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FOREWORD 

Crop productivity in the world must double in the next 25 years to meet 
the food and fiber requirements for a rapidly expanding world population. 
In orde~ for Agriculture to meet this challenge, better varieties of crops 
carrying resistance to primary pasts must be developed at a faster pace. 
world wlde. This must be done in an atmosphere of increasing energy 
shortages, ~nflation, and world environmental and health coneerns~ As we 
look at these future needs and the severe constraints that world agriculture 
w~ll be under, breed~ng for resistance to major pest species, coupled with 
biological control, offers the most promise; especially to the developing 
countries and to small farmers. Much of the increased productivity needed 
must come from cropland in currant food-deficient countries. This presents 
a great challenge to agricultural researchers to develop pest control 
strategias that do not rely heavily on costly and often unavailable 
pes ticid es • 

The Host Plant Resistance International Worksbop conducted at College 
Station during July 22-August 4, 1979, and sponsored by UC/AID and Texas A&M 
University, was a successful endeavor to promote increased awareness and 
efforts toward breeding for resistance to pests which will, in the years 
ahead, help meet the challenge to Agriculture for increased food production. 
In addition, the proceedings of this workshop presented herein provides a 
valuable contr~bution to existing literatura in the field of Host Plant 
Resistance and will provide a valuable supplement to the recent text and 
resource book in the field "Breeding Ple.nts Resistant. to Insects" edi.ted 
by F. G. Maxwell and Peter Jennings. Dr. Marvin Harris and the contri~ 
buting authors to this Workshop publica&ion are to ba eongratulated for 
a task well planned and executed~ 

I 

Fowden G. Maxwell 
P~ofessor and Haad 
Department of Entomology 
Texas A&M Univ~rsity 
College St8tion t Texas 77843 

Dr. Perry L. Adkisson 
Deputy Chancellor for Agriculture 
Texas A&M University 
College Station, Texas 77843 

Dr. Ray F. Smith t Director 
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University of California 
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BIOLOGY OF SORGHUM 

K. F. Schertz 

USDA-SEA 
and Dept. Soil and Crop Sciences 

Texas A&M University 

ABSTRACT 

Sorghum bicolor (L~) Moench is a cereal crop that is of special importance 
in region$ of marginal moisture. Sorghu~ seedlings are relatively slow growing, 
but after a few weeks development is rapid and sturdy culms and abundant leaves 
are produced. ~eed are produced on a panicle at the apex of the culm. Disease 
and insect problems often increase as sorghum is more intensively grown in an 
area~ but sources of resistance are beiog located and offer opportunities in 
host~plant resistance. 

INTRODUCTION 

Sorghum is an important feed and food crop used for grain, forage 7 and 
other purposes. Its ability to produce under conditions of limited moisture 
has resulted in its use in marginal areas, Sorghum is attacked by its $hare 
of insects and d1seases. Such problems cause considerable loss in sorghum 
production areas. The attacks may not be severe during the first few years 
that sorghum is grown in an area.' Insects and diseases usually then become 
more prevalent, and we must know how to minimize the losses due to their 
attacks. Host-plant resistance is one app~oa~h to resolving this problem. 
A knowledge of its biology will help us understand host-plant resistance of 
sorghum. We will consider the characteristics of sorghum that relate to its 
response to pests and to breeding for resistance to thOSe pests~ 

GENERAL CHARACTERISTICS 

Sorghum is a member of the Gramineae (grass) family. Within the genus 
Sorghum, ~. bicolor (L.) Mnench is the most importan~ agronomically. Within 
!~ bicolor there are many types. The diverse types in the species are all 
diploids with a 2N = 20 chromosome number, and they will intercross. There 
are related grassy species with the same chromosome constitution and also 
tetraplo~ds with 2M ~ 40. 

Sorghum has the general structural and developrnantal characteristics of 
grasses. Roots are fibrous. Stems (culms) may be single to several per plant 
and each is dLvidad into a series of internodes and nodes. Leaves consist of 
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sheaths and blad@swith paral.lel. veins. At the apex of the culm is the inflor~ 
escence, a panicle that bears sp1kelets. The seed or caryopsis has a pericarp, 
endosperm, and a monocotyledonous embryo. The specifics of these and other 
characteristics will be discussed in later sections. 

Before considering the details, however t let us observe how a sorghum plant 
grows. We will follow the whole plant through ~ts development from a seedling 
to a seed. After observing the whole plant, we can then better understand its 
parts. The growth stages of sorghum are important to our understanding of the 
biology, pest control, and breeding of this species. Vanderlip (1972) provided 
a comprehensive presentation of this subject in which 10 stages we~a described 
and depicted. 

We will simplify our discussion by considering only critical stages 3, 6, 
and 9. From emergence to growth stage 3 a sorghum plant is completely vegeta­
tive. It is differentiating leaves, nodes, and internodes, and is also develop­
ing roots. Approximately 30 days pass during this period when the activity of 
the growing point (apical meristem) is entirely vegetative. the time at which 
the growing point changes from vegetative to reproductive is called stage 3. 
By this time all of the leaves and internodes of the culm have been initiated. 
No more are possible. Although no new leaves will be initiated, leaves then 
present will expand and leaf area will increase. Subsequently, leaf area will 
decrease as the lower leaves die. 

At stage 3, as the growing point becomes reproductive, its surface changes 
from smooth to rough. This can be detected by splitting a culm and observing 
the growing point with a hand lens. From this time on, differentiation at the 
growing point will be of reproductive organs. The panicle and its parts will 
be developed .. 

During the time from stage 3' to stage 6 (about 30 days) the size of the 
panicle and the number of potential seed is determined. It is also during this 
time that the internodes elongate and the apex of the culm is raised from a very 
few centimeters above the surface of the soil to heights from 50 em to several 
meters. 

At stage 6 flowering (anthesis) occurs. Pollen is shed t eggs are fertilized, 
and seed begin to form. Development and maturation of the seed takes about 35 
days. At the end of this period the grain reaches physiological maturity 
(stage 9).. The seed have ac.cumulated maximum d'!'y matter and will be ready to 
harvest whenever moisture content is sufficiently low. 

A few general comments are in order. Growth stages of sorghum are defined 
and numbered in various ways by different scientists. The numbers are not im­
portant.. The easily observed stages are 3) growing point differentiation, 6) 
anthesis, and 9) physiological maturity. These are critical stages for the 
sorghum plant and for scientists working with sorghum. It is important to 
remember that sorghum varies in developmental time intervals. Many lines are 
photoperiod sensitive and initiate panicles (stage 3) only 1n short days. 

SPECIFIC CHARACTERISTICS 

Morphological and anatomical characteristics of sorghum have been discussed 
by several authors. Included are reports by Artschwager and McGuir~ (1949), 
Artscnwager (1948), Freeman (1970), Doggett (1970), Hector (1936), Leonard and 
Martin (1963), and Poehlman (1959). It is suggested that the reader refer to 
the photographs and detailed descriptions in those reports to supplement the 
overview here presented. The points discussed in this report will be those that 
have the most evident relationships to host-plant resistance. 

Seedling. Sorghum seed germinate in three to seven days with appropriate 
conditions. Cool temperatures or dry soil can cause a delay. On germination, 
a primary seminal root is produced. Lateral branching and development of a few 
secondary roots from the base of the mesocotyl may occur. The succeeding roots 
are adventitious and develop in succession from the basal nodes situated Just 
below to just above grQund level~ Root development of the young sorghum seedl~ng 
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~s usually very slow. However, after a few weeks the roots grow rapidly, branch 
prQfus~ly, and develop into an efficient fibrous root system. 

So, too~ the early development of the above ground portion of the plant is 
relatively slow. The mesoco~yl ~longates, the coleoptile pushes through the SUr­
face of tha SO~t and the leaves emerge. The blades of the first leaves (except 
for the seedling leaf) are usually narrow. The young sorghum seedl1ng with 
limited root system and leaf area grows rather slowly. It is during this stage 
that relatively minor attacks by ins~cts or diseases can tause considerable 
damage. 

Stem. Du~~ng the vegetative phase of the sorghum plant (until stage 3) inter­
nodes and nodes are developed. By the time the growing point differentiates tQ 
rep~oductive (stage 3), 15 to 18 nodes are present and a leaf sheath yilt be 
attached to each. Although internod~s have formed~ tha tQtal length of the stem 
is only a few centimeters; the internodes being short. The growing point is not 
far above the soil surface. At this stage the stem comprises a very small part 
of the above ground dry weight. Leaves are the main part of the plant. After 
growing point differentiation, the internodes begin to elongate. Remember, no 
additional inte~odes a~e formed aft~r growing point diffe~entiation. Internode 
elongation is most rapid in the few days just prior to anthesis. The internode 
just below the panicle, called the peduncle~ elongates dramatically during this 
time. The stems are erect and solid and slightly furrowed on alternate sides~ 
Vascular bundles are scattered throughout the fundamental parenchyma. The 
vascular bundles are each enclosed by a sheath. Pith forms in the center and 
may extend outward to the peripheral zone. There is a lateral bud at each node. 
In some varieties these buds, especially those near the base of the main culm, 
develop into tillers. 

Leaf4 Although all of the 1eav~s (usually 15 to 18) have been initiated 
prioL~the differentiation of growing point~ they are not yet fully developed4 
From that time to anthesis the sheaths and blades of successively higher leaves 
continue to elongate4 This leaf growth and development, coupled with internode 
elongation~ unfurls the leaves. Maximum exposed leaf-blade area is reached near 
the time of anthesis. Leaves near the base of the plant are dying. Also, the 
environment of the lower leaves is changing. Changes in light, humiditYt and 
air movement affecc ~hese leaves. These factors also affect insects and diseases 
that can cause problems. 

Leaves are arranged alternately_ Sheaths are attached to the nodes and are 
usually long, exceeding the length of the internodes. The margins on the sheaths 
are membranous and overlapping. The blades of young leaves are rather erect but 
they become more near horizontal and curved as the plant develops~ The leaf has 
a prominent mid~ib and parallel vein$. Stomata occur on both sides of the leaf 
blade. A wax (called bloom) develops on the blades and sheaths. 

Infloresc.ence. The IIheadTi or "earlT of sorghum is a panicle. It conSl.sts 
of a central axis with whorlS of main branches each with secondary branching. 
The lengths of the main axis and branches vary, giving the panicles of each 
variety their characteristic shape fro~ long and loose to short and compact. 

The panicle ell!erges from the upper leaf sheath ( l1boot"). In a few days the 
spikelets near the apex open and those successively lower open during the next 
five to siX days. Each sessile spikelet contains two florets, one fertile, the 
other sterile. The fertile floret contains a pistil with feathery stigma and 
th~ee stamens, each with an anther. Anthesis occurs in early morning when spike­
lets~open and anthers shed pollen. Although sorghum is mainly self pollinated, 

. porien is carried by wind and about 6% crOSSing occurs. Cytoplasmic-genetiC: male 
steriles have been developed and are useful as females in hybrid seed production 
and in b~eeding programs. 

Caryopsis. Seed of sorghum,begin to form shortly after pollination and can 
be observed on a panicle by seven days thereafter4 By about 35 days from pollin~ 
ation the seed are mature. The main components of the seed are the pericarp, 
endosperm, and embryo. The pericarp, the outer layer of the seed, varies from 
dark brown to nearly colorless. The neKt layer, the testa, is sometimes brown. 
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Endosperm varies from floury to vitreous and from white to yellow. The embryo 
contains a scutellum, mesocotyl, coleoptile, plumule, and rad~cal. Variations 
in the characteristics of th~ saed affect their susceptib11ity to damage, 
particularly by diseases. Seed of sorghum are quite exposed, being on the apex 

'of the plant and little protected by glumes. 

SUMMARY 

The sorghum plant is at the same time well and poorly adapted for host-plant 
resistance. Sorghum is relatively tolerant of heat and drought, is a perennial 
in the warm climates, and is fast growing after the first few weeks. Sorghum 
is, h~wever, slow growing as a seedling, not well suited to cool weather, has 
an abundance of closely spaced leaves (in short varieties) a~d develops panicles 
and seed exposed to rain and pests. Sorghum presents both a challenge and an 
opportunity in host-plant resistance. 
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THE BREEDING OF SORGHUM 

Frederick R. Miller 
Associate Professor - Sorghum Breeder 

Department of Soil & Crop Sciences 
Texas A&M University 

College Station. Texas 

Sorghum. Sorghum bicolor (L.) Moench, is a large' stemmed tropical grass 
and has the ability to grow to great heights. The species is extremely 
diverse and present collections contain over 17,000 distinct cultivars. These 
materials readily intercross and produce fertile offspring. From a breeder's 
interest, the greatest variability in both cultivated and wild sorghums exist 
in the Northeast quadrant of Africa, but all of Africa is a fertile source of 
diversity. 

Murty, et al. (1) following the lead of Snowden developed a very workable 
and useful taxonomic classification of sorghum types. This system separates 
the major types of sorghum into recognizable working groups and has become 
widely used. Harlan and de Witt (2) suggested a system using only five basic 
races and hybrid races among these. I 

Rather than develop the extent of diversity which exists in the species, 
suffice to say this has been reported and described. Because sorghum is a 
short-day plant and is very sensitive to photoperiod and temperature, regional 
breeding efforts should consider these limitations. Generally sorghum hyb~ids, 
whether for grain or forage, require 100-140 days from planting to maturity. 
However, in tropical areas the crop is generally planted prior to the onset 
of rains and harvest is completed after the rains have subsided. Maturity of 
sorghums in this Situation is regulated by photoperiod manipulation. Yields 
generally increase as time to maturity increases up to a point where the 
requirements for grmlth become limiting, then yields decrease. There is also 
a positive correlation between increased height and increased yield. As height 
is increased up to approximately 1.5 m, increased yield can be expected. 
Lodging is of serious consideration and minimum heights, which maximize yields, 
should be used where possible. 

Because height and duration of growth are of such Significance to any 
breeding effort, a further observation is given. Height in sor'ghum is a 
variable trait, but is under simple geneti'c control. In most areas of the 
world ta1ler plants are preferred, but in those areas vlhere mechanical harvesting 
is practices, short stature is required. Quinby and Karper (3) have shown 
height to be controlled by four recessive, non-linked, brachytic dwarfing genes. 
A sirgle recessive gene may reduce height by 50 cm or more. Most grain sorghum 
hybrids developed in the U.S. are recessive at 3 height loci - 3 dwarfs - and 
are generally dWl~dW8~. The dW1 gene is unstable and results in a higher 
than normal frequency f all plants. Most breeders recognize the positive 
correlation between height and yield and develop sorghum hybrids Which are as 
tall as possible to withstand the local hazards of production. Maximum yields 
are generally recognized at aobut 1.5 to 1.75 m height. 

Maturity in sorghum has been used to regulate the time of harvest to 
escape grain deterioration, seed mold and insect damage and to maximize yield. 
There is a ,·/ide anay of maturity differences ranging from 60 to 300+ days among 
cultivars. "hen sorghum differs in maturity, it is the result of a response to 
temperature and photoperiod. QuinbY (4) has Shown that differences in numerOUS 
varieties are controlled by four genes and an allelic series at each locus. 
Rate of. growth is reflected through maturity differences and leaf production 
appears at a similar rate. Rate of leaf production varies betl,een 2.8 and 3.5 

(p 
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days per leaf, but both height and rate of growth are limited under stress 
conditions. 

Sorghum is a self-pollinating species, but is handled in advanced agri­
cultural situations as a cross-pollinating crop. The perfect flowers of 
sorghum allow from 0 to 10 percent outcrossing depending on variety with an 
average of about 2 percent. In much of the sorghum growing world there are 
only selected or improved varieties for use, while in high intenSity agriculture 
areas F] hybrids predominate. Hybrid sorghums for either grain or forage have a 
recogni2ed yield improvement. Grain sorghum single cross hybrids express 20 to 
50 percent yield improvement. 

The parents of sorghum hybrids are inbred lines, but, unlike maize inbreds, 
are reasonably vigorous. These inbred lines have been often widely grown 
varieties. Until recently there has been only variety selection as a major 
crop improvement program effort. Present parental lines have the same 
characteristics of improved varieties except that they were specially developed 
for hybrid utl.lization. There is a good association between the desirability 
of an inbred parental line and the yield of the resulting Fl hybrid. Good 
lines make good hybrids. 

CYTOPLASMIC GENETIC MALE-STERILITY 

Cytoplasmic genetiC male sterility is extremely important to hybridization 
in sorghum. Therefore we will discuss the development of male sterile but 
female fertile parents. Male sterility suggests normal function of the female 
portion of the flower and inhibited m~le.response. Because the male-sterile 
plants do not disseminate viable pollen, these plants can be fertilized only by 
pollen from otherwise normal pollen producing plants. Both cytoplasmic and 
genetic male-sterility in sorghum cauSe poorly developed anthers and a lack of 
pollen production. The important difference between the two types of male 
sterility is their mode of inheritance: Genetic sterility is inherited norma11y 
and influence of the male is seen in the progeny. However, in cytoplasmic male­
sterility, inheritance is maternal. All the progeny of a cytoplasmic male­
sterile female pollinated by its normal counterpart wi11 be sterile like the 
female parent. The mode of inheritance allows a cytoplasmic male-sterjle to be 
maintained easily by growing A- (cytoplasmic male steriles) and B- (male sterile 
producing) lines together in parental crossing fields. Fertile sorghum' hybrids 
can be produced by growing A- and R- (genetic pollen restoring) lines together 
in seed grower crossing fields. This type crossing is shown in Figure 1. 

Cytoplasmic male-sterility is thought to result from imcompatability between 
the cytoplasm of the female and nuclear factors contributed by the male parent. 
Since the male parent passes little or no cytoplasm to the next generation with 
the male gamete, the female parent furnishes the cytoplasm to the offspring. 
CytoplasmiC male sterility was found in sorghum when the milo cytoplasm was 
used with nuclear factors from Kafir in a backcross breeding procedure. Figure 
2 shows the cytoplasm and nuclear behavior in the development of a cytoplasmic 
sterile inbred parent. 

Recently usuA and TAES released a second cytoplasmic genetic sterility 
system which differs from the Milo-Kafir system. This second system (A~) was 
developed using Caudatum-Nigricans-Roxburghii where the former was the cyto­
plasm source, The development of new sterile sources from this cytoplasmic 
interaction should follow the same procedure as that outlined in Figure 2. 

A- and B- lines are similar in their genetic make-up, but A-lines have 
sterile cytoplasm ,'hile B-lines have normal cytoplasm. Restorers (R-lines) 
must always carry the fertility restoring gene or genes and may have either 
normal or sterile cytoplasm,. 
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FIG. 1. Procedure to maintain A-lines and produce hybrid seed of sorghum 
under field scale operations (number of A-1ine rO,ls vary from 4 

-to 16 for each set of 2 rows of pollen source; either the 8-1ine 
or R-line). 
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RANDOM-MATING POPULATIONS AND GERMPLASM STORAGE 

Development of random-mating populations in sorghum has gained some 
importance within the past 5 years. Very little progress in yield improvement 
can be attributed to this method of breeding up to this time. Sorghum is a 
self-pollinated species and there are obvious large blocks of elite genes 
accumulated in superior inbred parental stocks. These are used to produce 
present F] single cross hybrids. The basic breeding stocks, parental lines, 
etc. whic~ are in use today by the U.S. sorghum industry have resulted from 
pedigree breeding or backcross breeding with selection for the desired trait. 

Random-mating populations are useful as storage facilities where large 
inventories of stocks would otherwise be required. In order to develop a 
random-mating population in sorghum, a self pollinated species, one needs the 
use of a genetic male sterile gene. Several such genes have been described in 
sorghum with the most widely used being mS3ms~ and msJmsr The gene "antherless" 
was used in a few early populations. Therec~ssiveg~ne is easily backcrossed 
into a number of stocks. When these stocks are grown as F or~elected progeny 
any n~mber of materials can be outcrossed onto the male st~ril~ plants. These 
crosses are grown as F 's and can be either self-pollinated or left open­
pollinated. Generallylequal quantities of seed from each Fl is then massed to 
form the original population. This equal quantity mass of F: seed is then 
grown in isolation and allowed to random mate. Generally th~re will be 3:1 
segregation for fertile to sterile plants. The male sterile plants are marked 
so that;hey may be recognized at maturity. Each male sterile plant is threshed 
separately and an equal quantity outcrossed seed is again massed to form the 
next generation of random mating. By 3 random matings the population should be 
segregating. approximately 1:1 fertile to male sterile plants and will be at 
equalibrium for that trait. Any of several improvement procedures may be used 
to evaluate and select the population at this time. Some are full-sib, half­
sib. recurrent selection, reCiprocal recurrent selection methods. These are 
described by other authors working with cross-pollinated species such as maize. 

To store or add material to a population it is only necessary to plant 
the additions in alternate rows between rows of the base random mating popula­
tion and either use natural pollination or hand crossing to incorporate the 
material. 

In the event of a major disease or insect problem a large sample of the 
random mated population (germplasm storage facility) could be planted to screen 
for a source of resistance. This resistance could be extracted and used then 
in a rapid backcross or pedigree procedure to correct the deficiency in the 

'elite inbred parental stocks. 
Many states. especially Texas. and other agencies, such as USDA - Mayaguez, 

Puerto Rico, National Seed Storage laboratory - Ft. Collins, Colorado and 
ICRISAT -<Hyderabad. India, maintain large collections of inbred varieties to 
support and supplement population storage of germplasm. 

DEVELOPMENT OF A-LINES 

The A-lines used as female parental stocks in sorghum are male sterile 
counterparts of the normal strains or B-lines from which they derived. All the 
selection which can be practices on a new female must necessarily be done on the 
fertile counterpart. the B-line. Therefore. it is extremely important to under-
stand the procedure of female development in sorghum. . 

Any strain that has the desired agronomiC characteristics and produces only 
sterile progenies when crossed to cytoplasmic male-sterile stocks can be con-
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verted to an A-line by the procedure called, "paired progeny selection." 
Paired progeny selection is necessary because male-sterility is expressed only 
in the crossed progeny, while effective selection can occur only in the re­
current parent. The original crosses of the strain to be converted should be 
made on an agronomically similar male-sterile (A-line) in order that segregation 
for undesired plant characteristics \~ill be reduced as much as possible. The 
progenies of these crosses and the recurrent male parent are grown in adjacent 
rows. A number of panicles are bagged in the cross prcgenies and at least 
part of them should resemble the male parent. After anthesis is completed or 
is well advanced so that male sterility of the bagged panicles can be estimated, 
one or more of the panicles with the best sterility and greatest agronomic 
similarity to the recurrent male parent are crossed with selected plants from 
the male row, i.e., paired pollen parent row. This new cross and its male 
parent are then planted the next generation. This paired proge~y selection is 
continued through successive backcrosses until the male-sterile strain is 
conSidered to be essentially like the normal fertile strain. See Figure 2 for 
further understanding. The pair are then designated A- and B- lines 
respectively. and can be maintained or increased either by hand pollinations or 
in isolated parental crossing blocks (Figure 1). Few cytoplasmic genetic 
steriles are always 100 percent male sterile. Seed certification standards 
allow low levels of these genetic x environmentally fertile plants to exist in 
hybrid seed. Quality control is of major concern to the commercial producer 
of hybrid seed. He must insure that less than .01 percent self-pollinated 
plants occur in his hybrid seed. 

It is a matter of judgement and depends on the purity or homozygosity of 
the B-line stock just how many crosses will need to be made between parents and 
selected paired progenies. Obviously, if the parent strains were completely 
homozygous, there would be no need to make more than one cross or backcross per 
generation. Complete homozygosity cannot be assumed, but strains that have 
been evaluated as self-pollinated varieties or have been in nurseries maintained 
by single bagged panicles are essentially pure lines and usually offer little 
basis for selection between different paired progenies. The opportunity for 
effective selection increaseS with increased genetic variability between 
parental strains. One major gene has been recognized which separates good 
parental stocks from those which cannot be steril ized. There are several 
modifiers or partial sterility factors in some stocks which results in their 
non-usefulness. As a general rule, use as parental stocks only those which 
give complete male sterility when first crossed to a cytoplasmic-genetic male­
steril e tester. 

From this discussion, it is obvious that the development of new females 
(A-line~J in sorghum is a long and expensive process. This explains why there 
are so few A-Ii nes in use today. 

DEVELOPMENT OF R-LINES 

Many varieties and strains give male-fertility to the progeny of crosses 
with cytoplasmic-genetic male-steriles (A-lines). There are approximately 3/4 
of the World Collection of So~ghum which are of this type. These strains are 
called R-lines and are male-fertility or pollen restorers. If a pollen restorer 
is essentially a pure line, little improvement can be made with further selection. 
If the strain is somewhat variable in plant characteristics or fertility restora­
tion, paired progeny selection Similar to that used in producing A-lines will be 
effective in obtaining uniformity and in isolating good pollen restoration. The 
selected line is designated as an R-line and is crossed with appropriate A-lines 
to produce Fl hybrids as in Figure 1. 
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FIG. 2 .. Diagrami ti c procedure to develop a cytopl asmi c male-sterile inbred 
line in sorghum 
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The development of elite R-lines through backcross or pedigree breeding 
methods has been phenomenal in sorghum. Those breeders who have had the 
foresight to recognize limitations in elite materials and have used the above 
mentioned procedures to incorporate additional eliteness have made major con­
tributions to this commodity. Some of these have been disease resistance -
downy mildew, head smut, periconia, bacterial stripe, rust, anthracnose, etc,; 
insect resistance - chinchbugs, greenbugs, sorghum midge; quality - high protein, 
balance amino acid content, flavor, texture, white peri carp coror; growth -
maturity, height, drought tolerance, tropical adaptation, temperate adaptation, 
heat tolerance, and many more eilteness traits which increase productivity. 

THE SORGHUN CONVERSION PROGRAN 

The cornerstone to much of the present crop improvement in sorghum is the 
imaginative Sorghum Conversion Project. This joint TAES-USDA project changes 
tall, late or non-flowering sorghums from the trop,cs into short, early forms 
which can be used in all areas of the world, but especially in the temperate 
zones. This is done by substituting up to 8 genes which control height and 
maturity to obtain the desired genotypes. The procedure is outlines in Figure 
3. 

Because sorghum originated near the equator in Northeastern Africa, it is 
sensitive to the length of day. Knowing the genetics of height and maturity 
and the response to daylength, it was possible to use the facilities of the 
USDA's tropical research station at Mayaguez, Puerto Rico and a temperate 
selection site at Chillicothe, Texas to make vast amounts of germplasm available 
for further plant improvement. Selections were made from the World Collection 
which were judged to offer the greatest diversity and eliteness. Because of 
limited manpower and resources, it was possible to convert only those with out­
standing characteristics. At present, there are 1,216 items in the program. 
The original cross and four backcrosses with selection in each generation have 
allowed the recovery of over 98% of the germplasm in each entry. During the 
last backcross which is done by hand emasculation the cross is made using the 
alien line as the female. This allows the recovery of the cytoplasm of the 
Converted line also. 

Materials from this program are dramatically changing the sorghum industry. 
Some of the important economic characteristics obtained from this project are: 
(a) new sources of disease resistance - downy mildew, head smut, maize dwarf 
mosaic virus, foliar diseases, stalk rots, kernel rots and anthracnose; (b) 
insect resistance - sorghum midge, greenbu9, corn leaf aphid, white flies, and 
Bank's grassmites; (cl improved pTant characteristics - drought, heat and 
salinity tolerance, stalk strength, twin-seed, easy threshing, erect leaves, 
lodging reSistance, improved yield of grain, yield stability under diverse 
environments, greater root development, leaf area retention, increased grain 
filling rates, increased combini~g ability and new SOurces of cytoplasmic 
sterility; (d) outstanding kernel characteristics - thin pericarps, weather 
resistance, reduced discoloration of the endosperm, increase protein content, 
superior balance of amino acids, improved flavor, expanded diversity for food 
product development and greater digestibility; (el reduced genetic vulnerability 
- expanded diversity to reduce narrow germplasm base. 

In conclusion, ~. bicolor and its related species offer the potential of 
major utilization in the future. Within the past 100 years this commodity has 
been improved dramatically, but the past 5,000 years of culture still hangs 
heavily over us. Yield stability in areas where sorghum is the major food 
SOurce is of utmost importance. Yield increases and improvement of the quality 
of the grain must be critically evaluated for yield stability as well. There 



135 

FIG. 3. The Sorghum Conversion Project is a backcross breeding procedure WhlCh 
util,zes the knowledge of genetics of maturlty and height to change 
tall, late photop~riod sensitive sorghums into short, early types which 
can be used throughout the world more easily. 

SORGHUM OONVERSION PROJEOT 

PUERTO RIOO 
Will Not Flower Will Flower 

In U.S. In U.S. 

X 
P. R. 

1 
F1-(P.R.) 

~ 
Short-Early F2(Texas) 

+ 
Exotic X F3(RRJ 

* F{(P.R.) 

TEXAS{USA) 
Exotic Which Will Flower 

In U.S. 

GOAL 

After 5 backcrosses to Exotic 

L. F2 (Texas) Continued for 5cycles 
each F3 is crossed back to Exotic 



136 

are over 17,000 items in the World Collection of Sorghum and each is some­
what different from the other. This broad base of diversity is a plant 
breeder's dream. Know the species and know how it is used and then have the 
insight to see what limits its use - to correct those limitations is our 
challenge. The breeding procedures available to us and the diversity create 
a very envious situation for the sorghum worker of the future. 
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BREEDING FOR DISEASE RESISTANCE IN SORGHUM 

R. A. Frederiksen and D. T. Rosenow 

INTRODUCTION 

During the past decade, we have witnessed massive changes in the 
direction of research on sorghum diseases in North America. These changes 
were due in part to three factors: 1) repeated occurrences of damaging dis­
eases; 2) the awareness of genetic VUlnerability in our major commodities.; 
and 3) the recognition of the importance of integrated pest management. 

In southwestern USA, where sorg~tu'ilS are a princiI'Jal agricultural 
commodity, serious disease problems have occurred repeatedly. During the. 
past few years, there have been grave losses caused by head smut (Sphacelo­
~"reiliana), sorghum downy mildew (Peronosclerospora Borghi), maize, dwarf 
mosaic (MDMV)" anthracnose (Collectotrichum graminicola.), charcoal rot 
(Mgcrophomina phaseolina)) Fusarium stalk rot (Fusarium moniliforme) and 
a number of" common foliage diseases ~ In Texas, we e::qlerienced anthracnose 
epidemics in 1966 and 1968, downy mtldew and maize dwarf mosaic in 1967, 
head smut in 1969 and 1976, Pythium root rot in 1971, Fusarium head blight 
and sta1k rots in 1972:t serious dowy mildew in 1973, and finally a maj or 
grain mold problem in 1974 and 1976. The outbreaks of these and other dis­
eases suggest that diseas~ problems vary from year to year for sorghum growers 
in Texas. 

ThUS, we elected to develop a broad-based multiple d~sease resistance 
approach in breeding Texas sorghum~ Because of our varying weather and 
cropping patterns we must Lmprove our levels of resistance to all of the 
major diseases of sorghum. Ignoring one disease or group of diseases could 
make us as vulnerable as the maize crop was to southern corn leaf blight in 
1969 and 1970. 

Sources of Genetic Diversity 

Genetic vulnerability can be equated with genetic uniformity. It was 
estimated that, as recently as 1972, most of the grain sorghum hybrids grown 
in the United States were developed using closely related, and in some cases, 
identical pollinators and all were produced using the same cytoplasmic-genetic 
sterility system~ To combat the narrowing base of elite germplasm, as early 
as 1963,. the Texas Agricultural Experlment Stat~on and the United States De­
partment of Agriculture ~nitiated a program whereby exotic sorghums from the 
World Sorghum Collection are converted from. tall, late maturing, photoperiod­
sens1tive types to shorter, earlier maturing, less photoperiod-sensitive lines. 
Dur1ng and following conversion we have been able to evaluate resistance in 
many partially converted and converted exotic sorghums to diseases prevalent 
In the United States. This screening has shown that the conversion materials 
are outstanding as sources of res~stance to essent1ally all economically 
important diseases of sorghum. Of special sign~f~c8nce was the finding of a 
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large number of agronomically deSirable line$ with high levels of resistance 
to downy mildev and anthracnose, two diseases for which agronomically desir­
able resistant sources were not available prior to screening conversion 
materials. Also, sources of resistance have been found to head smut, maize 
dwarf mosaic, grain mold, rust, zonate leaf spot, grey lea! spot, bacterial 
str~:pe, leaf blight and Fusarium head blight. Ou.tstanding sources of' re;:­
sistance to the various types of lodging as veIl as resistance to charcoal 
rot have been identified. Recent advances in host :plant resistance bave been 
summarized in the Texas A&M, USAID Ta-Q-1092 Annual Reports of 1974. 1975, 
and 1976. 

bisease Nursery Progrgm 

General. Beglnning as early as 1969, a group of :part~ally converted 
sorghum lines were selected as potentially useful Bources of disease re­
sistance~ These lines, most of Yhich vere zera-zera type sorghums from 
Ethiopia. constituted our first 'IAlI Disease NurseryU (AnN), later called 
the ADIN because of certain selected insect resistant sorghums. Entries 
in the ADIN ~e selected from sorghums evaluated under natural or artifi­
cially induced disease epipbytotics. Init.ially these carne from partially 
converted lines~ but tod~ they also are selected from converted lines, 
1htroductions from other programs, selections from random mated populations 
and from advanced breeding lines developed in the TAES sorghum improvement 
program. ADIN entries must have superior resi5tan~e to One or more of the 
disease groups. In the ADIN these entries are exposed to a vast array o~ 
hostile environment$ including all of the major disease nurseries in Texas 
and neighboring states~ The number of locations at vhich the ADIN was eval­
uated grew from 12 in 1974 to 21 in 1916. The number or entries in the ADIN 
is 10 with 5 standard controls. Entries cha:nge :from year to year a.s lines 
are improved agronomically, or with improved disease or insect resistance as 
they become available. 

In 1911, a pilot test for distributing some of the better ADIN lines 
for lnternational testing was init~ated. The Internat~onal Disease and 
Insect Nursery (IDIN) was the outgrowth of this and is comprised or the 25 
best sOurces of disease and ~nsect resistance in the ADIH along with 5 
standard control cultivo.r~ (Table 1). By 1976, the IDIN was evaluated in 
about 20 locations throughout the world in addition to its exposure through 
plantings of the ADIN. Ll.nes in the IDIN tend to remain in the nursery for 
several years; consequently, disease reactions from entries in the IDIN serve 
as good. standards. At least one source of" resistance fo::t'- most of the known 
sorghum diseases is present in this nursery. 

§pec~fic Nurseries. In 1956, Stewart ~d Reyes grey the first head smut 
screening nursery near Bonneyv~ew~ Texas. Subsequently this nursery vas moved 
to the Beevllle Station where it has been grown continously. In 1969, head 
~mut scoring began at Bercla1r for reSistance to race 3, and for rac~ 4 of 
Sphacelotheca reiliana at Edna in 1975. A program to monitor pathogen varia­
tion is continuing through the use of the Unirorm Head Smut Nursery (UHSN) 
(Table 2). By growing these sorghum lines on a test field ve can monitor the 
virulence patterns of the smut popUlation. New races can be detected and the 
effectiveness of the resistance in genetic sources dete~ined. 

The downy mildew screening program began at College Station in 1965 and 
at BerClair in 1968. Downy mildew sc~eening is conducted at several locations 
In South, Texas by several pr~vate conrraercial firms as ...,e11. An intet"nat1onal 

I~ 
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Table 1. International Disease and Insect Nursery (lOIN) - 1979. 

Entry Designation IS No. Variety. Kind Plot No. 
No. or Group Rep! Rep II 

1 SC 103-12 2403 Gaudatum )4 41 
2 SC 110-14 12610 C Zerazera 4 50 
3 SC 170-6-17 12661 Zerazera 21 39 
4 SC 170-14 12661 C Zerazera 1 42 
5 SG 173-12 21664 Zerazera 26 54 

6 SG 175-14 12666 C Zerazera 19 32 
7 SG 326-6 3756 Nigricans 7 59 
8 SG 414-12 -2508 Cau-Kaf 11 49 
9 SG 599-6 (9247) 17459 Cau-Nig (Rio) 28 46 

10 SC 599-11E 17459 Cau-Nig (Rio) 3 38 

11 SC 748-5 3552 - Cau-Guin 15 53 
12 SG 630-11E 1269 Gaffr 6 40 
13 R 5388 (SC599-6XSCllO}der 25 34 
14 6 BH 4613 (MR 4) 2566(3197X170-6)der 13 56 
15 6 8H 4654 (MR 4) 2566(3197X170-6)der 18 31 

16 B 447 B2752X(3197X170)der 2 43 
17 Tx 2771 (MR 4-R line) 2566(3197X170)der 29 52 
18 1790 E (SC56XSC33)der 8 36 
19 B Tx 623 12661 der (B3197X170-6}der 23 48 
20 R 1750 12661 der (B3197X170-6)der 5 33 

21 77 CS 1 (IS2930XIS3922}der 20 58 
22 TAM 428 12610 der Zerazera 10 45 
23 Tx 430 12661 der (Tx2536XSCI70-6)der 27 60 
24 GPR-148 CSV-5 17 35 
25 CS 3541 GSV-4 22 55 

26 QL3 sel C. Kaf. der 30 44 
27 e Tx 378 413 Redlan 9 57 
28 B Tx 398 412 Martin 24 36 
29 Tx 7078 415 Comb. 7078 12 47 
30 Tx 2536 10542 Y. O. FeL der 16 51 

17 



140 

Table 2. Uniform Head Smut Nursery (UHSN) - 1979 

Entry Designation Variety Plot Numbers 
No. or Kind Rep! Rep II 

1 SA 281 Early Hegari 115 214 
I 2 PI 48770 White Kafir 104 205 

3 B TAM 618 Sm.Res.C.K.-60 der 111 219 
4 Lahoma Sudan Lahoma Sudan 120 204 
5 Tx 7078 Combine 102 212 

6 Tx 414 7078 der. 113 202 
7 IS 12664C (ScI73-14) Zerazera 108 218 
8 SC 170-6-17(4267)(TAM2561) Zerazera(ISl2661 derl 106 213 
9 SC 170-6 (FRM)(77CS2) Zerazera(ISl2661 der 117 201 

10 TAl' 428 (SellO-9) Zerazera(ISl2610 der) 103 211 

11 Tx 2536 Yel. End. Feterita 112 216 
12 Tx 430- (2535XI70-6) der 110 209 
13 S Tx 3048 Redbine sel. 119 203 
14 B Tx 3197 Comb. Kafir-60 107 215 
15 SC 33-14 (ISI2553C) Ourra 101 210 

16 SC 324-12 Nigricans (IS2681 der) 114 207 
17 SC 325-12 . Nigricans (152562 der) 118 217 
18 FC 6601 Spur Feterita 105 206 
19 FC 8927 Dwf. Who Milo 116 220 
20 SC 241-12E Roxburghii (IS3911 der) 109 208 

Number of packets are plot numbers - Plant in order by plot number in upper 
right hand corner, i.e_, 101,102, etc. through 120, then 201 through 220. 
The test has been randomized and is to be planted in order of plot number on 
packets. Seed is treated with Captan and Chlordane. 
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downy mildew nursery program, contaiuing a number of Texas sorghums is 
distributed by ICRISAT~ currently~ the data suggests that different patho­
types of Peronosclerospora sorghi exist in different regions of the world 
and two are present in Texas. 

Anthracnose resistance screening can be accomplished in Texas during 
same years, but has been done cooperatively at Georgia, Mississippi and 
Puerto Rico f"or about a decade ~ Anthracnose can be the most damaging dis­
ease 01: sorghum in the humid tropics. Fortunately some excellent sources 
of resistance are knmm. An International Sorghum Anthracnose Virulence 
Nursery was established in 1975 and through the use of this nurse~ we have 
found distinctly different host reactions in different geographic locations. 
S~gnlricant differences exist in host react~ons in Georgia, Puerto Rico, 
Brazil, and West Africa. 

Maize Dwarf Mosaic nurseries began ~n 1967 at College Station and San 
Antonio and are continued at Lubbock and College Station. 

In 1978, there were 16 principle screening nurseries in Texas and co­
operating states. Data were collected on a variety of foliage d1seases 
following natural or artific~al inoculation. Lodging nurseries which in­
clude damage caused by pathogens, environmental stress, insect and mite 
damage and genetic weakness in the host plant are evaluated annually ~n 
both line improvement programs and in the form of experlmental hybrids. 

D. Rosenow has developed novel and interesting approaches to the 
selection of lodgiDg resistant sorghums. Resistance to stalk rots and 
lodging has increased dramatice.lly in our trials during the past decade. 

Sorghum. Diseases 

Among the better sources of information on sorghum diseases is the text 
by Tarr,(l962) Diseases of Sorghum, Sudangrass and Broomcornw The Proceed­
ings of the recent International Workshop on Sorghum. Diseases, held at 
Hyderabad, India, (Williams et al 1980), will complement and update l1Tarr". 
TWo smal1er handbooks on sorghum diseases are also of interest: Troublesome 
Grain Sorghum. Diseases, Asgrow Seed Company (1974), and Sorghum and Pearl 
Mil.let Disease Identifica.tion Handbook by Williams at a.l (1978). 

An annotated list of these diseases and their pathogens is presented in 
Table 4. Howeyer, we believe that it is more im);lortant to classify these 
diseases according to their potential vulnerability (Table 5). These vulner­
abi.lity ratings are based in part on the known genetics of the host-~aras~te 
1nteraction (BPI)) 1n some cases in the past history of the disease, and ~n 
others on other HPlfs. 

Stability of resistance can only be estimated. For exgmple, res~stance 
to Periconia root rot or Milo d~sease has not been lost in some 40 years of 
deployment. Similarly resistance to rust, leaf blight, and stalk rot ap~ear 
quite stable, yet resistance to head smut and red rot has been overcome by 
changes in pathogen virulence. Consequently, for these diseases and their 
pathogens, we must continually monitor natural pathogen populations. Th1S 
is done through Unifor.m Nurseries (See Tables 2 and 3}. Current strategies 
anticipate changes in pathogen populations and complement host resistance by 
integration with other disease controls. 
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TABLE 3. International Sorghum Anthracnose Virulence Nursery (ISAVN) - ~979. 

Entry Plot No. 
No. Designation Rep I Rep H 

I Brandes 101 212 
2 Honey 102 211 
3 MN 960 103 209 
4 Rio 104 210 
5 Wiley 105 213 
6 B Tx 398 106 203 
7 Tx 2536 ~07 214 
8 TJIM 428 108 206 
9 se 599-6 (9247) 109 201 

10 se 326-6 110 205 
11 se ~67-14 III 204 
12 se 237-14 112 207 
13 se 328 C 113 202 
14 se 283 C 114 208 
15 se 748-5 115 215 

Disease Nursery Design for Natural Inoculation 

Fo11ar disease nurseries can be arranged in a number of ways; generally t 
we recommend frequent spreader rows or suscept~ble checks grown among candi­
date rovs~ Often spreader rows are planted before the test ma.terials, which 
are then aligned perpendicularly- in adjacent l leeward plots. By artificially 
inocUlating these spreader rows, naturally occurring inoculum will be dissemi­
nated among the test materials. Examples 01' diseases e>:amined in this lnanner 
include anthracnose, leaf blight; zonate 1eaf spot, downy mildew, and grey leaf 
spot. 

Downv Mildew. High levels of oospores in the soil are required. To 
obtain these spores, a very susceptible sorghum or sudangrass is grown in the 
prior season~ A rotatlon of susceptible sorghum with test materials in al~ 
ternate years tends to keep high levels of inoculum uniformly distributed ~n 
the soil. 

Read Smut. Virtually an identical. program. is poss~ble :for head- smut. 
However, one should be cautioned that the growing of one susceptible sorghum 
cUltivar tends to restrict the diver~ity of races in the smut fungus popula­
tion. Diversity can be maintained by introducing smut sori collected from 
other host genotypes and by planting several sorghums with different reactlons 
to different smut races in alternate years. 

Epiphytotics of p~ andropogonis. Where the objective is to screen 
sorghum varieties for disease resistance, difficulties in identifying, 
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TABLE 4. Diseases and their pathogens, 

Disease Pathogen 

Anthracnose (Foliage, Head) 
Bacterial leaf spot 
Bacterial leaf streak 
Bacterial leaf stripe 
Charcoal rot 
Covered smut 
Crazy top 
Downy mildew 
Fusarium stalk rot 
Grey leaf spot 
Head smut 
Lea.f blight 

Leaf spot 
Leaf spot 
Long SIDut 
Loose smut 
Maize dwarf' mosaic (Foliage, Stand) 
Milo disease 
Pink root 
Pokkah-bollg 
Phthium root rot 
Red rot 
Rhizoctonia stalk rot 
Rough spot 
Rust 
Sooty str~pe 
Sugary disease 
Target lear spot 
Wiirchweed 
Zonate leaf spot 
Gra~n mold 

Colletotrichum graminicola 
Pseudomonas syringae 
Xanthomonas holcicola 
Pseudomonas andropogoni 
Macrophomina phaseolina 
Sphacelotheca sorghi 
Scheropthora macrospora 
PerQnosclerospora sorBh~ 
Fusarium spp ~ 
Cercospora sorghi 
Sphacelotheca reiliana 
Helminthosporium turcicum 
(Exseronilum sp.) 
Phoma insidios~ 
~ispora sorghicola 
TolYFosporium ehrenberp:if 
Suacelotheca crenta 
Maize DWarf Mosaic Virus (MDMV) 
Periconia circinata 
'Pyrenochaeta terrestris 
fusarium spp, 
Pythium graminicola Y 

Colletotrichum graminicola 
Rhizoctonia solan~ 
Ascochyta sorghina 
Puccinia purpurea 
Ramulispora sorghi 
Sphacelia sorshi 
Helminthosporium sorghicola 
Striga l1ermonthica .. £'a asiatica 
Gleocercospora Borghi 
Fusarium spp., Curvalaria spp~, 
Altemarla spp. 
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TABLE 5. Characteristics or certain key sorghum disease problems. 

Major D~sease Problems 
in Sorghum 

Downy Mildew 
Head Smut 
Maize Dwar.f Mosaic 
Sta.1k Rots: 

Charcoal 
Fusarium 
Red Rot 

Foliage Diseases: 
Anthracnos.e 
Bacterial Stripe 
Cercospora Leaf Spot 
Leaf Blight 
Rust 
Zonate Leaf Spot 

Root Rot: 
Mhium 
Grain Mold 

Genetic Nature of Host­
Parasite Interaction 

General and Specific 
Specific 
General 

General 
Intermedia.te 
Intermediate 

Intermediate 
General 
General 
Intermediate 
Intermediate 
General 

Unknown 
General 

Degree of Genetic 
Vu1nerability 

Intermediate 
High 
Hlgh 

Low 
lnte:nnedlate 
Intermediate 

High 
Low 
Low 
Low 
Low 
Low 

Lew 
Low 
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preserv~ng, and inoculatlng with the pathogen oan samet~es be avoided by 
the USe of naturallY-infected spreader ro~s. One must have a sorghum variety 
extremely susceptible to the disease of interest, not unduly susceptible to 
other diseases which occur locally, and available in quantity from a region 
where the disease o~ interest does not prevent its reproduction~ In the case 
of bacterial stripe, such varieties are available. 

Frequency of spreader roYS among candidate and check rows JJlaY" vary :from 
1 in 6 to 1 in 2, depending on the intensity of exposure desired. Test 
materials adjacent to spreader rows ~hich for any reason do not show severe 
symptoms should be d~sregarded; if a statistical field plot design is used, 
it should allow for missing plots~ 

Culture of Plant Pathogens 

Culture of C. graminicola. Insolations are made from diseased plant 
material (elther leaves or stalRs) by plating surface-disinfected tissue onto 
nutrient agar (pH 5 t~ 6 with 100 ppm streptomycin sulfate to inhibit bacteria). 
Cultures cannot be identified as Colletotrichum graminicola by gross inspection; 
though typically greenish-black.., colonies range through white to grey and black 
w1th a few pink and orange. Texture may be thick, loose and cottony, or thin 
and felty; aerial growth is not necessarily abundant4 Conidia, too,. may be 
nearly absent; if present, they are usually pink en masse and often falcate. 
The vide variations in their form do not typify specific isolates. Spores 
tend to form at the margin or the colony $lld to germinate ~o fOrm appressoria. 
Setae may occur. Temperature optima of 28°c (USA) and 300 to 32°C [India) 
have been reported~ Therefore~ cultures are identified and checked ~or purity 
by microscopic examination. Single sporing, which can be accomplished by 
dilution, helps maintain sporulating activity aDd pathogenicity. Cultures 
long maintained by mass transfer tend to lack these functions. Suspect iso­
lates are checked for pathogenicity before large~scale screening tests are 
undertaken. 

CultUre of Gleocercospora sorghi. Use lima bean agar t or oatmeal agar 
d~luted to half strength~ Pot~to de~rose agar is also acceptable, giving 
white or pink colonies. V-8 juice agar gives excellent sporu1ation~ (V-8 
is a pasteurlzed puree of tomato, carrot~ beet, parsley, watercress, and 
spinach with ascorbic acid added which is commercially available in the U.Sr)~ 
Sorghum juice agar gives sclerotia but no~ conidia. 

Surface~sterilize leaf fragments bearing sclerotia or punches from mar­
gins or ongoing infections in living leaves. Transfer at 3-day intervals at 
28°C, drawing inoculum tram the margin of the colony and checking microscopi­
cally for the Gleocercospora conidia~ Once a Dure culture is obtained, wash 
it with sterile water and transfer conidia rather than mycelium; th~s aids in 
retaining the capacity to produce conidia and sclerotia, which is easily 
lost (usually, but not always, conidia are lost before sclerotiat passage 
through sorghum does not restore ability to sporulate; pathogenicity is 10st 
separately, but isolates yroducing all organs are more likely to be patho­
genic). When a culture with abundant sclerotia is obtained, let it dr,y and 
put it away; the isolate may be preserved a year or mere ~n this way. 

Viable sclerotia can be produced on same culture media as vell as on 
sorghum leaves. Experiments usually begln with dry material, though no re­
quirement for drying has been established. F()~lo'W'ing the eX)?e:r:in1ental 
stresses, the sclerotia m~ be p~aced on moist paper in closed d~shes at 
28°c and examined daily for sporodochia produced, Most ger.mination occurred 



146 

on days 3 through 7 in one such experiment. SJ.nce results were more charac­
teristic of the day a specimen was. put in the moist ch.amber than of' its pre­
vious treatment) one should replicate such experiments sequentially. 

CUlture of Exserohilum turcicum. E. turcicum grows 'Well on v-a juice 
agar 4 If the agar is autoc::laV'ed in water aD.d the can of v-8 juice :is then 
opened (~ith sterile technique) and added, hydrolysis may be minimized and 
a firmer gel obtained. Various recipes specify 2 to 5 g CaC03 per liter; 
this raises the pH {6.o is suitable) and precipitates colloidal substances 
which 'Would otherwise cloud the medium and :iJn.pair observation. An inoculat­
ing needle may be s~raped across a mature lesionaand then used to streak the 
conidia onto a plate of water aga~) after which either conidia or hypha! ti~s 
may be transferred to separate v-8 agar plates to give isolates of single 
ha~loid genotypes. "Each such isolate ~i11 sho~ one or two mating types when 
used in an attempt to produce the perfect stage. If the i'wlgus 18 to be 
isolated from leaf, debris~ or soil specimens~ the caC03 m~ be omitted and 
0.1 g streptomycin and 1.13 g rose bengal per liter may be added. 

If a de~ined m~dium is desired for E. turQicum, the follo~ing is suit­
able. It is based on a medium of Malcha - and Ullstrup known to support rapid 
growth it 0.3 per cent casein hydrolysate is present, but here the more prom­
inent amino acids ot casein are substituted :for it. Some of them may be un­
necessary~ The 15 g of crude agar is replaced by 0.5 g of purified agar, 
which must be sterilized separately ~rom the salts. 

KH:2P04 1- g glutamlc acid 0.7 g 

Mgs04 0·5 g proline 0.3 g 
FeN03 '9H2O 0.0014 g leucine 0.2 g 

ZnS04'7l1:!0 0.0009 g aspartic acid 0.2 g 
MnS04 '4H

2
O 0.0004 g "Tall.ne 0.2 g 

lactose 37·5 g serine 0.2 g 
, Ionaga:r ' 0.5 g isoleucine 0.2 g 
threonine 0.2 g arginine 0.1 g 
phenylalanine 0.1 II methionine 0.1 g 

(PH is. about 4. Adjust to 6 using about 0.2g KOH). 

When mating tYlles or the imperfect stage of' ~. turcicum are separated 
and recombined into Setosphaeria ascospores,. which form the perfect stage, 
there is a chance that some of the recombinants may 1ack one of thE:! en~es 
neces~~ to support growth on a minimal medium~ To avoid loss of these 
auxotrophs (which would be useful as genetic markers), ascospores may be 
germin.ated on a • catch-all- medium: 

Difco CZapek's medium 
agar 
Difco malt extraot 
Schwartz sodium nucleate 
hydrolyzed casein 
Sanderson's trace elements 

35.0 
15.0 
7.5 
0.01 
0.025 
1.0 

g 
g 
g 
g 
g 
ml 

(The trace elements ot the defined med~ttm above may be substituted}. (Not all 
casein hydrolysates are thoroughly hydrolyzed; BBL 'Acidicase t , Di1"co 
'Casarnino acids I , and Nutritional Biochem~ca1s acid and enzymat~c casein 
hydrolysates each support~d an isolate of Pucciuia gramin~s tritici which 
was fastidious In this respect. 
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Setosphaerla turcica is thous~t to ~equire a natural substrate; the culm 
(stem with sheathl of a grass host, Luttrell, who discovered it, sur.face~ 
sterilized mature dry barley straw with propylene oxide (1 ml per liter of air, 
for 24 hr) to avoid loss of' heat-labile components, then partially embedded 
segments in Sachts ag~~ (1 liter) 

1.0 
0.25 
0.25 

20.0 

g 

g 

g 

g 

Chlamydospores germinate on ~ater agar; further development requires 
abundant sucrose, thiamine, biotin, and suitable inorganic salts. Dispense 
it into tubes, aIld also apply small amounts to c.over glasses, .forming thin 
films that may be used to isolate individual sporidia. 

Slit the agar along ODe edge oE the coverslip! for.ming four square 
stalls. Streak. a few chlrunydospores along the opposite edge and let them 
ge~inate. Move ODe monosporidium into each stall (using a micromanipulator 
with a drawn glass needle i.f available, or uSlng a hand tool :made by, break-
ing a mature sorghum peduncle, slitting it lenghwise, and whittl~ng the broken 
end to leave a single vascular bundle). Cut off each square o:f agar and trans­
fer (with sterile technique) to the slanted surface of the medium in a tube. 
After growth occurs, if the culture is not soon to be transferred, add sterile 
mineral oil to aid preservation of shelf life t 

Culture o:f Bacteria. 

Unknown bacteria are usually grown On Nutrient agar (beef extract, 0.3%; 
:peptone, 0.5%; and agar, 1~5%). Mixed cultures are separated by streaking 
(drawing a zigzag line on the agar surface with an ~noculating needle, then 
selecting one of the smallest symmetrical colonies for transfer); or by dilu­
tion plating (suspending bacteria. in sterile water or lukewarm, not over 40°C, 
agar medium, serially diluting this liquid (e~g., five ten-fold dilutions). 
and pouring some of each dilution in agar into a sterile Petri plate)~ 

Detailed Identification of Bacteria Pathogens of Sorghum. Pure culture 
of one of the three important facterial pathogens or sorghum can be roughly 
distinguished from the other two. ~. andropogonis has flagella at both ends 
of the cell) while the other two have them only at one end, and 1 t alone does 
not llquefy a gelating med~um. ~. syringae alone fluoresces under ultraviolet 
light. Colonles of ~. holcicola an nutrient agar are yellow, whereas those of 
!:. andropogonis are 'White and those of .E. syringa.e:, greyish-w-hite. This diag­
nosis cannot be considered final (see belolf). 

Bacteria are noted £or their inducible enzymes, which appear only after 
exposure to the substrate for a relatively long time; therefore, a culture 
should be 'conditioned' as a fresh (24 hr) transfer onto a specified medium 
prior to biochemical tests. For most of the following tests, this 1S Kingts 
M€a~um E: 

Proteose peptone No, 3 
Bacto agar 
Glycerol,. C. P. 
KpQ4 
MgS04· 7HZO 

(Adjusted. to pH 7.2) 

2.00 
l.50 
1,00 
0.15 
0.15 

per cent 
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TABLE 6. Rea.cti,on of sorghum bacterial pathogens on King [8 medium. 

§ .. 
I I 0 .. " I 

"""' " 'n o " "'~ +' ~ 
Pathogen ....... " +'+' " 0 '" H +,"0 " " '" ... " .... d .... 

cd ::s OM b.a ",t " 0 0 .... " 

.... '"'" " '" ~ ... 0 " .... " .... " ~.g '?::::l .., .... 
0.-\0 Z >< ::;:".., 

PseudnnCt\,as andro~osonis 
~. sorghicola + + + 
~. albo:Qrecipitans + + + 
~. rubrilineans + + + 
~. rubrilianeans~ nitrate + + 

reductaseless 
~. rebrisubalbicans + + 
~. rubrisubalbicans, Haywood strain + + 
~. floridana (+) + + + 
~. syringae + (+) ? ? ? 
.l!:.. holcicola (+) ? + ? ? 

The YS broth~ used in three of the tests, is as follows; 

Yeast extract 
(but only 0.08 
NaCl 
{NH4)H2PD4 
~HP04 

MgS04· 7H20 

0.50 per cent 
per cent for tue malonate test) 

0.50 per cent 
0.05 
0.05 
0.02 

8 
>< " ... ~ 

0 
",,0 

.... " " .... ","'<l 

? 
? 
? 
? 

? 
? 
? 
+ 

Instructions for six tests f'ollow) and the expected results are given in 
Table 6. Where the specimen is known to be a non-fluorescent Pseudomonas spp.~ 
the gelatin liquefication and acid from glucose tests may be ~tted. 

Gelatin li9uefication. Make up nutrient gela.tin (beef" extract, 0.3 per 
cent; peptone, 0.5 per cent; ~d gelatin, 1.5 per cent) in tubes. Stab-inocu­
late, and observe tvo weeks for hydrolysis of the gel. 

Nitrate reduction. Make up liquid medium; ster1lize in flasks, at least 
three per specimen; 

NaCl 0.50 per cent. 
yeast extract 0·50 
sodium succinate 0.20 
KII03 0.10 
Kb2P0

4 0.05 
ISHP04 0.05 
MgS04' 7H20 0.02 

Make up test solutlons of sulfanl1ic aCld and of N,Nl - dimethyl - 1 _ 
naphthylamine, each in 28~5 per cent (v/v} glacial acetic aC1d. Inoculate; 



incubate with shaking. 
reagent to a culture~ 
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After 2, 5,. and 7 days, add a few drolls of' each 
A red color indicates nitrate reduction. 

Hydrogen su1£ide production. To YS broth (see above), add 0.01 per 
cent cysteine hydrochlor~de (use a 1 per cent stock solut~on in ethanol) 
after sterilizing in rlasks. Inoculate, and hang a sterile strip of lead 
acetate paper fro~ the closure of each flask. Shake gently, so as not to 
wet -the papers.,. for two weeks ~ Observe strips after the third day for a 
black residue of lead sulfide~ 

Tween 80 lipOlysis. Prepare med1um in plates: peptone (DifcO), 1 ~er 
cent; NaC1, 0.5 per cent; CaC12 'H20, 0.01 per cent; Tween 80 (Atlas), 1 per 
cent autoclaved separatelY; final pH 7~O to 7.4. Streak or spot-inoculate 
and inCUbate 1 week at 300C. Observe after the third day for an opaque 
halo or cleared zone indicating lipolysis. 

Acid from glucose. Prepare medium in flasks: 1 per cent peptone, 0.5 
per cent glucose~ and O~OOOI ~er cent bromcresol purple (use a 1.5 per cent 
stock solution in alcohol). Incubate two weeks at 27°C with sLaking. Observe 
atter the third ~ tor color shift from purple to yellow, indicatlng acid 
production. 

Malonate utilization. Prepare YS medium in flasks~ adding 0.2 per cent 
sodium malonate and 0.0016 per cent bromtbymol blue, and adjusting pH to 6.8 
with NaOH. Inoculate ~ incubate 10 days with shaking. and observe after the 
third day. Prepare a standard by adjusting an uninoculated flask to pH 7.3. 
Green to blue colors indicating pH 7.3 or higher demonstrate consumption of 
the malonate. 

Inoculum storage. Isolates of ~. graminicola appear to retain their 
pathogenicity when stored on potato dextrose agar (FDA) at IOoe, allowing 
repeated transfers without apparent loss of virulence. V-8 broth cultures 
may be grown Blld refrigerated tor several weeks before use but should be 
used immediately upon return to room temperature. 

Preserva.tion of bacteria. Ordinary cultures of ,E. andropogonis do not 
s~ive free~ing. Most bacterial species sur¥ive when cells are suspended in 
water containing 0.2 per cent sodi"Wll glutamate and are lyophilized. For 
freezing not followed by drying) no methods have been verif1ed for these 
particular bacter~a, but suspenS10n in 50 per cent glycerol or 10 per cent 
dimethyl sulfoxide may be tried. To preserve bacteria in leaves, try letting 
the plants wilt (though not to the point of death)". chopping th-em~ vacuum­
infi~trating vith 50 per cent glycerol, and storing in a food freezer. 

Inoculum of C. graminicola for foliar inoculation. Grow the pathogenic 
isolate in large Ehrlenmeyer flasks of V-8 broth. Cultures are agitated con­
t1nuously at room tempera.ture. After a.pproximately' five days, colonies be­
gin to clump into round balls and broth clarities. At this point, check 
microscopically :for- purity and an abundance of" conidia. Strain cultures 
through several layers of cheesecloth and dilute filtrates to apprOXimately 
one thousand conidia per mi11iliter~ 

Inoculum of G. Borghi (from agar culture). A whole, fresn culture in 
lima bean agar, diluted at 1east 20-fold with water, is ~ore effective than 
a s~ore suspension. Dilution BO-fold or more increases varietal selectivity 
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without greatly decreasing inoculation efficiency on a susceptible varietY4 
Addition of 2 per cent gelatin increases ef£iciency (Yith unknown effects on 
selectivity). Following inoculation, plants (or detached leaves) must be 
maintained in a fully vater-saturated atmo5]here ~or 20 hours. 

Inoculum Preparation - Methods Not Requiring Pure Cultures 

InocUlum o~ Co11etotrichum sraminicola is commonly maintained satis­
factorily from season to season in dried, infected host tissue, particUlarly 
in lea.ves~ While it may be impossible to separa.te £. graID.l.nicola f'rom ot.her 
foliar pathogens in this manner, merely grinding or chopping infected leaves 
into small bits (less than 1 em square) and dropping them into whorls of 
sorghum seedlings as inoculum greatly simplifies inoculat~on of large numbers 
of plants in the field. 

A~r-dry infected leaYes at rOOm (or other moderate) temperature, prefer­
ably using an extremely sensitive sorghum cultivar so that anthracnose will 
develop before other foliar d~seases. These leaves may be used immediately 
or stored in a dr.Y condition for several months. Experimental confi~ation 
that inoculum will survive under local conditions is prudent. In Texas, 
Mississippi, and Georgia, (USA), inoculum is routinelY stored from one grow­
ing season to the next, a. period of nearly 6 months. Prior to use, the 
inoculum. may be ground in a mi1.l or manually cut into small bits. These are 
dusted by hand into the whorls of test plants in the field. In this position 
on the plant, inoculum will sporulate and infect during the next favorable 
period. 

Zonate ~eafspot '(Gleocercospora sorghi), l.ike most other foliar dis­
eases, may- be established artific.ially by mincing dry leaves (bearing necro­
tic areas and sclerotia) and sprinkling the fragments into the 'Whorls of 
30-daf plants. Activation of the sclerotia requires at least 3 days of con­
tinuous high humidity. 

Inoculation with ~. sorghi-infectad grain or meal requires a pure culture, 
is about as efficient as the liquid inoculation methods ,mentioned below, and 
may prove more manageable when a large crew is required to inoculate several 
hectares. Autoclaved sorgbum or other grain should be inoculated with a pure 
culture of ~. sorshi which produces all organs (see below)~ and incubated at 
27°C with occasional agitation until all grains bear mycelium. S~read the 
grain out to dry at room temperature (contamination will occur, but other sor­
ghum pathogens have no competitive advantage in this medium). Put the grain 
through a corn grinder~ then sprinkle the meal into the whorls of 30-d~ sor­
ghum plants. This procedure wi11 york only if rains occur sufficiently often 
topprovide the proper environment for germination and penetration b.r ~. sorghi. 
Inoculation may be carried out using whole grains. In this case, the permiss­
ible delay before an adequate vet period is extended somewhat because the 
grains, unlike the meal, tumble back down into the whorl as they are exposed 
"by leaf growth. 

Since no one has published studies on rough 1eaf' spot or on !. sorghina 
under artificial conditlons, no proven techniques can be described. FresumablY1 
chopped infected leaves which have not been kept too long may be dropped into 
vhorls as inoculwn. !. sorghi, which appears to be very similar, has been 
studied; suitability of these deter.minations for A. sorghina should be verified. 

A. sorghi survived a year or more on leaves in the laboratory,. though the 
pycnidia lost infectiousness. Pycnidia survived 36 hours at 48°C. However, 
pycnospores did not survive 6 months at room temperature nor 10 minutes at 48°c~ 

(/ ;) (\ 



Leaves, e:special.ly those 011 older plants, vere infected 'When sprayed 
with suspensions of fresh pycnidia or pycnispor~s. When exposed to rela­
t,ve humidity over 91 per cent between 25° and 38°e (31° optimally), viable 
s:pores produced .a germ tube from each c:ell~ Myceli'UlIl. developed on 2 per cent 
potato dextrose agar, provided the temperature was well below 42°C. Black 
structures, resembling pycnidia but twice as wide and v1thout spores, formed 
in culture and could be used to infect leaves~ 

Leaf blight (~. turcicum), like other leafspotting diseases, can be 
transmitted by dropping fragments of ~nfected leaves into the whorls of test 
plants. Inoculum may be stored at aOe, with less than 50 per cent relative 
humidity, ~or 12 years; at 0°, 86 per cent, or 25°, 50 per cent, it 1asts 
about 4 months, whereas at a tropical ambient (30°C, relative hum~dity over 
77 per cent) t~ansmissibility fails in less than a month. 

Inoculation should be planned for a time of cool, hum.id weather, since 
disease development is rapid at 20°C. Penetration is completed in 18 hours, 
50 if the humidity variable is to be removed, plants may be sprayed with 
water throughout this interval. At lower temperatures, pathogen perfor.mance 
(sporulation) will decrea5e~ M::1.nimum conditions for s]?orulation of E. 
turcicum from a lesion on sweet corn are 7 hours at 15°C with humidity near 
100 :per cent~ 

Since the conidium (with chlamydospores) is the overwintering unit of 
~~ turcicum, spares may be separated from leaves if this is convenient. 
Conidia may be washed off1 or the leaves may be homogenized and strained, 
Cultures on agar may be homogenized and used without,fractionation. Liquid 
inocul.wn is sprayed onto the plants. 

As an obligate parasite, Peronosclerospora so~ghi gives nO opportunity 
for inoculum production in culture. Inoculum originates from leaves and con­
sists of either oospores or conidia~ (An exception is mycelial inoculum on 
seeds: with glumes, which may persist up to a month on seed kept at 3°C with 
at least 18 per cent mOlsture)~ E~ther oospores or conidia can initiate 
systemic infection in germinating seeds; conidia deposited On older seedlings 
can ~initiate local infect10n, but systemic infection is possible only vith 
germinating seeds. They are most susceptible at shoot emergence) about one 
d.8y after hydratJ.on. Dr. J"eweus Craig has developed a conidia inoculation 
technique for identifying resistance to sorghum downy mildew (Craig 1914)~ 
For inoculation ~ith conidia seed at shoot emergence are placed embryo side 
up on moist paper in Petr2 dishes; infected leaves showing sporulation (white 
dOwny mat on abaxial surface) are gathered, washed, and promptly stretched 
across the rim of the dish and secured with the top~ The dishes are held at 
21°C; about 8 hours after the leaves have been removed from their plants, 
conidia are released. After another 24 hours.,. the seedlings are ready to be 
removed and planted. 

Emerged seedlings (arranged as rows in flats) may be inoculated for 
local infection by gathering infected, sporulating leaves in the late after­
noon, resting these (abaxial surfac.e dOWllW'ard ) across the rOllS of seed.lings~ 
and covering with polyethylene 8heets. After a night at 20° to 28°C, up to 
7 out of' 10 seedlings may be infected, but one cannot expect uniformity {see 
below) • 

The best con~dial inoculations result from care to maintain com~letely 
water-saturated air throughout the system. Arrange, .from bottom to top. a 
large plastic tray; potted 2-1eaf sorghum seedlings; a second, identical tray, 
inverted and with most of lts bottom cut away; hardware cloth (welded mesh 
with openings about 1 em); a single layer of cheesecloth; infected, sporulat­
ing sorghum leaves) cut into 1-2 em segments and arranged, abaxial side dmm, 
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to give thorough. coverage; a layer of" seed germination paper (equivalent to 
about 20 layers o£ facial tissue - do not substitute crude paper towels, 
which may be toxic) soal<ed with water; and a plywood lid. Incubate at 180

_ 

22°C. Conidia are discharged on straight trajectories, sometimes giv1ng 
images on the leaf segments and of the cheesecloth projected onto the seed­
lings~ UDifo~ inoculation may be assured by agitation with water-saturated 
air. Arrange a vacuum-pressure pump; a needle valve; adjusted to five ca. 
0.3 atm gauge pressure at the system outlet; a water bubbler; about 10 m of 
1 em copper tubing~ coiled in a tank of water maintained at 20oC; a forked 
pille; and tvo rubber h05es with ends plugged and walls drilled near th.e ends 
to discharge the air radia.1.l:y, extending through the lid and the hardware 
cloth to the tips of the seedlings. Use great caution in substituting me­
chanJ.cal agitation, since its work vould a.ppear as heat which could lower 
the hUJnidity s;'gnif1cantly. The layer of oheesecloth, tbrough which the 
conidiophores protrude, is no barrier to conidial discharge and has been 
found essential for a good yield of conidia; this is probably because it 
provides a source of moisture within ~ mm of each conidiophore~ 

Oospores may be recovered directly from intected mature leaves or 1n­
directly from infested soil. Leaves are used where the origin and age of 
the oospores must be known (e.g.) for investigating conditions of oospore 
survival and germination),. though one cannot expect to infect more than 
half of the seedling~ this w~. Since the oospore diameters fall in the 
30 to 50 micron range) a Wiley Laboratory Pulverizing Mill is fitted with 
a 74-micron sieve (200 mesh). Infected leaves are shredded, then ground 
in this mill and mixed with seed to be planted. Though some infection re~ 
sults from inoculum placed at a distance from the seed (up to 7 cm), this 
is less effective, as is inocUlum previously stored several months at room 
temperature. Frozen inoculum may be kept at least three years. 

For most applie~ research, the whole infested soil is the best inoculum. 
OVer 80 per cent of the plants become infected, and some infested soils may 
be diluted IOO-fold without loss of potency. Soil temperature should be 
18°C, maintained in a constant-temperature tank or found in the field at an 
appropriate plan~ date. It is prudent to plant on a series of dates at one­
or two-week intervals. Where reproducibility 15 not required, seeds may be 
planted in :pots kept in the lab; the lower and upper temperature limits for 
infection are a~proxtmately 120 to 30°C, respectively. 

When germination of oospores from the soil population is to be studied 
(e. g., to evaluate the efrects of ~eathering On spores), it is convenient to 
concentrate them. D~ soil is pulverized in a War~ng blender and the spores 
are recovared in the dust, e.g., by drawing some dusty air into a large syringe 
and expelling it through a filter (Swinney adapter)~ For larger quantities, 
One might operate the blender under a.large inverted box, then slide the box 
to a clean surface and let the spores settle~ 

Sphacelotheca reiliana, like many of the smuts, is intermediate between 
obligate and facUltative ~arasites; its chlamydospores (teliospores} germinate 
on suitable media to yield sporidia and a yeast-like growth, but the tissues 
typical of the parasite (including the chlamydospores themselves) are not re­
produced. The sexual. process can be managed in vitro, but the resulting inocu­
lum can be returned to the host only in a highly~tural manner. Pathogeni­
city :i.s easily lost in culture. 
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Inoculum, Preparati_on - Methods UtiliziJlg ;pure Cultures 

Foliar Inoculation With C ~ .srelIl.inicola. These inocUlations are usua.lly­
done when humidity is high and. sorghum is at the early boot stage of growth 
(40 to 50 days postemergence)~ A liter or larger capacity container which 
can be pressurized and fitted with a hypodermic syringe is recommended ~or 
:field inoculations. A football pump may be substituted. Plants are inocula­
ted by injecting the conidial suspension into the whorl sO as to expose as 
m.any- young leaves as :possible to the inoculum. 

Injection of :pure.£. sraminicola inoculum. through a needle pWlcture to 
the base o£ the whorl assures infection of all sorghum varieties, at least in 
the vicinity of the wound. When the inoculum is squirted into the 'Whor~ from 
the top vithout wounding, there are some esca~es in every variety, but some 
varietal resistance is revealed statistically. Spray inoculation of seed­
lings is effective, provided the humidity requirement is strictly observed. 

Inoculation With Sporidia of S. reiliana. Transfer each isolat.e to a 
flask of potato dextrose broth which can be mounted on a rotar.y shaker or 
other device to provide gentle, continuous motion. After three days at room 
tempe~ature, make inocula by mixing broth from pairs of cultures in all poss­
ible double combinations (i.e~, 4 monosporid~al cultures yield 6 inocula, 5 
yield 10, aod n yield (n x (n-l)/2). Commonly, all sporidia! cultures from 
3 individually germinated teliospores are pooled for use as inocUlum (See 
Edmund.s 1963). Immediately after mixing, draw inoculum (1 ml per plant to 
be inoculated) into a syringe with a. 24 or 26 gauge need1e. Use 4-week-old 
plants (i.e., 1 to lO leaves, whorl, and ditierentiated growing point). Place 
the inoculum ~ediate~ below the point of differentiation; rehearse this 
using a syringe with dye and plants which may be dissected. Alw~s test inoc­
Ula from new 'isolates on host plants or the variety which gave rise to those 
isolates. Retain only those :Lnoe:Ula which do not cause smut -when :paired with 
certain others. Whole teliospore isolates cannot be saved; new isolates are 
needed for each trial. 

InocUlation with Chl~ydospores of S. reiliana. Immature chlamydospores 
germinate readily ~ but those which have fuJ.ly matuxed in the sorus (the usual 
natural inoculum) respond to weathering and germinate s]oradically throughout 
the year in the soil. Shelf life is about 5 years. Although spores mixed 
with soil and applied to dry seed have produced some infected seedlings, 
spores mixed into the planting bed have shown much less infectivity to seeds 
sown one or tva weeks later. Perhaps the greatest infective efficiency occurs 
when the chlamydospores have been in the soil 4 months~ with considerably ~ess 
at 8 months. Nonetheless, a ~ield planted to susceptible sorghum once a year 
suffers inoculum buildup, and several years in non .... susceptible crops do not 
dis~nfect it. With moderate soil moisture (15 per cent by veight), infection 
can occur at any t.emperature from 12° to over 360c~ Higher soil moisture 
narrows the permissible temperat-ure range to 20° to 34°C. The optimal tem­
perature is 28°c. 

Inoculation of' Stalk Rots (Macrophomia, Fusarium, Colletotrichwn). Clear 
toothpicks by boiling in very dilute potassium hydroxide, rinse, add nutrients, 
sterlli~e and cool, add inoculum, and incubate about 5 days (with agitat~on, 
if poss1ble). Picks are placed in stalks, 2 nodes above the ground line, 
approximately 10 to 20 days after flowering. Wounding to insert the picks 
can be done with.. a shortened ice: pick, This can be made by driving a nail lnto 
a hand-sized ~ooden dowel, filing off the nail head, and sharpening the pOint. 
Evaluation can be on a 1-5 scale~ based on the extent of damage within and 
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among internodes. Rot extending througQ2 or ~o~e ~nternodes generally indi­
cates a susceptib~e reaction, 

Charcoal and Fusarium stalk rots "Will develop under stress of low mois­
ture and high temperature. Both diseases tend to develop more rapidly in 
dense plant populations. 

Infested toothpicks bearing £: graminicola.. may be inserted into the 
peduncles or sorgh1llll in the boot stage of growth, as an alternative to 
inoculating one of the lower internodes, It a yes~or-no answer is desired, 
head blight may be scored much more quickly than stalk rot, and the-plant 
may be left to mature. Stalk rot is easier to quantitate. No gene is 
known to prevent blight in a head vith a rotted peduncle, so the st~ rot 
:score is useful even vhere peduncles are naturally infected directly.. On 
the other hand, no such gene is likely to be found it head blight resistance 
is eval.ua.ted in the lower stalk. Toothpicks ere used because they are avail­
able and inexpensive" beca.use they can be prepared and stored, and because 
they can be :found in the sorghum plants after a two-month interval.. 

The inoculation and culture methods given for Gleocerospora (see pre­
ceeding discussion) are also suitable for RamUlispora. In addition, because 
sclerotia o:f the latter survive in the soil" a method to cover them has been 
developed. Dry soil, 25 to 50 g, is ground in a mortar, then washed through 
a 0.25 mm (80 mesh) screen followed by a 0.047 mm (300 mesh) screen on which 
the sclerotia (and other particles of similar size) are retained~ This 
residue is washed off the screen with a saturated solution of ammonium sul­
fate in water. The suspension is allowed to separate at 1 g in a 125 ml 
Ehr~enmeyer flask. Sclerotia come to the top. These are decanted, collected 
on a filter, washed with water, resuspended in about 1 ml~ and placed atop a 
step-gradient consisting o~ 5 m1 water atop 5 ml 70 per cent sucrose (w/w) 
in a tube £or a swinging bucket rotor. When the rotor is spun to give 2000 
g for 3 min, the sc1erotia settle to the top Qf the 70 per cent sucrose layer 
and move no farther. They may be collected by introducing more 10 per cent 
sucrose to the bottom of the tube, or by decanting and filtering. Viable 
sclerotia of other species may be present along with Ramulispora t One can 
ldentity them, using the microscope. Treatment of sclerotia (or sporodochia) 
with one per cent NaDeL for 1 minute serves as both a surface sterilizing 
procedure and a germination stimUlant. 

Inoculation of Bacteria. Pseudomonas spp. may be inoculated to young 
sorghum leaves by suspending a fresh culture in water, drawing it ~nto a 5 
rol syringe f~tted with a 2 em length of 1 em rubber tubing, and pressure­
infiltrating the leaf from the abaxial side while supporting the oppos~te 
side with the thumb. Injury doe to' water-soaking and bruising is evident 
immediately. Hold the inoculated plants, together with checks infiltrated 
with water or heated (60°C) ~ocUlum ten days in an illuminated moist cham­
ber. Local infection should be evident after 2 days, and spread through 
interveinal regions occurs later. 

Status of International Nurseries 

The Texas Agricultural Experiment Station developed an International 
Disease and Insect Nurser,r (IDIN) in 1972. This nursery contains our current 
elite sources of reSistance to diseases~ insects, lodging, and grain weather­
ing. Lines are included with resistance to downy mildevjo head smut, 

• i 
I , 
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anthracnose, maize dwarf mosaic, rust, Fusarium head blight, grey leaf spot ~ 
zonate leaf spot, charcoal rot, and grain mold. Insect and arthropod pests 
for which resistance sources are included are greenbug, midge, corn leaf 
aphid, and Bank's grass lnite~ The nursery is updated each year to include 
improved materials as they are develo~ed and identified. 

This nursery is distributed worldwide and provides infor:mation on 
perfor.mance of materials under different and harsh conditions throughout 
the 'W'orld4 It also serves as a germplasm source in which sorghum workers 
can select lines for use in their international or national sorghum improve­
ment program.. 

In the Spring of 1977, a cooperative arrangement was agreed to between 
ICRlSAT and TAES, whereby we could submit entries into some of the Interna­
tional Testing Programs of ICRISAT. We can enter materials e~ther by send­
ing seed to ICRISAT for later inclusion after seed increase, or by asking £or 
entries and test locations and then sending the seed directly to each co­
operator. 

International ICRISAT nurserles for which such arrangements have been 
established are the ISLDN (leaf disease), ISDMN (do""Y mildew), ISGMN {grain 
mold, midge nursery, ~d yield nurseries. This agreement with ICRISAT 
allows the evaluation of' our material in key international locations 8D.d a 
co~arison with the other el~te lines available internationally. 

This past spring (1979) we began evaluation of se1ected hybrids and lines 
for yield and adaptation at ?everal sites across Africa, Southeast Asia, and 
Central and South America. 

other nurser~es we are involved with internationally are the Anthracnose 
(ISAVN) and Head Smut (UHSN) nurseries. Cooperative international work alsO 

..- exists with evaluation of food-tY]?e sorghums. 
Close cooperative ties e~ist between TAES workers and sorghum research­

ers in developing countries, and vis~ts have been made to evaluate nurseries~ 
problems, and breeding materials. Some of the countries to which one or 
more visits have been made include: India, Thailand, Senegal, Upper Volta, 
Nigeria~ Egypt, Niger, Sudan, Ethiopia, Mexico, Venezuela, Colombia, Brazil, 
and Guatemala. 

Sorghum Disease Evaluation - General Consideration 

A variety of systems for taking disease notes are suggested. Within 
each nursery a selected set ot susceptible controls is needed. These con~ 
trols provide the researcher with a valid basis for comparing data from one 
cropping season to the next. Lines used as controls vary in their disease 
reactiOns. 

Date of flowering of each entry is very important to record, since in 
many cases, disease damage is related to maturity. The date when approximately 
50% of the heads have begun to f'lower should be recorded. as the date of" flower­
ing. Accurate f''1011ering notes are best obtained. by taking them every 3 to 4 
days. 
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TABLE 7. Disease reactions of selected sorghum lines. 

Sorghum Line 

Tx 7078 

BTl< 398 

BTx 378 (Redlan) 

QL3 

TAM 2536 

Sweet Sudan 

Susceptible to; 

Head 5mut~ races 1,2,3,4 
Rust 
Zonate leaf spot 
Grey lea!' spot 
Downy mildew • 

Anthracnose 

MDMV 

Downy mildeW' 

Northe~n lear blight 
Southern lear blight 
Downy mildew (foliar phase) 

Resistant or Tolerant To; 

MDMV (tolerant) 

MDMV (resistant) 

Anthracnose 

Notes on diseases not listed below should be taken and added to the data 
sheet. .A.J.so,. notes on items such as bird damaee may be made along with the 
species involved. Differences in reaction to other characteristics such as 
drought, heat, cold, flooding, and soil factors such as pH, and al~num 
toxicity should be recorded if the opportunity arises. When a selection 
appears to segregate for disease reaction, this infonmation is very usefUl 
to the breeder and should be recorded. For example, 4, 2s means that most 
individuals were ra.ted 4 and most of the rest were rated 2. The apparent 
segregation ratio should be recorded in a comment column. The ~ating l-45 
means that individual r~tings 1, 2, 3, and 4 occurred with more ones and twos 
than threes and fours. Explaining fully-~ let the rating format be a conven­
ience rather than a rastrictton. 

It should be pointed out that a "0" rat1ng in the rating systems ref'ers 
to any situation where a rating may be made on an individual plot and does 
not refer to a level of' resistance. 

Sorghum Disease Evaluation - Specific Considerations 

DOmlY Mildew. If sorghum downy m~ldew is present, data should be 
collected on the incidence of systemically infected plants as well as the 
severity of foliar infect10n (local lesion phase). 

Systemically diseased seedlings and plants will develop stri~ed or 
streaked leaves with alternate green and yellow or -cblorotio stripes. Down 
{asexual sporulation} is common-to-abundant on the lower leaves of these 
plants during humid weather vith moderate-to-cool temperatures. 

The local lesion phase develops extensively on 5udangrasses under 
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favorable conditions and could develop to a lesser extent on many of the 
entries~ Disease evaluations can be made for this phase as for other foliar 
diseases. 

Head Smut~ Determine the incidence of disease in each plot at or about 
the soft dough stage of growth. 

Maize Dwarf Mosaic Virus (MDMY'} or Su.sarce.ne Mosaic~ Data. may be ob­
tained at the boot stage of growth or after flowering, based on the follow­
ing rating system. From flow~ring on~ the mottling and chlorosis usually 
disappear; thus, one cannot determine 2 or 3 In late growth stages. Cool 
temperatures of 60°F or lower make symptoms much more severe, especially on 
susceptible lines~ The red leaf symptam often does not develop in tbe 
absence of'such cool temperatures. Note: Certain genot~es will show 
chlorotic and stunted plants without sign1f'i'cant necr051S. These should be 
rated a 5. Incidence may be important and may be reported as a percentage. 
This is especial.1y important 'When incidence is near 100% in SOlIl.e entries. 

0 
1 = 
2 = 
3 = 
3·5 = 
4 = 
4.5 = 
5 

No evaluation possible 
No apparent symptoms 
Leaves 'With mottling only 
Mottling and significant chlorosis 
Mottling with, slight lear necrosls 
Mottling with significant leaf necrosis (red ~eaf on most genotypes) 
As above with stunting 
The above accompanied by severe stunting or death 

Foliar Diseases. A rapid evaluation of foliar disease incidence and 
severity can be made for the follOwing diseases: grey leaf spot, sooty 
stripe, ZODate leaf spot~ rough spot, bacterial stripe, physiological or 
genetic spotting, leaf b1ight, rust, downy mildew, and others. 

o = No ev~uation possible 
1 = Resistant~ disease inconspicuous or if present on an occasional 

plant 
2 Disease"presentM(over 50% prevalence w~th low severity; apparently 

causing littl.e economic damage)' 
3 Disease severe (lOO%'Jprevalent, estimated leaf' area destroyed up 

to 25%; disease appears of economic importance) 
4 ~ As in 3 but over 25% of leaf area destroyed 
5 ~ Death of leaves or plants due to disease 

Stalk Rot. nata shoUld be collected at/about physiological maturity or 
when the grain has completely matured. (Note: At times, following artificial 
inoculat~on; little d1sease deve1op~. Nevertheless, good cotnpar'ative data can 
usually be obtaiued by recording differences among entries within inoculated 
internodes). Several longisections sho~d be whittled away to reveal nodal 
anatomy. When ~ot extends into a node at 1 or ;2 sites) it can 1;Je recorded as 
a 1.1 or 1.2. Th~ x.5 ratiDgs are often necessary. The following rating sys­
tem can be used in evaluating the severity of anthracnose, Fusarium and char­
coal rot following artificial inoculation: 

OpO; No evaluation ]ossible 
0.1 = Minimal reaction; indistinguishable from that to a ster~le toothpick 
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0.2 ~ Discoloration centered about the wound, progressing farthest ~n 
the superflcial parts o~ the stalk, but not reaching either node 

0.5 = Extensive discoloration progressing farthest in the central part 
of the stalk 

0.8 Disco1oration reaching one or both nodes superficially or form­
ing a cylinder 

1.0 = Most or all of one internode discolored with no penetration of 

1.1 ~ 
1.2 :;: 
1.5 = 
2.0 

nodal areas 
Slight penetration of one or both nodes 
Nearly complete penetration of one or both nodes 
Penetration of one node and slight invasion of the next internode 
More than 1 but not more than 2 internodes affected; infection 
must have spread through at least 1 internode 

= Penetration of 2 nodes and slight invasion of distal internode 
Infection has passed through 2 or more internodes 

2.5 
3·0 
4.0 
5·0 ::; 

~ Extensive invasion of plant but Dot killed 
Death of plant due to stalk rot 

Lodging. The ratings belo,." based on percentage of' lodged plants, 
should be recorded. This lodging can be any one 01' a combina.tion of: weak 
neck (breaking at base of peduncle), stalk breakage (due to stalk rots or 
weakened stalks due to stress, or very high wind), or root lodging (entire 
plant leans or falls due to wet soil and wind) . The predominant type of 
lodging should be recorded. Use rating or actual %. 

0 No evaluation possible 
1 = 2% or less lodging 
2 3-10% lodging 
3 = 11-30% lodging 
4 = 31-10% lodging 
5 = 71-100% lodging 

Fusarium Head B11ght. Infection and death of rachis branches, rachis 
and often peduncle (m8¥be even progress~ng downward to the base or the stalk) 
should be rated as below. The panicle branches of infected heads often droop 
severely after maturity. Infected rachis branches and peduncles have both 
external and internal discoloration as contrasted to MDM-induced discolora­
tion which is limited to external discoloration only ~ The disease usually 
deve10ps or becomes obYious at about physiologic maturity of the grain or 
late!". 

0 = No evaluation possible 
1 = Resistant: no infection in rachis branches or head 
2 = Infection ,limited to head, particularly rachis branches 
3 = Whole head in£ected 
4 = Both heads and peduncles affected 
5 = Head blight resUlting in death or lodging of plants 

Antbracnose4 Natural infection: Each of the fo1lowing are rated from 
1 to 5 based on 1 ::; resistant to 5 :: death of tissue or plant.. Numeric pre­
fixes may be used to deSignate on what portion of the plant the evaluation was 
made by characterizing leaves (foliage) as 1, the stalk (peduncle) as 2 and 
the head as 3. 

~I 
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(Anthracnose). Artif~cial inoculation; Toothpick.ethod~ same as for 
stalk rot evaluation _ C:onidial inJ ection,. same as for natural infection ~ 

Pythium or other Root Rot. Ratings of root rot should normally be made 
at maturity,. "but before the plant has died, Ratings are based on the follow­
ing scale: 

0.0 ~ No evaluation possible 
1.0 ; Roots free from disease 
2.0 ; No root rot near crown or on major brace roots 
2.5 At least one dead major brace root 
3.0 ; More than one to 1/2 but not all brace roots dead 
3.5 More than 1/2 but not all brace roots dead 
4.0 ; All roots dead;, but base o-r staJ.k is still alive 
5.0 ; All roots and bas e of stalk. dead 

Seed Weathering. A major environment and maturity related probl.em 
affecting both quality and quantity of seed is weathering. Should the oppor­
tunity present itself, data on seed mold and discoloration associated with 
weathering should be recorded on a 1 to 5 scale as noted. Ratings can be 
accurateq ma.de a.fter t!le saIn)?le !las been tilres!led. EstabUs!led standards 
for reference are recommended. 

0 ~ 

l ; 

2 ~ 

3 = 
4 ; 

5 ~ 

No eValuation possible 
Seed bright, free from mold damage 
Moderately resistant to weathering, seed slightly discolored 
Moderately susceptible, considerable discoloration 
Susceptible, extensive disco1oration and deterioration ot seed 
Very sUsceptible., seed essentially al.l dead. ..Embryos dead and 
endosperm deteriorated 

Desirability. The overall desirability, adaptation or breeding poten­
tial ratings can be made- near or at maturity. Many factors influence SUch 
a rating. However, each iDdividual's overal~ appraisal of the desirability 
of entries in conjunction with the other ratings should give valuable infor­
mation regarding the most useful Qaterial or ge~ plasm for certain areas of 
the world. 

0 ~ No eValuation possible 
1 ; Very good 
2 ~ Good 
3 Average 
4 ~ Poor 
5 ; Very poor 

SUMMAliY_ 

Comments regarding breeding for sorghum diseases, including inheritance 
of reSistance, pathogen specifici~y, avai1ability of sources of resistance, 
and screening procedures a.re grouped in the tour categories as shOirn. and 
addressed below: 
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A ~ Nature of inheritance of reslstance 
B Specific pathogen differences 
C = Sources of resistance 
D Screening procedure 

1. Downy Mildew 
A. Dominant (field reaction) 
B. Some differences, eag6, India vs. USA 
C. Several resistant lines under field conditions in Texas~ Only a few 

are resistant under artificial conidial inoculation, or in India under 
natural conditions. 

D. Field and lab 

2. Head Smut 
A. Dominant (some intermediate and recessive) 
E. Rapid changes in pathogen in USA. (Sources haVe bro~en dOwn). 
C. several resistant lines 

1: Do not know if will hold under concentrated planting. 
2. Some low smutters are still holding. 
3. May b~ few to several maj or dOlninant genes. 
4. Are many modif~er genes. 

D. Field (natural and artificial) plus lab~ Needle inoculation breaks 
down some lines that ar~ resistant in the field. 

3. Maize Dwarf MQsaic (MDMV) 
A. Are several reactions 

l.. Tolerant reaction (e .. g.,. Martin) - dominant over "red leaf" 
(e.g., Redlan) (Tolerant lines take y~rU5 but not affeQted 
adversely) • 

2.. Rio reaction - dominant over "tolerant II and tTred leaf" reactions. 
Plants severely mottled, chlorotic,.and stunted, but do not have 
typical "red leaf". Mottling remains in older leaves. Most lines 
with Rio reaction have low ~nc1dence under field conditions, but 
can have high incidence under inoculation,.or unus~ally high inocu­
lum pressure in the f~eYd. 

3. QL (Krish source) is dominant (not infected). 
B. Significant differenc~s 

L Argentina and Australia - somewhat different than J.n USA 
2. Venezuelan strain (of sugarcane virus) - much different than MDM 

in USA based on host reaction 
C. 1. Very rev res1stant to infection 

2.. Many are tolerant 
3. Several have Rio reaction, e.g., IS 28l6e (se 120), IS 12666c 

(se 175). TAM 2566, Rio, several sweet sorghums 
D. Fie1d (Natural - greenbugs and corn lea£ aphids inoculate, and 

artificial. - airbrush) plus lab. 

4. Anthracnose 
A. Dom1nant 
B. 1. Some changes have occurred in USA 

2. Puerto Rico possibly different or due to environment 
3. Brazil definitely dif~erent 
4. West Africa different - lesions differ in appearance, Are 

circUlar in W. Africa 

) 
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C. 1. Ve"¥ few resistant in Brazil (but few good sources) (Most also 
good in US) 

2. Several resistant in USA 
3. Major differences in host reaction in Africa VS t USA 

D. Field (Georgia, Missis5ippi~ Puerto Rico, Brazil) - Natural and 
inocUlated 

Eust 
A. Dominant 
B~ Some differences in host reaction between Texas~ Puerto Rico, and 

Mexico, but probably due to environment. 

C. 

1. Rio, TAM 2566, get much rust in Puerto Rico and very little in. 
USA , 

2. Slow-rusting types such as TAM 428 and SC 170 deriystives hold 
up very- 'Well in Mexico 

Several resistant lines - distinct sources of resistance. Slow 
rusting trait is very useful. 

6. Charcoal Rot 
A. Recessive 
B. No known differences 
C. Few lines with rather good resistance 

1. None are completely resistant if high yielding and severe mois­
ture stress during grain development. 

2. Problems of relationship with grain yield, late maturity~ and 
time of stress. Plants must be predisposed by moisture (and 
heat) stress in latter stages of grain development before they 
are susceptible. 

D. F;'eld (moisture stress late) - Natural and artificial (toothPick 
inoculation). In Texas, screening is part of our lodging nurseries. 
We rate for senescence during the late grain development stage when 
,:plants are under m01sture stress ~ and this predicts well their re­
sponse to charcoal rot susceptibility. Non-senescing types possess 
good charCOal rot resistance. 

7. Fusarium Head Blight 
A. Intermediat e 
B. No evidence of major differences in US 
C. Only few with good resistance 
D. Field (natural an4 artificial) 

1. Artificial (infested toothpicks in peduncle) overcomes much of 
field resistance. 

2. Na.tural the best, but hard to screen) because plants must be at 
correct stag~ of growth (late grain development the most suscep­
tib1e stage)~ and must have correct environment. Disease usually 
develops at or near maturity and often dif~icu1t to distinguish 
from na.turaJ. drying and saprophytic invasion. Internal reddening 
of the pith the best diagnostic tool. Marbling of pith due to 
anthracnose is distinct from pith d2scoloration due to Fusariuma 

8. Fusarium Stalk Rot 
Hot much knoYn. Often occurs when moisture stTess is' fOllowed by wet 
conditions at or near mat1¥"i ty·. Enters at noda1 areas. We believe 
Fusarium head blight and FusariUID. stalk rot maJ" be related regarding 
resistance • 
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9. Grain Mold 
A. Some dominant, some overdonunant In Fl hybrids, some inter.mediate 
B. Several different pathogen::;; involved. Tbey dl.ff'er in importance at 

different locations, under dif'ferent environments, and at different 
stages of maturity of the grain when infection takes place. 

C. Only a fev good sources of resistance (but are distinct heritable 
differences) 
l~ None completelY resistant 
2. Brown seeded (nigh tannin) I1nes generally more resistant 

D. F!eld (natural. and inoculated) 
1. Rate for overall grain mold and grain weathering~dela;y harvest­

plant so get rain or vet conditions a.t or after maturity. Here 
we rate for overall discoloration, amount of mold eviaent.,. and 
deterioration (including sprouting) of the grain. This rating 
obnously involves more than grain mold as such, but mos"t types 
selected this "';lay also show grain mold resistance under inocula­
tion techniques. 

2. Inoculate in field with specific pathogens 
3. Water spray mechan1sm in field to create a. wet eJlvironment to 

enhance grain mold 

10. Zonate Leaf Spot 
A6 Intermediate to recessive 
B ~ No known differences 
C. Only fev resistant - None completelY resistant 
D. Fie~d - So~what maturity related ~ GenerallY plants become more 

susceptible after Uowering Wld near ma.turity. Also, sterile plants 
are less susceptible. 

11. Grey Leaf Spot 
A. Recessive 
B. No known differences - Some lQcatioJ'ls no beading "tyJ;le symptom 
C. Only few resistant - None completely resistant 
D. Field - Somewhat yield related - Sterile plants are less sus~eptible. 

12. Bacterial Stripe 
A. Recessive 
B. No known differences 
C. Some very susceptible when others have little if ~ 
D. Field - Related to spa.cing as end plants or non-bordered plants may 

ha.ve much stripe 

13 ~ Bacterial Streak. 
A. Recessive to somewhat intermediate 
B. Not knO'Wll 
c. Some resistant lines 
D. Field 

14. Leaf Blight 
A. Dominaot 
B. No known differences 
c. Only few lines with good res1stance 
D. Field (Mexico, Puerto Rico) - Natural and inoculation plus lab 

Lt I ;~) 

'-
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TABLE 8... Summary of diseases,. inheritance of resistance ~ and screening 
techniques on so~gbum. 

.Disease 

D:"",y Mildew 
Head Smut 
Maize Dwarf' Mosaic. 
Anthracnose 
Rust 
Zonate Leaf Spot 

Grey Leaf Spot 
Leaf Blight 
Bacterial Stripe 
Bacterial Streak 
Charcoal Rot 
Fusarium Stalk Rot 
Fusarium Head Blight 
Pythium Eoot Rot 
Grain Mold 

Inheritance Pattern 

Dominant 
Dominant 
Dominent 
Dominant 
Dominant 
Intemediate­
Recessive 
Recessive 
Dominant 
Recessive 
Recessive 
Recessive 

1 
Intermedfate 

r 
Dominant .... 
Intermediate 

!!l II = Natural, A ~ Artificial 

Screening Techniq~ 

Field, Lab 
Field (If & A), Lab 
Field (If & A), Lab 
Field (If & A) 
Field 
Field 

Field 
Field (If & A), Lab 
Field 
Field 
Field (If & A) 
Field (N (, A) 
Field (If (, A) 
Field, Lab 
Field (If I< A) 
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TABLE 9. Some sources o~ sorghums with disease resistance {Most identified 
and selected within Texas - a fe~ identified by ICRISAT). 

Sorghum Resistant to Head Smut 

White Kafir (PI 48710)* 
SC 324-12 (IS 2861 der)* 
SC 33-14 (IS 12~53) 
TAM 428 
Early Hegari (SA 281) 
Spur Feterita (Fe 6601) 
FC 8927 (D. Wh. Milo) 
Tx 3048** 
Tx 399 (Wheatland)** 

* Resistant under needle Inoc. also 

Lahoma Sudangrass~ 
SC 325-12 (IS 2462)* 
Tx 430 
IS 2403C (SC 103) 
IS 12658e (SC 167) 
IS 2508c (SC 414) 
TAM 618** 
Tx 7000 (Caprock)** 
(other converted lines) 

** Low level of field infection (stable so far) 

Sorghum Resistant to Anthracnose 

Brandes** 
a,o (IS 17459) 
IS 7173C (se 283)** 
se 328-14 (IS 8263 der) 
Tx 430 
IS 2403C (SC 103) 
IS 12610e (SC 110) 
IS 3574c (SC 239)* 
IS 12537C (se 17). 
IS 2816e (se 120)* 
IS 12677C (SC 186)* 
se 490-14E (IS 6392 der)* 
se 37-14E (IS 12557 der)* 

* Also resistant in Brazil (1 yr) 
** Also raSlstant in Brazil (several yrs) 

MN 960 (se 972)** 
SC 326-6 (IS 3758 der)** 
se 748-5 (IS 3552 der)** 
TAM 428 
Tx 623 
IS 12612C (SC 112) 
IS 1309C (SC 322)* 
IS 777Bc (se 389)* 
IS 12615e (se 124)* 
IS 7382C (se 344)* 
SC 60-14E (IS 2569 der)* 
se 589-14E (IS 6388 der). 
(Others resistant in USA 

Sorghum Resistant to Downy Mildew 

QL 3 (India source) 
IS 2508c (SC 414) 
IS 12661C (SC 170) 
IS 12610e (SC 110) 
TAM 428 (SC 110 der) 
Tx 2519 
CS 3541 (esv 4) 

lS 2816e (se 120) 
IS 12664c (SC 173) 
IS 2403C (SC 103) 
IS 12666c (SC 175) 
Tx 430 (sc 170 der) 
SC 170-6-17 
(Many other converted lines) 

---------------------~----~------~~----
,) 
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TABLE 9. Continue~ 

Sorghum Resistant to Zonate Leaf Spot 

se 326-6 (IS 3158 der) 
R 1880 (sc 599 x SC 134) 

l1CSI (IS 2930 x IS 3922) 
se 330-9 (IS 8181 der) 

Sorgbum R~sistant to Fusarium Head Blight 

se 599-6 (R 9188) (IS 17459 der) 
se 630-1lE (IS 1269 der) 
GPR-148 (CSY 5) 

se 599-6 (R 9241) (IS 17459 ~er) 
se 650-11E (IS 2856 dar) 

~-~---~-~~~--~-~--~--------------------

Sorghum Resistant to Grey Leaf Spot 

71CSI (IS 2930 x IS 3922) 
se 748-5 (IS 3552 der) 

R 1880 (se 599 x se 134) 

Sorghum Resistant to Grain Mold 

se 279-14 (IS 1419) 
se 748-5 (IS 3552 der) 
SC 6S0-llE (IS 2856 der) 
se 719-lIE (IS 1013'der)(Rrown) 
CS 3541 
IS 2368 

IS 7254e (SC 566) 
se 630-IIE (IS 1269 der) 
IS 9530 
se 110-6-17 
IS 2361 

Sorghum Resistant to Charcoal Rot 

se 599-6 (R 9188) (IS 17459 der) 
IS 12568e (SC 56-14) 
se 170-6-17 (IS 12661 dar) 
se 35-6 (IS 12555 der) 
1190E (se 56 x Be 33) 
1178 (SC 56 x se 33) 

se 599-6 (R 9241) (IS 11459 der) 
se 56-6 (IS 12568 der) 
R 1584 (sc 56 x sc 170) 
B4R (B 406 x Rio) 
1790L (se 56 x se 33) 
NSA 440 

Sorghum Resistant to Rust 

se 326-6 (IS 3758 der) 
IS 2816c (SC 120) 
se 599-6 dor (IS 17459 der) 
TAM 428* 

*Slow rusting 

TAM 2566 
IS 12666c (se 175) 
se 748-5 (IS 3552 der) 
Tx 623* 
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TABLE 9. Continued 

Sorghum Resistant to Leaf Blight 

se 326-6 (IS 3758 der) 
IS 12658e (sc 167) 
IS 6B82C (se 320) 
sc 325-12 (IS 2462 der) 

QI.l. , QL2, QL3, Qr,4, QI.l.1 * 
Tx 398 (Martin)~* 
Tx 399 (Wheatland)** 
(lot other 1~es)*~ 

*R~sistant to infectlon 
**Tolerant 

IS 8331C (SC 514) 
IS 1335C (SC 418) 
IS 1254c (se 566-14) 

Sorghum Resistant to MDM 

Rio Reaction*** 
Rio (IS 11459) 
IS l2666c (SC 175) 
TAM 2566 
IS 281GC (SC 120) 
IS 12612C (SC 112) 
IS 2548C (SC 228) 

***Some £ield resistance but infected plants severely damaged 

In conc1usion, here are some keys to a productive disease resistance 
breeding program~ 

1. Have a large amount of genetic diversity in the program. 
2. Plant large amount or diverse breeding material in a few large prime 

disease screening locations~ Use smaller nurseries in locations where only 
one disease is present. 

3. Screen the same material for as m~ diseases as possible in the 
Sante year. 

4. Test best sources of resistance extensively at additional locations 
and under different enviro~ents. 

5. Do a lot of recombining of best sources of resistance, even among 
early generation sources. Selecting parents to complement each other, and at 
the same time make improvements agronontically, is a key item. 

6. Pathologists and breeders must york cooperatively. 
7. Breeder must be able to rate for disease resistance. 
8. Pathologist must work in breeding material. 
9. Must get in the field and look for resistance~ 
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BREEDING FOR ARTHROPOD RESISTANCE IN SORGHUM 

Jerry W. Johnson and George l. Teetes 

Texas Agricultural Experiment Station 
Texas A&14 University System 

Lubbock, Texas 79401 

ABSTRACT 

Sorghums have been identified that exhibit resistance to the major 
arthropod pests of the crop. Sorghum lines resistant to the greenbug, 
Schiza his raminum (Rodani), the sorghum midge, Contarinia sor9hicola 
Coquillett , and the Banks grass mite are presented. Appropriate breed­

ing methods are presented that should facilitate a rapid transfer of 
resistance into acceptable agronomic types. 

INTRODUCTION 

Plant breeders, especially those working in the tropics, are increas­
ingly concerned with insect problems in the initial planning of their breeding 
programs. Because the release of an insect susceptible, but otherwise superior 
variety may achleve little, breeding nurseries are now being establiShed where 
no insecticides are used, thus providing early evaluation of breeding lines for 
insect susceptibility. 

Several excellent reviews of sorghum insects, insect resistance in sor­
ghum and its role in insect control have been published (1, 2, 3, 5, 6, 15, 27). 

I will not atterrpt to discuss the many merits of resistance except to say 
that lts proper utilization will be as one of several tools in a pest managerrent 
program. 

Breedi n9 for insect resistance di ffers in no fundamental way from breeding 
for other characters. Consequently, any of the various methods of breeding 
appropriate for sorghum can be used in developing insect resistant varieties 
once resistance has been found and efficient evaluation techniques have been 
developed. We are concerned with a minimum of three objectives: (I) to develop 
agronomically suitable varieties resistant to insects of economic importance as 
rapidly as possible, (2) to continue to find new sources of resistance, and (3) 
to improve the level of resistance over that presently available. 

This paper is intended to provi de information on resistant sources and tech­
niques to best accomplish these goals. 
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GREENBUG 

In the United States the greenbug [Schizaphis graminum (Rodani)] has been 
recognized as a major pest of sorghum since 1966 and causes significant damage 
in Brazil in sorre years. Resistance to this pest has been reported in the seed­
ling stage (7, 10, "16,19,20,21,23) and in the adult plant stage (8, 9. 10, 
11, 22). Cultivars reported as resistant were not suitable for commercial use 
and considerable breeding work has been required to incorporate this resistance 
into commercially acceptable material. Lines that have been reported as resis­
tant are given in Tables la and lb. Agronomically improved lines can be obtained 
from the Agri cuI tura 1 Experiment Stati ons in Kansas, Okl ahoma, or Texas. 

The inheritance of greenbug resistance in lines that have been studied is 
dominant or incompletely dominant. The resistance of several breeding lines with 
resistance derived from Sorghum·virgatum·was reported to be conferred by dominant 
genes at more than one locus (7). Studies by Johnson (10, 13) indicate that 
resistance in PI 264453 is simply inherited and incompletely dominant and that" 
resistance in IS 809, SA 7536-1, PI 220248 and PI 302236 is incompletely dominant • 
Studies by Weibel, et al. (23) of Fl and F? populations from susceptible varieties 
and SA 7536-1, IS 809 and PI.264453 indicate the inheritance of resistance from 
three lines to be incompletely dominant and simply inherited. 

TABLE la Sources of Resistance to the Greenbug 

Designation Species ~ 

IS 809 .h bi color Grain 

PI 264453 .h Mealor Forage 

KS 30 h virgatum Grassy 

SA 7536-.1 .h ni gri cans Grassy 

PI 302236 s. hewi soni i Grassy 

PI 220248 S. sudanense Grassy 

PI 308976 .h sudanense Grassy 

PI 38108 (l.S. 1635) h virgatum Grassy 

Bloomless Combine Kafir 60 Grain 

17 



170 

TABLE 1 b. Agronomi ca 11y IlIl'roved Sources of Resi stance to the Greenbug 

Des; gnat; on 

TAM BK-41 
TAM BK-42 
TAM BK-43 
TAM BK-44 

" TAM 2567 
TAM 2558 
KS 41 
KS 42 
KS 43 
KS 44 
KS 56 
KS 57 
OK GP-1 
OK ,GP-2 
OK GP-3 
OK GP-4 
OK GP-5 
OK GP-5 
OK GP-7 
OK GP-B 
Tx 2734 
Tx 2735 
Tx 2736 
Tx 2737 
Tx 2738 
Tx 2739 
Tx 2740 
Tx 2741 
Tx 2742 
Tx 2743 
Tx 2744 
Tx 2745 
Tx 2746 
Tx 2747 
Tx 2748 
Tx 2749 
Tx 2750 
Tx 2751 
Tx 2752 

B or R Reaction 

R 
R 
B 
B 
B 
R 
R 
R 
R 
R 
B 
B 

R 
R 
R 
R 
R 
R 
R 
R, 
R 
R 
R 
R 
R 
R 
PH 
B 
B 
B 
B 

Source of Resistance 

SA 7536-1 
PI 264453 
KS 30 
KS 30 
SA 7536-1 
SA 7536-1 
T .5. 1636 
T.S. 1636 
'T.S. 1636 
T.S. 1636 
T .5. 1636 
T.S. 1636 
SA 7535-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
IS B09 
IS B09 
IS 809 
SA 7536-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
IS 809 
IS 809 
SA 7536-1 
SA 7535-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
SA 7536-1 
KS 30 
KS 30 
KS 30 
KS 30 

Slnce it has been established that greenbug resistance is not cOlll'lexly inherited 
and can be retained through several backcrosses, the primary need is an effective 
evaluation technique to identify resistant material in segregating populations. 

.i./; .. 

...-', 
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SEEDLING EVALUATION 

The technique described by Wood (25) for evaluating small grains has been 
modified to be used on sorghum. This technique consists of culturing greenbug 
biotype C on a susceptlble sorghum hybrid grown in one-gallon cans. From 30 to 
50 seed are planted per can in soil and covered with sand to a depth of one inch. 
Before plant emergence, they are covered with a cage inserted into the sand in 
each can to protect them from premature greenbug infestation and to prevent In­
festation by parasitic wasps. Cages are constructed of clear vinyl plastic 0.015 
inches thick, 13 inches high and 5.5 inches in diameter. Ventilation is aided by 
cutting holes 2.5 inches in diameter in two sides of the cage. The ventilation 
holes and the cage tap are covered with fine mesh nylon cloth. After the culture 
plants have reached a height of 5 to 8 inches, each can is infested with about 
200 greenbugs. After about twa weeks, these cultures are ready to uSe. 

Breeding lines that are to be evaluated for resistance are planted in gal­
vanized metal flats 14 x 20 x 3.75 inches. This flat will accommodate 10 entries 
in rol'lS 14 inches long. A resistant and susceptible check is planted in each flat. 
Approximately 20 seeds of each entry are planted per row and thinned to 15 plants 
per row one week after emergence. These plants are infested from the culture 
plants by brushing approximately 1,500 greenbugs on each flat. 

Rating for resistances begin when the susceptible variety is near death. A 
1 to 9 rating system is used where 1 equals no damage and 9 equals dead plants. 
Rows segregating for resistance are recorded as such and a rating given on the 
most'resistant plant in the row. This procedure permits evaluation to begln an 
seed from plants selected from F2 populations. 

ADULT PLANT RESISTANCE 

Resistance of most lines are easily detected in. the field if natural greenbug 
populations are at an adequate level. Natural populations averaging over 200 per 
plant are required to obtain reliable data on adult plants. The rating system 
given in Table 2 is useful in evaluating nursery material. When susceptible checks 
are rated as 5, resistant selections should have a rating no higher than 3. When 
susceptible checks are rated 3 or 4, resistant selections should have a ratIng no 
higher than 1. Evaluations should be made when greenbugs are present. If too 
much time elapses between maximum greenbug infestatlon and the time evaluations 
are made, it is difficult to distinguish natural leaf death of the 10000er leaves 
and death caused by greenbug ·feeding. 

Because of the 101'1 number of greenbugs occurring in the late planted sorghum 
at Lubbock, a technique has been deve'loped to artificial,ly infest selected adult 
plants in the field. Materials needed in this procedure are clip-on cages de­
scribed by Cate, Bottrell and Teetes (4) and a small artist paint brush. The 
cages are a clip-on type constructed of I-inch square plastiC boxes. Screen­
covered holes, 3/4 inches in diameter in opposite sides of the boxes allow ven­
tilation within the cages. Five adult green bugs are transferred from culture 
cans into each cage with a sma11 artist brush. TI'IO cages are attached to a leaf 
of each plant to be evaluated. We normally uSe the third leaf from the top of the 
plant. Cages are inspected the day following attachment to the leaves to insure 
that flYe greenbugs are alive and feeding on the plant. Additional greenbugs are 
added as needed to bring the total to five. Resistant and susceptible checks are 
incl uded in the test. 

Snap cages can be used at any time, even on mature plants. This provides 
flexibility to the evaluation program and permits the breeder to determine when 
evaluations will be made. 
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TABLE 2 Proposed Rating Scheme for Rating Resistance of Sorghum to Greenbugs 

1 
2. 
3 
4 
5 
6 
7 
8 
9 

Description of Damage* 

No red spotting on leaves 
Red Spotting on leaves 
Portion of a leaf killed by greenbugs 
One entire leaf killed by greenbugs 
Two entire. leaves killed by greenbugs 
Four entire leaves killed by greenbugs 
Six entire leaves killed by greenbugs 
Eight entire leaves killed by greenbugs 
Plant killed by greenbugs 

*Oata may be taken at any plant growth stage when greenbugs are present. It 
is suggested that estimates of greenbug numbers be taken if possible. 

Ratings of the leaf area under the cage begins about one week after infes­
tation and are taken every two days if the greenbugs are reproducing well on the 
susceptible check. The rating system used with this technique is as follows: 0 
equals no necr-otic plant tissue in the caged area, 1 equals 10 percent necrosis, 
2 equals 20 percent, 3 equals 30 percent, 4 equals 40 percent, 5 equals 50 percent. 
6 equals 60 percent, 7 equals 70 percent, 8 equals. 80 percent, 9 equals 90 percent, 
and 10 equals 100 percent. Plants that receiYe a mean rating of five or less on 
the same date the susceptible check receives an eight or more are considered to 
be resi stant. 

MIDGE 

The sorghum midge [Contarinia sorghicola (Coquillett)] is a pest of sorghum 
in almost all regions of the world where the crop is grown. Varieties resistant 
to the insect have been reported from several countries (12, 14, 16, 17, 24, 25). 

Identification of varieties resistant in the United States breeding programs 
in the past have been relatively fruitless primarily due to the limited amount 
of germplasm available in lines adapted to temperate regions. In addition, breed­
ing nurseries were planted at a time designed to escape midge damage or were sprayed 
with an insecticid.e to control the midge if it became a problem, thus eliminating 
the opportunity to observe resistance if it were present. 
. Interest among breeders and entomologists at the Texas Agricultural Experiment 

Station was renewed in 1969 by independent observations by Or. D. T. Rosenow at 
Lubbock, Texas and Or. F. R. Miller at the Federal Experiment Station in Mayaguez, 
Puerto Rico. They reported that partially converted selections from IS 12610 had 
less midge damage than other lines in their nurseries. Since then, we have elim­
inated, or greatly reduced, insecticide application for midge control in our 
nurseries at Lubbock. 

The absence of midge control provides the·opportunity to select lines that 
have resistance. Using this approach, lines are identified for entrance 1n midge 
eva 1 uation tests. Converted and partially converted exoti eli neS from the sorghum 
conversion program and their progenies from hybridization with elite U.S. material 
have been evaluated since 1971. 
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Resistant sources adapted to te~erate areas of sorghum production are 1 isted 
in Tables 3, 4, and 5. These lines were shown to be resistant by evaluation of 
replicated tests at several locations during 1972, 1973, and 1974. During this 
ti~, several rating systems have been tried, but we have now chosen the rating 
system shown in Table 6, and encourage others to utilize the same system to aid 
in .co~iling data from international nurseries or tests. 

TABLE 3 Midge Damage Rating of Selected Sorghum Lines, 1973 and 1974 

Mi dge Damage Days to 
Score Bloom 

Line SC No. Grou~ Name 1973 1974 1973 1974 

IS 2501C 52 Ni gri cans-Feterita 1. B 2.6 63 60 

IS 12608C lOB Zerazera 3.S 4.B 65 65 

IS 12612G 112 Zerazera 3.4 6.3 65 63 

IS 2B16C 120 Zerazera 3.9 6.1 64 63 

TAM 2566 175-9 Ze raze ra 1.S 3.6 69 67 

IS 12666G 175 Ze raze ra 1.2 4.2 67 65 

IS 2549C 228 Ze raze ra 3.2 3.1 59 60 

IS 7007C 268 Caudat~Ni gri cans 4.0 8.4 63 57 

IS 1309C 322 Nigricans 3.2 4.7 70 66 

IS 250SG 414 Ca uda tum-Ka fi r 4.3 5.8 70 63 

IS 2579G 423 Zerazera 2.1 4.6 69 62 

IS B100C 424 Caudatum-Ni gri cans 3.4 6.2 57 60 

TAM 428 Zerazera B.O 67 

SGIRL-MR-l** 4.5 6.7 66 63 

Tx 2536* 8.2 9.7 67 64 

Tx 700{)* 8.7 10.0 69 66 

B Tx 378* 7.B 9.1 69 66 

Tx 7078* 6.9 9.7 63 62 

B Tx 3042* 6.2 9.6 64 57 

B Tx 3197* 7.6 9.6 67 63 

Tx 415* 8.6 9.5 76 67 

**Resistant check 

*Susceptib1e cheCK 
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TABLE 4 Converted Sorghum with High or Moderate Levels of Resistance to the 
SorghlJlll Midge, 1978 Geor:!)ia and Texas 

IS No. Country 
of Working Seed Midge 

Ori gi nal SC Group Recei ved Damage 
Line No. No. Workin~ Grou~ From Rating 

IS 12666 SC 175 39(1 ) Zeraze!"a Ethiopia 1.6 
IS 3071 SC 237 31(1) Dobbs Sudan 2.6 
IS 12664 SC 173 39(1 ) Zerazera Ethiopia 3.1 
IS 2579 SC 423 39(1) Zerazera Sudan 3.2 
IS 12593 SC 84 47 Durra/Nigricans Uganda 3.3 

IS 8263 SC 328 33 Cauda tum India 3.3 
IS 8337 SC 574 41 Durra Pakistan 3.4 
IS 12676 SC 185 39 Caudatum-Ni gri cans Sudan 3.6 
IS 7142 SC 564 33 Cauda tum Uganda 3.7 
IS 8231 SC 645 23 CaffrorumfDarso India 3.7 

IS 2508 SC 414 38 Ca uda tum- Ka fi r Sudan 4.0 
IS 8233 SC 643 23 Caffrorum/Darso Uganda 4.1 
IS 2403 $C 103 33 Caudatum S. Africa 4.2 
IS 12609 SC 109 39(1 ) Zerazera Ethiopia 4.2 
IS 2862 SC 655 22 Caffrorum S. Africa 4.8 

IS 12683 SC 221 41 Durra India 4.9 
IS 12610 SC 110 39(1) Zerazera Ethiopia 5.2 
IS 6446 SC 585 46(1 ) Nandyal India 5.4 
IS 2573 SC 64 31 Nigricans Feterita Sudan 5.5 
IS 2662 SC 114 33 Caudatum Uganda 5.7 

IS 7064 SC 420 38 Caudatum!Kafir(Heg.) Sudan 5.7 
IS 12612 SC 112 39(1) Ze raze ra Ethiopia 5.9 
IS 8134 SC 590 47 DurrafNi gri cans India 5.9 
IS 12577 SC 68 39 Caudatum/Ni gri cans Kenya 5.9 
IS 12608 SC 108 39(1) Zerazera Ethiopia 6.1 

IS 2569 SC 60 33 Cauda tum Equatoria 6.2 
IS 6394 SC 491 46(1 ) Nandya1 India 6.2 
IS 12535 SC 15 16 Dochna/Honey Ethiopi a 6.5 
IS 8100e SC 424 39 Caudatum/rli~ri canS Japan 6.8 
IS 12573 SC 63 39 Gaudatum/Ni 9ri cans Ni geri a 6.9 

IS 12674 SC 183 27 Caffrorum/feteri ta Mexico 6.S 
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TABLE 5 Agronomically Improved Midge Resistant Sorghum Lines 

Desi gnati on B or R Reacti on Source of Resistance 

Tx 2754 B " 
Tx 2755 B * 
Ix 2756 B * 
Ix 2757 B " 
Ix 2758 B TAM 2566 

Tx 2759 B TAM 2566 

Tx 2760 B TAM 2566 

Tx 2761 B TAM 2566 

Tx 2762 R TAM 2566 

Tx 2763 R TP8R 

TX 2764 R TP8R 

Tx 2765 R TP8R 

Tx 2766 R TAM 2566 

Tx 2767 R TAM 2566 

Tx 2768 R TAM 2566 

Tx 2769 R TAM 2566 

Tx 2770 R TAM 2566 

Tx 2771 R TAM 2566 

Tx 2772 R TAM 2566 

Tx 2773 R TAM 2566 

Tx 2774 R TAM 2566 

Tx 2775 R TAM 2566 

Tx 2776 R TAM 2566 

Tx 2777 R TAM 2566 

Tx 2778 R TAM 2566 

Tx 2779 R TAM 2566 

Tx 2780 R TAM 2566 

Tx 2781 R IS 2508C (SC 414) 

ISR 1 R AF 28 

"Derived from TP6BP, an unreleased population composed of exotic and 
partially converted sorghums. 



176 

TABLE 6 Proposed Rating Scheme for Rating Resistance of Sorghum to the 
So rgh urn Mi dge 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Description of Damage 

No damage 
1-10% damaged seed 
11-20% damaged seed 
21-30% damaged seed 
31-40% damaged seed 
41-50% damaged seed 
51-60% damaged seed 
61-70% damaged seed 
71-80% damaged seed 
81-90% damaged seed 
91-100% damaged seed 

In order to provide a unifom infestation of midge over the test area, 
"spreader rows" should be planted throughout the nursery with not over 50 feet 
between rows. These rows should consist of a mixture of hybrids classed as early, 
!Tedium and late in the location that the test or nursery will be grown. 

The use of a large numer- of susceptible varieties as checks is required. 
Every effort shOUld be made to include check varieties that overlap in their maturity 
and include the earliest and latest varieties adapted to the area. This is espe­
cially important in areas that have a large fluctuation in midge numbers throughout 
the blooming period. At Lubbock, the midge population generally reaches adequate 
levels by mid-August and stays high until frost. However, in other areas populations 
may be large One week and very low the next. 

In our present program, varieties reported as resistant are grown at Lubbock 
to evaluate them for resistance to the midge and for their maturity in the U.S. 
Most midge resistant introductions are too late in blooming for proper evaluation 
of resistance and are entered into the conversion program. Partially converted 
selections from these lines are evaluated for midge resistance as they progress 
through the conversion progral1l. 

BANKS GRASS MITE 

The Banks grass mite is normally a damaging pest only on adult plants. Eval­
uation of lines ~or resistance is difficult because of a maturity plant suscepti­
bility interaction. Rarely does this pest damage sorghum until after bloom and 
damage generally occurs during the seed filling period. 

Because the mite is normally a problem after the plants have bloomed, yield 
losses should be restricted to decreased seed size and losses due to loding. We 
have evaluated lines first for their ability to maintain green leaves in the pre­
sence of large mite populations. Lines that are above average in this respect 
are evaluated for their ability to maintain live stalks and normal seed size with 
mi tes present. 
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In general. grassy sorghum such as 'Sweet Sudan' and 'KS 3~' do not re­
ceive much mite damage. However, observations indicate that the grassy types 
are not preferred by mites. Possibly because each plant usually has many tillers 
that have not reached the bloom stage. It is doubtful if this apparent non­
preference can be tranSferred to grain types. 

'Two lines, SC 599-6 - a partially converted 'Rio' - and a partially converted 
IS 12568 selection, have shown resistance to the Banks grass mite in pre1inrinary 
tests. We are evaluating SC 599-6. its F hybrid. and progeny from crosses with 
resistant sources in field planting. We 1re attelll'ting to establish methods for 
evaluating IWterial in the greenhouse. 

SHOOT FLY 

The sorghum shoot fly (Atherigona soccata Rond.) is not a pest of sorghum in 
the Americas. However, because of the illl'ortance of this insect in many sorghum 
producing areas and the de",,"strated international usefulness of lines released 
by The Texas Agricultural Experiment- Station, we are conducting work in the area. 

Lines that are identified as resistant to the shoot fly or other iJl'tlortant 
insects such as the stem borer (Chilo zone11us SWin) are being entered into the 
sorghum conversion program. Selections will be made of partially converted lines 
from the segregating Fz populations that are adapted to teJl'tlerate areas and eval­
uated for resistance by cooperators in the area that the insect is a problem. 
Lines that are resistant will be combined in a population with elite lines from 
the Texas program. Distribution of the population will be made to all interested 
breeders. 

BREEDING METHODS 

The breeding methods that seem appropriate for the arthropod pests discussed 
in this paper are outlined below: 

Midge 

Pedl gree Me thod: 

(1) The highest level of resistance should be transferred to agrononrically 
acceptable types by hYbri di zation and se 1ecti on. 

(2) Agronomically acceptable lines with the least susceptibility to midge 
should be used as the nonresistant parent. e.g., TAM 428. 

(3) 

(4) 

Grow a large f population, at least 4,000 plants. Selection can be 
accoJl'tl1ished h~re without midge being present. Our limited.experience 
has shown that se 1ecti on for small-g1 ullEd types shoul d increase the 
frequency of midge resistant types from the F2 popula:.ions. 

Evaluate F3 rows under large midge populations. To increase the prob­
ability of large midge populations during blooming of this material, 
it should be planted at mOre than One date or location, 

(5) Evaluate F4 selections in replicated progeny rows and backcross superior 
plants if necessary. 
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Population Breeding: 

(1) Selection of the proper genetic male sterile may be critical in 
establishing the population. We have found ~ to be satisfactory. 
Populations containing genetic male sterility ~an be obtained from 
the Agricultural Experiment Stations in kansas, Nebras~a, or Texas. 
Antherless has not always been successful for use in the tropics. 

(2) Four types of populations should be established: 

a. for 'rapid' progress, Band R populations should be established 
combining acceptable agronomic types and high levels of resistance, 

b. for long range improvement, establish.B and R populations USing 
elite varieties from the area the material will be utilized and 
all resistant sources available. 

(3) Utilize the appropriate selection scheme best suited to the area, 
i.e., mass selection, reciprocal recurrent selection, etc. 

Greenbug 

Pedi gree Method: 

(1) Select lines with the highest level of resistance but suited agronomically 
to the area of intended use to be hybridized with ellte adapted varieties. 

(2) 

(3) 

(4) 

Backcross F] plant of cross between resistant and susceptible lines. 

Evaluate large F, populations of cross between FJ and elite susceptlble 
variety. Use either seedling evaluation, transplanting resistant types 
to the field or evaluate F2 populations in the field. 

Backcross resistant F, plants or select for evaluation in F3 rows 
depending on agronomi~ desirability of the plant. 

Populati on Breedi ng: 

The same basic plan outlined above for prldge resistance breeding should be 
used for greenbugs. 

Shoot Fly and Banks Grass Mite 

The same basic procedure outlined for midge resistance should be an appropriate 
approach to use for these pes ts. 

SUIJAARV 

A coordinated international effort to improve the insect resistance of sorghum 
is imperative. Interest in this endeavor is high and increasing, especially for 
midge resistance. We plan to increase our efforts in this area and request sug­
gestions from participants in thlS program for ways that cooperation and information 
exchange can be improved. 
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ABSTRACT 

Within the last decade phenomenal research progress has provided the 
basis for implementation of successful sorghum pest management programs. 
A review of this re~earch is presented. Monoculture produced sorghum 
necessitates sound, integrated insect pest management strategies. Multi­
tactic approaches to deal with the intensified insect/mite pest prob1ems 
are stressed, with special emphasis on the use of plant resistance. Re­
Sistance screening techniques are described. 

INSECT AND MITE PESTS OF U.S. SORGHUM 

Like most crops~ sorghum is usually attacked by only one or two key 
insect pests in each agroecosystem. Key pests are serious, perennially 
occurring, persisten~ species that dominate control practices and, in the 
absenoe of deliberat~ human inte~antion, commonly attain populat10n densi­
ties which exceed the economic-injury level each year, often over wide areas. 
The sorghum midge, Contarinia sorghico~a, and greenbug, Sch1zaphis graminum~ 
are key pests of sorghum in the United States. 

Secondary pests, although often present in sorghum fields of surround­
ing areas, rarely oocur in economicallY important numberS. Neverthe1ess, 
such pests can exceed the economic injury level as a result of changes in 
cultural practices or crop practices or crop varieties or because cif injudi­
cious use of insectioides applied for key pest. Spider mites, Oligonychus 
spp. are often regarded as secondary pests in sorghum. 

A third group) occasional pests, cause economic damage only in localized 
areas or at certain times. Such pests are usually under natural control and 
exceed the economic injury level only sporadically. Most pests of sorghum 
are occasional pests. 

A summary of in!oromation on the more common sorghum pests in the U.S. 
is given in Table 1, yhich includes the pests' sC1entific name, pest status 
(key, second~, occasional), and nature of damage~ and also a reference to 
whether or not plant resistance has been reported. 

INSECT/MITE RESISTANT SORGHUMS 

To feed and clothe the ever increasing human population ~ill ~equire 
sound judgement in dealing with the many factors Wh1Ch affect crop produ~­
tion. Host-plant resistance, ~ither alone or more likelY in combination 
w1th other pest-suppressing methods, ~s a feasible approach to dealing vith 
insect and mite pests of sorghum. A pestis greatest vulnerabi11ty lies in 
the closeness with which it is associated with its host. A listing of some 
sorghums reported as insect or mite resistant 1S shown in Table 2. 
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Table 1. Common Insect and Spider Mite Pests Injurious to Sorghum in the U.S. 

Cqrnrnon Name-

SoU pests 

Wlute grub 

W1reworms 

Rootworms 

Aphids 

G:reenbug 

Yellow sugar-cane 
aph'd 

Corn leaf aphid 

Armyworms 

Fall armyworm 

Beet &l"II1YWorm 

Scientific Name 

Phyllophaga crinita 

Several species of true 
and false ..... ireworms 
(Eleodes, Conoderus, 
Aeolus) 

Diabrotica spp. 

Schizaphis graminum 

Rhopalosiphum maidis 

Spodoptera frugiperda 

Spodoptera exigua 

Occ 

Deo 

Oee 

Key 

Dec 

Dec 

Dcc 

Dcc 

Nature and symptoms of drumage 

pruning of roots, seedling 
death, stunting and/or lodging 

destroy planted seed, stand loss 

Druning and tunnellng of roots, 
stunting and dead heart 

suck plant sap, injects toxin 
that kills leaves, virus vector 
disease predisposer 

suck plant sap, injects toxin 
that kills leaves 

suck plant sap, virus vector 

leaf feeder in whorl or destruc­
tion of seed in head 

leaf feeder in whorl and on leaf 
marglns 

Resistance 
reported 

no 

no 

no 

yeB 

no 

yes 

yes 

no 



Table 1, cant. 

Common Nwne 

Stem Borers 

Southwestern corn 
borer 

Sugarcane borer 

European corn borer 

Lesser Cornstalk borer 

Sugarcane rootstock 
weevil 

Chinch bug 

Spider mte 

Banks grass mite 

Sorghum midge 

Head Caterpillars 

Sorghum web'W'orm 

Corn earworrn 

Sc:l.ent:l.fio Nome 

Diatraea (=zeadiatraea) 
grandiosel1a 

Diatraea saccharalis 

Ostrinia nubilalis 

E16sffiopalpus lignosellus 

Anacentrlnus deplanatus 

Bl~ssus leucopterus 

Oligonychus pratensis 

Contar~nia sorshicola 

Celama sorghielle. 

Heliothis zea 

acc 

acc 

acc 

Dcc 

acc 

Dcc 

Sec 

Key 

ace 

Occ 

Nature and symptoms or damage 

some leaf feeding, bo;ing in 
stalk, stalk lodging 

some leaf feeding, boring in 
stalk, stalk lodg~ng 

SOme leaf feedlng, boring in 
stalk, stalk lodging 

boring in.stalk at soil sur.fe.ce 
of seedling plants 

boring in stalk and roots above 
and below soil sur race causes 
lodging 

suck sap from leaves and stems 

suck plant sap causing discolora­
tion and death of leaves 

destroys developing seed 

destruction or seeds in head 

leaf feeder 1n whorl or destruc­
tion of seed in head 

Resistance 
reported 

yes 

yes 

yes 

no 

no 

yes 

yes 

yes 

no 

no 

.... 
'" w 



Table ~, cent. 

Common Name 

Head b,ugs 

False chinch bug 

Stink bugs 

Leaffooted bug 

Stored ~rain pests 

Rice weevil 

Maize -weevil 

Angoumois gra~n moth 

Lesser grain borer 

Indlan-meal moth 

Graln rni te 

Red flour beetle 

"Confused flower beetle 

Scientific Name 

Nysius raphanus 

Pentatemidae, e.g. 
Solubea pugnax 

Leptoglossus phyllopus 

Sitoph~ius oryzae 

Sitophilus zeamais 

Sitotroga cerealella 

Rhyzopertha domini~a 

Plod1a interpunctella 

Acarus ~ 

Tr1bolium cestaneum 

Tribo11um confusum 

aocc ~ occasional, Sec = secondary, and Key ~ key pest 

Occ 

000 

Ooe 

Key 

Oeo 

Key 

Oce 

Ooe 

Cce 

Oce 

Oce 

Nature and symptoms of damage 

feed on developing seed causing 
smaller, lighter dlstorted seed 

feed on developing seed causing 
smaller, lighter distorted seed 

feed on developing seed causing 
smaller, lighter dlstorted seed 

consume whole grain in field and 
storage 

consume whole grain in storage 

consume whole grain in field and 
storage 

consume whole gra~n in storage 

feed on cracked grain, a secon­
dary feeder 

feed on cracked grein) a secon­
dary feeder 

feed on cracked grain, a secon­
dary feeder 

feed on cracked grain, a secon­
dary feeder 

Resistance 
reported 

no 

yes 

no 

yes 

yes 

yes 

no 

no 

no 

yes 

no 
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Tah1e 2. Sorghums Resistant to Insects and Mites. 

Insect/Mite Species 

Schizaphis graminum. 

Rhopalosiphum maidis 

Spodoptera frugiperda 

Ostrinia nubilalis 

Diatraea grandiosella 

Diatraes saccharina 

Blissus leucopterus 

OliSOnychus pratensis 

Contarinia sorghicola 

Variety/Line 

IS 809 (PI 221613) 

KS 30 

SA 7536-1 (Shel1u) 

PI 264453 

Piper sudan 428-1 

TAM 428 

Freed (PI 29166) 

Kafirs (severel) 

Feterita 

Shantung Brown Kao1iang 

Y-4 (Tex 63 x Kaura) 

me x 3007 

King's Diamond 

Axte1 

Dlmrt' Kafir 44-14 

Redline 60 

Rio (se 599-6) 

IS 12568 (se 56-6) 

Nunaba 

Hu-erin Inta 

AF 28 

SGffiL - MR - 1 

TAM 2566 (IS 12666c) 

/ • 

Location Reported 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

China. 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

Africa. 

Argentine. 

Bre.z;il 

USA 

USA 



Table 2, cont .. 

Insect/Mite Species 

Solubea pup;nax 

Sitophllus oryzae 

Sitophilus zeamais 

Sitotroga cerealella 

Rhyzopertha dOminica 

Tribolium castaneum 

186 

Variety/Llne 

IS 25016 (SC 52) 

IS 2508c (SC 414) 

IS 2549C (SC 228) 

IS 2579C (SC 423) 

IS 3011C (SC 231) 

IS 8100C (SC 424) 

IS 12612C (SC 112) 

White Derso (Kans. 33 - 318) 

Double Dwarf Early Shallu 

Sagrain 

Double lNarf Early Shallu 

Early Kalo 

Early Smnac 

Double Dwarf Early Shallu 

Early Kalo 

Early Sumac 

Double INert" Early Shall.u 

Early Kala 

Early Sumac 

Double Dwarf Early Shallu 

Location Reported 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 
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Sorghum resistance to insect"and mite pe~ts is best viewed as a compo­
nent of a pest management system which can interact with and influebce other 
components in the system. Insect-resistant sorghum m~ inhibit a pest's a­
bility to attain the economic injury 1evel because of nonpreference or anti­
biosis. Or~ it may increase the damage tolerance level of the crop because 
of a. tolerance mechanism. Similarly ~ insect-resistant sorghmns coUld c:re-ate 
a situation where natural biological control agents are more efficient be­
cauSe of slower rates of increase of the pest. O~ course, resistant plants 
must allow the pest to reach a IIthresholdll of predation or parasitism. Low 
densities of the pest species may.provide a pivotal reserve food supply for 
beneficial organisms needed later in the growing season in sorghum or ne~gh­
boring crops~ Also~ resistant varieties may contribute to the erfectiveness 
of insecticides or make it possible to omit or reduce treatments. 

RESISl'ANCIl SCIlEENrNO 'l'ECHNIQUES 

Procedures used to screen sorghums for resistance to insects and mites 
are based on the nature of damage and resulting injury symptoms caused by the 
pests. Progress in selection for resistant plant types is dependent upon 
uniform and sufficient selection pressure. Although selection can be done 
under natural infestation, frequently the pest popUlation and/or crop must 
be manipulated to insure selection pressure and to avoid chance escape of 
susceptib1e plant types. For convenience gene~al procedures are provided 
for pest groups or major ~est species. Modification of existing screening 
and evaluation procedures are often required~ The techniques described are 
a compilation of those re~orted in the literature and the amount of detail 
varies with the amount of emphasis the species or group has received. 

Aphids. Several aphid species infest sorghum. Resistance of seedlings 
and mature plants can be successfUlly evaluated \Ulder natural pest infesta­
tion, provided populations reach uniform, h~gh levels at appropriatB times. 
Due to the fluctuation and sea$onality of natural aphid populations, tech­
niques are often required to evaluate seedling and adult sorghum plants for 
resistance in the absence of natural infestations. The following techniques 
are common for evaluation of sorgbums resistant to the greenbug, Schizaphis 
gramj.num (Johnson et. ,,1. 1976, St .... k. and Burton, 1977). 

Greenhouse Seedling Screening. Aphids are reared in a greenhouse on 
culture plants, usual1y Sorghum, grown in 20.3 em plastiC pots or 3.8 liter 
metal cans. A 3:1; 1 mixture of soil, sand, and peat is the preferred growth 
medium.~ If" soil alone is used, sand should be used to cover seed~ A :smal1 
amount of complete ~ertilizer is added to the soil medium. Soil mixtures are 
sterilized if plant diseases are a problem. Seed should be treated with a 
fungicide to control soil-born diseases. From 30 to 50 seeds per container 
are planted to a depth of 2.5 em or covered with sand to that depth. Sand 
prevents excess water evaporation and aids in keeping cage bottoms clean. 
Prior to plant emergence, a bottomless, cylindrical cage ~s 1nserted into the 
soil or sand to protect emerging plants from premature aphid infestation and 
to exc1ude extraneous insects, especially predators and parasites. Cages are 
constructed of 0.0381 cm thick, clear, vinyl plastic or transparent, polished, 
nitrocellulose film, .05 em thick. Cage size varies but cages approximately 
33 CIg. Iu"gh @d 14 em in diameter are commonly used. Ventilation is provided 
or cutting tvo 6~3 em diameter holes in opposing sides of the cage. The venti­
lation holes and cage tops are covered with fine-mesh nylon cloth glued ~th 
rubber cement. These cages can be vashed vith a mi1d soap and reused. Once 
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plants attain a he~ght of 15-20 ~ (ca. 2 ~eeks), they are infested with ca. 
200 aphids. The culture should have a maximum number of aphids tyO weeks 
later (Fig. 1). 

PlantbC\ 
smQhulTi mlx R 
InO"poto U 

~ ~ay.ror V. (Plont dev.lopment 

~~WCU~\If' pol 

01 gr.;entKIg 
eelcny 

with 2-3 plante with 

g ... n~.\ 

SCREENING FOR 

Se.d flats 
10rows .. 30seeds each 

~,-,,~ 

Ai~:::~~'= 

Rato plants 
10r realltanco 

PLANT RESISTANCE 

FIG. 1. Screening for plant resistance. 
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< Tem~erature and humidity requirements are often dictated more by the 
aphid-culture plants than by aphids. Greenbugs, for example, reproduce in 
a temperature range c~ 15.6°_32.2°C 3 althoUgh fecundity maximizes at ca. 
22.2°C at ~hich temperature each ovoviviparous £emale produces an average 
of 100 nymphs over a 20-day period. 

Breeding lines to be evaluated for resistance are planted in galvanized 
metal flats 35.6 wide x 50.8 long x 9.5 em deep filled vith soil to about 
2~5 em from the top. Ten, equally spaced rows about 2.5 em deep are made in 
each flat by pressing a planting board on the top of the soil. Each flat 
may accommodate 10 entries if one entry is ~lanted per row or 20 entries in 
rows 17.8 em long. A test can contain any number of flats, depending upon 
the supply of a~hids and available greenhouse space. 

Approximately 20-30 seeds of each entry are planted per row and thinned 
to about two-thirds that number one week after plant emergence. Whenever 
possible, known ~esistant and susceptible lines should be planted in each 
flat as controls. If breeding s~lections from resistant crosses are to be 
evaluated, the resistant parent used in the cross should be included as the 
resistent control. 

After thinning, plants are infested with aphids of all ages and instars 
by brushing or shaking aphids from culture plants fairly uniformly over flats, 
or by placing uprooted, infested, culture plants between rOws and alloying the 
aphids ~o crawl to the test plants. Plants are examined about two days after 
being infested and additional aphids are applied to flats which have inadequate 
infestations. From four to ten greenbugs per plant are considered adequate. 
Test flats are left uncovered vefore and after infestation. 

Generally, plants in each flat are rated for resistance when plant in the 
susceptible, control row are near death, usually ca. 10-14 day$ post infesta­
tion. A visual rating of an entire row is possible for nonsegregating material; 
in segregating rows~ iudividual plants can be rated~ A 0 to 9 rating system 
for seedling evaluation is reasible, where 0 ~ no damage, 1 ~ 10-20% plant ne­
crosis~ 2 = 21-30%, etc., and 9 = 91% necrosis or a dead or dying plant~ 

Adult Plant Screening. Leaf damage ratings are fairly easy to make and 
offer a good measurement of resistance if an adequate, natural, aphid infesta­
tion occurs. The following rating system is feasible for field evaluation: 
o = no damage; 1 = red spotting on leaves; 2 = portion of leaf killed; 3 = 
1 leaf killed; 4 = 2 leaves killed; 5 = 4 leaves killed; 6 = 6 leaves k11led; 
7 = 8 leaves killed; 8 = 10 leaves killed; and 9 = dead plant. Data may be 
collected at any plant growth stage when aphids are present and aphid numbers 
should be estimated~ Also, plant growth stage should be recorded at the time 
aphid counts and damage ratings are made. The growth stages described by Vander~ 
~ip (1912) are recommended. If aphid ~opu1ations difrer markedly among entries, 
an indication of the level of infestation on each entry can be made using the 
fo11owing code after the rating: 1 = low incidence, 2 = average incidence, and 
3 = high incidence. . 

An alternative to natural infestations of aphids in the field is the use of 
cages. Cages can be relatively large to enclose groups of entire plants or they 
can be small plastic cages attached to a ~ortion of a leaf. Large cages should 
be constructed of metal frames covered Yith small mesh screen to exclude para­
sites. In large cages aphid population levels increase rapidly) often to un­
naturally high levels. Populations of aphids on artificially infested plants 
under cages usually increase rapidly and damage may be accentuated. Small plas­
tic clip-on cages can be used in the field for evaluation of resistance. Small 
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cages (2.54 em3) clipped to leaf blades need cloth-covered ventilation holes 
(1~9 em in diameter) on at least Ohe side. Five to 10 aphids, usually adults, 
are put in each cage with a small artist's brush. The cages keep the aphids 
confined to a small area and exclude parasites and predators. Cages are in­
spected the day following attachment to the leaves to insure that all aphids 
remain alive and feedin~ on the pl~nt. Additional aphids are added where 
necessary to ensure equal numbers ~er cage. Ratings of the damaged leaf area 
covered by the cage begin about one week after infestation and continue at 
two-day intervals until the caged area of the susceptible plants ~e near 
death. A feasible rating scheme is as follows: a ~ no necrot~c plant tissue 
in the caged area, 1 = 10-20% necrosis, 2 = 21-30%, and so on to 91+% necrosis. 

ArmYWorms, Panicle Caterpillars, and Borers. A large complex: of cater­
pillars attack sorghum as foliage and grain reeders or as stalk borers. Dif­
ferent species are en~ountered in different geographic locations. Most sor­
ghum screening trials involving lepidopterous species have been conducted in 
the ~ield using natural pest infestations. Greenhouse ~creening techniques 
have been reported for a few of the species attacking sOrghum, and for a SOme­
what larger number, a t~chnique combining greenhouse or laboratory culturing 
and artificial inoculation in the field has been used (Mayo 1961). Compared 
to sorghum, considerably more progress has been made in screening for resis­
tance to lepidopterous pest in corn. 

Late planted sorghum is usually more heavlly and uniformly infested with 
most lepidopterous species than in early planted sorgh~ (Chada 1962). Field 
screening trials planted where stubble exists from previously planted sorghum 
helps ensure natural infestations of stalk borers. Plant escape is a problem 
associated with field screenings by natural infestation. 

Several caterpillar species can be reared on artificial diet, som~t~es 
allowing mass rearing for use in screening when natural populations of the 
pest s~ecies oannot be ~elied upon. Using diet-produce4 insects, it is pos­
sible to ensure uniform test-plant infestation at desired plant growth stagesa 
The plants are infested with eggs and/Qr larvae. In greenhouse screening 
trials, with foliage feeding caterpillars, 2nd or 3rd instar 1arvae are placed 
on plants grown in rlat~ as descr~bed earlie~ for aphid screening (McMillian 
and Starks 1967). Generally, the severity of damage is recorded by visual 
classification of damage using a ratlng syst~ of 1-9 (~iseman et. al. 1966) 
or 0-5 (Hormchong 1967 L Resistance to panicle feeding larvae is based on 

• relative amounts of damaged seed (Buckley and Burkhardt 1962, 1963). 
Commonly, especially for several borer species.,. egg masses in the ublack 

head" stage a):'e placed on the underside of the top leaves of individual test 
plants (Dicke et. al. 1963). Reaction to borers is generally based on percen­
tage infested stalks (cavities in the peduncle area), length of tunnel and 
percentage stalk breakage and lodging a Early leaf feeding by borers mayor 
nay not be highly correlated vith stem tunneling, and length o~ tunneling may 
not be related to yield. 

Sorghum Midge. Greenhou$~ techniques for ,screening sorghums for ~esis­
tance to the sorghum midge are not avallable because techniques for artifici­
ally rearing the ~nsect have not been developed. Presently, naturally occur~ 
ring infestations in ~ield plantings, must be relied upon~ The unreliability 
and/or ~luctuations of midge population levels and variation of maturity in 
test plants, as in segregating rows, are inherent problems associated with 
£1eld screen~ng sorghums for this pest. 
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Damaging midge population levels are best attained by delayed planting, 
multiple plantings or the same test materials, and/or the use of earlier 
planting of susceptible sorghums in which midge populations reach hIgh levels 
by the time the test plants are blooming ~ In the la.tter technique, suscep­
tible sorghums- are planted at 10 day to two-week intervals beginning as early 
in the season as practical, thus providing a continuous supp~ of blooming 
sorghum over an extended period~ Also, bulks (mixtures) of sorghum seed of 
varying maturity lines ~~ be planted as'spreader rows between blocks of test 
plants. 

Midge damage 15 usually rated as percent IIblasted" seed. Generally, 
plants cannot be rated sooner than 20 days after bloom. Individual heads in 
a rov are rated and a mean drumage rating calculated; O~ th~ entire row is 
rated by visual observation. A feasible rating scheme is as follows: 0; 
no damage, 1 ~ 10-20% blasted seed, 2 ~ 21-30%, etc., ~d 9 = 91+% blasted 
seed. A more objective evalua.tion can be obtained by "protectingll portions 
of the test ~ants with pollinating bags or insecticides. Seed yield com­
~arisons of prot~cted and unpr~tected heads are then made. Standard resis­
tant and susceptible varieties should be included as controls. 

Adult midge population levels should be estima.ted. This is accomplished 
by visual examination of blooming heads or by placing a large mouth jar or 
plastic bag over the heads to capture adults. Days to 50% blo~ of each entry 
should be recorded and correlated vith any fl~ctuation in midge adult abun­
dance. Care should be taken to differentiate midge damage from bird dSIllage 
and from sterile florets~ The presence of a midge cocoon at tha tip of the 
glumes is proof that a seed was damaged 'by midge. 

Chinch Bug. Infestations of chinch bugs in sorghum general~ result 
from mass migration of the pest from winter-grown small grains. Screening 
for and evaluating chinqh bug resistant sorghums is most commonly accomplished 
by field trials under natural infestations (Snelling et. 01. 1937). Field 
infestations are increased by g~owing so~ghums adjacent to-infested sm~l 
grains. Growing sorghums of mainly milo germ plasm in the test may assist 
in increasing the infestation level and these same sorghums can serve as sus­
ceptible checks. Greenhouse screening of seedling plants for chinch bug re­
sistance might be accomplished by slightly modifYing the technique previously 
described for aphids, if the pest is reared artiilclally (?arker and Randolph 
~972). Field-collecte~ bugs might be used tor greenhouse screening ~urposes, 
although the use of this method has not been reported. _ 

Chlnch bug drumage to sorghum is recorded as percentage of plants killed 
or injured (Snelling et. ~. 1937)~ The degree of stunting and yield reduc­
tion are additional criter~a ro~ measuring relative resistance 1 Although no 
damage rating schemes have been reported, one based on the amount of reddish 
discolorat10n on sorghum stems could be used t Rating damage to sorghum is 
complicated by date of planting, earliness, drought, and varietal adaptation 
(Painter 1951, 1958). Seedlings are ~ore readily damaged than more mature 
plants, and ~he latter may not be killed but viII show the characteristic stem 
discoloration. 

Spider Mites. Screening sorghums for resistance to spider mites is re­
latively difficult because many factors affect mite abundance and plant reac­
tion to infestation. The more serious species generally require hot, dry, 
climatic conditions ;fo!' inj\U'"ious populations to develop. Also, mite infes.ta­
tions tend to be most damaging to sorghum that has attained the reproductive 
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growth stage (Ehler 1974). All these factors hinaer greenhouse soreening 
(Owens et. al. 1976). 

Field-;valuations depend on the availability of injurious mite densities. 
Manipulating planting to coincide with dr,y environmental conditions during 
sorghum reproductive stages often increases mite abundance. Moisture stressed 
plants are generally more h~avily infested with mites than nonstressed plants. 
Plant maturity influences the reaction of plants to mites. ' 

Rating schemes are generally based on percent leaf area damaged by mites 
(Foster et. ~. 1977). Mites generally begin reeding in colonies adjacent to 
the midrib of the lea~. Feeding is accompanied by webbing and desiccation of 
the leaf' tissues beginning at the tip and margins of the leaves. Mites generally 
cause damage to sorghum after it has bloomed; however~ ratings are made at any 
stage of plant growth at which there are sufficient mite infestations. Stalk 
death ratings may be made vhen severe damage occurs. A ~easible rating scheme 
is as follovs: 0 ~ no damage, 1 ~ 10-20% leaf necrosis or stalk death, 2 ~ 
21-30%, etc., and 9 = 91+% or aeaa plant. Plant lodging and aifferential seed 
weight reduction among varieties can also be used. To record mite abundance,. 
a popUlation density rating is used where 1 = no mites~ 2 = fev individuals above 
midrip only, 3 ~ colonies along midrib, 4 = mites spreading away from midrib, and 
5 = entire leaf covered with mites (Foster et. al. 1977). 

Stored Grain Pests. A common ~ractice:iD searching for resistance to 
stored grain insects among varieties of sorghum is to infest a grain sample 
of each variety with a specific number of insects for a period of feeding and 
oviposition. Resistance is then evaluated by counting damaged grains and/or 
1st generation progeny (Stevens and Mills 1913). Parent insects, in some cases~ 
are given free choice of all samples tested; in others, they are confined to 
speci~ic samples of grain (Rogers and M111s 1914a). Equilibration of the rela­
tive hum1dity and seed moisture content of the test samples is necessary for 
valia results (Roger and Mills 1974b). 

Evaluations of groups of varieties involve small samples, typically 50-
100 kernels contained in small plastic boxes measuring 48x48xlB mm (Mills 1976). 
Three to five samples of each var1ety are included in each tests. In no-choice 
tests six females and three males are used to infest each sam~le, allowed a 5-7 
day oviposit10ning period, and then removed. The relative resistance ranking 
of the entries is based on numbers of emerged progeny/sample. Resistance is 
evaluated by recording the numbers of larvae that develop to adults. 

In free-choice tests~ samples of grain are arranged in a circle equidis­
tant from the center of the circUlar test chamber (Stevens and Mills 1973l. An 
appropriate number of adult test insects are dropped into the center of the 
chrumber and allowed free access to all the grain samples. Insects within each 
sample are~hen counted in 4-7 days for nonpreference evaluation and then re­
moved. Grain samples are then held to evaluate for progeny emergence. Free­
choice tests probably are more practical where large numbers of entries are to 
be evaluated because obviously susceptible entries can be quickly el1minated • 

• I As stated previously, the most commonly used measure of resistance ha.s been 
progeny production. Other factors have been used such as developmental periods 
and weights of progeny. Dobie (1974) proposed an index of susceptibility based 
on proge~y <nurnb~l"S and developnent ~eriods. Soft X~rays have been used in re­
sistance screening trial to detect developing larvae within the gralns (Russell 
1962) • 
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DETERMINATION OF RESISTANCE MECHANISMS 

Plant resistance to insect and mite pests commonly is divided into three 
basic types of mechanisms~ nonpreference, antibiosis, and tolerance (Painter 
1958}. Resistance mechanisms invQlved in host-pest relationships can be deter­
mined, but the evaluation techniques differ from those normally used in SCreen­
ing d~verse germ plasm. Resistance is usually a result of more than one mecha-
nism. 

Differential preference reactions o~ insects and mites to resistant and 
susceptible sorghums is usually determined by allowing the ]est a choice of 
resistant and susceptible plants. In the laboratory or greenhouse, this is 
done by randomly planting resistant and susceptible selections in circular 
arrangement in pots or metal cans. After emergence, each entry is thinned 
to one plant. Pest insects are then placed on the soil surface in the center 
of the circle of plants at a rate five times the number of test plants. Test 
plants are covered .nth a cage. Insects present on individual test plants 
are counted at 24 hr intervals for at least foW' days after initial infestation. 
Frequently some insects die or are lost during the testing procedure. 

Antiobiosis is expressed as an adverse effect o£ the plant on the biology 
of the insect or mite. Techniques are used which allow the experiment to the 
compare the fecundity, size (veight)~ longevity, and increased mortality of 
the pest on resistant versus susceptib:;t.e plants. Some "conditioniugn of the 
insect on the resistant plant is normally required. 

Of the three resistance mechanisms, tolerance is perhaps the most diffi­
cult to quantif.y. It basically involves a compar~son of pest numbers to 
subsequent ~lant damage. Consequently, pest numberS must be determined and 
related to visible damage, and, eventually, to yield. 

SORGHUM INSECT PEST MANAGEMENT 

The role of host plant resistance in $orghum pest management in the USA 
and the implications of this vital component can be seen in the examples that 
follow. 

Chinch Bug. Painter (1951), in discussing insect res~stant sorghums, 
devoted most of his. attention to the chinch bug, as it vas the most important 
pest of sorghum at that time. However, for almost 20 years this species was 
largely an insignificant consideration in sorghum production. It is only 
speculation, but possibly chinch bug resistant sorghums were at least partly 
~es~onsible for the decreased severity of the pest. In some areas~ during 
mos~ years; resistant sorghum varieties proved to be a most practical means 
of control and largely replaced the creosote barr1ers which were once recom­
mended for control o~ populations migrating from small grains. 

Research conducted prior to the in~roduction of combine-type sorghum 
hybrids revealed that most milo varieties of sorghum are highly susceptible 
to chinch bug damage (Hayes 1922)~ Several of the sorgo var1eties are rela­
tively resistant, Aglas sorgo being one of the most resistant. Most of the 
kafir varieties also exhibit resistance; whereas, the fateritas are suscep~ 
tible or intermediate in reaction (DahmB 1943). Data collected for the period 
1870 to 1923 showed that considerably more kafir than milo sorghum was grown 
in the chinch bug infested areas of Oklahoma, Kansas and Texas .. tNherea.s :more 
milo sorghum was grown in areas where the pest was less serious (Snelling et. 
a1. 1937). 
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Factors influencing resistance among varieties tested are tolerance of 
plants, differences in food values for the bugs, preference of bugs for sus­
ceptible varietie$~ and specific morphological characters of plants, such as 
loose fitting leaf sheaths which tend to be associated with increased suscep­
tibill.ty: Sorghumsvhich produce a dense canopy tend to be less infested. 
Hybrid vigor reflected in rapid and heavy plant growth also tends to reduce 
chinch bug damage. 

The relative chinch bug resistance of current sorghum hybrids is largely 
unknov.u and recent literature on the subject is lacking. Based on the early 
literature, sorghum bybrids possessing kaf~r germ plasm such as Combine Kafir 
60 should exhibit a relative level of resistance. In contrast, sorghum hybrids 
poss~ssing milo germ plasm could be relatively susceptible. The same may be 
true for Wheatland which is also susceptible (Dahms and Sieglingen 1954)_ In 
very recent years t chinch bugs have caused serious damage to sorghum adjacent 
to small grains and these situations point to the need for assessing currently 
used germ. plasm. 

Sorghum Midge. The sorghum midge is an introduced pest~ though to have 
originated with the crop in Africa and spread with it around the world. Its 
major hosts are all members of the genus Sorghum. The midge is probably the 
most important sorghum insect pest causing losses amounting to millions of 
dollars in Texas. The midge ln~ests sorghum in all areas of the state except 
the Northern Panhandle (Rummel and Daniels 1971). 

The small orange-red colored female midge, less than 2 mm in length, ovi­
posits in flowering spikelets. These small flies live for only a day or two, 
but m9lf lay 50-250 eggs. The eggs hatch in about two days and the orange 
colored larvae complete their development in 9-11 days, pupating within the 
spike1et ~or about three days. The injury is caused by the 1arvae feeding 
on the ovary- prevent~ng normal development and resulting in nblasted seed." 
A generation may be completed in 14-16 days. This rapid developmental cycle 
permits 9-12 generations during a season, and permits the build-up of high 
midge densities where sorghum floving times are extended by a wide range of 
planting or maturity dates. 

Since the development of damaging in~estations of midge is dependent on 
progressive buildup on Johnson grass and sorghum~ a very effective cultural 
recommendation became a key component in the management strategy. This prac­
tice is early, uniform planting of sorghum so that flowing occurs throughout 
an area during a relatively short period~ prior to the presence of damaging 
m1dge densities. 

ReJ.atively small acreages of" sorghum are now planted late, but those that 
are may require insecticidal treatment to prevent loss. For these situations, 
judgement decisions for insecticidal control axa bas~d on economic threshold 
levels. Research has shown, that fields should be carefully inspected daily 
for adult midge~ beginning when panicles first start to flower at the tip. 
Treatments should be applied when 25 to 30 percent o£ the heads have begun to 
flower and number of midge adults per panicle exceeds one. If adults are still 
present three to five days later, a second treatment should be made. Three 
applications at three to five-day intervals may be justified if yield potential 
is high and midges are abundant. 

Another tactic may soon be added to the midge management strategy. Sorghum 
lines from the Texas Sorghum Conversion program vere discovered that are reS1S­
tant to the pest (Johnson et. at. ~973) (Table 3). These resistant sorghums will 

72 



195 

provide not only a means or reducing midge damage ~ but also will provide flex­
ibility for planting time and reduce in~ecticidal treatments4 This vould be 
advantageous particularly during seasons when weather conditions are unfavor­
able for early planting. In some areas of the state) especially the 1Iigh 
Plains~ sorghum could be Flanted later in the season vhich would allow ror 
more efficient use of natural ra~nfall or permit sorgpum to develop during 
the cooler, wetter part of the season. This is advantageous yield-wise, re­
duces irrigation requirements and proyides another potential approach to deal­
ing with the Banks grass mite which increases in abundance after the heading 
stage of sorghum during periods of hot, dry weather. 

Present research in Texas is directed toward the development of commer­
cially acceptable midge-resistant sorghum hybrids and the determination of 
resistance mechan1sms. Resistance is not a do~inant inherited character, and 
is apparently ~olygenic in nature. Both parental lines must possess the resis­
tant character and experimental hybrids of resistant x reS1Stant parents have 
exhibited high and effective ievels o~ midge res~stance. Preliminary research 
on resistance mechanisms indicates antib~osis to be the major resistance mech­
anism (Table 4 & 5), but levels of nonpre£erence also are exhibited (Table 6). 

TABLE 3. Midge damage ratings of eight sorghum selections from converted exo­
tic lines and five US cultivars; Lubbock, Texas, 1972. (Johnson~. 
aI. 1973). 

SC no.Y 
GroupJ! . Me...J!l Days to bloom for 

Designation no. and name score June 20 planting 

rs 12612C 112 39(1) Zerazera 3.0 66.0 
IS 12666c 115 39(1) Zera.era. 3.0 66.5 
IS 2508c 414 38 Caudatum/Ka.~ir 3.0 68.0 
IS 2816C 120 39(1) Zera:z.;era 3.5 70.0 
US 3574C 239 39(1) Zerazera 3.5 70.0 
IS 12608C 108 39(1) Zerazera 4.5 68.0 
rs 12664c 113 39(1) Zerazera. 4.5 69.5 
rs 2597C 423 39(1) Zerazera. 4.5 68.0 
Tx 2536 6.0 63.0 
Tx 09 6.5 66.0 
B Tx 378 7.5 74.5 
B Tx 398 8.9 66.5 
Tx 1018 9.0 60.5 

!'an IS number is given to ail sorghums in the world collection; the C 'follow­
ing IS number denotes that the sorgh~ lines bas been converted. 

,£1 the Be nlDDber denotes the code by llhich these sorghums were identified dur­
long converS10n. 

lIthe group number and name of the exotic variety based on a Modified Snowdents 
classification. All selections are l.D the race Caudatum using classification 
by Harland and deWet. 

~1 = <5% damage, 2 = >5<LO~, 3 = >10<20%, 4 = >20<30%, 5 = >30<60%, 6 = >60<70%, 
1 = >70<80%, 8 = >80<90%, and 9 = >90% 
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TABLE 4. Number of' sorghum midge a.dults emerging from sorgh\lIll 
panicles. 

Mean no. of ~ difference in emergence 
Line adults/sample compared to Tx 7000 

TAM 2566 63.6 98.6 

Be 423 394.7 91.3 

TAM 428 1421.8 68.6 

Tx 7000 4533.8 

TABLE 5. Percentage of cage spikelets of TAM 2566 and Tx 7000 
found to be infested vith each life stage of the sor­
ghum midge. 

Line Difference between lines 
Stage Tx 7000 TAM 2566 infestation level (%) 

Egg 22.2 7.8 64.8 

Larva 10.3 5·1 50·9 

Pupa 6.6 0.1 98.8 

Adult 0·5 0.1 85.2 

TABLE 6. Comparison of sorghum midge adult members per panicle 
collected by plastic bag sampling to determine non­
preference among ~esistant and susceptible sorghums. 

Mean no. adults co11ected daily 
Line 1976 1977 

TX 7000 107.6 35.6 

TAM 428 44.7 19·0 

se 423 50.3 11.3 

TAM 2566 11.8 2.5 

7LI 
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Greenbug and other Aphids. The f'i:t'st outbreak of' the greenbug in sorghum 
occurred in 1968 in almost all areas of the United states where sorghum is 
produced. This greenbug Was identified as biotYIle liCit and differed in host 
and variety response from the previous biotyPes "A" and nBT! which attacked 
small grains. Their migration pattern changed in 1966 (Daniels 1917). 

The greenbug is approximately 1.6 mm lODg~ light green in color ~ith a 
darker green dorsal abdominal stripe~ The distal leg segments and tips of 
the cornicles are black. Alate and apterous for.ms may be present in the same 
colony. Females produce living young parthenogenetically and under optimum 
conditioDs, the young begin reproductlon in about 7 days, producing about 80 
offspring during a 25-day period (Almand et. al. 1969). 

In~estations are detectable by reddish spots on the leaves caused by 
toxins injected into the plant by aphids feeding in colonies on the underside 
of leaves. The reddened areas enlarge as greenbug numbers increase, and the 
leaf may die, turning brown from the outer edges toward the center. Also, 
greenbugs transmit maize dwarf' 1jlosa.ic virus (MDMV) and may predispose sorghum 
to charcoal rot (Daniels and Toler 1971, Frederiksen and Daniels 1970, Teetes 
et. al. 1913). 

Gr~enbug is presently a key pest of sorghum in most areas of the United 
States where the crop is grown, especially the Great Plains. Small grains, 
primarily wheat, provide & winter host. Where the growing season of this 
crop does not overlap that of sorghum, grasses such as Johnson grass, Sorghum 
halepense, Linn., serve as inter~ hosts (Fig. 2) (Lopes and Teetes 1976). 
Greenbug ma.y be a pest during the seedling stage of sorghum though cormnonly­
it does not reach damaging proportions until after heading. In either case, 
sorghum generally becomes infested soon after emergence. The aphid's rate 
of increase has been recorded in the field to be as high as 20 fold per week 
with an average of 5-6 fold per week throughout the season (F'g. 3) (Bottrell 
1911). Spring rains and ~redators can suppress this increase. 

Seasonal abundance profiles of the pest in sorghum in th~ Texas High 
Plains have sho\ffi peak density levels to occur in late July to early August 
(Bottrell 1911, Teetes 1971). Abundance of natural enemies has shown a charac­
teristic lag time of about one-two weeks, and native aphid predators orten do 
not hold greenbugs in check (Kirby and Ehler 1971). The major seasonal mor­
tality factor of the greenbug has been parasitism by Lysiphlebus testaceipes 
(cresson) which usually causes a rapid decline in greenbug population levels 
by mid-August (Fig. 3) (Teetes et. al. 1975, Walker et. al. 1973). Conse­
quently, only about a two-week peri~ exist$ in whic~greenbug numbers may 
exc~ed the damage tolerance level of sorghum. 

High rates of persistent systematic insecticides were initially relied on 
as the sole controlling agent of the greenbug in sorghum. These treatments 
were highly effective~ but at the same time were broadly toxic and ecologicallY 
disruptive. Consequently, a system of integrated control was develo~ed. Eco­
logical selectivity vas aChieved by dosage rate manipulation of several approved 
organophosphorous insecticides (Cate ~~ al~ 1973). Extremely low dosage rates 
(.< .1 lb. AI/acre) provided greenbug control yet spared most of the naturallY 
oCCurring 'beneficial species tTeetes 1972, Teetes et. al. 1913). Treatments 
~th selective insecticide rates have the effect of throwing the balance back 
in favo~ of natural control by preserving natural enemies. Such selective 
treatments are applied when the aphid popu~ation reaches the economic threshold 
(Teetes and Johnson 1973~ 1914). When properly timed, only one insecticide ap­
plication is required and resurgence of the greenbug is prevehted by parasites 
and predators. 
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FIG.:3. Seasona.l ablllldance and parasitism of" the g:r-eenl:Jug in gra.in sorghum 
in the Texas High Plains. 

Recent development of insecticide resistance py the greenbug great~ 
hamper the use of selective insecticide rates. Laboratory tests confirmed 
field observations of resistance development at levels of ~bout 30~ lO~ 3 
and 5-fold for diSulfoton, dimethoate, ~horate, and parathion~ res~ective~ 
(Fig. 4) (Teetes et. al. 1975). A continuing effect is being ma.de to identi­
fy alMrnate, eHectiC;;;; insecticides (D<miels and Chedester 1975, 1976). 

Soon after 1968~ source~ of greenbug resistant germ plasm were found in 
sorghums such as SA 75361-1, KB 30, IS 809, and l?I 264453 (Johnson et. !!!.. 
1974). Releases of res~stant breeding. materials were made to commercial seed 
companies. Laboratory and field ex~eriments have identified the mechanisms 
ot resistance in these sorghums as moderate levels of nQnpreference and anti­
biosis. Antibiosis is expre~sed as an tncre&se in the duration of the develop­
mental stages and a decrease in p~ogeny per adult, adult longevity and duration 
of the reproductive period. The primary resistance mechanism bas been shown 
to be to1erance (Teetes et. al, 1975)~ Greenbug resistant sorghum of Tunis 
grass background reduces~reenbug numbers as a result or non-pre£erence and 
antibiosis and increases the economic injury level through tolerance LTeetes 
et. ~. 1975). Resistan~ sorghums are complemented by greenbug mortality 
caused by natural enemies. 
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FIG. 4. Dosage-mortality after ~8 h or 2 populations of the greenbug treated 
vith Qisulfoton. 

Research revealed that it took greater numbers of gre~nbugs £~eding ror 
a longer period of time on resistant sorghums than suscept1ble sorghums to 
cause an equal amount of yield loss (Table 7). However, the same amount of 
damage, that is, the same amount of leaf loss to resistant sorghum~, resulted 
in similar amounts of Yleld loss when compared to susceptib1e sorghums. Under 
natura1 conditions, resistant sorghtuns were not severely damaged and. only under 
artificially produced conditions such as caging to ex~lude predators and para­
sites vas th1S accomplished. 

BiologicallYt the resistant sorghums had been shown not to be ecologically 
disruptive. To dete~ine this, a test was condu~ted in 1975 where resistant 
and suscept~ble sorghums were separately isolated in a cotton field where the 
relat~ve number of predators were mon~tored (Teetes 1975). Results showed that, 
as in past exper1~ents, greenbug numbers were lower in resistant sorghums than 
in suscaptible sorghums (F~g- 5). Similarly, as vould be expected, predator 
numbers were lower in resistant than susceptible sorghum (F~g. 6). Interestingly, 
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TABLE 7. Greenbug densities and damage to resistant and susceptible sorghum 
hybrids, Lubbock~ Texas, 1915-

Greenbugfplant Leavesfplants Yieldf 
Hybrid prior to treatment kil1eli acre Seedsfgm 

Susceptible 640a 0.6 .. 5667 .. 27a 
(A Tx 399 x TX 2536) 151Oa. 3.7ab 4700a.. 33a 

2938b 4.3b 50670. 34 .. 
4767c 4.Tb 331Tb 36a 

Resistant 19a 0.00. 61670. 26o.b 
(A Tx 399 x TAM 2568) 880. 0.00. 58500. 26ab 

300b 0.30. 6033a 24b 
700b 0.6 59000. 270. 

Resistant 50. 0.00. 5866a 26 .. 
(A Tx 399 x TAM 2568) 5430. 0.6ab 52500. 290. 

93Tb 1.Oab 5350a 30ab 
2487c 3.3b 4766n 33!) 

however, vhen the ratio of predators to greenbugs was compared, the ratio vas 
about equal and sometimes greater in the resistant sorghum than in the suscep­
tible (Fig. 1). Based on ~redator-prey ratios, it appears that resistant sor­
ghum and biological control are complementary a Tests utilizing cages to ex­
clude predators and parasites provided a dramatic example of the value of 
natural enemies in assisting greenbug res1stant plants. 

Biological and ecolog1cal studies have b~en conducted on both native and 
exotic species o~ the major predators and parasites of the greenbug (Archer 
et. ale 1973, 1974, Daniels and Chedester 1972) to improve the contribution to 
biological control to the :pest management program. Indigenous primary parasites 
include Lysiphlebus testaceipes (Cresson), Aphelinus nigritus (Howard) and 
Diaretiella rapae (M'Intosh) and secondary paraSites Charips sp., Pachyneuron 
siphonophorae (Ashmead), Asaphes lucens (Provancher), Aphidencyrtus aphidovorus 
'Mayr)~ and Tetrastichus minutus (Howard). 

Because indigenous beneficial insects have not alvays held the greenbug 
below damaging levels, the introduction of exotic paraSites such as Aphelinus 
asychis (Walker), !.. varipes (FOl"ester), Ephedrus plagist.or (Nees), Praon ~ 
licum (Story) and Aphidius avenae (Haliday) and predators Prow}.ea I4-piiDctata 
(L.) and Nenochil.us sexmacu1o.ta. (Fa!).) has been attempteli (Starks et. al. 1975). 
Basic studies have led to biological and ecological knowledge and provided 
methods of mass product,on (Archer et. al. -1973). 

In Texas, sorghum. and cotton are the two major crops and are ecologically 
related. Intensive and widespread-use of insecticides in sorghum could upset 
the balance of predators and paras~tes creating widespread and damaging pest 
infestation in cotton. Also, the advantages of habitat diversification by 
planting adjacent alternate crops for increasing predator densities are well 
known. Sorghmn served as the major source of" natural enemies which later are 
active in cotton. By experimentation it was shown. that there was a seasonal 
relationship in abundance of greenbug and corn leaf a.phid, Ehopa.1os.iphu.m 
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FIG. 5. seasonal g~eenbug populations on resistant and susceptible sorghum 
h.vbrids. 
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FIG. 7. Seasonal predator-to-greenbug rations on greenbug resistant and 
susceptible sorghum hybrids. 
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FIG. 8~ Predator and pest abundance in grain sorgbum and cotton, 1972. 
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maidis (Fitch), and several selected predators on field planted sorghum, wheat, 
and volunteer Johnson grass. As aphid numbers increased on any host, predators 
also increased~ As parasitism decreased aphid population levels in grain sor­
ghum, ~redator density decreased in that crop. Predator population levels in 
cotton began to increase at about the same time that predator density began to 
decrease .n sorghum (Fig. 8) (Lo~ez and Teete. 1976). Based on the relative 
similarity of the 2 habitats in terms of insect species composition, the 2 
different plant communities became more intimately related as the growing sea­
son progressed {Fig. 9). Of ca. 500,000 predators captured, ma~ked and re~ 
leased in grain sorghum, 51 or 0.01% vere recaptured in nearby cotton. 
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Other aphids that infest grain sorghum include the corn leaf aphid, 
Rhopalosiphum. maidis (Fitch), and the yellow sugarcane aphid Siphe. flays. 
Forbes~ The corn leaf aphid is greenish-blue in color and generally feeds 
-within the plant whorl. Larger plants can tolerate large numbers of this 
insect ~thout Buffering serious damage (Harding 1965)~ Hovever, large 
populations may damage seedling plants, causing plant death and stand loss. 
Large populations infesting plants during the booting stage may cause ~oor 
bead exertion. Heavy plant head infestations prior to harvest have resulted 
in harvesting difficulties because of the sticklY honeydew deposited by the 
insects. The corn leaf aphid is also a vector of MDMV. 

Since 1968, tbe presence of the corn leaf aphid in sorghum has attracted 
increased attention as a resUlt of confusion with the greenbug. Research has 
shown that the species is generally not a serious pest of sorghum, but since 
some producers apply insecticides to control it, it does become an important 
consideration in sorghum pest management. 

Some commonly used sorghum. parental lines are more susceptible to corn 
leaf aphid damage than others. For example, B !!Redlanll

, a common parent of' 
sorghum hybrids, is extremely susceptible. However, several sorghum lines, 
especially some Zeraze:m types are highly resistant to damage by corn leaf 
aphid. 

The yellow sugarcane aphid is lemon yellow, covered vith setae and has 
two double rows of dark tuberacles down the dorsum. Feeding aphids secrete 
a plant toxin and relatively light populations have been known to kill sorghum 
in the pre-boot stage. This aphid has been observed damaging so~ghum in the 
Gulf Coast counties and Blackland areas: of Texas, although it also occurs in 
the Texas Panhandle. 

Symptoms of damage in seedling sorghum are expressed as purpling of the 
leaves, while in more mature plants, the leaves generally turn yellow. Pre­
liminary data indicate that severe stunting of sorghum results from aphid 
feeding and tox~n injection. No resistant sorghum lines have been identified 
although control tactic and economic threshold levels are being established. 

Spider Mites. Several species of spider mites, Oligonychus spp., and 
Tetranychus spp .. , infest sorghum in Texas. The Banks grass mite (BGM) Q.. 
pratensis (Banks), is the most frequently encounter species (Ehler 1913, 
Ovens et. al. 1976). 

Adult.BGM exhibit marked sexual. dmorphism. After feeding, both sexes 
become a deep green, with the exception o~ the palpi and first tvo pairs of 
legs 1<hich remain light salJllon. The femaJ.e, 1<hich is lIluch large than the 
male reaches an overa1~ body' ~ength of about 0.40-0.45 rnn1. The life cyc~e 
requires 11 days at 78-8o°F and as m~ as 61 days under less favorable 
conditions. 

Spider mites are usuallY along the midrib on the underside of the 10wer 
functional leaves. The infested areas of the leaves are pale yellow initially 
and later take on a reddish color on the top side of' the leaves. If mite num­
bers continue to increase, the entire leaf m~ turn brown~ As mite numbers in­
crease On the lower leaves~ the infestation spreads upward through the plant. 
The underside of heavily in~ested leaves will be densely vebbed by the mites. 
In the final stages of infestation, the mites may invade and web sorghum heads. 
P~ant lodging may occur. 

http:0.40-0.45
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Based on distribution records, the 0011 is native to North America, al­
though this conclusion remains tentative until the tetranych~d fauna of South 
American, Africa and Asia are more thoroughly described (Ehler 1974). The 
pest is generally restricted to monocotyledenous p1ants, particularly grasses. 
Over 80 species of grasses in 17 genera have been recorded as hosts (Ehler 197 

Spider mite outbreaks are closely correlated with reproductive maturity 
or the host plant (Ehler 1974, Kattes and Teetes 1978) with rapid increases 
generally beginning after heading {Cate and Bottrell 1971). There is a posi­
~ive correlation between mite density and hot, dry climatic conditions and 
moisture stressed plants (Fig. 10) (Kattes and Teetes 1978). Mite infestation 
appear to be separated temporally and spatially from populations G~ effective 
natursl enemies (Ehler 197~). 

FIG~ 10. Mean adult female spider mite population levels per week 
on water stressed and non-stressed grain sorghum. 
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Natural enemies of spider mites include several species of general pre­
dators as vell as some which are prey-specific torphytophageous mites, i~e., 
Scolotbrips sexmaculatus {Pergande), Stethorus punctum LeConte, ~. atomus 
Casey, Amblyseiu5 fallacis (Gar.men), !. mesembrinus Dean, Pronematus ubiquitis 
(McGregor), and cecidomyiids (Dean 1957, Ehler 1973). However, this predator 
complex has not provided adequate control of the tetranychid mite pests in 
grain sorgbum~ 

Presently, chemical control is the only available method of suppressing 
outbreaks of mites in some regions but grower experience and research data 
indicate varying degrees of success (Cate and Bottrell 1911, Pate and Neeb 
1971, Teetes 1973, Ward et. al. 1972). Jnsectici~e resistance ~s accounted 
for control failures in some areas (Owens et. al. 1976, Ward et. a1. 1972, 
Ward and Tan 1977). - -- - -

In some areas of Texas the BGM acts as a secondary pest where insectici­
dal treatments, especially parathion, applied for aphid control increased the 
severity of the mite (Fig. ll) (Kattes and Teetes 1978). Parathion treatments 
result in the dispersel of mite populations~ consequently releasing the repro­
ductive inhibitory effect of crowded mited colonites (Fig. 12) (Kattes and 
Teetes 1978). 
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FIG. 12. Mean number of spider nite colonies per plant on :parathion 
treated and non-treated grain sorghum. 

Sorghum germ plasm resistant to mites has been identi~ied fram the Texas 
sorghum breeding program (Foster et. al. 19771». SC 599-6, a partially con­
verted IIRio" selection from the sorghwn conversion program appe<O!red especially 
promising during several years of testing at Pecos, Texas (Table 8). This 
line is a "non-senescing" type which maintains green leaves and healthier 
stalk much longer than most lines. Interestingly, it continues to maintain 
green leaves even when infested witb mites, consequently~ the resistance mech­
anism appears to be of the tolerance type. The line is higher in total sugars 
than stannard grain sorghums and this may be involved in the resistance mecha­
nism (Foster et. al. 1977"). 
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TABLE 8. Mite damage rating of selected sorghum lines~ 1975. 

Days to Sugar . 1 %210ss 
50% content Mean # Damage Rahng in seed 

Entry bloom (%1 mites leaf stalk "Weight 

se 599 78 11 1213 4.7 l.0 29 
BTX 618 71 6 2671 6.0 4.8 24 
BTX 378 85 6 2106 7.5 7.3 50 
TX 2536 78 7 1980 7.8 8.5 51 
ATX 618 x se 599 71 8 1934 4.7 2·9 30 
ATX 378 x se 599 78 7 1974 7.1 7.6 56 
HT 124 77 6 2015 7·7 8.5 53 
, 
-1 - no leaf or stalk death, 2 - 1-10% of leaf area dead, 3 - 11-20%, '4 _ 21-

30%, 5 - 31-40%, 6 - 41-60%, 7 - 61-80%, 8 - 81-90%, 9 - 91-100%. 

2nif"ference in seed weight of each line grown at Pecos vith high mite popula­
tions and the same line grown at Lubbock with no mite~ present. 

Wireworms. The economic importance of false wire~orms (Tenbrionidae) 
and true wireworms {Elateridae) as pests of sorghum planting seed is not yell 
known. The seriousness of these seed pests has been masked because of the 
extreme effectiveness o~ certain chlorinated hydrocarbon insecticides, such 
as dieldrin~ Which have been applied to seed before planting usually by com­
mercial seed companies. Wireworms have been reported as sporadic pests of 
sorghum in the Texas High Plains and control bas been possible using several 
organochlorine insecticides applied as seed or soil treatments or by rotation 
{Daniels 1969). Soil treatments of thlofanox, DasanitR, and carbofuran were 
more effective in controlling wireworms in gra~n sorghum than disulfoton, aldi­
carb~ phorate, or a one-to-one combination of disulfotQn-DasanitR (Daniels and 
Chedaster 1975). 

The current act~on by the Environmental Protectioh Agency toward bann~ng 
certain chlorinated hydrocarbon insecticides for use in soil pest control has 
created the need to find replacement insecticides in the phosphate or caroa­
mated groups. Seed treatments versus in-furrow or band applications ~ould re­
duce the amount of tox~cant and would not require extra farming operations. 
Also~ there is a need for a method to assess the severity of wireworms in the 
absence of treated seed and a monitoring tool for determining the need for 
control measures. 

Recent research dealing with these issues bas provided sufficlent results. 
Both methods for monitoring vireworm populations prior to planting and alter­
nate seed treatment chemicals have been studied. 

Populations of the true Wlrewor.m, Aeolus mellillus (Say), were determined 
~th.baited traps of sorghum seed. T~ap catches vere highest 1 or 2 weeks a~­
ter trap establishment. ~e number of ~reworms found in traps was twice the 
number present in one linear row foot (Table 9). A population level o~ one 
wireworm per lInear foot of row usually damaged approximately ~O percent of 
the planted seed, which caused a redu~tion in plant stand but not in grain 
yield (Teetes 1976). 
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TABLE 9. Comparison of numbers of wireworms caught in baited traps and vire­
vorms per linear row ft. and subsequent plant populations and yield~ 
Lubbock. 1975. 

Treatment 

Dieldrin 
Untrea.ted 

Wireworms/baited 
trap 

after indicated 
week 

1 2 3 

2.1 2.3 1.0 

Wireworms/ 
linear 

ft. 

1.0 

Percent 
damaged 

seed 

10 

Plant pop. 
/acre 

and (%i 
decrease 

47,103 a 
39,067(17)b 

Yield in 
lbo/acre 

and (%)1 
decrease 

3666 a 
3266(1l)a 

1Means followed by the same lett~r are not significantly different at the 5% 
level (Duncan's multiple range test). 

Wireworms were effectively attracted to bait traps placed 12·7 em (5 inches) 
in depth and which contained 120 gm of bait (Table 10) (1oster and Ward 1976). 
Traps baited with a 1:1 mlxture of wheat and corn were equally as attractive as 
traps baited ~th sorghum. Wirewor,ms did pot appear in traps until certain soil 
moisture and temperature requirements were satisfied. Cultural practices of the 
fields studied did not eliminate ~rewor.m populations but populations were genera­
lly below the economic threshold (Daniels and Chedester 1976,. Foster and Uard 
1976). 

TABLE 10. Number of Yireworms found in traps with different depth placements and 
different size sorghum bait s~ples~ field 105, Lubbock, Texas, Feb­
ruary 23 and April 27,1975.1/ 

Avs· number o£ wireworms/traE 
Del1th 12lacem.ent [em) Size of bait saIDEle (~) 

120+500 
Date of trap placement 12.7 20.3 27·9 60 120 240 nU. H2O 

February 23, 1976 (Test 1) 0 0 0 0 0 0 0 

April 27, 1976 (Test 2) 2,19 1.63 1.25 1.67 2.17 1.83 1.58 

Several insecticide seed treatments reduced wireworm numbers and damaged 
seed, and some resulted in increased plant stands but not ~elds. Lindane ap­
peared to affect seed germination. Carbofuran and Dasanit (0, O-diethyl o-p­
[(methy1suli'iny1-phynyl) phosphorothioate) apjlear to hold promise as replace­
ment seed treatments for the standard chlorinated hydrocarbon insecticides 
(Table 11.). 



,'" 
"'".: 

TABLE 11. Effect of inseotioiae seoa treatments appliea for oontrol of wireworms in grain sorghum, L~bbock, 
1975, Test 1. 

Plant pop. 
Oz. AI 11ireworms/ Percent /acre Yiela/aore 

rate/100 lbs linear dmnaged ana ($) ana (%)2 
In.ectioi~e Formulation seed ftl seed increase increase 

Heptachl<?r 3#);:C 1.5 0.5 0 48533 (21) bc 3700 (,14) a 
Chlordane 40% D 1.5 0.3 3 44633 (15) cd 3333 (4) .. 
Chlordane 8HEC 1.5 0·9 7 44200 (14) c 3600 (11) .. 
Carbo;furan 75% liP 2.0 0·5 0 50267 (24) b 3633 (12) a 
Carbot'uran 75% liP 4.0 LO 0 48967 (22) bc 4366 (27) a 
Da.anit 6#EC 2.0 0.3' 0 51133 (25) ab 3300 (5) a 
DiaZlnon+Lindane 11+16.6% liP 1.5 + 2.3 1.3 0 37267 (0) e 3200 (0) a 
Diazinon 4#EC 2.0 0.4 0 47233 (19) bed 2800 (0) a 
Die1arin 50% liP 1.0 1.0 0 55033 (31) a 3900 (18) a 
Cbeok 1.4 16 38133 (-) • 3200 (-) a 

~ireworms/baitea trap 2.1, 

2M.an. followed by the same letter are not significantly different at the 5% level (Duncan's m~tiple 
range test). 

'" '" '" 
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White Grubs . Species of the genus Phyllophaga are injurious to a vide 
range of agrlcu1.tura.l crops in Texas . Damage by the .... hite grub, PbyllophsS8 
crinita (Burmeister) , to sorghum has increased in severity in some areas. 
Approximately 40,000 acres are damaged annually on the Texas High Plains. 

Adults are brovn to brownish- black , 13 to 19 mm long and are commonly 
referred to as May or JWle beetles. Larvae are C-shaped \lith brown heads and 
white bodies . Digested food can be seen through the shiny and transparent tip 
of the abdomen. 

Dac.age to sorghum may occur in several different ways. The most obvious 
damage and perhaps the most significant, is death of seedling plants from 
larvae feeding on the roots. Seed germination may occur and a satisfactory 
stand established , but within a short period when plants are four to ~ix in­
ches tall, seedlings begin to die . Stand loss can occur vithin one veek to 
ten days in severely infested areas . One grub is able to destroy all plants 
vithin one-two feet of rov. Plants not killed as seedlings are severely 
stunted and in many cases Dever produce seed. A third type of damage results 
rrom root pruning by overwintered as well as current season larvae. Injured 
plants able to produce seedheads after such damage, frequently do not have 
sufficient roots to prevent lodging. Occasionally, lodging is increased by 
secondary stalk rot organisms . 

Seasonal field data indicate delayed planting as a possible means to 
escape seedling damage by overvintering larvae (Fig. l3)(Teetes and Wade 
1974). However, the crop remains susceptible to attack later in the season . 
These studies also have revealed tbe fact that some individuals have a life 
cycle longer than one year in contrast to the one year life cycle reported 
earlier. Light trap data have shown only one major peak in adult abundance 
and activity. 

Damage assessment studies show that the economic injury level is tvo 
grubs per sqUAre foot and the economic injury has been set at one grub per 
square foot (Teetes 1913) . Because of the nature of the grub infestations , 
a preplant broadcast incorporated application of insecticide is required 
for control when the economic threshold is exceeded. Effective insecticides 
include diazinon, carhofuran and DasanitR (Teetes 1971) . 

Rootvorms. Rootvorms. especially the southern corn root~orm, Diabrotica 
undecimpunctata bowardi, may prune the roots of sorghum . The d.a.mage usually 
resultG in plant stunting, lodging, or a !ldead heart" condition. Little re­
search has been conducted on this species attacking sorghum. In-furrow, at 
planting applications of insecticides have provided effective control . 

Fall Angrvorm. The fall armyworm, Spodontera frugiperda (J. E. Smith), 
is one of several lepidopterous insects kn~~ as ~orms vhich attack sor­
ghum in Texas . They often cause extensive leaf ragging to sorghu::n and com.­
monly feed within the plant whorl . The leaves unfolding from the wborls are 
perforated vith holes caused by the feeding of the insect. The corn earworm, 
Heliothis zea (Boddie), may cause similar damage . Damage rar@ly justifies 
control of these insects except vith heavy infestations on small plants and 
generally those planted late in the season. 

False Chinch Bug . Infestations of a lygaeid bug, Nysius raphanus (Howard) , 
in sorghum in Texas are sporadic, but they cause considerable concern to pro­
ducers because of the occurrence of extremely high population levels. Popula­
tions of the false chinch bug are normally concentrated in small areas of a 
field, and general infestations over an entire sorghum field are rare. They 
infest sorghum by immigration of mature and imcature forms. Reproduction has 
not been observed on sorghum . 
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FIG. 13 . Seasonal occurrence of the various life stages of vhite grubs • 
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Damage results from bugs sucking juices from the immature developing seed. 

Commonly , the damaged seed are inrected with a fungus (Al~ernaria sp . ) which 
causes tbe seed to be black in color resulting in further deterioration of qual­
ity. Damaged seed rarely develop fully and are considerably smaller~ softer, and 
lighter in weight than undamaged seed and are subject to loss io harvesting . 
False chinch bugs also feed in clusters on the leaves of sorghum; however, no 
apparent leaf damage resulted from the population levels experience in 1913 vhen 
most bugs were concentrated on sorghum heads. 

Destructive infestations of the false chinch bug on grain sorghum and other 
crops have been reported from several parts of Texas (Daniels 1958 , 1969) . The 
pest is most injurious vhile the grain is in the dough stage and damaging io­
festations usually are concentrated in spots 5 to 200 feet in diameter vlthin 8 

rield~ From sm.a.l.l plot and aerial field tests, malathion and parathion provided 
high levels of control. Toxaphene , phosdrln and dieldrin were less erfective . 
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Damage to sorghum by the false chinch bug was assessed by confining dif­
ferent populations in cages on sorghum heads (Teetes et. al. 1974). Reductions 
in grain yield were evident onlY when 200 bugs per head damaged 23 percent of 
the seed. Increase in ~eight of undamaged seed apparently compensated for yield 
105s to a point because in most of the treatments percentage of damaged seed was 
less than the percentage increase in seed veight. Only when percentage of dam­
aged seed was greater than the percentage increase in seed weight was there evi­
dence of reduced yields. The~oint of equal compensatory ef£ect.Qccurred at 14 
percent damaged seed or approximately 140 bugs per head (Fig. 14) • 

. FIG. 14. 'Compensatory effects of" sorghum seed a.t various levels 
of false chlnch'damage, 1973. 
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A number of other seed-sucking bugs attack sorghum, but little research 
has been done on their managment. These pests include several stink bug spe­
cies, and the leaf footed ~lant bug, Leptoglossus phYllopus (t.). 

Corn Eanrorm.. The cOrn earworm, Heliothis ~ (Boddie), is a general 
feeder and injures sorgbum in two ways.. It often causes extensive leaf rag­
ging in sorgbum and commonly feeds within the plant ..... horl. The leaves un­
folding from the 'Whorl are perforated by the feeding of the insect.. The 
pest also feeds in the panicle (head) of sorghum where earlY instar larvae 
hotlow out the kernels and later instars completely destroy the maturing grain. 
Small larvae appear to prefer less mature kernels for feeding while older lar­
vae prefer more mature kernels. 

Numerous insecticides have been evaluated for effectiveness in controlling 
COrn earworm in sorghum. Effectiveness of the tested chemicals vary considerably, 
but in general carbaryl, mevinphos.,. methomyl, parathion, and toxaphene have been 
effective. Most chlorinated hydrocarbon insecticides present residue problems. 

Nuclear-polyhedrosis v~ruseS have been tested and are generally more effec­
tive in control.ly corn earworm in sorghum than cotton. The viruses appear more 
persistent in sorghum than cotton. 

So:rghums have been screened for panicle resistance to Heliothis with little 
success. It is known, however, that sorghum types rlthloose:panicles are sel­
dom damaged as severely as those w~th compact panicles. Al60~ open~panicle 
sorghum increase the effectiveness of chemical control. 

The corn earworm presents a severe problem in sorghum breeding, in that~ 
the use of paper bags placed over sorghum panicles to insure self-fertilization 
creates an ideal environment for the pest. As a ~esult the insect dgmage is 
often so severe that the grain is entirely destroyed. It has been speculated 
that this situation results from protection of the larvae fram their natural 
enemies. Insecticide treated pollination bags pr¢vide a means of controlling 
Heliothis in such instances. 

Several reports have been puolished which relate population density of 
H. zea to damage in sorghum. Infestations of one to 16 larvae of var,ring size 
per :panicle have been reported to result in 10-60% damaged grain (Burkhardt 
1951a,o, BurKhardt and Br~ithaupt 1955, De Pew 1957). Based on regression 
analysis of data collected following artificial infestation, an equation yas 
developed for predicting the number of kernels that a known number of larvae 
would destroy (Tao1e 12) (Buck1ey and BurKhardt 1962). Estimates of sorghum 
grain losses due to earworms can be made using the predictive equation, Y = 
71 + l02X, where X = number of larvae per ~anicle. The percentage of infested 
panicles must be determined, and that value multiplied by the answer to the 
equation. 

Also by regression analysis~ it has been shown that as the level of infes­
tation increased one larvae per panicle, the yield decreased 3.9 g per panicle 
(Kinzer and Henderson 1968). The mean yield per panicle at population levels 
of 0, 4, 8, l~, and 16 larvae per panicle was 95.1, 79.5, 63.9, 48.1, and 32.8 g 
respectively, for one test and 121.3, 105.6, 90.0, 74.3, and 58.7 g for a sec­
ond test. These data compare favorably with that of later research where for 
each add~tional li. armigera larvae, a decrease in yield of 5.4 g occurred 
(Wi1son 1976). Consequently, it has been suggested that for 40 in. row spac­
ing, populations of 1, 1.5, 2, 2.5 and 3.5 larvae per panicle would constitute 
economic thresho1ds with 4.,. 6~ 8, 12, and 16 in. panicle spacing, respectively. 
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TABLE 12. Corn earworm damage to sorghum. 

No. of No. of damaged % damaged 
larvae kernels kernels 

1 166 6 

2 214 lO 

3 310 l3 

4 491 16 

5 632 20 

6 690 23 

7 785 27 

8 915 30 

9 1,01.0 33 

10 1,068 37 

11 1,2l9 40 

12 1,406 44 

13 1,549 48 

There are sever91 factors vhich must be considered in assessing Heliothis 
damage and the'need for control: these include larvae competition for food, 
the numbers of predators and parasites, and larval size. Over 75 percent of 
th~ total feeding in sorghum panicles is done by the last two larval instars 
(Kinzer and Henderson 1968). Large larvae {passed thlrd instar) are more 
difficult to control with insecticide than small 1arvae (Henderson eta al4 
1965). Also there is a. relationship between maturity of grain and !Ilatur-ity 
of larvae. Larvae are generally smaller {less than 1/2 gro'WIl} in immature 
panicles than mature panicles. The density of earworm larvae in sorghum pani­
cles decisively affects their survival and, consequently, their feeding dam~e 
(Buckley and Burkhardt 1963). Apparently, both cannl.balism, including c.ombat 
mortality, and disease-contributes to total mortality, as up to the thi~d in­
star, 65 to 88 percent of crowded larvae survive (Barber 1936), Beyond that 
stage, larval mortality increased greatly because of cannibalism. Research 
has shown, that by 1ncreaslng the infestation level by five larvae, from one 
to six, was sufficient to increase rnorta11ty (Buckley and Burkhardt 1963). 
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Where levels were increased by six, mortality was significantly affected in 
all cases. Larval mortality with 20 and 30 larvae -per panicle wa.s 71.6 and 
83.2 percent, respectively. 

Based on the research data available, and considering the fa~tors dis­
cussed above, the economic threshold of Heliothis in sorghum woUld appear to 
be 1-2 larvae per panicle. The number of bushels of grain that must be saved 
to equal the cost Of control is determined by dividing tr~atment cost by the 
value of a bushel of grain. If a market price of $2.20/bu and a treatment 
cost of $5.50/acre are assumed, a 5avin~ of at least 2.5 bu.of grain/acre 
would be necessary to offset the cost of treatment. If a grower produced 
50 bu/acre at $2.20/bu, the per acre value would be $llO.OO/acre. A 6% 
loss (1 larvae/panicle) and a 10% loss (2 larvae/panicle) would result in a 
moneta~ loss of $6.60 and $ll.OO/acre, respectively, provided that all larval 
damage could be prevented by one treatment. The losses express the maximum 
potential damage attributable to a given level of infestation if it is assumed 
that the larval stage is completed by all individuals and that no env1ronmental 
factors adversely affect the larvae. 

Direct control tactics applicable to managing Heliothis in sorghum include~ 
growing open-panicle varieties~ manipulating planting t~mes and the Use of 
chemical controls based on the economic threshold level. Another, perhaps 
broader corridor of redress to Hel~othis in sorghum would seem to lie in ex~ 
ploitation ot the polyphagous feeding habit of these insects. ManipUlation of 
the species by cultural, biological or chemical means in one crop host in the 
agroecQsystem could mitigate infestations in other cro~s. Studies on the rela­
tive similar~ty of sorgbum and cotton in terms of species composition, have 
shown a closely woven relationship~ one that through the season, progressively 
acquires greater intimacy. An uncharted opportunity :for pest management seems 
to lle here. 

The :fall a:rrnywonn may also feed in the 'panicles of sorghum. Their na.ture 
ot injury is similar to that of the corn earwor.M. 

Sorghum Webworm. The sorghum webworm, Celama sorghiella (Riley), occurs 
primarily in the more humid areas of Texas. It frequent1y occurs in large num­
bers in sorghum head where it eats circular holes in the seed and feeds on the 
starchy ~ont~nts. Observation indicate that each larva may consume as many as 
12 seeds in 24 hours, resulting in severe crop losses (RandOlph and Garner 1961). 
Moths deposit from 100 to 300 eggs singley on the flowering parts or seeds of the 
host plant _ There may be up to six generations annually p For making deCisions 
for chemical control, heads should be inspected beginning in the bloom stage and 
continued until the hard dough stage has been reached. Chemical control is just-
1tied when heads are infested with an average of ~ive larvae per head (Doering 
and Randolph 1960, Randolph et. al. 1960). Planting sorghum early often provides 
a :means of escaping the pest:- Also, "open-headed" sorghUmS are genek"a11y less 
infested than more compact sorghum panicles. 

Stalk Borers. Stalk borers, namely the southwestern corn borer Diatraea 
grandiosella (Dyar), sugarcane borer, ~. saccharalis (F.)~ and sugarcane root­
stock weevil, Anacent-rinus deplanatus (Say), may cause damage from extensive 
tunneling and girdling of the stalk which often results in stalk ~odging. Only 
light infestations have in general been reported in sorghum. Although efforts 
at chemical Qontrol of borers in sorghum have generally given sporatic results, 
insecticides may be justified in late p1anted or ratoon sorghum. Soil applica­
tions are required to control sugarcane rootstock weevil. 
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Various cultural control practices appear to afford the most effective 
means of controlling these pests. Area-vide stalk destruction through prac­
tices such as double discing and deep breaking, destroy the plant crown which 
affords overwintering larval destruction~ Research and observational data 
indicate that early plantings may escape infestation and are less susceptible 
to plant lodging. A reasonable plant population to insure large healthy 
stalks along vith proper fertilization and adequate irrigation help prevent 
lodging of borer-intested stalks. Crop rotation, use of early maturing varie­
ties, and early harvest with equipment designed to pick up lodged stalks aid 
in reducing yield losses~ 

CONCLUSION 

Sorghum and its associated pests are in a dynamic state. The progress 
that has been made ~th regard to sorghum entomology will undoubtly continue 
at an accelerated rate, as it"must, to meet the ever increasing pest problems. 
The area o~ greatest need lies in the establishment and refinement or economic 
threshold levels in order to eliminate needless insecticide treatments and 
to gain maximum benefits from the other components of pest management. This 
vill require interdisciplinarY, problem-oriented, integrated control approaches 
based on sound ecological principles. 

Insecticides, at least in the foreseeable future, will remain a major 
management tool as they are generally effective~ economical and can be admini­
stered quickly to curb pest populations in ewergency situations. They mus~ be 
used judic~ously on the basis or the potential positive values veight against 
possible negative values occurring from hazards to non-target organisms~ 

Management components such as cultural practices, biological control, and 
resistant plant varieties must be given greater consideration in mono culture 
production of so~ghum. 

The current literature on sorghum entomology reflects the increasing 
attention being given to the crop as the world faces the huwan population -
food supply problem. There i:5 a tremendous potential in sorghmn for increased 
prodUction of food, feed and fodder in the tropics that can be achieved ~th 
intensified research input on all aspects of its production~ including better 
management of pests. 
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