|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




.3
®

EEE

m

22 s

FERERE

[ 4
L1

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAD Of STANDARDS-1963-A

=
| 1S

o
FERERERE

EEEE

L

22 s e

MICRCCOPY RESCLUTION TEST CHART
NATIONAL BUREAU OF STAMDARDS-1963-3



http:111111.25
http:111111.25

o

e

Technical Bulletin No. 1004 « March 1950

. Further Differentiation of Genetic Factors

in Wheat for Resistance to the Hessian Fly '

By C. A. BuneaoN, egronemist, Division of Cereal Crops and Disegses, Bureau
of Plant Industry, Boils, and Agricnlturel Engineering, snd W, B, NoniEg,
entomaologist, Divizion of Cercal and Forage Insect Investigations, Burcan of
Entemology end Planl Quurantine, Agricuitural Rescarch Administration
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INTRODUCTION

In 1936 Departrent workers in California began an investigation
of the genetic constitution of six American wheat varietie. that were
known to be resistant to the strain of hessian fly prevalent in the vicin-
ity of Rio Vista, Calif. One of the varieties, Dawson, had already
been studied in crosses with two susceptible wheats, Pose and Big
Club, and a backerossing program had been initiated to effect the
transfer of its two dominant resistance genes to these commercially
important varieties (4).* This breeding program has now been com-
pleted, and the wheat acreage in the area has been taken over by the
derived resistant varieties, Pose 42 and Big Club 43. The resultant
destruction of natural infestation precludes further inheritance
studies, so the accumulated data are presented here,

F

b REVIEW OF LITERATURE

The availtble genetic information on hessian fly resistance has come
#rom 4hregdsources. In California, the Dawson variety has been
wAXo ppssoss two dominant genes for rvesistance (4). Their
armon@to genetic testers designated as H,H, and H H. has
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also been effected (7). The variety W38 when crossed with Dawson
produced susceptible progeny in the Fy generation, thus establishing
that its resistance is independent from the Dawson genes (6).

A more specific analysis of W38 was made in Indiana (1), revealing
an_incompletely dominant resistonce gene for which the symbol
H.H; bas been designated. Dawson is susceptible in Indiana (2).
Cartwright and Shands have also reported results from crosses be-
tween W38 and 11 foreign wheats, 6 of which “apparently possess the
H.H, factor” and the other 5 one or more genes different from
HLH, (3). The identity of these genes and of the two or more domi-
nant genes rveported in P. I, 94587 ° hus not been determined more
specifically (7). None of these 12 resistant varieties have been stndied
genetically in California, but their resistance has been confirmed by
work as yet unpublished.  Of greater pertinence to the present study,
however, are the biological-race studies showing that a culture of
flies reared through 4 generations on W38 (2) is capable of producing
a much higher infestation in W38, Dixon, and Java, than does the
wild Indiana fly. :

Painter and coworkers in Kansas (9), working with the variety
Marquille in F,, ¥,, and F, generation crosses, were unable to resolve
their data on factovial basis, but they indicated that vesistance in this
variety tends to be inherited as 4 recessive character. Marquillo crosses
often resuit in ¥, lethals (5).

MATERIALS AND METHODS

The hessian fly huas persisted in the Rio Vista area in California
bordering San Francisco Bay for at least 70 years (8). Onutside of
this belt, high summer temperatures and low hnmidities have pre-
vented its permanent establishiment. Within the belt whare it can
survive there has been a continuvous diminution of the wheat and
baviey aereage. Iqually important, the very susceptible varieties
Pacific Bluestem and Big Club wheat have predominated in this belt
for more than 70 yeawrs {70}, thus offering little inducement for the
inecrease of mutants or segregates having the capaeity to infest other
varieties,

The experiments here reported have been conducted on various
field sites chosen for their proximity to infested stubble’ Seed stocks
were produced in the fly-free area at Duvis,

As in previous studies, plants were classified as infested ov unin-
fested, depending on whether or not puparia were present. Check
rows of susceptible Poso or Big Club wheat were grown in each
sleventh row throughout the murseries. A sample of 2/plants was
generally used to estublish the level of infestation in either parent
rows, or Fy generation rows, Errors due to sampling and-heterogene-
ity of fly dispersal were most serious when mean infestations \\fg.ﬁh

P L denotes accession number of the Division of Plant Exploratién and
Tutroduction. b -

*Previous to 142 the sites were alwiays on the Hovt runch near Birds Liymi-
ing, but a chunge in ownersiip and fu cropping inlevests forced 8 move.  Sub-
sequentiy several furmers provided experimenial sites and Forpished serviees
for the furtheranee of the work. 5 ot
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relatively low and the range of observed infestations in susceptible
vavieties widespread. Genetic study plantings were abandoned be-
cause of low infestations during the years 1945 and 1946,

In previous experiments in which approximately 95 percent infes-
tation oceurred in susceptible checks, tLe F, generation of Pawson X
Poso contained nbout 14 percent of infested plants (4), the K. gene-
ration of the H, ¥, or I,H, testers X Toso abont 20 percent infested
plants (¥), and the F, generation of W38 X Wabush gave 32 percent
infested plants (/). These velative infestations were used as a basis
for interpreting the data from later experiments.

RESULTS

Responses of parvent varieties in tests from 1938 to 1944 are shown
in t-ubllﬁ 1. It is evident that significant differences in levels of in-
fostation occurred in different years, and that resistance is only
relative und may permit modernte infestations when fly populations
are large. These considerations ave also pertinent in interpretations
of F, datn given in table 2 and of the F. data in table 3. The reaction
in crosses invelving each variety follows.

Tanik 1—Tessian fly infestations in parent varieties of wheat in
Californie, 19:8-44

Plants infested with puparia in—

Yariety
1938 | 1939 | 1940 1942 | 1943

Per- | Per- | Pei- e Per- | Per-
cunt cent cend o cent
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1. 1. refers Lo aecession number of Lhe Division of Cereal Crops and Diseases.




Tapie 2—Hessian fly infestations in various F, generation hybrids grown in California, 1938-44

Plants

1938 ! 1941

In-
‘fested

Java X Dawson
Java X H;jH, tester ;
Java X HiHstester . . o ...
Java X Poso d
Java X W38 . i
Java X Dixon

Marquillo X Dawson:

Marquillo. X H;H; tester
Marquillo X H.H; tester_....._..,
Marquillo X Poso

Marquillo X Dixon

Dixon X Dawson

Dixon X H;H; tester

Dixon X H.H, tester

Dixon X W38

Dixon X Posa

Kawvale X Dawson
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TasrLe 3.- ])zslnbuuon of F;, jammes of various cresses and of suscepiible parent checks in California tests, 193944

P o s R A e o T

Number of rows in classes (percentage) of hessian fly infestation

Year

7 H . ;
Variety or cross grown

12.5(17.5(22.5127.5132.5137.5 /42,5 147.5|52.5157.5162.5 |67.5 |72.5
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Marquillo 3 Dawson.._.

Marquillo ¢ H,H,. .

Marquillo % lI,H,

Marquillo X Dixon
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Crosses Wit Java

Resistance in the Java (C. 1. 10051) variety in California has not
been 80 high as in the Dawson variety. In the F, generation of the
cross Java X Poso resistance appears to be vecessive. In crosses with
Dawson, or with the H/H, and H.H, testers derived from it, the T,
populations were nearly as susceptible as comparable Poso erosses.
Small F, populations from evosses with H,H, and H.H, testers sugzgest
a 13:3 ratio.  Since dominance is less complete in W38 than in H,H,
or HLH,, it is Togical for the ¥, cvosses of W38X Java to show a greater
average infestation than do the H,H, or H.H, testers crossed with
Javi, The available data suggest that the recessive resistance factor
m Java is independent of the factors HH,, H.IL. or H,H;. Hence
the symbol ly,h, for the Java resistance factor is suggested.

Crosses With MarQuiLLo

Among the several strrins of Murquille (C. I, 6887-1) crossed with

awson was one that did not produce lethals {3}, although al erosses
with Java were lethal.  Resistance in Marquitlo behaved as  vecessive
and was independent of the factors HHH, and H.H,. Since the gene
action is unlike that of W38 in crosses with either a susceptible variety
or Dawson, independence ot HLH, also seems logical. It 15 not possible
to distinguish between the resistance in Juva and that in Marguillo
from the data at hand, but they probably differ. inasmuch as a selected
puopulation of hessian v attacks one much more severely than the
other {2).

Crosses Were Dixon

Resistance in Dixon {C, 1. 6048} was pavtly dominant in crosses
with Poso. In erosses with Dawson and with H,H, or HL.H. testers
practically no susceptibles were recovered in the F.. and relatively
few in the I, peneration.  Their cccwrrenee, howerer, establishes inde-
pendence from ILEH, or HH.. The I, generntion from a cross with
W3S guve nconclusive results as regnrds the H,H, factor, Crosses
with Java (hhy) suggest the possibility of a common recessive gene,
since no susceplible rows weve found among the 24 F, lines sampled.
Crosses with Muarquillo produced 4 susceptible rows ameng 118,
however.

Crosses Wit Kawvare

Studies with Kawvale {C. 1. 8180) do not permit differentintion with
any known genes except those in Dawson.  Tn this eross only 1 percent
infestution wus observed in the F, wrenevation, and only 14 out of 149
lines fell outside the range of the Kawvale pavent in the F, generation,
The fact that 3 of the 14 segregating Iy lines fell in the susceptible class
would seem to preclude any common genes with Dawson.  Such a dis-
tribution confirms the dominance of resistunce in Kawvale and its
independence from the HH, or H.H, factors.

DISCUSSION

Genetic interpretations of the nature of resistance, as well as the
practieal use of this resistance in breeding, often depend upon specific
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biological races of insect or parasite for a given expression. This is
cettminly the case with hessiun fly (2 and 9) In the mnjor whent
belt of ‘Ameriea the Dawson variety was resistant for wmany years,
Since the appearance of new races of hessinn fty the H,H, and H,H,
genes from Dawson are now practically useless for bteodmw wheats for
thut region,  Albwheat varvietios that finve been reported to 5 be resistant
to hessian fly show resistance when tested in California. It isunfortu-
nate fhat our practienl preeding program for resistance in California
was completed before we were able to isolate nll of the genes for
resistance,

The geographical isolation and the localized conlinement of the hes-
sian [l_y in Culifor nin, coupled with the dominance of two highly sus-
ceptible wheat var ieties in this area for period of more than 70 yeavs,
should huve been conducive to a stable population of hessian fly. hus,
mutations with n differential L'Il[)d(.‘lt\’ to infest resistant varieties had
no selective udvantage, and mutations capable of enduring greater
summer heat and lower humidity apparently did not nppmu' Fur-
thermore, the resistance of Dawson, first recognized in experimental
tests in 1921, has persisted at the first obger ved level, This is the evi-
dence for homogeneity of the hessinn fly in Culifornin.

Consitdersble inferést will focus on the stability of the HH,H.H,
resistance in Poso 42 and Big Club 43 in California.  The ffu_{ th it the
genceral population of hessinn fly was low and that these vavielies
mplnced their prototypes rather quluklv from 1944 to 19406 makes it
seemn likely that no biological vuriant of hessian fly capable of infesting
Daswson (HH,ILIL) survived in the exchange. If such a race of
hesstan fly Hh()(l](l swrvive. the most eertain and durable protection
from the new races would come from combining the FLH, HLH, frctors
with sahother source of resistunce lle IT,IT; or hh, .m(l not by coll-
stituting a new and separale single or double gene resistunce.

SUMMARY

The genetic aspeets of a study of resistance to hessian fly begun in
1931 were teeminated by near aren-wide acceptanee of the derived re-
sistand varietios, Poso 82 and Big Club 43, that were bred during the
course of these experiments. Natwral infestation is now too low to
peemit further stndies.

In addition to three previously reported dotinant genes for hessian
Iy resistance, viz, L and LG (Dawson) and H.H, (W38), an in-
dependent recessive gene pair designated asTyhy (Javn) is herewith es-
tnblished.  Jurther evidenee for the recessive behavior of resistance
in Mueqiillo also is presented. Resistanee in Dixon wnd in Kawvale
s shown to be independent of HH, and T1LH..
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