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INTRODUCTION 

The biological eontrol of insects as related to host resistance is a 
relatively new field of study in which recent development has been 
rapid. The duta presented, gathered at :Manhattun, Kans., a.t 
intervals during a period of more than 15 years, and during a 5-year 
period at La'.vton, Okla., indicate the possibility of reducing injury 
by chine-h bugs (Blissus leu,copteru,s (Say)) to sorghums (Sorghum 
vulgare 1'ers.) by host l'eSiSitllnce. 

I Hec'Ch'ed forpuhlic'IItion Mny.1,IO;li. 
, Contribution nu. 4:1", Departmont of ]'nt.om()I(!~y, IInrl no. 24[" Depnrtment. 01 A~rouolllY, Kllnslls 

A~ricuitural Experim~nt. Station. 
• ~'he authors express nppreciation In C. H:. Loigh1r, prillcil,nl n!(ronomist. in chnr~e, Division of Dry

Land Agriculture, 1.1.• A. McCall, prineiplll ngronomist in "Iulfgo, Di\'ision o( Cerral Crops lind Diseases, 
and Assistant: Chief, Ilurellu of PlnIlt.lndustry,lIud t.o L. E. Cnll, direct.or, Knnsll.' Agricultural Experiment 
Station, Jor th~ support gh'en lo this proJoci., and to O. A. Donn, hond of Department of Entomology, and 
R. 1. Throckmort.nn, head of the J)opllrtnlent of AJ;rOllnmy, Kans,~, Agrlcult.ural Experiment Station, for 
their udvicelllld encouragement. AcknowledglUon t IS lUnde oCthe nctl"e purt. tllken by t.he latoJ. W. McCol· 
loch and by 'V. 1'. Hayes, former members of 1 he Depurtmcnt, of Ent.omology, KllnslI.' station, in the c,'rlier 
Investillations at l'vfnnhattall; IIl1d to J. H. 1.1 urtlll, senior agronomist, Division of Cereal crops
and Dlsell.~es. and H. H. Laude, Il~rollomlst, Kllnsns stution, (or valuable technical advice and assistance. 
Several State olld Fcdernl ngronomlsts have kindly supplied seed of sorghum vurlstles, selections, and crosses 
for these experiments. 
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Because eff::lient control of the chinch bug cannot nlwnys be 
effected economicnlly by cultmal prnctices, by creosote barriers, or by 
destruction of the bugs in hibernntion, ib is necessnry to seek other 
sntisfnctOTT solutions of the problem. One of the mogt promising 
methods of control is the breeding of resistant ynrieties of sorghum 
suitable for regions that are frequently and heavily infested with 
chinch bugs. 

At ]vfanhattan, Kans., outbreaks of chinch bugs have persisted for 
varying periods, usually from 2 to 3 years, but; sometimes much 
longer. There is so much uncertainty nbout tIle dmation of chinch 
bug outbreaks in this section that it is not 11 safe practice for the 
growers of corn and sorghums to depend upon naturnl agencies us a 
control measure. At Lawton, Okla., chinch bugs occur in dnmaging 
nmn1wl's llNlrly eyory yem .. 

No vnIiety 'of sorghum hns been found immune from chinch bug 
injury, but :'1. numbrl' of Yilrieties ure highly l'esistnnt. The usc of 
udupted ]'(':-;istul1 t vnridips js rceoIl1mended ill ('onj unetio/l with thp 
u.ppli('ution of dl'('('tiyc ('ontrol 1I1Cn8111·('S. 

'''T)lile tIlO dcyelopmcnt (If l't'sistun t vnrietips of sorghums us n menns 
of r0d u('ing ('11il1('11 bug Inj,ll y is vc.ry promising, it must be emphasized 
thnt youn'g pltmts of nIl varieties arc killed by u, suflieiclltly hravy 
infestiltion 61' bugs. How('Y('l', the period of survival of resistant 
vurieties is 111u('h louger thnn that of the more sus('.eptible varieties. 

TJJe .folll: llIcthods of obtnining adapted varieties of sorghums 
resistant to chinch bugs tll'e: (1) Tcsting the ('hindi bug resistanee of 
vilrirties suit0d to tll(' region; (2) testing the l'egionul udnptation of 
Yl1J'icti0l', known to he rrsistnnt to chineh bugs; (3) sfllecting resistnnt 
strains from uuaptC'<i vnl'ictics; alld (4) hybridization. 

REVIEW OF LITERATURE 

The gencrul subject of host resistllneo to insoets and rebted subjects 
lUI!:l bccn ]'cvi('wed by FOl'hrs (26),4 Trcheme (66), Brues (6, 1), 
Gmilllfll (80, jJ]Jo 47-011, 13B-]3/)), Wnrdle and Buekle (69, pp. 1-16), 
)'lcCoUo(Oh (.~lJ), L('es (46), Wardle (as, 1)P. 1-¥}), Mumford (58), 
Mumford nnd Irey (54·), Felt und Bromley (19), Jmms (42, 1)P. 240
249), Pnrkrl' und Pnintrl' (60), Hunter U11(l Leuke (41, pp. 89-41, 
82-83, frO, 251, SUi-3l8), and !vfacLeod ~51). 

HIJJl1optpI'OUS insects have been shown in some eases to be unable 
to 11luintnin the insect population on certnin varieties of crop plants. 
This has been ospceiull:r tl'U3 of Amphorophom 1'ubi (Kalt.) on Herbert 
raspberry (70, 11p. 18-23); ·of E1'io8oma lam~[!enl'ln (Huusm.) on 
Korthern Spy apple (47); of .:lfYZ1(,s houghtonensis (Troop) on incli
viduul gooseberJ'.Y plaIlts (18); and of fllinoia pisi (KaIt.) on nlfulfa (4.)0 

Varieties l'esistnnt to one or more spe~ies of insects hnye been 
reported in wheat, oats, corn, sorghum, sugurcane, grasses, cotton, 
alfalfa, bl'ouc1benns, onions, grapcs, currants, strnwberries, apples, 
citrus fruits, tea, und willows. 

Th(' life 11istory l1Jlcl habits of the chinch bug, under Kansas condi
tions, have been discussed by Hendlee und McColloch (33). 

Chinch bugs fCN! norll1nIly on various species of the grnss family. 
A i°aidy cOlnpletelist of kno\'til host plants, induding sorghum, is given 
by Horton and Satterthwuit (88). Bugs mny sometimes be collected 
on dicotyledonous plaIlts and occasionally feed on them, but without 

'lWicnumoors in IlUrenthcses refer to Literature Cited, II. 03. 
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material damage to the plalt(.s. In Kansas and Ol~lahoma the usual 
order of food preference among s:-nall grains is harley, wI'eat, and oats. 

Ha.yes a.nd Johnst.on (32) made obsf.'J'va.tions on an invasion of 
crunch bugs among nearly 100 species of native nm1 introduced grasses 
at Manhattan, Kans., and found tha.t
the different species showed different degrees of resistance to injury, and later 
some of them exhihited marked ability to recover from the attack. Native, 
perennial species with harsh tissues were able to survive chinch-bug injury and 
showed the most marked ability to ·recover. 

As early as 1879 Thomas (65) suggested the early seeding of spring 
grams, the growing of crops on which the chinch bugs do not feed, and 
the separating of crops as methods of control. In 1888 Osborn (55) 
recommended the manipulation of dates of planting and the planting 
of immune crops such as clover, buckwheat, and flax. 

The food ha.bits of the chinch bug furnished the basis for the reCOlll
mendations by Burlison and Flint (8,9), Flint and Burlison (22), Flint 
et u1. (23), and Henson nncl Drake (35)1'01' controlling chinch bug injury 
by cropping pI·nctices. 

lLESISTANCE TO CHINCH BUGS IN SORGHUMS 

Cottrell et Ill. (13,1).35), in 1900, reported that kufir plants when 
small were killed by heavy attacks of chinch bugs, but that corn was 
destroyed more readily. Bnll and Leidigh (3), Churchill and Wl'ight 
(11), Cunningham and Kennf.'Y (11;., JJjJ. 18-19), Getty (28,29), Hayes 
(31), Swullson and La.ude (64), VinnU et al. (67'), Danne and Klages 
(15), Kiltz et nl. (1;.5), al1d others mention the h.igh susceptibility of 
milo to chincUl bugs, and severnl report the relative resistunee of 
sorglmm varieties. The intennedill te reaetion of fetcritn and kuo
liang, hegtLTi, und the resistanee of the kafirs, durso, and certuin 
sorgos has been reported. 

Borman (5) assumed erroneously that resistarwe depended upon the 
juiciness of the sorghum stulk. 

Hayes (31) observed that milo erosses exhibiting hybrid vigor were 
not injured by chinch bugs. Hnyes unel Parker 5 collected data on 
the resistance of sorghum varieties n.nd hybrids to chinch bug injuTV. 
Some of their data on the inheritance of chinch bug resistance Bre 
included in this bulletin.. Wllitehead 6 made some preliminary studies 
on the cause of resistance IWcl susceptibility in the }\ generation of 
Kansas Orunge X Dwarf Yello\\r milo hybrids. . 

Parker (59) described the reaction of certain sorghum \'nrieties find 
hybrids to ch.inch bugs, as obsel'vecl nt ~1nnhnttnn, find showed that 
chineh bng resistance is n heritnble eha.rneter. 

UESISTANCE TO CHINCH BUGS IN CORN 

:Flint (21), Burlison unci Flint (D), Flint Ilnd Hackleman (21;.), tlnd 
Flint and Larrimer (25) have reported observations and experiments 
on chinch bug resistance in corn. mint, Dungun, und Bigger (23) 
have shown that several varieties of corn nre resistant but none is 
chinch bug proof. Com vlLrieties appenred to depend for their re
5istance upon certain vegetative charncters, since pl'll.ctically as many 
bugs occurred on the resistant uS on the nonresistant varieties. 

'HAYES, W. P., aDd PAItKEIt. J.ll. UESISTANrE Ot'CKHTAlN 80IWIH'l! VA Itl ETlES AND ITYBItlDSTO CnINl'H 
UUG INWr.y. 1922. [Unpublished report. Kalls. "\~r. Expt. St-'.1 

e WHITEHEAD, F. E. SOliE I'IUSES IN TilE In;l.ATION 01' clllNCll llUOS TO SOItGIlUMS. 1924. [Ullpub·
lished M. S. thesis. Kans. State • .j.gr. College.] 

http:13,1).35
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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 Fl crosses at Manhattan, Kans., and Lawton, Okla.. , 
showed that vigorous F 1 orosses were better able to survive chinch bug 
attack than the much less vigorous selfed lines, though there were 
clear-cut differences among the selfed Unes tested. Wide differences 
emong 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 different varieties. . 

BaH (1), Ball and Hastings (2), Dean (17), and Gable, Baker, and 
Woodruff (27), and others he-ve reported on the infestation of sor
ghums by the sorghum midge (Oontarinia 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 damage. 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 Karpel' et 
al. (44) state that "for some reason daI'so 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 taste, except sorghum nnd 
broomcorn, which are often left untouched." Helder (34) reproduced 
a photograph showing. the contmst in grasshopper injury to corn and 
sorghum. Dean and Ke"lley (16) report that "sorghum except when 
very small is not readily attacked by grasshoppers." Milliken (52), 
Uume (39), and Hume and Franzke (40) have also reported on the 
greater susceptibility of corn to grasshopper injury compared with 
sorghums. 

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

At Manhattan, the chinch bug usually has two generations each 
year. Adult insects 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. La,ter, upon reaching maturity some 
of the Ildults fly to new hosts. The progeny of these a,dults sometimes 
damage the susceptible va,rieties of sorghum. Because of the migra
tion on foot, the creosote harrier can be used rather effectively in re
tltrding the.migration, but some bugs will pass the barrier and enter 
the field. The jnjury from these bugs and their progeny can be re
duced by growing a resistant variety of sorghum. Winter burning 
of hibernating places js un efficient method of reducing the numbers of 
chinch bugs in Knnslls. Some bugs are killed directly by fire, but 
perhaps a greuter number arc killed by cold weather after their winter 
protection has been destroyed. 
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At Lawton, Okla., three full generations of chinch bugs develop 
each year, according to Snelling (63). The life cycle 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 nnd corn usually is 
accomplished by flight, and the creosote barrier is rendered ineffective. 
Winter burning of hibernating places is largely ineffective as a con
trol measure becnuse the mild winters permit the bugs to survive even 
when most of their protective cover has been destroyed. The growing 
of sorghums isolated from smnll grains, especially barley and wheat, 
aids materially in reducing injury. 

EFFECT OF CHINCH BUG INJURY UPON THE DISTRIBUTION OF 
KAFIR 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 from 1870 to 1923. These maps 
show that chinch bugs a,re not a serious limiting factor in sorghum 
production in western Kansas, where milo is grown successfully. In 
eastern Kansas, however, where chinch bugs are more often present in 
damaging numbers, milo is of necessity replnced by the more resistant 
kafirs. 

In Oldahoma and Texns, 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 developmer:.t 
of resistant types of sorghum were originally pursued by the Kansas 
Agricultural Experiment Station at Manhattan. Because of the lack 
of infestation in consecutive years the project was extended in 1930 
to the United States Dry Land Field Station, Lawton, Okla., where a 
chinch bug infestation is assured nearly every year. The Lawton 
station hnd another advantage for these investigations in that the 
bugs migrated by flight and distributed themselves rather uniformly 
over~the entire nursery. 

At Man}rcattan, the chinch bug nursery was planted so that the 
bugs moved on foot into the ends of the sorghum rows from wheat
fields close at hand. This resulted in severe injury or death to the 
plants nearest the wheat, and frequently a grnnuallydecreasing injury 
tGward 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 
secure4 on the percentage of plants killed or injured. Notes on ChiI1Ch 
bug injury also were secured from the sorghum-breeding nursery, the 
varietal plots, and tests in other parts of Kansas. 

Chinch bug damage occurred at Manhattan in each of the 8 years 
from 1921 to 1928 and in 1932, 1933, and 1934, and to a less extent 
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A 


FIGURE 2.-A"er~ge acreage of katlr (A) amllllllo (IJ) in l\:nnslIs, 1020-211 (each dot represents f!OQ ncres); 
(0) distribution of chinch bugs in Kansas (each dot represents Il yenr in which chinch bug ([Millage wus 
reported in tbe particular county during the period 18iO-1923). 
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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 thelr progeny. 

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

FIGURE 3.-A, Chinch bug injury to entire rows of susl'eptible sorghum varieties when the bugs flew in aud 
were distributed rather uniformly over the nursery at Lawton, Okla., 1930. Left to right, Bishop kallr, 
feterita, Kansas Orange sorgo, Dwarf Yellow milo, B1ackhull kaflr, Early I'ink katlr. A vigorous jo't
natural hybrid plant Is the only survivor in the row of Dwarf Yellow milo. B, Injury to the ends of the 
rows when the bugs wlliked into the nursery at 1'>fsDhattan, Kans., 1!127. 

planted specifically to obtain data on differential resistance in sor
ghums. A few varieties and a number ofF!! hybrid selections of 
Kansas Orange X Dwarf Yellow milo were grown. The infestation 
was moderate, the milos being damaged only about 50 percent. 
The chinch bug infestation in the 1923 nursery, when the F.lines of 
Kansas Orange X Dwarf Yellow miJo were studied, was Jess severe 
than in 1922. In 1924, the chinch bug nursery, consisting of F5 
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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 ~rown in the chinch bug nursery. 
In 1926 and in 1927 the infestatlOn was moderate in the chinch 
bug nursery. 

Conditions at Lawton, in the southwestern part of Oklahoma, are 
so favorable to the chinch bug that the insect has been present, 
usunlly in large numbers, at some time during the growin~ season 
every year since the establishment of the Lawton station In 1915. 
The average precipitation at Lawton is about 30 inches, but the rain
fall is so varmble and so torrential in character and the seasons fre
quently are so long 11Ild 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 southwestel'D Oklahoma. Barley, wheat, oats, corn, 
sorghums, Johnson grass, and broomcorn are all grown in this section. 
Theil' periods of growth nre 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 gruss offer ample protection for chinch bugs during 
the relatively mild ,·.-inters in tIns section. 

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 destroyed. 

Late freczes in the spring of 1931 were unfavorable to the chinch 
bugs, and they wcre not present in sufficient numbers in the early 
part of the senson to reveal any clear-cut varietal differences. The 
sorghum crop dcveloped normnlly well into the season before the bugs 
had increased to damaging numbers. The weather conditions were 
favorable to the growth and development of sorghums, and high yields 
of grain and fomge resulted. Chinch !...ugs were abundant in 1932, 
but the weather wus fn.vorable to the growth nnd development of 
sorghums. The more resistant varieties produced high yields of grain 
in the early plantings, but the susceptiblc vnricties did not yield so 
well. All In.te plantings were prnctklLlly destroyed, principally by 
chinch bugs. The conditions during 1933 and 1934 were very similar 
to thosc of 1930. Chinch bugs were abundunt in dUlTlnging numbers 
early in thc scnson, and severe drought prevllilcd from ~11lY until 
August. In most instances the grnin crop WitS a complete fnilurc and 
forage yields of most vu.rieties werc gl'ently reduccd. SorghuIU may 
recover from drought under some conditions, but u.fter un established 
infestu.tion of chinch bugs recovery seldom occurs. 

The number of struins in the chinch bug nurscry u.t Lawton was 
increased from about 60 varieties, selections; and crosses in 1930 to 
more than 800 in 1934. In most cases the plots consisted of only a 

1720"-37-2,• 
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single row 100 feet long, in which the plants were spaced 6 inches 
apart in 1930 and 9 inches a,part in the other years. Thus, 200 plants 
of each variety were available for study in each plot in 1930 and about 
130 plants in each of the other years. Ten of the varieties were planted 
in tl'iplicn,te GO-foot rows in 1931 and 1932. The more importllnt 
varieties and strains were planted on three dates each season. Kansas 
Orange sorgo, Blnckhu1llmfil', Dwn,rf Yellow milo, and feteritll, were 
pInnted ns checks in 1930 find Atlns sorgo, Dwu,rf Yellow milo, and 
Blu,ckhull knfir from] 931 to 1934. The check vm'ieties were planted 
in three distributed plots on en.ch d(Lte of planting. Plantings were 
mndo on Mu,y 20, 1o.fn,y 30, and ,June 6 in 1930. In the first planting all 
of the extremely sllsceptible vn:rieties were killed, and the intermediate 
types wel'e badly in,iured, mtLny failing t,o produce seed. 1o.fany plants 
of the more resistant varieties slll'vive(l and nULtul'ed SOlne seed. All 
of tbo vnrieties in the second lU1(l third plantings wero completely 
destI'oyed while the plants were small. 

In order to mn,intuin seed. u.t Lawton j t was decided to make the 
fir;;t pIILnLing on an earlier date. The npproximl1te dn.tes of April 15, 
}vflt,y 5, and June 1 from 1931 to 1934, inclusive, proved vcry sl1tis
fnetory. The Qnrliest plnnting lIs1ll111y furnished sufficient seed for the 
following yCll,~' and 111so showed the I1dn,ptl1tion of the vl1rieties under 11 
Jig! I t infestntioJl of chinch bugs. '1'he second planting revealed the 
gl'('n test difrercntiltl r('sistllllcC of the varieties. The third plunting, 
while llsllnllJT destl'oy('d by chinch bugs, furnished information con
cerning the mte at which young sorghll11lplants were killed. 

TIle principal dnta recorded. W('1'e the ol'iginnl stHnds, the Blunber 
of slIl'viying plunts nt S(I\'prl1,1 int('TYllls, und the gl'Uin yields. Oount
ing the survhing phn ts n t regulae intel'vn,ls showed tllC mte Itt which 
injury took pluee. 

The Illost striking symptom of chineh bug injury is the discoloration 
of the folinge when iJlcipient wilting is produced. Feteritl1 I1nd other 
white-s0eclNl vm'ieties show 11 yellow discolomtion of the basI11Ieu,ves, 
while milo nnd other varieties hn ,ring the plltnt pigment that produces 
11 eolored pel'ical'p show n. reel diseolol'atioll of the busallenves. One 
other eltl;ly indicn,tioll of chinch bug injury is the wilted nppenranee of 
the plnnts. In detel'mining the }'clu.tive resistu.nce, genel'lll notes on 
the degree of wilting nnd discolol'lltioll, nnd the devdopment of heads 
nod grnin suppkment the rCCOl'(l of plnnts killed unci gl'llin produced. 
A count of tho number of heads produced is useful in conjunction with 
notes on the den~lopment of hends nod the qUilJity nnd yield of gmin. 

In 1930, men.snl'Cll1cnts of the height of 20 plnntsin cneh vnrictywere 
made at weekly inL('rVllls to determine the effect of chinch bug injury 
on the mto of growth. It ]las since been found that clinmtic f.nctors 
Cfm 11(l'C('t the rn,to of growth as much us or evon more than moderately 
severe lnf('stn.tions of ehinch bugs. Observutions lltwe shov..-n, 
however, thn,t the, TntI' of growth is l'eturded in varying degrees by 
chineh bllgs. 

At :MUllhn.ttnu, the l'edl1dion in height of pllUlts n,t the cnd of t,hc, 
rows nen,rest the whent stubble, us a :result of chinch bug injury, hus 
given some Sllpp!cmenttll'Y evidence of resistunce. Plants ncar the 
ends of the rows whicll are close to the source oC infestation are much 
more seriollsly injured than other plants in the row. The amount of 
rcduetion in height 1'1'0111 dwarfed to Jlol'mnl plants in the row differs 
in the }'('sistnnt nnd sllsceptible groups of YtLrieties. 
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Sorghum plants, weakened by chinch bug injUl'Y, lodge more easily 
than those that are uninjured, hut they do not lodge so easily as corn 
that has been injured. At Lawton, lodging, caused by chinch bugs, 
has not been great enough to yield any definite information on 
differential resistance as related to strength of stalk. 

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

Some varieties appeared to increase in resistance to chineh bug 
injUl'Y owing to natural selection for udaptn,tion 01' for resistance to 
chinch bugs and drought. 

Seyeral of the sorghum breeders ill the Great Phtins llltve furnished 
seed of new varieties, selections, and hybrids that have shown promise 
at their experiment stations, and these new types hnye been tested 
for chinch bug resistance one or more yeurs at Lu,wton and at 11an
hattan or at both. 

EXPERIMEN'l'AL RESULTS 

IlESULTS AT MANHATTAN, KANS. 

The percentages of injured or dead plunts of sorghum varieties in 
the chinoh bug nursery u.t Manimttu.n in 1025, 1 \')26, und 1927 ure given 
in tab]~ 1. In HJ25 the inf'est!ltioll WIlS se\'ere and mnny of the 
plants in the nursery wore killed. At tlJC time when tho llotes w(,1'e 
taken in 1926 the infestation wus not sevel'C, while n.t 110 time in the 
season of 1927 wns the infestntioll sllH-irient to Jdll the sllsceptihlc 
strains. 

:L1 spite of this wide range in severity of infestation there is n, 
geneml ugreemen t in the degree of inj lll'y of' vUl'i('Lles. Tho milos nnd 
feteritlls are susceptible while most or thn lmnl's und sorgos uro l'elntiyc
ly resistnnt. The selection of Red Amlm' sorgo X -fcteritu, tested 
in 1926 and 1927, showed It high degl'('e of ]'('sistnnee. Lasley sorgo 
is much more susceptible than Kansas Ol'nngc. . 

'rAIIL}] L-Pcrccnillgo of lJl(/1t(,~ of S(}r{fh:u?I1. I'ar£l.'lies 1'lIjUI'l'(l or !.:illcd /JJj chinch 
bugs nl, llJanflntlan, Ka'lIs. 

V:IIlty ,•.• --·"---":P("lrIllln.1 Plall1s injl1T1',1 or killed 

, 

Sur;,!o (forago .sO"Rhulll$)! 

KllnSIl~ Ornn~o.. ... ....... . 

Knn~us Ornllgo (C1o(J!llnnd), ... ' . 

Knu<as Ol'nllgo (whilo Fe~dli(J) ••••. 
 ...-...................-............
lIlack Amt1<!r.... . '" Hi 7 

~ 

Htd Amber...... S,I IiLeutl HOIL•.• 
Hed ,Amber X f01l)l'ltll •. to 

8Rtnndurd SIIIIIII(·.. . 0:1 ISBurly Surllnc ........ . 
 il) 14\\'hllo African ........ . 

I.nsl&y••_............ ," , i.1 ~~ .. ".. "' ..Or :::::::::: 

lIolloy................. .. an
Knflr: 

Jlhlf'khull._••••••.••.,.,. Kg, 2.12!KI ........ , .. . 
 GS
Hullrlse.................... .. ' •. ,"'. ('.1..172 ............ .. iT. 

Heetl................... , .................. " ('. I. (;2{!............... iti 


, ]Ifnny vnr/rUes of sorghulll nrc l'orn lI1onl~'deslgnnled h ylel.tcrsorntllerllhbrc\·lntlons IlIdlcn tillg lhoorlglll 
of lhe ~ced. 'rhe mCllulllgs or sneh desigllnt.inns for tho Yllriet.il.'s IIWlltiOlllld Ulroughoul this hnll~lIn In 
(ext lind tnblcsllrcns follow~: 1<', C.=ncl"""lonllumbcf, DlI·jslollo( Forngu Crl)fl~llnd DJscllse.; Ks,=Knllsn$ 
Agriculturnl J,xlKlrllllcl,lL Slllllon: K. lJ,= KlllIsns HOI.IIIIY 1lunltJl'r: C L""n('t'e~sloll lIIullhcr, [)Ivlsion of 
Cel'1'nl ('ropSIIlII Diseuses; Ln,= 1.011'(011; '1'. S.='J'cxns~llltlon; 11. C.= lhlYS Ccrcll!nUlllber; WII\\,.= Wood. t ward; Odw.= Ooodwcll; 'l'rlh,='l'rlbunc; O. E.= CooJicrnUvo expcrlment number of KUllsas "\gricultural 
Experiment Stillion. 

• ....vernge of 2 plots. 
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TABLE 1.-Percentage-of plant8 of sorghum varieties injured or killed by chinch 
bugs at Manhattan, Kans.-Continued 

Piants injured or killed 
Variety Hec<lTd no. 

l021i 1926 1927 

--------------------------11-------------1--------------
Kanr-Continued. 


Dbwn....................................... . 

We~knll...................................... 

Pink........................................ . 

R.,d seiect.ion ................................. 


Feteritn: 

Fcteritn...................................... 

Rpllr......................................... 

Red lenL.................................... 


Feteritll·kafir dcrh'nUves: 

Kaflritn..................................... . 

Kuflr X retcritn.............................. 

Peirce........................................ 

Wond~r.................................... .. 


Milo: 

Standnrd yeliow ........................... . 

Standard White.............................. 

DwnrC yellow............................... . 


Do....................................... 

DwnrC Whit~................................ . 

Double DWllrCYellow ...... __.............. . 

Enrly White................................. 


Milo dcrivlllive~: 

Milo cros~................................... . 


Do...................................... . 

Do.................................... . 


l\·t\lo X kIlOr.... ......................... . 

Do...................................... . 


Dison....................................... . 

Smith Early................................ . 


Other \·uriet.ics: 

ncgar!...................... ................. 

Schrock............................."......... 

J)arso........................................

Froccl........................................ 


Do..... ...... .••• .......... ............... 

Kansns Ornngll ~orgo X Cctorita.............. 

Oklnhomn Johnny............................

UuIT durrn. .... .............................. 

Shn!1u............................ .... ........ 


C. 1. 340............... 

F. 0.0171............. 

C.1.432............. .. 

Ks.20111. ............. 


C. r. 182-1............. 

C. I. 623............... 

K~. 24202.............. 


C. 1. 812............... 


Perc~nt 
75 
~ 
73 

96 

~~ 

49 

Percent Perct.nt 
II 

"'"'-''' ••..•....ii 
.................... 


58 	 30 
19.. · ..·..28· 39 

33 .......... 

Ks. 24287.............. .......... 08 ........ .. 

Ks. 24285........ ...... 64 9 .......... 

C. I. 872............... 70 .................. .. 


O. J. 2a4............... . •••••••.• .......... 

0.1. 352............................__..... 

O. I. 332.......... ••••• 391 I iii 

K~. 24240 ............ .......... ao 

KR.I05:L......._...... 85 30 

Ks.2742'-............. . ......... ..........

C. 1. 4ao............... .......... .......... 

Ks. 27422.............. .......... .......... 

Ks.2742:1.............. .......... .......... 

Ks. 27424........................ "'''''''' 

Ks. 2·1232.............. 07 


.500.' 
j 62 

""""" 
, 61 

69 
37 

1 I 
4 

10 
.................... 


Ks.24231.............. 68 r,o .......... 

K~. 2·1377.............. .......... .......... 14 

Ks. 24374.............. .. ........ 42 .......... 


0,1. 750............... 81 14 19 

C, 1. OW............... 81 .......... 10 

O. I. 015............... 68 .......... 11 

Ks. 27410.............. .......... 2\l 32 

0, I 3fil............... 73 .................... 

Ks.243m.............. .......... 41 .......... 

Ks. 27443.............. .......... .......... 17 

Ks. 25ml.............. 84 .......... 24 

C. 1. 85................ 88. ....... 26 


~~lg~~I~gr;i.:::::::::::::::::::::::::::::::::: .~~..~~~~:::::::::::::: .......~:.I:::::::::. 
Sudan gross X ~orghum."._................. Ks. 27442.............. .......... .......... 

~ 
11 

I Avcrngo or 2 plots. , A verngc oC 6 plots. 4 A erage oC 4 plots. 

RESUI,TS AT ),AWTON. OKLA. 

The percentage of sor~llUm pJI1Ilts killed at Lawton in 1930, 1933, 
1933, and] 934 is shown III 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 elsewllere under the same J'ecord number. If a strain was 
Teceived without a number, it, was given a Lawton (La.) number. 
Selections made at Lawton are also givcln "La." numhers. Relatively 
few very susceptible varieties were grown during a114 years, but most 
of them were ~own at least 2 years before they were discarded. 

The infestatIOns of chinch bugs in 1930,1933, and 1934 were of about 
equal intensity and were greater than in 1932, but the relative degree 
of injury among the varieties WIlS similar in tho four seasons. The 
varieties and hybrids that differed in their reaction in most cases prob
ably had undergone some natuml 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 

http:Perct.nt
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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 Wore killed in 
each of these seasons. The seed from which the 1933 and 1934 crops 
were grown came from rows that had been subjected to natural selec
tion under chinch bug infestations for two seasons and in which the 
susceptible plants were killed. 

TABI,Fl 2.-Percentage of plants killed and degree of plant development of sorghum 
val'i(;tie.~, selections, and crosses grown in the chinch bug nursery al Lawton, Okla., 
1930 and 1932-84- 1 

~ Dcr~ree of plant de-Plants klllet! ;; velopment I 

Variety necord no. g'"~1--,--.--;- 

19:jQ lU32 1033 1934 ':" 1030 1G3Z 10~3 1!l34
.,.
-----------1-------11----------------
Sorgo (forage sorghums): Pet. Pcl. Pcl. Pet. Pel. Pel. 

Atlas (chCl'ks) ••••••••••••••• O. r. ROIL.____ •••_ 20 7 20 5 14 Ii! n A EY DY 

Atla:! X Sunrise............. Ks. 32101..____._.. .... •. 7 4 •••• "'" ..... D lJY 

Sunrise...................... C. I. 472....._..__ 40 2 8 5 5 14 D J.. ]) C 

Atlas X Early Sumao....... La. 31364•• __ ...... .••• 18 50 .._. 34 .... ____• 13 E 


Do...................__• F. C. 9100......... . __ • 38 22 ___... __ " ••_.. "'" E "j)' 

Do...... _......... __ •••• ~'. 0.9165........ _ •••••••, 34 6 ........ __ .._.. _"" D n 

Do..................... . D 

Do.......__..... __...... n~~~ ~~~g:~:-[~:::: ......:: ~5 --ii' ~::::: :::: ::::: ::::: ]) '"i,' 

Do......... __........... E B 


White Afrlrnn X Sumao._••• lati~ m~~~:::::: ::::'-0- ~ I~ '''4ii' :::: ::::: --;." E B 
Early Sunlllc X reterllll•••••• F, 0.9102......... .. •. 56 2 .., __..... __......__ D c 

Red Amber X fete;·III1 __•• __• Ks. 321~0•••__• __ •• .... 32 20 ----0.. --12--'n--' --A'" ,II 


Do...... __ •••••••••••••• K. n. 2513____..... 211 1 17 2 _ A e 
° Ret! Amher......__•••••__ __ OX 
Leoti neeL ••• _••••••__ •••••• ~: Kl~~::::::::: '07' 2& ~ "52' ~~ '42' "it· Al D "D' 
Kansas Ornn~e ••••••• ____... Jo'. C. 01(18......... aM 7 21 2 14 17 llY A Jo;Y DY 

Waconia Ornnge ••• __ • ____••• La. 33220011................ 47 8 ...... ____ '"'' ..... n B 

African Mlllet._•• ________ • __ ~'. 0.11111............ 12 24 I 18 A DY DY 

Sourless•• __ •_.............__ F. C. 0074....____..... 2 41 '25' 22 A C 

Standard Sumac.____• ____•• D 
Early Sumac. ______••__ •••__ ~: 8: ~~li::::::::: "·iii· ~~ ~y 5 5g ':iO' 'j)"' a D 

Knflr: 

Dlackhull (checks) ' ...____• C. I. 71.........__ 37 7 37 0 22 2:1 EY A DY DY 

H"pd......... ____ ••••• ' __ '" O. I. 028.......... 40 0 8 5 4 I.; ]) a )) e 


o. I. 1023__........ _... 1 40 12 24 _... "J')-- 0 E ]~
~K~~:::::::::::=::::::::::: 
Do•••••••.••.•...• __••• 8: f: ~~~::.:::::::: 3~ 2 3~ I~ "".j' 'iii' D ··;C·~ g


Western Dlllckhu I 1' .. _. __• __ C. I. 000........... 23 I 47 10 24 20 0 Ace 

Texll.~ Jllackhull.......... __ • 
 FO' 1°'88003 2 .._.. __ •• 40 8 0 ----;,. '1'4-- ]D) "A-" "0'" I]»~
Sharon....__.........__ ..... • • 1 ........... 42 I 5 u 


Eason••• __•• __...........___ 
 '1'. S. 211m .....__••• -- .... 00 1.; ····10·· "1'4" --1")-- ..~\.. Cc' E
Pink••••••••____ •__......... C. I. 4:12.......... 311 1 19 0 • E 

Juicy Pink.................. F. 0. 009!......... 5.; 1 44 5 23 26 J~ ACE 

Early l'lnk__ •• __ •__••••___•• Ks. 29372.......... 0:1 •___ •• _......____• ....g ..... ' __ " ..... 

Meade lied••__________•• __ ' Ks.21J.100.......... 4:1 4 41 51 23 35 D A 0 E 

Double Dwarf ned..__ •____• Ln. 331148 ................. 100 100 ...... __••••", _.... F F 


Feterlta: 

Feterlta ' ••_____.....____•••• C. r. 182........___ 118 30 24 ·13 32 51 F 13 nx ex 

Spur• ______................. O. I. 023....._._••• 02 42 18 65 ;m 54 Ene J<; 

Dwarf................___••• " Ks.20333.......... 08 __........" .. ____ .. ,. ~' •••__ ... __ .... . 

Extra Dwarf. ............... 'I'. S. 6.112__ .........._ .... 100 34 """ .,._ ' __ " .,__ • c ex 


Feterlta Racl knOr dcrlvollvcs: 

AJax__......_....... ......" F. 0. 0020......... 00 30 liS ·14 fi5 F C D E
:I:! 
(Feterita X kllllr) X kallr___ • F. 0.8951 __....... 85 2 43 23 E c D 

Ohfltex.............. ,. ..... c. I. 874..__ .._.... 100 22 23 '52" 23 "40' Jo; C "it· 

Chlltex selectlon.... __.... __• J,n. 31:100__.......... 27 24 20 C
.....-"'fi' ° Premo....................... C.1.873.......... 80 8 25 17 - ...... 0 0 

Kaflrfta••• __ ••__ ••, •• __.,... 0.1. 812........... 10 , -iii' 12 .. ". .... "ii- A ° II --(r

Peirce...................___ • Ks. 24~85.____ •__ •• 100 23 .. ", ... 0 0 

Wonder............__.._... 0. I. 872.......... 58 10W I:!~ 0
17 18 ..... 11 
 DX --0--Club........................ C. I. 001.........._ 84 8 :13 0 21 ~a 

~ 

E A C 

Club selection............... 1.11. 33114:1a............ .... I 10 ------ ..-... - ....~-~ --...-... 0 c 

Dwarf Club............_._._ n. O. 334.....__••• __ .. __.. 42 II ..--- ... --........-...... ----.. ]) C 


I Planted May 21, 1930; MIlY 4, 1932; May 8, 1033: Clnd MClY I, 1934. 

• Degree of development denotes tho combined IIction of chlueh bugs nnd other environmental fnctors; 

A~Development normal; B=dovelopment nearly normal, groin fair to goo d; C=DlostJllants headed, grain 
shrh'elcd; D =most plllnts reached booting stage, few hellds, no grain; E=Dlos! plnnts led at or Just before 
booting stage; F=very susceptible, most plan ts died before booting slage; X=some Injury evaded due to 
early maturity; Y =grellter Injury because of late maturity, 

• Hays, Knns.. row numbers of Division of Forago Crops nnd DIsea.'lC.~. 

j Used as checks in 1030. 

, Kansas Agronomy Fnrm strain In 1930. 

'Used as check In 1934, 
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TABLE .2.-Percenlage of plants killed and degree of lJlant development of sorghum 
varieties, selections, and crosses grown in the chinch bug nursery at Lawton, Okla., 
1930 and 1932-34-Continucd 

'Plflnts killed ~ ~ ~ Degree or plBnt de-. e~ d Yelopment 
Vurlety .Heeord no. 0> '" 

~al?II032 1113:l10;H fg ~. ~1-I-o-aO~I-!l-:l-2.,.11-9-3-3~19-3-4 
~ d ~---1-,---------------

Foterltll nnd kaOr derivlltiv~s
Continuud. Pet. Pel. Pet. Pet. Pel. Pet. . 

Wliite durso. _____..._••••• _. K. B. 3002_._______ 42 Ii 26 III __ ._ 0 o
Do......._....._____ •••. Ks. 30108__________ .... __ .• 12 


Dnwn kntlr X darso _______ •. 'I'dw..23 __._______ ____ 2 39 ---- ''':ii- :::: ::::: --A- o 
o 


Do_.._._._ •.•.•••_•• __ •• Wdw.28_________• ____ :I 14 o _______•. C C 

Shnron knllr X durso._ ...._.• 
 Wdw.12.._••______._. 2 8 

Do_. _____..___ •• ___ •••• Wdw. 48-12.______ •_______ 32 --2- ____~_ :::: ::::: _.~.. 8 --:'r-
Do__ .............._.... . Wd,,·. 52-20___________ • ___ 10 6 B ADO ____ .._____ ••• _...... . Ln. 3285 __________. ____ ____ 34 2 o 0Ks. 32132_______• ____• _____ 69Dnwn katlr selection X 30 D E 

(Knnsns Orange sorgo X 
Dwnrf Yellow inilo).

Dwarf foterltuX(llliloX n.C.30L_._____• li3 32 i 20 ]) o C 
knllr).

Do _______.._..__..___ ... n. C. 302_____..__ 44 19 8 14 C Il B
Do.______ ... ___ .. __ .......... If. C. 312 __ .. ____ ..... _~_~ 27 2 18 15 ____ _____ B A Jj 


Dwarf foterltuXDwurf n. C. a:lO____..._......... 
 18 ______ . ___________•• IlX ex 
Freed. It 14 _______ ____________DwnrffeteritlIXkntlr••...••. O. I. 060 _____..._••••• _••• o JI 

FeteriluX(!urra.... _..-..... Wdw.182U._••__••--. U5 -loii" ';r.- ---8';;' ... - ----- F
Feteritu X kaollung (Wml(l· ____ •________• ____ •••___ i2 'v u F 

wnrd selection 1) . 
.;\mo: 

Dwnrf Yellow (l'Iwcks) ...... 0.1. 332__________ 100 100 100 100 ]00 100 F F }' ]0' 
Dwarf Yellow seh~elion •• _. __ G. e. :JO-L___..___ • ___ 100 100 100 lOa F}' }'
Day•• ___ •••••_••••••••__ • __ . \"dw.1~7 .-----... ---- 100 100 100 ]8~ .:_-_- --F--- c!"x E Jo' 
Sooner__................... . C.l.9Ii_...___... 100 100 O{l v _ ex 

Enrly Yellow..._........ _•• '1'. R. 211!l5............ ___ • 73 _____________ • __ ... OX
r __ __ 

Crellm._._ •••• _. _ ....... . La. 3012......_..... ](lO __ ._ ......______....._ F _____ ..._....__ 

}cnrly White.............. .. }'. C. 5880..____... 100 ____ ... _ ..____..__ .... }' "_" •••• _ • ___ _ 

Dwurf White __ .....__ ... .. F. C. 8U27_........ 09 ____ .... ___.._.... F _.. __ ... __ .....
r. __ 

Extrn Dwarf While __ ... _.•. '1'. S. I:J352 ___ .. " __ • IW 100 IW .._. __.__ 1" }' 
Double Dwl1rf..••• _•• _••••.. Ks. ~'I!254______ ••• _ IW ___ __ 'r ..__ ______ ____ .b' __ ....__ • 

\-rilo derivntives: 
13ishop................___... ('.1. 811. ___ ' ___ " 100 88 lOO 114 ____ F F F 
Dwarf Bishop_____________ __ Ks. :1322... _____ •.•••______ lOll }' 
Desert Bishop••_. ___ •______ • C. I. 8iO•• -' __ r'" .. '" 100 100 ...- --,(IIi- :::: ::::: -~F" F
1Vfnnko._____ •___________.... P. C. 8l1!!I._.... _.. 20 5 87 16 _.._ E E F 

e. T. S09 ___ .... _.. ___ . iO mi IllO 83 ..___"__ E E .F 
KR. 2·1377___ .... ___ lllO .. __ .. __ '''_____.. ___ • F ______________ _ ~~~~~~::::-::::::::::::::::Knlo ______..._________..... e. 1. 902_________ • i7 01 23 00 55 02 E F OX E 

Enrly knlo__________.._. ___ •. e. 1.10011_______.. "'_ ..._ 8 17 ______ ..____________ OX ex 
Custer__ •• __••________ .. __._ C. 1. 019_ ... _...._ 78 29 100 05 ____ F E F 
Custer selectlon ___________ __ 
White Custer. __ • ___ ........ ft~3k~2.---..--- ... ',-- I~~ .. -- '--!iii- ---- ----. --F-- ~ 

Pink kufirXDwnrf Yellow c< I. g03_-:'-:'::::~:: 'i;u' 9~ lao 92 54 'ii- --:i!.-- e D --.ii-"

lIlilo.
DO_.____..... _...._____• Ks. 30m ________...._.. :n i7 5-1 D D
DO ______••. _..........._ Ks. :J070..______• __ ._,. 5 
 100 53 C DH. S. 311_____________• 100(Pink katlr X DwnrfYellow 100 100 1<' P 


lIlilo) X Dwar( Yellow 

milo.


Beuver___ . ______ •.•• ___ ..._. C. I. 871__ ......__ 96 100 100 100 100 99 E E E F 
Wheatlnnd_. ____........._. C. 1. 918 ____._,,__ 08 47 lIlO 100 74 80 F E F FWdw. 1-2c.__________ 100Wheatland X Dwarf Yellew 100 -,. .....-- ---- ....--- F F 

lIlilo. 
-~-

(Kutlr Xmilo) X Dwarf Yc]' Wdw. :1l-i9___ •_____• 23 100 112 C E 
low milo. 
. Do __________ .......... _. Wdw. 0..__________.._ 20 76 48 C C 

KnfJrX Dwurf Yellow milo. C. I. 808__________ • ___ 33 100 07 D E 
Do_______•__._.___ •••••. Ks. 27-317 __________ ••• 5 40 47 20 C C ])DO__________•.•____ • _••• C. I. 895__________ .... 3 72 38 C D
Do____ •________• ____ ••.. C. 1.896__ • ___________ 12 52 32 C D 
DO. _______._....._. ___ __ C. 1. 897._________ ____ i 50 33 0 C 
Do. _____..... _....._... . e. 1. 898_______._. __ .. 0 10050 C F 
Do_.____._.. .,. __ ... . Wdw. 8-2-6_•••••• __ •• 5i 100 79 C F 

Kntlr X DwarfYeilo"rmilo. \Yd\\'. 21-2-3-L___ ---. 13 1-00--' -.-- ---u;.o-- ---- ---.. 0 ----- .. _..Do __________....___..... Wdw. 2G-2-2-1..._ "'_ 11 0 F _.. __Do ________________._ ... . Wc\w.2G-3-3-L _______ 21l 100 ____ 113 _•• _ _____ C F ____• 
Do ______ •_______ ._._.... Wdw. 38-1-2-1._____ ._ 50 100 ____ 75 ___• _____ D F _____
Do _________• ____• ____•__ Ks. 3048.__________ ____ 5 49 ____ 2i .___ _____ 0 C _____ 
Do ____________ • _. _____or C. E. 11124_____..__ 100 _. __ .-.' _.._ • _____ •• __ F ______________ _ 

Dwnrf While milo X Bluck La. 31162__________ ____ 4 8 1 6 __ ._ _____ A 0 A 
hull kntlr.

Early White milo hybrlcl___ Ks. 3219___________ .___ ____ 34 36 ____•• ______________ OX ex 
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TABLE 2.-Percenlage oj plants .killed and degree oj plant develoJmwnt oj sor{]hum. 
varieties, selections, and crosses grown in the chinch bug nursery at Lawton, OkZ(I., 
1930 and 19S2-34-Continued 

Plants killed ~1? II ~ IDe~rce nf plant de
~8 :;:# veiopmcnt 

Variety Record no. 

I-IO-3""011-19-32-'11-19-3:1~11·.1~03-411 ~~ :?, \0:101. ](132 1193:1 !1034
",.- •..,., 1 I j 

-.1I-n-lo-d-er-iv-,,-t-iv-Cs---c-o-n-u-nu-e-d.-:------·!'-p-ct,l pc/,Iped]>c/,' -;;;i~'I-'I-;-i 
Dwarf White milo X begllrL IT. C, 282_________ 39 1 j2 ..... 3i 1"'_ C' c C 1..___ 
DwarfYellowmiloXbegari. Wdw,11-2. ______••••• _••• 45 4.1 •••••T ........ ,..... c I c 

Do.__ •••.••_.__ •• ___.._. Wdw. 10-1. ___________ .... :18 08 ------ .•••- --- •• "'" ]) I g 
Durra X Dwarf Yellow milo. J II 'U340 66 I I .F 
DwarrYellowmilo X DWflrf :IT,·C. 303'':-:::::=:: '06- :::= :==:C::::!'::::,--]'-- :::::1::_::5 B 

Freed. II I I IKansas Orange sorgo Xl' 
Dwarf Yellow milo_ ______ Ks.30-33._________ 68 8. i1 53 ·JO : f>O I E C C ]) 

__ .... --..-------- ..-.-- Ks.2-1-'130.Ks. 26-508____ ___ __._• 41 --2-1--';-.. --3" ""'.;' ', ---,"I J(')' ".-.L·'I.--}·I' --.;--"DoDo__ _____ .____________ ••___ 20 ~, ...• 
Otber varieties: 

HMeogbarraLy~:.::---_-::..:::::=-._.: C.1. if>O. ______ ••_ 08 11 44 ---- 28 :.... ,)t C IC ---. ------- --........ . La. 31-335.______•__• __ 23 38 ____ :ll ..... .••. B }: ••_.. 

Groboma______._____________ C, 1. 020. _________ 3i 22 as ____ :10 .... ·]) B D. ___ • 
White Grohoma___ •_________ La. 31-355________• ____ 30 28 Zl :12 -.- J) IDE _____
Schrock_____________________ C. I. 010__________ 52 •___ 1 19 J4 ______ . __ • D _____]) C 
Darso_______________________ C. I. 015. _____.... 5(i I 21291 8 10 2·1 C A I J3 ADarso X Fargo. _____________ Gd\\'. A30L___________ ,____ 18 17 __________ .____ _____ n C 
Freed ___________________ -__ • C. 1. 3f,(). _________ 84 1___ . '. __ ._, __________ j.... 1.' _____ ... _____ __ 
Dwarf Freed________________ C. 1. 9il __________ iO 13 / 1-1 i5 ]4 ·13 llY A CX I J)
Freed X Piukkllflr. _________ 'I'rib.H. __________ iU .. _.' ___ • _________..._. E _________ ,, ___ __ 

Do. ______•______________ 'rrih.:lII___________ ____ !01 :li ' .. __ 491_'_' _____ B C' _.. __ 
I 

Ur~:~~~~::===:::::::::=::::: r,:~C3.2Jf;-i:::::::::!I·:i7· --:i" Ig 2~ ----O-I· i :>.· --D--I--)"-- Cl DD~ 
~fodoc .. ________________.. _.. __ C'. L \rJii__ '"""' .......... iH ]2 5 C {) 25 DeC- n 

y__c_h_e_c_n_n_e,_--_._--_--_._--_--_._.._--_-'--Ln_,_3:_1I_lt_1.1,_._,-_•._,_•. -- 'j-' -- 2.1 3:1 ---- ••1'-- (----1-- '--1 C DX 

One of the most plausible explu1U1tioJ1s for un uuusuull'enction of Il 
variety to chinch bug injury is the peculiaraJaptation of t.he variety 
to seasonal conditions. In 1930, a season of heavy iufestation, 011 
of the Sooner milo plants were killed. One plunt in the Sooner row 
survived, but it was an Fl natural hybrid. The infestation of bu~s 
in 1932 was relatively light, but all the Soo11cr milo plunts agmll 
were killed. In 1933, the infestation was very heavy, but only 69 
percent of the plants of Sooncr were killed. This vnricty III a tUI'CS 
early und appare!3tly the only rcason that 31 percent of the plants 
survived a heavy 1Ilfestation of cLinch bugs in 1933 wus that Hlc plunts 
were eurly enough to evade the heaviest injury that occurred Ilfter the 
surviving plants had reached maturity. Growth and devclopment 
of later maturing varieties, such as Dwarf Yellow milo, wCl'e retarded 
by a drought that occurred about the time the Sooner milo plunts 
wcre reaching maturity. 

Atlas sorgo, originated from a cross betwGcll Blnckhull knfir und 
Sourless sorgo, is highly resistnnt to chinch bugs nnd wen ndnptcd to 
Lawton conditions. This dual-purpose vm~iety hus white, pulntuble 
grain, is leafy, and llas sweet, juicy stalks resistnnt to lodging (58). 
Atlas is more resistant to chinch bugs and prod ueeS higli('l' yields 
than Standard Sumac sorgo, a varicty widely grown ill thc Ln.,\'toll 
section. 

Among the kafirs, Dawn is vcry resistant, while :Mende Reel is 
moderately susceptible. Double Dwarf Red Imfu' is mll,ch mol'l,' 
susceptible than nuy other Jm.fjr. This very dwarf strain does 110t 
develop normally and has 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 selecHons from 
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 snsceptibility to chinch bugs. 
Club is a selection made in It row of Dawn kafir a,t the Fort Hays 
(Kans.) Brunch Experiment Station and may be a natural cross 
between Dawn kafir and feterita. 

A white-seeded selection of Sharon kafir X darso, "roodwanl no. 
52-29, is resistant to chinch bugs and appears promising because of 
its ability to produce satisfactory grain yields under drought con
ditions. 

In the group of milo derivatives, Beaver is as susceptible ns the 
true milos nud Wheatland also is very sllscC'ptible. These two 
varieties, well suited for hnrvesting with a combine, are not adapted 
to ,Lawton conditions, irrespective of chill('h bug:;. Kalo is less 
severely injured hy chinch bugs than Bei1YCr IllH~l 'Y'hentland. A 
selection of kn fir X milo, Kansas 27-317, is more r(,!'istnllt to chinch 
bugs than BenNer or Wlleatlnlld and is better adapted to I..Jllwton 
conditions than these varieties. 

Two selections of KnJlslls Orange X DWlLrf Yellow milo show a 
striking difference in chinch bug reaction. Kansas 30-33, a short, 
combine type, is modemtely susceptible, while a tall strain, KUllsns 
no. 2.4136, is the most resistant St1'llill tested at Lawton during the 
4-year period. These selections are dcseribed in more detnil in the 
section of this bulletin dealing with adyallced hybrids. 

In the group of miscellaneous Ynrieties,hegari is mom susceptible 
than most of the lmfirs. Hegnri hus the capaeity to produee high 
yields under favul'uble soil and climutic conditions, but is errntie in 
its beha,yior and is not dependable under adyerse growing conditions. 

Darso is moderately resistant to chinch bugs and produces good 
yields of grain even in ullfuyc)mhle sensons. The brown, bitter 
seed of dnrso is an undesirable chnracter. 

Greeley, I), selection from Pink kafir X Freed, bred at the Tribune 
(Kulls.) Branch E).-periment Stat.ion, escapes serious injury from 
chinch bugs becnllse of its earliness. :Modoc, nnother selection from 
the same cross, made nt the Fort Hays stfLtion, hns shown increasing 
degrees of resistance during the 4 yNll'S it hus been grown at L!lwton. 
Cheyellne escnpes severe chinch bug injury because of its eurliness 
but is llot netunl1y resistant. 

The range in nvernge percentnge d plnnts killed is from 7 percent 
for a highly resistunt selection of Knnsns OJ'Hllge sorgo X DwnrC 
Yellow milo to 100 percent for the very susceptible Dwurf Yello,,' 
milo. The three vnrieties used as checks show signific.il11t differences 
in chinch bug renction. Atlus is most resistunt, 13 pel'eent of the 
plants having been killed. Blackhull kllfir is moderately resistant, 
23 percent of the plants haying been killed. Dwurf Yellow milo 
is highly susceptible aud has hnd 100 percent of the plants killed in 
each of the 4 years. 

The degree of plant development (indicated by letter symbols), 
togetht!r with chinch bug resistance, furnishes a reliable iudex of the 
adaptation e~ sorghum varieties to Lawton conditions. 

J: 

.. 

) 
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VARIETIES TESTED BOTH AT MANHAT'.'AN AND LAWTON 

Twenty-two varieties have been tested for ehinch bug resistance 
both at .Manhattan flIl{i at Lawton during n, period of 4 to 7 vears. 
Data 011 chinch bug injury of these varieties are presented in table 3. 
The varieties are mnked according to average pereentnge of plnnts 
killed in the years tested. Thes~ avemges are llot stridly comparable, 
as all varieties were not grown 111 the same years. The average for 
each variety is compared with percentages ot' plants killed of two 
"tandard varieties in the some tests. Kansas Ornnge sorgo is used 
as the standard resistant variety and Dwarf Yellow milo a;; the sus
cepti~le one. The Tanga in percentnges of plants killed by ehinch 
bugs In these tests IS 16 to 34 for Knnsas Orange and 74 to 98 for 
Dwarf Yellow milo. 

The rankin~ of the varieties in table 3 is about the same as thil.t of 
the same varleties tested nt Lawton. The dnta obtained in earlier 
years at Manhattan support those obtained at Lawton in recent years 
under more consistently severe chineh bug infestations. 

The average chinch bug injury of the 22 ynrieties tested at both 
stations Tanges from 10 percent of plants killed in the very resistant 
Red .!mber sor~o X feterita to 85 percent for the highly susceptible 
D\\'arf Yellow milo. 

TABLE 3.-Percentage of planl8 of 80rghu1r/, varieties killed by chinch bugs at 
lIfanhaUan, Kans., and Lawton, Okla. 

Plants killed Yellrs IGraIn yield per 
n vcr. acre at Lawton 

Yariety }{cl'Ord no. i It (~~l~-
iKansas J?war~ hattan 1931 1932 

V1Iriety1, Orunge I: ello" nnd (light (hea\'Y 
named fin sallie· mllo Law. infests· infests. 

! tests Int~~l~e ton) Uon) Uon) 

--1---------1-----1--1---_______ 

pacr1Il/ Percent P~Tccnt BU8hds B'Mhel. 
1 	 nedAlllh~rsorgoXfcteritn•.1 K.B.2513.... ]0 IG 84 6 34.9 28.4 
2 	 KIlDSIIS 0 rnnge sorgo X \' Ks.24-136..... 19 I' 23 III 0 32.8.1 24.4

Dwarf Yellow milo. 
3 {ApaSSOrgo.................. ('.1.890...... 22 24! 85 7 I 36.4 ' 34.S 

Pink kntlr••••••••••••••••••• ; ('.1. 432., •••• 22 23 . 91 () 29. \I 2.1.41KUflril.u•••••••••••.••••••.•• ('.1,.812••••••• 23 21i I 88 Ii 39.0 I' 30.S 
{5 	 Sunrise knfir ................ C, L 472...... 23 23 I 91 () 33.2 aO.8 
Reedkatlr•••• _ ••••_•••.•••• ('.1.628•••••• ' 2;1 ~31 {lJ (j I 32',0' 30.3 

8 	 Kansas Orango sorgo •••••••• F. ('. 9108..... 24 24 85 731. 8 29.2 
9 	 Biackhullkatlr'••.••.••••• _. ('.1.71....... 27 23 91 & 211.8 30.2 


10 Hed Amber sorgo•••••.•.•••• F. C. 7038..... 28 2.5 86 4 28.7 :13.1 
11 Darso._._.._................ C. 1. 015...... 29 2:1 91 (I au. 2 34.0 

12 Dawn knfir.................. C. 1. 340...... 3. 20 89 " ................ 

13 	 {ElirlY SUIII6C ............... F. ('.O(i1L... 35 2:3 01 Ii 24.5 5.' 


Schrock••••••••••••••••••••• 1 ('.!.mc...... 35 26 89 Ii 
15 Leoli Red sorgo............ 1 }'. ('. mHO..... ;~'I.l 1 ,,23 {illSI ~ ].~~'.·34 11~•• 0
16 Wonder................, __ I ('. I. 872...... , 13 '" 11-, l'eirc·' '··s ~. ~o< '4 3". oU,' < 3·,!." '.'3. \) 
]$ Heg';~C:::::::::::·..:::~:1 C. i~'7r,o:':~:=' ~,~, _*: I t,:,2 ~,i 2(.01).'-8; ]108.. :,'
HI Feteriln ................... ('.1.182...... "I ' ., " 
20 I Spurfet~ritn._ .............. · C'.1.0:!:L,.... ~?:; 32~ i ~,I! I fl I ~;.O (l.7 
21 Dwarf White milo........... Ks.19·[.:1...... b,i q.4 ,I <,~ :!., "I';,,'S" ; ••••••,.0.
22,' Dwarf'Yellow milo.•.••••••. 1 C. 1. 332...... 0" 

I 
r . 

I • 

, Kansas AgronoUl), Fnrm stmin, C.l. no. 013, ill /Ill tests lit 1\lllnhattun, and at Lllwton ill lU~O. 

http:SOUGHL'.MS
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A selection of Kunsns 01'lUlgC sorgo X Dwarf Yellow milo, Kansas 
24136,is also IJighly l'ciiistnnt. Sc\'eral ,aricties of knHr and sorgo llaye 
shown l'esistnllcc fit both sta.tions. Both ordinary fetel'ita, and Spur 
feteTitn nre sllseeptible btl t are not so seyerel~T injured b~T chinch bugs 
as the milo:; (fig. 4). The small llumlw]' of yer~- SUsc('ptible Stl'~tillS 

FIr;UR~: 4.-A, l>w4rI Y"li(,\\' mil" (lp[t) s{\\·\....rly injured hy chilleh bllJ;s lind feterita (right) uuhJured in n 
"car of light. illf"stHlhllllt Jlh.,h"!!.:lll, K"II~, 19[·1 (After Cl!llllinghulllllud Kellne~':) E, bjlllr feterim 
(left) oe\'erely injurI'.1 11)' ~hi""'l hu!'(s 1I11!! Heed katir (right) uninjured, in " year of heavy infestntion at 
Lawton, Okin .. ]9:i:J. 

list.ed in tabk. ~1 is (hw 1.0 the fnct thn.t such types were discontinued 
in the l~awtoll t.eg\,s 'when t.hC,T prmred to be susceptible. 

Grain yields of '1 {J vm'ieties gr'OWJl ill the sorghum chinch bug 
lIUJ'sery at j.JlIwtOIl ill H131, 3. year' of very light chinch bug infesta
t.i01l, and ill 1 n;::2, n. sen SOil or vel'y hea.vy infestation, also nrc given 
in table 3. Whilp.. these <In.tn. are !lot fully dependable because of the 

http:HULLE~I'.IX
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fact that eadl vuriety was grown in only a single 100-foot row, they 
do show a significant relation between chinch bug reuetion and yield. 
A similar relationship for 40 YUl'ieties grown in 1932 is shown graph
ically in figme 5.Iu nearly nIl cnses (tnble 3) the grain yields were llighel' in 193 I 
under light chinch bug infestation thun in 1932 under lIC:W)T infesta
tion. The n,verage nere yields of grain were 29.5 bushels in 1931 and 
22.9 bushels in 1932. in n, few varieties the yields show extreme 
deviations in the 2 years. Thus, Early Sumac sorgo produced 24,5 
bushels in 1931 and only 5.8 bushels in 1932. The yields of feLerita 
and Spur fetel'ita, show' similnr differences. Dwarf Yellow milo pro
duced ] 7.8 bushels in 1\):31 and fniled to produce grnin in ] 932. The 
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FHH'In; ,i.-Relntioll het.ween chim'h hUH reaction and !!min yields of 4!l \'Ilrielies of surghulIl planted at 
Luwtvn. Okla,. 011 MIIY 4, lU32, 

y:ields of three ynrieties ,,-ere sliglltl.\' Iligher in 1932 tlWll in 1931, but 
the difl:erenc,es are small, probably not'significant, und aU occur in 
the 1l1odemtel~r resistant group. vVithout exception the mOTe sus
ceptible Yfll'ieties 'yielded less ill 1932 tlwn ill HJ31uIld in soyernl cflses 
lllut'h less. 

COOPERATln; SOUGHUM TESTS IX SOUTHt;AS'n;UN KANSAS 

Some data on chinch bug l'esistan('e lun-e been obtuined on sorghum 
vurieties grown in ('oopemtive varietal yield tests on fUl'Il1s in south
eastern Klmsns. These t.ests were conducted by the Knnsns station 
nnd the data. were supplied by A. L. Clnpp, of the Depnrtment of 
Agronomy, whQ had ebul'ge of these e~q)erunents. J~tlt'h plot con
sisted of four rows the length of the field. 

The chinch bug damnge to four yurieties growIl on five farms in 
cnch of five counties in 1932 is shown in tnble 4. The damage wns 
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estimated by noting the injury to the entire plot. The 4-year averfige 
percentage of injured plants of these varieties at Lawton is presented 
for comparison. Although the testf- in southeastern Ransas were 
under conditions differing widely irom those in the chinch bug nursery 
n,t Lawton, they also indicate that Ralo is more susceptible than the 
other three varIeties. 

Grain yields of these fOUl vnrieties in the cooperative experimen ts 
in southeastern Kansas showed Ralo yielding an avernge of 27.7 
bushels and. the other varieties 26.5 to 29.5 bushels in 1930 and 1931, 
when there was no appnrent damage from chinch bugs, but in the 
other 2 years (1932 nnd 1933), with heavy chinch bug injury, Ralo 
yielded nn average of 31 bushels and the other three varieties 35.5 
to 39.8 bushels per nere. Chinch bug dnmage was chiefly responsible 
for the lower yield of Knlo in the latter 2 years. 

TABLE 4.-Chinch bug damage to $orghu?n varieties in cooperative tests on farms in 
jive counties in soutiLeastern Kansas in 1932 

Esiirlltlted dnmage ill cOllnty ofl- Avernge 

C.r. 1.0\\"V1lriety TlO. ton, 
Allen F~!i'~k. I,yon llutler Cowlcl' 25 Okla.tests (4 

yenrs) 

----------1·----------------

Percent Pereenl PCTcent. I'ereent Percent Percent Percent 

'Western Rll1cklmll kllflr............. 900 ,; 10 10 10 40 15 20 
Pinl~. kafir.....__...__............... 432 10 15 10 10 40 1i 14 
Cluh•• __............................ \KII 10 15 8 ,; ,';0 18 33 
Kalo............................... . \1(12 45 50 25 25 80 45 ('2 

I Al'erage of 5 tests in euch t'Ounty. 

ItATE OF KILLING 01" SORGHUMS 

The dutes on which vnrious percentages of the plants of each of 27 
vnrieties of sorghum were killed by chinch bugs during the hetlYY 
infestation at La,wton in ] 930 fire shown in table 5. Thednta were 
taken from the planting of :May 20. Death 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 Tate of killing of two resistant and two SIIS

('eptihle Yflrieties is shown grnphicnlly in figure 6. 
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'TABT,}J 5.-Rate oj Hlling oj sorghums lit Lml'ton, Okla., in 1930 

Pllln!:; kille!1 on dntes indicatpd 
VurielY Hecor,l no. 

July Jull' July July July Aug. Aug. Aug. 
2 S 15 23 ao S 16 23 

----------1-·----1----------------
Kansas Ora,.,gcsor~o X DWRrfYcl. 

low milo ........'................. 
Atlns.............................. 
Hed Amber sorgo X fetcritn...... ·.. 
Pink kaflr............ c............. 
Orohoma ............._............. 
Blnckhull kaflr (',,,cragc orchccks) ••• 
Kansas Ornnge <,avemge orchecks)... 
Dawn knOr selection ............... 
Sharon kafir ........................ 
Eurly Sumnc. __................_... 
Darso............................... 

Ks.21-131;..... 
c. r. <'9U ... _.. 
K.B.2513..... 
C. r. 4:12 ...... 
C.T.92fJ ...... 
C.r. il ....... 
]~. C.!lIOS.•••• 
C.I.90L••.•• 
C.l. SIL..... 
Jo'. C.flOII. .... 
C.l. ow....... 

Per· 
fOlt 
0.0 
1.6 
~.5 
7.4 
i.O 
6.2 
5.2 
0.3 
5.0 
2.5 

18.0 

Per· 
cent, 
0.0 
2 I 

12.0 
!l.5 
8.0 

12.5 
10.S 
J!L8 
9.5 

14.0 
211.9 

Prr· 
rent 
3.S 
0.5 

IS.5 
17.9 
1.5.0 
20. i 
15.8 
20.3 
2:\.0 
28.5 
41.2 

Per· 
cent 
14.3 
8.0 

22.0 
22.6 
21.5,,., 
-If I 

19.3 
20.3 
211.0 
3:1.0 
42.8 

Per· 
Cf'nt 
]9.1 
).1.5 
25.5 
25.2 
31.5 
:11.1 
Zl.l 
31.1 
3.1.5 
37~ 5 
45.4 

Per· 
cr.nt 
19.1 
14.5 
28.5 
28.4 
a5.5 
:14.0 
2.1).2 
37.0 
38.0 
40.0 
47.4 

Per· 
cent 
19.1 
]8.8 
28.5 
30.5 
35.5 
34.5 
27.9 
ai.O 
39.0 
41.0 
47.4 

Per· 
crll/ 
20.2 
20.2 
28.5 
3.5.8 
36.5 
3i.1 
38.0 
39.2 
41.5 
42.5 
56.2 

Wonder............................ 
Leoti Hed .......................... 
Kolo................................ 
Clul!................................ 
Spur rcteriln........................ 
ilcoyer., ........................... . 
'''hcn!lnnd.......................... 
Feteriia (n\"crnge of checkS) ......... 
Ajax................................ 
Bishop............................. . 
Sooner milo ....................... . 

C.l. 872.. ..... 
F.C.flOIO..... 
C.r. 1102....... 
C.I.OOL..... 
C. I. (lZL..... 
C. I. 8Ii....... 
C. I. 918....... 
C.1. 182....... 
F. n. f>620..... 
C. r. 8140..... 
C. J. 917__..... 

11.5 
12.8 
12. G 
5.5 
0.0 
9.0 

13.5 
21.5 
22.0 
14.0 
2'~. 4 

22.1 
11>.7 
:1:,.1 

2!!'~3,.v 
75.5 
49.5 
liS. 5 
71.0 
02.5 
711.2 

34.7 
·10.6 
:18.2 
45.5 
[':1.5 
9:1.5 
01.5 
81.7 
87.0 
i8.5 
U5.5 

41. 0 
50.3 
44.!l 
08.0 
(1.5.0 
95.0 
(l(1.0 
87.0 
00.0 
U8.0 
911.6 

49.5 
50.9 
51.0 
74.5 
00.0 
115.5 
74.5 
811.2 
98.5 
9S.5 
lilt 0 

50.5 
6.;.3 
05.3 
i9.5 
91.0 
95.5 
84.5 
92.0 
98.5 
99.5 
oo.n 

51.0 
60.0 
71.0 
81.0 
91.5 
95.5 
92.5 
95.5 
1IIl.0 
IlII.5 
1II1.1l 

58.0 
6i.4 
77.4 
81.0 
91.5 

100.0 
107.5 
'98.3 
199.0 
'1~1.5 
I lJ<J. 6 

Chiltcx................. ' ..... " .... 
D\\'arf Yellow milo (u\'etnge of 

checks).
Crenm milo __...__ .. ,.............__ 
DOlihl~ Dwarf mil" •.• ... .. ..... . 
Dison.... ............. ... .. .. . 

C.T.S74....... W.O 
C. l. 332....... 17. i 

1,11.30-12 ..... )1 18.0 
K~. ~'II-2.54.. ... IS.0 
Kl<. 24·:177..... 11.2 

30.5 
n._~. 5 

00.0 
81.1 

8.1.0 00.0 
ii.O 98.5 
{IS. a 1(l(J. 0 

86.5 
02.8 

911.0 
100.0 

ml.O lOO.1) 

100.0 """ ' ................ 
IlK).O ......................._ 
........ __.................... 

J Allor nearly nil Jllnnis remaining were fieltl hyhritls. 
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EFFECT OF TIME OF PLANTING ON CHINCH IIUG INJURY AT LAWTON, OKLA. 

Chinch bugs will Ilttnck sorghums during uny purt of the vegetntive 
period/ but older plnnts nre bl3tter uble to withstnnd the attack. The 
plnnts in the earlier pluntings hnve been hnger nt tl?e time the chinch 
bugs migmted to the sorghum fields nnd consequently show the leust 
injury and produce tlte highest yields. The Inte Mny umi enrly June 
pluntings nre fl'l~quently completely destroyed by the bugs. 

The data on time of plnnting presented here are fo1' only a 2-yel1l' 
period, but they confirm the results obtnined in seYel'ul yenl'S of previ
{)ll~ experiments with dute of plnnting of sorghum vnrieties nt Lawton 
(45). The gl'llin yields obtnined from 40 varieties and strains of 
sorghum planted Apriil:i, 1\ln.y 7, and June 1,1931/ nre prcsented in 
table 6. In this exceptionnl senson chinch bug injury was very light 
and did not nfl'cct the grnin yields to nny uppl'ccinble ext,ent. The 
April ] 3 und .June ] pluntings p!'Od Heed nenrly the slime n.verllge 
yield. Yields f!'Olll the M.uy 7 pluntings were lowered somewhnt by 
hot, dry weutlier during the hellding lind blooming pcriod. 

, 
.. 



TAlIl.l, G.-Percen/age o! sorghu1I/. ]l/nn/IS killed by clttllch bUl/1i il~ .tfJ32, and {/I'uin yicld.~ in 19$[ a1l(11932, at Law/oti, Ok/n. 

Groin yicld~ por I1Crt'.~1'(l\nl.o; killed, HI:{2 W:12 Gmin yicld$ JIeT ""re, I\~'ll 

....Runkin 
chinch·bug V"riety Hl~('t)il\ 110. 1)ul.ll nf pbnt· E;J]):11,' (If pl:lnlillgllal~ uf plant.inl: I Awl"rl~"'ISltlrt,·tl Aver.. mill.1l1 .( Awr. 

_._ _ nj!~o( .~__-,-___: ag~ of >-< m\.- -----' ·--Iu:1 
g
dnh':, l-:l!'!)! , :l,tatcs 1 t ; adalt~ 

Apr. t51 M:IY'! Apr, la! M~.~· 71 June I i ~rp~~.15. \I:1Y.IIJUIl'·"1 ___ 
~--..~.- .I.~-.-.---

. I Q•{''''''rl,' IP"rtell/ Pace,,1 PaU'nl HIt.,hel.t Bll.he/.~ /l1l.,IIds n/l.'~cI.' I~/I·s;'eI.' lUIl.'-hC-/,' n;,.,~: ..-, 
L Knnsns Omn~csorgo. . . ..: I·'. ('.0105••.•.. n.u 7.1 70.0 2.1.7 H.7 29.2 2·1.d ·I~.S :\5.0· 17.5 :11.8 o2 Illuckhull kntlr ••.•...•...•.•... " .. .•. 'I ('.1. 7L.••. -1.2 O. [I .1.0 27.2 4-1.:1 30.2 !!-\.!\ ~7. 6 :\0.7\ :\\.2 2\1. S "'.l:~ AtlnssorgQ....... ...• C.i.5m). ••• .2 fi. i 7S,!) 2$ fi 7U.:1 :14,8 :15.11 :\5. 2 aK fi a.'i~ i :m, ., 

,I KIlIl'IIS !)l1lllgC ~org'l X DWlU'C Yl'II.,\>' milo... K~.an·:I:I•• ~ i 7.5 H2. d :itta ,I:!, [) 11. t 17. ; '.'.:\ lLH\ '.!~.2 17.1 m 
fL. »arsn _....,.. r ......... ~ ._~ .. ~ , •• ,"' .~~" ..... _ ..~_ C'~ I. filii .~ ... ~ .0 2.2 111.1 :11.1 ii!1. 7 :11.0 ~.!t). 2 ;].\.r. ~1.:1 I :t~.ii :10.2 gn ~h"l'lll\ ktl(lr..... ................. ......... ('.1.111:1•••• 0"" 1.-1 .8 !lIt;J :l:!.~ ,,'i. S 27.!l 27.S :!2.S 2G. 5 ~7. fi 25.6 
7 Vink kllflr ._................................ f'.I.·1:l2.......... . • 0 • 7 IlS. r. ;J;tl 5:1. ;; 2·1• .J 2U.O :U;.O !!n. [) 2:t 1 2!l. tl 2)

"1 (j '''1) q. O),l -t ')., 7S Dawn kntir.. .•••••••••••••••••...•.•••••. C'.I.00-L........ . 3.0 1.5 05.5 3:1.:1 fil.li ar..l ~'Il. 3 

f)- I) ~ \l • . .fuiey Pillk kanr... ... ........ I''. C'. !HIUI ....... . .0 • i (l',1.:1 ;~\.:; lil\ 2 ~;'.5 iil:(\ 2~::i I iio:. ~(\: \l 
 t-:llL.... t!lInri~o l\:ttir (t .. 1.·l;~ .. ~ :t u !!. ~ H:'i () :n fj H::. ~~ ;iO N ~i~ ~ :!t), "; :4:1:.;' al.·L aa.2 

J........ Ilr~dk.lI!r ('.Lh., I.:! .011111.0 ;';J.i -!~J;t :iIl.a :.!'J."t ;)J-:" :i\ II :!'i, 2 !l~ n ~ 
I:!. "" Kan,~" Or.llle{' X D\\.JrC Yr·lhtv 11111.. K_. !1{,':m • tJ ~ 2 HIt). 0 ;l-t 1 ;'h !t ~4. ,t i ..- 1 ;-H. Jj :,!,', tl J, ;,7. 1 a~~.;) J. 
13. . •. -'I11n X h~g'\rl ..... •.• . . H. r . :",2 .. ,\ () 1.~';! ~,,,\~., i ;s:T 0 4~ Il i :..; fl t :~: 4 '-3
H........ . Dl"nrf Y~lJow milo>: DlmrC Fr.ed...... f{, C. :iO,3••• :j i :1 to:I.::C :1.::; 1 :'1 n' ::'4.-1 ~::. ,ll yk ~ I i~ 1J,' ~~)_ ~ . ~l: g

J., __ .... __ ! ~rodoc..... • • . .......... C. L PO.')......... . 1. -t 11. ~ H..'!, Ii :3:1, :j 1.-1. 1 22 S ~;, 6 ~!l 2 1.:; I), 25. 0 ~'3. '; o 

J.,.... ....I{)\·!dlltc~Jn.,\:..; •. ~ . ............ IS· B.~qO~......... .(t IS. '2 1('~ {\ ~1-,!.4 ~F-,H It),7 :::'.0 Sti !} lK 4 I :ll. 1 ~~." 


"c .-I.n bcr A Idem.... . ...•••.. __..... _ h. B .••• 13......... 5.0 1.;, H)l\ (I 3(;,4 -lit ,;;: 26-.·1 7.,,1. ~2. ~ .t.. ?! :).1. q ~1. ~ 

15.............. }'ink kafirX D\\Jrt Ydlow milo........... _.. ,~. f. no.~.......... . .7 0.7 Ij~l.:~ :~.'i 6 ;~;J 1 H. ~~ 1.'1' ....... 

)0 •• " ........ __ J'n!IllO __ ........... ............. ......... C'. L i<.3.......... . • i 7. ~~ lllf.. 0 :).•. 1 I,). ,) !h... 'T'1 :& .1 'i:~: t I ;\~ 1 sf.: ii 

21\.... _. "'" I'h11>............ " ....................... '·.l.OnL ........ . L~l ~. .2 !N. ~{ ;{h,~i j)•••• t) aiJ.:l :j., I. t,. .. -II.:I! ·I~. 2 ·12. .J 

21........... Ow,lr! }·rccd .............................." .. C. I.n~L __ •• , •• _. .0 12. 7 Iilh,O :17'. li ·r· 1 j 1. i h.3 1-) a HI> I 1\).(, h.O 

22.... ,. ....... ~. l·\,jrcc ~ ....... _.. ~ .... ~ ... ~_<#~~ .. _~_ .................. _ ..... ,,_. J,,!l.2·1-2.,':I5............. ,.. __ 5.2 lo.t i Hlri () 39, a .e~. '2 j ::::~.!l 2(i ·1 41.4 !la.. 3 'I 27. {i ~1. n 

2:1........... l.wtij{~d........... .................. Jo'.('.t\i;lO......... · n 2~. 2 l1)ft 1) ·\it 1 ·1' ,; 1.... 1) 21 :1 21 .2 19 ti 17 5 HJ.4 '% 

~4_ .• ~ \\r(,nd(>r_" .. _~»_ '" k " .. " (" I.S7~ .._,.. .. w ....... !!. ~ J~. 7 JOO 0 ·IILa .;( !) I" I 2" ~1 --:


_ 

2j.~.. "". Grf,honll ..___ , ,,_ .. _, ~ ,.., .. , .• ~~. ~_ ........... " ,_. C". 1.fl20.....__...... ~,,_ .. · () 21 6 1(10 0 ·10.1 '1 :; 2ii " ~f 1 1~~ ~?:~1 ~~~7 gh'~ 

"r .f('ll·hox..................., ........... ; C'.1.&7.1. ........ 'j ft 224 1(l(\11 .Lf.1~ j:!"ii. t1.:=' 2~ .\ ~~ j't 1:-? {t:~ vtn 

•··..----···· .. ··Il)\\·:ul Cercrna X Smit.h (mllo Xkllfir)... ...... } L r . 302__......... ci.i 1',1(10.'1·\11, r.n 21.2 2~. 1 ... t. (\ ..,l'.• ; 2t•. ~ 2;0.., I 

~~••_........... j "\JIIX. __ .•.•.: .............,. _•••••••••••• ],,, C. fKi2O......... ·r .0 ~9.{) 1(11.1.0 4a.·~ 1 45.4 12.7 HI. 4 :j~. { JIi. (' I ·11), ~ :19.3 ~ 

20.._........... 1)worffcteriupx Smith (milo X knfir) ••••.••,.. n, C. 301.......... . 2.2 32.1 100.0 44.8\ 41.6 ·j.2 15.:' I' 2.;.9 H.$: 22.S 21.0 ... 

;\0.. ........ I81mr Ceteritll .................................. C. T. f>2:L•••••• _••• , .0 I 42.2. 100.0 47.4. 40.8 0.7 
 16.S -lIto i 35.0; 2\1.2 37.0 
:11 ............. C'lI~fer .• _................. '".................. C. 1. OW."._ .•••••• ; 17. 1 29. 1 I 90, 3 I -IS. 5 , 15.3 2.7 6.01 }'~'A t ~~~~ 1 ~~~~ :;~.~
:12. • ... , J;;nrl~' SlImnc sorgn•.•• ~ ............. , ...... " I,'. C. tWit t ••••••••• .0 I SO.O i 100.0 50.0 ·m.!! .S.8 IS.3 ! 

33. __ ... _ ... t Whuatland..............""......_....... C. [.ms..........., 7.4 1 46. S i 100.0; 51.·1 i 21.·1 \ I.!} 1 7.S i io>! 1 i 1: i;; i:j: 6 i2: i 


I All varieties Cailed completel)' in Juno 8 planting. ~ w 



TAULE 6.-P/!TC('U/rlfll! of .~orflh/l'/ll. lJlan/s kill"d uy chinch. Uli!l.~ in .If)S;!, (Illd flndn !licld.~ in ./!);:JL (lnd 1,')8':, (It Lllw/on, Okla.-ConUlIlIcd ~ 
~ 

r:lj l-.-~::,::~~~i~~ Uraln yi~tll~per 'Il'n', On,in yields I..r nere, IIl:1l 
t:l 
(") 

Hnnkin tIl
chinch hug \'uri,'I)' Ht'Cf1rti no.• I I iJull' or pian, illl( j' \llltO i:rgl'lfllll'j ] )r,It, Olf plllnling I ~ 
re.;;iSlUI1L'tl ....I .\ \·cr· AYer· Aver· 

o __ •• ago of • a~e of age of o 
.._ _.... 

. :1 dllies a dill os a elutes ...
lApr.151;\IUY'IIJuue~. ,Al'r.t'; Muy41 APr.1al MIlY71 Junc I t:"' 

I:C 
r.-:1'<,~:e:1;'::-1:::;IPerrelli I;'::;: :::1;::;;1;;;::;:1BIl.htl., -;;:;:;;: Bu.,hel. 

:H .......... . Fnrgo .. ~ ..... ~ ........ • _ , ,. .. ~ • ~ t" r. 800 .•.. ..... :I. U ill. 2 lOll. 0 ,,7.7 7a. S 2.1 25.:1 :10.2 2·1.7 31.2 28.7 ~ 

:la. ~ .. ........ _. ~ K:ll0 ............. .. 

w 

1'.I.\lO~.. 1.4 81.-1 HMI.O (\()U 40.7 .0 I:I./i 2/i,O 21.2 2\1.1 25.~ t:! 

30........". Bishop...... .. <'.I.HH -1.6 &~,I 100.0 fl.I.2 41.2 .0 Ia.7 ·11.4 lfi.4 !lO.2 29.3 H 

:J7 ~ _•. 80011cr tIli10 . ~ ____ , ('.1.1117. 2.2 HIil.O 100.0 !i7.4 22.7 .0 7.n 15,4 10.6 5.8 10.6 

:18 ....... DwnrrY,~lhl\\· ",11(1 .. C.I.H:12.. 3.11 IOO.O 100.0 1\8.0 4:1.0 .0 14.:1 15.9 8.8 28.0 17.8 ~ 

:19 •• Fcterltu........ _.. 1'.1.1~2 •. 1I:l.5 as.s 1m.!) 77.4 15.6 10.9 8.8 20.9 22.3 22.3 21.8 

40•. Benver_~ __ ....... . 1'.1.871... 100.0 100.0 100.0 100.0 .0 .0 .0 2.9 4.9 14.6 7.5 &l 


A \'I'roge.....__ : ••.=~... _. _~:. . _~--_~_~ 25.il !iii:714:i:01---:rn:5 --;s.t 2L5,!iO" -ru~ 26.8 
S;I 
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25 HESIS1''-\:\'CE OF f:;OHGHDl!-; ~ro THE ('HI:\'CH BUG 

The season of 1932 wus more nearly typical of the Lawton section, 
~ligration of the hugs from the small grains to the sorghums took 
place about the time the plants in the April 15 planting were head
ing and consequently this plunting failed to show any appreciable 
chinch bug injury. All of the varieties in the ~lny 4 planting were 
injured to some extent and some of the more suseeptible ynl'ieties 
were destroyed by chinch bugs. The plants on the ,June 8 planting 
were only about (j to 8 inches tnll when the bugs migrnted nnd wel'e 
severely injured within a few days. The n \'emge yield for the 40 
yarieties on the .·\.p!'il )?5 plnnting WIU; 4(J.i) hushels to the ncre. Jn 
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PLANTING DATES PLANTING DATES 
1931 1932 

1'IGCHt: ;"-A"~roge gru!n rielrlS of -10 vnrieties of ~or~bllllls I.!TI.wn ot 1.IlWtQll, Okln., from three dlltes of 
Jllonting under n vcry ligbt lofcstntloll. of CbUldl hugs in IV3I aJJ(1 under n b~n\'Y infestation in 1U32. 

the )'lay 4 plunting, the nW\l'nge yield wns 18.1 bushels to the acre. 
The June 8 planting was n, complete failure. 'l'he aYernge gl'llin 
yields for the three dates of plnnting in 1931 nnd 1\)82 HI:e shown 
gl'l1phicnUy in figure 7. 

The percentage of plnnts Jdlled ill 1032, also gi"en in table 0, was 
0.9 percent in the April ]5 planting, 25.6 percent in the ~Iay 4 plnnt
ing, and 96.7 percent in the June 8 planting. ~[ost of the snrviving 
plants among the slIsceptible ynrieties were field hybrids and prob
nbly survived the chinch bug attuck becnllse of theil' hybrid vigor . 
. The grain yields of' nil Yflrieties, except those of HelLYer, ",hid) 

WCI'e zero in both cuses, were Jower in tIle ~Iuy 4 thnn in the April 15 
,lj!!OO-3i_·~ 

http:I.!TI.wn
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planting of 1932. In some of tllP Suscf'ptible Yflrieties the differences 
in yield on the two dntes were yery wide. 

INHERITANCE OF RESISTANCE TO CHI;o;CH Ol'O I:-;-Jl'HY 

Three F 1 hybrids in\,oh'ing feterita nnd knlil' were grown at Lawton 
in 1932 (fig. 8 and table 7). These were feteritn X Da\\'n (C.!, 340\ 
feterita X Dawn knfir selection (C.!, 904), and feterit!t X Western 
Blackhull. In the pnl'entnl YHI'ieties the fetf'l'ita plants were killed 
.Tuly 7 when nbout 5 inehes high, while all of the knfir parents reached 
maturity without any apparent injury and produced well-de\'eloped 
hends. The Fl plants of all thl'ee crosses were wry similfll.' and 
('xhihit~cl ml\rkecl hybrid yigol' but mnturecl nt apPI:Oximntel)' the 
snme tunc. flS the knfir pal'ents. Seed of these Fl heads W!lS sflyed 
nn(t the F~ plants wel'e gl'own in 19!3g, 

TMIL1'~ 7.- Plauis IIf !;o7'ylillll! 1'rI1'ielies r/n(llltdl' FI anri F2 gelleratioll illlbrid.'! killrrl 
b.'l chinch. blla.~ (Ii Law/on, Oklu" JrJi3':-.M 

Hybrhl ur ",Irent 
C;,}' i~1::t5 ki::-ll~:l,~~,fil 'I"ital I rlllnl~;;lIetl

t Il lnnls Aug. S i killed plants Aug. 29 
..__.___:_ - _.___1___- __..._.' 

1 

XUUI' XUIII' i Per· XII III' SUI/I· i Per-

Fotcritn......................... t 1,2 I ber 5 brr 5 I fiiO.to July. be(:12 t"~IU 1 ceg,\.;l 

Fete.rit~ X ])/lWll knJtr ' ........... ,....;... 1~ 0,) I··n "j•••Oj5 50 I' 21.1 

l)n\\nknfir......... " .............! ,HO 1.\ .0 ."•.••". 1 52 a~.!i 

Feteritll............................ 152 6 O· 101l.U July. 128 H t a·u 

Folerltn X Dnwn srlcctlun I.. .... ...... • Ii 0051.0 2S0 I 34, 11.11 

])nwn knfir selection........•••••• i \10·1 \) .0 .••••••.• 13·1 12 9.1) 

1·'cLorl!n. __ ............... """"1 182 5 100. () Julr' 128/ 0\4 . 3.1.·1 

Foleritn X W.s!em lllnckhull kn· I 

fir I............................ ..... .J 0 .0 .•••••••• 2iH 82 32.3 

Weslem lllnckhull knnr........... 1 nUll 5 0 .Il. ..... • J33 1>., J I):J.'J 

])wnrC !'reed .................... : 9.\ J.I II 04.:! : ., ••••••••.!....... . 

J)wllrC Freed XnwarC Yellow milo I 1"""'''1 1·1 J.I 100.0 .\ug~"i' ~~::.::........,........ 

J)wnrCYellow mile.. ............. 3;j~ 1;; 15 HlIJ.O Julr 18 ..................... .
Fe!crlln..... ................. 1~2 I,; J,; 100.0 .July. 132 40 I' ao.:i 

Fetcritn X DWllrC Yellow milo I.. •••• 19 U I' .0 ........ 192 114 I 59.1 

l)wll,rC ,:ellow milo. " ......... ' :l:I?-1 17 17. 100.0 July 18 1 la4 131 I 100.11 

Shllrmkllfir.................,. I RI,! ......... " .•••.• j-..... ... 131 8. 60.4
< ..... 

ShnronkofirX])wllrCYcll()Wlllil()'.:•••••.•1·· ....... ,.............. L· .. •• .. ··I'· 267 Ifi-! (i1.·1

DwnrC Yellow milo ....... <... .1 332 ............... ·...... J3·1 la·l. 100.0
.1'..... ..... 
H1llcklmllknfir............... i 301:1 ...............1......... ........ 1:)4 is I 58.2 

B1nckhllJJkllfirXSpllrfl\teritll l . .' ....................... ' .................. 3·10 1M/ H.t 

SpllrCeterltn•••••• <........ .< .l_. 623 1 .... '1"'" ..;................. , .5 2:J :l0.7 


I C'ro5soslllndo hI' J. U. ::.rnrtin. 
2 Cross made b~' 1. B. iHegllnger, "'oouword, Ok!.,. 
3 KlIllsns "\grouomy Form s\rnlu. 

In the l'1'OSS feteriUL X Dnwn kuf1I' (C. I. 340), 265 F.J plants wero 
~I'own, of which 21.1 percent were killed by chinch bugs. 'fhe Dawn 
parent suffered 11, loss of 38.8 pet'cent of tile plnntsJ and n, few of those 
that survived failed to developgruin, The Jetcritn parentn1rowsuffo!'ed 
aO.3 pm'cent killing, but because of the carliness of tho variety the 
surviving plnnts p!'oduceclllCnds that wel'e filled with shriveled groin. 

In the cross feterita X Dnwn kufi!' seleetion, 286 F2 plants were 
grown Ilnd only 11.9 percent were killed by chinch bugs, The per
eentuge wns less tbun in the eross between fctcrita nnd Dawn kalil', 
and corresponded with the di±fel'eTlCe in the resistance of the two stmins 
of kafir. Mnny of the sUI'\'iving ]'2 plllnts nttainod Il(,Ul'ly nOl'lllfil 

Id('ydopmcnt. Mnny heads wel'e pl'odu('cd nnd tbey were well filled 
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FJGURF. R,-Chinch bug reBction of FI sorghum hybrids nnd their pnrents nt Lawton. Okln,. I032:A. Dnwn 
knllr (left), (clcritn X Dnwn knllr ('enier), nlld feterltn cornpl~tely kllled (rl~hl); B. ])wnr( ;"cliol\' milo 
(leill • .l)wnrfYellow milo X ll\~lIrf Frl!ed (eenler), lind Dwnrf l'roo;l (rl)(ht); C l)wnr! Yellow milo (len), 
lelerJln X Dwnr! Yelio\\' 10110 (tenter). nnd (clcrltn cOlllpletely klilcli (rich!>, 'rile h~'brids showl'l!: 
11O\Cro~is were resistant. -
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with good-quality grain. Varying degrees of Ilvbrid vigor were 
apparent in the F2 generation, as was indicated byV the size of the F2 
plants. The feterita parent \,,-as killed to the extent of 34.4 percent 
while the percentage for Dawn was only 9. Thus, the average injury 
to the F2 plants was only slightly greater than the injury to the mOl:e 
resistant parent and much less than in the feterita parent. 

In the cross feterita X Western Blackhull kafir, 254 F2 plants were 
grown, of which 32.3 percent were killed by the chinch bugs. The 
Western Blac.khull 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 plauts, but the surviving 
plants evaded the peak of chinch bug inJestation and produced head'5 
that were filled with shriveled grain. 

The a,-erage percentage of plants killed in each of the three F2 
feterita-kafil' hybrids was ]ower than in feterita. Two of the three 
hybrids had fewer plants killed thun the kafir parents. In the third 
cross, the percentage of plants killed was slightly higher than in the 
resistant kafir parent. . 

These results suggest that resistance may be dominant in these 
crosses, although the continued manifestation of heterosis in the F2 
generation of these crosses may have increased the average resistance 
of the population. 

The Fl generation plants of Dwarf Freed X Dwarf Yellow milo 
did not exhibit hybrid vigOl' and all were killed by chinch bugs (fig. 
S, B, and table 7). These Fl hybrids were more resistant than the 
milo parent, as shown by the fact that some of them survived until 
August 1, while all of the milo plants were killed by July 18. The 
loss of plants in the Dwarf Freed parent was 64.3 percent, and the 
surviving plants that reached maturity appeared stunted and pro
duced poorly developed heads. 

The feterita X Dwarf YeHow milo hybri'l was of particular interest, 
since both parents especially milo are susceptible to chinch bug injury 
(fig. 8, 0, 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 Fl generation made a IU:\.llriant 
growth, exhibited marked heterosis, and were late, but they survived 
a heavy la te infestation of bugs and produced a little seed that rna tured 
about October 10. Hybrid vigor probably was chiefly responsible 
for the chinch bug resistance of the hybrid. 

The average of the F2 population of the feterita-milo C1'OSS, grown 
in 1933, was intermediate between the parents in chinch bug resist
ance, as shown by the data in table 7. Feterita, usually ~usceptible, 
had only 30.3 percent of the plants killed. Its earliness allowed the 
plants to partly evade injury by maturing before the peak of the 
chinch bug infestation. All of the plants of Dwarf Yellow milo were 
killed. In a population of 192 F2 plants 59.4 percent were killed. 
This is higher than in the feterita-lmfir crosses, III which a resistant 
parent was involved. 

In another cross, Blackhull kafir X Spur feteIita, the Fl plants of 
which were grown at Manhattan in 1932, the 349 plants of the F2 
generation grown at Luwton in 1933 showed 44.4 percent killing. 
The surviving hybrid plants were badly injured and only a few plants 
produced purtially exsertec1, poorly developed heads 'with inferior 
grain. Blackhulllmfir, a late val'iet}- poorly adapted to the severe 
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conditions of 1933, hud 58.2 percent killing und the slIlTh-ing plants 
did not develop beyond the boot stage. Spur feterita, an earlier 
\ariety, had a mortalit~T of 30.7 percent, but only .the strongest of the 
surviving plants reached the headin~ stage and no grain was formed. 

In the Sharon kafir X Dwarf Yellow milo cross, the Fl generation 
of which was grown at vYoodward, Okla., 61.4 percent of the 267 
F2 plants grown at Lawton in 1933 were killed b}Y chinch bugs. The 
surviving plants were badly injured und did not develop beyond the 
boot stage. The Sharon kufir parent had 66.4 percent of the plants 
killed, and only the strongest suryiYors produced a few partially 
exserted heads and these contained no grain. All of the milo plants 
were killed. 

One hundred F3lines of this cross and two rows of eaeh parent were 
grown at Lawton in 1934. The percentages of plunts kiiled by 
July 13, when mu),:imum difference:; in resistul1ce were apparent, are 
shown graphically in figuro 9. 
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DEAD PLANTS (PERCENT> 
FlGt'RE D.-Percentage of dend plrults in the parent mrieties anil F, Haes of the cross Shnron knfir X Dwarf 

milo at Lllwton, Okla., 193!.• 

This distribution suggests that resistam is dominant or partially 
dominant in this cross. The apparent donlinance of resistance may 
be due in part toa carry-oyer of the marked hybrid yigor from Hie 
F 1 generatIOn of this cross. The modnl class of the Fa lines is almost 
the same as that of the resistant parent. Another high point in the 
curye occurs in the 30-to-34.9-percent dass, ncar the mean. Fifteen 
F3 lines were about as resistant ns the Sharon kafir parent and. 14 Fa 
lines were as susceptible as or more susceptible than Dwarf Y('Uow 
milo. 

These lines also were classified again for resistanee by yisual illspec
tion on July 16. Euch lil,e was described in comparison with the 
parents (table 8 und .fig. 10) as (1) resistant, (2) iutermediate 01' 
segregating, and (3) susceptible. 

Grouping of the Fa lines into three resistallec dassel:' i::; shown in 
table 8. 
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}'JI1(·ltE 1O.-A. ;;egregntiUJI for dlineh hug- resi&lnnc'C in II hClCwz",/(ot!$ Fa mil' <If Bhnron katir X llw.ri 
Yellow mno: IJ. f'! rows of the SUllie (·ro~s. sl)oll'ing se~reguljon {"T reSISUlllt'f'. j,uwtO!l. Okln., H!34. 
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TABLE S,-Reaction to cMneli bugs 0/ 100 F~ liu(:g 0/ >"//(Iron kojir X Du'arf }"ellolO 
lIlilo 

---------"-_ ..,-------_._-----, 
I :"tlIuhcr Of" 'l'lanl~ IC105:< u,er'! I'll1nl.'. ,,}., , ~alt't1ll1ted n~eo(l)bnt;; 
r ~i'r\'('d i f:{; 1ratin) kH l'd 

-~ --...--...- -----, 
J'fTunl 

RnMrlll kallr Crtl;istnnt.l (/). 
Fa hybrids (rcolstonl)' .•.• ;.) 1«1 ! 
F3 hybrids Cinlermcdil1tcl., :J(JIj 
F~ hybrids (susceptIble)" ,," ~~ , iii :t 
llw"rfYellow milo (;u,CJlllitM "t !1 

The observed Iigul'(,c.; li'" ('hl:,:-,iJied gi\'(' a \'PI'.V elo:-,t' fit to the cHIC'Il
lated :3: 1 Tfitio find might be tnken to jndie'ute thnt Olle lllain JU('t01' 
pail' gOy(~I'IlS chinch bug r('si"tiII1C(, ill this CI'O"", UOW('\'(,I', it is 
probable that the inh{'l'itnl1ce of chinch bug J'('sistflllee is mol'(' ('om
plex find j" influel1eed .!lot Oldy by other fHctors dirC'dl,\- fifr{'cting 
chinch bug reaction hut nL..;o by g('n{'tir t'n,cloJ's ('ontJ'ollillg SlIc'lt 
plant cbnrneteI's us {'nrline:-::" d~()r of enrly growth, ehnructer of lenf 
l:'i1l'ath, and otber:;, 

The O('C'llITcn('C of s{'\'erlll lint's nppnrenth- homozygous for int('l'
mediH te rellctions to chinch hugs is ])ot ia 'ngr('eml'llt wi tll u sinde 
fnC'tor hypothesis, Further sttldies of sllhs(~c!l1('nt genern (ioll':; ;II'e 
Jl{'Nlecl to d{'tcnllin{' t\t{' genotype l'{'pl'eSell t{'eI ill. the Fa phenotype:' 
here desC' I'ibed., 

~\ third llI{'thod of dnssifyillg the 100 1"3 lin{'s or SbnJ'on kllfir X 
Dwarf Yellow milo grO\\'lI lit Lnwtoll in J9B4 ('on::;i::;t{'d of c1{'sC'ribing 
pucl! line us to dl'gl'e{' of plunt d{'nlopm{'nt, hC'nding, nnd grnin 
productioll, itS lIst'd Hnd ddinecl in tnbl{' 2, The:w' des{'ription:s 
were mude On July 24 indepl.'nd{'nt of the (lther two clnssifien ti()Il~. 
The dntn, Hr{' Sh(nnl in tuhle 9, 

TABLE 9,-Plonl dereioplIl£'nf of 100 F'alittCS oJ ,"huron Iwjir X lJu'arJ }'cl/oU'mi[., 

CIIISS 
Degree o( tlYem~c 1>cgrc~ of 

, plllIlt !le,',rtel"or b,-lJrld " plnllt de· I'm'.' ,.,fplnulS" mloprneuL .' 'kIlled i VelO)lUlent

Jul;> 2,1' July 1:1 July 21' 


------; 
I 

.--- '-- ---  ---".,,-~--

. ! J.\~U.·~I- ~ Nllm- ' 

I 
! blr i PercUlt . j oa Paullf 

~hllrO!l kafir•• , ."_'" n ._., .. ,,!. " II, ~ Simroll.kafir XV,mrr Ii E ......_ ,,0; 21.,1
:-;Iwroll knflr X 13......... ·1 ,S Ytdlnw milo. 


DwnrfYellow milo. . : Do. , ,,, ...,. _". F"" ... " , 27 i 71.'J 
Do ,,,._., .... ,IC ..• ' :; 3.1 llwn~fYollo\\' milo, , 1""" • ~LU 
Do,,,, •• ,, i 1> II lU.1i .___, 
~eo footnoto!!, tnbl0 2, 

The percentnge of plants killed .is higll('st in ('Ins,:; P, whieh .I'{'pl'(,5rnts 
very poor plnnt dc\'elopm{'nL 

Nine Fa lines hnd more complete plnnt d('y('lopmentthnn the Shnron 
knfir pnrent,nnd 73 ]<'3 1in('s wen,' superiM to the Dwnrf Ydlo,," milo 
pnrent in degree of plnnt d(,\T{'lopmellt. The superiority of some of 
the F31ines \VIIS due to their {'urlilless lHHI nbility to ItCitel und('I' ndn~rse 
ellvironmentnl conditions imposed by both drought nnd ('hineh bugs, 
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FIGt'RE 11.-.'1. \'!gorous resistant. ~'lhybriu pluut. In II plot or .ownrf yell'l.... milu at Mnnhnttun, Kuns .• 
1933; mule l)lIrent unknowll; lJ, chinch bug rca~tiou or F: row6 growll from \-Jgorous F, hybrlll plJlnts 
between ~useclJti"le milo d~rJvllth'es l'nuunkwJ\\'D pnrrnLF, 19~.j_ 
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In 1934, several F2populations from vigorous Fl natural crosses 
grown in 1933 were planted in the sorghum-breeding nursery at 
Manhattan, in direct comparison with the female parent. The male 
parent of these natural crosses was unknown. As shown in figure 11, 
B, these F2 genemtion plunts were injured much less by chinch bugs 
than were the plants of the susceptible female parents. The hybrid 
ngor manifested by these F 2 genera tion plants is probably respon~ 
sible, in part at least, for their resistance to chinch bugs. 

The relationship between hybrid yigOl" and resistance to chinch 
bugs has been observed in many Fl natuml hybrids at several stations 
over a period of years (fig. 8, B). In the cross Dwarf Yellow milo 
(susceptible) X Dwarf Freed (intermediate) hybrid vigor was not. 
eyident and the Fl plants were intermediate between the parents for 
chinch bug resistance. In the cross feterita (susceptible) X Dwarf 
Yellow milo (susceptible) the Fl plants showed marked hybrid vigor 
and a high degree of chinch bug resistance. The F 1 hybrids feterita 
(susceptible) X Dawn or Western Blackhull knfir (resistant) exhibited 
hybrid vigor and were highly resistant to chinch bugs. These obser
vations were made on a rather smull number of hybrids, but they tend 
to support the hypothesis that there is an intimate relfttionship 
bet'ween hybrid vigor and chinch bug resistance. 

In most crosses between diverse sorghum yurieties, hybrid vigor is 
manifested in increased height of plant, diameter of stalk, tillering, 
yigorous root system, and often in lateness (1;?). The high degree of 
resistance to chinch bugs cOIDmonly shown by F 1 sorghum hybrids is 
partly the result of the ,1.gorous growth of the hybrid plants. 

ADV_o\NCED GENEltATJQX HYBRIDS 

A cross between Kansas Ol'Unge sorgo (resistant) and Dwarf 
Yellow milo (susceptible) was milde at )'lanhattan in 1919 specifically 
to produce a variety resembling milo, with the chinch bug l·esistnnce 
of Kansas Orange. The:Fa generlltion wns grown under chillch bug 
infestation conditions a.t ~lanhilttnn in 1022. As shown in table 10, 
the Knnsns Orange parent had only 5.4 perceat of injured pll1nts and 
the milo parent 50.0 percent. The pel·centage of injured plants in the 
Fa lines ranged from 4.7 to 75.7 (fig. 12). ~lnn:y of the resistant lines 
showed marked hybrid "\1.gor. Relnti\-ely few head selections "..-ere 
made in the:Fa rows. In mnking these selections primnry attention 
was given to agronomic chnracters, especinllyearliness, yellow seed 
color, and short stature. The infestation was moderate in 1923, but 
in 1924 all plnnts except one in the nursery were killed by the bugs. 
The correlation between. the chinch. bug Tenction of Fa and. F~ lines is 
probablY not so high flS it might haye been \\1.th rnndom selection 
nnd if more lines had heen grown. 
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FIGURE 12.-A, Sewegation for chinch bug resist.ance in II hct.erozygousF, line of Kansas Omnge X Dwarf 
Yellow milo at Manhattan, Kans., 192"2; B, F. lines of the SllIne cross, showing differences in resistance, 
1923. 
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TABLE lO.-Chinch bug injury 10 Fa and F4 generation selections of Kansas OmngrX 
Dwarf Yellow milo, lIfanhatta,n, Kans., 19:22 uncl19f38 

---------.-------;c'l.---------------. 
I'lants Injured i! i I'lnnts injured 

Pedigree DO. 1---.,,----/' Pedigree no. 
1<', (11122) IFj (11123) I , 1<'. (1022) IJ<',{IU:!'J)I 

Percellt Pacellt il-'-------- Pt'rcr-"'lt, Puce"t
7... _"."'~~ ... ~ ................. ¥_ ... ~~ ~" 
 ·W.S" __ 

25..!38.............__....... '''''' { 
 H.UKansas Ornngo (n\'orn!!o o( 3:1.9cbeeks)........... ' ....... . 
 ::~ ~~:~ II ::~:::.:.. ::::~::::::::::::::~ { 18.!!21).5 
11. .......... , ................ !W,5
5.6:{ ~~:~ :/2L..... , ' ................ 
 29.2 18.4 

'{ 28.4, ''- 28.841 .............__............. 911·.~, 1•• 2 i! ,I 31. 3 {
........................... 
 :14.0 
'. li. 5 ',. 33........................,... :11•.j 14. I


9............................. 20.fi j 31: 20.6
1I.1l /{ Ill.:!! "............................ 31. 5 {
12............................ !lO.1)

35.1 : 1:1... , ........................ 
 32.8 a:'. 836............................ 
 :10.710. S i ~H: 2;1........................... . ·11. i


10... , ...................... .. 20.4
11.5 2•• 4 
47.0

8............................. 4.8
13.1 I~: ~ i ~~\~;;r';:~il~·;·;l~~i;·c;:\~~;,~~~· i ~6.1 

39.............. , ............. 14.0 23,0 ~ o(cbecks) .................. ~o.o 62.8 

!!;J.519............................ 18.7 { It~ ;31 ........................... . 57.3 { 
 ·10.0 

Ii............................ HI. 319.4 { 2'~'~! 2L.................... ' •••• 59.2 
 2S.1132.. " ... " ................... 20.~ 31.7 j '", { 2:1.8 

211....... " ................. 23.3 i :l(~: ~ i --.......................... . i5.7 la.7 


2.1.0 HI.4 ; 
211.U f 

--.------------~----~----~----------------~--------. 
1 ,F,llno.> (rolll single plant selllctions out o( the 1'3 rows (I( corresponding pedigree nllUlber. 

A study of the general relntiOll between chineh bug reuction inF3 
amI F4 lines was mude on the basis of Fa qunrtiles, which is showll in 
table 11. 

The quartile I1Yel'flges for the F'I lines do not parnllel the Fa fiyernges 
exnctly, but the fl.YeJ'flge inj ury in the }1\ lines selected from the two 
more susceptible qunrtiles in Fa is higher thun in the 1;\ lines selected 
from the two more resistunt qunrtiles of the }i'3 generntiol1. 

TABI,E 11.-Quartile gronpi.ng for chinch bug iI/jury in the Fa generation and the 
averalle injurll in the F. generation of selected lines oj Kansas Oral1ge X Du'arj
Yellow milo at Jlfanlwllun, Ka'l/.,~., 1.922 (mil 1923 

---------j--·-----IT---------;----__. 
t Ayeruge pCr(','ntllces II .A \·crnj.!(~ pt~rccntnl!t~s

o( injuretl plants , of Injurcd IllanlsQllnrtlles Qllllrtlh~~ 

I.......................... , ..., 

II ...................... " ..1 
, 

It is evid('l1t from the TCSUItS of nil of the nbove-Ilfilned crosseS that 
resistnnce to chil1('h bug injury is iJ)herited~ but it is impossible, from 
the data nt halld, to dmw finy conclusions regfirding the genetic 
fnctors involved. Hybrid vigor has a pronounced influence on np
paren t chinch bug 1'esist!1l1ce. 

http:gronpi.ng
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A large number of Fa lines were grown in the nursery at Manhattan 
in 1924, but the chinch bug infestation was so heavy on the young 
plants tha.!; all but one were destroyed. The selection Kansas 24136, 
of this cross, which proved highly resistant in later tests at Manhattan 
and Lawton, came from the most resistant Fsline grown in the nursery 
at Manhattan in 1924 under heavy chinch bug infestation. The 
infestation in 1924 was so heavy that nearly all lines hud 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 bu~s while the plants were smnll. For this renson, no datn 
on the Fa hnes grown at 1vfunhattan in 1924 are prescn ted. 

At Mnnhnttun ' in 1925 a moderate infcstntion offered nn oppor
.tunity to study resistl1nce in a number of rows of several advanced 
hybrids. In a series of 10 Fa lines of Kansas Orange sorgo (resistnnt) 
X feteritn (susceptible) the mnge of injury was 1'llther evenly dis
tributed from 7 to 35 percent. The average injury to these lines is 
shown ill the following tl1bulntion. One of the stmins wns distinctly 
more resistilnt thnn the Kl1nsas Orange pnrent. No hybrid strain 
was as susceptible as the feterita parent, perhnps because chinch bug 
injury had exerted some se\ectiye infiuence in preceding generations. 

Planls injured 
Parell t and cross: Perunl 

~ansas Orange sorgo (I~arent) ________________________ 17.0 
KaJlsas Orange X fctcrJt.a ___________________________ 23.3 
Fcterita (pllrcnt) _______________________ .-__________ 86.0 
Red Amber sorgo (parellt) ___________________________ 43.0 
Red Amber X feteritll ______________________________ 33.7 
Fetcrita (parcnt) ___________________________________ 85.0 

In the cross Red Amber' sorgo (moderately susceptible) X feterita 
(susceptible) 22 F7 and Fs lines were studied in 1925. The hybrids 
showed evidenee of transgressive segregation. Fifteen lines were 
more resistant than the.resistant parent. A selection from this cross, 
K. 13. 2513, is the most resistan t strain tested during the 6 station 

~T('nJ's in which it hfls been tested nt :Ma 11 hnttfl 11 ami Lawton, us shown 

in tn ble 3. This is good evidence of uctunl transgressive segregation. 

These and other dnta suggest that it is possible to breed into the sor

ghums a degree of resistance higher thnn that possessed by any of the 

old stfllldard varieties. Selections of the cross hegari '(motleru telv 

I'CSistflllt) X Dwarf Yellow milo (highly susceptible) were studied 

for 2 years. In 1925, (;1 lines from this cross were examined for re- ~ 

sistflllce and none proyed more resistant than hegari. The same is ~ 

true. of a few lines from this ('ross studied in other years. A selection, 

H. C. 282, of a cross Dwnrf White milo X hegari, made at Hays, Kans., 

hilS proved moderately resistant nt I.;uwtol1, exceeding either' pnrent. 
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TABLE 12.-Chinch blLg reaction of advanced generation sorghum. hybrilh and their 

parr,nts at Lawton;, Okla.] 

Ilybrlds and parents 

Kansas Orange. __ • __ ••••__ ••.••••••.••••••.•• 
Kansas Orange X Dwarf Yellow mllo. ..... . 

Do............__............ .............. 
Dwarf Yellow mllo. ______..___..... _._ "" •. 

Pink kaflr....__ •___ ........................... 

I'ink katJr X Dwarf Yellow mllo .........._... 


DO..........._............................ 

Do•••••__................................. 


DwnrfYellowmllo............................ 

Do............................................do................ 100 


Dwarf Yellow mllo X Dwarf Freed ,...........Il. C. :UI:L............ 60 

DwarfFrood.................................. C. I. !171............... 70 

Dawnkaflrselection............. __ ........... C.I. 004............... ........ 

DawnkafirselectionXdnrso.................. Wdw.23............. .••••• 


Do........................................ "'dw.28.............. ...... 

Darso......................................... C. ).6J.~..................... ' 

.\ tlas....................... .................... C. I. 8119............... •• ...... 

.\tlns X Early Sumac........................ , I_n. :11:164 ............ __ ... ..... 

Early Sumac...................................Jo'. C. rIflJl ............... , •• ,.

JletI Amber.... ____ ... _..._...._.................... ~ .......... __ ~.... 


Red Amber X feterita ......................... 

Fet~rlta...................................... 

Sharonknflr.................................. 

SharonkaflrXdarso......................... 

Darso........................................ 

Dawn kaflrse1ection........................... 

Dawn kaflr selection X (Kansas Orange X 


Dwarf Yellow milo). 

Kansas Orange X DwnrfYclfo", milo......... 

Darso........................................ . 

Darso X Fargo............................... . 

Fargo........................................ . 

Dwarf Yellow milo .......................... .. 

Dwarf Yellow milo X hcgnri. ................ . 


Do...................................... . 

TIegarl........................................ . 


I Varieties planted ]\fay 20. 1!~IO; ]\fay 4, 11132; 
, Showed segregution for \'urious chnr8cters. 

The chinch bug reaction of 

Hecord no. 

P. C. 9108._.._........ 

Ks.24-136............_ 

K5. aO-3.1........._....

C. r. 332. __.._..... ____ 
C. I. 4:12..._. ___....... 

C.l.OO:I......_........ 


20 
68 

100 
30 
sa 

Ks.30·6l ••__.......... ........ 

Ks. :10·70......... ..... .•••.. 

C.l.:1:12.............. 100 


Plants killed 


H):lO 1032 HI:!:I 1934 


Percwl ';,::G~::i-:;::
as 7 ' 21 I 2 

F. C. iOa8............. _...... ~., .......... _ 

K. n. 251:1............. ........ 

C. I. 182.••".......... ........ 

C.1.8I:1............... ........ 

Wdw.12.............. ....... 

C. 1. 61.1....... ,...... ....... 


2 
2 
3 
2 
i 

18 
50 
:; 
1 

:19 
I 
2 
2 

('.1.001.................... , .......... 

Ks.32-132............................. 


AS. 24·136............. •.. __ 

C.1. 015.................. ., 

Odw.A3(H............... 

C.I.OO8................... 

C. L :1:12.................... . 

Wdw. J(}·I ................ . 

\\rd,,·~ 11-2~~ .................... h_~~+ 

('. I. i[,ij............ _~ .. ~~".~ .... _ 


MIIY S, 11133; und Mny I, 1\1.14. 

2 :I ; 3 
8 71 ! [.1

100 100 100 
1 19 I 0 
7 100 ' 92 

31 7i 
r. IlIO . 

100 lOO; 100 
100 

5 __ ,, __ . .. ..... .. 
13 ....... .........
~ 

:I!l 
14 
20 
20 
r,o 
21 
18 
17 
24 
8 
82g ... ~ ... < 2 

00 30 

3 3 
29 8 
18 17 
90 100 

100 100 
38 98 
45 ) 45 
44 

11. number of adyanced genl'mtion 
hybrids at Lawton, together with the reaction of their parents, is 
shown in table 12. Among the selections from the cross Knllsns 
Orange sorgo X Dwnrf YeUo\\' milo, Kansns 30-33, n combine type 
of grnin sorghum, showed more resistance than the susceptiblci milo 
parent but less resistance than the resistnnt Kansas Orange parent. 
Another selection from the sllme cross, Kallsas 24-136, showed trans
gressive segregation in being more resistant thlln Kansas Orange. 
This stmin WilS selected particularly for its high resistance. A study 
of the various llybrid selectiolls shown in tnble 12 indi(,u,tes tha t resist
al1('e to chinch bugs is inherited independently of mnny agronomic 
chamC'ters, becnllse resistant selections of widely different charncter 
have been isolnted. The resistant selection of Kansns Orange X 
Dwarf Yellow milo, Kansas 24-136, has produeed satisfndory yields 
of grain, but has buff colored seed. It is not lenfy Iwd has dry, 
pithy stalks, making it lInsntisfactory for fomge. This resistant 
strain is not recommended bemuse of its fnilul'e to meet farmers' 
requirements for.lt dual-plll'pose vnriety hnying good fornge fllld fln 
nttrnctivc, pnlntnble gmin. 
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A selection of what is supposedly a CI'OSS between durso und Jfnrgo, 
producc.d fit the Panllfindle Experiment Stntion, Goodwell, Okla., 
showed much more resistunce nt Lawton thnn the susceptible Furgo 
parent und wns ubout equul to the J'csistnnt <larso purent. 

Dnwn knfir selection X (Kunsns OJ'flnge X Dwnrf Yellow m.ilo) , 
n CI'OSS bet,ween two Tesistunt stmins grown in 1933 nnd ] 934 wus 
Illueh more susceptible thnn either pnrent. The Dawn kufir pnrent 
hnd 5 percent of dend plnnts in 19a3 unci only 2 percent in 1934. The 
Kunsus Ol'l1nge X DWlll'f Yellow milo (Kunsns ~4-13u) pUl'ent hud 3 
perc('nt of dend plnnts both inl033 find 1034. 

l\[ost of the oth('r udynnced hybrids listed in tn ble 12 do 110t sho\\
tl'l1llsgl'essivc segregntioll for rcsistnnec but tend towHrd an int('r
mediute position between the pnrents. 

NATUItAI, SELECTION AS A .'ACTOIt IN ItF..8ISTANC.: 

Ynrieties of n, sorgh lim n ppnl'ently homozygous for ngronomie 
ehnl'l1cters but whieh huye n('yc,' been subj('cted to ehinch bug injury 
have been shown to be het(,l'Ozygolls for the genetic fuetors goycrning 
rcsistnnce or susccptibility whcn grown in the presence of chinch bugs. 

Chiltcx, tL ynriety resulting f,'om It cross between kllfir und fetel'itn, 
disU'ibuted in 1023 by the eoopel'lltiYe field stlltion Ilt Chillicothe, 
Tex., wns grown in the nursery nt Ln wton. A light infestntioll of bugs 
during the curlicr pnrt of the 1031 scnson nt Lllwton did not prevcnt 
the nOl'Il1l11 deyelopmcnt of the plnnts. Secd was suved from this 
crop, find the yuriety WilS subjected to a heuv}' infestation of bugs nt 
Lllwton in ] 032. Seed wns suyed from the few surviving plunts nnd 
thrcshedin bulle In] 933 nnd] 934 this bulk-selected seed wus plnnted 
in compnrison with the originnl seed, remnflllt secd being used in the 
Iu ltCI' yenr. In 11)33, 53.1 pcn'cnt of the plllnts of the originnl Chiltex 
were killed, ns compnred with 22.6 percent of the seleeted strain. In 
1034, nIl the plnnts of originnl Chiltex were killed, while only u8.0 
pen'cnt of the selectcd strnin wus killed. 'l'he 2-yenr average killing 
wns 76.5 pcreent in the unselected and 47.3 percent in the selected 
Chiltex. The Luwton selection cllnpot be distinguished from the 
ol'iginlll Chiltex except wben growIl in the presence of chinch bugs. 

The knfir-milo hybrid, Kunsns 27-317, wns severely injured by 
chinch bugs nt l ..nwtoll in 1932. A single plnnt sllrviYed this serious 
infestntion nnd wllS suyed nnd plnnted in n head row in 11)33. 

All plnnts from the ol'iginnl seed lot of ICansns 27-317 were destroyed 
by chineh bugs, while only 35.2 ll<'rcent of the plunts of the selection 
\\:ere killed. These rows nre shown in figure 13. Agnin in 1934, all 
plnnts in the originnl Knnsns 27-317 were killed, complII'ed with 58.0 
per('cntin the J~nwton selection. The twernge loss for the 2 yenrs wus 
100 percent of the originul nncl 4u.ti perccnt of the selected strilin. 

Similnr l'esultshl1ye been obtnilled with dnrso) shown in table 13. 
Seedsnvcd from the single surviving pln.nt of n test in ] 932 was grown 
in ] 933 with n loss of only 38.1 pel'cent of the plnnts, while the originnl 
dfJrso suffered 11 loss of 85.9 percent. In 1934, 31.0 percent of the 
originnl dnrso wns killed by chin('h bugs, while only 18.7 pereent of the 
selection wns killed. T.he 2-yenr nvernge killing wns 58.5 percent of 
the unsclceted darso nno 28.4 pcrecnt of the selection. 

I 
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'FlGt'ItE J3.-Sorghum ,.uricties ond chinch bug msistllnt seiections (rom them lit L.iwton, Okln.: A, 
Darso (left), resistant seiection (right), JII:I:I; II. (,hille.• Clert), resistant selection (right), 1934; C, kotlr 
X milo, Ks. 2;·3Ii (lell), resistnnt:selectl!J11 (right). W3.1. 
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TABLE 13.-Ghmch bug reaction of 8 varietie.~ of sorghum an'l re.~istant selecti011s 
made from the11~ '1lnrier hCaL'Y chinch bllg infestation at Law/oil, Okla. 

Plants kl11ed I
2·yenrVariety and selection Jlecord no. 

lU3:i I 1934 II \'ert'ge 

----------------------------.1---__________.1 _____ 1-;;;:;:;1-;:;;;;;PercelltChiltc.'_______ .. .• ___ ••h.___ ••_. ______ ._._••••_. C. 1. 87~.___________• __ 5:1.1 100,0 ill, 5 Chiltex sl.lectlon .• _._ ....._.......___________ .___ I.n. 32:108_____________ _ 
 20. II 08, 0 47.3Kunr X fIIilo, " ______....__ •• ____ •______________ Ks.27-317____________ _ 100.0 100,0 100.0Kutlr X fIIilo selertlon ___ , .. ____ ••• ________ •_•__ .• _ ].n.32205____ • _______ __ :J5.2 58. 0 ~6. (\
Durso. __ •• __ ."", •• ________ •__ ••_••• ____ ....... C. 1. Oln..__________ • __ 
 85. D 31. 0 50.5 
Durso solecli()n .... ~,., •. ~ ...... ., ................... "' .... _.... ~ ... " .. ~ .. 1~11, 32572 .............. _.. "' ....... .. 38.1 18.7 28.4 

The r('sistlln t sde('tion of dl1rso should be of immediate pl'llrtieal 
interest in Oldahoml1 bccnuse darso is a widely grown tind popular 
variety owing to its drought l'csistnnce. The resistant selection 
appeurs identicnl with the pllrental vllriety in agronomic chfll'llcters 
find appnren tly cnn be re('ognized flS a distinct type differing from 
the parent only when grown in the presence of chinch bugs. 

The resistant s(·lection of kafir X milo, Kansas 27-317, does not 
uppear to be identieal with the pUl'ental type in plant hei~ht but is 
very similar in other agronomic churnctel's. These studIes of the 
effects of selection indicate that some varieties are homozygous for 
the genetic factors determining chinch bug reaction, while other 
vflriedes are heterozygous for these factors, 

Rows of lmfir X milo (Kansas 27-317) and its resistant Lawton 
seleetion and of darso and its resistant selection grown in 1934 are 
illustrated in figure 13. 

The selection of surviving plants from standard vurieties grown 
under conditions fnvoruble to chinch bug infestntion is a quick method 
of producing resistant varieties of sorghums. The ynlue of this 
method is limited by the flgronomic churllcters of the parental variety, 
but by hybridization it should be possible to combine chinch bug 
resistance wi th desirable flgronomic chaructel's. 

INVESTIGATION OF THt: OASIS OF CHINCH OUG ItESISTANCE 

NATURE 01' CIllNCH llUG INJURY 

The injury Iwd dentll of numerous plants of many ynrieties hnye 
been observed under field conditions and in controlled experiments. 
The controlled exppl'iments eonsisted of confining a cel'tflin number of 
bugs on single plants of Tcsistant nnd susceptible Yllricties of eom
plll'able flge by means of creosote bal'riers. The bugs used were in the 
Inter instal'S. Upon reaching matlll'ity on the experimentnl plnnts 
most of the bugs left by flight. The number of bugs used in eneh 
experiment wns estimated by mensUl'ing the volume of bugs nnd 
counting a unit volume. Most of the plants used in these experiments 
wero KnnSfiS Orange SOrgo (rcsistflnt) nnd Dwltl'f Yellow milo (:sus
ceptible). The results were obtained from a sudden attack by a given 
number of bugs npplied at one time on these experimental plants, as 
con trusted with the COil tin upd infestntion under field conditions. 
The dnta presented in tnblc 14 are repJ'esentn.tive of a larger number of 
experiments. The reaction of each of these plants to the bugs wns 
followed in detail. Considemble ohnnc/) for experimental error exists 
by reason of individual plnnt variu,tion, soilnnd wenther 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 
varieties. 

TABLE I4.-Resulls of controlled chinch bug i7t/e.~tations on individual plants of a 
su.~ceptiblc and a l'e.~i.~ta1tt variety of 80rghum. at Manhattan, Kans., 1927 

Plant Days DaysVariety and date or height untilBugs until RemarksInrestation when severely dendInrested wilted 

Dwarr Yellow milo: Number inrh,,8 jVlimba lVumher 
July 5••••••••••• 1,175 25.5 .... .......-.. .-............. HeIght, July 10, 51 inches.
-~-

June 30•••••••••• 1,275 12.5 .. -........ ..-- ---.....-- July 7, plllut rcco\'erln~; heIght 16 Inches.
~ 

Do•••••••••• 1,375 26.0 """"r ....--:;. Height, Aug. 10, 50 Inc les. 
July 2........... :3,000 13.0 

July I.•.......•. 6,750 10. ,~ 5 8 

July 6•••••••••• _ 11,000 28.0 6 14 

Kansas Orange sorgo: 
July 5...., ••••• _ 1,125 30.0 .... ------_ .. .............. Uelght, July 19, 50 Inches.
~ 

June 30..__ ...... 1,375 12.5 ..----- .. "'~ .. .... _.._--- Heco\'cred; heIght Aug. 10, 89 luches. 
Do.......... J,375 29.0 "--"'io' "'--i:i" lIelght, July 10. no Inches. 

July 2........... 3.000 11.5 

July I I.......... 11.750 10.5 10 14 

July 6........... 11,000 211.0 0 III 


I Plant o( resistant strnlll o( Kansas Orange X l)wllr( Yellow milo substituted (or Kausas Orange. 

The number of bugs required to kill a single plant, less than 2 feet 
high, of either Kansns Ornnge or Dwarf Yellow milo, under the {'on
ditions of these experiments, wns between 2,000 and 3,000. 'l'hese 
were immature bugs which sometimes left the plants when they 
became win~ed. , 

The reactIOn of the plant to the feeding of the bugs influences the 
habits of the insect, At the stage of incipient wilting and discolora
tion of plant tissue, the bugs frequently feed on the leaf blades in 
lnrge numbprs nnd with little movement. In the case of a slightly 
injured plallt the heavy feeding is on the leuf sheath. On the other 
hand, if the plants are not badly injured by the feeding, the bugs fly 
from the plants as soon as they become adults. The size and vigor 
of the plnnt greatly influence the nmount of injury that can be caused 
by a given number of chinch bugs, 

In one experiment an infestntion of 5,625 bugs killed the main stalk 
of a Dwarf Yellow milo plant, but severnl tillers developed from the 
crown after the population of bugs had decreased. Jn the resistant 
Kansns Orange vanety tIus did not take place, and it rarely occurred 
under field conditions. 

Under a sudden, llenvy attack of ('hinch bugs, plants of both 
varieties withered while still green. The wilting started with the 
outer, lower leaves and proceeded townrd the innet' and upper ones. 
While plants are in this condition It ruin will reviYe th~m and fre
quently permits prompt recovery under a moderate infestntion of bugs. 
The time between withering and denth usunlly was longer in Dwarf 
Yellow milo thnn in Knnsas Orange sorgo, but both withering nnd 
death begnn mO!'e quickly in milo. 

Prolon~ed sublethal attacks by the bugs tend to stunt O'rowth in 
all vnriebes. This often results in the def.th of the central leaf curl 
before that of some of the older leaves. Decny begins at the growing 
point near the crown where the tissue is usunlly beyond the reach of 
the stylets of the bugs and must be a secondary result of the feeding 



,':..' 

~':"
:'.' 42 TECHNICAL BULLETIN 585, U. S. DEPT. OF AGRICULTURE 

;< 
" 

of the bugs. The stunting of growth and death of the central leaf 
curl'are especially characteristic of milo and may represent a different 
t~e of susceptibility from that found in other varieties. 

Distinctive color reactions in the leaves of the plants attacked are 
characteristic of injury to sorghums by chinch bugs. The dark red 
or purple pigment deposited at the site of the punctures (pI. 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 
severe chinch bug injury. 

Jolmson (43) has given good evidence that the reddening find yel
lowing of leaves of legumes, cfiused by the potato leafhopper, results 
from the disruption and clogging of the conducting tissues and the 
overaccumulation of carbohydrates .above the injured area. The 
reaction occurring among some sorghums appears similar in cause and 
result. 

The in:b-ll'Y caused by chinch bugs is primarily the result of a mass 
attack. Young plants are sometimes covered with bugs and the 
sap is extracted in n few days .. Larger plants react in two ways to 
the bugs-they fire stunted and die quicldy, or they become discolored 
and die at a later stage. Severe stunting with a red discoloration is 
characteristic of the milos and most of their derivatives. Impeded 
growth with a yellow discoloration is characteristic of feterita and 
such sorgos as Honey and Leoti Red. Varieties of11ybrid origin may 
show varying degrees of both kinds of injury, depending upon their 
parentage. 

Experiments and observations indicate that injury mn.y result from 
a combination of one or more. of a.t 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 translocation. 

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

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

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 morphological characters of the varieties. These 
characters are listed in table 15, in comparison 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 morphological characters 
studied. However, some evidence was found of association between 
a few characters and chinch bug resistance. These are 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 
vaIieties tend to be susceptible. This apparent .association probably 
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A, Chincb bu~s feeding on II stalk of Hed Amber X feterita, Kansas II 251:1, a res/stant strain. B, 
Cblnch bu~s with stylets in II stalk of Ath~, (I()n~it.lldinlll section). C, Stylet and stylet. sheath o[
chinch b~ ill leuf sheath of A tillS (cross scction). ii, Stylet shenths of chinch bUI: in leaf shenth tissue 
of Dwarf Yellow milo. !lInm' brunches of shenths, SOIll" exte(ldi(l~ to fihw\'Ilscultlr huntlles (whole 
mount). R, Stylet sheaths of chinch hug in Illuut tissue ilL hllse of stillk (crown) of Dwnrf Yellow lIIi1o. 
Dark area surrounding stylet shellth is pigment wound rt,s(l!ltlse. F, Lurge (lumher' of reddish-purple 
stylet sheaths ·of chinch bugs in tisslIe "I sorghum plllllt (whol" mount). 



ll"i~ht of \ Lenl\ness Co~rseness Retention 1\ LOdging' Juiciness \' Co,lor.ol I' ilweetllel'.< 01 l Colllr of Jllnnt! Seed Shutter.j Color of i Glume 	 Type of Uead 
1,Innt or stllik of stalk of !ollll~e _ hab.t or stulk lmdrlh slllik : 	 illg hahlt. - Still"lllO 'I I awn t MnturilYRecord no. InjuryVariety • 	 J-----__. i Color Site $ub'<1al. I .1____; Color l-~~~:..-.~ Len~lh j' I·Ube.""'"I'e _~ .~::i:J 1-;;..""nlon\1_ 

Medium.. :'\ Medium.. Slender... Good....._ None.... J'ithy..... Whlte... Not_ sweet"'_,'I' Dllrk green •• Buff...._______• Medium.... I: Presenl••• some.... C're/·m)'. - Black............ SlendoJ'. pointed .. _Medium" l'ubesccnt...... O"lllo 

i 	

I .~ wnie.'i.~.. 1MedlullI .J GOOd ...... ,l Medium.Perce,,! 
'1'ail....... L"'j'Iy______-dd ....--....dd . __•__ ...dd ..... {~Icd·ll·...... Gm)'__._ SS\"i'oohLI--'-- -...Llg'd.t green - Wb~e._______._...V--·dol·---·.· 'p'\'b,..,n~t"· ·K·dO.... 'C' bite.. llrdklSb block.. I>nl11dLOIL....... ~ll'ed°rLl •• - •••••••do...... " ...... !.._.do .... I t'ylh,Jrl<;lll. L !In.. ..(\0 • Lute.
Ks. 24-136_••• 20.2Kansas Omnge X Dwarf Yellow mllo ••••• 	 o oAtlll8•••_••••_.___• _________________._. ~~J. 2 ...do..........10.....-- ... o0.......... 0 ....______ 0 ..... ",e um"I" 0..... ~ 1 YSWellt...... 0........___ • 0 ...____.__ ery Ilr~e.. Jesen .... olle.... ["!IIll)'_ nc:...._. _____••; .•• u............. " wn •• _.; ••do......_... __.......dO""j OVAle.. ':.10::.. ' t :\\001
C.l.SW...... 	 dMedlWD.. Medium.. MediwII.. _..do_"'___I...do..... Pithy __••• White... NoL swoot..... Or""u....... Plnk._________ • Medlwll .... Absellk... Much... \\ IlIle . .- (lrn~ .~-... - .~.. ISlender, I~'itlled.. Shorl... • l' lueIYllUbe.<CeDt••••j __.dOH.... Cylill!lrlclIl " ..do. . ... 'I" ") mn.
Red Amber X !ewrlta••_______.••______ K. D. 2.'i13..__ 28.5 

Pink kaflr___•__•___• ___________ • ____ 	 C. 1. 4:12•._••__ 35.8 .. do....... I.ellfy.__• Coarse.... __.do_..___....do..... MediuUl .....do.... - Slightl)'swecL Dark ~'I'een.. DuIL ....___.... _••_.do....__ • Presenl... SOllle.... fJelillll. Rod~lsb blllck.. Brond. (lomLed ..._ .Medlum. Pube.<ceDL.............do..... Conlcui Il.IIX.. ',_j;.1 0... -- it 

Orobomu.________• __•________· ________ _ 	 ...do._______do....___ Medium._ ••_do_____• __.do..... _••do....... Gmy.... Not.sweet... ••. Green....... While................do........-\bsenL......do.... ~hILe.:. Black ..._...... Pointed.... _..........do...... __; •• do ...................do..... ('yUndrical l\tedlum o~!i::"; lJ~'
C. 1. \120••••___ 36.5 
Standard Blackbull katlr•_______________ 	 C. 1. 71 •.•.____ :\7.4 'rldL.__......lIo....... Slender......do....._. Some._.. Julcy.... __ ...<io ..... Sweel •••,.... J,Ij!!tt I!recn. Ue!l<lL<h browlI. Small..... Present. _ I....do.... \ ~IJO\\ __ .....dn........... Slen<ler, p!,lntoo. ...do...... FIDtllYJlUbes'~nj ... ,....do..... 110. do I'1 


F. C. 9108..__ :13.3 .Medium.. ~ed:u'r" ~edjum•• 'M~r""- N~"e.... M1diunl•••••~"__••. ~1~iJtlySWeeL. ~fe~~....... Whi\e...___..... Medium .••• -~b~nt·..·I-~1·d°ti·· ~ biLe••. , .••-.~o....--.---. ~rla~,l"llllled.... ·Sl·do...... Pube,;cent........... ;....dO..... . - .do._. dn ... r•• it:; ':~:I' tt'::iitun 

~:~k~~~~~===:======:::=:::=::=::= O. r. mH••___•• 39.2 'T••dU ""--- -.-ro.~.ea y.. Illdn er... 0 odum.- --.do..... -J.. (l o..........dO..... SO St·eet..-.. g d I!reen. ----<t--····---.. ·-···:t·....· ..--dO ..... S ue ... ,,!ii'l:Y' ..... 1°......__••• 0 nd ....-... -, - .ord L......_...d<l0.......___ ..... j....do..... ! .... do .... IJ)"IIS1l • IJlft·diu/I!. Do. 
Milo X bagarl.__________•___ .-.-.-·---- B. C. 282•.•__ 39.4 a O....... <> Cu.!Um.. _.. 0 ......_ 0 ....._ ... 0..... u cy .......__ 0..... wee ............_ 0 ..........__ 0.............-., 0 ••••" •••• 0..... orne•••. _.(10.••.••· .--••·.·.·(dUl'.....•••••••••.•......··:.·.• Oo·••·•·•.•••••••••- ••.•.... ·.·t·ed°lu..m..•.•·j·••·.·.·.·doo·.... • •• ••••••••••••••••.•••. -.-...... ddoo.·.··••·: ! •.tln .... Mediultl Gou<i.... Do 

SWJrise Itatlr •• _. __________•______•__ ··_·_ C. 1. 47~L••""__ 311.5 Medium .. LeafY..__• Medium•. Medium.. __.do.... 1\.iedlulll .....dn..... Notsweet..... (lrooll....... I ...do................do....... i._••do.........do... . ' .. u . - " -ubescent ."".<io.....· do ... " - _dO. ! Do.
I ISharon katlr.•_•.____•••_.__•__..._••-... 	O. 1. SI3 •••• __• 41.5 •••do_...... Mt>dium.. Slender.... Good.........do ..... Julc)..........do.........do.............do....... _....do........... _____do..... 1 ...do...... !.. .do.... <:reamy...... do._ ............do.......... •....do....._ Finelyv • -,wnelL <-!"'Ite ...... ,10 -' ,h' -. ()(> 


42.0 TaIL.__ • __ Lent...........do..........do........._do....... do..........do..... Swt'tlL..__.... Lightl(reetl. Red........_____ Smnll...... ~....do·.·.. I--··dO... 'ielluw.• Reddish black .. Hounded........ Short••.•• Pubescent........... Awnie....... (yllUdrirol.'I' l)CIli'e. -- (\0. Do
White durso._____• ________ • __··_···..• 	 K. B. 3002••••• 
Early Sumnc________. ___•__•__• ___••.... 	F. C. 0011..._. 42.5 Dwnrl........ do: ....__ Conrse.... Medium...._do..... MediutlL .... do..... Not~weet..... Dark Kreen •• Wltiw........... M.ldium....l ..-do...... Much.. ~!"am~" ..._.do...__....__ Polnted_.............do...........do.. _.........__•. _.do.•.. _ <::oJJk>tI.. M'~lilllll.! l\fedIUl.n. Do 


1I. O. 302•••__ 43.5 Medlum.. Medium.. Mediulll.. Oood_ ...._ ...do..... _..do ........do... __ .. _.. do •• ______ Green ...........do........... __...do..........do...... None... blw... Black. __..... -......do_ ..... _...... Lon~, ..... }'inelqmbesoent. do l rlilldricnl .. do ., (100<"-. Do

Dwarf !eterlta X Smith mllo-katlr_•••••-	 C. 1. 628 .•••___ ...do._... Leal"..... Course.... Medium•• __.do.._. Pith)'..... Y~llow.. -_ ...do....._.. Dllrlcl!f<"'tl.. Yellow.......... Lar~e...___ j-- do..... Some... Yellow.. Dark brown••__....... do............ Medium•• PubeScent__....:::· ·:\.;'.·n(:ri::-- l!'·uw". .do.. MI·tlhuu J _Lah"
45.5Reed kntlr_._._____•••---.----••---•••---	 i46.0 __.do_..... M~diwn•• _Medium.....do.........do.... Mediwn.. Gray.........do. __ ..... Orc...·n•• __•• Pink........... Medium.. "j pregent··· ~Much.. ~rl'llmy. Onw.........___ Slender. p!1lntt>d.. Elhort.. ,.. Finely pUbesc<'DI .... Awn\I's.,.. (ylindrlcul . do j (111\,<1. IM'~'liu.m
O. T. SOIL_.._.Fargo____•••_.---.------••-.-••••- '-'--' Juicy Pink katlr__•_____• _____••__••.•___ F. C. 9091.._ •• 55.0 ...do___ ..... _do.........do...... Oood.........do•••• Juicy...... Yellow •• SwecL........ Darkl(rt"'IL. ~iddlsh bruwn .....do__.... Abscnl.. ••• None.... ~.;lIlow. Reddish black.. Polntffi_ .......... Medium .• Pubcsoenl ••••• _••-- Awnl·d.. 0\'1111'. -- .. do - do D(> 


C. T. 615.__••__ 56.2 __.do______ ...do_........do....._ ...do. __ .••..do.... Plthr- __ •• Whitt'... NutSWl>et........ ,do.._... ~ lite................do____ •• Present •1Some..__ h te... Bll\ck, .......... __ ••d~..... ___ ••. __..do•••• Heavily pubt<sct'nt .-\wnle.'i.L 0"111.. do 110. - - Do.
Darso._. _' ..•-.-.-•.• ---•..--..-.-•.•• ,- O. I. S72.••_._. 58.0 Dwarf.._. Lellfy.. ___....do.........do........ _do.... M.,dlUm .. Gray•• _... do_ .......l ... do...... 'iellow...............do.... __ Abscnt...1,. do. __ Croom)'.... dO._........,.....OO.-...- ..... ShorL .••• Pubescent.. .o\wneil.. O\'llW. do. do .. - ])0
'Vonder____ ._•••_._••••- ••-••••••- •.--.- H. C. 303__••_ 59.5 •..do... __ ," Medium.. Conrse.......do.........do...... go........do.......dO ..........j.....dO ••__•• White................do_.....,... do: •••• \...do... __ .do... Darlc brown.........do........... Medlum.. Fhl!·ly puhtl...c.,nt ..: .•o\\\'nless. 0\'111 '.- tlu. Ir.l('dfunt Do.
Dwar! Yellow milo X Dwarf FreetL..... 	 TaiL..... , ..do. __ ._. Slender......do...... Sonte.. - JuICy...... Gn.y.... Sweet......... Light greeu. Reddish hrown_ Small...... _I Pre.o;ent. ., None.__ \ ('110'1'. Red.... ..... . }iroad. rounded". 1"1tl~.... Pubt.~nt on till. Awn\·d.. I' Ohovllle \ Lllx . GO('II.. I Do.
Dwarfleterltu X Smith milo·katlr•• ,,___• 	 1I. C. 301. ••••• 63.2 
F. C'. 6610___•• 67.4 DWR,L ...... do....____ .do... __ • Mediunl_ ...do... Medium. WhiW ••• Notswl~t.... Grt"'n....... yellow......___ • Lllr~e.......-\hSl'llI .. -. do..... do... Blnck........... Pulnlt'd ........ Medium. J'ube.'Ol'nl.... • .do.. ('yliotirirol, 1II,·t1!tJIIl - 1II"llIuUl i 1)(1
Leoti Red. __....._.••_........._.·· ___ •• 
 ...do...... Notlen!y.....do_ ..... Good...... \ Nonc_. Juicy...... Oray••.• SWt'\lt." .... I ...'\0...... Whlte...._...... 16cdlunl•••• I, ....dQ••• 1 Som,' - ! C'rellmY'1 Oray_......... + .... do__ ... "'1'" .do... J •••do... .... I lIenl'il)' do Lllx : Oood : 1-;urly.
Kansas Omnge X Dwnr! YeUow mllo ___ 	 Ks. 3{)-33•••- .. 118.0 t I .! I ' I II\\'OI'I\.C'. 1. 9il __ ••__ 611.5Dwnr!Freed~ •• _••••.. ---- •• ,•••• -.- '-'  ...do...... JlIedlum. ...do..___• Medium....do.... Medium.....do... NotswloeC. • ••do ...... Yello"·.......... __• __do.. .do._... '... do - Yello,,· •• ! Blaclr.......--. Rounllt'd..... I" .do....I Fln~ly pubescem•• - AWlied. -- (10 - J\I!'Ilh'J11 do IM til • 


___ do_._ .• I,c.fy..... Mediwn.....do __.......do.......d~... . . ..do._ .... do.. .., ..11o...... Reddish yellow ......~o__... • .do....., __ ~o... ," du.......do.... ''''','' • do.. -- • Short.... ! Put",-so,mt....... -. do_ O"lIlc - - do... _·~j(·.liuill" , t'nO~1l 77.4 
Custer._••_._•._•••••__ ._.__ • __ ......... C. T. 919•••_._. 
Kalo__•___ ._...................... -- •.• 	C. I. 902._._ •• 


n.5 Mjdium. tle1lum.. ~':t1er--. O~Od._. T 30•• -- _.~o........~o...... 30" .. ' D';:~0ir·"i;· \yh~e._.........-...dO.... ':""3~---"1"Nooe' f C~e!lmy••• ~o......._ 1POIr:r
d .• -.. I rcdlUIll I JI''1Id'lIl-11llbtos".nt. i A\\'nicss CylindrlC'.t1-_ .. dIL_ o(KHL ' Ittlrl)'_ 


Modoc____.•______.•_._._ • .,_.._••. _.... C. I. 905_..... 79.0 ... 0..... I'a y...... IJ um..... 0. ___ •• __• 0. ___ ... 0......... 0__.... 0.. '1 u' ........ 0 .......... --.,. 0 __.....--- .-., • n ....... 0 .. r.... 0....•..• ..1··· 0 . "'1 ..oDK.....' .... 0... ... .do. - (hllh·. -0' dll... do_ ' l\l(!{\IuUl 

Club.__•__•••_•• _.__••_••.•_••__....... C. 1. 901._•• _ •• SI.O 
 ...do.........do._.... Coarse_._••••dO.._... \:... dO.......do....__ yellow......do•• __ , .\' .... do...........do... __......__..do.....' ••••do..... Some •• ' ...do•• IDark brown.... I [lrolld, polnt\·d •• 'j Short.....j Pubescent..... .-\wn~d C'onlcnL, __ <l(L ,(\0.. i l ... t .. 


85.7Pink kBflr X Dwarf Yellow milo_•.• - •• {~'. ~~~io:.::::} :::a~:::.::c:3~=::::: '~f~diiiin:: :::g~:::::: :J~:::: ·Pl~g;,::::: ?y~rw..~::: :·a~=:..::.: ·D~i?LO~r~n: ::;:~a~:::::::::: .~~r~~~:~~~:!I'.::~~::::l':=:a~:: : ~~~)-:l.~:l\C~.:::.~:: :1 t~)I~~.~'Olri~d: :1- ~f.~~~~~::'I.::::~~::::::.:.. L~~;~~'.·s.~· 	 ; N~::Ul~~ 1 M~~Wtl()\'nle.. j __ 110Premo.._•••__• __••••_•••_••_•••__ ...._._ 	 0.1.8..1...... 86.0 
Dwarf.... __ do._.... 001U'SC......do........ do.... 1\.{cIUum. 'iello\\'__ ....do........ (In,,,n...... Yellow._....... Lar!:e...... Absent.... None••• \cllow_ Dark brown...... do ......... -- Medium.......do-_........ j.-\wn,.d__ (h·;.t."·· .:a~.. I:r.I(·Ilium J)~:
Spur feterlta_..__~______••______....._.. C.l. 6'2:\._.... . Ill. [, 

.Beaver._.______• __• ___•__•••__•___.....- C. 1. 8il.... __ . 00.0 •• do...... Ml'dium•• MediuUl.. Medium_.\.. do _., •__ do__.... "',do.........do.......I .... do....... _,.do......... Medium•. 1.·.. dO..... Some......do.......do.......... Polnwd .......1,•. do··· __ i·..··do
........ ., Awnli'Ss I O"I\I~. ..do_. do. D 


Wheatland___••__________ •••__•___.•__•• 	 C. 1. O1S....-"" 97.5 Medium._ Notlea!y•• Slend"r__ • Oood...... Sont,,____ Pith}'•.•• "IIILO....... do..... \ L.ghtl!rl·I·lI "!tltt'...._...... Ver~larJ(e.. Prcscnt.• _....do•••• CrPBm),. Black............... tin. • ...., ... do.........do... .. • .• • .do ,do... d\L. I O(lod.... Il~: 

Common feterlttl.. __•____._••___________ C. 1. 182.... . \18.6 ...do._.... lA'lIfy..... Coal'Sll.......do...... None... _..do........do_...I' do.... Durk ~f('I'1I ...do•• __..... Me lum....,....dO.....1 •.do••__ ... do ••.•••••do__......__ ••• do............ '....do..... ,.... do...... . . '. do •• --. do. tI(,· do D 


...do___ ......do.........do...._. Medium.....do....._do .... _____ do ....!___ •. <lo.. -... I" do...., ..; ..do......... __ ...do._... Absent.... "Tdo.... _.,do .... ·.....do._....... Drolld.llolnh·d.... Short. .... l.....do...... ... ,-- .do.. '('onlcnl dll1 dn' \ I !lh' o. 

99,5 do
••• do..... l\fedluDl._ Medium.. Goo'! .•••• \...do .... MI,'dlllln •• Yellow_.) .....do........ Oreen..... ") }·Upw.......... Lar~e....... ,...do...._ None..__ \ ellow .......do .... _........ do._ .......... Mt>dlum.. j__ ._.do..__......... Awn<,d .• '1- O'·nLe. )'nl·n5 '.. .. do ':tedium
~~'Froo::.:::::=:::::::=:::::=:::=:::::::: 	 k's?:i~~::::: 
99.0 

99.5 ... do...... Lcafy........do...... Medlllm•. I, ...dO .... .. do... __ • OrBY___ j__.._dO....... \" ....do••. " "Illte........ ~-_. Medlum....II....dO........do.... Cresmy......do.......... Droad, [(\und(,d.......do..• .. t· .... • ____....... _',,-' _',do. -- Con(Ctl,,I., .. I Medium I" do" 1 Lat,· 
Dwar! Yellow mllo ____.....__•___...... 	O. I. 332......_ 
Bishop._ .........__......_.. ____•_____•• 	 C. 1. SI4_•• " \19.5 Dwarf ... Notlea{y_ Slender._ Oood...... Som"......do.... __ • YeUow.......do....... I.I~htgrcen. yl·Uow.......... LarJ(c•• __.......do........do .... Yello ...... DU'ltbrown.........do_....... --' Sbort..... -.... do ••• <1o· O"al \)!'J\!!e ••••• do"'''l t' J'. 


Medluiu••. Medhmi•• 1\fe<llu1ll•• j ...do.....__• Nonll"' Plthy.,"__ • While........uo ......._ Green•.__ .... Whlte........_•• Medium.... Present ••• Some.__ Cretlmy. Black....• ..••.. POlnted......·~· ..1 Medium.. ' __ .:do::. : .• :::: .[' Awnlii;s.. (')'lInd~ic.ii l\Ie<ihj'~I', .. do.:::: M:!dl~ru.
Sooner milo........... .............. •.• 	 C. T. 9li__•• , _. 99.11 I l ~_.. '1" 

100.0 

17:!O"-:\j (.'nc~ I'. 4:!)
Chlltex •• ____....._- ........... __ ._ ... 	C'. I.S74.... .. 1 


• The p"Illwc1es or c!lch Y!lriet y were- slrl>i!(hL "XCI'pt_ LhMC of Dwnrr Yelloll' milo. which hud 8 l~lldcncy to gooseneck. 

http:lInd~ic.ii
http:CylindrlC'.t1
http:JI''1Id'lIl-11llbtos".nt
http:odum.---.do
http:dU""----.-ro.~.ea
http:Co,lor.ol
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is incidental and due to the fact that in these experiments the dwarf 
varieties were largely milo and milo hybrids, which are susceptible to 
chinch bug injury. 

The sweet-stalk varieties tend to be resistant, while the nonsweet 
group shows a 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 11anhattan in 1934 proved highly suscep
tible to chinch bugs, in sharp contrast to such resistant varieties as 
Kansas Orange and Atlas. 1{ore sorgos should be tested before any 
definite conclusions are drn.wn Tegarding the relationship between 
sweetness of stalk and chinch bug resistance. 
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'FIGUIlE 14.-RelaUon of height, sweetness of stalk. nnd color of stigma to percentago Of dead plants. Each 
dot represents a sorghum "ariety, 

There seems to be a slight relationship between chinch bug Teaction 
and color of stigma" The YllI'ieties were classed as yellow, creamy, 
and white for color of stigma. The Yllrieties with Tellow stigma were 
generally more susceptible than the White-stigma varieties, which were 
rather Tesistant, with two exceptions. 'Yonder, a white-stigma, 
variety, was injured 58 pere(')]t and Premo WIlS injured 86 percent. 
The creamy class, which was intermedia,te in (,0]01' between the yellow 
and the white stigma. groups, ineluded varieties that Tllllged from the 
most resistant to the most susceptible. Althollgh there were indica
tions that color of stigma might be correlated with chin('h bug injury, 
more varieties of the yellow- nnd the white-stigma types should be 
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tested in order to learn more about this apparent correlation. The 
milos and many of the milo derivatives have yellow stigmas and are 
very susceptible. 

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

The manner in which the leaf sheath fits around the stnlk mny be 
related to chinch bug injury. The lenf sheath closely surrounds the 
stalk of a number of resistant varieties, while it fits loosely aroull{l the 
stalk of certain susceptible varieties, especially milo. Cbinch bugs 
are gregarious and feed in the protected location inside the sh(!ath 
when possible, and alis may result in concentratedinj urv to tbe plr.nts. 
This feeding habit is indicated by the greater Ilumbcl' of punctures 
(pI. 1, D) on the inside of the leaf sheath of yurieties in which the 
sheath fits loosely around the stalk. These observu.tions indicnte the 
possibility of a relationship between the JI1Ullner in which the leuf 
sheath fits around the stalk and the degree of chinch bug resistance 
of sorghum varieties. 

Whitehead i studied the relation of several ('huracters to chinch 
bug Tesistance in selections from KanslIs Orange sorgo (resistant) X 
D~'arf Yello~,r milo (suseeptil?le). He fou,?d thut.1igbt injury fr~)In 
chinch bugs III the F4 hybrId lines was assocIated WIth (1) slight firlIlg 
of leaves, (2) light aphid infesta,tion, and (3) small amount of dry])ith 
in the stalks, as viewed in stained cross sections. He found very 
slight or no correlation of chinch bug resistllnce with seedling ,~gor 
as e:\-pressed in height of uninjured plants. In the cuse of correlation 
of firin~ and aphid infestation of plunts with chinch bug infestation, 
the reSIstant and susceptible hybrids tended to resemble the respec
tive pm·ents. The Kansas Orange parent is characterized by juicy 
stalks (small amount of dry pith) Ilnd the Dwurf Yellow milo by less 
juice. Hybrids with juicy stalks showed It, tendency to giye the same 
chinch bug reaction liS the Tesistant parent. The reverse was ulso 
true. 

Varietal preference, as it mny upply to resistance, has been pa,r
tiany e:\-plored in two ways: (1) By a study of the oUnetory responses 
of the chinch bugs, and (2) by counts and observations of the number 
of bugs on varieties of contrasting reaction. 

The distribution of chinch bugs in fields nnd plots of sorghums 
presents many irregularities. Some of the fllctors wliieh influence 
the distribution are: Distance f1'om small grains; difference in size, 
age, and vigor of the plan ts j presence of crnbgmss 01' other species of 
food plants; density of growtl} of food ])lantsj and soil heterogeneity. 
It is difficult to determine whether a preferenee for certain varieties 
is a factor in this distribution of bugs and.in J'esistance under field 
conditions. 

There have been occasions at l\1anhuttun when the bugs appeared 
to show a preference for certain varieties tmder field conditions. "When 
the spring migration of tIle bugs from hibernating quarters wus de
layed, and the sorghums were planted early, the few migrnting bugs 
flJ~ng into the sorghum field showed fL distinct tendency to concen
trate on milo. The winged adults of the first generation sometimes 

J WIIITEIIEAD, F. E. See footnote 6. 
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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 
result of stimulus for oviposition rather than for feed, or of olfactory 
sensations quickened by hlmger or some other physiological state. 

An unsatisfactory a,ttempt 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 (fig. 15, B) was designed that appeared 
to give more reliable results.s 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 card"board 
box covered the growing plants at each end of the wooden box and 
confined the bugs near the screen ",ire ends. By means of suction a 
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 /?lass 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 
(Leptinota:rsa decemlineata (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 instars were used. 
No attempt was made to separate the dIfferent stages. A new group 
of inserts was used in eaeh experiment. 

These expcrinlcnts indieatecl that chinch bugs were attracted less 
by milo than the pota,to beetle was to its host. Under the duress of 
staryntion chinch bugs show only a relatively weak olfactory response. 
In order to determine whether the rhinch bug can distinguish between 
varieties, without tasting them, more delicate tests must be devised 

TABLE 1u.-COIII]J(J,f1:son of strength of olfactory responses of Colomdo 71Otato beetles 
and chinch buys determinerill'ith a, field olfactometer 

1 Insects Insects Ap·,
Period of expos· ..tend of at end of proxl·JnsC('t '['I'Sts j I'eriod ofstnr¥n· 

tion Ule box near box noor mate 
host I soil ratio 

,'!inlltesiN,,",,,J- n,w. Number INU1IIIH!r
Co~ornd() potnt.o heotlc.. _... :! lUG to I~.. - . 70 to 90••••.• _•. _ 208 :l9 7:1 
Cbmcb hug•• ____ • _" .•.•_.. _ I lUO t.o _18•• _._ , [,Ii to 100•••••••• , 1,320 703 >2:1 

I The hosts were JIOt.utocs .11111 J)wurf Ycllow milo, respectively, the plunts growing normoll~'ln the field 

The other m!!thod of a.pprollching the problem of chinch bug prefer
ence is by cotmts of the number of bugs on plants. Accurate counts 
are difficult to secure, because the bugs leave the plant quickly when 
it is disturbed. In spite of this difficulty two series of cOlmts have 
been made on Kansas Orange and Dwarf Yellow milo. 

The first of these counts as recorded by Hayes and Parker 9 is 
summarized in table 17 . The counts were made in the field when the 
plants were subjected to a moderate infestatioll. 

I J'ETEItSON, A. A )lA'SUAL OF t:)lTO)lOLQOICAI. t;QUU'lfENT ANll lfETHOllS. pt. 1, lIIus. Ann Arbor, 
Mich., JU3-1. [l'llmeogruphetl,1 

• HAYES, W. 1'., I1nd I'AItKKlt, J. JJ. Sl'll footnote 5, 
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FIGt:RE 15.-A, Young plunts of susoopifble Dwnrf Yel10w milo (left) and resistant Kansas Orange (right). 
showinl1 characteristic reaction to chinch bugs, Lawton, 0 kin., 1930i R. field olfactometer used In the study
of reaction 01 chinch bugs to sorgbum nt Manhattan. Kans. 
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TABLE 17.-Numbcr of chinch bugs on 25 7)/allts in adjacent TOWS of sorghums, 
lIIanhattan, Kans., July 20, 1.922 

--------------------------------------~------~----~-.------

I\-, Honge per 
Variety Totnl • \erngc plant 

per plant (number)[
-, ,-;;:::r II ~:I::;;; -----

DWllrfYellow milo".. ••.• ,.............. 5i9 23±2,1 21005. 
Kanslls Orange sorgo ..... "" • __ ., "'''''' 652 2O±:\,l Oto121. 

At Lawton, n. count of bugs on Kunsus Orange sorgo und Dwul·f 
Yellow milo WilS mude in 1930. The plun ts of these two varieties 
were grown side by side in rows spuced 6 inches upurt (fig. 15, A). 
No nttempt wus mude to ('ontrol infestution urtifieiully, but equlli 
chunces for infestation on the two varieties were obtained by growin~ 
them dose together. 

Counts wem made on preserved plants collected when about 6 
inches high and growing under It heavy infestution. The roots were 
cut belo\\' the crown, when the bugs were feeding intensely, either in 
the early morning or lute ufternoon. Under these conditions the 
plnnts could be removed from the soil und placed in a cloth bag 
without greatly disturbing the bugs. The number of bugs present, 
determined later in the luborntol'Y, 1'unged from 2 to 282 to the plant 
for euch "uridy. A sUl11mnry of these counts is given in table 18. 
Rows 67, 68, nnd 69 were planted Ilbout a Wl'el\: enrlier thun the others. 
The total Ilumbl'r of bugs on the 30 DWt\rf Yellow milo plants was 
2,148, or un aYl'rnge of 71.6 to the pI iI lit. The total on Kansas 
Ol'nnge sorgo wus 3,024, 01' un 11 Yt'l'l1ge of 100.8 bugs to the plilIlt. 
In ench pl1ired group of fiyo plnnts tlll'1'C wCl'e only two ill which the 
number of bugs on Dwurf Yellow milo ex('ceded tbe number on 
Kansas Ornngl'. 

T,\DI.E 18.-.Yulllbl'r of cMnc/t bllg.s Oil adjac('nt li(tirs of 7J/anl.s of f)wwj Yellow '//lila 
(sl/s(~efltibl(') (tnd f{a/lsas Orangc .sorgo (resistant) at LctI('IOIi, Okill., in 1.')30 

']'01111 on 5 planlS .A ycrngo I}{~r plnnt 

How no. I)wnr( Knnst'S Dwarf Kilns",;
Yellow ()rnn~e Yellow Omnge 
WHo !\orgo milo sorg(l 

-----._--_.---- -_.,----- ------
! ,iY'U711 brr '( ;\~umbt'r I..\~fJ1l1l1cr ,;.V,LlUlJt"r 

67.•. Sill I' ~04 Iii;. 8 1 160. Ii
fiS • 5\19 1111 119.8 Isq " 
lill . 1-13 ' 3iO !!S,1i . 7~:ii 
207..... .". i ~.~J7 ; Olll 1 59,·1 las. 2 
2GS • , 11:1 I, 174 " 22.0 I aL8 
2<i!)", ",~~.~ IIi I i-I 2:U H.BI 

.-'"2:J.iS-j·-a,tri.lj--7I.U I~--I-()()-.8.'l~olnl ..... 
_____________________.•"._.j ' I 

These ('ounts do IlOt ilPI)('ur to support n th('ory of prdl'rCllCe by 
the bugs for a slIseeptible vflriety uuder conditions of this experiment, 
There Wl1S n, wide yarin tion in the number of bugs prl'sl'nt on plants 
of the sumo vuri{,ty. This type of distribution onindiyidunl plnnts 
of the Sflme vllriety ngrct~d with Jil'ld obSel'Ylltions made ut that 
time. 1'he fnctors whi('h ill/lucn('e the n UIll bel' of ('hincb bugs pl'esen t 
on individunl plunts lind (m varieties under difl'erent conditiOIls 
require further lI1vCFitign tion. 
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FEEDING HABITS IN RELATION TO RESISTANCE 

When the mouth parts ofa hemipterous insect are inserted in 
plant tissue there is formed about them a stylet sheath (pI. 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 ha.ve served to confirm most of the points 
discussed by Painter. Chemical tests and stains other than iron 
haemato:-.:ylin 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 containing sheaths were then subjected to microchemical 
tests. 

Some investigators have considered these stylet sheaths to be largely 
or entirely of insect origin: :Many of the observations in the present 
investigations point in the same direction. There is also some evi
dence that following theil' deposition in the plant tissue the stylet 
sheaths chan~e by addition of pigment from the plant. In plants of 
most sorghum varieties a reddish pigment forms about any mechanical 
injury which eventunlly is laid down in the cell wnlIs. 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 
areas (pI. 1, E). 

The composition of the sheath would be of importance if it could be 
shown to difrer in Tesistant and susceptible varieties or to change in 
composition after deposition. In investigating this question vnrious 
microcbemicnl tests, Inrgely those described by Eckerson JO and 
Campbell (10), were used. Callose, pectic substnnces, and chitin 
hllve been report,ed to he present in stylet shenths fmmed by VllriOUS 
Hemiptern Ilnd Homopf,era. Staining renctions or solubility tests or 
both failed to indicate the I)/'esence of these substances. Stylet 
sheaths trellted with either hot or cold concentrntedpotassmm 
hydro:\.;de dissolved when transferred to gO-percent alcohol. Delicate 
fragments of insect exoskeleton did not dissolve when trented in the 
slime mllnll(,l'. Since the trentment with hot coneentrnted potassium 
hydroxide followed by nlcohol nndiodine-potnssium iodide solution 
constitutes the chitOSlln test for chitin it appears that this substance 
is not present in the stylet sheaths of the chinch bugs. 

The stylet shenths gnye it positive protein reliction with :Millon's 
reagent, turning red nlmost liS soon as the Tengent wns npplied. This 
agrees with tests mnde by Smith (62) on the stylet sheaths of certain 
leafhoppers . 

•OECKERSON, s. Tl. lIICROCIiElIISTRY. Chicago Cnl". Bot. Dept. 30 JlJl. [~Ilmeograpbed.) 
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In solubility and staining tests there appear 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 yariety.in which the 
sheath was deposited. 

Plant material containing clwch bug punctures preserved at 
Lawton, in 4-percent formalin, was studied nt :Manhnttan. In some 
cases bugs with their stylets in the plant tissue were etherized and 
preserved with t.he plants in formalin (pI. 1, B, D). Sections of this 
preserved material stained with analin blue, saurefuchsin, and safranin 
gave good differentiation of the sheath materini. Methylene blue, 
methyl green, amt neutral red gaye a fair differentiation, while Bie
brich scarlet, orange 0, ligllt green, and gentian violet did not stain 
the sheath or failed to differentiate it from the surrounding tissue. 
The stains were dissolved in water 01' in 50-percent alcohol 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 Knnsas Orange. There wns evidence thnt shenths remain 
permnuently in the plnnt tissue. 

The location and number of punctures 011 the Dwarf Yellow milo 
and Kallsns Orange varieties were studied by bleaching the whole 
preserved plants in chlorine produced by treating potassium chlorate 
with hydrochloric ucid and stnining overnight with O.025-percent 
annlin blue solution (pI. 1, D, F). '1'he plants were washed in running 
water to remoye excess stain and euch leaf wus examined under a 
binocular. Counts were made of t.he number of punctures on each 
leaf blnde and leaf sheath (tn.ble 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 chinch bugs to the 
plant. The number of bugs I)I'esent nt thnt time on t.he two yarieties 
was about equnl (table 18). 

An averuge of 444 ± 39 punctures to the pll1,nt wns recorded for 
Dwarf Yellow milo, as compuTed with all u,verage of 387 ± 35 for 
Kansas Orange. '1'his difl'erence of 57 ±52 punctures to the plant on 
milo, as compnred with Kansns Ol'nnge, is not significnllt. Although 
only a small numbm' of plnnts were studied, the data seem to indicate 
that the chinch bugs probnbly feed about equally on these two 
varieties) namely, one resistant nnd the other susceptible. However, 
a larger number of plllutS must be studied before dra.wing definite 
conclusions. There flppenrs to be it significant difference in the 
location of the chinch bug punctures in theplflllts of the two varieties. 
On the plants of Kflllsns Orange the punctures were distributed fllirly 
equally in both the leaf blude and leaf sheath. On the plnnts of 
milo there were more thull three times as manx punctl11'es on the lenf 
sheaths as on the leuf blndes. This vnrictnl (htfcrenee in the location 
of the chinch bug punctures may be explained on the basis of the 
morphology of the plants. 

http:yariety.in


TAR),E 19.-Nlllllbrr oj chinch bug stlliet sheaths in K(/.n8(/.~ Orange and DlmrJ 
}'clloll' 'milo plal/ts grown at [Jawtont Okla., 1,980 

Kansns Ornllgc plnnts I Dwnr( Yellow 111110 plnllts , 

I.enf nn.. 11)1~;X~-1 s~~:[i, I 'I'otnl "{r:;:{~ IS~~il Total 

____________.I'P._u_IIc_.tu_r_c,q::::: __Jpunctures ~--

.'''-1l1llber JYu.mllr.r .lYumber NumlJer i\"umbcr j\TumlJcr 
1 (bns.~I) ••••••••• _..................... __ • 1011 50S tIl'l 135 5:12 r.n7 

2......................_................... 195 4·10 G-II 132 f,H G-I6 

3.......................................... XI5 311 540 105 (l.i5 iflO 

4.......... ...... ..... .... . __ ......... 4Rl 4·1J 921 114 !H2 l,().in 

5....................... • ...... _.. WS 219 727 ZI8 4mJ 617 

6................. _ • __ .......... 2.111 33 289 21:1 S 221 

7 (upper) ........... " ..... '''''I.__I~S ___0 __I.:.s~.___::. ___0 ___3 


'I'ol.nl.. . ..',_..0.'.'.:...~ 3.sr,()I~~~ 
A"erngC.ll~~:~:~, ,_. __. __ -_I!-_Jt±_-~_)5_··1~W5Iw-l~i:;rJ(M±;2·I-;;:m;J;i2T 4H±39 

I ..\ \'Cnt~c< of ~'f) plllllfi.t 
j A \'crngc of HI plunts. 

'1'11(\ l<'ftf shpfl ths on thp Knllsns Orilllg'p plan ts gTOW 1'fl the!' closely 
arotmd the stnlk ",hill' tlulsP on the DWllrf Y pllow milo plllnts n.re nlQre 
open (p. 44). This fuct mny account 1'01' the apPl'oximtttely equal 
totnl 11UIl1 bpI'S of ehillch bug punetures in the leaf- sheaths and the 
leaf blndcs of the Kunsns Orallge plllllts, and for the wide difl'el'cnce 
in totnlnumbcl's of ptlnctnrl's on till' Ie/If sheaths nnd the lCflf blndes 
in Dwnl'f Yellow milo. Injury to the plant owing to disruption of 
the trullsport, system in the xylem and phloem would be gl'(~l1tcr as tt 
result of the fcl'ding on thl' 11'lIf sheath wh!'re the vnseulnr bundles are 
fewer thnn in the Ipuf hlnde. This flppenl'S to be one of the factors in 
the difl'eref]ce in thc /,psistnnrc of tlwse two Yll rirties. 

Sin('c th(', ('ounts mentioned nboyc we 1'('. Illude it hns bepn found 
thut anulin bluc stnins J'l'C'ently deposited sheuths better than those 
which 11!t:vc IWt>n deposih>d 1'01' fl, longcl' pPI·jod of time, flnd also that 
stylet shentlJs in Knnsns Ornllge sorgo fll'C 1Ilore cosily stnined than 
those in milo. However) unstained or lightly stained sliefl.ths nre 
easily visible undpr the mi('roscopc, nnd it is believcd that relathrely 
few were o\'(>rlooke<l. SnJl'flnin find sfiul'efuchsilt al'e now known to 
give morn ul)iform stains lllld should be used in future studies of this 
kind. It should be pointed out thnt these counts give information 
conccl'I1ing the loention and lllimber of feeding places, but do not 
indientc the amount of fluid withdmwn frolll the plllnts or the length 
of time occupied by the feeding. 

SUMMARY 

TIl e biologielll ('on trol of ins<'ets by lIwnns of host l'esistuncc is fl. 

relutively new field of st.udy ill which rc('ent d('.\,elopllwnt hus been. 
1'I1pi<l. The datu. pl'(lsl'nted in this bulletin \\,l'l'('. gathered at 1v1un
hattllll, Kilns., fit in(el'Ynls during fl period of more thnn 15 ycnrs nnd 
during n pcriod of 5 yellrs nt Lnwton, Okla. Th<,y denl with the possi
bility of l'Pclucillg chinch bug injury to sorghums by utilizing host 
resistance. 

TllC chil1('h bug- J'(>ndion of most of the importunt nnd stnndllrd 
varietics of sorghum 1mB becn dctl'rmil1l'd. In genernl, the milosure 
very susceptible, the fctcriLiIS sus('cptible, ilnd the knill'S nnd sorgos 
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rather resistant to chinch bug inj\ll'y. Most of the sorgos are slightly 
more resistant than the kafirs, but other's are susceptible. . 

Atlas sorgo is highly resistant to ehinch bugs. This is nn important, 
factor in its adaptation to easteI'D Kansns and Oldnhoma, where it is 
increasing in aCI:eage and popularity. Chiltex and Ajax am limitml 
to some extent III southweste1'Jl Oldnlioma, because of their suscep
tibility to chinch bugs. Benver, \Yhentlnnd, and most other milo 
derivatives tested are vcry susceptible. Hegnri is more susceptible to 
chinch bugs than most of the kafirs. Dnrso is moderately resistnnt, 
and produces good yields of gmin even in unfavorable seasons. Cer
tain varieties such as feteritu., Sooner milo, Greeley, and Cheyenne nre 
susceptible but under some conditions evu.de serious injury beca.use of 
their early matUl'ity. 

The range in avcrnge percentage of plants killed in 30 varieties 
tested at Lawton for 4 years was from 7, for a highly resistant selection 
of Kansas Orange sorgo X Dwarf Yellow milo, to 100, for the vory 
susceptible Dwnrf Yellow milo. The average percentage of plants 
killed by chinch bugs in 22 vnrieties tested at both Manhattan and 
Lawton rangecl from 10 pprcent in a very resistant selection of Red 
Amber sorgo X fetcritn. to 85 pl'I'eent for the highly susceptible Dwarf 
Yellow milo. . 

Early. planting is one of the most important cnltuml prnctices in 
limiting chinch bug injury in the vieinity of Lawton, Okla. Chinch 
bugs will attnck sorghums during any purt of the vegetative period of 
the plant, but older plnnts arc better a.ble to withstund the attacks. 
The plants in the earlier plnntings nt Lawton haye been larger at the 
time when the chinch bugs migrated into the sorghum nurseries and 
consequently showed the leust injury and produced the llighest yields. 

Results obtllined suggrst thnt resistance mny be dominant or pnr
tinIly dominnnt in the crosses studied, although the c.ontinucd mimi
festation of heterosis in the F2 genel'lltion of these erosses may 11ll.ve 
increllsed the avernge resistlmec of the population. There is a close 
I'elationship between heterosis Ilnd ehinch bug resistance of some FI 
sorghum hybrids. 

In 100 F3 lines of the cross Sharon kufil' (resistant) X Dwarf Yellow 
milo (susceptible), observrd figures give a very close fit to a. calculated 
3:1 ratio and might be tllkrn to iIldi(~a.tc that one main fnetor pair 
governs chinch btig reaction in this CI·OSS. However, there is evidence 
that the inheritnnce of chiueh bug resistance is more complex and is 
influenced not only by otlH.'r gcnes direetly afl'ecting chinch bug renc
tion but by genetie Inctol's controlling such phUlt chnrncters us earli
ness, vigor of enrly growth, chal'tleter of sheath, and others. 

The. occurrence of sevcral lines uppnrently homozygous for inter
medinte reaction to ('hinel! bugs is not in ngreement with a single fuetor 
hypothesis. . 

Datl1 obtained On hybrids show thn t resistnnce to chinch bug injury 
in sorghums is inherited, but the genetic factors involved hllve not 
been determined. SeYe1'U1 hybrid selections nrc more resistant tlulIl 
the resistant parent, showing trnnsgressiye segregn tion. 

Heterozygosity of yurieties with respect to Tesistanee fnctors is 
responsible for some inconsistent l'enctions to chinch bugs in different 
seasons. This is revenlcd when serd is sayed yen I' after year from 
varieties grown under severe infestntions of chinc11 bugs. 
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Selections from Chiltex, kafir X milo,Kansas 27-317, and darso made 
at Lawton are much 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 at least four 
factors: (I) The direct withdrawal of plant fluids from cells and 
especially from the xylem and phloem tubes; (2) the exudation of 
plant fluids from punctures left' open after the feeding o£ the insects, 
with the attendant possible interference with root pressure and 
translocation; (3) a clogging of the plant conductive tissue with stylet 
sheath material deposited by the bugs; (4) and openings in the plant 
tissue are provided through which fungi and bacteria can enter. 

Resistance to chinch 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 
reaction. This apparent correlation is incidental and relates to the 
characters of the particular varieties 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 bugs on 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 }lIl,ve been studied by examination 
of the stylet sheaths which are left in the plant tissue at the site of 
t,he insertion of the mouth parts. Counts of ptmctures (or stylet 
sheaths) in plants of Kansas Orange sorgo (resistnnt) 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 Dwarf 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 greater as a result of the feeding on the leaf 
sheath, where the vascular bundles ure fewer than in the leaf blade. ~ 

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

Expe1'iments and observations indicate that Tesistallce may consist 
of physiological chal'l1cters involving at least in part the ability of a 
val'iety to grow or l'ecover in spite of the feeding 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 a number of possible causes. Even though the 
exact mechanism of resistance remains obscure, this llas not prevented 
distinct progress in the production of resistant varieties through 
selection and hybridization. 
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