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Summary

Barley genotypes representing a wide range of resistance expressions and origins, from major resistance genes in
modern cultivars to field resistances in landraces, were assessed for tolerance to disease under glasshouse and field
conditions. A few genotypes were picked out as showing less yield loss than would be expected from the level
of mildew infection . Genotypes showing more than the expected yield loss were also found . The potential use of
tolerance as a breeding character is discussed.
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Introduction

Tolerance to disease may be defined as the ability of
a plant to yield well despite being infected by a level
of disease that would normally be expected to cause
severe yield loss. However, the term has been used in
many contexts (Clarke, 1984 ; Mussell, 1981) . Further-
more, the concept of disease tolerance has been little
used as a breeding objective because of the difficul-
ty of assessment, although a breeding programme in
Hungary regards it as a selectable breeding character .
(A. Mesterhazy, personal communication) . Apparent
differences in tolerance between genotypes in high-
ly developed crops such as barley can sometimes be
attributed to components of genetic resistance to dis-
ease development where these are not detected by the
disease assessment methods used . Not all components
of resistance can be detected by, for example, overall
visual rating (Newton, 1990) .

Wild plant species are generally tolerant of infec-
tion (Tarr, 1972 ; Ben-Kalio & Clarke, 1979), whereas
crop plants suffer severe yield loss from relatively low
levels of infection (Chester, 1950 ; James, 1964) . Thus
tolerance appears to be inversely related to selection
for high yield (Clarke, 1984) . This could be associ-
ated with more of the plant being used for assimilate
production for yield . Where resistance is available,
breeders have concentrated upon deploying it as it is

generally easy to manipulate . Any tolerance that may
have existed in the gene pool would gradually be lost in
the same way that `background' resistance has . Loss of
tolerance may be particularly attributable to reductions
in chlorophyll levels, rates of photosynthesis, altered
translocation pattern and reduction in root : shoot ratio
which are all found in crop plants but not in some wild
plants (Clarke, 1984) . In a balanced ecosystem there
is little opportunity for highly adapted pathotypes to
develop . Alternatively, tolerance can be regarded as a
character or group of characteristics for survival in a
balanced ecosystem, many components of which may
be deleterious to economically important characteris-
tics including high yield potential .

Yield potential of a cultivar may be inversely related
to tolerance as high yield may be attributable at least in
part to a higher proportion of assimilates being divert-
ed to grain filling . However, Kosuge (1978) calculates
that no more than 1-2% of total host carbohydrate
is diverted by tobacco mosaic virus and Hancock &
Huisman (1981) calculate that plants should be able to
supply nutrients for pathogen growth out of the nor-
mal amounts lost due to leaching and that metabolite
diversion therefore is unlikely to be associated with dif-
ferences in tolerance between host genotypes . Further-
more, infection often leads to enhanced photosynthe-
sis rate compensating for any assimilate drain . Much
damage caused by pathogens is due to their metabolites
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such as enzymes, growth regulators and toxins (Wheel-
er, 1975) and physical damage rather than diversion of
host metabolites (Clarke, 1984) . Therefore it is the abil-
ity of a host to compensate for loss of photosynthetic
ability and thereby assimilate production capacity for
yield that must be related to its tolerance capacity.

Detecting tolerance under field conditions requires
the use of fungicide applications to obtain compara-
ble control values, leading to possible confusion of
tolerance with other effects . Fungicides could exclude
the effects of saprophytes that cause induction of resis-
tance reactions which, although not scorable as disease,
result in yield reduction from the diversion of assimi-
lates to fuel the resistance response in untreated plants
(Smedegaard-Petersen & Stolon, 1981) . Fungicides
may also exclude the response to induction of resis-
tance from avirulent pathogen inoculum pressure. Thus
fungicides confound the effects of removal of infection
with induced resistance reactions . Furthermore, fungi-
cides often have stimulatory effects on plant growth
(Newton & Thomas, 1987) . To be of practical val-
ue tolerance must be determined as a field response
and assessments must be made under field conditions .
Glasshouse conditions can be used, however, both to
control resistance induction and infection, and to sub-
ject cultivars selected for optimum yield under field
conditions to non-optimal conditions .

Little & Doodson (1972) showed a correlation
between NIAB disease assessment and yield loss due
to disease . Given this correlation, cv . Proctor showed
less yield loss than would be expected from its infection
by disease although Rowe & Doodson (1976) suggest
that it is less tolerant under severe disease pressure .
Preliminary observations of trials grown at SCRI indi-
cated that some genotypes selected as breeding lines
appeared to show this characteristic . Therefore, two
spore-proof glasshouse experiments, where inoculum
could be controlled, and four field experiments were
carried out to investigate the potential of disease toler-
ance as a breeding character.

Materials and methods

Experiment A - glasshouse

Five pairs of genotypes of barley containing identical
powdery mildew resistance genes (Table 1); two resis-
tant, Apex and MC20; and eight susceptible, Triumph
and Tasman, Javelin and Egmont, Carnival and Midas,
Golden Promise and Proctor, were grown as single

plants in 15 cm square pots on sand beds with automat-
ic watering. The experiment was grown in two blocks
in two compartments of a sporeproof glasshouse, one
block in each compartment being protected from dis-
ease by regular application of fenpropimorph (Mistral) .
Within each block each genotype was represented by
20 plants grown in a completely randomised design .
The glasshouse was maintained at c . 20° C with an
18 h artificial light period each day . One compartment
was kept free from disease contamination and was pre-
sumed also to be free from air-borne saprophytes . The
other compartment was regularly infected with spores
of a single strain of powdery mildew capable of infect-
ing only the Ml(La)+M1a12 or Mla8 resistance genes
(Javelin and Egmont or Proctor and Golden Promise
respectively) . Plants were individually harvested and
the number of fertile tillers was recorded. Height, grain
number and thousand kernel weight (TKW) were mea-
sured on the main stem and the plant yield was record-
ed .

Experiment B - glasshouse

Seven genotypes of barley were used, one fully resis-
tant cv. Atem, four defeated major gene cvs viz ., Gold-
en Promise, Midas, Proctor and Triumph, and two
breeding lines expressing partial resistance from cross-
es of partial resistant selections with cv . Golf (ITA)
and cv. Regent (ITD) (Table 1) . Ninety-six plants of
each genotype were grown in the summer with no sup-
plementary lighting in 15 cm square pots with three
plants per pot in each of two sporeproof glasshouse
compartments maintained at c . 20° C, one being kept
free from incoming spores and the other infected with
a mixture of mildew races containing virulence to all
the major genes present in the barley genotypes except
mlo . Plants were grown both as three-way mixtures
consisting of one plant of each component in the same
pot, and as a monoculture with all the same genotype
in each pot, under drought stress or adequate water-
ing, and in two types of compost to test the effects of
these factors on yield components . Alternate rows of
plants were drought stressed or adequately watered but
otherwise pots were completely randomised within a
surround of pots of cv . Atem as a guard .

Experiment C - field trial

Thirteen cultivars or breeding lines of barley were anal-
ysed, one fully resistant (cv . Atem), five expressing
partial resistance from crosses of partial mildew resis-



1 8 1

Table 1 . Barley cultivars and breeding lines used in all experiments

Genotype Expt Response a Resistance genes b

Pallas F S Mla8

Golden Promise ABCEF S Mla8

Proctor ABFE S Mla8

Hora EF S M1a12

Midas ABFE S Mla6

Golf FDE S Mlg (CP) (La)
Regent F S M1a12+Mlg(CP)

Triumph ABCFE S Mla7(Ab)

Corgi F S Mlg (CM
Tyne DEF R M1a13 (La)

Apex AEF R mlo

Atem BCF R mlo (La)

7163 (Hen Gymro) (71) EF Pr Polygenic

7204B (Comutum) (72) EF Pr 7

7526 (Abed 894) (75) F Pr Polygenic + Mlg(CP)

9319 (Ethiopian) (93) F Pr Polygenic

9855 (S . American 2 .79) (98) F Pr Polygenic

Homings Sommergeste F Pr Polygenic

Gloire Du Velay EF Pr Polygenic

ITA (22044Col92) BCEF Pr Polygenic (+Mlg(CP)?)

ITB (22045CoI5) C Pr Polygenic (+Mlg(CP)?)

ITC (22045CoI33) CF Pr Polygenic (+Mlg(CP)?)

ITD (22048Col15) BCEF Pr Polygenic (+Mlg(CP) + (La)?)

ITE (22049CoI123) CF Pr Polygenic (+Mlg(CP) + (La)?)

71/68/5 C Pr Polygenic

72/31 R/9 C Pr Polygenic

75/7M/2 CF Pr Polygenic (+Mlg(CP)?)

93/38R17 CF Pr Polygenic

98/59/2 CF Pr Polygenic
B87-105/1 EF Pr Polygenic (+Mla7(Ab)?)

B87-106/4 EF Pr Polygenic (+Mla7(Ab)?)

P02 F S Mla3

P03 EF S M1a6

P06 EF S Mla7 (MO)

P08b F S M1a9

P10 EF S M1a12 (Em2)
PI1 F S M1a13
P14 EF S Mlra

P15 F S MI (W)
P17 F S Mlk
P21 EF S Mlg(CP)

P23 EF S Ml (La)

P24 F S Mlh

Blenheim D S M1a12 (Ab)

Camargue D S M1a13 (Ab)
Doublet D S Mla7 (La)
Natasha D S M1a12 (Ab)
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tant selections with cvs Golf (ITA & ITB), Corgi (ITC),
or Regent (ITD & ITE), five selections from crosses
between sources of partial resistance and cv . Golden
Promise (71/68/5, 72/31R/9, 7517M/2, 93/38R/7 and
98/59/2), and two defeated major gene cvs, Triumph
and Golden Promise (Table 1) . Most of these geno-
types were not tested in experiments D and E but some
were included again in F . Plots measuring 1 .9 x 1.22 m
(excluding gaps) of each cultivar were sown at SCRI
in 1988 in a three replicate split plot design using with
and without desease control as the main plot . Seed
was treated with triadimenol + fuberidazole (Baytan)
to control seed borne diseases . The fungicide treatment
consisted of a single spray of fenpropimorph (Corbel)
+ carbendazim (Bavistin) when mildew first started to
appear on Golden Promise (GS30), followed by a sin-
gle spray of propiconazole + tridemorph (Tilt Turbo)
once mildew started to reappear (GS39) . This gave ade-
quate protection for the whole season . Plots were har-
vested with a plot combine and yield recorded . Mildew
levels were assessed three times during the season .

Experiment D - field trial

Twenty cultivars or breeding lines of barley were
used consisting of the genotypes used in experiment
C except for Golden Promise and ITB, plus cvs
Blenheim, Camargue, Doublet, Golf, Natasha, Pris-
ma, Sherpa, Tweed, and Tyne (Table 1) . The trial was
carried out at SCRI using a design similar to that of
trial C and assessed in the same way .

a S = susceptible; R = resistant ; Pr = partially resistant
b Brown & Jorgensen, 1991 .

Experiment E -field trial

Twenty cultivars or breeding lines were used in exper-
iment E : the fully resistant cv. Apex, three sources of
partial resistance (Gloire du Velay, 7163 and 7204B),
four breeding lines expressing partial resistance (B87-
105/1, B87-106/4, ITA and ITD), the susceptible cv.
Pallas and six near-isogenic lines of Pallas carrying dif-
ferent mildew resistance genes (P03, P06, P10, P14,
P21 and P23) and five cultivars expressing varying
degrees of resistance and possessing defeated major
resistance genes (Golden Promise, Corgi, Regent, Tyne
and Hora) (Table 1) . Plots measuring 1 .9 x 1 .22 m
(excluding gaps) of each cultivar were sown at SCRI in
1991 in three replicates in a split plot using no disease
control, a programme of systemic fungicides (GS31
fenpropimorph (Corbel) + carbendazin (Carbate FL),
GS36 tridemorph (Calixin) + propiconazole + tride-
morph (Tilt Turbo), GS39 propiconazole + tridemorph
(Tilt Turbo)) and a programme of non systemic tride-
morph sprays (GS31 Ringer and GS39 Calixin) as the
main plots . Seed was treated with carbendazim + thi-
abendazole + imazalil (Cerevax Extra) to control seed
borne diseases and plots were scored and harvested
as for trial C . In addition, 12 of the leaves subtend-
ing the flag leaf and 12 of the next leaf below were
sampled at random from each of the control (no fungi-
cide) plots and assayed for mildew biomass per unit
leaf weight using an enzyme-linked immunosorbent
assay (ELISA) (Newton & McGurk, 1991) . The area
under the disease progress curve (AUDPC) was also
calculated .

Table] . continued

Genotype Expt Responsea Resistance genesb

Prisma D S M1a12 (Ab)
Sherpa D R M1a13 + Mlu
Tweed D S Mla9 + Mlg(CP)
MC20 A R mlo
Tasman A S M1a7 + MIAb
Javelin A S Ml(La) + M1a12
Egmont A S Ml(La) + M1a12
Carnival A S M1a6



Table 2 . Main effects of mildew challenge on barley plant
height, yield and yield components in glasshouse experi-
ment A

I Thousand kernel weight

Experiment F -field trial

Experiment F was carried out in the same year as E but
at a different site at SCRI . It consisted of the same 20
cultivars plus an extra 20 representing more of the same
type of material (Table 1) . Only two main plots were
incorporated in the design, no disease control and the
systemic fungicide programme, and ELISA data were
not used but other trial details were the same as for
experiment E.

Results

Experiment A - glasshouse

Despite generally low levels of mildew infection in
this experiment, mildew attack had a significant effect
on plant height, yield and its components . However,
there were no significant cultivar x treatment interac-
tions indicating that the effect of mildew attack was
consistent irrespective of the effectiveness of the resis-
tance genes carried by the cultivars . The principal
effects of mildew challenge were reduced tillering and
grain number but much of this effect was compensated
for by increased TKW (Table 2) . No cultivar effects
were attributable to either common resistance genes
or parentage. Plant height was consistently greater in
mildew challenged plants .

There was a high correlation in the performance of
each of the genotypes between yield loss due to mildew
challenge and yield of the uninfected plants, whether
the challenged plants were compared to the mildew
challenged fungicide control (r = 0.915; P<0.001) or
with the mildew non-challenged non-fungicide pro-
tected plants (r = 0 .745 ;P<0.001). There was also
a high correlation between the yields of genotypes,
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mildew challenged and non-challenged, when they
were not fungicide protected (r = 0 .845; P<0.001) but
not when they were (r = 0 .390; P<0.15 ns) .

A linear regression was fitted between the mean
yields of the blocks that were not protected by fungi-
cides in the infected and clean compartments of the
glasshouse. Midas and MC20 both showed markedly
greater yield in the infected compartment than the clean
compartment although no mildew developed on them
indicating that tolerance may be a response to inocu-
lum pressure as much as to disease. Of the cultivars
which were infected by mildew, Javelin and Golden
Promise were the most and least tolerant, respective-
ly. As mildew levels were low the effect of infection
relative to induction of resistance reaction was like-
ly to be small . Thus the relationship between yield
loss due to inoculum pressure, rather than disease, and
potential yield is likely to be greater than the effects
of assimilate drain due to mildew infection . The low
mildew levels recorded are unlikely therefore to distort
the overall conclusions substantially for the susceptible
genotypes .

Experiment B - glasshouse

In experiment B there were significant effects of the
compost, watering and disease on yield components
of cultivars (Table 3) . There were few cases where the
performance of the mixtures differed from the mean of
their components and no consistent pattern emerged .
Although the relative performance of different geno-
types and mixtures varied greatly with compost, for
example plant yield, no particular genotype dominated
these effects and there was no obvious advantage of
mixtures overall. As the components of the mixtures
could be identified separately they were added to the
effects of the single genotypes overall . Again there was
a correlation between yield under mildew challenged
and non-challenged conditions (r = 0 .724; P<0.001)
and again cv. Midas, as well as cv. Proctor, yielded rel-
atively highly when challenged and in this case infect-
ed, i .e . they were tolerant under glasshouse conditions .
The criterion of the most marked deviation from the
regression of yield loss on amount of disease was sub-
sequently used to select genotypes of potentially high
and low tolerance in all experiments . Whilst consis-
tent deviation from the regression between yield loss
and disease scores between experiments was regarded
as the most useful criterion indicative of tolerance or
non-tolerance, deviations of a least one standard error

Treatment Height Tillers Grain TKW 1
(cm)

	

number (g)
Plant
yield (g)

Mildew 89.25 3 .463 16.49 54 .99 2.394
No mildew 84 .65 3 .715 16.93 48.48 2.607

LSD 5% 0.74 0.123 0.06 0 .86 0.095
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Table 3 . Effects of stress factors on yield compo-
nents in glasshouse experiment B

Table 4 . Yield responses to systemic fungicide
treatment and mean mildew levels in field trials

from the fitted regression line were considered most
reliable .

Field trials

The overall yield responses to fungicide in field trials
ranged from 17% to 31% reflecting the relatively sus-
ceptible nature of the genotypes used. This might also
explain the high mean mildew levels in the main plots
with no disease control, 11 % to 18% (Table 4) .

Experiment C -field trial

Among the 13 genotypes in this field experiment there
were correlations of r = 0.614 (P<0 .05), r = 0.735
(P<0.05) and r = 0.720 (P<0.05) between yield loss
due to disease and the three mildew scores, so score 3
was used in Table 5 . The genotypes which were most
tolerant were 98 and ITA, and the least tolerant were
75 and Triumph .

A linear regression of infected yield on clean yield
which passes through the origin means that tolerance
does not vary with yield level . If a linear regres-

sion were to intercept the Y axis above the origin it
would suggest that the relationship is curvilinear with
a greater loss in yield due to disease as the fungicide
protected yield (yield potential) increases. Our data
does not provide a sufficient range of points to test
the curvilinear relationship so the intercept of a linear
regression with the Y axis was used to infer the effect of
yield potential upon disease tolerance. Over the yield
levels we have observed, the linear regression between
infected and clean yield was found to intercept the Y
axis close to the origin . Because the deviation of the
intercept from the origin was negligible and not signif-
icant (Table 5) it can be concluded that tolerance does
not differ with yield level in this particular trial .

Experiment D -field trial

The mildew was apparent relatively early in the season
on the 20 genotypes in field experiment D but the con-
ditions were less favourable for later development and
the best correlation between yield loss due to disease
and mildew was with the second score (r = 0.458 ;
P<0.05) . The genotypes which were most tolerant
were Blenheim and Tweed, and one of the most non-
tolerant was Triumph again but also ITA . The regres-
sion coefficient of the mildew infected yields of the
entries on their fungicide protected yields was + 0.616,
cutting the Y axis at + 195 which did not significantly
differ from zero .

Experiment E -field trial

A mean of the three mildew scores was correlated with
yield loss in this experiment as, individually, they all
showed good correlations with yield loss . The correla-
tion coefficient between mildew and yield loss calcu-
lated from the systemic fungicide treatment in experi-
ment E was highly significant (0.927 (P<0.001)) and
still significant when using the non-systemic fungicide
data (0.790 (P<0.001)) . The most tolerant genotypes
were P14 and B87-106/4 and the least tolerant were
ITA and P03 . The regression coefficient of the infected
on the clean yields of the entries was + 0.839 cutting
the Y axis at - 113 which was not significantly different
from zero .

The mean ELISA values from all the control plots
were used to correlate with yield loss calculated from
both the systemic and non-systemic fungicide protect-
ed plots. The correlation between the mean of the
three mildew visual scores and the ELISA mean was
0.551 (P<0.01) . The correlation coefficients between

Mean
height

Mean
TKW

Mean
weight

Compost J 64.36 36.19 0 .71
Compost U 66.77 29 .26 0 .59

Drought 58 .65 25 .87 0.47
Adequate 72.49 39 .59 0.83

Diseased 62 .11 28 .53 0.53
Clean 69.02 36 .93 0.77

SED 0.95 0 .77 0.02

Field
trial

Fungicide
response (%)

Mean
mildew (%)

C 21% 11%
D 17% 18%
E 31% 15%
F 23% 15%



Table 5. Summary of potentially tolerant mildew genotypes of barley identified in field and glasshouse
experiments

G. du Velay

the ELISA mean and yield loss were 0 .470 (P<0 .05)
and 0.457 (P<0 .05) when using the sytemic fungi-
cide and non-sytemic fungicide data, respectively . The
most tolerant genotypes were P14, Proctor and Pallas
and the least tolerant were P03 and G . du Velay (Table
5) .

The correlations between the AUDPC scores
and yield loss were 0.914 (P<0.001) and 0 .787
(P<0.001) when using the systemic fungicide and non-
systemic fungicide data respectively, and the correla-
tion between the AUDPC and the visual scores using
either the mean of three or four was 0.976 and 0.999
(P<0.001), respectively. The most tolerant genotypes
were P14, and B87-106/4 and the least tolerant was
P03 (Table 5) .

Experiment F -field trial

The correlation coefficient between the mean of the
three mildew scores and yield loss for experiment F was

Bold indicates genotypes which appear more than once as tolerant or non-tolerant
" Non-systemic fungicide control
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0.801 (P<0 .001). The most tolerant genotypes were
again P14 and B87-106/4 but also Gloire du Velay and
75. The least tolerant were Hornings Sommergeste, 93
and Corgi . The regression coefficient of the infected
on the clean yields was 0 .881 (Table 5) cutting the Y
axis at - 129 which was not significantly different from
zero .

Discussion

Field trials E and F included 20 genotypes common
to each trial and used near-isogenic lines to determine
whether any particular resistance gene had effects on
tolerance. These two trials gave the best correlations
between mildew scores and yield loss due to disease. In
both trials, genotypes P14 and B87-106/4 were identi-
fied as being tolerant . Neither genotype had previously
been available for trialling . Among the non-tolerant
genotypes Triumph and ITA were identified twice in

Experiment Tolerant Non-tolerant Correlation
of yield
loss with
mildew
cf + fung

Coefficient of
regression of
untreated
on treated
yield

Y axis
intercept
(g)

Expt A Midas'' G. Promise 0.660
(G-hse) MC20 &

Expt B
Javelin
Midas - 0.525

(G-hse)
Expt C

& Proctor
ITA & 98 Triumph & 75 0.720 0.800 + 7

(Field)
Expt D Blenheim Triumph & 0.458 0.616 +195
(Field)
Expt E

& Tweed
P14 &

ITA
P03 & ITA 0.927 0.839 -113

(Field) B87-106/4 0.790" 0.790
Expt E P14, Pallas G. du Velay 0 .470
(ELISA) &Proctor & P03 & 0.475
Expt E P14 & P03 0.914
(AUDPC) B87-106/4 & 0.787
Expt F P14 & 75 93, Corgi 0 .801 0.881 -129
(Field) B87-106/4 & H.S'g'te
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two field trials but ITA was also identified as being
tolerant in another field trial and as neither in trial F .
As these trials were carried out in different years this
indicates a potentially large environmental interaction
in the expression of tolerance .

Using ELISA as a measure of mildew infection P14
was again shown to be tolerant and P03 non-tolerant .
Proctor and Pallas were also picked out as tolerant,
Proctor having been identified as tolerant in glasshouse
experiment B and by Little & Doodson (1972) in their
field trials. Gloire du Velay was identified as non-
tolerant by the ELISA technique but as tolerant in
trial F by conventional scoring techniques . Thus the
biomass of Gloire du Velay must be greater than visu-
al assessments indicate in the same field trial, which
could be explained in terms of denser more branch-
ing colony morphology. There is clearly no evidence
of greater than expected visual mildew, indeed experi-
ment F indicates a trend to the contrary . In addition to
Proctor both glasshouse tests identified Midas as being
tolerant. The effects of the high mean mildew levels
found in these field experiments may have obscured
the detection of many potentially tolerant genotypes as
found by Rowe & Doodson (1976), and may mean that
tolerance is only truly effective at low disease levels
and may therefore be suited to low input systems .

Calculation of the AUDPC in trial E revealed the
highest correlations between yield loss and infection
using either three or all four scores for the calculations
and either the systemic or non-systemic fungicides as
yield controls. Thus in this trial all three methods of
disease assessment identified genotype P14 as the most
tolerant and P03 as the most non-tolerant. B87-106/4
was also identified as tolerant from the mean visual
scores and the AUDPC . Therefore as an assessment of
yield loss due to disease, AUDPC appears to be a good
method of reflecting the overall effect although single
scores in mid-season also correlate highly and identify
the same tolerant and non-tolerant genotypes .

These variations highlight the problems in identi-
fying tolerance as the measure of tolerance of any one
genotype can only be expressed relative to the other
entries in the trial . Clearly the composition of the trial
can influence the identification of tolerant genotypes .
A solution may be to form the regression of yield loss
on mildew level from a set of control cultivars and
express tolerance as deviations from that regression .

Some genotypes do rank among the least or the
most tolerant more frequently than would be randomly
expected . It is also clear that there are environmental
factors which affect tolerance expression differentially

in different genotypes . The fact that the near isogenic
line P14 which carries the Mlra gene was identified as
tolerant suggests that tolerance is a character associ-
ated with certain genes and perhaps some resistance
genes. However, it does not appear to be consistently
associated with any of the other genes represented, nor
with partial resistance in general .

No overriding relationship between tolerance and
yield level was detected . The points at which the regres-
sion lines between yield when fungicide protected and
when infected cut the Y axis did not differ significantly
from zero, but they varied from + 195 g to - 129 g per
plot, highlighting not only a problem which may be
attributed to the genotypes used in each trial but also
indicating that the environment may affect this rela-
tionship. In the absence of the normal levels of sapro-
phytes on the leaves (Smedegaard-Petersen & Tolstrup,
1987), the mildew spores could have induced a pro-
portionately larger defense response in cultivars resis-
tant to the mildew population used than was expect-
ed. Inoculum pressure may affect the relationship not
only between yield when infected and uninfected by
pathogens, but also the tolerance to disease . The obser-
vations of the behaviour of cv . Proctor would also seem
to suggest this (Little & Doodson, 1972 ; Rowe & Doo-
dson, 1976) .

The increase in TKW with mildew challenge in the
first glasshouse experiment was unexpected as mildew
generally results in a reduction in TKW when mea-
sured on samples of grain harvested from plots . This
experiment is different in that TKW was measured on
the main stem of single plants and, given the decrease
in the number of tillers, one might expect some form
of compensation through an increase in TKW might
be expected . It is interesting to note that this com-
pensation has favoured development of the main stem,
for if all the heads had the same grain number and
weight as the main stem the plant yield would have
been 3.140 g under mildew challenge but 3 .049 with-
out mildew challenge . There was, therefore, a greater
reduction in grain number and/or grain weight of the
other tillers under mildew challenge . Such effects may
reflect the timing and extent of mildew attack rather
than any general phenomena but do illustrate the abil-
ity of the plant to divert assimilates in the presence of
disease.

Triumph and Golden Promise were included in
glasshouse and field experiments along with partial-
ly resistant material . The original sources of partial
resistance were land races or wild barleys (Jones &
Davies, 1985 ; Asher & Thomas, 1987) and therefore



their derivatives used in these experiments might be
expected to carry other characters including tolerance
if it is a character more common in wild genotypes . If
tolerance is related to inoculum pressure then it will be
compounded by resistance expression . Neither Golden
Promise nor Triumph showed any tolerance, Triumph
even being classified as non-tolerant . However, many
partially resistant selections, which are closer to the
non-selected material, also showed no evidence of tol-
erance .

This work provided no evidence to suggest that
high apportionment of assimilates to grain yield in
high yielding genotypes was deleterious to tolerance .
Sabri and co-workers found that photosynthesis was
less affected by mildew infection in wild oats com-
pared with cultivated oats resulting in greater tolerance
in wild oats (N. Sabri, P.J. Dominy & D.D. Clarke, per-
sonal communication) . Thus tolerance may be unre-
lated to assimilate drain to the pathogen but instead
related to resistance to metabolic disruption whether
caused directly by the pathogen or by induction of var-
ious resistance responses and is thus potentially related
to inoculum pressure .

The principal mechanisms which are responsible
for conferring tolerance remain obscure . There is
therefore considerable potential for detailed study of
plant response to infection in terms of chlorophyll
metabolism, photosynthesis rates, resistance mecha-
nism induction, inoculum pressure, assimilate distri-
bution and developmental changes .

The tolerant genotypes were not found at the
extremes of the yield distribution and thus may be
assumed to be characters not causally related to yield .
Thus as the potential for tolerance is apparently not
related to selection for high yield, this character is a
practical breeding objective .

Acknowledgements

The authors wish to thank Dr Christine Hackett (SASS)
for statistical advice and SOAFD for financial support
of this work .

References

Asher, M .J.C . & C .E . Thomas, 1987. The inheritance of mechanisms
of partial resistance to Erysiphe graminis in spring barley. Plant
Pathology 36: 66-72 .

187

Ben-Kalio, V.D. & D.D . Clarke, 1979 . Studies on tolerance in wild
plants ; effects of Erysiphe fischeri on the growth and development
of Senecio vulgaris. Physiological Plant Pathology 14 : 203-211 .

Brown, J .K.M . & J . Helms Jorgensen, 1991 . A catalogue of mildew
resistance genes in European barley varieties . In : J . Helms Jor-
gensen . Integrated control of cereal mildews : virulence pat-
terns and their change . pp . 263-286 . Riso National Laboratory,
Roskilde, Denmark .

Chester, K .S ., 1950 . Plant disease losses; their appraisal and inter-
pretation . Plant Disease Reporter Supplement 193 : 190-362.

Clarke, D .D ., 1984 . Tolerance of parasitic infection in plants . In :
R.K .S . Wood & G .J . Jellis . Plant diseases ; infection, damage and
loss . pp . 119-127 . Blackwell Scientific Publications, Oxford .

Hancock, J .G. & O.C. Huisman, 1981 . Nutrient movement in host-
pathogen systems . Annual Review of Phytopathology 19 : 309-
331 .

James, W.C., 1964 . Assessment of plant disease losses . Annual
Review of Phytopathology 12 : 27-48 .

Jones, I .T. & I .J .E .R . Davies, 1985 . Partial resistance to Erysiphe
graminis hordei in old European barley varieties . Euphytica 34 :
499-507 .

Kosuge, T., 1978 . The capture and use of energy by diseased plants .
In : Plant diseases ; An Advanced Treatise, Vol III (Ed . by J .G .
Horsfall & E .B . Cowling), pp . 85-116 . Academic Press, New
York .

Little, R .& J .K . Doodson, 1972 . The reaction of spring barley cul-
tivars to mildew, their disease resistance rating and an interim
report on their yield response to mildew control . Journal of the
National Institute of Agricultural Botany 12 : 447-448 .

Mussell, H ., 1981 . Exploiting disease tolerance by modifying vul-
nerability . In : R .C . Staples & G .H . Toenniessen . Plant disease
control ; Resistance and susceptibility . pp . 273-284 . Wiley, New
York .

Newton, A .C., 1990 . Detection of components of partial resis-
tance to mildew Erysiphe graminis f.sp . hordei) incorporated
into advanced breeding lines using measurement of fungal cell
wall sterol . Plant Pathology 39 : 598-602 .

Newton, A.C. & L . McGurk, 1991 . Recurrent selection for adap-
tation of Erysiphe graminis f.sp . hordei to partial resistance and
the effect of environment on expression of partial resistance in
barley. Journal of Phytopathology 132 : 328-338 .

Newton, A .C. & W.T.B. Thomas, 1987 . Analysis of the components
of yield loss due to the induction of resistance reactions . Barley
Newsletter 31 : 225-226 .

Rowe, J. & J.K. Doodson, 1976 . The effects of mildew on yield in
selected spring barley cultivars : a summary of comparative trials
using fungicide treatments in 1971-1979 . Journal of the National
Institute of Agricultural Botany 14 : 19-28 .

Smedegaard-Petersen, V. & O. Stolon, 1981 . Effect of energy-
requiring defence reactions on yield and grain quality in a pow-
dery mildew resistant barley cultivar . Phytopathology 71 : 396-
399 .

Smedegaard-Petersen, V. & K. Tolstrup, 1987 . Yield-reducing
effects of saproghytic leaf fungi in barley crops . In : N .J . Fokkema
and J . van Heuval . Microbiology of the phylosphere . pp .160-171 .
Cambridge University Press, Cambridge .

Tarr, S .A .J ., 1972 . Principles of Plant Pathology . MacMillan, Lon-
don .

Wheeler, H ., 1975 . Plant Pathogenesis. Springer-Verlag, Berlin .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

