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Technical Bulletin No. 585 December 1937

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTGN, D. C.

RESISTANCE OF SORGHUMS TO THE
CHINCH BUG**

By Ravrw O. SweLLING, associale agronemist, Division of Cereal Crops and Diseases,
Bureau of Plant Industry, REGINALD H. PAINTER, assoctale entomologist, Kansea
Agrieultural Erperiment Staiion, JorN H. PArkER, agronomisi, Kansas Agricul-
fural Ezperiment Station and Disision of Cereal Crops and Diseases, Bureau of
Plan! Indusiry, and W, M, OsporN, essociale agronomist, Division of Dry Land
Agriculture, Burcaw of Plunt Industry ?

United States Department of Agriculture, Bureau of Plant Industry, in
Cooperation With the Kansas Agricultural Experiment Station
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INTRODUCTION

The biological control of insects as related to host resistance is g
relatively new field of study in which recent development has been
rapid. The data presented, gathered at Manhaftan, Kans., at
intervals during a period of more than 15 years, and during g 5-year
geriod at Lawton, Okla., indicate the possibility of reducmg injury

y chinch bugs (Blissus leucopterus (Say)) to sorghums {

orghum
vulgare Pers.) by host resistance.

¥ Racolvod for publicntion May 5, 19047, .

* Contribution nu. 485, Depurtment ol Enlmnology, ke no, 5, Departorent of Agrovomy, Kaetss
Agrieaftural Experimant Station.

3 The authors oxpress rpprociation to (*. &, Lolphty, prinvinal peroneimist in charge, Tiviston of Dry
Lond Apricuitire, M, A, MeColl, jrincipud weronomist in eimrpe, Division of Ceresl Crops and Diseonses,
end Assistont Chiof, Burewy of Plupi Indusiry, uned to L. . Cadl, diroctor, Knnsns Apricniturni Experiment
Btotion, for the suppart glven to this profecl, and 2o O, A, Dean, hoad of Dupartinant of Eotomolopy, snd
R, L Throckmurton, head of Lhe Dopurimant of A ronemy, Kansns Agriewmitnral Dxperiment. Station, for
ihair advicennd sncoursgoment.  Acknowledgment i mudo olthe netive pnth tuken byihslalol. W. McCol-
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Investizations al Munbaiten; nnd to 3. H. Muarln, senior aproitumist, Division of Cereal Crops
nnd Di;amias, and H. H. Laade, npronomist, Knnsas station, Ior valunble tachnical advica and assistance,
Baveral Statennd Foderal agrosomists bave Kindly suppiied sead of sorghum vurleties, selections, and crosses
for these expariinonis,
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Because efl’zient control of the chinch bug cannot always he
effected economically by cultural practices, by creosote barriers, or by
destruction of the bugs in hibernation, it is necessary to seek other
satisfactory solutions of the problem. One of the most promising
methods of control is the brecding of resistant varieties of sorghum
suitable for regions that are frequently and heavily infested with
chinch bugs.

At Manhattan, Kans., outhreaks of chinch bugs have persisted for
varying periods, usunlly from 2 to 3 years, bub sometimes much
longer. There is so much uncertainty about the duration of chinch
bug outbreaks in this section that it is not o safe practice for the
growers of corr and sorghums to depend upon natural agencies us a.
control measure. At Lawton, Okla., chinch bugs occur in damaging
numbers nearly every year.

No varicty of sorghum has been found immune from chinch bug
injury, but a number of varleties are highly resistant. The use of
adapted resistent varielies is recommended 1n conjunction with the
application of effective control mensures,

While the development of resistant varieties of sorghums as o means
of reducing chineh bug ity is very promising, it must be emphasized
that young plants of all varieties are killed by a sufliciently hoavy
infestntion of bugs. However, the period of survival of resistant
vurieties s much Jonger than that of the more susceptible varictics.

The four methods of obtaining adapled varieties of sorghums
resistant to chinch bugs are: (1) Testing the ehinch bug resistance of
varicties suited to the region; (2) testing the regional adaptation of
aricties known to be resistant to chineh bugs; (3) selecting resistant
strains from adapted varieties; and (4) bybridization,

REYIEW OF LITERATURE

The general subject of host resistance to insects and related subjects
has heen reviewed by Forhes (26),* Treherne (66), Brues (&, 7),
Graham (30, pp. 47-51, 133-1345), Wardle and Buckle (69, pp. 1-16),
MeColloch (49), Loes (46), Wardle (68, pp. 14, Mumford (69),
Mumfiord and ey (34), Felt and Bromley (79}, Imms (42, pp. 240~
24, Parker and Painter (60), Hunter and Leake (41, pp. 89-41
82-83, 170, 241, 311i-318), and Macleod (51).

Homopterous insecls have been shown in some cases to be unable
to muintain the insect population on certain varieties of crop plants.
This has been especially trus of Amphorophora rubi (Kalt.) on Herbert
raspberry (70, pp. 18-23); of friosoma [lanigerum (Hausm.) on
Northern Spy apple (47); of Myzus houghtonensis (Troop) on indi-
vidunl gooseberry plants (18); and of Jlinoia pisi (Kalt.} on alfalfa (4).

Varicties resistant to obe or more species of insects hiave been
reported in wheat, oats, corn, sorghum, sugurcane, grasses, cotton,
alfalla, broadbeons, onioms, grapes, currants, strawberries, apples,
citrus Truits, tee, and willows,

The life history and habits of the chineh bug, under Kunsus condi-
tions, have been discussed by Headlee and MceColloch (33).

Chinch bugs fecd nonmnally on various species of the grass family.
A fairdy complete list of known host plants, including sorghum, is given
by Horton and Satterthwait (85). Bugs may sometimes be collected
oo dicotyledonous plants and occasionally feed on them, but without

1 Haife pumbers s parentlicses refer to Literutire Clted, p. 53,

X
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material damage to the planits. In Kansas and Oklahoma the usual
order of food preference among snall grains is barley, wheat, and oats.

Hayes and Johnston (32) made observations on an invasion of
chinch bugs among nearly 100 species of native and introduced grasses
at Manhattan, Kans,, and found that—
the different specics showed different degrees of resistance fo injury, and later
some of them exhibited marked ability to recover from the attack. Naiive,
perencial species with hersh tissucs were able to survive chineb-bug injury and
showed the most marked sbility torecover.

As early as 1879 Thomas {63) suggestied the early seceding of spring
grains, the growing of crops on which the chinch bugs do not feed, and
the separating of erops as methods of control. In 1888 Osborn (55)
recommended the manipulation of dates of planting and the planting
of immune crops such #s clover, buckwhest, and flax.

The food habits of the chinch bug furnished the basis for the recom-
mendations by Burlison and Flint (8, 9), Flint and Burlison (22), Flint
et al. (£3), and Henseon nnd Drake (35} for controlling chinch bug injury
by cropping practices.

RESISTANCE TO CHINCH BUGE [N SORGHUMS

Cottrell et al. (I3, p. 85Y, in 1900, reported that kafir plants when
small were killed by heavy attacks of ehinely bugs, bub that corn was
destroyed more readily. Ball and Leidigh (3), Churchill and Wrighs
{11}, Cunningham and Kenney {14, pp. 1819}, Getty (28, 29), Hayes
(31), Swanson and Laude {64), Vinall et al. (67), Daane aud Klages
(183, Kiltz et al. (45}, and others mention the high susceptibility of
milo to chincly bugs, and several report the relative resistance of
sorghum varieties. The intermediate reaction cf feterita and kao-
liang, hegari, and the resistance of the kafirs, darso, and certain
sorgos has been reported.

Borman {5) nssumed erroneously that resistance depended upen the
juiciness of the sorghum stalk,

Hayes {31) ohserved that muo crosses exhibiting hybrid vigor were
not injured by chinch: bugs. Hayes and Parker ? collected data on
the resistunce of sorghum varieties and hybrids to chineh bug injury.
Some of their dnta on the inheritance of chineh bug resistance are
included in this bulletin. * Whitehead % made some preliminary studies
on the cause of resistance and susceptibility in the F, generation of
Kansas Orange X Dwar Yellow milo hybrids.

Parker (59) described the reaction of certnin sorechum varieties and
hybrids to chinch bugs, as observed at Manhattan, snd showed that
chineh bug resistance is a heritnble charneter.

RESISTANCE TO CHIMNCH BUGS IN CORN

Flint (21}, Burlison and Flint (9), Flint and Hackleman (24), and
Flint and Larrimer (25) have reported observations and experinients
on chinch bug resistance in corn. Tlint, Dungan, and Bigger (23)
have shown that several varieties of corn are resistant bubt none is
chinch bug prool. Corn varieties appeared to depend for their re-
sistance upon certain vegetative charncters, since practically as many
bugs occurred on the resistant us on the nonresistant varietics.

SITaYES, W, P, 00 PARKER, J. 1. HESISTANCE OF CHUTAIN SORGHUSE VARTETIES AND IIYHRIDS TO CIINCH
BUG INJURY. 122 [Unpublished reporl.  Roas, Apr. Expt. St

L WmTEdEAD, F. E. SOME 11488 IN THE LELATION OF CHINCH PUCY TO SOHGUUME 1§24, |Vapob-
Itshed M. S. thesis. Ians. State Apr, Collegs.] (s
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Holbert et al. (36, 37) suggested that some inbred lines of corn carry
dominant factors for chinch bug resistance while others carry domi-
nant factors for susceptibility.

Painter, Snelling, and Brunson (57), reporting on field trials of
selfed lines and F, crosses at Manhattan, Kans., and Lawton, Okla.,
showed that vigorous F, crosses were better able to survive chincl: bug
attack than the much less vigorous seifed lines, though there were
clear-cut differences among the selfed ljnes tested. Wide differences
rmong open-pollinated varieties were also reported.

RESISTANCE TO OTHER INSECTS IN SORGHUMS

McColloch (48) found that all sorghums are attacked by the corn
leaf aphis (Aphis maidis Fitch), but that apparently there is a differ-
ence in the injury of the differernit varieties. '

Ball (1), Ball and Hastings (2), Dean (17), and Gable, Baker, and
Woodruff (27), and others heve reported on the infestation of sor-
ghums by the sorghum midge (Contarinia sorghicola (Coq.)). Quickly
maturing varieties, such as feterita and milo, planted early, usually
produce grain before the midge appears in sufficient numbers to do
serious demage. All sorghums appear to be susceptible, although
Ball and Hastings (2) reported that Sumac sorgo seemed to be par-
tially resistant, probably due to the very short glumes, and Karper et
al. (44) state that “for some reason darso and Schrock seem to pro-
duce seed better under midge conditions than other varieties.”

The sorghums have been known to be relatively resistant to grass-
hopper injury since the early studies of grasshoppers by Riley et al.
(61) in 1877. They stated that “of cereals, corn is their favorite
* ¥ % All other cereals are to their faste, except sorghum and
broomcorn, which are often left untouched.” Helder {84) reproduced
a photograpl showing the contrast in grasshopper injury to corn and
sorghum. Denn and Kelley (£6) report that “sorghum except when
very small is not readily attacked by grasshoppers.” Milliken (52),
Hume (39), and Hume and Franzke ({0) have nlso reported on the
greater susceptibility of corn to grasshopper injury compared with
sorghums,

LIFE HISTORY OF THE CHINCH BEUG WITH.RELATION TO CONTROL
MEASURES

At Manhattan, the chinch bug usually has two generations each
year. Adultinsects fly from hibernation quarters in the bunch grasses
to the small-grain fields where the eggs of the first generation are laid.
Wheat and other small grains mature before most of the bugs become
winged, consequently this insect migrates on foot to fresh food plants,
especially sorghums and corn. Later, upon reaching maturity some
of the adults fly to new hosts. The progeny of these adults sometimes
damage the susceptible varieties of sorghum. Because of the migra-
tion on foot, the creosote barrier can be used rather effectively in re-
tarding the migration, but some bugs will pass the barrier and enter
the field. The injury from these bugs and their progeny can be re-
duced by growing a resistant variety of sorghum, Winter burning
of hibernating places is an efficient method of reducing the numbers of
chinch bugs In Kansas. Bonte bugs are killed directly by fire, but
perhaps a greater number are killad by cold weather after their winter
protection has been destroyed.
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At Lawton, Okla., thres full generations of chinch bugs develop
each year, according to Snelling (63). The life cyele is illustrated in
figure 1. The first seasonal brood reaches the adult stage in small
grain and attains the winged form about the time these crops mature.
The migration from the small grains to sorghum and corn ususlly is
accomplished by flight, and the creosote barrier is rendered ineffective.
Winter burning of hibernating places is largely ineffective as a con-
trol measure because the mild winters permit the bugs to survive even
when most of their protective cover has been destroyed. The growing
of sorghums isolated from small grains, especially barley and wheat,
aids materizally in reducing injury.,

EFFECT OF CHINCH BUG INJURY UPON THE DISTRIBUTION OF
EAFIRE AND MILO

The distribution of kafir and milo in Kansas is shown in figure 2.
Kafir is grown throughout the State but is heaviest in the south-
eastern section. Milo is grown chiefly in the southwestern part of
the State. Reports of damage from chinch bugs, also indicated in
figure 2, were compiled by the department of entomology of the Kansas
Agricultural Experiment Station fromm 1870 to 1923. These maps
show that chinch bugs are not & serious Hmiting factor in sorghum
production in western Kansas, where milo is grown suceessfully. In
eestern Kansas, however, where chinch bugs are more often present in
ia.gmging numbers, milo is of necessity replaced by the more resistant
wafirs.

In Oklahomsa and Texas, as well as in Kansas, milo is confined

largely to the portion of the States west of the line of an average an-
nual precipitation of 25 inches. This line also corresponds roughly
to the separation between the tall-grass and the short-grass regions.

LOCATION, CONDITIONS, AND METHODS OF EXPERIMENTATION

Investigations to determine the variation in reaction of sorghum
varieties to chinch bug injury and the possibilities of the developmert
of resistant types of sorghum were originally pursued by the Kansas
Agricultural Experiment Station at Manhattan. Because of the Iack
of infestation in consecutive ycears the project was extended in 1930
to the Unifed States Dry Land Field Station, Lawton, Okla., where a
chinch bug infestation is assured nearly every year. The Lawton
station hed snother advantage for these investigations in that the
bugs migrated by flight and distributed themselves rather uniformly
over the entire nursery.

At Manbuttan, the chinch bug nursery was planted so that the
bugs moved on foot into the ends of the sorghum rows from wheat-
fields close ot hand, This resulted in severe injury or death to the
plants nearest the wheat, and frequently a gradually decressing injury
toward the opposite end of the row. The extent and sharpness of this
receding injury varied with different varieties and in different seasons
(fig. 3, B). From these chinch bug nurseries, quantitative data were
secured on the percentage of plants killed orinjured. Notes on chinch
bug injury slso were secured from the sorghum-breeding nursery, the
varietal plots, and tests in other parts of Kansas.

Chinch bug damsage occurred at Manhattan in each of the 8 years
from 1921 $0 1928 and in 1932, 1933, and 1934, and to a less extent
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in other years. In 4 of these years the damage was due almost
entirely to adults of the first generation that migrated by flight, and
by their progeny.

In 1921, the damnge was light and susceptible varieties were injured
to the extent of 20 percent. In 1922, the first chineh bug nursery was

»
i
V.
i
i

I

FiiURE 3,4, Chinch bug {njary to entire rows of susceptible serghum varieties when the bugs Mew in and
were distributed rather uniformiy over the nursery st Lawton, Okia., 1030, Left to right, Distep kefir,
feterita, Kansas Orange sorge, Dwsr! Yellow mile, Blackhull kafir, Early Pink kafir. A vigorous F
natiral hybrid plant is the only surviver in the row of Dwarf Yellow mllo. B, Iolury to the ends of the
rows when the hugs walked into the nursery at Maphattsn, Kuns, 1827,

planted specifically to obtain data on diflerential resistance in sor-
ghums. A few varieties and a number of Fy hybrid selections of
Kansas Orange X Dwarf Yellow milo were grown. The infestation
was moderate, the milos being damaged only about 50 percent.
The chineh bug infestation in the 1923 nursery, when the F, lines of
Kanses Orange X Dwarf Yellow milo were studied, was less severe
then in 1922, In 1924, the chinch bug nursery, consisting of Fg
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lines of Kansas Orange X Dwarf Yellow milo, was destroyed by
chinch bugs except for a single plant in one row. The plants were
only 2 inches high when the bugs migrated into the nursery. The
rows showed great differences in the rate of killing of the plants.
One selection, from row no. 136, was especially resistant. In 1925,
the infestation was severe and relatively few plants survived. In the
sorghum-breeding nursery the infestation was moderate and notes
-were secured on some strains not grown in the chinch bug nursery.
In 1926 and in 1927 the infestation was moderate in the chinch
bug nursery.

%onditions at Lawton, in the southwestern part of Oklahoma, are
80 favorable to the chineh bug that the insect has been present,
usually in large numbers, at some time during the growing season
every year since the establishment of the Lawton station in 1915.
The average precipifation at Lawton is about 30 inches, but the rain-
fall is so varinble and so torrential in character and the seasons fre-
quently are so long and hot that more or less protracted periods of
drought are common. Damage from: drought often coincides with
chinch bug injury.

Numerous crops that serve as hosts for the chinch bug are grown
throughout southwestern Oklahoma. Barley, wheat, oats, corn,
sorghums, Johnson grass, and broomcomn are all grown in this section.
Their periods of growth are such that ample food for this insect is
provided throughout the long growing season.

Native grasses constitute the chief plant cover, but herbaceous
plants and Johnson grass are well interspersed. Both native vegeta-
tion and Johnson grass offer ample protection for chineh bugs during
the relatively mild winters in this seetion.

Considerable damage was done in 4 of the 5 years that the studies
were carried on at Lawton.

In 1930 the sorghum crop in southwestern Oklahoma was subjected
to both drought and chinch bug injury, and almost the entire crop
was destroyeg .

Late freezes in the spring of 1931 were unfavorable to the chinch
bugs, and they were not present in sufficient numbers in the early
part of the senson to reveal any clear-cut varietal differences. The
sorghum crop developed normally well into the season before the bugs
had increased to damaging numbers. The wesnther conditions were
favorable to the growth and development of sorghums, and high yields
of grain and forage resulted. Chinelt Lugs were abundant in 1932,
but the weather was favorable to the growth and development of
sorghums. The more resistant varieties produced high yields of grain
in the early plantings, but the susceptible varieties did not yield so
well. Al Jate plantings were practically destroyed, principally by
chinch bugs. The conditions during 1933 and 1834 were very similar
to those of 1930. Chinch bugs were abundant in dumaging numbers
early in the season, and severe drought prevailed from May until
August. Jn most instances the grain crop was a complete failure and
forage yields of most varieties were greatly reduced. Sorghum may
recover from drought under some conditions, but after an established
infestation of chinch bugs recovery seldom oecurs.

The number of straing in the chinch bug nursery at Lawton was
increased from about 60 varicties, selections, and crosses in 1930 to
more than 800 in 1934. In most cases the plots consisted of only a

1720°—87—2
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single row 100 feet long, in which the plants were spaced 6 inches
apart in 1930 and 9 inches apart in the other years. Thus, 200 plants
of ench variety were available for study in cach plot in 1930 and about
130 plantsin each of the other years. Ten of the varieties wers planted
in triplicate 60-foot yows in 1931 and 1832. The more important
varietics nod strains were planted on three dates each season. Konsas
Orange sorgo, Blackhull kafiv, Dwarf Yellow milo, and feterita were
planted as checks in 1930 and Atlas sorgoe, Dwarf Yellow milo, and
Bloeklull kafir from 1931 to 1834, The check varieties were planted
in three distributed plots on each dute of planting. Plontings were
made on May 20, May 30, and June 6 in 1930.  In the first planting all
of the extremely susceptible varieties were killed, and the intermediate
types were badly injured, many failing to produce sced. Muny plants
of the move resistant varieties survived and mutured some seed. Al
ol the varieties in the second and third plantings were completely
destroyed while the plants were small,

In order to maintain sced at Lawton it was decided to make the
first planiing on an earlier date. The approximate dates of April 185,
May 5, and June 1 from 1931 to 1934, inclusive, proved very satis-
factory. The earliest planting usually furnished sufficient seed for the
foliowing year and also showed the adaptation of the varieties under »
light infestation of chinch bugs. The second planting revealed the
greatest differentinl resistance of the varieties. The third planting,
while usunlly destroyed by chinch bugs, furnished information con-
cerning the rate at which young sorghum plants were killed.

The principal date recorded wore the oviginal stunds, the number
of surviving plants ab several intervals, and the grain yields.  Count-
ing the surviving plants at regolar intervals showed the rafe at which
injury took place.

The most siriking symptom of ehineh bug injury is the discoloration
of tho folinge when Inciplent wilting is produced. TFeterita and other
white-seeded varieties show a yellow discoloration of the basal leaves,
while milo and other varieties having the plant pigment that produces
a colored pericarp show o red discoloration of the busul lenves, One
other early indication of chinch bug injury is the wilted appearance of
the plants. In determining the relative resistance, general notes on
the degree of wilting nnd discoloration, and the development of heads
anst grain supplement the record of plants killed and grain produced.
A count of the number of heads produced is useful in conjunction with
notes on the development of heads and the quality and yield of grain.

In 1930, mensurements of the height of 20 plantsin each variety were
made at woeekly intervals to determine the effect of chinch bug injury
on the rate of growth. It has since been found that elimatic factors
cun affect the rate of growth asinuch as or even more than moderately
severe infestations of c¢hineh bugs. Observations have shown,
however, that the rate of growth is retarded in varying degrees by
chinch bugs.

At Munhattan, the reduction in height of plants ut the end of the
rows nearest the wheat stubble, as a result of chinch bug injury, has
given some supplementary evidence of resistance. Plants near the
ends of the rows which ave close to the source of infestation are mueh
more seriously injured than other plants in the row, The amount of
reduetion in height from dwarfed to normal plants in the row differs
in the resistant and susceptible groups of varleties.
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Sorghum plants, weakened by chinch bug injury, lodge more easily
than those that are uninjured, but they do not lodge so easily gs corn
that hes been injured. At Lawton, lodging, caused by chinch bugs,
has not been great emough to yield any definite information on
differential resistance as related to strength of stalk.

In these tests some varieties were not homozygous for resistance
or susceptibility. Moeasuring the degree of injury to wvarieties that
are partially destroyed is rather difficult,

Some varieties appeared to increase in resistance to chinch bug
injury owing to natural selection for adaptation or for resistance to
chinch bugs and drought.

Several of the sorghum breeders in the Great Plaing have furnished
seed, of new varieties, sclections, und hybrids that have shown promise
at their experiment stations, and these new types have been tested
for chinch bug resistance one or more years at Lawton and ab Man-
hattan or at both.

EXPERIMENTAL RESULTS

RESULTS AT MANHATTAN, KANS.

The percentages of injured or dead plants of sorghum varieties in
the chineh bug nursery at Manhattan in 1925, 1926, snd 1927 are given
in table 1. 1In 1925 the infestation was severe and many of the
plants in the nursery were killed. At the time when the notes were
taken in 1926 the infestation was not severe, while a6 no time in the
season of 1027 was the infestation suflicient to kill the suseeptible
strains.

it spite of this wide range in severity of infestation there i a
general agreement in the degree of injury of varieties.  The milos and
feteritas are susceptible while most of the kafirs and sorgos are velative-
ly resistant. The sclection of Red Amber sorgo X feteritu, tested
in. 1926 and 1927, showed a high degres of vesistance. Lasley sorgo
is mueh more susceptible than Knnsas Grange.

Varus L—Pereenlage of plands of sorghum varielios ingured or billed by chinch
bugs ot Monhattan, Kans.

Pl inorm) or kitied
WVarloly h Tretnred gt

wes b ogom 1907

Sarpo {foroge sorghums): Pereewt | Fereend | Perernd
Fansne Oranuo.. e e . Hel 4
Kansad Ornlige éﬂﬁﬂlﬂﬁ“flj. L.

A7

Knsisps Crnnge (whivte reeded)
Bk Ambor., ..

Nee! Amber.. ...

Loott Red.. . L.
Hed Amber X feterita. .
Standnrd Sime ..
Foely Summe. .. .

Wlilio Afrien

OOy e ceae e e,
Kafir;
BimehBoalooooool ool L L W sl o
Snnrise. .. . S A P - S

T2 AR USRS I A0 U - S

' Aany varieties of sorghtin are cotmmnonty deslmmte| bylettersorothernhbrovintlons bydienting Uaripgin
of the seed,  Tho mennings of sneh desigintlons for Uhe enrieties mentfased Hiramhewt Ueis bnlistln in
textund tnhlasrons follows: ¥, Co=snecession number, Division ol Fornga Cropsnnd Iscasee; Ks.= Knnsys
Apticiitarnl I«:xlru_rfmcm Slation; K, Bo=&uusas Botiny aumber; C L=necesslon pisher, Pivision of
Cereal Cropsiiznd Diseases; L= Lawton; T, 3, ="Texamstution; 13, Qo= Linys Corenl trenuber; Wilw .2 Wonds
werd; Odw.=Goodwell; Trib.="'rlbupy; O, .= Cosrerative experlimiant number of Keusus Agricallurs
Experiment Stntion,

* Avernge of 2 plots.
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TarLE 1.—Percentage of planis of sorghum varielies injured or killed by chinch
bugs at Manhaltan, Kans.—Continued

Plants Injured or killad

Record fo.
1925 1024 1927

Kafir—Contioued. Pereent | Peveent | Pereent
C, L0, 75 11
.| F.C.m7l
Pink A0, 400
Rel selection,
Feteritn

Polres. .. ocuceee o
Wondnr. ...

0!
Standnrd Yellow._.

Do
Dwnrf White.. .
Troubte Dwarl Yollow, _.
Ently White
Milo derivntives:
Ks. o422 ..
. | Ks, 2748,
o Ks
MBo ¥ kah
Blson
Smilth Eorly
Other sarietbes:

Shollu. .

Enolinng., ..

L1017
Sudan prass X sorghum. ... ...

* Average of 2 plals. 2 Average of 8 plots. A erago of 4 plots,
RESULTS AT LAWTON, OKLA.

The percentage of sorghum plants killed at Lawton in 1930, 1932,
1933, and 1934 1s shown 1 table 2. Natural selection by chinch bugs
and perhaps by climate may have taken place in some varieties,
Hence, many strains grown in later years may not be identical with
those grown elsewhere under the same record number. If & strain was
received without a number, it was given a Lawton (La.) number.
Selections made at Lawton are also given “La.” numbers. Relatively
fow very susceptible varieties were grown during all 4 years, but most
of them were grown at least 2 years before they were discarded.

" The infestations of chinch bugsin 1930, 1933, and 1934 were of about
etl]uu-l intensity and were greater than in 1932, but the relative degree
of injury among the varieties was similar in tho four seasons. %Ehe
varieties and hybrids that differed in their reaction in most cases prob-
ably had undergone some natural selection. In 1930, when bugs were
numerous, 79 percent of the plants of the Modoc variety were killed.
In 1932, under a light infestation of bugs, only 12 percent of the plants
were killed, which was in accord with the decrease in the number of
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chinch bugs. In 1933 and 1934, the reaction was inconsistent with
the heavy infestations and only 5 percent of the plants were killed in
each of these seasons. The seed from which the 1933 and 1934 crops
were grown came from rows that hed been subjected to natural selec-
tion under chinch bug infestations for two seasons and in which the
susceptible plants were killed.

TaBLp 2.—Perceniage of plante killed and degree of Elant development of sorghum
varieiies, selcctions, and crasses grown in the chinch bug nursery of Lowlon, Okla.,
1930 and 1982-341

Dettreo of lant de-

Tlants klllem! velapmant 1

Vorjety Record no,

2-year aver-
nge, 1032-34
4-year aver-

194011032 1033] 1524 1930 | 1132 ) 1673 | 1934

Borgo (fernge sorghums): Pei.
Atlng {cheeks) Q. LR ml|oF | 4 I‘-_bY
. . . D

Hnys 1030-512567..].7"
Flays 1020-51 ¢
Hays 1050-07.

Early Bonme ¥ futerlin,
Rad_ Amlwr 3 feterita

‘Waconia Ornnge,
Afrienn Millol. -

Ks. 20308,
La. 331148

Algux....._,._...,.. ireaiwan
&hsitarita X ohknfir) X katr..
1

L N

Chillex selection

1 Planted Mny 29, 1930; May 4, 1932; May 8, 1833; and May 1, 1934,

1 Degren of develepment denotey L combinasd wetion of ehloch Imigs and ether envirompoentnd metors:
A =Development normei; Baidovelopment nearly normal, grabn falr to gon d; Ceimost plants headed greln
shriveled; D =most plants reached booting stape, few liends, no grain; E=rmost plants dled at ar just before
bogting stage; F=very susceptible, most plun ts died hefore booting stage; X =aome Injury ovaded due ta
euﬂﬂ_ maturity; ¥ =grealer injury beenuse of Into maturily,

¥ Iays, Kans,, row nuinbers of Divlsion of Forage Crops and Diseases,

¢ Used 05 checks in 1030,

¥ Kangas Agropnmy Farm straiz In 1836,

¢ Used ag check 1o 1834,
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TABLE 2.—Percentage of plants killed and degree of plant development of serghum
5 )

varielies, selecliony, and crosses grown tn the chinch

1930 and 1932-84—Continued

ug nursery af Lawlon,

kia.,

Yurlety

Heeord no.

Flants killed

B 1632 l!i.‘!:il!!}:i—i

2300 nver-

Depres of plant de-
velopnient

J-¥oar nvers
age

TG0 | B | 263

Felorits and Lafic derivntlves—
Coanlinued.
White durse. ...

Do e ..
Down kafir scieclion
fWanses Oranps sorgo X
Dwar! Yellow tnilo).
Dwarf foteritn X {tuiln X
i-uj[;r)

“iuteritn X Bl

Dwars feteritn M kabe.,
Fuoteritn X v, .. R
Feleritn X kaolbung (Wil
wird selasetioh 1),
Milo:
Erwnrl Yeilow {elwths) ...
Prwarf Yellow solection

Cresm__. ..

Eurly White. ...

Drvarf White ..

Extra Drwarl While_

Dlouble Dhwarl,

Wilo darividives:

Lishop

DLwarl Bishop.

Dosert Bishiop.

Manko

Furpo__

Hison. .

KEnlo____

Eariy kala_

Custer selection .

White Custer__ ..

Pink kaflir X Dwarl Yellow
nsile.

|2 L

Do

(Pink knfir 3 Dwarl Yellow
smile) X Dwearl  Yallow
ITH N

ReUver_ e

Wheatiand. .. _

Wieattand X Dwarf Yollow
mitlo,

(Haflr X milo} X Dwarl Yel-
!ow mﬂo.

TLCoani__ .

D, Q. 3020
H.C 212,
H.Cou6.

O Lo
Wielw, 182

Wi, B2-4
Wdw, 20-2-3
Wiw, 20-2
Wilw, 25-3

o Wdw, 38-1-2

s, 3048

Do
Drwarf Whits tnilo ¥ Bluok-
bl knfir.
Early Whito mile hybrid. .

C. E. 124_
Lg. 31102...

=]

Ks, 3219

ielolvivlalole]

o]
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TanLe 2.—Percentage of planis killed and degree of plani development of serghum,
varieties, selections, and crosses grown tn the chinch bug nursery ai Lawton, Obiu,,
19380 and 1952-84—Continued

I Dearee of plapt de-

Plants killed velopmoent

Iﬂiﬁi I!TSQ'I 19331034

i
Milo derivatives—Continued. Pl Pet, .."’ct.i; Pt
Dwarl White milo ¥ hepari 172
Dwn};{ Yellow milo X heparl.
]

123

Varlety ' Revord no.

e,

1

| Zyear aver-

i i i
| 18401 ]ﬂ.’i.ﬁt I T
: b

Durra X Dwarf Yelow milo.] Lu. 31540, __
Dwat! Yellow milo X Dwaorl | 311, O, 303
Frecd.
Hansas Otange sorpo ¥ H
Dwarf Yellow milo_ ... Ks 3033, oo
D s, 26505 _
Do s 24-134
Other varicties;
Hewarl ..

[ ) |
.| Odw. A30L.
. C. LA ..
Dwart Froed._____. (SR
Freed X Pink knflr. Trib, H..
D - Prit
5

| Foeoum
o Lwn ]
Lo, 331905,

One of the most plausible explanations for an unusual reaction of o
variety to chinch bug injury is the peculinr adaptation of the variety
to seasonal conditions. In 1930, a season of heavy infestation, all
of the Sconer milo plants were killed. One plant in the Sooner row
survived, but it was an F, natural hybrid. The infestation of bugs
I 1932 was relatively light, but all the Socner milo plants again
were killed. In 1933, the infestation was very heavy, bub only 69
percent of the plants of Sooner were killed. This varicty mafures
early and apparestly the only reason that 31 percent of the plants
survived o beavy infestation of chinch bugsin 1933 was that the plants
were early enough to evade the heaviest injury that occurred affer the
surviving plants had resched maturity. Growth and development
of later maturing varieties, such as Dwarl Yellow milo, were retarded
by a drought that occurred about the time the Sooner milo plants
were reaching maturity.

Atlas sorgo, originated from a cross between Blackhull kafir and
Sourless sorgo, is highly resistant to chinch bugs and well adapted to
Lawton conditions. This dual-purpose varicty has white, palatable
grain, is leafy, and has sweet, juicy stalks resistant to lodging {58),
Atlas 1s more resistant to chinch bugs and produces higher yields
than Standard Sumae sorgo, a variety widely grown in the Lawton
section.

Among the kafirs, Dawn is very resistant, while Mende Red is
moderately susceptible. Double Dwarf Red kafir is much more
susceptible than any other kafir. This very dwarf strain does not
develop normally and bas crinkled leaves and poorly exserted heads
even in the absence of chinch bugs.
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. In the group of feterita-kafir derivatives, Club is more resistant
than Ajax and Chiltex. The two latter varieties are selections {rom
kafir X feterita made at Texas Substation No. 12, at Chillicothe, Tex.
Chiltex is grown to some extent in southwestern Oklahoma but is
limited in its adaptation because of its susceptibility to chinch bugs.
Club is a selection made in a Tow of Dawn kafir 2t the Fort Hays
(Kans.) Branch Experiment Station snd may be a natural cross
between Dawn kafir and feteriin.

A white-seeded selection of Sharon kafir X darse, Woodward no,
52-29, is resistant to chinch bugs and anpears promising because of
idts ability to produce satisfactory grain yields under drought con-

itions.

In the group of milo derivatives, Beaver is as susceptible as the
true 1mniles and Wheatland also 1s very susceptible. These two
varieties, well suited for harvesting with a combine, are not adapted
to Lawton conditions, irrespective of chineli bugs. Kalo is less
severely injured by chinch bugs than Beaver and Wheatland. A
selection of kafir X milo, Kansas 27-317, 1s more resistant to chinch
bugs than Beaver or Wheatland and is better adapted to Lawton
conditions than these varieties.

Two selections of Kansas COrange X Dwarl Yellow milo show a
striking difference in chinch bug reaction. Kansas 30-33, a short,
combine type, is moderately susceptible, while a tall strain, Kansas
no. 24136, is the most resistant strain tested at Lawton during the
4-year period. These selections are described in more detait in the
section of this bulletin dealing with advanced hybrids.

In the group of miscelinneous varieties, hegari is more susceptible
than most of the kafirs. Hegari has the capacity to produce high
yields under favourable soil and climatic conditions, but is erratic in
1ts behavior and is not dependable under adverse growing conditions.

Darso is moderately resistant to chineh bugs and produces good
vields of grain even in unfavorable seasons. The brown, bitter
seed of darso is an undesirable eharacter.

Greeley, = selection from Pink kafir X Freed, bred at the Tribune
{Kans.) Branch Experiment Station, escupes serious injury from
chinch bugs because of its earliness. Moadoe, another selection from
the same cross, made at the Fort Hays station, has shown increasing
degrees of resistance during the 4 years it has heen grown at Lawton.
Cheyenne escapes severe chineh bug injury because of its earliness
but 1s not actuully resistant.

The range in aversge pereentage of plants killed is from 7 percent
for a highly resistant selection of Kansas Orange sorgo X Dwarf
Yellow milo t¢ 100 percent for the very susceptible Dwuarf Yellow
milo. The three varieties used as checks show significant differences
in chinch bug resction. Atlas is most resistunt, 13 percent of the
plants having been killed. Blackhull kafir is moderately resistant,
23 percent of the plants having been killed. Dwarf Yellow milo
is highly susceptible and has had 160 percent of the plants killed in
cach of the 4 years.

The degree of plant development (indicated by letter symbols),
together with chinch bug resistance, furnishes a religble index of the
adaptation ¢’ sorghumn varieties to Lawton conditions.
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VARIETIES TESTED BOTH AT MANHATJ AN AND LAWTON

Twenty-two varieties have been tested for chinch bug resistance
both at Manhattan and at Lawton during a period of 4 to 7 vears.
Data on chinch bug injury of these varietles are presented in table 3.
The varieties are ranked according to average percentage of plants
killed in the years tested. These averages are not strictly coraparable,
as all varieties were not grown in the same years. The average for
each variety is compared with percentages of plants killed of two
standard varieties in the same fests, Kansas Orange sorgo is used
as the standard resistant varicty and Dwarf Yellow milo as the sus-
ceptible one. The range in percentages of plants killed by chinch
bugs in these tests is 16 to 34 for Kansas Orange and 74 o 98 for
Dwarf Yellow milo,

The ranking of the varieties in table 3 is about the same as that of
the same varieties tested at Lawton. The data obtained in earlier
vears at Manhattan support those obtained at Lawton in recent vears
under more consistently severe cliinch bug infestations.

The average chinch bug injury of the 22 varieties tested at both
stations ranges from 10 percent of plants killed in the very resistant
Red Amber sorgo X feterita to 85 percent for the highly susceptible
Dwarf Yellow milo.

Tasre 3.—Percentuge of planty of sorghum varieties killed by chinch bugs at
Manhattan, Kans., and Lawlon, Okln.

. -5 v i Grain vield per
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numad (in snme in same| L@w- | infesta-] infests-

' tests tests ton} tion} | tion)

Prreenf) Prreent] Percont| Bush z.*.xE
10 16 84 34.0 ; 58

1,
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A selection of Kansas Orange sorgo X Dwarf Yeliow milo, Kansas
24136,1s also highly resistant. Several rarieties of kafir and sorgo have
shown resislance at hoth stations. Both ordinary feterita and Spur
feterita ave susceptible but are not so severely injured by chinch bugs
as the milos (fig. 4). The small number of very susceptible strains

FInuks 4.2, Dwarl Yelliaw miil, (o) seeorely fnjured by chinel ips ahd folerita (ri%hl}guni':jured ina

vear of Ight fufestatlon sk Avadmt s Koo, 0971 {After Crtiniigiau sud Kenney, wynir feleripn
{lele) severely Injured by chinel bugs sod Howd alr (right) upinjured, jo  year of henvy jnlestrtion ot
Lawton, (Okla,, 3945,

listed I table 3 is due to the fact that such types were discontinued
in the Lawton tests when they proved o be susceptible,

Grain yields of 14 wverietics grown in the sorghum chinch bug
nursery ab Lawton in 1931, a year of very light chinch bug infesta-
tion, and in 1432, a season of very heavy infestation, also are given
in table 3. While these data arve not fully dependable because of the
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fact that each variety was grown in only a single 100-foot row, they
do show a significant relation between chineh bug reaction and yield.
A similar relntionship for 40 varieties grown in 1932 is shown graph-
teally in figure 5.

In nearly all cases (table 3} the grain yields were higher in 1931
under light chinch bug infestation than in 1932 under heavy infesta-
tion. The avernge acre yields of grain were 29.5 bushels in 1931 and
22.9 bushels in 1932, In a few varicties the yields show extreme
deviations in the 2 years. Thus, Barly Sumae sorge produced 24.5
bushels 1n 1931 and only 5.8 bushels in 1932. The viclds of feterita
and Spur feterita show similur differences. Dwarf Yellow milo pro-
duced 17.8 bushels in 1031 and failed to produce grain in 1932. The

40 ¥
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FIGURE J—Relation hetween ehineh by resction and gruin yields of 40 varietjes of surghum planted ot
Lawign, Okla., on May §, 132,

GRAIN YIELD {BUSHELS PER ACRE)
]
o

vields of three varieties were slightly higher in 1932 than in 1931, but
the differences are small, probably not-significant, and all ocenr in
the moderately resistant group. Without exception the more sus-
ceptible varieties yielded less in 1932 than in 1931 and in several cases
much less,

COOFERATIVE SORGHUM TESTS IN SOUTHEASTERN KANSAS

Some data on chinch bug resistance have been obtained on sorelinm
varieties grown in cooperative varietal vield tests on farms in south-
eastern Kansas. These tests were conducted by the Kansas station
and the data were supplied by A. L. Clapp, of the Department of
Agronomy, who had charge of these experiments. Iuch plot con-
sisted of four rows the length of the field.

The chinch bug damage to four varieties grown on five {farms in
each of five counties in 1932 is shown in table 4. The damage was
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estimated by noting the injury to the entire plot. The 4-year average
percentage of injured plants of these varieties at Lawton is presented
for comparison. Although the testc in soutbeastern Kansas were
under conditions differing widely from those in the chinch bug nursery
at Lawton, they also indicate that Kalo is more susceptible than the
other three varleties.

Grain vields of these four varietics in the cooperative experimenis
in southeastern. Kansas showed Kalo yielding an average of 27.7
bushels and the other varieties 26.5 to 29.5 bushels in 1930 and 1931,
when there was no apparent damage from ehineh bugs, but in the
other 2 years (1932 and 1933), with heavy chinch bug injury, Kalo
vielded an average of 31 bushels and the other three varieties 35.5
to 39.8 bushels per acre. Chinch bug damage was chiefly responsible
for the lower yield of Kalo in the latter 2 vears.

TanLe 4. —Chinch bug damage {o garghum varielics in cooperative lests on farms in
five couniies in sowtheestern Konsas in 1932

Esthinated damnge in county of i— Avernge
. .1, Low-
i - adien VFRk-1 poon | Butter [Cowtey| |2 C;?:?a'
lin | 1 arier [COWTEN tests | TR
Venrs)

Pereent | Pereeni | Pereent (Percent | Percent | Percent | Percent

Wil 5 1 1 10 40 ih ]
432 10 15 10 10 40 17 14
e 10 15 g a 50 18 33
W2 43 50 25 25 E0 44 &2

1 Averuge 0}-5 tesls in ench county.
RATE OF KILLING OF SORGHUMS

The dates on whieh various percentages of the plants of each of 27
varieties of sorghum were killed by chinch bugs during the heavy
infestation at Lawton in 1930 are shown in table 5. The data were
taken from the planting of May 20. Denth of more than 15 percent of
the plants of several of the most susceptible varieties had occurred
by July 2, 6 weeks after planting. The Bison variety was entirely
killed by July 13. The rate of killing of two resistant and two sus-

ceptible varietics is shown graphieaily in figure 6.
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EFFECT OF TIME OF PLANTING ON CHINCH BUG INJURY AT LAWTON, OKLA.

Chinch bugs will attack sorghums during any part of the vegetative
period, but older plants are better able to withstand the attack. The
plants in the earlier pluntings have been larger at the time the chinch
bugs migrated to the sorghum fields and consequently show the least
injury and produce the highest yields. The late May and early June
plantings are frequently completely destroyed by the bugs.

The data un time of planting presented here are for only a 2-year
period, but they confirm the results obtained in several years of previ-
ous experiments with dafe of planting of sorghum varieties at Lawton
(48). The grain yields obtained from 40 varieties and strains of
sorghum planted April 13, May 7, and June 1, 1931, are presented in
table 6. In this exceptiona! senson chinch bug injury was very light
and did not affect the grain yiclds to any appreciable extent. The
April 13 and June 1 plantings produced nearly the same average
vield. Yields from the May 7 plantings were lowered somewhat by
hot, dry weather during the heading and blooming period.




TaBLi 6.~ Percenlage of sorghum plants killed by chinch bugs in 1932, and grain yiclds in 1981 and 1932, at Lawton, Okla.
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TABLE 6.~ Percenlage of sorghwm plants Filled by chinch bugs tn 1932, wnd grain yiclds in 1931 and 1932, at Lawlon, Okla—Continued
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1032
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The season of 1932 was niore nearly typicnl of the Lawton section.
Migration of tiie bugs from the small grains to the sorghums took
place about the time the plants in the April 15 planting were hend-
ing and consequently this planting failed to show any appreciable
chinch bug injury. All of the varieties in the May 4 planting were
injured to some extent amnd some of the more susceptible varieties
were destroyed by chinch bugs. The plants on the June 8 planting
were only about 6 to 8 inches tall when the bugs migrated and were
severely injured within a few days. The average vicld for the 40
varieties on the April 15 planting was 46.5 bushels 1o the acre. In
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FIGURE T-~Average grain viekds of 40 varfetios of forplums srown nt Lawton, Okla., from three dotes of
Binating under a Very Jight fnfextstion of ctincl bugs ip 1931 and ender o hea ey infestotlon {n 1033,

the May 4 planting, the average yield was 18.1 bushels 1o the acre,
The June 8 planting was & complete failure. The average grain
vields for the three dates of planting in 1931 and 1932 are shown
graphically in figure 7.

The percentage of plants killed in 1982, also given in {table 4, was
.9 percent in the April 15 planting, 25.6 percent in the May 4 plant-
ing, and 96.7 percent in the June 8 planting. Mlost of the surviving
plants among the susceptible varieties were field hybrids and prob-
ibly survived the chinch bug attack bhecause of their hiybrid vigor.

- The grain yields of all varieties, except those of Beaver, which
were zero in hoth cages, were lower in the May 4 than in the April 15
1707 BT - §



http:I.!TI.wn

24  TECHNICAL BULLETIN 585 U & DEDIT, OF AGRICULTULRE

lanting of 1032, In some of the susceptible varieties the differences
in yield on the two dates were very wide.

INHERITANCE OF RESIATANCE TO CHINCH BUG INJURY

EARLY HYRRID GENERATIONS

Three I¥y hybrids involving feterits and kasir were grown at Lawtoen
in 1932 (fig. 8 and table 7). These were feterita X Dawn (C. 1. 3401,
feterita X Dawn kofir selection (C. 1. 904), and feterita 3 Western
Blackhuli. In the parental varieties the feterita plants were killed
July 7 when about 5 inches high, while all of the kafir parents reached
maturity without any apparent injury and produced well-developed
heads., The I, plants of all three erosses were very similar and
exhibited marked hybrid viger but matured ot approximately the
same time s the kafir pavents. Seed of these T, heads wus saved
ad the Fy plants were grown in 1933,

Tapie 7. Plunts of sorghm varivties and their Fy owd Fy generalion boubrids kitled
by chinch bugs of Lawton, Olila,, 1832-33
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In the eross feteritn KX Dawn kafir (€. 1. 340}, 265 F» plants were
grown, of which 21.1 percent were killed by chinch bugs. The Dawn
parent suffered a loss of 38.8 pereent of the plants, and a few of those
thatsurvived {ailed to developgrain, The feterita parental rowsuffered
30.3 percent kiiling, but because of the carliness of the variety the
surviving plants produced heads that were filled with shriveled grain.

In the cross feterita > Dawn kafir selection, 286 K, plants were
grown and only 11.9 percent were killed by chinch bugs. The per-
centage was less than in the cross hetween feterita and Dawn kafir,
and corresponded with the difference in the resistance of the two strains
of kafir. Many of the surviving I, plants attained nearly normal
development.  Many heads were produced and they were well filled
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Fraunr 8,—Chinch bug reseiion of Fr sorghunt hybrkds nnd their parents at Lawtan, Okin., 182 4, Dawn
kafir (lefuy, feterita X awn_kniir feenter), and felerltn completely killed (richt); 8. Dwarf Yellaw mdlo
(let1), Dward Yellow mblo 34 Dywarl Freed feentory, and Nworf Frecd Srh:ht‘a'. €, Dwarl Yellow milo (lelt),
feterttn 3 Dhwarf Yellow mila {center), nnd feteritn eompletely killed frightd, Tha hybrlds showing
heterosTs were rusistant.
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with good-quality grain. Varying degrees of hybrid vigor were
apparent in the F, genération, 25 was indicated by the size of the F,
plants. The feterita parent was killed to the extent of 34.4 percent
while the percentage for Dawn was only 9. Thus, the average injury
to the F, plants was only slightly greater than the injury to the more
resistant parent and much Tess than in the feterita parent.

In the cross feterita Y Western Blackhull kafir, 254 F, plants were
grown, of which 32.3 percent were killed by the chinch bugs. The

Vestern Blackhull parent had 63.9 percent of dead plants, and the
surviving plants failed to develop beyond the boot stage. The
feterita parent had 34.4 percent of dead plants, but the surviving
plants evaded the peak of chinch bug infestation and produced beads
that were filled with shriveled grain.

The average percentage of plants killed in each of the three F,
feterita-kafir hybrids was lower than in feterita. Two of the three
bybrids had fewer plants killed than the kafir parents. In the third
cross, the percentage of plants killed was slightly higher than in the
resistant kafir parent. -

These results suggest thut resistance may be dominant in these
crosses, although the continued manifestation of heterosis in the T,
generation of these crosses may have increased the average resistance
of the population,

The F; generation plants of Dwarf Freed X Dwarf Yellow milc
did not exhibit hybrid vigor and all were killed by chineb bugs (fig.
8, B, and table 7}. These F, hybrids were more resistant than the
milo parent, as shown by the fact that some of them survived unti
August 1, while all of the milo plants were killed by July 18, The
foss of plants in the Dwarf Freed parent was 64.3 percent, ang the
surviving plants that reached maturity appeared stunted and pro-
duced poorly developéd heads,

The feterita X Dwarl Yellow mile hybrid was of particular interest,
since both parents especially milo are susceptible to chineh bug injury
(fig. 8, €, and table 7). The feterita plants did not attain a height
of more than 5 inches and all were killed by July 7. Some of the
milo plants survived until July 18 but were killed when about 10
inches high. The plants of the F, generation made & Inxuriant
growth, exhibited marked heterosis, and were late, but they survived
& heavy late infestation of bugs and produced alittle seed that matured
about QOctober 10. Hybrid vigor probably was chiefly responsible
for the chinch bug resistance of the hybrid.

The average of the F, population of the feterita-milo cross, grown
in 1933, was intermediate between the parents in chineh bug resist-
ance, as shown by the data in table 7. Feterita, usually susceptible,
had only 30.3 percent of the plants killed. Its earliness allowed the
plants fo partly evade injury by maturing before the peak of the
chinch bug infestation. All of the plants of Dwarf Yellow milo were
Lkilled. In a population of 192 F, plants 59.4 percent were killed.
This is higher than in the feterita-kafir crosses, in which a resistant
parent was involved.

In another cross, Blackhull kafir X Spur feterita, the I, plants of
which were grown at Manhattan in 1932, the 349 plants of the F.

cneration grown at Lawton in 1933 showed 44.4 percent killing.

he surviving hybrid plants were badly injured and only a few plants
produced partially exserted, poorly developed heads with inferior
grain. Blackhull kafir, & late variety poorly adapted to the severe
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conditions of 1833, bad 58.2 percent killing and the surviving plants
did not develop beyond the boot stage. Spur feterita, an carlier
variety, had & mortality of 30.7 percent, but only the strongest, of the
surviving plants reached the heading stage and no grain was formed.

In the Sharon kafir X Dwarf Yellow milo cross, the F, generation
of which was grown at Woodward, Okla.,, 61.4 percent of the 267
F. plants grown at Lawton in 1933 were kiiled by chinch bugs. The
surviving plants were badly injured and did not develop beyond the
boot stage. The Sharon kafir parent had 66.4 percent of the plants
killed, and only the strongest survivors produced a few partially
exserted heads and these contained no grain. All of the milo planfs
were killed,

One hundred F; lines of this cross and two rows of each parent were
grown at Lawton In 1934. The percentages of plants kiiled by
July 13, when maximum differences in resistance were apparent, are
shown graphically in figure 9,
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Ficuie f.—Percentage of dend plants in the parent vorieties and Filines of the eruss Sharon kufir % Dwact
mily Bt Lawton, Olke., 1931,

This distribution suggests that resistant is dominant or partially
dominant in this cross. The apparent doniinance of resistance may
be due in part to a carry-over of the marked hybrid vigor from the
F, generation of this cross. The moda! class of the F, lines is almost
the same as that of the resistent parent. Another high point in the
curve occurs In the 30-{o-34.9-percent class, near the mean. Fifteen
F; lines were about as resistant as the Sharon kafir parent and 14 Fy
Iirgfs were s susceptible as or more susceptible than Dwar{ Yellow
milo.

These lines also were classified again for resistance by visual inspec-
tien on July 16. Each line was described in comparison with the
parents (table 8 and fig. 10) as (1) resistant, (2) intermediate or
segregating, and (3) susceptible.

grouping of the F; lines into three resistance classes is shown in
table 8.
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FIovRe 101, Segropgation for chinch bug resistance In b heterozypous By mow of Shagon kafir X Dwarl
Yellow mndius A, Fyrows of the snine erass, showing segregdiion for redistuncs, Lawtomn Ok, 1934,
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TaaLe 8.—FReaction io chinch bugs of 100 F. Unes of Sharon kafir ¥ Duoerf Yellow
niifn

; Nutittwr of Manls | lnss pvers
Variots or lxbre o ploats ab- | endealated lpen! nhines
-epvind 130T ratiod kilisd

. Percent
Snaren Kafir freslstanty . . . . 0~
Yy hybrids {reslsinaty, . o hn : 7 L LI
Fy bybruds (intermediatey . 0 0 e Kn . M L
Fahsbmpls :‘bu<cc;1:tlhln . . S I i) T
Diwart Yellow milts fsusespitie . . w3y

The observed figures n+ classified give o very close fit (o the calen-
lated 3:1 ratio and might be taken to Indicate that one main facior
pair egoverns chinch bug resistance in thiz eross. Uowever, it is
probable that the inbheritance of ehineh hug resistance is more com-
plex and is influenced not only by other Tactors direetly alfeeting
chineh bug renction but also by genetic {actors controlling such
plant characters as earliness, vigor of early growth, charvcter of leaf
~heath, and others.

The occurrence of several lines apparently homozygouns for inter-
mediate reactions to chineh bugs is not in mrwmnont with a single
factor hypothesis. Further studies of -uhs{'quont generations are
necded to determine the genotype represented in the Fy phenotypes
here described.

A third method of classifving the 100 Fy lines of Sharon kafir ¥«
Dwarf Yellow milo grown at Lawton in 1934 consisted of describing

each line as to dfemee of plant_development, heading, and grain
nwdu('tmn, as usedd and defined in table 2. These (iewnptmm
were mutde on July 24 independent of the other two classifications.,
The data arc shown in tuble 9.

Tasre S.—Flant decelopment of 100 Fy lines of Sharow befir Y Dwarf Yellow mil.
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The percentage of plants killed is bighest in cluss I, which represents
very poor plant development,

Nine F, lines had more complete plant developinent than the Sharon
kafir parent, and 73 F, lines were superior to the Dwarf Yellow milo
parent in dcvme of plant development. The superiority of some of
the I lines was due to their earliness and ability to head under adverse
euvironmental conditions imposed by both drought and chinch bugs.
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THvRE 1—4, Vigorous resistnnt Fy hybrid pluat In s plot of Dwar! Yellrw anilu st Manhettsn, Kans.,
1033; male pareny onknown; £, chinel bug reactlon of Faorows grown rn viperous ¥y Is\'brid plmus
bﬂu evn =nseeptilde mile tll'l'l\fiﬂ\i..‘i and unknown nrenls, WL
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In 1934, seversl ¥, populations from vigorous ¥, natural crosses
grown in 1933 were planted in the sorghum-breeding nursery at
Manhattan, in direct comparison with the female parent. The male

arent of these natural crosses was unknown, As shown in figure 11,

, these I, generation plunts were injured much less by chinch bu
than were the plants of the susceptible female parents, The hybnid
vigor manifested by these F, generation plants is probably respon-
sible, in part at least, for their resistance to chinch bugs.

The relationship between hybrid vigor aund resistance to chinch
bugs has been observed in many ¥, natural hybrids at several stations
over a period of years (fig. 8, ). In the cross Dwerf Yellow milo
(susceptible) X Dwarf Freed (intermediate) hybrid vigor was noet
evident and the F, plants were intermediate between the parents for
chinch bug resistance. In the cross feterita (susceptible) X Dwarf
Yellow milo {susceptible) the ¥, plants showed marked hybrid vigor
and a high degree of chinch bug resistance. The I\ hybrids fetenita
(susceptible} X Dawn or Western Blackhull kafir {resistant) exhibited
hybrid vigor and were highly resistant to chinch bugs. These obser-
vations were made on a rather small number of hybrids, but they tend
to support the hypothesis that there is an intimate relationship
between hybrid vigor and chinch bug resistance.

Tn most erosses between diverse sorghum varieties, hybnd vigor is
manifested In increased height of plant, diameter of stalk, tillering,
vigorous root system, and often in Iuteness (/2). The high degree of
resistance to chinch bugs commonly shown by F, sorghum hybrids is
partly the result of the vigorous growth of the hybrid plants.

ADVARNCED GEXEHATION HYBRIDS

A cross between Kansas Orange sorgo (resistant) and Dwarf
Yellow milo (susceptible) was made at Manhattan in 1919 specifically
to produce g vartety resembling milo, with the chinch bug resistance
of Kansas Orange. The F; generation was grown under chinch bug
infestation conditions at Manhattan in 1922, As shown In table 16,
the Kansas Orange parent had only 5.4 percent of injured plants snd
the milo parent 50.0 percent. The percentage of injured plants in the
¥, Jines ranged from 4.7 to 75.7 (fig. 12). Many of the resistant iines
showed marked hybrid vigor. Relatively few head selections were
made in the F; rows. In making these selections primary attention
was given to agronomic charscters, especially earliness, yellow seed
color, and short stature. The infestation was moderate in 1923, but
in 1924 all plants except one in the nursery were killed by the bugs.
The correlation hetween the chineh bug reaction of ¥; and Fy lines is
probably not so high as it might have been with random selection
and if move lines had been grown.
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Figure 12.—4, Searegation for chinch bug resistance in & helerozygous Fi line of Kansas Orange X Dwarf
l\l‘;%liluw milo st Manhattan, Knans, 1922 £, Fi Hnes of the sning cross, showing differences in resistance,
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TanLe 10.—Chinch bug injury lo F; and Fy generation selections of Kansas Orange X
Dhwarf Yellow malo, Manhatltan, Kans., 1922 and 1928
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A study of the general relation between chinch bug renction in F,
and F; lines was made on the basis of Fy quartiies, which is shown in
table 11,

The quartile averages for the F, lines do not paraliel the Ty avernges
exactly, but the average injury in the F, lines selected from the two
more susceptible quartiles in Ky is higher than in the F, lines selected
from the two more resistant quartiles of the ¥; generation.

TanLE 11.—Quartile grouping for chinch bug injury in the Iy generalion gnd the
arerage injury in the Fy generation of sclecied lines of KNansas Orange > Dwarf
Yellow mile at Manhaltan, Kans., 1922 and 1923
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It is evidens from the results of all of the sbove-named crosses that
resistance to chinch bug injury is inherited, but it is impossible, fram
the data at hand, to draw any conclusions regarding the genetic
factors involved. Hybrid vigor has a prenounced influence on ap-
parent chinch bug resistance.
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A large number of F; lines were grown in the nursery at Manhattan
in 1924, but the chinch bug infestation was so heavy on the young -
plants that all but one were destroyed. The selection Kansas 24136,
of this cross, which proved highly resistant in later tests at Manhattan
nnd Lawton, came from the most resistant F; line grown in the nursery
at Manhattan in 1924 under heavy chinch bug infestation. The
infestation in 1924 was so heavy that nearly all lines had very high
percentages of injured plants, and the genetic differences known to
exist were in many cases masked by the early and sudden attack of
chinch bugs while the plants were small. For this reason, no data
on the F; hines grown at Manhattan in 1924 are presented.

At Manhattan' in 1925 a moderate infestation offered an oppor-
tunity to study resistance in a number of rows of several advanced
hybrids. In a series of 10 I lines of Kansas Orange sorgo (resistant)
X feterita (susceptible) the range of injury was rather evenly dis-
tributed from 7 to 35 percent. The average injury to these lines is
shown in the following tabulation. One of the strains was distinctly
more resistant than the Kansas Orange parent. No hybrid strain
was as susceptible as the feterita parent, perhaps because chinch bug
injury had exerted some selective influence in preceding generations.

Plants injured

Parent and cross: Percent

Kansas Orange sorgo (parent) 17. 0

Kansns Orange 3 feteritao .. _____ 23.3

Feterita (parent)

Red Awber sorgo (parent)

Red Amber X feterita

Foterita (parent)

In the cross Red Amber sorgo (moderately susceptible) X feterita
(susceptible) 22 F; and ¥y lines were studied in 1925. The hybrids
showed evidence of transgressive segregation. Filteen lines were
more resistant than the resistant parent, A selection from this cross,
I{. B. 2513, is the most resistant strain tested during the 6 station
vears in which it has been tested at Manhattan and Lawton, as shown
m table 3. This is good evidence of actual transgressive segregation.
These and other data suggest that it is possible to breed into the sor-
ehums a degree of resistance higher than that possessed by any of the
old standard varieties. Selections of the cross hegari (moderately
resistant) X Dwarf Yellow milo (highly suseeptible) ware studied
[or 2 years. In 1923, 61 lines from this cross were examined for re-
sistance and none proved more resistant than hegari. The same is
true of o few lines from this cross studied in other years. A selection,
H. C. 282, of a cross Dwarf White milo X hegari, made at Hays, Kans.,
has proved moderately resistant at Lawton, exceeding either parent.
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TaBLE 12.—Chinch bug reaction of advanced generation sorghum hybrids and their
parenis ol Lowlor;, Olla.!

Flams kitled

Iiybricds nnd parents Record o, - T :
100 | T3 | 164

Percent | Pereent ' Pereent | Pereent
38 T 4 2

Kansas Ornnge
Kunsns Oranpgs X Pwarl Yellow milo

il
100
u

Dwari’ Yellow milo ¥ ])\mrf}‘ru.
DwarfFreed___ . ... ...
Dawn Kafir selection... ..

wen

L= b2 TR D

nx

Hed Amber ¥ feterita,

Feterith, o voome e

Sharen kafir

Sharon kafir X darso..,._

0 LT

awn kafir selection.....

Dawn kaflr seleclion (I\ansn-; Omnga X
Dwarf Yellow mllo).

Ruansaz Orange ¥ Diwarl Yellow milo

Darso

[N TR ]

. L T"ﬂ

! Varletes planted Moy 20, 1000, May 4, 102 Max 5, 1933 nnd May 1, 164,
* Showedd segregation for various characters,

The chinch bug reaction of a number of advanced generation
hybrids at Lawton, together with the reaction of their parents, is
shown in table 12. Among the selections from the cross Iansas
Orange sorgo X Dwarf Yellow milo, Kansas 30-33, a combine type
of grain sorghum, showed more resistanee than the susceptible milo
parent but less resistance than the resistant Iansas Orange parent.
Another selection from the same cross, Kansas 24-136, showed trans-
gressive segregation in being more resistant than Iianses Orange.
This strain was selected particularly for its high resistance. A study
of the various hybrid selections shown in table 12 indicates that resist-
ance to chincli bugs is inherited independently of many agronomic
characters, because resistant selections of widely different character
haove heen isolated. The resistant selection of Kansag Orange X
Dwarf Yellow milo, Kansas 24-138, has produced satisfactory vle[ds
of grain, bui has buff colored sced. It is not leafy and has dry,
pithy stnlks, making it wnsatisflactory for forage. This resistant
strain is not recommended because of its [ailure to meet farmers’
requirements for a dual-mirpose variety having good forage and an
attractive, palatable grain.
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A selection of what is supposedly & cross between darso and Fargo,
produced at the Panbandle Expertment Station, Goodwell, Okla.,
showed much more resistance #t Lawton thun the susceptible Fargo
parent and was about equal to the resistant durso parent,

Dawn knfir selection X (Kansus Orange X Dwarl Yellow milo),
a cross hetween two resistant strains grown in 1933 and 1934 was
much more susceptible than either purent.  The Dawn kafir parent
had 5 percent of dend plants in 1933 nad enly 2 percent in 1934, The
Knnsas Orange X Dwairf Yellow milo (Knnsas 74-136) parent had 3
pereent of dead plants hoth in 1933 and 1934,

Most of the other advanced hybrids listed in table 12 do not show
transgressive segregation for resistance but tend toward an inter-
medinte position between the parents.

NATURAL SELECTION AS A FACTOR IN HESISTANCE

Varieties of a sorghum apparently homnozygous for agronomic
characters but which have never been subjected to ehinch bug injury
have been shown to be heterozygous for the genetic factors governing
resistance or susceptibility when grown in the presence of chinelt bugs.

Chiltex, a variety resulting from u cross between kalir and feterita,
distributed in 1923 by the cooperative ficld station at Chillicothe,
Tex., was grownin the nursery at Lnwton. A light infestation of bugs
during the earlier part of the 1931 season at Lawton did not prevent
the normal development of the plants. Sced was saved from this
crop, tind the variety was subjected to a heavy infestation of bugs at
Lawton in 1932, Seed was suved from the few surviving plunts and
threshed in bulk. In 1933 and 1934 this bulk-selected seed was planted
in comparison with the original sced, remnant seed being used in the
Intter year. In 1933, 53.1 percent of the plants of the original Chiltex
were killed, as compared with 22.6 percent of the sclected strain. In
1034, all the plants of original Chiltex were killed, while only 68.0
percent of the selected strain was killed. The 2-year avernge killing
wns 76.5 percent in the unselected and 47.3 percent in the selected
Chiltex. The Lowton selection canpot bhe distinguished from the
original Chiltex except when grown in the presence of chinch bugs.

The kafir-milo hybrid, Kansas 27-317, was severely injured by
chinch bugs at Lawton in 1932. A single plant survived this serious
infestation and was saved and planted in a head row in 1933.

All plants from the original seed lot of Kansas 27-317 were destroyed
by chinch bugs, while only 35.2 pereent of the plants of the selection
were killed. These rows are shown in figure 13.  Again in 1934, oll
plants in the originnl Kansas 27317 were killed, compared with 58.0
percent in the Lawton sclection. The average loss for the 2 years was
100 percent of the original and 46.6 percent of the selected strain,

Similar results huve been obtained with darso, shown in table 13.
Seed saved from the single surviving piant of a test in 1932 was grown
in 1933 with a loss of only 38.1 percent of the plants, while the original
darso suffered a loss of 85.9 pereent. In 1934, 31.0 percent of the
original darso was killed by chinch bugs, while only 18.7 percent of the
selection was killed. The 2-year average killing was 58.5 percent of
the unselected darso and 28.4 percent of the selection.
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Froune 13.—Sorghum sorietles and uhinch bug mslstant seloctions from them 2t Lawton, Okio.: A,
Darso (left), resisinnt selecting {right), Ha% A, Chillex {left}, resistant selection (right), 1034; <, kafir
X milo, Ks, 27317 {feft), resistant seleotinn fright), 1553,
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Tasue 13.—Clinch bug reaction of 3 varicties of sorghum and resislant scleetions
made from them wnder heary chinch bug infealation at Lawlon, Okla.

FPlunls killed
.

Variety and selection Record no. - “-yenr

1033 1 11434

lvernge

Percent | Percent
Chiltex L 63. 1 100.
Chilies seleetbon. . b, i , 08,0
BEnflr X omilon ..o, CRrER] . 3 100.
Kufle ¥ milo selection... R h G40
211N S R L AP 0 T | . 8250 3.4
Lhnrsu sulection i, 3267 38,1 8.7

The resistant selection of darse should be of immediate practical
interest in Qldahoma because darso is & widely grown and popular
variety owing to its drought resistance. The resistant selection
appears identical with the parental variety in agronomic characters
and apparently can be recognized as a distinet type differing from
the parent only when grown in the presence of chinch bugs.

The resistant selection of kafir X milo, Kansas 27-317, does not
appear to be identicel with the parental type in plant height but is
very similar in other agronomic characters. These studies of the
effects of sclection indicate that some varieties are homozygous for
the genetic factors determining chinel bug reaction, while other
varieiies are heterozygous for these factors.

Rows of kafir X milo {IKansas 27-317) and its resistant Lnwton
selection and of darso and its resistant selection grown in 1934 are
illustrated in figure 13.

The selection of surviving plants from standard varieties grown
under conditions favorable to chineh bug infestation is a quick method
of producing resistant varieties of sorghums, The value of this
method is limited by the agronomie characters of the parental variety,
but by hybridization it should be possible to combine chinch bug
resistance with desirable agronomic characters.

INYESTIGATION OF THE BASIS OF CHINCH BUG RESISTANCE

NATURE OF CHINCH BUG INJURY

The injury and death of numerous plants of many varieties have
been observed under field conditions and in controlled experiments.
The controlled experiments consisted of confining a certain number of
bugs on single plants of resistant and susceptible varieties of com-
parable age by means of creosote barriers, The bugs used were in the
lnter instars. Upon reaching matwity on the experimental plants
most of the bugs left by flight. The number of bugs used in each
experiment was estimated by measuring the volume of bugs and
counting a unit volume. Most of the plants used in these experiments
were Kansas Orange sorgo (resistant) and Dwarf Yellow milo {sus-
ceptible).  The results were obtained from a sudden attack by o given
number of bugs applied at one time on these experimental plants, as
contrasted with the continued infestation under ficld conditions.
The data presenied in table 14 are representative of a Inyger number of
experiments.  The reaction of each of these plants to the bugs was
followed in detail. Considerable ¢chance for experimental error exists
by renson of individual plant varigtion, soil and weather conditions,
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and the effect of these on the bugs. These controlled experiments
supplement field observations and give more exact information on
the effect of a given number of chinch bugs on young plants of known
verieties.

TasLe .—Resulls of caontrolled chinch bug infestalions on individual planis of a
susceplible and a vesivtant variety of sorghum al Manhettan, Kans., 1927

Plant Days

hoefprht until

when | suvercly
infusted | wilted

ays
uniil Remarks
o]

Yeariety nod dato of

Infeatation Bugs

Dwarf Yellow mllo: [Nuwmber| Facher | Number | Wuniher
July 5 1,176 5.5 Helglit, July 19, 81 inchos,
Jun9 30 . ...| L7 N Juty 7, plnnt recovering: hoight 10 inehas,
. ——— Helght, Aug, 10, 59 inches.

Helght, Juiy 19, 50 'nckhes,
| Becovered; helght Aug. 10, BY inchos,
Hedght, Jaly 14, 50 inches,

{ Plant of resistant stenin of Kunsng Oranpe X Dwarf Yellow info substituted for Kunsas Crange,

The number of bugs required to kill a single plant, less than 2 feet
high, of either Xansas Orange or Dwarf Yellow milo, under the eon-
ditions of these experiments, was between 2,000 and 3,000. These
were immature bugs which sometimes left the plants when they

became winged. ,

The reaction of the plant to the fecding of the bugs influences the
habits of the insect. At the stage of incipient wilting and discolorn-
tion of plant tissue, the bu%s frequently feed on the leaf blades in
large numbers and with little movement. In the case of a slightly
injured plant the heavy feeding is on the leaf sheath. On the other
hand, if the plants are not badly injured by tiie feeding, the bugs fly
from the plants as soon as they become adults.. The size and vigor
of the plant greatly influence the amount of injury that can be caused
by & given number of chinch bugs,

In one experiment an infestation of 5,625 bugs killed the main stalk
of o Dwarf Yellow milo plant, but several tillers developed from the
crown after the population of bugs had decreased. Tn the resistant
Kansas Orange variety this did not take place, and it rarely occurred
under field conditions.

Under a sudden, heavy attack of chinch bugs, plants of both -
varieties withered while still green. The wilting started with the
outer, lower leaves and proceeded toward the inner and upper ones.
While plants are in this condition a rain will revive them and fre-
quently permits prompt recovery under a moderate infestation of bugs,
The time between withering and death usually wes longer in Dwarf
Yellow mile thnn in Kansas Orange sorgo, but both withering and
death began more quickly in milo,

Prolonged sublethal attacks by the bugs tend to stunt growth in
all varieties. This often results in the death of the central leaf curl
before that of some of the older leaves. Decay begins at the growing
point near the crown where the tissue is usually beyond the reach of
the stylets of the bugs and must be a secondary result of the feeding
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of the bugs. The stunting of growth and death of the central leaf
curl are especially characteristic of milo and may represent a different
type of susceptibility from that found in other varieties.

Distinctive color reactions in the leaves of the plants sttacked are
characteristic of injury to sorghums by chinch bugs. The dark red
or purple pigment deposited at the site of the punctures (pl. 1, E) is
apparently the same as that occurring on many varieties at the place
of other kinds of wounds. Its relationship to these injuries is un-
known. In addition to these blotches of red pigment, the leaves of
many varieties turn a suffused yellow or reddish yellow as a result of
severs chinch bug injury,

Johnson (48) has given good evidence that the reddening and yel-
lowing of leaves of legumes, caused by the potato leafhopper, results
from the disruption and clogging of the conducting tissues and the
overaccumuiation of carbohydrates sbove the injured area. The
reacltion occurring among some sorghums appears similar in cause and
resuut.

The injury eaused by chinch bugs is primazily the result of a mass
attack. JYoung plants are sometimes covered with bugs and the
sap is extracted in a few days. - Larger plants react in two ways to
the bugs—they are stunted and die quickly, or they become discolored
and die at 2 later stage. Severe stunting with a red discoloration is
characteristic of the milos and most of their derivatives, Impeded
growth with 2 yellow discoloration is characteristic of feterita and
such sorgos as Honey and Leoti Red. Varieties of hybrid origin mey
show varying degrees of both kinds of injury, depending upon their
parentage.

Experiments and observations indicate that injury may result from
8, combination of one or mors of at least four factors:

1. The direct withdrawal of plant fluids from cells and especially
from the xylem and phloem tubes, by the chinch bugs.

2. The exudation of plant fluids from punctures left open after the
feeding of the insects, with possible attendant interference with root
pressure and transjocation.

3. A clogging of the plant conductive tissue with stylet sheath
material deposited by the bugs.

4. Openings in the plant tissues are provided through which fungi
and bseterin can enter. Wound response involving deposition of
pigments frequently takes place in the region of chinch bug punectures.

RELATION OF PLANT CHARACTERS TO RESISTANCE

In 1931, the sorghums developed normally at Lawton because of
a light infestation of chinch bugs. This permitted detailed descrip-
tions of the gross morpho]ogicﬁ characters of the varieties. These
characters are listed in table 15, in eomparison with the chinch bug
reaction of the varieties in 1930 at Lawton when the infestation was
heavy. Apparently chinch bug resistance or susceptibility is not
definitely determined by any one of the gross morpholegical characters
studied. However, some evidence was found of association between
a few characters and chinch bug resistance. These sre shown graphi-
cally in figure 14,

Height of plant shows some relationship with the degree of chinch
bug injury. The tall types tend to be resistant, while the dwarf
varieties tend to be susceptible. This apparent association probably
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B 2513, o resistant strajin, M,
f
clinth buy in leaf sheath of Aty feross seetion). A, Biylel shealls of chineh bug in leaf sheath tissue
of Dwar] Yellow milp. Aluny brapches of sheaths, some extending 1o ihruvisenlar bndles (whole
mount).  F, Stylet shesths of chinch bug in plant tissue nt bise of stalk (crowny of Dwwf Yeliow miln,
Dark nres surrouncding stylet shenth is pigrenl wonnd response,  F, Tange number of reddish-purple
stylet sheaths of chinch bugs in Ussae A* surghum plant {whole mount}.

A, Chinety bups feeding vo o stalk of Hed Amber X feteritn, Ransas
Chioch bups with styiets tn o stalk of Atlas {Jopgitadinnl section), € Stylet nnd siylel sheath o




Tagne 15.—Deveriplive of plant churackers of sorghun vurietios in 1931 and chinch bug injury ta 1880 al Lawlon, Okda,
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is incidental and due to the fact that in these experiments the dwarf
varieties were largely mile and milo hybrids, which are susceptible to
chinch bug injury.

The sweet-stalk varieties tend to be resistant, while the nonsweet
group shows o wide range in injury and includes both resistant types
such as kafir and the highly susceptible milos. A few varieties of
sorgo tested at Lawton and Manhattan in 1934 proved highly suscep-
tible to chinch bugs, in sharp contrast to such resistant varieties as
Kansas Orange and Atlas. More sorgas should be tested before any
definite conclusions are drawn regarding the relationship between
sweetness of stalk and chineh bug resistance.
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There seems to be a slight relationship between chinch bug reaction
and color of stigma. The varieties were classed as yellow, creamy,
and white for eolor of stigma. The varieties with vellow stigma were
generally more susceptible than the white-stigma varieties, which were
rather resistant, with two exceptions. Wonder, a white-stigma
variety, was injured 58 percent and Premo was injured 86 percent.
The creamy class, which was intermedinte in color between the yellow
and the white stigma groups, included varieties that ranged {from the
most resistant to the most susceptible. Although there were indica-
tions that color of stigma might be correlated with chinch bug injury,
more varieties of the yellow- and the white-stigma types should be
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tested in order to learn more about this apparent correlation. The
milos and meny of the milo derivatives have yellow stigmas and are
very susceptible.

eight of plant, sweetness of stalk, and color of stigma were the only
plant characters that showed any degree of eorrelation with chinch bug
resistance or susceptibility.

The manner in which the leaf sheath fits around the stalk meay be
related to chinch bug injury. The leaf sheath closely surrounds the
stalk of 2 number of resistant varieties, while it fits loosely around the
stalk of certain susceptible varieties, especially milo. Chinch bugs
are gregarious and feed in the protected location inside the shoath
when possible, and this may result in concentrated injury to the plants.
This feeding habit is indicated by the greater number of punctures
(pl. 1, 1)) on the inside of the leaf sheath of varieties in which ihe
sheath fits loosely around the stalk. These observations indicate the
possibility of a relationship between the mauner in which the leaf
sheath fits around the stalk and the degree of chinch bug resistance
of sorghum varietics,

Whitehead 7 studied the relation of several characters to chinch
bug resistance in selections from Kansas Orange sorgo (resistant) X
Dwarf Yellow milo (susceptible). He found that light injury from
chinch biigs 1n the F, hybrid lines was associated with (1) slight firing
of leaves, (2) light aphid infestation, and (3} small amount of dry pith
in the stalks, as viewed in stained cross sections. He found very
slight or no correlation of chinch bug resistance with scedling vigor
as expressed in height of uninjured plants. In the case of correlation
of finng and aphid infestation of plants with chinch bug infestation,
the resistant and susceptible hybrids tended to resemble the respec-
tive purents. The Kansas Orange parent is characterized by juicy
statks (small amount of dry pith) and the Dwarf Yellow milo by less
juice.  Hybrids with juicy stalks showed a tendency to give the same
chinch bug reaction as the resistant parent. The reverse was also
true,

PREFERENCE 0OF BUGE POR CENRTAMN VARIETIES

Varietal preference, as it may apply to resistance, has been par-
tially explored in two ways: (1) By a study of the olfactory responses
of the chinch bugs, and (2) by counts and ohservations of the number
of bugs on varieties of contrasting reaction.

The distribution of chinch bugs in fields and plots of sorghums
presents many irregularities. Some of the factors which influence
the distribution are: Distance from small grains; difference in size,
age, and vigor of the plants; presence of erabgrass or other species of
food plants; density of growth of food plants; and soil heterogencity.
It is difficult to determine whether a preference for certain varieties
is a factor in this distribution of bugs and.in resistance under field
conditions.

There have been occasions at Manhattan when the bugs appeared
to show a preference for certain varieties under field conditions, When
the spring migration of the bugs from hibernating quarters was de-
layed, an% the sorghums were planted early, the few migrating bugs
flying into the sorghum field showed & distinct tendency to concen-
trate on milo. The winged adults of the first generation sometimes

TWaITELEAD, F, E, Seefootnole i
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showed this same preference. These occasions, contrary to the ap-
parent habits of the bugs when present in large numbers, may be the
resulé of stimulus for oviposition rather than for feed, or of olfactory
sensations quickened by hunger or some other physiological state.

An unsatisfactory attempt was made to study the olfactory re-
sponses of the bugs by means of the McIndoo olfactometer (50).
The bugs congregated in various parts of the instrument and gave
only erratic responses.

Later, a field olfactometer (f’ilg. 15, B) was designed that appeared
to give more reliable results.® This instrument consisted of a wooden
box with the ends closed by screen wire and the top closed by two
sliding pieces of glass which opened in the middle. A large cardboard
box covered the growing plants at each end of the wooden box and
confined the bugs near the screen wire ends. By means of suction 2
slight current of air was drawn equally through the two ends of the
wooden box. Chinch bugs were placed in the center of this box.
After about 1 hour, a glass partition was inserted in the center of
the box and the insects in each end were counted.

The instrument was tested on adults of the Colorado potato beetle
(Leptinetarsa decemlinegte {Say)), an insect known to have strong
olfactory responses. The results of these tests compared to those
using chinch bugs in the olfactometer are given in table 16, Adult
chinch bugs and those in the last two nymphal insturs were used.
No attempt was made to separate the different stages. A new group
of insects was used in each experiment.

These experiments indicated that chinch bugs were attracted less
by milo than the potato beetle was to its host.  Under the duress of
starvation chinch bugs show only a relatively wenk olfactory response.
In order to determine whether the chinch bug can distinguish between
varicties, without tasting them, more delicate tests must be devised

TaBLE 16.—~Coniparison of sirength of olfactory responses of Colorudo potato beetles
and chinch bugs determingd with a field olfuclomeler

Insects | Iosecls

Teriod of sturva- | Porfod of expos- | atend of | at end of
tion ue box near | hox near

hast soil

MNumber ffonrs Afinntes Nramber | Number
Calorade potile heolle 4 Pucle 109, . TS0 ... 265 o] :

7:1
Chineh bug.. ... . . ... AL P s . N Eito 100......._. 3, 320 5] »2:1

!'The hosts were potatoes nnid Dwar! Yellow milo, respectively, the plans grewing oormslly in the field

The other method of approaching the problem of chinch bug prefer-
ence is by counts of the number of bugs on plants. Accurate counts
are difficult to secure, because the bugs leave the plant quickly when
1t is disturbed. In spite of this difficulty two series of counts have
been made on Kansas Orange and Dwarf Yellow milo.

The first of these counts as recorded by Huayes and Parker ® is
summarized in table 17. The counts were made in the field when the
plants were subjected to a moderate infestation.

W\. A MARUAL OF ENTOMOLOGICAL EQUIMERT AND METHODE. P, I, llus. Ann Arbor,

Mich., 1041, {I\Hmut:fmplled.}
YHAYES, W. P, and Pantes, 2, Fi, Ses fostogte 5.
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FIGURE 5., Youny piants of suceptible Dvar! Yellow mila tieft) and resistant Kansas Oraoge {right),
showing characleristic reaction Lo chinch bugs, Lawton, Okla., 1935; #, fleid oifectometer used in the study
of reaclion of chinch bugs to sorghum at Manbatlan, Kens,
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TaBLE 1T —Number of chinch bugs on 25 plonts in sdjaceni rows of sorghims,
Mankhattan, Kans., July 20, 1922

[ . Range per
- Averne
Variely Tatal B plant
per plant {nimber)
. {

. Nu m.bcr HEEATT 2r
Dwarf Yellowmile, .. . . . ... . 0 . h e edecamimaaoan brit) LU 1| 210 b5,
Kansns OrMBEO SOTEGacc. cn .« ot o et e mimi e mimanan s 652 | 20,1 | Do 121,

At Lawton, a count of bugs on Kansas Orange sorgo and Dwarf
Yellow mile was made in 1930, The plants of these two varicties
were grown side by side in rows spaced 6 inches apart (fig. 15, A).
No attempt was made to control infestation artificially, but equal
chances for infestation on the two varietics were obtained by growing
them close together.

Counts were made on preserved plants collected when about 6
inches high and growing under a heavy infestation. The rovts were
cut below the crown, when the bugs were feeding intenscly, eitherin
the early morning or iate afternoon. Under these conditions the
plants could be removed from the soil and placed in a cloth bag
without greatly disturbing the bugs. The number of bugs present,
determined later in the luboratory, ranged from 2 to 282 to the plant
for each variety. A summary of these counts is given in table 18.
Rows 67, 68, and 89 were planted about a week carlier than the others.
The total number of bugs on the 30 Dwarl Yellow milo plants was
2,148, or an average of 71.6 to the plant. The total on Kansas
Orange sorge was 3,024, or nn average of 100.8 bugs to the plant,
In each paired group of five plants there were only two in which the
number of bugs on Dwarf Yellow milo exceeded the number on
Kanszas Orange.

Tanue 18, —Number of chinch bugs on adjocent puirs of plants of Dwearf Yellow wilo
{suesceptible} und Konsus Orange sovgo (resistant) ai Luwlon, Oldu., in 1030

Tatal on 5 plants Averags pwer plunt

Row no. Lwarl ;. Kopnsas - Dwarf © o Kanss

Yellaw Oranppe | Yellow ¢ Orapge
mile !' srgQ il P KDrEo

Number | Numer |
I FtH

o EAREL] !

These counts do not appear to support a theory of preference by
the bugs for a susceptible variety under conditions of this experiment,
There was a wide varintion in the number of bugs present on plants
of the same variety. This type of distribution on individual plants
of the same wvariety ngreed with field observations made at that
time. The factors which influence the number of chinch bugs present
on individual plants and on varicties under different conditions
require further investigation,
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FEEDING HABITS IN RELATION TO RESISTANCE

When the mouth parts of & hemipterous insect are inserted in
plant tissue there is formed about them a stylet sheath {(pl. 1) that
takes a definite staining reaction. Studies by Fife (20) and by
Smith (62) have shown that the sheath deposited by leafhoppers is
largely of insect origin and may contain chitin. “Studies of the
feeding habit of the chinch bugs have been concerned with these
stylet sheaths which mark the location and extent of the places of
feeding. Observations regarding the feeding habits of chinch bugs
as they occur on corn have been published by Painter (56).

Later studies of both fresh and preserved tissue of sorghum plants
and of insect punctures have served to confirm most of the points
discussed by Painter. Chemical tests and stanins other than iron
haematoxylin have failed to differentiate the presence of a two-layer
sheath and have not shown any relationship between tannin and
resistance. No further evidence of the dissolving action of the
salivary fluid is available.

The fresh punctures were studied in freehand sections, or in sections
cut with a freezing microtome from parts of plants known to contain
punctures. In these sections the sheath material could be identified
without staining, by its appearance and its refractive properties.
Sections confaining sheaths were then subjected to microchemical
tests.

Some investigators have cousidered these stylet sheaths to be largely
or entirely of insect origin: Many of the ohservations in the present
investigations lpoint in the same direction. There is also some evi-
dence that following their deposition in the plant tissue the stylet
shenths change by addition of pigment from the plant. In plants of
most sorghum varieties a reddish pigment forms about any mechanieal
injury which eventually is laid down in the cell walls. This pigment
forms in abundance about the places of puncture by hemipterous
insects, and it appears in the stylet sheaths of chinch bugs in these
nreas {pl. 1, £),

The composition of the sheath would be of importance if it could be
shown to differ in resistant and susceptible varieties or to change in
composition after deposition. In investigating this question various
microchemical tests, largely those described by Kckerson ™ and
Campbell (0}, were used. Callose, pectic substances, and chitin
have been reported to be present in stylet sheaths formed by various
Hemiptera and Homoptern,  Staining reactions or solubility tests or
both failed to indicate the presence of these substances. Stylet
sheaths treated with either hot or cold concentrated potassium
hydroxide dissolved when transferred to 90-percent alcohol.  Delicate
fragments of insect exoskeleton did not dissoive when treated in the
same manner.  Since the treatment with hot concentrated potassium
Iiydroxide Iollowed by aleohol and iodine-potassium iodide solution
constitutes the chitosan test for chitin it appears that this substance
is not present in the stylet sheaths of the chinch bugs.

The stylet sheaths gnve o positive protein reaction with Millon's
rengent, {turning red almost as soon as the reagent was applied. This
agrees with tests made by Smith (62) on the stylet sheaths of certain
leafhoppers.

WECKEmSoN, 5. 1. uwcrocnewtstRY, Chlcsge Coiv, Bot. Dept, 30 pp.  [Mimeograpbed.]
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In solubility and staining tests there appenr minor differences in the
effect of chemicals on different stylet sheaths, which in some cases
are correlated with the age of the sheaths. Few differences of this
kind were found that might be attributed to the variety in which the
- sheath was deposited.

Plant material containing chinch bug punctures preserved at
Lawton, in 4-percent formalin, was studied at Manhattan. In some
cases bugs with their stylets in the plant tissue were etherized and
preserved with the plants in formalin (pl. 1, B, D).  Sections of this
preserved materinl stained with analin blue, saurefuchsin, and safranin
gave good differentintion of the sheath material. Methylene blue,
methyl green, and neutral red gave a fair differentiation, while Bie-
brich searlet, orange G, light green, and gentian violet did not stain
the sheath or failed to differentiate it from the surrounding tissue.
The stains were dissolved in water or in 50-percent aleohol at concen-
trations of 1 percent or less. These sheaths persisted in the plant
tissue for at least 4 days in both susceptible Dwarf Yellow milo and
resistant Konsas Orange. There was evidence that sheaths remain
permanently in the plant tissue.

The location and number of punctures on the Dwarf Yellow milo
and Kansas Orange varieties were studied by bleaching the whole
preserved plants in chlorine produced by treating potassium chlorate
with hydroehloric acid and staining overnight with 0.025-percent
analin blue solution (pl. 1, I, 7). The plants were washed in running
water to remove excess stain and each leaf was examined under a
binocular. Counts were made of the number of punctures on cach
leaf blade and leaf sheath (table 19). The plants used in making
these counts came from Lawton and from the same series of rows as
those used in making the count of the number of chineh bugs to the
plant. The number of bugs present at that time on the two varieties
was about equal (table 18).

An average of 444 %39 punctures to the plant was recorded for
Dwarf Yellow milo, as compared with an average of 387 =35 for
Kansas Orange. This difference of 57 +52 punctures to the plant on
milo, as compared with Kansas Orange, is not significant.  Although
only a small number of plants were studied, the data seem to indicate
that the chinch bugs probably feed about equally on these two
vareties, namely, one resistant and the other susceptible. However,
o larger number of plants must be studied before drawing definite
conclusions. There appears to be a significant difference in the
location of the chinch bug punctures in the plants of the two varieties.
On the plants of Kansas Orange the punctures were distributed fairly
equally in both the leaf blade and leaf sheath. On the plants of
milo there were more than three times as many punctures on the leaf
sheaths as on the leaf blades, This varietal difference in the loeation
of the chinch bug puncturcs may be explained on the basis of the
morphology of the plants.
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TasLe 19.—Number of ehinch bug stylet sheaths in Ronsas Orange end Pwarf
Yetlow mito planls grown af Lawton, Okla., 1530

Kinsns Ormnpe plents ! Thwnrf Yellow sithio plints 7

Tanf 1, Leat | Leat Tent- | Leal
Dincia sheatiy Tatal tindn shenth
PURCIHTOS [HAECTIReS nNnelures priieiures|

Nwmber | Number | Number | Neenber | Number | Nuwber
1 fbasal}. i 805 135 532 7
- a4
. 0635
Ao P, el 7 F Atx?
Bosemimcmrime s o v e s menmamene o] uE : ; 8
TQwpperd.. ... .o e e 3 i G

Total . ... ... . ... .. W K T

Average por plant N Y Iiﬂ?ﬂ::i-ﬁ—f 0112 0 BOLET | 413D

B T
A vernpe of 20 Hnnts
A veree of B planis.

The lenf sheaths on the Kansns Orange plants grow rathier closely
around the staik white those on the Dwerf Yellow milo plants are more
open {p. 44). This fact may account fur the npproximately equal
total numbers of chinch bug punctures in Lhe leal sheaths and the
leaf blades of the Kansas Orange plants, and for the wide dilference
in iotal numbers of punciures on the leaf shenths and the leaf blades
in Dwarl Yellow milo.  Injury to the plant owing to disruption of
the transport system in the xylem and phloem would be greater as a
result of the feeding on the leal sheath where the vascular bundies nre
fower than in the leal Blade. This appears to be one of the factors in
the difference in the resistance of these two varieties.

Sinee the counts mentioned above were made it has been found
that annlin Mue stains recently deposited sheaths better than those
which have been deposited for a longer period of time, and also that
stylet sheaths in Kansas Orange sorgo are more oasily stained than
those in milo. Towever, uustained or lightly stained sheaths are
easily visible under the microscope, and it s believed that relatively
few were overlooked. Safranin and saurefuchsin are now known to
give more uniform stains and sbould be used in future studies of this
kind. Tt should be peinted out that these counts give information
concerning the location and number of feeding places, but do not
indieate the amount of fluid withdrawn from the plants or the length
of time occupied by the feeding.

SUMMARY

The biolegical contrel of inscels by means of bost resistance is a
relatively new field of study in which recent development hus been
rapid. The data presented in this bulletin were gathered at Man-
hattan, Kans., at intervals during a period of more than 15 years and
during a period of 5 years at Laowton, Okla,  They deal with the possi-
bility of reducing chinch bug injury to sorghums by utilizing host
resistance.

The chinch bug reaction of most of the imporiant and standard
varicties of sorghum has been determined.  In general, the miles are
very susceptible, the feteritas susceptible, and the kafirs and sorgos
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rather resistant to chinch bug injury. Most of the sorgos are shightly
more resistant than the kafirs, but others are susceptible.

Atlas sorgo is highly resistant to chinch bugs. This is an important
factor in its adaptation to eastern Kansas and Oklahoma, where it is
increasing in acrenge and popularity. Chiltex and Ajax are limited
to some extent in southwestern Oklahoma, beeause of their suscep-
tibility to chinch bugs. Beaver, Whentland, and most other milo
derivatives tested are very suscoptible, Hegari is more susceptible to
chinch bugs than most of the kafirs. Darso is moderately resistant
and produces good yields of grain even in unfavorable seasons, Cer-
tain varieties such as feterita, Sooner milo, Greeley, and Cheyenne are
susceptible but under some conditions evade serious injury because of
their early maturity.

The range in average percentage of plants killed in 30 varieties
tested at Lawton {or 4 vears was from 7, for a highly resistant selection
of Kansas Orange sorgo X Dwarf{ Yellow milo, to 100, for the very
susceptible Dwarf Yellow milo. The average percentage of plants
killed by chinch bugs in 22 varieties tested at both Manhattan and
Lawton ranged from 10 pereent in n very resistant selection of Red
Amber sorgo X feteritn to 85 pereent for the highly susceptible Dwarf
Yellow milo.

Early. planting is one of the most important cultural practices in
limiting chinch bug injury in the vicinity ol Lawton, Okla. Chinch
bugs will aftack sorghums during any part of the vegetative period of
the plant, but older plants are Detter ablo to withsfand the attacks.
The plants in the earlier plantings at Lawton have been larger at the
time when the chinch bugs migrated into the sorghum nurseries and
consequently showed the least Injury and produced the highest yields.

Results obtained suggest that resistance may be dominant or par-
tially dominant in the crosses studied, although the continued mani-
festation of heterosis in the F, generation of these crosses may have
incrensed the average resistanee of the population. There is a close
relationship between heterosis and chineh bug resistance of some F,
sorghum hybrids.

In 100 F; lines of the cross Sharon kafir (resistant) X Dwarf Yellow
milo (suscepiible), observed figures give a very close fit to o ealeulated
3:1 ratio and might be taken to indicate that one main factor pair
governs chinels bug reaction in $his cross.  However, there is evidenee
that the inheritance of chinceh hug resistance 1s more complex and 1s
influenced not only by other genes direetly affecting chinch bug reac-
tion but by genetic factors controlling such plant characters as eurli-
ness, vigor of carly growth, character of sheath, and others,

The occurrence of several lines apparently homozygous for inter-
mediste reaction to chinch bugs is not In agreement with n single factor
hypothesis.

Data obtained on hybrids show that resistanee to chinch bug injury
in sorghums is inlwerited, but the genetic factors involved have not
been detormined, Several hybrid selections are niore resistant than
the resistant parent, showing transgressive segregation,

Heterozygosity of varieties with respect to resistance factors is
responsible for soimme inconsistent reactions to chinch bugs in different
seasons. This is revealed when seed is saved year after year from
varieties grown under severe infestations of chineh bugs.
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Selections from Chiltex, kafir X milo, Kansas 27-317, and darso made
ab Lawton are mwuch more resistant to chinch bug injury than the
parent varieties,

Experiments and observations indicate that chinch bug injury to
sorghums results from a combination of ono or more of af least four
factors; (1) The direct withdrawal of plant fluids from cells and
especially from the xylem and phloem tubes; (2) the oxudation of
plant finids from punctures left open after the feeding of the insects,
with the attendant possible interference with root pressure and
translocation; (3) & clogging of the plant conductive tissue with stvlet
sheath material deposited by the bugs; (4) and openings in the pﬁmt
tissue are provided through which fungi and bacteria can enter,

Resistance to chineh bug injury is not closely associated with any
of the observed morphological or physiological plant characters.
Height of plant, sweetness of stalk, and color of stigma were the only
characters that showed even slight association with chinch bug
renction. This apparent correlation iz incidental and relates to the
characters of the particular varietiez in these experiments. The
manner in which the leaf sheath fits around the stalk may be related
to chinch bug injury.

Limited counts of bugs did not indicate preference for the more
susceptible varieties, but observations in years of light infestation at
Manhattan have shown a higher concentration of bugson susceptible
varieties. Olfactometer studies with the chinch bug indicated that
the olfactory sense in this Insect is not so strongly developed as in the
Colorado potato beetle.

The feeding habits of chinch bugs have been studied by examination
of the stylet sheaths which are left in the plant tissue at the site of
the insertion of the mouth parts. Counts of punctures (or stylet
shenths) in plants of Kansas Orange sorgo (resistant) and Dwarf
Yellow milo (susceptible) indicate that the bugs feed about equally
on the two varieties. Approximately equal numbers of punctures
were found on the leaf sheaths and blades of Kansas Orange sorgo
plants, while on Dwar{ Yellow milo there were more than three times
as many punctures on the leaf sheaths as on the leaf blades. Injury
to the plant owing to disruption of the transport system in the xylem
and phloem would be firreuter as & resuls of the feeding on the jeaf
sheath, where the vascular bundles are fewer than in the leaf blade.

Certain susceptible varieties mature early enough to evade chinch
bug injury to some extent.

Experiments and observations indicate that resistance may consist
of physiological characters involving at least in part the ability of a
variety to grow or recover in spite of the fceding of the chinch bugs.

Studies regarding the cause of resistance from a number of aspects
have given mostly negative results. They have indicated, however,
the improbability of 2 number of possible causes. Iven though the
exact mechanism of resistance remains obscure, this has not prevented
distinct progress in the production of resistant varieties through
gelection and hybridization.
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