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INTRODUCTION

The greenbug (Toxoptera Graminum Rond.) is one of the most destruce

tive insect pests of small grains in the central and southeastern statese
According to Wadley (29)1;L it was first found by Rondoni in Ttaly in

1847 and wes classified as Aphis graminume In 1852 this species of

insect was described by Rondoni wore completely and placed in the genus
Taxopteras. There is no definite proof of where this insect originated
but the literature indicates that it came to this country from Burope.

This insect has caused some damage each year in the small-grain
region of the United States and several gsevere outbreaks have been
reported since the first specimens were found in 1682 near the Atlantic
Coast (8).

In 1890 the first genersl outbreak occurred and caused damage to
small grains in Texas, Oklshoma, Indiana, Illinois, Kentucky, and North
Carolina. It was not until 1907 that a major outbreak cccurreds It
started in central Texas and spread in a fan-shaped area extending
northward through Oklahoma, Kansag, Ifissouri, Arkansas and up inbto
T1llinois to within 60 miles of Chicago (2). This outhreak resulted in
the abandoning of T0% of the wheat acreage in Texas and an estimated
total loss of 50 million bushels of grain (30).

In addition to the severe outbreak of 13207 there have been 13 obherse
According to Dahms (8) the most serious one occurred in 19h2 when in
Texas and Oklahoma more than 61 million bushels of grain valued at 30
million dollars were loste Also Dahms points out that in 1950 more than

- 1,500,000 acres of barley, oats, and wheat were abandoned because of the

L;vFigures in parenthesis refer to “Literature Cited", page 5She
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heavy infesbation in northern Texas, western Oklahoma, and in some
parts of Coloradeo, Kansas, and Nebraska.

The greenbug injures the small grain plant by puncturing the tissue
and forcing the stylet down into the phloem region from which it takes
up the life substance of the plant. However, as poinbed out by Chatbers
and Schlehuber (7), vhe plant is probably damaged more by the introduc-
tion of the insect's saliva than by the uptake of {the plant Jjuices or
by the mechanical injury. As the plants wither and die the greenbug

moves out to new plants, leaving an area of dead plantse. This azrea
becomnes larger and obher similar areas in the field develop and soon
all of these areas join cauging a tremendous part of a field to be
completely killed oula

There is a grealt deal of work being done on the control of green-
bugs from various aspects such as culbural and natural controls and by
the use of insecticidess Albthough these methods are very important and
should be carried out, they are not enocugh during years of severe green=

bug outbreaks., According to Dahms (8) insecticides were applied to more

than 600,000 acres in northern Texas, western Oklahoma, and in some parts

of Colorado, Kansas, and Nebraska in 1950. This does not appear to be
a wholly satisfactory method of control because of the relatively low

profit per acre from small grains and the high cost of applying the
various chemicals. The mest satisfactory answer to this oroblem liies
in the incorporation of greenbug resistance into well adapted and
desirable strains of small grainSe.

The purpose of this research was to determine the mode of inherite

ance of resistance of barley hybrids to artificially induced greenbug

<& [ PR MU S, 4 7
infestations. These studies were conducbed undor greennouse conditions



during the fall of 1950 and the spring and £all of 1951 at Stillwater,
Oklahonae

These greenhouse studies were designed to note the amount of
growth made by each hybrid, to observe which hybrids were preferrsd
by greenbugs, and to determine the actual nmumber of days the hybrids
would live under a heavy infestation of greenbugs as compared to the

resistant and susceptible parentse.



REVIEW OF LITERATURE

Among the methods of preventing losses caused by insect pests,
the breeding of insect resistant varieties has been and is now of
major importances

According to Jones (17), the earliest recorded observation of
insect registance was observed by Isaac Underhill in 1782 in wheat

resistant to the hessian fly, (Phybophaga destructor Say). Today

plant treeders; entomelogisis, plant physiologists, chemists, and
possibly other specialists are cooperating in an effort to control
injurious insects through the development of resistant varieties.
As Dahms and Fenton (9) have pointed out, the principles involved in
breeding for iunsect resisbance are similar even Lhough there are
hundreds of insects and numerous crops.

The purpose of this brief resume is to rewview only the mode of
inheritance of resistance of some of the grains and forages to a few

of the more important insects.

The Hessian Fly

Inheritance studies of wheal and other grains resisbtant to the

hessian fly (Phytophaga destructor Say) have been carried om for more

than 50 years and are today of major importance.

In the years 190L, 1905, and 1906, Gossard and Ilouser (15) made
observations on 75 varieties of wheat and other grains, and found little
support to the early idea that there are varieties immune o the hessian
fly.

Later in experiments conducted by McColloch and Salmon (19) it was

L



reported that the hessian fly could diseriminate between different
kinds and varieties of graine
Painter (22) states that a high resistance among the durws spring

wheats (Priticum durum) has been reported. Data presented gave evidence

that a part of this resistance ig the result of low oviposition on ab
least some of these whealse

In studies by Painter and Jones (23) on the comparative amount of
hessian fly resistance iln Pawnee and Temmarg wheabt they found that
Pawnee had 50% lower infestation in the main stem, 75% lower tiller
infestation, decreased size of puparia, lower percentage of injury to
infested plants, and higher yield under a heavy infestatlion of flies,

Painter, Salmon, and Parker (25) found that hessian fly resistance
is an inherited character which may be combined with other desirable
ones, bub that this resistance is not closely linked with any agronomic
character.

Crosses between vesistant and susceptible wheat variebies have
been studied by Parker and Painter (26), and they snow that fly resist-
ance 1s a heritable characler, probably governed by multiple factors.

Experinents conducted by Painter, Jenes, Johmston, and Parker (2l)
siow that fly resistance can be transferred from Marguillo wheat t&
winter wheats. They found that there was no very close genetic relation-
ship of hessiau fly resisbance with regard to disease resistance,
winterhardiness, spring or winber habit of growth, or other visible
agronomic characterss

u Under California conditions the variety Dawson was showa to be
highly resistant to fly attack, and the varieties Poso and Big Club

were very suscepbible as reporbed by Cartwright and iisbe {6)e From



crosses of these three varielties they found that the inheribtance of
resistance to hessian fly gave a ratio closely approximating the
theoretical 15:1 ratio occurring when two factors ave involved. They
therefore concluded that fly resistance in Davson is heritable and is
conbrolled by two genetlc factors designated as HlHl and ible Later
through backerossing, they were able to transfer this resistance to
commercial varieties. They also point out that resistant varieties
ipberrupt bhe life cycle of the {ly.

Purther investigations carried on by Hoble and Suneson (21)
confirmed the results obbained by Cartwright and Wiebee Their data
also demonstrated the successful isolation, differentiation, and
recombination of these two factorse.

Varieties of common wieat found in previous work to be resisbtant
to the hessian fly were used in crosses with ¥38 by Carturight and
Shands (5). They obtained resulbts which indicated that at least two
genes are involved with resistance being dominant; one gene coning
from W38, designated as HBHB, and one or more being contributed by
the other parent in the cross.

In addition to these tiwree dominant resistaant gemes, Suneson and
Hoble (28) established that the variety Java conbains an independent
recessive gene pair designated hhhh‘

Experimenting with two strains of the Java type wheat, Hoble,
Carturight, and Suneson (20) found that these straing exhibited
resistance to the fly similar to that exhibited by the variety Dawsone

They concluded that it differed from Dawson by at least one factore



The Pea Aphid

Another inseet of major importance is the pea aphid, (Hacrosiphum
pisi Kalte). Blanchard (3) states that this pest has been partially
controlled by certain cultural methods, bub that the development of
resistant strains seems to offer_more poséibilities.

In 1934 Blanchard and Tudley (L) observed in the field and in
greenhouse tests, alfalfa plants which were practically immune to the
pea aphid. They concluded that aphid resistance is an heritable
character and to them it seemed evident thabt this resistance could be
eagily combined with agronomically desirable lines.

Albrecht and Chamberlain (1) in 1936 conducted experimenivs with
Fé hybrids of Dudley's resistaent strains and obtained results similar
to those obtained by Dudleye. 1In -a repetition of the tests in 1937,
the results indicated that resistance was not a stable character and
that inberitance of resisbance is influenced to a great extent by its
relation to environment.

A study of the rate of.reprodnction of ‘the pea aphid on different
alfalfa plants was conducted Ly Dahms and Painter in 1940 (12). They
found that there existed a relationship between temperature and repro-
duction, and bebween resistance or suscepbibility and mortality. They
concluded that plants probably were resistant because they were able
to withstand the feeding.

Experiments by Emery (1) showed that resisvance of alfalfa to
the pea aphid is correlated primarily with an acid condition and a
scarcity or absence of sucrose in the plant. Also Emery found that

resistance 1s due in part to the proportion of schlerenchymabous tissue
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and the amount of lignin in the walls of the parenchyma of the rays
in the growing shools,

Jones, Briggs, and Blanchard (18) crossed a resistant alfalfa
plant, which they had selected from the progeny of a heterozygous
resistant plant, with a susceptible one. They found That the Fl
plants were almost as resistant as bhe resigbant psrent. From the Fy
of the cross resistant X suscepltible and the reciprocal, they obbtained
a 13:3 ratio which indicated the presence of one dominant and one
recessive factor for resistance. They analyzed their data in ancther
manner and the results indicated there was a single dominant factor
for resistance to the pea aphide Neither hypothesis was borne oub
by the F3 data, ut the F2 data clearly indicated the presence of at
least one recessive gene and probably one dominanbt gene for resistance.
They poipi oub that further study is needed to definitely explain the

node of inheritance.

The Chineh Bug

The chinch bug (Blissus leucopterus Say) is of considerable
importance in the Southwest, and a great deal of work has been done
in an attempt to control it,

According to Dahms and Martin (11) resistance to chinch bugs in
sorghums was dominant to suscepbibility. Their work indicated that
here was no association bebween hybrid vigor and chinch bug resistance
as measured by oviposition and longevity of the femalesa

There was an increase in the resistance of sorghums to chinch bug

attack by the addition of superphosphate to the soil as reported by



Dahms and Fenton (10). However, when sodium nitrate was added bthere
was a decrease in resistances They pointed out that the results from
the pot experimernts were variable.

Dahns, Snelling and Fénton (13) showed that thé chineh bug passes
throvgh immature stages in less time on a suscepbible veriety of
sorghums than on a resistant variety.

Resulis obtained by Snelling et.sl. (27) suggest that resistance
of sorghums bo chinch bug sittack is dominant or partially dominant.
They concluded, however, that inheribvance of chinch bug resistance is
not governed by one main factors buat that it is nore complex and is
influenced not cnly by other geres directly affecting clidnch bug re-
action, but by genetic factors controlling agronomic characterse. Lines
which appeared to be homogygous for agronomic characters were found to
be heterozygous for the genetic factors goveruing resisbance or suscep-
tibilitys These aubhors also point out that natural selection is an

imporbant factor in chinch bug resistance in sorghumse

The Greenbug

There has been relatively little work done in determining the

mode of inheritance of resisbance to the greenbug (Taxopters graminum

Rond,) in host plants. However, some valuable preliminary date have
been reported by various workers in this field.

Some imporbant controls of the greenbug as reported by Atkins and
Dahms {2) include natural agencies, parasites, predators and unfavorable
weather conditionse According to these warkers, low bempercbures during
February and March, cloudy skies, 1little precipitation, low fertility of

‘the soil, no previous crop such as couwpeas turned under, land meparation
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such as late fall plowed, and a low rate of seeding are important
factors which favor greenbug outbreaks.

As pointed out by Dahms (8) all serious outbreasks have occurred
when previous summers were cool and moist, followed by the conditions
listed above. He further states that the greenbug populaticn is
usually kept in check by a small parasitic wasp, Aphidius testaclipes
Cress. However, when the temperatures remain below 65° ¥. for long

periods of time, the greenbug is able to increase to enormous numbers
without much interference from the wasp. This is because the wasp
reproduces much more slowly at these low temperatures. Also, it was
found that both adult and larvae of lady beetles feed on the greenbug
in some years and may aid materially in controlling them.

Dalms (8), also points out that when natural or cultural control
is inadequate, insecticides such as parathion, Metacide, and tetraethyl
pyrophosphate, can be used to suppress greenbug outbreaks,

Atkins and Dalms (2) have shown that a considerable mmber of
barley varieties, mostly from Korea and east-central China are highly
resistant to greenbug attacks They stated that this resistance is
inherited and may be transmitted in crosses as evidenced by the high
resistance which they found in Esaw (CeI. h690)£2, Sunrise (C.I. 6272),
and Smooth Awn 86 (Cel. 6268), all of which have the cammon parent
Nakano Wase (CeI. 75L), a resistant Japanese variety.

Experiments on the reaction of certain barley varieties to green-
bug attack, by Grant (16) show that varieties which were most resistant

Z"’c.:[. refers to accession number of the Division of Cereal Crops
and Diseases.



weye also least preferred, and the longevity of resistant varieties
was closely correlated with their ability to tolerate severe infestaw
tions of aphidse. He also found no correlation between agronomic
characters of varietles and their ability to withstend attack by
greenbugse.

From recent detailed cybological studies, Chatbers and Schlehuber
(7) reported that there appeared to be no direct correlation between
the amounts of mechanical tissue in the leaves and stems of the bariey,
oats, and wheat plants which they studied, and suseceplibility or
registance to the greenbuge At least in the case of the barley varieties
studied, there was no relatiomship between the number of stomata and

resistance. However, they found that plants of the resistant barleyf}

,
s

varieties had thicker leaves than the susceptible onhese



MATERIALS AND HBTHCDS

Hybrid populations from four winter barley crosses were subjected
to artificial infestation with greenbugs in the Entomology greemncuse
at Stillwater, Oklahoma, during 1950 and 1951, The parent varieties
involved in these crosses were Omugl (Cel. 51l) and Dobaku (CeI. 5230)
of Korean origin, an umamed variety (C.I. 5087) of Chinese origin,
Tenkow (Cols 6L6) and Ward (Cele 6007), The first three varieties were
selected because of their indicated resistance to greenbugs as reported
by previous workers. The two latber varieties, which are highly
susceptible, were selected because they are the leading barley varieties
in Oklahoma, All of the varieties are six-rowed types with covered
seeds Omugl, Tenkow, and Ward have rough awns and lax heads. Dobaku
also has rough awns but has compsct headse Cole 5087 is an intermediate
hooded type with lax headse

Since there were only limited numbers of crossed seed for the ]
- study most of the emphasis was placed on the study of the Fé genera-

tione

F, HOybrid Tests

The four crosses studied were tested separately and were assigned
Tset! numbers as shown in Table l.

Seed of the parents of sets I and IT was from actual parent lines,
that is, increases from the exact parent plants used in these crosses.
For sets IIT and IV, however, seed of the actual parent lines was nob
available so that parent checks were planted from bulk lots of seed of

the proper varieties. ALl of the Fp, parent, and eheck seed was

12
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Table Le--The total nuwcber of check, parent, and hyorid plants included

in the F2 study according to set number and date planted.

st

Humber of

Set Date Planted Variety or Cross plants
I October L, 1950 Omgl (cka) Lo
Dobaku (8~25) Lo
Ward (1~37) Lo
Dobakn x Ward Fy 199
11 November 21, 1950 Omugi (cke) 39
Dobaku (8-12) 39
Cel. 5087 (9-k) L0
Dobaku x CeTe 5087 F2 200
IIT January 13, 1951 Ormgi Lo
Tenkow 39
Omugi x Tenkow Fo 227
v February 27, 1951 Omugi 39
ard 38
Omugi. x Vard F2 233




obbained from the Agronomy Department, Oklahowma Agricultural and
Mechanical College.

Original plans called for the use of L0 six-inch pobs per seb
with each pob to contadn elght seedlings ab the time of infestation.
The seed was planted at random in rouws radiating out from the center
of each pote Three seceds were planted in a single row for each of the
two parents and the cheek variety. This was done to insure a perfect
stand of these varieties in each pobt. Single F2 seeds were planted in
the remaining rows in each pot. Due to poor germination and damage a
few seedlings were losts In sets I and II Omugi was planted ass a
resisbant check so that only five Fy seeds were included in each p0Ge
In gebs III and IV Umugl was one of the parents so that six F2 seeds
were planted in each pote Actual numbers of hytrid, parent, and check
plants in each set are indicated in Table 1.

The seed was covered wniformly with {inely screened sandy loam
soil relatively high in organic matber content, and all from the same
source. All preparations for planting, such as screening the soil and
filling the pobs were done in a uniform manner.

After seeding, the potc were placed in watering pans three inches
deep and large enough to hold 20 pots. By “his method of watering it
was possible to keep the seed froam shifting arcund in the pots. However,
in several cases where the soil in the pots would not absorb the water
it was necessary to water them carefully from the top with a sprinkling
cone Host of the pots in all four sets did absorb the water readily.

Three days after emergence, the parents and the check were thinned

to one plant per rowe In thimning, uniformly vigorous seedlings of



approxinately the same size were selected, but in many cases bthe
location of the seedling was a determining factor. It was essential
to have the plants within a certain radius in the pots in order to
assure equal chance for all plants to become infested with greenbugs
at the time of infestatione. The plants Wére allowed to grow for a
period of approximately six days after thinning te give them a chance
to overcome any disturbance which may have occurred st the time\of
thinning (See Figs. 1).

Two weeks after seeding, each plsnt was measured to the nearest
one-half centimeter. This wags done by placing a centimeter scale
beside the plant and stretehing the longest leaf do its full length
and reading the mesguremenh directly from the scale. TImmedistely after
taking the measurements, the pobs were infested with greenbug nymphs,
three to six days old. The nymphe were taken at random from a stock
culture which has been carried on various greenbug-susceptible barley
varieties since 1947 by Dre Re G Dahms£3. Bach pot was infested at
the rate of five bugs per plant or L0 bugs per pot. In several pobs
there were less than eight plants due to poor germination, as previously
mentioned, and therefore the total nmumber of greenbugs was less than
0. To obtain the greenbugs for the infestation individual plants were
clipped from stock culture increase pots, and the nymphs were brushed
from the clipped plants with a small camelts-hair brush onto 2 piece

of flat white paper. Vhen the correct number of nymphs was on the paper,

Z3Ent0mologist, Division of Cereal and Forage Insect Investiga-
tions, Bureau of Entomology and Plant Quarantine, U.S.D.A. Stillwater,
Olclahons e



Fige l.--Farental and hybrid seedlings of Set IV immediately prior to artificial infestation with
greenbugs in the greenhouse at Stillwater, Oklahoma, 1951,
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the paper was folded Yo form a funnel-like structure and placed in
the cenber of the pot which was. Lo be}infested. By tapping the paper
gently all nymphs could be easily deposited in the centor of the pobe
In approximetely thvee bto five minutes the majoribty of the nymphs had
found thelr way to a barley plant and were feeding.

As each of the pobs was infested, a cellulold cage 10 inches high

=t

and 5 inches in diameter was placed over the plents (See Fige. 2). The

top of each cage was cloged with a fine mesh muslin and the botbom
walch was Jefd open was placed in the soil around the plants as shown
in Figuwe 3. This provided a cags which was umractically grsenbug proof,
well sersbed, and transpsrent, throngh which observations and rating of
plante eagily could be made.

wring each of the first four days after infestation, a counl was

&

made cf the mmber of greenbugs on each plsnt. This count usually was
taken between 8 and 12 a.n. The pots wéfe rearranged daily to help
compensate for any differences due to location or position in the
greenhouse,

Beginning on the fifth day after infestation all plants were
exanined daily for greenbug damage. This was doné between § and 10 a.m.

and each plant was rated according te the following scale:

Rating of Plant Betimalted Percent of
Damage to Plant

0 - 10
11 - 35
36 - 60
61 - 80
81 -~ 99
100

ViE W = O

In order to allow for injuries nobt due to greenbugs in the early



Fige 2e==Individual pot with cage removed showing cheesecloth top and open bottom. Picture was
taken six weeks after infestation at which time three plants still were alive.

8T



Fige 3.==Parental

and hybrid seedlings of Set II immediately after artificial infestation with
greenbugs in the greenhouse at Stillwater, Oklahoma, 1950.

61
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part of the test the plants were rated zere (0) until more than 104
damage was apparent. The form on which daily ratings were recorded was
like that used by preovious workers (See Appendix Table 1).

As soon as all plants in a pol were completely dead the cage was
removed and the plants were again measured 4o the nearest one~half
centineter,

Set I was started and kepbt outside of the greenhouse for approx-
imately three weeks bhecanse of the excessively high temperatures that
prevailed inside. The average shade-air temperature oubside during
this period was approximately 700 Fo During the rest of the experiment
in the greenhouse the ‘Yemperatures were fairly constant averaging

° and ?Oo i

between 65
Ratings were made for a period of L6 days on Seb I, 92 days on
Set II, 3L days on Set IIT, and L0 days on Set IV. However, approx-
imately 85% of the plants in Set II lived only for a period of 20 to
30 dayse One Fé plant in Pobt 30 was rated for 92 days at which time
it was beginning to recover from the greenbug attack., This plant was
allowed to reach maturity and the seed was collected for furbther test-
inge
The analysis of variance method was used to analyze the parental
and check data from all four sets from the following aspects:
1. Preference of greenbugs for certain plantse
2. Tolerance of plants to greenbug attacks
a. As measured by the accwmlated ratvingse
b. As measured by the amount of growth.
.The preference of greenbugs for a given plant was determined by

adding together the number of aphids on that plant each day for the

first four days. This period was selected because nc plant was rated
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as damaged until after the fourth day. After this period the aphids
probably would have moved to other plants seeking more succulence,
since the plan® they were on wmay have become iujureds

The tolerance of a plant to greenbug aiitack as measured by its
accunmulated rating refers to a Mtotal rating value" given to each
plants This velue was caleulated by mulbiplying the number of days
the plant recelved a given rabing by the assigned valve for that ratinge
The botal valne from all of the ratings for a given plant was then
determineds The scale of plant ratings and the corresponding assigned

values used were as follous:

Rating of Plant Assigned Value
0 10
1 7
2 5
3 3
b 1
5 0

In determining the tolerance of a given plant it was believed
desirable to assign the above values in order to place more emphasis
on the f"resistant® ratings.

Tolerance of plants to greenbug atback as measured by the amount
of growth made by each plant during the period of infestation was
determined by subtraclting the originel Mheight' of a glven plant from
its theight" at the end of the teste

Data from the preference and tolerance tests are presented in the

 form of graphs for all sebs in an attempt to explain more fully the

mode of inheritance of resistance to the greenbug in barley hybridse



Fl Hybrid Tests

Fl hybrid planbs from three of the four winter barley crosses

P
o

previously mentioned and their reciprocals were subjecbed to artificial

infesbation with greenbugs. Thers were no crosses successfully made
between Dobaku and CeIl. 5087« Tables 2 and 3 show the mmber of
seedlings tested and the date each was planbed in addition to the
distribution of parent and hybrid planis as based on the amcunt of
growth and accumulated ratings

Crossed seed of Omugi X Tenkow planted March 3, 1951, was
furnished by the Agronomy Depariment, Oklahama Agriculbural and
Mechanical College and all other crossed seed was obtained by the
author from crosses made dwring May, 1951, abt the Agronomy Farm,
Stillwater, Oklahomae

The Fl plants were tested in the same manner as was reported for
the F2 plants, but the Fl data were not analyzed in the same way as
that desceribed for the Fy data because of the small populations which
were obtained. However, these data were used for comparison with the

F.. resultse

2



Table 2e==Distribution of individual F

ing to amount of growbh made during

greenbugs in the greenhouse al Stillwaber, Oklahonice

hybrid and parent plants accords-
he period of infestation with

Parent or
Cross

Amount of Growbth {conbimebors):

Potal

235 L5

7.5 10.5 13.5 16,5 19.5 22.5

Plants

Omugi
Tenkow
Omugl x
Tenkow F
Tenkow X
Omugl Fy

Ormgd
Tenkow
Omogl x
Tenkow Fqp
Tenkow X
Omugl Fq

Orugl
Ward
Omugl x
Ward x
Ormagi Fl

Dobaku
Vierd
Dobaku x
Ward x

Dobaku Fl

W

Seceded March 3, 1951

3

4
1

Seeded (October 27, 1951

1
2 1
2
1

(VLN R ]

o =

=
t‘:'LU‘l\J‘l

w

Buwuw

8

L

Ui =N

#rowth made afber infestatione



Table 3e.==Distribution of individuval F, hybrid and parent plants accorde
ing to accumulated rating (toleranceT during the pericd of infestation
with greenbugs in the greenhouse at Stillwalter, Oklahoma.

Parent or Accumulated Rating Tobal
Cross 55 65 75 85 95 105 115 125 135 1h5 155 165 175 185 Planbs

Seeded March 3, 1951

Omugi 2 1

Tenkow 2

Orugl x 1
Tenkow F.

Tenkow X 2 1
Omugl Fl

[
.

I =
NN
o -~

Seeded October 27, 1951

Ormgl 1 1 11 1 5
Tenkow 1 1 3 5
Omugl x 2 2 2 2 L 2 1 15
Tenkow Fl
Tenkow x 1 2
Omugl Fl

W

- Dobaku 1 1

Ward 1 i3

Dobakn x 1

Ward x 2 1 1 L
Dobaku By

i oM

Omugl ‘ 3

Ward 2 1

Ormugi x 3 2 3 L
Ward Fl

Ward x 1 1 1 3
Ormugi Fl

Fz"’uw




EXPERIMANTAL RESULTS

F

e}
B Tests

Although the nmumber of Fl plants tested was gquite small the
hybrid plants in general were considerably more resistant than the
susceptible parent plents, especially as indicated by the amount of
growth test (See Tables 2 and 3)e From the distribution of the data
presented in these two tables it can be seen that the difference in
the reaction between the resistant and the susceptible parent plants
was much less in the March 3 test than in the later test. Also the
F1 hybrids tended to produce an intermediate type of reaction in the
March 3 test. The fact that the seed for the March 3 test wes obtained
from the‘Agronomy Department and was grown at a different leocabtion and
under different envirommental conditions than the seed for the Uctober
27 tests would perhaps help explain the different type of reaction
observeds The seed in the March 3 test was crossed and grown in the
gfeenhouse at hwes, Towa, with watering as needed, whereas the seed
for the Ocbober 27 test wes erossed and grown at Stillwater, Oklahoma,
under dryland conditions.

The preference data fram the Fy test were not used because the
parent distribution was highly ervatic. 1t did not appear that a true
indicabion was obtained for this criterion of measuring the resistance

of hybrids Lo greenbug atbtacke.

Analysis of Parental and Check Data

Yean square values from the analysis of variance of the parental



and check data from each of the four sets dncluded in the F2 study
are presenbted in Table L. As indicated previously the data were
analyzed for the preference, accumulated rating, and the amount of
growth testse

The analysis from the preference test indicates that in each of
the four crosses or sets there was no significant difference between
replications (,05 point). Data from sets I, II, and III showed a
highly significant difference (.01 point) betueen varieties, but the
data from set IV showed no significant difference (.05 point) between
varieties. Previous work at the Oklahoma station has indicated that
Omugi and Dobaku aré highly resistant to greenbugs and that C.Il. 5087
is moderately resistant, and that Tenkow and Ward are highly suscep=-
tible (16). The behavier of Ward and Omugi (Set IV) appears to have
bheen somewhat abnormal in this preference teste

Analysis of the accwmlatbed rating data for all four crosses
studied indicates a highly significant difference (Ol point) between
both varieties and replications except in Set III which shows no
significant difference (.05 point) between replications. As stated
previously bthe varleties are known to be of a different type of re-
action to greenbug abtacke The results for this criterion of measure-
ment are therefore in agreement with what normally would be expectede
However, the expected results from between replications was obtained
onlky in Set IIT. S8ets I, II and IV evidently had environmental
influences brought into thens

‘Analysis of the data for tolerance of barley to greenbug attack

as measured by the esmount of growth indicates that there is a highly



Table Le--Analyses of variance of parental and check data of the
preference and tolerance tests (Sets I, II, IIT, and IV)
in greenhouse btests ab Stillwater, Oklahoma, 1950-5L.

Mean Squeres

Source of Eccumulated Amount of
Variation DJF, Preference Rating Growbh
Bet 1 - Dobaku, Ward and Omugl check
Total 119 )
Repse 39 6bly 2,179%x% 5%
VaI‘S » 2 h s 727‘26}1‘ 19, ]:28;’7'?‘ l’ :!.82%.:{'
Errors 78 1129 5L 26
Set II - Dobaku, CeI. 5087, and Omugi check
Total 116 _ )
Repse 38 186 2,658%% 35365t
Varse 2 1,0k 1585 L3¢ 557:6
Error 76 16l 221 12
Set TITI « Omugl and Tenkow
Total 71 ,
Repse 38 208 382 35%
Varse 1 6,617 17,190 7863
Error 38 207 248 17
Set IV - Omugi and Ward
Total T3 (TL)wee
Repse 36 (35) L27 T80 263
Vars. 1(1) 1,386 16,501:8¢ 879
Error 36 (35) 129 289 i

#Significant at the 5% level.
#%Significant at the 1% level.

witlegrees of freedom for the preference teste

Because Omugl in one

pot had no greenbugs on it during the four day period this pot was
oitbed in the snalysise.



significant difference (.01 point) between varieties in all crosses
but only a slightly significant difference (05 point) between repli-
cations or pots. Set IT shows a highly significant difference (.01
point) between replications. The explanatbion given for the accumulated
rabing analysis also would apply to these resullss

Inasmich as there is 2 significant difference (05 peint) between
replications for the accumuwlated rating test and the amount of growbth
test, the graphs for sets I and II for these daba are presented in
relation to the Omugl checke In sels III and IV Omugil was a parent of

the cross and therefore graph presentations ave given on a direct basise
Fn Tests

Data for the tolerance énd mreference tests of the four crosses
are presented graphically acecording to the distribution of the parent,
check, and Fé
Classification of the F, plants for resistance and susceptibility

plantse

in all four crosses as measured by the amount of growbh and accumulated
rating was determined by wusing the peint at which the lines representing
the distribution of the two parents ¢ross each others The debermining
of this point was in relation to the averages of the parent, check, and
F2 piants. In addition Lo this evidence for seperating the Fé planis
thers is, in general, a break in the distribution cwrve of the F2
plants at this point or the line representing the Fé distribution is
approaching a natursl breaking point,

Resistance as measured by the preference of greenbugs for certain

barley plants does not show a satisfactory distribution of the parent



plants (See Figse 6, 9, 12, and 15). TFor this reason the F2 plants
were not classified for resistance and suscepbibility to preenbug
attack as based on this tests The data are used only for confirming
the results of the other two bests as presented by the average trend
in the preference teste.

There is some overlapping of the parents for the accumilated
rating and amount of growbh tests of each cross, bubt it could bLe
assumed that the same phenomenon is taking place in the classification

of the F. plantss. The fact that each test or measurement supports the

2
other in all sets provides evidence that the assumptions probably are
correct for classification of planbs as to resistance or susceptibility

to greenbug atback.
Set I -~ Dobaku X Ward

The graphic presentation for the accumulated rating test indicates
that the mean for thé F2 plants is between thabt of the two parenisi
howsver, it is closer to the mean of the vesistant parent (Fig. h)ih.
The average of the F2 plants is 100% of the Omugi check, the Dobaku
average is 103%, and the Ward average is 83%. ALl plants with a rating
of 92% and less were classified as susceptible and those with 93% and

above as resistant.

Results from the amount of growth test, as shown in Figure

T

»
indicate that there is very liltle difference between the mean of the
resistant parent and the mean of the Fp plantse The average growth of

the Fy plants during infestation was 115% of Omugl as compared to an

éhgee Appe Tables 2, 35 and L for the actual datae
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average of 116% for Dobaku. During this same period Ward showed an
average growbth of only 72% of Omugis. The F2 plants were classified
as suscepbible if the amount of growth was 85% of the Omugi check or
less. A resistant plant was therefore one with a growbh of more than
85%s

hecording to the data for the preference test (Fig. 6) the Fy
plants had an average iufestation of 30.9 greenbugs per plant as
compared o L1l.9 for Ward. The F2 plauts, on the average, were more

preferred than the resistant parent, Dobaku, and the Omugl check which

had average infestations of 233 and 22.9 respectivelye

If the resulbts have been interpreted correctly the tolerance tests

indicate an observed segregation of 156:113 for the accumulated rating
test, and 162337 for the amcunt of growbth teste For a 13:3 ratio,
totals of 160 resistant and 39 susceptible plants would be expected.
The probablility that the 1313 ratio nypothesized for this cross is
correct is 30% to 50% for the accumulated rabing test and 50% to 70%
for the amount of growth test (See Table 5)e According to the average
preference of greenbugs for the parent, check and Fy plamtbs and the F2

distribution for this test (Fig. 6) indications are thab resistance i

(9]

9,
13

dominant. Because this is In cloge agreewent with the tolerance test

0

additional evidence is provided for the correctness of the assumpbion.
From these data it appears reasonable that Lnere is one dominant

and one recessive factor for greenbug resistance. If this is true the

resistant parent, Dobaku, would have a genctype of Grb Grbl grbz grb2 2

1

ngymbols refer to the genes Tor greenbuy recistance and are
assigned at this time by the authors

frd
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Table 5e.--Inheritance of resistance to artificial infestation of

greenbugs in four winter barley crosses
at Stillwater, Oklahoma, 1950-51,

3b

Observed
Test or Chi~
Expecteds* Resistant  Susceptible square value
Set I - Dobaku x Ward

Accumulated Cbs. 156 43 04510 .30 - .50
Rating E(13:3) 160 39
Amount of Obs.
Growth E(13:3) 162 37 0.128 .50 ~ 70

160 39

Set IT - Dobakii x CeIle 5087
Accunulated Obs. e Sh 0.427 50 = oT0
Rating E(3:1) 150 50
Amount of Obs. L5 55 0,667 30 = <50
Growbth E(3:1) 150 50
Set III - Omugl x Tenkow

Accumilated Obs., 136 91 Lol 420 = &30
Rating E(9:7) 128 99
Amount of Cbse .
Growth B(9:7) 122 105 0,645 &30 = 050

128 99

Set IV - Omugl x Ward
. Accumulated Obse

Rating E(3:1) 181 52 04827 430 = o50

175 58
Amount of QObs. 173 60 0,092 ,L,70 - &80
Growth E(3:1) 175 58

#0bs. means observed number and FE means the expected numbers,
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and Ward perent would be of the genotype grbq grbl Grb? Grbzg
Set II ~-Dobaku X CeI. 5087

Dava for registance as measured by the accumulated raling shows an
average of 1007 of Omugl for the Fy plants and an average of 1048 For
Dobaku az compared to only 92% for C.L. 5087 (Fige 7)e As was the

plants of this cross is

situation in Set I, the average for the Fp
closer Lo that of the resistant parent.

The Fp plants were classified as resistant te greenbug abitack if
they had an accumuleted rating above 962 of Omugl and those with 96%
and below were classed as susceptibles

The average increase in height for the Ty plants during the period
of infestation was 100.8% of (mugi (Pige 8). This is considerably more
than the 7842% for the susceptible parent, bub less than the 126% for
the resistant parent. Classification of the Eé popuiation for resistance
and susceptibility was based on the following: plants which had an
emount of growbh of 85% of the Omugl check and less were classed as
suscepbible, and those with an amount of growbh more than this were
clagsed as resistant.

hs shown Ly the preference graph, (Fige 9) the Fo plants on an
average were less preferred by bthe greenbugs than were the C.I. 5087
parent plantse The Fy plants had an average infestation of 18.6
greenbugs per planb as compared to L9 for Dobaku, 16.6 for the Omugl
check, and 2l for the susceptible parent, Cel. 5087, As previously
stated classification for resistance and susceptibility was not deter=-
mined for the preference test because of the erratic distribution of

the parent plantse
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The data for the accumulated rating test and the amount of growth
test indicate an observed numbsr of resistant and suscaptible By plants
of Wi6:5h and 1N5:55 respectively. The theorebical number expected for
a 3:1 ratio is 150 resistant and 50 susceptible; Provided the assump=-
tions are correct, the probability that these observed numbers fit the
ratio hypothesized is 50% to 70Y for the accwmlated rabing best and
30% to 50% for the amount of growth test (See Table 5).

The wreference test provides additional support in that the
distribution of the F, population and the averages of parent, check,
and Fy plants are in direct agresement with the tolerance tesbsj; thab
is, resistance is dominant.

If the results from the tolerance tests have been correctly inbter-
preted these data provide sufficient evidencs for accepting the single
dominant facvor hypothesis for resistance,

The assigned genotype of Dobeku is Grby Grby gébg grs and Cels
5087 genotype is grby grby grby grbpe Since grby is a recessive gene
for resistance this would allow CeI. 5087 to express an intermediate

type of greenbug resistance which has been reported in a reaction study

by Grant (16).
Set ITY -~ CGmugl X Tenkow

The graphic presenﬁation of the accumulabed rating deta shows that
the average of bhe Fq plants 1s intermediate between the two parents,
but approaches the mean of Omugi (Fige 10). The mean for the Fy plants
is 15566 as compared to 13Le0 for Tenkow and 16Le0 for Omugi. An
accumulated rating value of 15140 was used as the figure for separating

resistant and susceptible Iy plantse Therefore Fy plants with
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acewmlated rating scores of 151.0 and less were classed as susceptible
and those with a rating value of more than this value were classed as
resistante

The results for resistance to greenbug attack as measured by the
amount of growth test shows a similar trend to that reported for the
accumulated rating test (Fige 11). The F2 plants showed an overage
increase in height of 13.6 centimeters during the period of infestation.
This is 3.l centimeters more than the Tenkow average of 10.2 and 2.9
less than the Omgi average of 1645 centimeters. In this test, plants
that grew 12 centimeters or less were classified as suscepitible and
those that grew more than this were classified ag resistant.

As was the case with the previocus crosses, the preference test
in this cross indicates thal on the average the Fo plants are less
preferred than the susceptible parent, but slightly more preferred
than the resistant parent (Fig. 12)e The averages were as followss
32.6 greenbugs per plant for Tenkow, 18.0 for the Fo, and the 1440 for
Omugi. Also resistance is dominante.

If the data presented for these tests have been interpreted
correcbly, a 9:7 ratio of resistant to susceptible plants is
indicated. The fact that resisbance occurred in nine-sixteenths of
the F2 plants suggests thal this resistance is obtained only when
two independent dominant genes are both present. The cbserved number
of plants for the accumulated rating test is 136:91 and 122:105 for
the amount of growth test. The expected numbers for a 9:7 ratio are
128:99. The probability that the ratio hypothesized is correct is 203

to 30% for the accumulated rating test and 30% to 504 for the amount of
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growth test (See Table 5).

The preference tost adds further evidence by indicating fraﬁ the
average that resistance is dominante.

According to these resulls the resistant parent, Omugi, should be
of the genotype Grby Grby Grbj Grbs and Tenkow of the genotype grby

grbl‘grb3,grb3.‘
Set IV =-~Omugl X Ward

The accumulated rating test for this cross shows a mean rating of
178 for the Fo plantss This indicates that the majority of the Fy
plants are hipghly resistant to greenbug atbtack since the mean of CGmugi
is 176 and VWerd has an average of only 146 (Fig. 13). The assumption
was made for this test that plants with a rating of 162 and less were
suseeptible and those with higher rates were resistant to greenbug
attacks.

The average increase in height for the Fp hybrids of this oross
as shown in Figure 1 was the same as for the resistant parent, Omugi.
Under conditions of artificial greenbug infestation both grew an average
of 18 centimeters as compared to 11 cenbimeters for the Ward parente
Therefore those F2 plants which grew 1l centimeters or less were classed
as susceptible and those thal grew more than 1l centimeters were classed
as resistant (Fig. 1i).

The average number of greenbugs per F, plant was 21.1 (Fige 15).
On the average the Fo plants were less preferred than the resistant
parent which had a mean of 27 greenbugs per plant and decidedly less
preferred than the Ward parent which had an average infestation of 36

greenbugs per plant. This criterion of measuring greenbug resistance
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indicates a very high degree of resistance for the Fo plantsa

If the data for the tolerance tests have been used corrsctly it
shows an observed segregation of 181:52 for the accumulated rating
test and 173:60 for the amount of growth teste If a ratio of 3 resist-
ant to 1 suscepbible is hypothesized the expected numbers would be
175:58. The probabiliby that a 3:1 ratio is correct is 30% to 50%
for the accumulated rating test and 70% to 80% for the amount of growth
test (See Table 5).

From these daba the probable genolype of Omugl would be Grbl Grby

and the genotype of Veard would be grbl grbla



DISCUSSION

As shown by the graphs for each of the three methods of measuring
registance of the Fp plants to greenbug abtack, resistance is dominamt
to susceptibility in all four crosses.

Grant (16) found from his reaction studies a very definite
difference in the prefersnce of greenbugs for the varieties used as
parents and checks in this study. Under the conditions of this
experinent the pareﬁt and check plants gave similar results in the
preference tests. A possible explanation foﬁ the different results in
the present studies might be £hat the Fy hybrid plants were less
preferred than the resisbant parent and therefore czused a bheavier
infestation of greenbugs on the resistant parent than Grant found in
his sbudye. OCrant used varieties the majority of which were quite
susceptible to greenbug attacke In the present studies there appears
to be very little correlation between the results obbained from the
preference test and those obtained from the accurmlated rating and
amount of growbh tests cxcept that duminance of resistance (presence
of fewer greenbugs) is indicateds

The observed difference in these tests also could have entered
in at the time the greéenbugs were counted since all greenbugs (nymphs
and adults) were counteds Perhaps the better method would be the one
Dre. Re Ge Dalms is using at the present time, that is counting only the
original bugs with which the plants were infested and disregarding the
- new=-born nymphs. This appears to be the more desirable method and
would give a more valid expression of greenbug preference since the

new-born nymphs would probsbly remain on the same plant on waich they

Ly
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were born for severald days before moving abouba
Since there are no data in this study to differentiate between

3

e dominant gene for resistance which (mugl and Dobaku carry it is

s
-

assumed that this is one and the same gene, Grbye Further study is
needed %0 definitely determine whether or not they are the same gene.
Results from Set IV indicated thalt Omugl has only one dominant
gence for resistance. HEvidently the (}rb3 gene for resistance which
wags expressed in the Ommpgl X Tenkow cross is not expressed when Omugl
is erossed with Warde Bvidently there is o gene in Werd which is
counteracting the second gene for resisbance in Omugl. Here, too,

further study is needed to definitely determine this aspecta



SUMMARY

The reaction of barley hybrids bto artificlially induced greenbug
attack was studied under greenhouse conditions ab Stillwater, Cklshoma,
Lo determine the mode of inheritance of vesisbance. Two resistant
varieties, Omugi and Dobaku, a semi-resistant veriety, CeI. 5007, and
two susceptible varieties, Werd and Tenkow, were used as pareinbse The
Tirst two were selected because of their indicated regisbance and the
iatter two are leading varieties in Oklahomae

The Iy and Fp populations were svudied from the three following

1, Preference of greenbugs for certain barley planbse
2« Tolerance of plants to greenbug atlack as measured

by the accumulated ratingse.
3. Tolersnce as measured by the amount of growbhe

Major emphasis was placed on the study of the Eé hybrids since
the amocuni of crossed seed available for ¥y hybrids was gquite limitede
In genersl, the Fq plants were considerably more resistent than the
sugceptible parent.

The anadysis of variance of the parenbal and check date
Fé study for tolerance indicated that there was generally a highly
significant difference (JOL point) belween both varieties and vevnlica=
tionse. The preference data in general did nol indicate a sigmificant
difference (.05 point) between replicaticns but did bebween varieties.

In bobh preference and tolerance tests, the mean of all Foy plants
was closer to the mean of the resistant parent than it wag to that of
the susceptible parent. According to tliese resulis, resistance o

greenbugs for the crosses studied appears to be dominant to suscepbibility.
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For the accumuilated vrabing and asmount of growbh tests classification
of registant snd susceptible plants was based on the point at which
the lines representing bhe distributionz of the parents crosseds

The Fé plants were nobt classified for resistance and suscepti-
bility in the preference test because of the errvatic distribution of
the parentse Possible explanstions are hypothesized.

Chi=gquare values for goodness of fit to the ratios hypothesized
for each crose were caleculabed for the accumulated rating, and the
amcunt of growbh tests. Probabilities wers determinede The cross
Debaku ¥ Ward, Set I, showed probabilities for a 13:3 ratio of 30% to
50% for the amound of growth test and S0Z to 70% for the accumulated
reving bteats. The symbol Grb is assigned at this time for the gene for
greenbug resigtance. Dobakw therefore should be of the genobype Grbl
Groy grbp grip and Ward of the genotype grbngrbl Crbs Grboe

According to the data for Set II, Dobaku ané Gel. 5087 differ by
one dominant gene for resistances The probabilities that the 3:1 ratio
is correct were 50% to 709 for the asccumulated rating best and 308 to
50% for the amount of growbth teste The genotype of Dobaku as reported
in Set I is Grby Grby grby grbp and Cele 5087 is grby grby grbo grboe
These results are in agreement with information reported by other
workers that Cele 5087 is of & semi-resistant Lypes

The results from Set III (Omugi X Tenkow) indicate that there are
two dominant genes for resistance which have a complementary effect.
The accumulated rabing and amount of growbh bests produced sabisfactory
evidence that the 9:7 ratic hypobinesized is probably correct. The

probabilities were 20% to 30% and 30% to 50% respectivelys From this



evidence the Omugi parent appears Lo be of the genobype Grbl Grby
-Grb3 Grb3 and Tenkow of the genotype grbl grby grb3 grb3.

When (mugi was crossed with Ward the Ty population segregated
into a 3:l ratio as indicabted in Selt IVe Resistance as measured by
the accumulated rating and amount of growbth tests gave probabili‘ties
for a 3:1 ratio of 30% to 50% and 70% to B80% respectivelye Therefore,
- if the data have been interpreted correctly the Omugli parent of this
cross would be of the genotype Grby Grby and Ward would be of the
genotype grby grbye

Fron bhese studies it is nol pessible to distinguish between
the gene foi' resistance expressed in Omugi from that which is expressed
in Dobakus For this reason this gene has been designated as Grbl

until further study disbinguishes bebtween them.
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Appendix Table l.=--Daily Record for Pot 33, Set III, greenhouse tests, Stillwater, Oklahoma, 1950-51.

Flant Variety or C.I. [Jane Total | Febe
No. Cross No. 8 9 |30 |1 Grb. il 2] 3] bl 5l o] 7 8 ol 11
1 |Tenkow oli6 I_O‘E'zb' '%'23-‘1 7@ lojo |1 1|11 ]|2]|2]|2]| 2|3
2 |Omugi X Tenkow L%l—}-t% I—g" 23 ofojofo 1|11 |1}1 1|3
3 |Omugi X Tenkow Lé“—f)"l—é'l—%' b lojololo txlalafzrlil 2a
L |Omugi X Tenkow I—g)"l—g"l—g'l—g" 1 ojojojofjojofl1|1]1 i 5 e
5 |Comugi X Tenkow L%--I—OL L% Lg—-- 17 |ojJojo |11 f1f2f1 |1 1f1
6 |Omgi X Tenkow Long-l 0 Lg—-- 17 |ojojojJojofofof1 1| 1|1
7 Omugi X Tenkow L% I—Oh'IJOLI—g- 16 Ol 1000 | a& )L L 111
8 |omugi i L% I—O& '—OL l—ho- 10 |o|JojJo|ojoj1f1f1f1| 1f1
Remarkss:
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} hppendix Table l.--Continued. |

Plant| Variety or ¢.1.| Febe. ) . | Ht.in Cm.]Amt.ofr | Total
No- Cross No- 115 113 | {35 {16 [17 |18 l19 foo lo1 lop | Start|EnajSrowth Days
1 | Tenkow ohs| 14 © o : 13 |18| 5 | 17
2 | Omugi X Tenkow 2 31L}5 15 233 8L | 20
3 Omugi X Tenkow L{2(2§¢3f{Lijbhits| 13 281 15 22
L | Omugi X Tenkow 122313 tL}5 17 | 313 14 22
5 | Omugi X Tenkow | 2t2|3lL]s 18 | 328 14 20
6 | omugi X Tenkow | 1|2}2|3{u}ls 15 |26 113 | 2
7| Omugi X Temkow 1j2faf3|u|s 18 13231 | 2
8 | Omugi sl 1 f2p 22 3LL}5 17 | 334 16} 22

Remarks:

Z]'Numbe:t's in smaller squares for first L days denote number of aphids on each plant.

/2

L™ Numbers denote the daily rating for estimated damage.

09



Appendix Table 2.--Tolerance of parent, check and ¥, plants of four barley crosses to artificially induced
greenbug attack as measured Ly the accumulated rating test at Stillwater, Oklahoma, 1950-51,

e

o ~
oo —

Veriety or Accumulated Ratingit Potal
Cross 50 Bl 58 62 66 70 7l 78 82 86 90 9l 98 102 106 110 11y 118 122 126 130 13l 138  Plants

Set I - Dobaku X tard

Omugd e e e e mm e om o oa (0} . e e a e e e o= 10
Dobaku -~ e = e e = e o= =5 4105 3 } 6 2 2 2 1 - o = Lo
Ward 2 1132 2 4k 2Lk 23hh 2k @ 1 o « 1 = =« = = Lo
Fp - 1 - « 32 32 5131434227 26 WU 12 9 3 3 1 - 1 199
Set II - Dobaku X CeI. 5087
Omigi T T T o ¢ o ) Lo
Dobaku - = = e = = = = = =1 410 6. 10 5 2 a2 « a 1 = = 39
C.I' 5087 - l - - - - l l l 610 6 8 2 3 - - - b - - - Ll 39
F, - 1 = = =« 1 1 - 3 81h2tboll 39 13 9 1 1 1 = - = 200

19



Appendix Table 2.--Continueds

Scecummlated Ratings
Variety or 106 Al 122 430 138  iho Aok dbz 170 176 186 I9n 202 210 218 225 Total

o

Cross 102 110 118 126 134 1b2 150 158 166 17h 182 190 198 206 21 222 Plants

Set III - Omugl X Tenkow

Cregd

e m = m == =111222361hL20LL 22 LL==m=2ae2m=@22ae=1 39
v, - 2 2 1 1 2 2 51213171921222218 381243 9 L 2 = 3 1 = = 1 = = 1 4 227

Accumulated Rating:t

VYariety or 2L 132 1h0o 148 156 16h 172 180 1886 196 20k 212 220 228 236 2LLh Tetal
Crosg 120 128 136 1k 152 160 168 176 8L 192 200 208 216 22 232  2L0  2LB Pleats

Set IV -~ Omegi X tard

Crugd - 1l « = 1 = 2 31 1 - 136 25 3 1k 2 =w « 1 « 1l = @« « « « « 1 « 1 37
Hard L1168 4 bh 1 =12 32 « 1 1L « 1131 1 1 « = = @ « = @ «a « = = = = 37
23'2 - 11 -« 2 2 L 8 831151312273 20211311 3 9 1 3 2 - 1L - 1 2 2 1 3 6233

¥ ee Mabterial and Methods for method of calculabtlone
s:In percent of Omigle

7":}
pats,
&%



Appendix Table 3.--Tolerance of parent, check, and F, plents of four barley erosses to artificidlly induced
greenbug atback as measured by the amount of growbh test at Stillwater, Oklahoma, 1950-51,

Amount of Growth in % of Omugix 7
Variety or 25 L5 65 85 10, 125 1L5 165 185 205 225 2L, 265 Total
Cross 1, 3% 55 75 9 115 135 155 175 195 215 235 255 275 Plamis

Set I - Dobaku X Ward

COmugd S T T ¢ 1y ) P T L Lo
Dobaku - = = o= = 1 - 5 89 3 36 1 1 1l 1l e = = « = o« =« 1 @ = Lo
Ward 2 2 L 37 L L5 Le 1l 1 2 « @ @ @ =@ o & e o = =1 - = ho
Py - = = 1 1 714 193139201917 8 2 5 5 6 2 = = = = = 2 1 = 199
Set II - Dobaku X Cel. 5087
Omugl T Tt €11 ) B e T T T T S Lo
Dobaku “ e = = = 1 1 k5 2 kL 92 32 1 a3« « «laecla-n- 39
CoIs 5087 11115108 3L -11- =12 - = - e e = o= = o= 39
Fp - - -7 9g 9202732202419 6§ 7 - 2 2 2 1L 1 3 6 - - - 1 200

£9



Appendix Table 3e--Continued.

Yariety or ‘ Amcunﬁ of Growbh in Cmess¢ Total
Cross I 3 5 7 9 1r 13 13 17 19 =21 23 25 27 29 31 Flants

Set IIT - Omugi X Tenkow

Ormugi - 1 1 1 2 2 6 6 6 5 4 1 1 2 - 1 39

Tenkow 1 2 3 6 8 13. 1 2 1 1 = 1 = <« -« = 39

Fp 1 2 9 W W0 k3 3% 26 15 ¥ L 1 3 3 3 2 227
Set IV = Omugi X Ward

Omugi - - = = 2 2 Y L 10 6 2 1 2 3 1 = 37

Ward - 1 L 3 8 9 3 5 3 1 - - - - - - 37

Fy - 1 1 2 6 1 3% 32 34 M 27 L 1 8 - 3 233

wFigured in ¢ of the Omugi check in the same pote
wrAmount of growbh made during period of infestation.



Appendix Table L.--Preference of greenbugs for parent, check, and F, plants during the first four days of
artificial infestation at Stillwater, Oklahoma, 1950-51,

Variety or Total No. of Greenbugs per plants Tobal

Cross 2 6 10 1 18 22 26 30 3L 38 L2 L6 50 Bl 58 62 66 TO 7L 78 82 86 90 94 98 Plants
Set I « Dobaku x Ward

Omugi 5 2 L4 85 14 -« 2 3 « 1 -4 -1 Lo

Tiobaku 5L 2 8 33 2 3 2 1 = 3 « 21 e « =1 Lo

Ward 1L - 151 346 3 3 « 311« 1L «1 1 =«212 ho

Fo 817 2117161915 9111210 7 7 5 2 5 5 o 2 2 2 2 1 1 3 199
Set II =~ Dobaku x C.I1a. 5087

Omuag i 39 10 3 2 2 3 11 -« 11 Lo

Tohaku 2 9 77 2 L 5 3 39

eI, 5087 25 66 312 1Lk 321211111 39

Fp 1328 2940292215 510 6 L 3 2 3 - - 1 200
Set II1I - Omugi x Tenkow

omugl 6 6 9 3 8 2 1 1 3 =« - 1 39

Tenkow - - 2 36 3 713392 2 1111111 39

Fy 1133 383534212110 5 7 5 3 2 = = 2 227
Seb IV » Omugi x Ward

Craugi : 2 5 2 6 3 33 12 3111112 « =1 37

Ward 21 -5 2 L431Lh 3312 21-~-231S:2 37

F, 152 353132211612 121110 3 - 5 1 - 3 1 1 233

#Refers to the total number of greenbugs counted on each plant for the first four days after infestabiocn.

s
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