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EFFECTS OF SELECTION FOR MINOER (GENE RESISTANCE TO STRIPE
RUST ON YLELD AND OTHER AGRONOMIC THAITS OF WHEAT
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Two experiments, cne each of #pring of winter whest were
planted in 1980—81 ¢rop season in & ¢ontrol and an incoulated
egotion with eiX replicstions in each at Montana Stste University,
Fiald Rescarch Laboratory. The spring wheat experiment had
three populstions Gerived from three crosses and winter wheat bad
two populations derived from $wo erosses, Ench populetion con.
sisted of two generations; F,and F, in the spring whest ang ¥,
&nd Fy in the winter wheat, respectively. The F, snd F, wers
eelected earlier for minor gene resistance in F, and F, gonerations.
The two generations in esoh population (F, Va. Fy and ¥ Ve, F,)
were compared, using t-teat, for disease resistance, grain yield,
plant height, biologicsl yield, barvest index, atraw weight, growth
rate, tillers number snd kernel weight,

Belection for minor genen waa eHfeotive in two crosses in spring
wheet and one orose in winter wheat, Increase in resistance, how-
evar, was accomwpanied with deerease in grain yield, Tiller number,
atraw weight, biclogioal yisld, growth rate and harvest index slso
suffered decline in ¢wo of the thres crosses. The crosses which
ehowed no increase in resistance suffored no decline in moy trait,
It is, therefors, agsumed that the deoline in grain yield snd other
traits was assovinted with the sccumulation of minor genes,

INTRODULTLON

Salection of trait may result in an zesociatud ineresse or decresse in the
other traits. Such correleted responge son stem from genetic linkage or pleio.
tropic effect of one geme on tha other (Allared, 1980), Presence of awns in
wheat waa reported to inflvence the yield and test weight, Selection of awaed
version of a variety {Onas) out yielded awnless version of the same varisty in
grein yield shd teat weight (Buneeon ¢f gl., 1948},



Similarly election for stem rust resfstance in Tritcum fimophevi generslly
resulted in late maturing plent {Allsrd, 1960}, There have been cther instaces
of this kind repotted in the literaturs. However, effect of gelection for reaia-
tance genes, especially minor genes, on other traite has hardly been reported,
Prevent investigationa were initiated to study the effeet of selection for minor
genes for stripe rust resistance on grein yisld and ather agronomie traits of
wheat plant,

MATERIALY AND METHOD:3E

The experimental materials cousisted of five populations derived from
three crosses of the spring wheat end two of the winter wheat, Hach oroms con-
gisted of two generations (Teble.1) obtained by multiplying ¥, and F,. The
spring wheat materials wero multiplied twios to obtain F, from F; snd F; from
F, and the winter wheat materisl multiplied only ance to get Py from F; snd F,
from F,. The otiginal meterial was unselected seed but the F, consisted of
lines eolceted for minor gene redistance during Fp snd Fy (Krupinsky, 1877).
Subsequent mulliplieation i.e. from F; to F,; end F, to Fg in epring wheat
aud F; to F; and F, to P in winter wheat, howevor, waa a simple incredse of
the materisl. The parents involved in the crasses had variable reactien to
atripe. The crosses, therefore, showsd & rangs of reaction to stripe ruet infec.

tion {Table 1),

Table 1, Number of lines in the tuwo generclions of varipus crosses of spring and
winber wheat experiments,

8pring wheat

{Crossnk

Fs Fg
Centana/Polk 78 1B
Sheridan/Centana T2 17
Shortana/Centana ™" 20

Winter wheat

F; F,
Centurk /Itans 68 23
MeCallfItans o8 28
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Table 3. Diseass reaction of parents bo stripe rusl¥

Caltivar C. 1. Namber Reaction fypase
Spring Wheat
Contena 12874 B
ghortans 16233 g
Sheriden 13688 o
Polk 13773 1
Winter Wheat
Itana 12383 3
McCall 13842 3
Centruk 15075 [

*Kroplneky (1877)
s+ Messured on -4 geale, 4 being suaceptible.

The spring and winter wheat experiments wore plated aeparate during
1880-8] erop seneun at the Montana Stete University, Fort Ellis Field Research
Laborstory, nesr Bozemsn. Eech Experment consistad of s contrel wnd an
inoculated section, each o replica of the other and planted adjacent, Each
gcetion conzigted of sixr replicationsa pown in & randomized blopk dezign,
The erosses were randomized within blocks and lines within coreses. Each line
wag sown in & single hill in each replication. The hills were planted in a 30 cm
grid using 1.0 g seed in each hill containing approximately 30 seed {Frederiok -
son, 1078). The wicter wheat experiment waa planted on 27th Heptember,
1280 and the spring wheat on 22, 23 April, 1881,

Control plata were maintained disesse fres by apray application of the
fungicide Bayleton @ 1 kg ha-1. The fungicide was applied weekly starting
24th April and 15th May, 1981 on the winter and spring wheat experimenta,
respectively, Disense sections were inoculated on 15th May, 1981 with a fieid
collection of etripe rust uredospores mized with tale in 1 : £0. The winter
wheat wae inoculated st growth stage.8 (Large, 1854), with tho spring wheat
plants only three weeks old. The winter wheat experiment had severs infection
due to favourable weather early in the scason which, however 1urnea haf and
dry resulting in low infection in the apring wheat experiment, Headings ware
taken on weverity ond infection type uasing 0-4 and X seale for infection type
end §-13) for s:verity (Allan «f at., 1863).
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Dats ware callsgted on plant height (om}, heiding date, number of tillers
har hill, bislogieal yisld (grain yield + straw yiald}, harvest index {sead weight
biological yleld, snd expressed as percentage), growth rate {biclogical yield.
grain yield/days to heading), grain yield and diseses index. Diaenne index was
pbtained by multiplying responss symbol with severity. Responss symbols
wire obtained by sseigning numberiosl values to infection type as follows ; 4=
1.0,9=082=0.4,1=02and 0=0.0, The faw meagthatiu infection types (X}
were meaigned a value of 0.6, The data were averaged peross replications for
all traite and the means were comparsd ueing $-test {Boedooor mnd Cochran,
1067).

The results of the contrel plote are presepted only excepk for disesss
indices. Disenae indeX values wore taken from inopulated plote to show if
scleotion for minor genes wos affective in incressing rosistance. Contrel plot
valae were ussd to provide unbiased (from discase) oomparisch of yield and
other fraite,

REsULTS AND DISCUSSION

Centan: |pall crass

Qelection for minor resistant genea increascd the rosistance in the Fg as
reflected by differences in disoase indices of the two generations. Thediffersnces
were gighificant inspite of dilution effect of relaxed advancement of generations
(Table 3}, Attondent with incresse in redistanco was, howsver, s deoresss in
nany agronomio traits.  Grain yield showed a significant decline from F; to F,.
Similar declines wers shown by biclogieal yield, growth rate, straw weight and
tiller number., Plant height, kerne! woight and harvest index sbowed no effect
of accumunlation of minor genes.

Sheridon/Cenlaia croas

The crose showed no inercese in resistance [Table 3). In fact, the selec.
tion remultad in incresse in susceptibility and, therefore, in & larger dissase
index in F;, Apparently selection waa either nst effective or only alightly
effective which woas undons during sdvancement of generations, Whatevar the
genatic baeis, in the sbsence of any increase in resistence or tilt toward suscep-
tibility vield and other traits were not adversely affeoted a8 ohserved ino the
centanapolk cross,
Shoridna) Centanc crods

Seleotion for miner gene tesistance was efiective (Tabie 3). The F,
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generation showed signifloantly higher resistance than the F, generstion. The
magnitude of difference, howcver, was not a large as in the contana/polk oross.
In line with the mapgnitade of disease index differencs, fewer traita showed deo-
line in F,., Grain yield snd harvest index showed a decresse in Fjover ¥y
significant at 0.01 level esnd atraw weight at 0.10 level, The reduction of
harvest indvx in this crose as against shortans/eentana croes in perhaps dus to

reduction of grain yield slone here ss against both the components of harvest
in dex in ehortane/nantana cross,

WINTER WHEAT EXPERIMENT :
Cendatk! Hana croas

The [; showsd significant incresse in resistances over F, (Tabls 4).
Attendent with increase in resistance wae s decline in many traits as observed
in the rpring whest crosses showing inerease in remistence. All the traits,
except kernol weight registered a decresae; significant at 0.01 level in plant
height, bislogical yield, harvest index, straw weight andprain yield and at 0.05
leve] in growth rate and tiller oumber.

Mctlalli funa crosd

The crora showed no selection response and Yy generation had large
disesse index then F, thua showing incresse in susccptibiliity (Table 4). A
tilt towards eusceptibility as againat resigtance had no esdverse effect on any
trait, The F; kernel weight value, in fact, shoved increase over IF; value. All
other traits were comparable in both the generations.

The data jn Talile 3 and 4 elesrly show the efiect of eelection for minar
gene resistance on yield snd other traits. Belection, whereever effective resul-
tid in dealins in visld and growth traite; biclagical yield, growth cats and straw
weight, Facept for kernel weight woll other traits thowed s deoline in one
pepuletion or the other when resistance inereased, In spring wheat experiment,
seleotion was effective in accumulating minor gencs in centana/pelk and shor-
tans'centens croeaes and both these crosees shuwed a decline in grain yicld and
other traita {Table 3], The croes cheridan /Centana showed no isercese in rosia-
tance and had no concurrent decrease in other traits, Similer trend existed in
winter wheat cxperiment, The growth end production traita ebowed s decline
in Centurk /Itans vrose where geleotion accumulated resistance genes, But no

decline was observed in McCall /Ttana whers resigtanee gene could not be mecu-
muleted,
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Tt is obvious that both growth and productivity suffered sdveraly from
accumlation of reaistent minor genes, Appersntly, the resistant genes aleo
influence development of ather tralts, The precise genetice of this phenomenon
cannot be understcod frem the data, and implication of linkage or pleiotropy
of few resistanoe gene with many yield and preductiviey genes does not ecem &
satisfactory explation. Apparently registance gene supperssed or retarded some
plant process {es) which help plant growth end productivity under etress fres
ponditions as in this experiment, Resistant plants might be representing &
complex form which have salective disadvantage as auggested by Van der Plank
(1088) in pathogens, The data, however, suggest that selection for tniavr reeis-
tant geno without due regard to agronomie traits lead to plant deterioration
and result in low productivity, Any program simed at increasing reaistanes
should not lose sight of desiresble agronomio characteristics.
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