis 

graminum; ear/head caterpillars, Heliothis spp.; and armyworms, 

Spodoptera spp., and others. The fall armyworm (FAW), Spodoptera 

frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) is well known as a 

tropical and subtropical pest. It is a sporadic but occasionally 

severe crop pest in the United States, particularly in the Southeast. 

However, during some seasons, the FAW may extend its attacks to a large 

area of the United States and Canada. Larvae feed on a large number of 

plants, particularly those belonging to the Gramineae. The FAW larvae 

attack all stages of the developing plant. 

It is difficult to control the FAW because of the great range 

of host plants and its wide distribution during the growing season. At 

the present time this pest is chiefly controlled by insecticides but 

their use has created many problems including harmful residues, health 

hazards, destruction of beneficial insects, insecticidal resistance and 

others. 

Consequently, it would seem desirable to identify, develop and 

employ different suppressive methods with little or no ecological 

risks, with the intent of reducing the FAW population to low economic 

levels. These include the development, release and use of pest 

resistant plants as a viable and econrnnical means of FAW control, 
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especially in developing countries where the majority of farmers either 

misuse the insecticides or are too poor to purchase them. 

Although more than four thousand sorghum germplasms are culti

vated in the Yemen Arab Republic, little effort has been given to 

identifying cultivars which might express resistance to armyworm 

attack. Also, there is no information to show. at which time of the 

growing season and at what plant stage the sorghum cultivars are most 

susceptible to armyworms. 

The purposes of these studies are to determine the influence of 

planting and infestation dates on fall armyworm damage to some Yemeni 

sorghum cultivars, and also to discover those which are highly 

resistant or highly susceptible to its attack. 

Therefore, experiments were designed to (1) evaluate eight 

Yemeni sorghum cultivars for their resistance to the FAW, (2) determine 

the stage of growth that is most sensitive to FAW attack, and (3) 

determine the optimum planting date for reducing or avoiding FAW 

infestation. 

Since these studies were conducted under certain conditions, 

the following limitations were provided to indicate possible threats to 

the validities of the experiments: (1) the restriction of the study to 

a few sorghum fields in the Tucson area, (2) use of only eight Yemeni 

and two United States sorghum cultivars, (3) restriction of the field 

study to late spring, summer and early fall seasons of 1983 and 1984, 

(4) infestation of the plants with only FAW rather than African army

worm (The latter is considered the key pest of sorghum in Yemen; 
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however, both insects are very similar in all respects.), (5) 

restriction of FAW infestation to two levels (5 and 10 larvae per 

plant), (6)restriction in time of the infestations to two developmental 

stages (plants five and thirty days old), and (7) absence or lack of 

production figures (the Yemeni cultivars did not ~ven produce seed 

under Tucson conditions). 

These studies are intended to serve as a model for further 

studies on the relationships involving the African armyworm on sorghum 

and related crops. In addition, this information will help the Yemeni 

farmers and growers to make appropriate decisions for achieving higher 

yields with minimum environmental hazard. Further, it is hoped that it 

will encourage others to continue the search for resistant germplasm in 

Yemen and elsewhere. 



CHAPTER II 

LITERATURE REVIEW 

Biology of the Fall Armyworm (FAW) 

The Name of the FAW 

In past years the fall armyworm, Spodoptera frugiperda (J.E. 

Smith), . has been given a great variety of common and scientific names. 

Smith and Abbot are believed to have proposed its first common name, 

the corn-bud worm (Smith 1759, Luginbill 1928). During the 1850 ' s this 

insect was call ed I grassworm l or I grass caterpi.1l er', and 1 ater it 

received additional names such as larmyworm', larmy cutworm ' , Igrass 

armyworm ' , 'wheat cutworm ' , I southern a rmyworm I , 'southern grassworm ' , 

and 'doggy's cornworm l (Quaintance 1897, Chittenden 1901, Luginbill 

1928). The name 'fall a rmyworm I was given by Riley (1870) due to the 

mass marching habits of this species during its outbreakes in the 

northern United States during the fall. In the Gulf States it is 

commonly called 'bud worm l because of its attack on whorls and emerging 

tassels of corn plants (Luginbill 1928, Vickery 1929, Harris 1962). 

During the 1899 outbreak more names were added to the above list 

including 'buckworm ' in Florida~ and 'alfalfa worm l in Kansas and 

Nebraska (Chittenden 1901, Luginbill 1928). Along the Mississippi 
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River it is frequently called loverflow worm l (Walton and Luginbill 

1936). 

In Puerto Rico the larvae are known as Ilos gusanos de yerbe l , 

in British Guiana as Irice caterpillars l , in Cuba as Ilas langostas l 

(Luginbill 1928) and in Barbados as Icorn armyworm I (Dew 1913). 

Andrews (1980) has referred to the FAW as whorlworm, a translation of 

the Spanish term Igusano cogollero l , which is also used by farmers in 

Central America. 

As with the common names, the FAW has been known under a 

numt r of scientific names during the past two centuries. Chittenden 

(1901) listed these as Phalaena frugiperda (Smith and Abbot), 

Trigonophora frugiperda (Geyer), Laphygma (misspelled Laphrygma) 

frugiperda (Geyer) Guennee, and L. signifera Walker. Prodenia 

autumnalis Riley, and L. macra Gn (misspelled machra by Glover). Todd 

and Poole (1980) added some other names such as Noctua frugiperda J.E. 

Smith, ~ inepta Walker, Prodenia signifera Walker, ~ plagiata Walker, 

P. fulvosa Riley and P. obscura (Riley). 

Importance of the FAW 

The FAW is a serious pest of a great many crops throughout the 

New World (Snow and Copeland 1969, McMillan and Wiseman 1971, Todd and 

Poole 1980). It was recognized as such as early as 1797 (Luginbill 

1928, Wiseman, Painter and Wassam 1967, Sparks 1979, Pencoe and Martin 

1981). Yet it did not attract much further attention until 1845, when 

it caused severe damage to grass, corn, sugarcane and rice in western 
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Florida (Luginbill 1928) and Georgia (Chittenden 1901). Since then 

several FAW outbreaks have occurred throughout the Americas at very 

irregular intervals. In 1856 Glover reported that the FAW was causing 

damage in western Florida extensive enough to warrant using the 

ditching method for destroying the worms (Sparks 1979). In Montana 

1868 it was very destructive to newly sown wheat (Riley 1870). Lugin

bill (1928) reported that in 1870 FAW larvae so damaged various crops 

in Illinois, Kansas and Missouri that one farmer alone suffered a loss 

of $1,000. In 1881 this species damaged several crops including rice, 

cabbage, strawberries and bean plants in South Carolina and Georgia and ,i 

was so abundant that millions of larvae were crawling about in the 

vicinity of the fields (Chittenden 1901). Luginbill (1928) mentioned 

that in 1884 FAW larvae were found damaging corn, watermelons, cotton 

and grass in Mississippi, oats and wheat in Indiana, and wheat in 

Kansas and Illinois. In the last two states the larvae ravaged 

hundreds of acres of early sown wheat. Less extensive and infrequent 

damage occurred until 1899 when a FAW outbreak spread from central New 

York and northern Illinois to Florida and Georgia, then westward to 

Kansas and northward (Anonymous 1900). It was the first general out-

break recorded in the history of economic entomology (Luginbill 1928) 

and was of greater severity than ever before noted (Chittenden 1901). 

The FAW was very widely distributed and caused severe damage to 

numerous agricultural crops, particularly to corn, sorghum and rice in 

the South, and to small grains, lawns and grasses in the North. 
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Chittenden (1903) reported that the larvae had entirely destroyed 

40,000 acres of pasture in Texas. An eruption was even noted in Cuba 

where they mainly attacked tobacco (Anonymous 1900). 

At the beginning of this century several less extensive out

breaks occurred such as those during the years from 1902 to 1906 

(Chittenden 1903, 1905, Luginbill 1928). In 1907 FAW larvae caused 

$75,000 loss to alfalfa fields in one county in Missouri, attacked 

violets in Athens, Georgia, destroyed young sorghum in Kansas and rice 

in North Carolina (Anonymous 1908). Other outbreaks were also reported 

in Texas and Mississippi (Luginbill 1928). 

Again in 1912 the FAWs were abundant and caused serious damage 

to various crops, sweeping across almost the entire United States east 

of the Rocky Mountains (Dew 1913 and Sparks 1979) and it was also 

reported in Puerto Rico, Barbados, British Guiana, Central America and 

Canada (Luginbill 1928). Another outbreak was recorded in 1915 when 

the pest was nearly as abundant as it was in 1912. In 1918 and 1920 

large populations of FAW completely devoured sorghum and other crops 

(Smith 1921, Luginbill 1928, and Sparks 1979). A sudden outbreak 

recorded in 1921 in various parts of Kansas defoliated a number of 

crops including wheat, oats, and alfalfa (Smith 1921). Smith also 

mentioned a particular instance where 140 acres of wheat was entirely 

destroyed. 

In spite of the discovery of synthetic organic insecticides, 

such as DDT in 1939, which raised new hope for completely controlling 
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the FAW, this species continued to be a serious economic pest for 

several forage, cereal~ vegetable and truck crops in the Western 

Hemisphere, often causing severe yield reduction (Martin, Wiseman and 

Lynch 1980, Wiseman, et al. 1984). During the summer of 1948 an 

extremely heavy outbreak of the FAW occurred in Virgina causing the 

entire destruction of corn fields (Hofmaster and Greenwood 1949). In 

1975, 1976 and 1977 FAW infestations were widespread in the Southeast 

and along the Atlantic coast (Sparks 1979 and Pencoe and Martin 1981). 

It was very destructive to all crops including all stages of sorghum 

growing in Georgia; losses were estimated to be as much as $61.2 

million in 1975, $32.8 million in 1976, and $137.5 million in 1977 

(Sparks 1979, Wiseman 1981). Bass (1978) wrote that in 1977 the FAW 

inflicted its most serious damage on Alabama agriculture when it 

attacked almost everything. Knipling (1980) reported that the annual 

loss due to FAW damage in 1977 in the southeastern and Atlantic coastal 

states was estimated between $150 and 200 million. In Mexico, in the 

same year, the maximum loss due to whorlworm feeding was 29% with an 

average loss on experiment station grounds of 17% (Andrews 1980). In 

1979 in the United States the loss due to the FAW was approximately 

$300 million and the expenditure for insecticide application to control 

this pest in the South and Southeast was on the order of $15 million 

(Knipling 1980). In 1981 its attack caused a total crop loss of $41 

million in the southeastern United States (Southern 1983). The FAW has 

also been recognized as one of the limiting factors in double cropping 
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systems in much of the Southeast (Knipling 1980) and in the development 

of the cattle industry in the southern and southeastern parts of the 

United States (Tingle and Mitchell 1979). At the present time the FAW 

is still a major pest in the Americas. 

Several scientists have been seeking underlying reasons for the 

reduced yields caused by the FAW. For instance, Gardner and Duncan 

(1982) reported that the yield losses from larval damage resulted from 

smaller rather than fewer kernels per head in infested plants. This is 

apparently associated with delayed emergence of the head from the boot, 

which prevents normal growth especially at the base of the head 

(Henderson, Kinzer and Thompson 1966). However, yield loss can also be 

caused by direct feeding on the central shoot before it emerges from 

the whorl (Straks and Button 1979). Another factor which may affect 

sorghum crop losses to insect pests is soil pH. Gardner and Duncan 

(1982) found that plants grown on acidic soil incur greater foliar 

losses than plants grown on soil with more optimum pH levels. 

Distribution 

The FAW is found throughout most of the Western Hemisphere from 

southern Canada and Maine south to Florida and the other Gulf States, 

and west to Colorado and Montana (Chittenden 1901, Walton and Luginbill 
x 
1936, Wa1kden 1950, and Todd and Poole 1980). It also occurs in Cali-

fornia, New Mexico and in the Salt River Valley of Arizona (Walton and 

Luginbill 1936, Luginbill 1950 and Crumb 1956). This species is pre

sent every year, particularly in the southern United States, Mexico and 
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all of Central America (Chittenden 1901, Walton and Luginbill 1936, 

Sparks 1979 and Ashley, et al. 1982). In Guatemala, the FAW is usually 

present in the eastern half of the country, especially during the 

season of heavy rains (Painter 1955). Its distribution extends 

eastward into the Caribbean and southward to northern Argentina and 

northern Chile (Andrews 1980). 

The FAW does not pass the winter in any of its stages in the 

United States except in extreme southern Texas, southern Florida, 

Arizona and Louisiana, or in regions included in the Tropical life zone 

(Luginbill 1928, Vickery 1929, Luginbill 1950, Burkhardt 1952 and 

Sparks 1979). It may be able to survive farther north during 

exceptionally mild winters (Hinds and Dew 1915 and Snow and Copeland 

1969). The FAW is indigenous to tropical areas of Central and South 

America and to some of the West Indian islands (Wood, Poe and Leppla 

1979). This region in where it is believed that FAW populations 

originate, since it is here that the species passes the winter 

(Chittenden 1901, Luginbill 1928, Vickery 1929, Luginbill 1950 and Snow 

and Copeland 1969). 

Infestations occurring in the United States are considered to 

come into the country on winds blowing from either the Florida

Carribbean Islands area, the Texas-Mexico area or, following mild 

winters, from along the coast of the Gulf of Mexico (Young 1979 and 

Knipling 1980). Luginbill (1928 and 1950) explained that the FAW 

invasions often occur when a cool wet spring is followed by warm, humid 
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weather and heavy rainfall which create unfavorable conditions for its 

natural enemies but favorable conditions for luxuriant plant growth 

upon which the FAW larvae thrive. By the time conditions become 

favorable for insect enemies the pest has increased to great numbers 

and migrated (Sparks 1979). 

The dispersal ability of the FAW moth allows it to re

establish populations each spring, summer and fall within the 

continental United States as far as southern Canada (Snow and Copeland 

1969). The size of the area over which it may spread during the summer 

may be 10 to 20 times that of its overwintering area, and the moth 

population during the period of peak abundance is likely to excceed the 

winter or early spring populations by as much as 100 to 1,000 fold 

(Knipling 1980). 

During the early migration the moths lay their eggs on various 

crops, the eggs hatch and a new outbreak begins. The new moths 

developing from these larvae again fly northward before depositing 

their eggs. This operation is repeated and the FAW multiplies to 

enormous numbers which pass farther north until the pest has spread 

over the entire eastern portion of the United States and southern 

Canada. The progeny of these migrating moths do not survive the winter 

so that the northern populations are destroyed at the end of each 

growing season (Luginbill 1928 and Vickery 1929). The ability of the 

FAW to disperse and re-establish itself over such a wide range makes it 

difficult for scientists to keep these pest populations in check. 
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Host Plants 

In ordi nary seasons the FA~I 1 arvae feed chi efly on the grasses 

or weeds on which the parent moths lay their eggs. Although it has 

been described as being polyphagous in its feeding habits (Luginbill 

1928), the FAW larvae prefer members of the grass family such as crab

grass, quackgrass, bermuda grass, bluegrass, and Johnson grass 

(Quaintance 1897, Chittenden 1901, Hinds and Dew 1915, Luginbill 1928 

and 1950 and Walkden 1950). Many of these grasses such as crabgrass 

occur naturally over a large part of the southeastern United States, 

whereas bermuda grass is planted extensively for forage (Wiseman and 

Davis 1979 and Pencoe and Martin 1981). Pencoe and Martin (1981) found 

that goosegrass, large crabgrass, vaseygrass and coastal bermudagrass 

were the most suitable hosts for the growth and development of all of 

the armyworms, while yellow nutsedge and Texas panicum were the least 

suitable. Bass (1978) reported that the FAW larvae attacked various 

pasture and commerci al hybrid grasses on gol f courses, 1 awns, 

cemeteries and football fields. 

Beside the grasses, the FAW larvae also attack and severely 

damage many cereal and forage crops including sorghum, corn, millet, 

wheat, rice, oats, barley, kaffir, sugarcane, rye, alfalfa, clover and 

others. Wiseman, Painter and Wasson (1967) found that sorghum was 

preferred over corn and the two over cotton, tomato, tobacco or china

berry. During severe outbreaks or when preferred plants are scarce, 

the FAW becomes an economically important pest for additional crops 
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such as cotton, soybeans, peanuts, beans," cowpeas, sweet potatoes, 

velvet beans, string beans, Irish potatoes, bell peppers, turnips, 

cucumbers, cabbage and other garden crops and almost any form of vege

tation that is encountered in the line of march. In Central America 

Andrews (1980) also mentioned tomatoes, tobacco, pumpkins, spinach, 

beets, lettuce, garlic and onions. However, Dew (1913) reported that 

no larvae were ever seen feeding on plants of the Cucurbitaceae such as 

watermelon, squash, pumpkin, etc. 

Grape, peach, apple, orange and certain forest trees are also 

subject to FAW larval attack. Wiseman, Painter and Wassom (1967) 

indicated that the pest even caused severe damage in a pine tree 

nursery in Honduras. Feeding of the FAW on the foliage of trees is 

very exceptional and due usually to the eggs having been deposited on 

the leaves of the tree (Chittenden 1901). 

Several investigators have found that the host diets 

significantly affects FAW growth and "development (Piedra 1974). For 

instance larvae feeding on yellow nutsedge may show severe effects on 

growth and development (Pencoe and Martin 1981). In another study 

Pitre and Hogg (982) found that larvae which fed on cotton or soybeans 

had longer developmental times and pupae weighed less than those fed on 

corn. Larval mortality was higher on soybeans than on cotton. Another 

study showed that the larval developmental period was shorter, and that 

heavier pupae were produced when larvae fed on bermudagrass 

with larvae fed on cotton or soybeans (Pitre and Hogg 1982). 

compared 

Roberts 
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(1965) noted that larvae fed on grasses had shorter developmental 

periods and heavier pupae than those fed on peanut or lima bean 

foliage. Pencoe and Martin (1981 and 1982) observed significant 

differences in larval duration, number of instars, longevity, food 

consumption, pupal weight and fecundity, among larvae reared on the 

various host plants. Dahm, Snelling and Fenton. (1936) and Pencoe and 

Martin (1981) also found that different host diets affected egg produc

tion. All these findings support Luginbill's (1928) report that FAW 

larvae prefer to feed on plants belonging to the Gramineae rather than 

on cotton, soybeans or other plants. Cannibalism is not very common 

with FAW larvae; however, it may be observed during outbreaks, when 

food is inadequate or under crowded conditions. It is usually the 

older worms which attack and feed on younger ones. 

Morphology 

~. The FAW egg is oblate-spheroidal and approximately O.5mm 

in diameter, shining pale green when freshly deposited, but 

increasingly darker brown, becrnning almost black just prior to 

hatching. The whole egg mass is usually covered with mouse-colored 

down consisting of setae and scales from the female body (Dew 1913). 

Luginbill (1928) believed that the scales were loosened from the body 

of the female during oViposition, not afterward. 

Young Larva. The newly hatched larva is quite different from 

the full-grown larva. It is very small (appoximately 1.68 mm) with the 
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head much larger, circular in outline and jet-black compared with the 

rest of the body, which is cylindrical, off white and more hairy. The 

mouthparts are light brown. Adfrontal sutures are not visible, the 

cervical shield is dusky, spiracles are circular and dusky, and the 

tubercles are hardly differentiated from the body~ Later all the 

dorsal tubercles become a prominent black while those on the venter 

remain small. Abdominal segments 3 to 6 and 10 bear prolegs. 

Mature Larva. The larva grows to about 40 mm long and 4.5 Inm 

broad. The head is rounded, bilobed, cream to brown color a prominent 

yellowish-white, inverted V-shaped mark in front. The cervical shield 

is dark brown, narrowly cut by one median dorsal and two lateral light 

lines which run from the cervical shield to the tip of the abdomen. 

Body color varies from pale brown to dirty green. Lateral of the 

median line lies a broad, light brown band mottled with red, then a 

narrow yellowish lateral line, then a broader brown line and, finally, 

a reddish line of the same width, the two merging on the thorax. Just 

below the spiracles is a yellow band with reddish mottlings. The 

venter is pale greenish, densely mottled with yellowish-white and red 

patches. The cuticle is smooth without microspines and bears very 

small, round convex granules. There are numerous dark brown pinacula 

distributed over the body and from each of these arises a dark, hair

like seta. The pinacula are at least as wide as the spiracles. 

Pinacula on the venter are less conspicuous. Spiracles appear as pale 

whitish spots. 
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Pupa. The pupa from 13-17.4 mm in length and is about 4 mm in 

width, similar to a date pit in shape with one end rounded and the 

other pointed. When newly formed, the pupa is light greenish on the 

appendicular parts, and pinkish white over the rest of the body. 

Gradually the color changes to golden or reddish and then to almost 

black immediately before emergence of the adult. The culticle is 

smooth and leathery. The spiracles are ellipsoidal with a prominent 

blackish rim. The caudal end terminates in two diverging horns. The 

genital opening of the female is simple and apparently situated on the 

eighth abdominal segment while that of the male is on the ninth, on a 

slight elevation. The female pupa is generally slightly larger than 

the male. The pupa is unable to move any part of its body except the 

abdominal segments. 

Moth. The moth measures about 16 mm in length and about 35 mm 

across its outspread wings. The female is usually larger than the 

male. The body of the moth is gray-brown covered by fine setae with a 

conspicuous tuft of long setae at the tip of the abdomen. The forewing 

is elongate, of a dark, mottled ash-gray and usually has an irregular 

whitish streak at the tip and a dull whitish spot in the center. The 

forewing of the female is usually much duller than that of the male. 

The hindwings of both sexes are translucent white with a pearly or 

pinkish luster, edged with a smoky-brown line. The veins are dark and 
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distinct. The underside is slightly irrorated with brownish gray in 

the costal area. Terminal segment of tarsus with 6 or 7 pairs of 

spines. 

Life History 

The FAW female deposits her eggs somewhat indiscriminately, 

particularly during pest outbreaks. This may be due to the fact that 

the larvae are nearly, or essentially omnivorous (Luginbill 1928). 

However, Pitre, Mulrooney and Hogg (1983) found that the female prefers 

certain plants such as ryegrass and wheat for oviposition rather than 

plants outside the Poaceae. 

The eggs are usually deposited at night on host plants which 

will be suitable food for the young, as well as on non-host plants and 

other objects. Chittenden· (1901) occasionaly found the FAW on leaves 

upon which the larvae are not known to feed. Dew (1913) observed some 

eggs on leaves of pecan trees, orange trees, and forest trees which 

were near the fields. Luginbill (1928) listed several non-host plants 

in which masses of eggs were found. Vickery (1929) observed egg masses 

on leaves of date palms where the larvae could drop to the ground and 

feed on bermudagrass. Walkden (1950) found FAW eggs on fence posts and 

other objects. Thomson and All (1983, 1984) observed eggs deposited on 

flag stakes placed just above the canopy of a host crop. In laboratory 

rearing the author noted that the moths deposited their eggs on paper 

towels, screen, cheesecloth, the inner surface of jars, as well as on 

the wings of other moths. Mitchell, Waddile and Ashley (1984) stated 
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that, under field conditions, the moth preferred young tender corn over 

more mature plants when selecting oviposition sites. On the contrary, 

Pitre, Mulrooney and Hogg (1983) observed the oldest sorghum plants to 

be preferable for oviposition to young ones. 

The eggs are usually deposited in small clusters and often in 

two or three layers, one above the other. The female covers the egg 

mass with a gray down (scales and setae) from her body. The number of 

eggs laid varies from place to place according to local climatic condi

tions. For instance, in Alabama, Dew (1913) noted that one female may 

lay from 160 to 700 eggs with an average of 450. The number of eggs 

per mass in Brownsville, Texas, varied from 9 to 349, with an average 

of approximately 143 eggs (Luginbill 1928). Vickery (1929) observed 

that one moth laid 1,782 eggs in 13 masses. In Guatemala Painter 

(1955) observed that an egg mass might contain more than 40 eggs while 

one female might lay up to 5,000 eggs. In Mesa, Arizona, according to 

Ayoade (1965) the number of eggs per mass ranged from 126 to 344, with 

an average of 228.7 eggs,. and one individual might deposit from 491 to 

747 eggs during her life time. In Central America, Andrew (1980) 

reported that corn-reared females produced from 206 to 1500 eggs. 

The incubation period varies from one location to another, 

depending primarily on prevailing temperature conditions. For example, 

in Alabama Dew (1913) reported that the eggs hatched within 2 to 4 days 

during the growing season. In Texas, the egg stage varies from 2 to 4 

days throughout the year (Luginbill 1928). According to Walton and 
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Luginbill (1936) and Luginbill (1950) the eggs hatch within 2 to 4 days 

in the South but may take as long as 10 days in the cooler northern 

states. When the mean temperature is 800 F eggs h;tch in two days, but 

when it is below 690 F hatching may take more than four days (Luginbill 

1928). In a laboratory study Vickery (1929) found that the incubation 

period was 2-3 days with an average daily temperature of 79 0 C, 11 days 

at 59-60oF; and two days at 77-79 0 F. I found that the eggs hatched 

within 3 to 4 days at 29+1oC in my laboratory studies. 

The newly hatched larvae feed first upon the eggshells from 

which they have emerged, avoiding the downy covering, and then lie 

almost motionless close together for a few hours. They all then 

migrate, actively searching in all directions for available food, 

seeking particularly the tenderest portions of the plants. They are 

gregarious after hatching, but begin to disperse at the end of the 

first instar (Vickery 1929). Those emerging on palm or apple trees, 

corn, sorghum and other tall objects, drop down to the food plants on 

silken threads. This ability is lost after the first larval instar 

(Walkden 1950). During the first three to four days after hatching 

they skeletonize the leaves, leaving the veins and ribs and even 

leaving whitish patches representing the upper or lower leaf surface. 

In the earlier instars they may also eat holes through the leaves eat 

from the edges of the leaves inward. Older larvae in the fourth to 

sixth instars consume a large amount of food. They devour every blade 

and leaf, leaving only the toughest parts of the plant stems while the 
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stalks of young plants may be eaten to the ground. The larvae also 

feed on older corn plants, burrowing into the ears and feeding on the 

grain, causing damage similar to that done by the cornearworm 

(Chittenden 1901, Hinds and Dew 1915, Dew 1913 and Bissell 1944, Lugin

bill 1950 and Walkden 1950, Painter 1955). In Kansas, Burkhardt (1952) 

observed that FAW larvae were burrowing within the stalks and feeding 

in tunnels like the common stalk borer. Painter (1955) observed the 

same type of damage by FAW larvae on field corn in Guatemala. The FAW 

infests sorghum as it does corn in both the whorl and heading stages 

(Henderson, Kinzer and Thompson 1966). In Arizona, the larvae are 

occasionally found on corn, sorghum and cotton, damaging cotton by 

boring into squares and bolls, and sometimes feeding on terminals, as 

the tobacco budworm and bollworm do (Werner, Moore, and Watson 1979). 

Duration of the larval stage depends primarily on temperature 

conditions as well as a continuous supply of food. In warmer periods 

the larvae grow more rapidly and, as a result, have shorter instars. 

For instance, according to Vickery (1929), at a mean temperature of 80-

820 F, duration of the larval stage was 12 days, while at 680 F the 

average duration was 26 days. In Arizona larvae reared on young corn 

in the greenhouse at an average temperature of 78.60 F took 26 to 28 

days to complete their life cycle, while at an average temperature of 

75.14 degrees F they took 29 to 35 days (Ayoade 1965). 

When the larvae are full grown and ready to pupate they burrow 

into the soil near their food plant by twisting and turning, pressing 
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the earth on all sides and forming a small cell in which the transfor

mation takes place. All larvae usually enter the soil at the same time 

and to a depth of 0.25 to 1.25 in (Chittenden 1901). Dew (1913) 

reported that, in a stiff clay soil, the pupal cells are usually 0.75 

in long and lie at an angle, 0.50 in below the surface. In loose sandy 

or loamy soils the cells are usually 1 in long and buried 1 to 3 in 

deep (Smith 1921). Sometimes the FAW may pupate on the soil surface or 

within various parts of the plant (Painter 1955). Burkhardt (1952) 

observed many larvae pupating in ears, tassels and whorls of corn. 

After the cell is completed the larva shrinks and the cuticle splits to 

reveal the pupa within it. The prepupa1 stage in warmer months may 

last only one day, while in cooler months it may extend over a period 

of from three to five days (Luginbill 1928). 

The pupal stage varies from a few days to more than a month, 

depending chiefly on temperature. For instance, in Georgia Smith 

(1759) observed larvae entering the ground on July 15th and the moths 

emerging on the 27th. In Alabama according to Dew (1913) the pupation 

period of the FAW ranges from 3 to 16 days, with an average of 10 days. 

At Tempe, Arizona, the pupal stage averaged 7.4 days during July and 

August (Luginbill 1928). In the Gulf Coast states, Vickery (1929) 

reported that during the cooler months (Decmeber-February) the pupal 

stage lasted 34 days at an average of 61 0F, whereas, in summer it took 

about 7 days. In another study in Florida, Wood, Poe and Leppla (1979) 

observed that the average number of days required for emergence in the 
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field ranged from 14.6 at Homestead in the north to 35.0 at Sanford in 

the south. 

The FAW moths usually emerge at night, rarely during the day. 

Immediately after emerging the moths extend their wings, which are not 

yet completely expanded. Their activities start shortly before sunset 

and reach their peak just before midnight. During this period mating 

occurs and eggs are deposited. The moths are inactive during the day, 

when they rest on the larval food plants. However, under laboratory 

conditions, I have observed moths feeding on sugar solution, mating, 

and depositing eggs during the daytime. The moths are usually longer 

lived in fall than in summer and females live longer than males. 

The life cycle of the FAW takes about four weeks in warm 

weather and 80-90 days in colder seasons (Vickery 1929). Dew (1913) 

found that it took 30 days at a mean temperature of 78oF. In a labora

tory study Barfield, Mitchell and Poe (1978) found it to be 66 days at 

15.6oe but only 18 days at 30.0oe. In El Salvador the developmental 

period from egg to egg ranges between 27.7 and 33.5 days (Andrews 

1980). Burfield, Stimac, and Keller. 1980. observed that larvae fed on 

peanut plants 45-70,87-92 and 92-120 days old completed their life 

cycle in 25, 24 and 28 days respectively. 

The number of generations per year depends on geographical 

location and weather conditions. For example, in the Gulf States there 

may be up to six generations a year (Dew 1913, Vickery 1929). In areas 

where the winter temperature stays below freezing, there is seldom or 
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never more than one generation (Luginbill 1950). Chittenden (1901) 

reported that at least three generations are produced in the District 

of Columbia. 

Natural Control 

The FAW has a large number of natural enemies which play an 

important role in keeping its populations below the economic level. 

Local outbreaks are often controlled by their enemies unless these have 

been reduced in the pestis permanent habitat or when environmental 

conditions strongly favor the pest itself (Luginbill 1928). Several 

parasites, predators and diseases have been observed attacking, feeding 

on or destroying the FAW, particularly late in the season (Chittenden 

1901). They parasites belong to several orders but the most 

outstanding ones belong to the Hymenoptera and Diptera. Waldken (1950) 

stated that 18 percent of 120 field-collected larvae were parasitized 

by Hymenoptera and three percent by Diptera. Ashley (1979) listed 43 

genera of which 16 percent were braconids, 19 percent ichneumonids and 

47 percent tachinids, these accounting for 15, 17 and 53 percent of 

the species, respectively. In Central America eleven parasitic species 

from the above families plus the Eulophidae and Trichogrammatidae have 

been reared from whorlworm eggs and larvae (Andrews 1980). The most 

common species are: Apanteles marginiventris (Cresson) Chelonus 

texanus (Cresson) (Braconidae) (Ashley et al. 1982, Soteres, Berberet, 

and McNew 1984). Butler (1958a and 1958b) reported that ~ texanus and 

Achaetoneura archippivora (Williston) (Tachinidae) are the most 
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In addition to the 

above species on ichenumon wasp, Ophion bilineatus Say (Ichneumonidae), 

Meteorus laphygmae Viereck (Braconidae), Trichogramma minutum Riley 

(Trichogrammatidue) , species belonging to the genus Euplectrus 

(Eulophidae) and the tachinid flies, Winthemia quadripustulata (Fabr.) 

and ~ rufopicta (Bigot) are common and widely spread parasites. In 

1982 Pair and Gross (1984) discovered Diapetimorpha introita (Cresson) 

as the first FAW pupal parasite. 

FAW predators include some Coleoptera, especially tiger 

beetles, and ground beetles such as Calosoma calidum Fab. and C. 

scrutator Fab. Other predators of some value are certain Hemiptera 

such as the spined soldier bug, Podisus maculiventris (Say) and Orius 

insidiosus (Say), which kill the larvae by sucking their bodies dry. 

Birds are perhaps the most widely known of the vertebrates that 

assist in reducing the numbers of the FAW; some of these are the 

English sparrow, chipping sparrow, crow, blackbirds, bluejay, "bluebird, 

yellow-headed blackbird, meadowlark, killdeer and others (listed in 

Luginbill 1928). A number of lizards, frogs, toads and mammals, 

especially the skunk, have been found to consume many FAW, but they are 

of lesser importance in reducing pest populations. 

Cultural Control 

The value of cultural control in reducing FAW damage is well 

known from the early days. Riley (1870) recommended early and late 

fall plowing and keeping the ground clear of all vegetation to reduce 
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FAW attack. Chittenden (1901) suggested that early morning or late 

afternoon rolling with a heavy roller in fields of young grain and on 

lawns might kill many larvae. He also mentioned other methods such as 

trenching, ditching, plowing of deep furrows, crop rotation, and delay 

in planting of wheat or rye. Shallow cultivation of corn and cotton 

with a disk harrow after the larvae have entered the soil for pupation 

was highly recommended by Luginbill (1928). This kills many pupae 

directly or exposes them to sun and natural enemies. Walton and Lugin

bill (1936) and Luginbill (1950) recommended cutting a deep furrow 

directly in front of marching FAW larvae, then killing those that fall 

into it by dragging a log through it, or digging post holes in a furrow 

about every 20 feet, where the larvae could be caught and killed. In 

Central America, according to Andrews (1980), the poorest, small-scale 

farmers may hand pick and/or apply mud to the whorls to destroy the 

larvae. She also reported that farmers have been advised to plant 

maize and sorghum at the full moon to minimize risk of damage to very 

young plants. Using fertilizer to enrich the soil has a positive 

effect on plants injured by the FAW; such plants have a better chance 

of recovering from pest damage (Luginbill 1950). Lynch, Martin and 

Garner (1980) observed that fertilization to stimulate coastal bermuda 

grass fields appears to be a viable method for avoiding FAW damage. 

Chemical Control 

Since the recognition of the importance of the FAW as a serious 

pest of many agricultural crops, many different insecticides have been 
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tested and used to suppress its attack. Some of these chemicals are: 

Paris green, London purple, lead arsenate, zinc arsenite, materials 

which were recommended for use before the discovery of organic insecti

cides (Chittenden 1901, Luginbill 1928, Walton and Luginbill 1936). In 

1947 Kulash (1947) tested benzene hexachloride, DDT and RyonexR on 

soybeans and found that the treated plots gave a ~uch higher yield than 

did the untreated one; however, no significant differences among them 

were found. Hofmaster and Greenwood (1949) reported that DDT, 

parathion and chlorinated camphene would control the FAW larvae. They 

also noted that parathion was the only insecticide tested that killed 

the larvae deep within an ear of corn. Two pounds of wettable powder 

containing 50 percent of either DDT or TOE mi~ed with 40 gallons of 

water per acre, or 1.50 to 2 pounds of toxaphene in 2 gallons of spray 

per acre gave effective control (Luginbill 1950). 

In the 150 l s and 160 l s endrin was found to be effective against 

FAW larvae (Brett 1953, Ruppel 1956 and Daniels 1963). In Mesa, 

Arizona, Ayoade (1965) demonstrated that 14 percent diazinon granules 

(2 lb/acre), endrin (emulsifiable concentrate at 0.6 lb/acre) spray or 

2 percent endrin granules (0.5 lb/acre) adequately controlled the FAW. 

Janes (1975) tested several insecticides including 

tetrachlorvinphos chlorpyriphos and tetrachlorovinphos and obtained 

good FAW control when these were used alone; however, toxaphene was not 

very efective when used alone but gave good control when combined with 

methomyl and methyl parathion. Harrell, Young and Hare (1977) tested 
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six insecticides under heavy population pressure of FAW and found that 

the application of monccrotophos and methomyul with ULV equiment pro

vided much better control than any of the other treatment combinations. 

In Albama, Bass (1978) evaluated several insecticid~s against the FAW 

attacking grain sorghum and peanuts and obtained good control (80% or 

better) with monocrotophos (0.36 lb/acre, AI), methomyl (0.45 lb/acre, 

AI), Bolstar (p.75 lb/acre, AI), acephate (1 lb/acre, AI) and methomyl 

1.25% (NU BaitR) or 0.25 lb/acre, AI. Young (1979, 1980) indicated 

that chlorpyrifos, larvin, monocrotophos and thiodicarb are effective 

in controlling FAW in corn, sorghum and bermudagrass. He (1979) also 

tested insecticides in irrigation water and concluded that this method 

can be effectively used in the application of insecticides. Best 

results were achieved when the insecticides were formulated as oil 

solutions, Gardner, Martin and Schwager (1982) reported that sprayable 

formulations of methomyl 1.8L, permethrin 2E and chlorpyrifos 4E, and 

granular formulations of methomyl and chlorpyrifos significantly sup

pressed FAW in the whorl-stage of grain sorghum. Cypermethrin, 

acephate and thiodicarb similarly demonstrated acceptable control; 

however, permethrin and dicarbosulf baits, carbofuran and fonofos 

granules, fenvalerate sprays, and a commerical spray formulation of 

Bacillus thuringiensis Berliner were ineffective. 

In 1977 cantu and Wolfenbarger (1970) reported that syntehtic 

pyrethroids were toxic to several lepidopteous larvae, including the 

FAW. Permethrin (AmbushR), carbatyl (Sevin 4 oilR) diluted in water 
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and oil, carbaryl (Sevin 80% S R) and methomyl (Lannatel R) were tested 

on pasturegrass in Florida against the FAW; all of them caused signifi

cant mortality (85 to 100) within 24 hours (Anonymous 1977). In the 

laboratory Gist and Pless (1985) tested nine synthetic pyrethroids for 

toxicity to third and sixth instar FAW and found all of them to be more 

toxic than diazinon. However, Harrell, Young and Hare (1977) noted 

that synthetic pyrethroids at doses that control other insects are not 

effective against the FAW. Bass (1978) reported that two synthetic 

pyrethroids (Ambush R 0.10 Lb/acre, AI and pydrin R 0.10 Lb/acre, AI) 

failed to give acceptable control in grain sorghum. In Central America 

synthetic pyrethroids have been tested experimentally and in some cases 

have given control comparable to that of phoxim (Andrews 1980). 

Carbaryl, trichlorfon, methyl and ethyl parathion, diazinon, and 

methomyl are the insecticides approved by the Environmental Protection 

Agency for FAW control on corn, sorghum and pastures (Young 1979). 

Leeper (1984) tested LannateR (97% methomyl) against FAW larvae 

collected in seven states from seven different crops and found that the 

FAW remains highly susceptible to methomyl throughout its range in the 

United States. In Central America phoxin is probably the most widely 

used compound for whorlworm control at present, and methomyl is often 

applied as a spray on larger farms, while small-scale farmers still use 

aldrin and heptachlor (Andrews 1980). 

As mentioned earlier, the FAW is capable under favorable condi

tions of building up very high populations which can be spread over 

large areas of cultivated land and cause serious crop losses. In such 
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situations many growers rely on insecticides as their strategic 

defense. The heavy, repeated and extensive use of insecticides without 

regard to the complexities of ecosystems has brought FAW populations 

under heavy chemical pressure which has resulted in the development of 

resistant strains. Also it has produced detrimental effects on plants, 

humans and wildlife, nullifying natural control, inducing outbreaks of 

secondary pests and increasing insecticidal costs. For instance, 

resistance to insecticides for control of the FAW has been shown for 

trichlorfon, diazinon, methyl and ethyl parathion (Bass 1978), 

carbaryl, trichlorfon, and methomyl (Young 1979, Young and McMillian 

1979). In Central America FAW larvae have shown a high leve1 of 

resistance to aldrin and methomyl (Andrews 1980). 

Misuse of insecticides has caused detrimental effects on 

plants, including general phytotoxicity and delays in growth and 

maturation (Martin, Wiseman, and Lynch 1980). Insecticidal treatments 

do not always result in increased crop yields (Marshall and Martain 

1980). Martain, Wiseman and Lynch (1980) reduced FAW population 

densities from ca. 0.2 larvae/plant to a significantly lower, non

detectable level, with no yield increase. 

The high FAW mobility and its annual invasion and re

e~tablishment often make it difficult to prevent damage without the 

wise use of insecticides. Consequently, more satisfactory methods of 

control with few or no ecological problems are needed. One such method 

involves the development and release of resistant plant varieties 

(Gallun, Starks and Guthrie 1975). 
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Host Plant Resistance 

General 

In nature, plants respond to insect attack differently 

depending upon their natural resistance. Varieties that are inherently 

less infested or less damaged than others under similar environmental 

conditions have been called resistant (Painter 1958). In order to be a 

useful character, resistance must be inherited and its level may, but 

not always, does change if the environmental conditions change (Painter 

1968). Painter (1951) classified resistance according to the following 

groups: immunity, high resistance, moderate resistance, low level 

resistance, susceptibility, and high susceptibility. Painter (1951, 

1958, 1968) also categorized the plant mechanisms of resistance 

according to three types: (1) preference or non-preference, (2) anti

biosis, and (3) tolerance. Preference or non-preference is used when 

an insect is attracted to or repelled by a particular plant because of 

certain characteristics. The insect response thus leads it either to 

use or to avoid certain plant varieties for food, oviposition, shelter, 

or for any combination of these. Antibiosis refers to characteristics 

of the host that tend to "prevent, injure, or destroy (insect) life." 

Feeding (by insects) on unfavorable varieties may result in smaller 

size, shortened life, reduced fecundity, and/or an increase in 

mortality. Tolerance is the ability of a host to continue growing, 

reproducing or replacing the insect-damaged parts in spite of its 
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supporting a pest population that would cause economically significant 

damage to a susceptible variety. 

The development of cereal crops that resist specific insect 

pests was the goal of entomologists and plant breeders as early as 1782 

when "Underhill" wheat was found to be resistant to the Hessian fly, 

Mayetiola destructor, in New York (Gallun, Starks and Guthrie 1975). 

Since then there have been extensive searches for resistant varieties 

of most of our major crop plants, particularly after the development of 

resistance in insects to insecticides. Sprague and Dahms (1972) stated 

that over 100 cultivars resistant to more than 25 species of arthropod 

pests had been developed and released to commercial production by 1972, 

and most of this effort was directed toward major forage and grain 

crops, such as alfalfa, barley, beans, corn, rice, sorghum, wheat and 

others. 

It is generally agreed that resistant varieties are the most 

effective and- ideal method of combating- insects that attack crop plants 

(Luginbill 1969, Painter 1969, Wiseman, et al. 1984). It is one of the 

least expensive methods (Painter 1968), and saves agriculture millions 

of dollars annually. For instance, the use of resistant sorghum, corn, 

barley and alfalfa during 1970 made unnecessary an additional input of 

63 million lb. of insecticide that would have been needed had 

susceptible cultivars been grown (Tingey 1981). Breeding resistant 

varieties has also improved crop quality (Painter 1968) and enhanced 

the efficiency of some insect parasites (Starks, Muniappan and 

Eikenbary 1972). 
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However, very little information of any kind is available on 

plant resistance to the FAW (Wiseman and Davis 1979). Several authors 

have noted that the FAW has been studied less from an insect-plant 

relationship than most other economically important insect pests (Wise

man, Wassam and Painter, 1967, Wiseman and Davis 1979). 

Resistance of Corn to the Fall Armyworm 

Efforts to identify useful sources of armyworm resistance in 

corn, and the investigation of its inheritance have been intensified in 

recent years (Williams, Davis and Scott 1978), particularly by the USDA 

and its support of state agricultural stations, the International 

Maize and Wheat Improvement Center (CIMMYT) in Mexico, and other 

countries (Davis 1980). In the Director's Report of the Mexican agri

cultural program (Anonymous 1959) IGuerrero 169 1 ,IGuerrero 115 1, 'Cuba 

30 1, and IYucatan 151 were cited as the varieties least injured by the 

FAW. In another investigation in Mexico in 1964 (Anonymous 1965) 

'Antigua 20 1, 'Antigua 80 1, and 'Zapalote Chico ' lines were found to be 

resistant to the FAW. 

Brett and Bastida (1963) indicated that resistance of sweet 

corn varieties to the FAW was largely due to plant vigor or tolerance. 

Wiseman, Painter and Wassam (1966) tested several corn lines for seed

ling resistance and found that 'Antigua 2Dx (B10XB14)', and 'Hybrid 

6417 1 were the most resistant. Resistance in Antigua 2D can be in

creased or decreased simply by the manipulation of fertilizer (Wiseman, 

Leuck and MCMillian 1973). 
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In Kansas in 1964, Wiseman, Wassom, and Painter (1967) tested 

81 Latin American lines of corn at maturity and found that 'Cuba 

Honduras 46-J ' and 'Eto Amarillo ' were the least damaged, although 

they stated that the Antigua line probably carries a higher degree of 

resistance. In another investigation Wiseman, Painter, and Wassom 

(1967) observed that corn was highly preferred over Tripsacum 

dactyloides (L.) which was more resistant then 1120 lines of 'corn 

tested at the seedling stage in the greenhouse. Wiseman and Davis 

(1979) stated that no FAW egg masses or feeding have ever been observed 

in the plots of Tripsacum varieties grown at CIMMYT in Mexico or at 

Tifton, GA. Scott et al. (1977) released a resistant germplasm (Mp496) 

that has Antigua Gp2 in its background and withstands tremendous 

pressure from FAW. They also reported that resistant hybrids yielded 

at least twice as much as susceptible commercial hybrids planted late 

in the summer. 

In a laboratory study conducted to determine the mechanisms of 

resistance of selected corn genotypes to FAW, Wiseman, Williams and 

Davis (1981) indicated that the resistance of Antigua 2D-118 was mainly 

non-preference, and that MpSWCB-4 had the highest level of resistance 

to the FAW, with both non-preference and antibiosis expressed. The 

fresh weight of FAW larvae and the amount of leaf tissue consumed by an 

individual larva were significantly less for the larvae fed on 'MpSWCB-

4 1 than on the susceptible genotype 'Cacohuacintle XISI (Isenhour, 

Wiseman and Widstrom 1985). 
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Widstrom, Wiseman and McMillian (1972) produced a dialled cross 

of eight inbred maize lines and their Fl progeny and evaluated it for 

FAW injury. They found that the general combining ability effects were 

highly significant. They concluded that dominance and/or specific 

combining ability were relatively unimportant in conditioning 

resistance. Williams, Davis and Scott (1978) tested a dialled cross of 

nine inbred corn lines and evaluated for response to leaf-feeding by 

the FAW in a natural infestation in 1976 and 1977. They found that the 

mean leaf-feeding damage ratings for resistant x resistant, resistant x 

susceptible, and susceptible x susceptible crosses were respectively, 

5.48, 6.16, and 7.22 in 1976 and 1.50, 2.02, and 2.83 in 1977 (O-no 

visible damage; 9 - plant destroyed). 

Resistance of Sorghum to the Fall Armyworm 

Sorghum is an extremely variable plant species and is interefer 

attractive for breeding programs to develop insect resistant varieties 

(Wiseman and Davis 1971, Teetes 1980). However, it has received less 

attention than corn, peanuts or bermudagrass (Wiseman, Davis, and 

Compbell 1980). Apparently the only sustained search and breeding 

programs for identifying and developing sorghums, resistant to the FAW 

are those carried out by the Southern Grain Insect Research Laboratory 

at Tifton, GA., CIMMYT in Mexico and a special research center in 

India. 

Mayo and Chada (1969) (cited by Young 1979) screened 355 Indian 

sorghums in both greenhouse and field for FAW resistance, and found six 
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that had low damage ratings. In Georgia in 1966, McMillian and Starks 

(1967) screened 30 sorghum lines in the greenhouse for leaf resistance 

to FAW larvae and found that highly significant differences among lines 

existed. Roberson, Wiseman and McMillian (1978)' developed a new 

infestation procedure which can be used for identifying resistance 

sources in a short period. They also found 'Huerin Inta l to be highly 

susceptible to FAW. In Tifton, GA., scientists are in the process of 

screening seedlings of some 4,000 entries from a world collection, for 

a source of higher resistance (Davis 1980). Guiragussian, Mihm, and 

Iruegas (1981), tested two hundred diverse sorghum genotypes and found 

that there is no relationship between hydrocyanic acid content and 

resistance to the FAW. In Mississippi in 1980 Schwager and Pitre 

(1981) evaluated twenty-five sorghum lines for 

physiological and morphological characteristics, 

occurring populations of the FAW. They observed 

a wide 

using 

few 

range of 

naturally 

significant 

differences in cumulative leaf-feeding damage among the entries. Wise

man and Gourley (1982) developed a system for infesting sorghum 

seedlings in the greenhouse or the whorl stage in the field. They 

identified respectively 'SGIRL-MRI' (used in the present study) and 

11821 c.m.', as susceptible and moderately resistant varieties which 

standards for studying sorghum resistance. Teets (1980) listed 'Freed 

could be used as PI29166 1 as a resistant variety (also used in this 

study). Schwager, Pitre, and Gourley (1984) evaluated 25 sorghum lines 

selected for a wide range of physiological and morphological 
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characteristics, for FAW leaf-feeding resistance under field condi

tions. However, none of the sorghums demonstrated acceptable levels of 

resistance. 

Host plant resistance is essential for the best integrated 

control approach. 

(Wiseman 1981), it 

Since it aids in reducing losses from this pest 

is urgent that more effort go directly toward 

searching for, identifying, developing, breeding and releasing FAW

resistant varieties world wide. Host plant resistance provides the 

most useful and economical method of FAW control. 



CHAPTER III 

MATERIALS AND METHODS 

Production of FAW Larvae for Infestations 

FAW eggs were obtained from the Insect Biology and Population 

Management Research Laboratory, U.S.D.A, Tifton, Georgia, during the 

spring of 1983 and 1984, and maintained at the Department of 

Entomology's Cotton Insects Laboratory in Tucson, Arizona. The eggs 

were placed on a small piece of screen above a 2-cm layer of a modified 

lima bean diet (Patana 1977; Appendix 1) contained in clear plastic 

shoe boxes (9.5x17.1x31.8 cm). This allowed the eggs to complete their 

development and the larvae to reach the diet as they hatched. The 

smooth diet surface was roughened with a spatula, thus creating many 

grooves to separate the larvae while providing more feeding surfaces 

for them. A paper towel was placed over the top of each box just 

beneath the lid. These boxes were kept in a rearing room at 29+1 0C 

with a 16:8 (light:dark (L:D) photoperiod. No adjustments were made 

for humidity, which fluctuated between 30 and 40 percent in the room. 

Three to four second-instar larvae were transferred with a small 

camel's hair brush to 29.6-ml (1 oz.), clear plastic cups. Each cup 

was half-filled with the same diet and capped with paper lids. The 

larvae were kept in these cups until they pupated. 

38 
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Later, pupae were transferred to 3.8-liter (one gallon) glass 

jars at 20 per jar. These jars contained a screen floor over a layer 

of crumpled paper towels to absorb excess moisture, and were covered 

with a double layer of cheesecloth. Glass and polyethelene tubes, 

corked at one end and filled with a 5-percent sucrose solution, were 

inverted through the cheesecloth to serve as the ad~lt food source. 

Strips of paper toweling were provided as oviposition sites for 

emerging females. The egg strips were removed daily once oviposition 

had begun and egg masses were transferred to the plastic shoe boxes 

described above. 

Field Trials 

Eight Yemeni sorghum cultivars were obtained from Dr. Robert L. 

Voigt, Director, Sorghum and Millet Research Project, Department of 

Plant Sciences, University of Arizona. They represent different 

climatic growing conditions ranging from ca. 250 to 2,200 m above sea 

level (Figure 1, Table 1). Two American cultivars were obtained from 

Dr. Billy R. Wiseman, USDA-ARS, Southern Grain Insect Research Labora

tory, Tifton, GA: 'FREED (PI 29 166)1, considered to be resistant, and 

'SGIRL-MRll, considered to be susceptible to the FAW. 

The tests were conducted at the University of Arizona Campus 

Agricultural Center, Tucson, Arizona, on Gila fine sandy loam. The 

experimental design was a randomized complete block arranged in split

split plots with four replications of each. The main plots contained 



40 

the varieties, the subplots the two planting dates, and the final 

subplots the two infestation dates. 

Early plantings of the sorghum were made on May 22, 1983, and 

May 26, 1984, and late plantings on July 21, 1983 and July 24, 1984. 

Planting was done with a hand planter (JAB) at the rate of 3-4 seeds 
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FIGURE 1. The Yemen Arab Republic with Solid Circles 
Showing Areas from Which the Yemeni Sorghum Cultivars were Selected. 



Sample Elevation Grain Head Head I-kiQht Grain Glume Glume to 
tlo. Location Iml Color form2 Type,g Head;g W<::lght,g Color~ Seed f(dtio 

b H~rIiRAN 1.150 LR E SL 16 14 6 30~ 

10 rullBA 2.000 R E. L 65 !i~ B ao~ 

aID IBB 2.000 R G C 93 1~ m-l 30~ 

a.J2 kElliAH 2.200 W U C l.Ju 115 (j~-l .JOl 
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1. Grain Color - abbreviation: LR=Light Red. R=Red, W:White, Y=Yellow 
2. Head form - abbreviation: E=Erect. G=Recurved 
3. Head Tlpe - abbreviation: SL=Semi-Loose. L=Loose. C=Compact 
.J. Glume olor - abbreviation: B~Black DW=Dark White R=Red. LV=Liqht Yellow. {=Vellow 
5. Glume Hairy - abbreviation: PH=Partly Hairy, 301.; Stl=Seml Hairy, -50l; fH=fully Hdiry, 601-10~. 

~~oigt and El-Lakany, 19B1. 

Table 1. Variation in Characteristics of the Yemeni 
Cu1tivars Used for Evaluation Resistance to the FAW*. 
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per hole and 25 cm. apart within each row. A single row, 3.75 m long, 

constituted an experimental plot. Approximately 75 cm were left as a 

buffer between replications. Three days after emergance, plants were 

thinned to one per hole. No fertilizer or any chemicals were applied. 

Plants to be used for late infestation were protected from possible 

wandering larvae by barriers constructed from plastic cups (946 m1) 

with the bottoms removed. The cups were placed around the plants and 

inserted to about 4 cm in the soil. 

When the plants were five days old, five first-instar FAW 

(laboratory reared) larvae were placed in the whorl of each early 

infested plant with a camelis hair brush. All infestations were done 

in the morning and afternoon in order to reduce factors (wind, direct 

sunlight, etc.) which might interfere with larval establishment. Ex

cept for occasional routine observations, the plots were not disturbed. 

Late infestations were made when the plants were 29 to 30 days old, 

using the same dosages and method of application. Two weeks after each 

infestation, leaf damage was visually rated from 0 to 9 (Wiseman and 

Davis, 1979) where 0 equals no damage and 9 signifies complete 

destruction of a plant. During 1984 all materials and methods were 

the same as for 1983 except that the number of larvae per plant was 

increased to ten. 
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Statistical Analysis· of Data 

Data from these experiements were analyzed by the analysis of 

variance (MANOUA). Duncan's multiple range test (SNK) was used to 

determine differences between the means of leaf feeding damage. In all 

tests, significance was determined at the 0.05 level of confidence. 

Processing of data was performed on Control Data Corporation's 

CYBER175. A well known statistical package, SPSS (Statistical Package 

for the Social Sciences) was used to obtain descriptive statistics and 

analyses of variance. 

The dependent variable, leaf damage, was transformed to 

stabilize the variance. A Log transformation was used as a way of 

reducing the correction between the mean and variance among the ten 

cultivars. The assumption of a constant variance in the analysis of 

variance is enhanced by such a transformation. For example, a ratio of 

maximum to minimum variance was changed from 5.30/.37 (untransformed) 

to .465/.110 (transformed). The coefficient of concordance (Winer 

1971) was used for year/rank comparisons. 



CHAPTER IV 

RESULTS 

Source of Variation 

The analysis of variance on the values of sorghum-leaf damage 

included three main sources of variation: cultivar (V), Planting date 

(P), and infestation time (I) as well as the combinations V+D, V+I,D+I 

and V+D+I. Four of the seven sources of variation showed a significant 

amount of leaf damage in 1983 at the 0.01 level (Table 2), while six of 

the seven sources of variation showed a significant amount of leaf 

damage in 1984 at the 0.01 level (Table 3). 

Evaluation of Yemeni Sorghum Cultivars 

Early Planting/Early Infestation Regime 

Resistance of the test cultivars was measured relative to the 

highly resistant check cultivar 'FREED' (McMillian and Starks 1967 and 

Teetes 1980). Susceptibility of the test cultivars was measured rela

tive to the susceptible check variety 'SGIRL-MR1' (Wiseman and Gourley 

1982). Cultivars expressing less resistance than 'FREED' were 

considered to have minimum or no resistance. 

Table 4 gives the damage rating differences found among early 

planted/early infested sorghums for 1983 based on Duncan's multiple 

45 
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Table 2. Analysis of Variance for Leaf-Feeding Damage 
by the FAW on Ten Sorghum Cultivars (V) at 

Two Planting Dates (P) and Two Infestation Dates (I) (1983). 

Source Mean 
of Variation d. f. Square F Significance 

Cultivar 9 0.267 * 21.128 0.000 

Errof1 30 0.012 

* Planting Date 1 0.240 12.169 0.002 

VxO 9 0.023 1.159 0.355 

Error 2 30 0.020 

* Infestation 1 5.980 410.810. 0.000 

* VxI 9 0.040 2.778 0.009 

DxI 1 0.059 4.073 0.048 

VxDxI 9 0.028 1.944 0.063 

Error a (with 
Resid al) 60 0.015 
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Table 3. Analysis of Variance for Leaf-Feeding Damage by 
the FAW on Ten Sorghum Cultivars at Two Planting Dates (P) and 

Two Infestation Dates (I) (1984). 

Source Mean 
of Variation d. f. Square F Si gnificance 

V 9 0.626 59.252 0.000 * 

Error1 30 0.011 

* 0 1 1.155 104.718 0.000 

VxD 9 0.034 3.082 0.010 

Error 2 30 0.110 

* I 1 30.636 3613.659 0.000 

* VxI 9 0.179 21.054 0.000 

* DxI 1 0.152 17.892 0.000 

* VxDxI 9 0.042 4.976 0.000 

Error
a 

(with 
Resid al) 60 0.009 



Table 4. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Early Planted/Early Infested 

Sorghum (1983) by SNK Method. 

Rank Cultivar Mean Damage Rating 1 

1 IBB 0.42 a2 

2 TURBA 0.79 b 

3 HAIDRAN 0.81 b 

4 FREED 0.86 b 

5 REIDAH 0.91 b 

6 MOUZA 0.96 b 

7 ALBAIDA 1.19 be 

8 AMRAN 1.20 be 

9 SGIRL-MR1 1.32 be 

10 ALMAHWIT 1.50 c 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of confidence. 
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range test (SNK). It is obvious that cultivar 'IBB' proved more highly 

resistant than the rest of the cultivars, including 'FREED'. Cultivar 

'ALMAHWIT' showed the highest degree of susceptibility, followed by 

'SGIRL-MR1', 'AMRAN', and 'ALBAIDA'. However, in 1984 (Table 5), when 

the number of FAW larvae per plant was increased from 5 to 10, cultivar 

'TURBA' received the least damage of all cultivars, followed by 'IBB', 

'MOUZA,' and 'HAIDRAN'. 'FREED' was less susceptible than 'SGIRL-MR', 

'ALMAHWIT', and 'AMRAN', which received the greatest amount of damage. 

There were significant differences between 'FREED' and 'HAIDRAN', 

'REIDAN', and 'ALBAIDA'. 

Early Planting/Late Infestation Regime 

In 1983 when the sorghum cultivars were infested 30 days after 

emergence, 'HAIDRAN', 'IBB', and 'TURBA' were observed to have signifi

cantly less leaf-damage than 'ALBAIDA', 'AMRAN', and 'SGIRL-MR1' which 

received the most damage (Table 6) • Even though there were no 

statistical great differences between 'FREED' and 'SGIRL-MR' in this 

case, 'FREED' was significantly less susceptible than 'ALBAIDA' or 

'AMRAN' which was highly susceptible in the early planting/early 

infestation groups. Again, in 1984 (Table 7) 'HAIDRAN' showed the 

highest degree of resistance of all cultivars, followed by 'TURBA' and 

'FREED' with less damage than 'MOUZA', 'SGIRL-MR1' or 'ALMAHWIT'. As 

with the 1983, early planted/early infested sorghums, 'ALBAIDA' and 

'AMRAN' received significantly more damage than the rest of the 

cultivars. 



Table 5. Mean Separation of Ratings "for Leaf-Feeding 
Damage by FAW on Early Planted/Early Infested 

Sorghum (1984) by SNK Method. 

Rank Cultivar Mean Damage Rating 1 

1 TURBA 1.55 i 

2 IBB 2.09 b 

3 MOUZA 2.11 b 

4 HAIDRAN 2.59 bc 

5 FREED 2.79 cd 

6 REIDAH 2.90 cd 

7 ALBAIDA 3.28 d 

8 AMRAN 3.98 e 

9 ALMAHWIT 4.02 e 

10 SGIRL-MR1 4.16 e 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of confi dence • 
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Table 6. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Early Planted/Late Infested 

Sorgh.um (1983) by SNK Method. 

Rank Cult i var Mean Damage Rating 1 

1 HAIDRAN 0.09 a2 

2 IBB 0.20 a 

3 TURBA 0.21 a 

4 MOUZA 0.29 ab 

5 FREED 0.31 ab 

6 REIDAH 0.36 abc 

7 ALMAHWIT 0.40 abc 

8 SGIRL-MRI 0.62 bcd 

9 AMRAN 0.68 cd 

10 ALBA IDA 0.80 d 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of con fi dence • 
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Table 7. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Early Planted/Late Infested 

Sorghum (1984) by SNK Method. 

Rank Cultivar Mean Damage Rating 1 

1 HAIDRAN 0.14 a2 

2 TURBA 0.41 b 

3 FREED 0.44 b 

4 IBB 0.54 bc 

5 REIDAH 0.56 bc 

6 MOUZA 0.76 . c 

7 SGIRL-MRI 0.80 c 

8 ALMAHWIT 1.08 d 

9 AMRAN 1.36 de 

10 ALBAIDA 1.56 e 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of confidence. 
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Late Planting/Early Infestation Regime 

Table 8 lists the mean damage by FAW larvae to late 

planted/early infested sorghums. Leaf damage for 'TURBA' was signifi

cantly lower than for 'FREED'. However, all cultivars received less 

damage than 'SGIRL-MR1' which is also significantly different from 

'FREED', 'IBB', 'HAIDRAN', and 'REIDAH' received less damage than 

'FREED' but not significantly so. Meanwhile, 'MOUZA', 'ALMAHWIT', 

'AMRAN', and 'ALBAIDA' received less damage than 'SGIRL-MR1' but here 

also the differences were not significant. 

According to Table 9 for 1984 cultivar 'TURBA' still exceeds 

the level of resistance for 'FREED', although the number of larvae per 

plant had been increased to 10. At the same time, the data show that 

there is a significant difference in damage rating between the 

resistance cultivar (FREED) and the susceptible one (SGIRL-MR1). But 

there is 

'ALMAHWIT' 

no signficant difference between 

or 'AMRAN'. Also, there is no 

'FREED' and 'ALBAIDA', 

significant difference 

between 'TURBA' and 'IBB' or 'HAIDRAN'. 'MOUZA' and 'REIDA' were less 

significantly damaged than 'FREED'. Again, 'SGIRL-MR1' proved to be 

the least resistant among cultivars tested and sustained significantly 

more damage than even those non-resistant cultivars, 'AMRAN', 

'ALMAHWIT', and 'ALBAIDA'. 



Table 8. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Late Planted/Early Infested 

Sorghum (1983) by SNK Method. 

Rank Cultivar Mean Damage Rating1 

1 TURBA 0.46 a2 

2 IBB 0.52 ab 

3 HAIDRAN 0.75 ab 

4 REIDAH 0.83 ab 

5 FREED 0.87 bc 

6 MOUZA 0.89 cd 

7 ALMAHWIT 1.01 cd 

8 AMRAN 1.09 cd 

9 ALBAIDA 1.09 cd 

10 SGIRL-MRI 1.57 d 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2Means followed by the same letter are not 
significantly different at the 0.05 level 

of confidence. 
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Table 9. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Late Planted/Early Infested 

Sorghum (1984) by SNK Method. 

Rank Cult i var r~ean Damage Rating 1 

1 TURBA 1.41 a2 

2 IBB 1.50 a 

3 HAIDRAN 1.67 ab 

4 REIDAH 2.05 b 

5 MOUZA 2.12 b 

6 FREED 2.94 c 

7 ALBA IDA 2.96 c 

8 ALMAHWIT 3.06 c 

9 AMRAN 3.19 c 

10 SGIRL-MRI 5.39 d 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of confidence. 
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Late Planting/Late Infestation Regime 

The mean damage ratings obtained during 1983 (Table 10) f.or 

late planted/late infested sorghums showed that both cultivars 

IHAIDRAN 1 and ITURSA 1 were significantly different from IMOUZA 1 and 

IALSAIDAI. The remaining cultivars showed intermediate damage ratings. 

IHAIDRAN 1 and IISSI received less damage than IFREEDI but not signifi

cantly less. Also, there was no significant difference between IFREEDI 

and ISGIRL-MR11 even thcJgh the former appeared less damaged. In 1984 

(Table 11) IHAIDRAN 1 was the most resistant cultivar, followed by 

ITURSA 1, IFREEDI, and IREIDAHI; however, IALSAIDA 1 remained the most 

susceptible cultivar followed by 1 AMRAN 1 • Again, there was no signifi

cant difference between IFREEDI and ISGIRL-MR11 despite the fact that 

the latter received more leaf damage. The late planted/late infested 

sorghums had the lowest leaf damage of the four conditions tested. 

The mean score for all treatments in 1983 indicated that IISSI, 

ITURSA 1, and IHAIDRAN 1 received the least leaf damage and were there

fore the most resistant cultivars (Table 12). There was a highly 

significant difference between IFREEDI and ISGIRL-MRll. In 1984, with 

10 instead of 5 larvae per plant, ITURSA 1 and IHAIDRAN 1 were the most 

resistant cultivars followed by IISSI then IMOUZA 1, IREIDAHI, and 

IFREEDI which were, at the same time, significantly different from 

IIBS1(Table 13). In both years, ITURSA 1 performed significantly better 

than the other resistant cultivars. ISGIRL-MR1 1, IAMRAN 1, 1 ALMAHWIT 1 



Table 10. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Late Planted/Late Infested 

Sorghum (1983) by SNK Method. 

Rank Cultivar Mean Damage Rating 1 

1 TURBA 0.07 a2 

? HAIDRAN 0.08 a .... 

3 IBB 0.13 ab 

4 FREED 0.19 ab 

5 REIDAH 0.19 ab 

6 SGIRL-MR1 0.21 ab 

7 AMRAN 0.27 ab 

8 ALMAHWIT 0.27 ab 

9 ALBAIDA 0.45 b 

10 MOUZA 0.58 b 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of confidence. 
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Table 11. Mean Separation of Ratings for Leaf-Feeding 
Damage by FAW on Late Planted/Late Infested 

Sorghum (1984) by SNK Method. 

Rank Cultivar Mean Damage Rating 1 

1 HAIDRAN 0.07 a2 

2 TURBA 0.24 b 

3 FREED 0.26 b 

4 REIDAH 0.27 b 

5 MOUZA 0.33 bc 

6 IBB 0.38 bc 

7 SGIRL-MR1 0.39 bc 

8 ALMAHWIT 0.47 bc 

9 AMRAN 0.56 cd 

10 ALBAID 0.72 d 

1 These values are untransformed; the groups 
(a,b,c,d,e) on mean separation 

are based on transformed values. 

2 Means followed by the same letter are not 
significantly different at the 0.05 level 

of confidence. 
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Table 12. Rank of Ten Sorghum Cultivars Based on 
Their Resistance or Susceptibility to the FAW (1983). 

Source of 
Rank Cultivar Cultivar Mean Damage Rating 

1 IBB YAR 0.319 a 
resistant) 

2 TURBA YAR 0.381 a 

3 HAIDRAN YAR 0.431 ab 

4 FREED USA 0.556 bc 

5 REIDAH YAR 0.572 bc 

6 MOUZA YAR 0.677 cd 

7 ALMAHWIT YAR 0.793 cd 

8 AMRAN YAR 0.810 de 

9 ALBAIDA YAR 0.881 e 

10 SGIRL-MR1 USA 0.918 e 
(most 

susceptible) 
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1 The values in this column are untransformed: the groups (a,b,c,d,e) 

indicating mean separation were calculated from transformed values. 



(most 

Table 13. Rank of Ten Sorghum Cultivars Based on 
Their Resistance or Susceptibility to the FAW (1984). 

Source of 
Rank Cultivar Cultivar Mean Damage Rating 

1 TURBA YAR 0.904 a 
resistant) 

2 HAIDRAN YAR 1.117 a 

3 IBB YAR 1.129 b 

4 MOUZA YAR 1.330 c 

5 REIDAH YAR 1.445 c 

6 FREED USA 1.606 c 

7 ALBAIDA YAR 2.131 d 

8 ALMAHWIT YAR 2.151 d 

9 AMRAN YAR 2.272 d 

10 SGIRL··MR1 USA 2.684 d 
(most 

susceptible) 
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1 The values in this column are untransformed: the groups (a,b,c,d,e) 

indicating mean separation were calculated from transformed values. 
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Comparison Between Years 

It would have been useful to compare leaf damage for the two 

years, 1983 and 1984, but the conditions for the field experiments were 

not the same. The number of larvae per plant in 1984 (10) was twice 

the dosage of 1983. Because of this change in infestation rate, a 

combined analysis of variance within years was not performed. 

The effect of year, if any, was considered through a ranked 

comparison using the coefficient of concordance (Winer 1971). It was 

found (Table 14) that there is agreement among the eight conditions, 

and that the value of the coefficient is 0.82, which is highly signifi

cant. 

Individual Comparison of Treatments 

All cultivars were also independently evaluated to see how each 

one reacted under each treatment. Figure 2a shows the mean leaf damage 

to ISGIRL-MR11 under the four test conditions (early planting/early and 

late infestation and late planting/early and late infestation) during 

1983. The figure indicates more damage on late planting/early infesta

tion than on early planting/early infestation. It follows that less 

damage occurs on late planting/late infestation, followed by early 

planting/late infestation. Results were similar in 1984 (Figure 2b) 

except that the mean leaf damage for all treatments was higher. This 

might be a result of the number of FAW larvae per plant having been 

increased from five in 1983 to ten in 1984. 



Table 14. Ranking of Sorghum Cultlvars for the Eight 
Conditions Tested • 

1983 1984 

Date 1 Date 2 Date 1 Date 2 Mean 
Rank 

Cultivar II 12 II 12 II 12 11 12 

TURBA 2 3 2 2 2 2 1 2 1.625 

HAIDRAN 3 1 3 2 4 1 3 1 2.250 

IBB 1 2 2 3 2 4 2 6 2.750 

FREED 5 5 5 4 5 3 6 3 4.500 

REIDAH 4 6 4 5 6 5 4 4 4.750 

MOUZA 6. 4 6 10 3 6 . 5 5 5.625 

ALMAHWIT 10 1 7 8 9 8 8 8 8.125 

SGIRL-MR1 9 8 10 6 10 7 10 7 8.375 

ALBAIDA 7 10 9 9 7 10 7 10 8.825 

AMRAN 8 9 8 7 8 9 9 9 8.375 

1 The conditions tested were year; dates 1 and 2, early 

and late planting dates; II and 
12' early and late infestation 
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Standard 
Deviation 

0.744 

1.165 

1.581 

1.069 

0.886 

2.066 

0.991 

1.598 

1.408 

0.744 

times. 
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Figure 2c shows the mean leaf feeding damage to the resistant 

cultivar 'FREED' from the United States under the four conditions 

tested. Differences in damage between early planting/early infestation 

and late planting/early infestation are not quite so pronounced as in 

SGIRL-MR1 above. In 1984 (Figure 2d) the cultivar received the least 

leaf damage at late planting/late infestation. As with SGIRL-MR1, the 

1984 tests sustained heavier damage in all treatments than those of 

1983. This is also probably for the same reason mentioned above. In 

both years cultivar 'FREED' was much less damaged at early 

planting/early infestation than at late planting/early infestation, 

while the least leaf damage were observed in the late planting/late 

infestation test. 

'ALMAHWIET ' (Figures 3 a and b), 'AMRAN ' (Figures 3 c and d), 

'RAIDA' (Figures 4 a and b), and 'AIBAIDA' (Figures 4 c and d) all 

responded in a similar manner to FAW attack at each treatment, with 

early planting/early infestation receiving the greatest damage followed 

by late planting/early infestation, then early planting/late infesta

tion. The least damaged plants were found at late planting/late 

infestation. 

However, cultivar 'MOUZA ' reacted differently from the above 

cultivars. Figure Sa (1983) shows that early planting/early infesta

tion and late planting/early infestation received almost the same 

amount of leaf damage. But late planting/late infestation damage was 
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Rating runs from a (no damage) to 9 (complete destruction of plant 
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heavier than that of early planting/late infestation. In 1984 (Figure 

5b) this cultivar had just slightly more leaf damage at late 

planting/early infestation than plants of early planting/early infesta

tion; late planting/late infestation received the least damage. 

Figure 5c shows the responses of cultivar 'TURBA ' to the test 

conditions during 1983. FAW larval damage was highest at early 

planting/early infestation, followed by late planting/early infesta

tion, with the least at late planting/late infestation. During 1984 

(Figure 5d) similar results were obtained. In 1983 cultivar 'IBB' 

(Figure 6a) received the most damage at late planting/early infestation 

and the least at late planting/late infestation. Early planting/early 

infestation resulted in heavier damage than early planting/late 

infestation. In 1984 (Figure 6b) the results were similar for early 

planting/late infestation and late planting/late infestation. However, 

late planting/early infestation was found to be less damaged than early 

planting/early infestation. 

Figure 6c (1983) and 6d (1984) show the amount of leaf damage 

by FAW larvae to cultivar 'HAIDRAN ' for the four treatment conditions. 

In both years early planting/early infestation resulted in the highest 

damage, followed by late planting/early infestation, then early 

planting/late infestation and finally, late planting/late infestation. 

In general, all cultivars received the least damage at late 

planting/late infestation followed by early planting/late infestation. 
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At early planting/early infestation the Yemeni sorghum cultivars were 

severely damaged, followed by late planting/early infestation. 

However, the United States cultivars gave the opposite results with 

more damage at late planting/early infestation followed by early 

planting/early infestation. 

It was observed for all cultivars that, when the number of FAW 

larvae per plant was increased from five to ten, the mean leaf damage 

among treatments was more widely separated and easily detectable. This 

is particularly noticeable between early planting/early infestation and 

late planting/late infestation. Mean leaf damage values for all ten 

cultivars are presented in Appendices 4 (1983) and 5 (1984). 



CHAPTER V 

DISCUSSION 

The results of these studies demonstrate that FAW larvae react 

very differently to different plant cultivars. Unexpectedly, Yemeni 

cultivars collected from the southern part of the country ('HAIDRAN,' 

TURBA', and 'IBB') showed more resistance to FAW attack than those 

collected from the northern ('AMRAN ' , 'ALMAHWIT ' , and 'RAIDAH'), and 

eastern parts ('ALBAIDA'). Cultivar 'MOUZA ' , brought from the coast, 

behaved differently under each treatment in both years. 

The southern part of the Y.A.R. is an area where sorghum is the 

predominant crop and numerous cultivars have been grown for thousands 

of years. It also contains more diverse germplasm than the northern 

and eastern parts of the country. In addition, sorghum in the southern 

area is usually heavily infested with the African armyworm, Spodoptera 

exempta. Presumably the above factors in the southern part of the 

Y.A.R. have resulted in various degrees of resistance to armyworm 

attack. 

In this study it was also found that 'HAIDRAN ' , 'TURBA ' and 

'IBB' were less damaged than the other cultivars, including the U.S. 

resistant cultivar, 

resistance. On the 

'FREED', which showed an intermediate level of 

other hand, 'SGIRL-MRl' proved to be a highly 
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cultivar. All of the above cultivars should be useful as resistant and 

susceptible standards for further studies of sorghum resistance. 

This study also showed very clearly that all tested cultivars 

received more damage under early infestation than under late infesta

tion for both planting dates and for both years. This result suggests 

that there was an association between time of infestation and FAW 

larval damage; however, damage depended mainly upon the age of the 

plant at time of infestation. It was found that sorghum plants 

infested five days after emergence suffered more damage than the 3D-day 

old plants. Therefore, it appears that my finding is in agreement with 

that of McMillian and Starks (1981), who reported that larvae of the 

FAW caused severe damage to sorghum foliage, especially early growth in 

the southeastern United States •. In tests with 2-, 5-, and 12-day old 

seedlings, Wiseman (1981) and Wiseman and Gourley (1982) observed that 

the greatest amount of damage was inflicted on 2-day old plants. 

Schwager, Pitre and Gourley (1984) reported that damage ratings 

declined as the sorghum plants approached the reproductive stage. 

Late infestation on both planting dates produced less damage, 

especially at late planting, where the mean leaf damage was the least 

of all. In all cultivars one or two larvae per plant remained feeding 

on older plants. This might be due to several factors including 

environmental conditions, plant vigor and different genetic 

characteristics of the cultivars. 

The mechanism of resistance to FAW larval damage in selected 

sorghum cultivars at late infestation might be that of inherited plant 
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tolerance. This may be the most important factor in resistance to the 

FAW. Harrison (1984) stated that corn plants infested early in their 

development were less tolerant than plants infested later. I also 

observed the recovery of plants during subsequent growth. 

Non-preference might also be another factor contributing to 

the resistance of the sorghums tested. Older plants might not be 

favorable for the establishment of larvae. Hunt (1980) observed a 

preference for younger corn plants in North Carolina. 

Statistical analysis showed that there were no significant 

differences (at the 0.01 level) in leaf damage between planting dates. 

However, FAW damage to U.S. cultivars was observed to be higher at late 

planting/early infestation than at early planting/early infestation. 

On the other hand, the Yemeni cultivars were more damaged at early 

planting/early infestation. This could be due to geographic and 

genetic differences between the Yemeni and American cultivars. The 

environment is known to have a controlling effect on the expression of 

many plant genetic characters influencing the stability of resistance 

(Hackerott and Harvey (1959). In Yemen, I have observed (1976 and 

1977) the African armyworm to attack cultivars more heavily at early 

season than at late season. Moreover, the insect populations decreased 

as plants approached maturity. 

Nevertheless, FAW infestation of American sorghum and corn 

cultivars has been noted to be higher in late planting/early infesta

tion than early planting/early infestation. Hunt (1980) reported that 
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late planted corn in North Carolina was more susceptible to FAW attack. 

Harrison (1984) made similar observations in Maryland. In sorghum, 

several studies in different parts of the United States have shown that 

FAw infestations are more susceptible to damage when planted late 

rather than early (Henderson, Kinzer and Thompson 1966, Martain, Wise

man and Lynch 1980, Gardner and Duncan 1983 and Gardner, Noblet and 

Schwehr 1984). This is due mainly to the fact that insect populations 

have increased by the later planting dates. 

The mean leaf damage ratings of the cultivars tested were 

slightly different among treatments. This was observed particularly 

between early and late infestations in each cultivar with the applica

tion of five larvae per plant (1983) but was even higher with ten per 

plant (1984). Such findings suggest that, in order to maximize the 

differences in damage among treatments and for the leaf damage to 

become more ea5ily detected, the number of larvae should be increased 

beyond five per plant. 

In this study the differences in damage between 1983 and 1984 

have shown that a visual rating system is sufficiently reliable for use 

in a resistance test. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The FAW is a serious pest of many crops, particularly those 

belonging to the family Gramineae, throughout most of the Western 

Hemisphere. This pest is usually controlled by insecticides which, 

however, cause many health and ecological pioblems. Several scientists 

have therefore been working to identify, develop and release FAW

resistant crops, although sorghum, especially the Yemeni cultivars, has 

have received less attention than other crops. 

Therefore, eight Yemeni and two American sorghum cultivars were 

planted at the University of Arizona Campus Agricultural Center, 

Tucson, Arizona, during 1983 and 1984. The experimental design was a 

randomized complete block arranged in split-split plots with four 

replications. The main plots were the varieties, and subplots were 

two planting dates and two infestation times. The plants were 

artificially infested with laboratory-reared, first instar larvae. 

Infestations were five larvae per plant in 1983 and ten in 1984. Leaf

damage was visually rated from 0 to 9 where 0 equals no damage and 9, 

complete destruction of the plants. Data from these experiments were 

analyzed by the analysis of variance (MANOVA). Duncan's multiple range 
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test was used to determine differences among the means of leaf-feeding 

damage. 

Results of these studies indicate that, at early planting/early 

infestation 91983), the cultivar 'IBB' proved to be ·more highly 

resistant than the rest of the cultivars and 'ALMAHWIT ' the most 

susceptible. In 1984 'TURBA ' was the most resistant and 'SGIRL-MR11~ 

'ALMAHWIT ' AND 'AMRAN ' the least resistant. 

When plants were infested 30 days after emergence, 'HAIDRAN ' , 

'IBB' and 'TURBA ' (1983) sustained the least leaf damage and 'ALBAIDA' 

the most. In 1984 'HAIDRAN ' remained the most resistant and 'ALBAIDA' 

the least resistant. 

At late planting/earlyinfestation (1983) 'TURBA ' was 

significantly different in having greater resistance than the rest of 

the cultivars. 'SGIRL-MR11 received the greatest damage. In 1984 

'TURBA ' and 'IBB' were least and 'SGIRL-MR11 the most damaged. 

At late planting/late infestation (1983) 'TURBA ' and 'HAIDRAN ' 

showed the highest degree of resistance, and 'MOUZA ' , and 'ALBAIDA' 

showed the least. During 1984, 'HAIDRAN ' , remained the most resistant 

~nd 'ALBAIDA' the least. 

Over-all, results demonstrate that 'IBB' and 'TURBA ' received 

the least leaf damage and 1 SGIRL-MR1 1 and 'ALBAIDA' received the most 

in 1983. However, during 1984, 'TURBA ' and 'HAIDRAN ' showed the 

greatest degree of resistance and 'SGIRL-MRl ' , 'AMRAN ' , and 'ALMAHWIT ' , 

and 'ALBAIDA' the least. 
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When cultivars were independently evaluated under the four 

conditions tested, the general finding showed that all cultivars re

ceived the least damage at late planting/late infestation followed by 

early planting/late infestation. At early planting/early infestation 

the Yemeni cultivars were more damaged than the late planting/early 

infestation, whereas the United States cultivars received more damage 

at late planting/early infestation than early planting/early infesta

tion. 

These studies have also demonstrated that all cultivars tested 

received more damage during early infestation than at late infestation 

for both planting dates in both years. This suggests that there was an 

association between time of infestation and larval damage; however, it 

appears that the severity of damage depends upon plant age rather than 

on time of infestation. 

These studies have also demonstrated that selection of planting 

date and time of infestation will affect later levels of infestation in 

the sorghum cultivars. 

I have identified three highly resistant Yemeni sorghum culti

vars, 'HAIDRAN ' , 'TURBA ' , and 'IBB', which are even more resistant than 

the United States cultivar, 'FREED'. At the same time 'AMRAN ' was 

found to be as highly susceptible as the U.S. cultivar, 'SGIRL-MRl'. 

These cultivars can now be used as resistant and susceptible standards 

for further studies on sorghum resistance. 

However, efforts to locate new sources of resistance should 

continue, particularly in Yemen with its large but relatively 
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unexplored germplasm bank. Additional information on the FAW/sorghum 

relationship is necessary, especially for predicting the critical time 

when the insect is most abundant and for identi~ing which plant stage 

is most susceptible to its attack. It is also urgent to set up similar 

studies in Yemen to evaluate the performance of new sorghum cultivars 

in various environmental regimes and to study their abilityto resist 

FAW attack. All of this information will help farmers to prepare more 

appropriate and effective control measures against the FAW and to 

harvest greater yields, all with less harm to the environment and to 

public health. 



Dry Ingredients: 

12 9 Ascorbic acid 
12 9 Methyl paraben 
1 tbs Coax 
1/2 tsp L-tryptophan 
1 tsp DL-methionine 

Vitamin Solution (1 L) 

15.6 9 Inositol 

APPENDIX 1 

Lima Bean Di et 

12.0 g Calcium Pantothenate 
6.0 9 Niacin 
3.0 9 Riboflavin 
3.0 g Folic acid 
1.5 9 Thiamine HCl 
1.5 g Pyridoxine HCl 

120 mg Biotin 
6 mg B12 

Six hundred grams of baby lima beans were soaked in 1,000 ml 

water for 15 minutes then another 1,000 ml cold water were added 

when ready to mix. The dry ingredients, 12 ml of the vitamin 

solution, 12 ml of 15% choline chloride, and 6 ml of formaldehyde 

were combined with the lima beans and mixed in a Waring blender 

for four minutes at high speed. Thirty-five grams of GelcarinR 

were blended with 1,200 ml hot water and heated to low boil, then 

added to the lima bean mixture and blended for an additional one 

minute. The diet was dispensed into the shoe boxes and/or 

plastic cups and refrigerated until needed. 

79 



1 

APPENDIX 2 

Distribution of Eight Yemeni Sorghum Cultivars in Relation 
to One Low and One High Resistant U.S. Cultivar (1983). 

Condition 1 Mean Less than 
U.S. Low 

Resi stant r~ean 

01 I1 1 

01 12 2 

12 I1 a 

02 12 4 

01 1 

02 a 

11 a 

12 3 

Overall a 

The conditions tested were: 

Number of Cultivars 

Mean Between U.S. 
Low and High Mean 

4 

2 

4 

1-

4 

4 

5 

2 

5 

Ol=Early Planting, 

Mean Greater 
Than U.S. High 
Resistant Mean 

3 

4 

4 

3 

3 

4 

3 

3 

3 

02=Late Planting, 
I1=Early Infestation, I2=Late Infestation. 
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APPENDIX 3 

Distribution of Eight Yemeni Sorghum Cultivars in Relation 
to One Low and One High Resistant U.S. Cultiva~ (1984). 

Number of Cultivars 

Condition 1 Mean Less than 
U.S. Low 

Resistant Mean 
Mean Between U.S. 
Low and High Mean 

Mean Greater 
Than U.S. High 
Resistance r~ean 

01 I1 0 4 4 

01 12 3 3 2 

02 I1 0 3 5 

02 12 3 3 2 

01 1 4 3 

02 0 4 4 

I1 a 5 3 

12 3 2 3 

Overall 0 3 5 

1 The conditions tested were: 01~Early Planting, 02=Late Planting, 
I1=Early Infestation, I2=Late Infestation. 
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APPENDIX 4 

Mean Damage Values for Ten Sorghum Cultivars at Tested Conditon 1 (1983). 

CultJvar tJI tJ2 
1.0. n 12 01 02 Overall 

Cultivar Number II I.:! II I.! 

SGIRL-r'1R1 (1) 1.32 0.62 1.52 0.21 1..J.2 0.42 1.97 0.87 0.92 

FREED i2) 0.86 0.61 0.87 0.19 0.86 0.25 0.59 0.53 0.56 

A~IT (3) 1.50 0.40 1.01 0.27 1.25 0.33 0.95 . 0.64 0.79 

PMA.RAN (4) 1.20 0.68 1.09 0.27 1.15 0.47 0.94 0.68 0.81 

AL8AlDA (5) 1.19 0.80 1.09 0.45 1.14 0.62 0.99 0.77 0.88 

REIDA (6) 0.91 0.36 0.83 0.19 0.87 0.28 0.64 0.51 0.57 

r-UNZA (7) 0.96 0.29 0.89 0.58 0.92 0.43 0.62 0.73 0.68 

TUR8A (8) 0.79 0.21 0.46 0.07 0.62 0.14 0.50 0.26 0.38 

IBB (9) 0.42 0.20 0.52 0.13 0.47 0.16 0.31 0.32 0.32 

HAIDRAN (10) 0.B1 0.09 0.75 
#' 

0.08 0.77 0.09 0.45 0.41 0.43 

1The conditions tested were: Ol=Earlv Plantin!. D2=Late Planting, 
Il=Early Inf~~tation. 2=Late Infestation. 
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APPENDIX 5 

Mean Damage Values for Ten Sorghum Cultivars at Tested Conditions 1 (1984). 

Cu I E1 var Dl D2 
1.0. U 12 01 02 Overa 11 

Cultivar Number II 1~ II 12 

SGIRL-FR1 III 4.16 0.80 5.39 0.39 4.77 0.59 2.48 2.89 2.68 

FREED 121 2.i9 0.44 2.94 0.26 2.86 0.35 1.62 1.60 1.61 

.\LMAH-lIT (31 4.02 1.0B 3.04- 0.47 3.S3 o.n 2.55 1. i6 2.1S 

,lJ-IARAN HI 3.9B 1.36 3.19 0.S6 3.59 0.96 2.61 1.ilB 2.2; 

ALBAIDA (51 3.26 1.56 2.96 0.i2 3.12 1.14- 2.4-2 1.64- 2.13 

F.EIDA i61 2.90 0.56 2.05 0.27 2.4-; 0.42 1. ;3 1.16 1.45 

r·UNlA (71 2.11 0.i6 2.12 0.33 2.12 0.54 1.44- 1.23 1.33 

TURBA i81 1.55 0.4-1 1.41 0.24 1.48 0.33 0.98 0.83 0.93 

IBB i9) 2.09 0.54- 1.50 0.36 1.60 0.46 1.32 0.94 1.13 

HAlliRAN i10) 2.S9 0.14 1.07 0.07 2.13 0.10 1.37 0.87 1.12 

1 The conditions tested ~ere: 01=Earlv Pli1nting, D2=Late Planting, 
Il=Early Infestation. 12=Late Infestation. 
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