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ABSTRACT
1. A combined effort was directed toward the developuient of methodology,
germiplasm and concepts which enable the elevation of the level of
prutection of wheat agianst the adverse effect of septoria diseases on
wheat productivity.

Methods were evaluated by which the chemical desiccant, nagnesium
chlorate, could be used as a simulator of postanthesis stress exertéd Dy
septoria tritici plotch, Wheat cultivars were identified which express
endurance in kernel weight to both biotic (septoria tritici blotch) and
abiotic (chemical desiccation) stresses. The effect of these stresses on
processes involved in kernel growth and mobilization of assimilates from
‘the affected source to the sink was evaluated. It is possible that
tolerant cultivars have a capacity to mobilize assimilates from reservoirs
and non-affected tissue and maintain the rate and duration necessary to
endurebthe efect of those stresses.

| Nheat'cultivars.differ in the rate by which the photosynthesizing
tissue 1s.be1ng gepleted in septoria-affected plants. Infrared thermo-
metry is capable of sensing plant canopies and assessing the relative

resistance of wheat cultivars to Hycosphaerella graminicola. Wheat

cultivars differ in their capacityto retain residual green leaf tissue
under septoria-stress. Cultivars which méintain a high green leaf area,
despite severe septoria coveraye are capable of continuing to produce and
mopilize assimilates for kernel yrowth.

1nvest1gafiuns onm the protection of crop yiela through low disease
coverage (resistance), endurance of yield components (tolerance) and
bioloyical control were pursued in this project.

Effective resistance to septoria tritici blotch was revealed in

winter and sprinyg bread wheats and in durum wheats. The inheritance of



resistance in bread and'durum wheats was assessed to virulences in the
co—operating‘IhStitutions; Biological antagonists weré‘1solatea.which
were able to signifiéhnt]y reduce the‘development of M. qbaﬁinicola
symptons. | |

A method was developed to assess'viru]ence'patterns in the sexual
state of M. gyraminicola and relate the findings to the efect of the

sexual state -on the virulence spectrum of the asexual state.



GEWETICAL AND BIOLOGICAL CUNTROL OF SEPTORIA DISEASES OF WHEAT

2. Introduction

Septoria tritici pbotch of wheat incited by the fungus Mycbsphaere]la

graminicola (Fuckel) Schroeter (anamorph, Septoria tritici Rob. ex Desm.,

and septoria nodorum blotch of wheat caused by Leptosphaeria nodorum E.

Muller (anamorph, Septoria nodorum (Berk.) Ber.) have been studied

considerably in recent years because of the damaye they cause to wheat in

several parts of the world (1, 3). Vulnerability of wheat to the diseases
has been enhahced by_the wide-spread adoption of susceptible cultivars and
by changesvin cultural practices (1).

Breedingrfor disease resistance is the most economical control
measure, yet little is known about its utilization and the mode of
protection and its durability. The etfectiveness of the limited reéistance
sources is being threatened by the diversity of virulence in both
pathogens (2, 4).
| The utilization of lasting protection hs been hampered by deficiency
in methodology for its incorporation and understanding of its mode of
action (1). Alternative protection measures (biological control) have
been sugyested to reeduce the increasing use of fungicide in the wheat
managenent systems (3). Biocontrol aygents of tne pathogens of the phyllo-
plane would offer a aistinct édvantage in reducing losses and pollution of

the environuent,if operative,
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ABSTRACT.

Zilberstein, M Blum, A.,and Eyal, Z. 1985. Chemlcal desiccation of wheat plants as a simulator of postanthesis speckled leaf blotch stress. Phytopathology

75:226-230.

Field triala were conducted over 2 yr to evaluate whether the postanthesis
destruction of the photosynthetic source by chemical desiccation may be
uscd to detect wheat cultivars that sustain kernel growth in the presence of
speckled leaf blotch. Spring wheat cultivars of diverse origin were subjected
to three treatments: inoculation with virulent isolates of Seprtoria tritici
until an cpidemic was initiated, postanthesis application of magnesium
chlorate (4%a.i.) solution to destroy most of the plant’s green tissues, and a
control in which a fungicide was applied to protect against loss of green
tissue. Grain yield components, lcernel growth ourves, and harvest index
were determined. The progress of the pathogen on the four uppermost
leaves was monitored at weelkly intervals. For similar Septoria progress
values (arca under the disease progress curve), various cultivare manifested
different rates of loss in kernel weight (as percent of the fungicide-treated

Additional key words: tolerance, Triticum aestivum, yield components.

control), and harvest index. Cultivars differed in the rate of loss in kerncl
weight and harvest index when treated with the chemical desiccant.
Significant correlations were revealed across the same five cultivars in losses
in kernel weight between plants infected by S. ¢ritici and those that had been
chemically desiccated in | yr (r = 0.925) but not in the other (» = 0.804).
Correlation between the two parameters was highly significant (r = 0.626)
across 16 (out of 18) cultivars that had similar Septoria progress values. The
correlations in losses in kernel weight between plants infected by §. tritici
and those that had been meohanically defoliated (postanthesis) in the five
cultivars in 1981-1982 were r = 0.733. The potential for utilizing post-
anthesis chemical desiccation as a measure for revealing wheat cultivars
tolerant to speckled leaf blotch in the absence of infection by . tritici is
discussed.

.

Speckled leaf blotch, which is caused in wheat by the fungus
Septoria tritici Rob. ex Desm. (perfect state: Mycosphaerella
graminicola (Fuckel) Schroeter), may impose severe limitations on
crop yield. In certain environments and years the impact is more
pronounced than in others (7).

Under oertain environments, early buildup of infection by S.
tritici on lower plant parts may adversely affect root biomass and
plant development (19). Early infection of lower leaves also may
reduce yield, especially by altering sink development (the number
of tillers per plant, the number of spikes per plant; and the number
of grains per spike) and consequently affect assimilate distribution
(16;17,19).

Infection of the upper plant parta that are responsible for grain
filling is considered to be the most significant factor contributing to
losses in yiold (18). Infection on upper plant parts usually affects
kernel weight and grain number (6,9,22,24). The magnitude of
reduction in yield components depends on the pre- and
postanthesis level of disease affected plant tissues, disease progress

The publication costs of this article were defrayed in part by page charge payment. This
articie must therefore be hereby mai ked “advertisement” in accordance with 18 U.3.C. §
1734 solely to indicate this fact.
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relative to plant growth stage, and cultivar response to disease
stress (1,5,18). Wheat cultivars of similar phenotypic characters
may expross differential loss in yicld under similar apparent disease
severity and disease progress (4,22-24). Wheat cultivars may vary
in ability to endure (tolerate) severc Scptoria epidemics without
sustaining significant losges in yield when compared to vulnerable
(nontolerant) cultivars (5). This endurance or the tolerance of
plants to pathogen-generated stress (10,11,14), though widely
mentioned, is poorly understood. One of the major obstacles in
evaluating plant responses to disease stresses relates to the inherent
difficulties in establishing equivalent disease stresses across
cultivars and characterizing the nature and magnitude of the
imposed stresses: Accumulating evidence suggests that wheat
genotypes vary in capacity to utilize stored assimilates as a source
for kernel growth in the absence of postanthesis photosynthesis
(2,3,20,21). The differential capacity of wheat cultivars to sustain
translocation-based kernel growth in the absence of transient
photosynthesis was revealed (3) through postanthesis destruction
of the photosynthetic source by chemical desiceation. Since the
major effect of postanthesis infection by S. tritici is expressed by
reduction in the photosynthetic source; it was hypothesized that
postanthesis chemical desiccation of the wheat canopy may
simulate a uniform disease stress in testing for tolerance. Tolerance
is thus estimated as the plant’s capaocity to sustain appreciable

~



kernel growth following destruction of the photosynthetic source
by chemical desiccation or speckled leaf blotch of wheat.

The present study was undertaken to test the possibility that
chemical desiccation can be used as a simulator of postanthesis
speckled leaf blotch infection in the detection of tolerance to the
disease. ‘

MATERIALS AND METHODS

The experiments were conducted at the Bet-Dagan Experimental
Farm during the 1979-1980 and 1981-1982 growing seasons. Eight
spring wheat (Triticum aestivum L.) cultivars (commercial and
advanced lines) and. 18 wheat cultivars, were tested in the first and
the second year, respectively. All cultivars weré of similar
phenology and growth habit. Five wheat cultivars susceptible to S.
tritici were included in both years: the early-maturing, dwarf (75-
¢m) cultivar Barkai (V238-8822-11/Miriam 2), the early-maturing
semidwarfs (95-cm): Ceeon (Yaktana 65A°%/ /Norin 10/ Brevor),
Hazera 337 (Inia “S” X Sonora 64-Tezanos Pentos Precoz/ Yaqui
54), Miriam (Chapingo 53//Norin 10/Brevor/3/Yaqui 54/4/2
Merav), and the somewhat later-maturing (by 10 days) semidwarf
cultivar Lakhish (Yaktana//Norin 10/Brevor/3/Florence
Aurore). The experimental design was in split plots, with
treatments in main plots and cultivars in subplots in four
replications. Each subplot was 2 m wide and 12 m long. The plots
were drill-seeded at a 30-cm row spacing. Three treatments were
performed on all cultivars: fungicide-protected (three applications
of Tilt-Propiconazole, CGA 64250) control, inoculation with §.
tritici, and chemical desiccation. Speckled leaf blotch epidemics
were incited by inoculating the plant canopy weekly with a
suspension of 10 spores per milliliter starting at the emergence of
the flag-minus-2 leaf and finishing at the end of the milk stage. The
suspension was prepared from a mixture of virulent isolates of S.
tritici. Inoculation was performed during rainy days and/or dewy
nights by using a low-volume low-pressure sprayer (Ulva 8-Micron
Co., Bromyard, England). In the chemical desiccation treatment,
magnesium chlorate was used as a commercial formulation
(Machteshim Works, Ltd., Beer-Sheva, Israel) 18% active

. ingredient (a.i.) formulation routinely used for foliar defoliation in
cotton (2). The desiccant was applied as a solution of 4% a.i. at a
rate of 35 cm®/ m”. Each cultivar was sprayed once at 14 days after
anthesis. The 30-cm row spacing allowed penetration of the
spray into the canopy. Weekly assessment of percent disease
coveragé was initiated on the uppermost four leaves upon the
emergence of the flag-minus-2 leaf in 15 randomly selected plants
per treatment across cultivars in all replications (8). These plants
were marked for disease assessment and later for yield components
evaluation. )

The five uppermost leaves in 15 randomly selected plants were
mechanically defoliated 14 days after anthesis in the untreated

i
fungicide-protected control plots of the five cultivars in all
replications (1981-1982 trial).

In the kernel growth studies, 15 main tillers were randomly
sampled at weekly intcrvals between anthesis and the late dough
stage, from a population of main tillers with a common anthesis
date, in cach plot. Disease blotch and kernel number were assessed
for each plant separately. Kernel and shoot dry weights were
determined for each main tiller after drying for 48 hr at 90 C.
Harvest index was calculated as the dry weight ratio of grain to
shoot. '

RESULTS

Kernel weight. Most of the green tissues were dead within 2 days
after the chemical desiccant was applied. Awns, glumes, leaf
laminae, and parts of the spike-peduncle and leaf sheaths were
bleached and killed. For all practical purposes, the desiccant-
treated plants were devoid of photosynthetic source (3). During the
1981-1982 growing season disease progress was somewhat slower
than the previous season (1979-1980), with consequent respective
lower losses in 1,000-kernel weight (Table 1). Furthermore, the
effect of the desiccant on kernel weight was somewhat higher in the
1979-1980 trial than in the 1981-1982 trial. Other than in Hazera
337 and Miriam, the response in kernel weight to speckled leaf
blotch was the same for both years. Plants of cultivars Lakhish,
Miriam (1981-1982 only), and Hazera 337 (1981-1982 only)
sustained less losses in kernel weight due to speckled leaf blotch,
chemical desiccation, and defoliation (1981-1982 only) than did
cultivars Barkai and Ceeon (Table 1).

In both years, the mean effect of chemical desiccant on kernel
weight was greater than the effect of Septoria, most probably due to
a more drastic effect and a greater reduction in photosynthetic
tissue in the former. Cultivars significantly differed in the rate of
kernel weight loss due to chemical desiccation. These differences
could be ascribed to differences in mobilization of plant reserves to
the kernels (3). The correlation across the means of the five
cultivars in percent kernel weight loss between Septoria-infected
and chemically desiccated plants was significant in 1979-1980
(r =0.925), but not in the 1981-1982 trial (r = 0.804). The
relationship between kernel weight loss due to speckled leaf blotch
and weight loss due to chemical desiccation across the 18 cultivars
tested in 1981-1982 is presented in Fig. 1. The wheat cultivars
Hazera 2218 and Hazera 2230 expressed almost a 1:1 loss ratio
between Septoria and chemical desiccation under similar disease
coverage. Their vulnerability to speckled leaf blotch was higher
than that of the nontolerant cultivar Barkai (0.64 loss
ratio—Septorih/desiccant). When data for these two cultivars were
excluded from the analysis, the association presented in Fig. |
became statistically stronger (r = 0.626**), as compared to
r = 0.478* for the 18 cultivars.

TABLE 1. Theetfect of spéckled leal bioteh (caused by Seproria ritici), chuinical desiceation (magnesium ohlorate), and defoliation on 1,000-kernel weight
in five spring bread wheat cultivars common to the two trials.at Bet-Dagan, Israel in 1981-1982

Loss in 1,000-kernel weight (%)

Septoria severity“

Wheat (AUSPC X 107) S. tritici’ desiccant” defoliation*
cultivar 1979-1980 1981-1982 1979-1980 1981-1982 1979-1980 1981-1982 1981-1982
Barkai 44.7 a 43.0a’ 40.4 ** 30.3* o 528 244 * 211 *
Ceeon 342b 34.1a 20,7 ** 25.0 * 4].7 ** 34.7 % 26.5 *
Hazera 337 33.5b 220b 31.6 ** 9.0 ns 39.8 *+ 30.6 * 1.7 ns
Lakhish 28.7b 208b 2.3 ns’ 13.7 ns 18.9 ** 18.6 * 9.5 ns
Miriam 30.1b 25.5b 21.6 * 10.3 ns 44.3 ** 19.0 * 15.6 ns
Mean + SE 342+28 29.1+6.3 251+ 6.4 17.7+£4.2 39.5+5.6 25.5+3.2 16.7+ 4.1

® postanthesis Area Under Septoria Progress Curve X 107 in the inoculated plants.
*Percent loss = | [(kernel weight of fungicide protected)—(kernel weight of treated)]/ (kernel weight of fungicide protected) ; X 100.

*Magnesium chlorate (4% a.i.) applied 14 days after anthesis.

* Five uppermost leaves were mechanically defoliated 14 days after anthesis.

¥ Means within columns with a common letter are not significantly different (P = 0.05) according to Duncan’s multiple range test.
*The abbreviation ns = not significant, and the asterisks (*) and (**) indicate statistical significance P = 0.05and 0.01, respectively, where treated plants were

analyzed versus the untreated, fungicide protected control.
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The correlation across the means of the five cultivars in percent
kernel weight loss between Septoria-infected and defoliated
(postanthesis) plants was not significant in 1981-1982 (r = 0.733).

Kernel growth. Typical kernel growth curves, as affected by
treatments, in two representative cultivars (Miriam [tolerant] and
Barkai [nontolerant]) of the same heading date, are presented in
Fig. 2. Speckled leaf blotch caused a reduction in kernel growth
rate in both cultivars. In Barkai, the pathogen also caused a
reduetion in kernel growth duration, as compared with Miriam.
Chemical desiccation had a greater effect on kernel growth, as
compared with Septoria affected plants. It affected both kernel
growth rate and growth duration in the two cultivars. The effect of
the desiccant was greater in Barkai than in Miriam, especially in the
earlier stages of grain development (at ~17-32 days after anthesis).
The- association across five cultivars between disease progress
expressed as Area under Septoria Progress Curve (X 107?) and
losses in kernel growth rate (Area Under Grain Filling -Progress
Curve [AUGFPC]) in plants affected by S. tritici was statistically
uot significant (r = 0.621). The lack of association indicates a
differential cultivar response in kernel growth rate and growth
duration, namely, some wheat cultivars(Lakhish, Hazera 337,and

TABLE 2. Coefficients of correlation between potential yield components
{(uninoculated control) and tolerance to speckled leaf blotch (percent loss in
1,000-kerne! weight) across cultivars (cvs) in 2 yr

Correlation coefficient (r)

1979-1980  1979-1980  1981-1982  1981-1982

Yield component (8 cvs)’ (5 cvs) (S cvs) (15 cvs)
Number

of kernels

per spike 0.202ns* —0.016ns  —0.216ns -
Kernel weight

per spike —0.557 ns —0.494 ns —0.248 ns -
1,000-kernel

weight . —0.395ns —0.539 ns —0.011 ns 0.007 ns

YNumber of wheat cultivars tested.
* Abbreviation ns = not significant P = 0.05.

50 T T T T
Y=0.17+0.462 x

% LOSS IN KERNEL WEIGHT
(SEPTORIA)
o

0 | ? 1 |

40 r =0.478* -

30F ° .

0 10 20 30 40

% LOSS IN KERNEL WEIGHT
(DESICVCANT)

Fig. 1. The lincar rclationship between losses in 1,000 lernel weight of
chemically desiccated and speckled leaf blotch-affected plots across 18
wheat cultivars. Bet-Dagan, Israel, 1981-1982. (I—Hazera 2218 and
2—Hazera 2230).
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Miriam) maintained high grain filling rate despite severe Septoria
epidemics. The association between losses in kernel growth
expressed as AUGFPC in Septoria-affected and chemical
desiccation across the five cultivars was r = 0.497. This positive,
nonsignificant correlation may be due to a differential cultivar loss
response in kernel growth rate and growth duration.

Yield compenents and harvest index. Yield components are
often used as indirect selection indices for a high yield potential in
wheat breeding. The correlations across cultivars between peroent
loss in 1,000-kernel weight in Septoria- affected plants (as a measure
of tolerance) and the potential number of kernels per spike, the
potential kernel weight per spike, or the potential 1,000 kerncl
weight (as indicated by the uninoculated, protected control) were
not statistically significant (Table 2). Therefore, tolerance to
speckled leaf blotch of wheat in terms of sustained kernel growthin
infected plants, appeared to be independent of yield potential or
sink size. v

Cultivars in the control treatment did not differ in harvest index
(Tablc 3). Scptoria and chcmical dcsiccation reduced harvest
index, by an average of 16.3 and 22.5%, respectively. For a very
similar level of disease severity, the relative reduction in harvest
index by the pathogen was less in the three more tolerant cultivars
(Hazera 337, Lakhish, and Miriam) than in Barkai and Ceeon.
While the relative reduction in harvest index by chemical

TABLE 3. The effect of speckled leaf blotch (caused by Septoria tritici) and
chemical desiccation on harvest index progress in five spring wheat
cultivars, compared to fungicide-protected controls. Bet-Dagan
Experiment Station, Israel, 1979-1980

Disease . . .

Wheat severity Harvest index Loss in harvest index (%)
cultivar (AUSPC X 10%) (control)* S. tritici Desiccant
Barkai 44.7 2" 60.1a 22.3% 259 *
Ceeon 34.2b 57.0a 23.5* 319 *
Hazera 337 335b 54.7a 12.7 ns 16.9 ns
Lakhish 28.7b 55.1a 12.8 ns 220 *
Miriam 30.1b . 60.9 a 10.3 ns 15.6 ns

Mean +SE 342%28 57622 16.3+ 3.1 225+28

*Postanthesis Area Under Septoria Progress Curve X 107

“Harvest index = grain yield/shoot yield (Area Under Harvest Index
Progress Curve X 10°%). .

* Percent loss in Harvest Index Progress Curve from anthesis to ripeness.

Y Means within columns with a common letter are not significantly different
(P = 0.05) according to Duncan’s multiple range test.

*ns and asterisk (*), not significant and significant, P = 0.05, respectively,
where plants were analyzed versus the fungicide-protected control.

MIR o-PT, ©-ST MIR 0-PT, 0-MAG |
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Fig. 2. Kernel growth rates for wheat cultivars Barkai (BR) and Miriam
(MIR): A, Plants inoculated with Scptoria tritici (ST) or protected by
fungicide treatment (PT), and D, plants chewmically desiceated with
magnesium chlorate (MAG) or protected by fungicide treatment.
AN = anthesis.



_ desiccation was greater in Lakhish than in Hazera 337 and Miriam,
the overall response of the five cultivars to chemical desiccation was
similar in this respect to their response to Septoria. The correlation
across cultivars between loss in harvest index due to disease and
loss in harvest index due to chemical desiccation was statistically
significant (r = 0.926). Thus, the relative capacity of speckled leaf
blotch-tolerant cultivars to sustain the least reduction in harvest
index was expressed quite well under chemical desiccation.

DISCUSSION

The explanation of plant tolerance to speckled leaf blotch, in
terms of sustained development of yield components, could not be
derived from information obtained in studies on photosynthesis
(16,17),and redistribution of "*C (19). Itis possible that the apparent
storage of stem reserves in wheat and the capacity of the plant to
translocate reserves to the growing kernel when the photosynthetic
source is limited, may provide the explanation for postanthesis
tolerance to Septoria.

Postanthesis chemical desiccation of the canopy causes stem
reserve mobilization into the growing kernels (3). It was further
shown (2) thatin terms of the ability to sustain kernel growthin the
absence of transient photosynthesis, plant response to chemical
desiccation was similar to the response to postanthesis drought
stress. The association across cultivars in the reduction in kernel
growth between Septoria stress and chemical desiccation stress is
not simple. While both stresses are apparently induced by (or do
not interfere with) plant reserve mobilization to the growing kernel,
Septoria stress is not as severe as chemical desiccation stress
(Tables 1 and 3 and Fig. 1) and is not imposed abruptly at a given
stage of kernel growth. While chemical desiccation destroys the
plant’s photosynthetic source almost totally, residual transient

photosynthetic green area must still exist in plant parts that are"

unaffected by Septoria, such as the spike.

These differences between the two stresses may reduce the
strength of the corielation across cultivars in the reduction of
kernel growth between Septoria and chemical desiccation. Thus,
for example, cultivars such as Lakhish (Table 3), that were
relatively less affected by Septoria than by chemical desiccation
may possess a surpassing capacity for ear photosynthesis. In spite
of such complexities, significant associations were revealed in most
of the tests between Septoria stress and chemical desiccation stress
in the rate of loss in kernel growth and harvest index, across
cultivars. As argued above, chemical desiccation of the canopy is
not a perfect simulator of Septoria epiphytotics in that it does not
result in the same pattern of foliar destruction (leaf laminae,
sheaths, spike-peduncle, glumes, and awns). It is, however, a
simulator of Septoria speckled leaf blotch stress in the sense that it
reveals the genotypic capacity for translocation-based kernel
growth when the photosynthetic source is severely affected.

The effect of mechanical defoliation on the supply of assimilates
to the grain resembled that of speckled leaf blotch where sheath,
spike-peduncle, glumes and awns are not as severely affected as
chemically desiccated tissue. Differential response in kernel weight
of wheat cultivars to defoliation of the upper leaves was also
observed by Hendrix et al (12). Kernel weight of plants inoculated
with stripe rust were more severely affected than of mechanically
defoliated plants (12). While the removal of organs supplying
photosynthetic assimilates to the grain may contribute to the
understanding of the redistribution of plant reserves (15), it is
difficult to employ as a rapid and simple screening technique for
tolerance.

It is of interest to note that the cultivars Lakhish and Miriam,
classified as tolerant to speckled leaf blotch in terms of kernel
growth and harvest index, behaved similarly in a previous study
(2,3) with respect to their response to chemical desiccation and
postanthesis drought stress. It is, therefore, proposed that a
superior capacity for translocation-based kernel growth is
probably the common denominator for plant tolerance to various
postanthesis stresses that affect the photosynthetic source, such as
certain plant diseases or drought.

The question whether this mechanism of tolerance is associated
with a reduced sink size and yield potential was raised (5,13) and
addressed (2,24). It has been shown (2) that wheat cultivars that -
sustain the least reduction in kernel growth under conditions of
postanthesis stress by drought or by chemical desiccation did not
have a small sink size. Such cultivars tended to have a different sink
geometry, in that they had a relatively larger number of kernels per
spike and smaller kernels, relative to nontolerant cultivars. The
results of this study also do not support an association between
tolerance and small sink size (potential kernel number and kernel
weight per spike) or low yield potential (13). Thus, the results

. obtained in this study, as well as those obtained previously (2,24),

show that plant tolerance to postanthesis stress (either by speckled
leaf blotch or by drought) in terms of translocation-based kernel
growth, can be developed in high-yielding genotypes. Postanthesis
chemical desiccation of the wheat canopy and the subsequent
measurement of its effects on the relative reduction in kernel
weight, may serve as a useful screening technique for tolerance to
speckled leaf blotch of wheat.
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ABSTRACT
Eyal, Z. 19656. The effect of septoria tritié1 blotch on yrain filling of

spriny bread wheat.

Field trials were conaucted ovver 2 yr to evaluate tne effect of
Septoria tritici blotch infection and chemical desiccation on kernel
growth. Spriny wheat cultivars of diverse origin were subjected to three

treatments: inoculation with virulent isolates of iycosphaerella

gramnicola (anamorph: Septoria tritici j until an epidemic was

initiated, postanthesis application of magnesium chlorate (4% a.i.)
solution to destroy most of the p]anis yreen tissues, and a control in
which a fungicide was applied to protect against loss in green tissue.
The effect ot sink-size was assessed in spikes where half of the
spikelets were removéd prior to anthesis in the 3 major treatments.
Kernel weight in reduced spikes was significantly yreater than kernel

weight of intact spikes, indicating no limitation in reserves and trans-



%
tocation of assiwmilates for kérnel growth in stress affected plants. The
glumes and awns were reﬁpuhsible for 6-30% of kernel weight 1in chemicaTIy
desiccated plants. o

Kernel ygrowth was supported Dy.the accumulation of preanthesis
assimilates and their utilization at postanthesis. The nonstructural
caraONydratcé and fructosan foullowed a corresponding accunulation and
depletion trend., The stem thus may act as a temporary reservoir organ for
nonstructural carbohydrates to enable them to overcome the phase between
the time of maximum assimilate production and the time of increased
requirenient for carbohyaratre by the deQe]opinyAgrain. The balance
between loss in kernel weiglit under septoria-infected plants and the
translocation of nonstructural carbohydrates to support kernel gyrowth may
1hvpart explain the aifferential loss response amony cultivars. The
tolerant caltivar firian 1s capable of supportiﬁg kernel growth by trans-
locating more nonstructural carbonydrates from reservoires and from non-

affected plant tissue.

Additional keywords: tolerance, Triticum aestivum, yileld components,
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Mycosphaerel]a graminicola (Fuckel) Schroeter, (anamorph, Septorid
tr1t1¢1 Rob. ex Uesm.), the causal agent of septofia tr1t1§1 blotch,
recuces yield of wheat in several parts of the world (6). ‘Breeding for
fesﬁstance has not always béén'sUccessful in protectiny wheat cultivars
from the dawayiny effects of the disease {6, 21). Morpholoyical traits
(plant height and ccanopy architecture), physiological traits (photo-
period and vernalization requirements) and growth habit, all influence
expression of symptoms and signs (chlorosis, necrosis and pycnidial
density). Differentiation of cultivar response to the pathogen is
usually based on quantitative assessment of symptonis.

The pathoyen affects leat tissue, causinyg large coalesciny necrotic
lesions, which 1n'many cases harbour pycnidia. Pycnidia often can be

.fdund on sheath and also on peduncles, glumes and awns, dependinyg on
cultivar susceptipility and receptivity {6).

Wheat cultivars have expressed maintenance of hiyn kernel weight
under severe septoria tfitici blotch epidemics (21, 22). The endurance of
kernel weight under septoria tritici blotch epidenics appears to be |
yoverned by a small number of additive loci (22). The measurement of
tolerance ["that quality that enables a sbsceptible plant to endure severe
attacl by a pafhogen without sustaininy severe losses in yield" (13)] is
based on the comparison between Septoria infected on non-infected plots of
the same cultivar and on the re]ativé performance of tolerant to
intolerant check cultivars included in the same trial (21;.

Gaunt (7) has argued that green-leaf aréa, rather than diseased leaf
tissﬁe, should be used as an estimator of yield losses. The effectof the
disease on yield components can be postulated when the duration and onset
of the epidemics are known., the inteygyration of yield louss, disease
1nténsity and crop growth stage has been used by Teny and Gaunt (17) and

py Teny and Bowen (18) 1in proposaing a conceptual yield loss model.
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Buddenhagen (3, confined the term 'tolerance' to an expresgion of
performance by a host when 1nfected‘by pathoyens causiny systemic disease,
rather than for leaf spot diseases, as argued by Schafer (13). Yet,_the
author indicated that the innovative technique thét has been developed to
select for tolerance to druught stress (2) and to Septoria leaf blotch’
(20) seems to satisfy a logical definition of tolerance and the need to
have 4 uhiform challenye applied at a specific phenological staye. The
utilization of magnesium chlorate on a specific day after f]owéring
enables the selection of lTines that more effectively fill the yrain,

E1lis (%) has postulated that the tolerance of local corn cultivars

to Puccinia polysora is related to the accumulation of sugars in

insoluble form in the stems and their remobilization when needed.

Zilverstein et al. (20) proposed that a super1of capacity for
translocation-based kernel growth 1s probably the comion denovminator for
plant tulerance Lo various postanthes1s.stresses that affect the photo-
synthetic source, such as certain plant aiseases or drought. Moreover,
the authors have shown .that wheat cultivars that sustain the least
reduction in kernel growth, under conditions of péstanthesis stress by
drouyht or by chemical desiccation, did not have a small sink size. The
results of the study by Zilberstein et al. (20) did not support an
association between tolerance and swall sink size (putential kernel number
and kernel weight per spike) ur low yield potentia, as previously
suygested by Kramer et al. (Y).

The present study was undertaken to investigate the effect of source-
capacity (leaf area) and sink size on the grain filling process in

Septoria infected and chemically desiccated spring wheats.



GATERIALS AND HE THODS
The experinents were cunducted at the Bet-Dayon Experimental Farm
auring the 1982-1983 and '1983-1964 growiny seasons.  Six sbring wheat

{ Jriticum aestivun L.} cultivars were tested in the trials. All

cultivars were of similar phenology and growth habit. The cultivars were
as fullows : the early-maturing; awarf (75 an) cultivar Barkai

(V23u,-88222-11/Miriam 2;, the early-riaturing semidwarfs (95 cm) - Bet

Lehen {H574-1-2-6/Lakhish 212), Ceeon (Yaktana 65A3//H0r1n 10/8revor),
Hazero 337 (Inia "S$" x Sonora t4. Tezanes Pentus Precoz/Yaqui 54, Hiriaﬁ
{Chapingo 53//Horin 1u/Brevor/3/Yaqui 54/4/2 lWerav), and the somewhat
later-maturing (by 10 days) semidwarf cultivar Lakhish {Yaktana//iiorin 1G/
.Brevor/3/Flurence Aurore). The experinental Qesign was in split plots,
with treatments in wain plots ana cultivars in subplots in tour
replications.  Three treatients were performed on all cultivars:
funyicide-protected (three app11cations of Tilt-PVOpigonaZUie, CGA 64250)
control, inoculation with M. graminicola (anaworphic form) and chemical

gesiccation, Septuria tritici blotch epidemics were incited by

inoculating the plant canopy weekly with a suspension of 107 spores per
m11]111ter,,start1ng at the eumergyence of the flay-winus-2 leaf and
finishiny at the end of the milk stage. The suspension was prepared from
a mixture of virulent isovlates ot the pathogen, Inoculation was
perforrnied aurinyg rainy -days and/or dewy nights, by usiny a 1ow-voluﬁe low-
pressure sprayer {Ulva &-iticron Cu., Bromyard, Englandj. In the chemical
" desiccation treatment maynesium chlorate was used as a commercial
formulation {Machtestim Works, Ltd., Beer-Sheba, Israel), 18% active
ingredient (a.i.) formulation routinely used for foliar defoliation in

cotton, The desiccant was applied as-a solution ofd% a.i. at a rate of
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35.cm“/m£.‘ Each cultivar was sprayed once at 14 days after anthesis.
Weekly assessment of percent disease coverage was initiated on the
uppernost four leaves upon the emeryence of the flag-minus-2 leaf in 1b

randomly selected plants across cu]tivars in all replications.

Sink-source relations . In each of the three major treatments (control,
Septoria and desiccant), 15 randohly.se]ected p]ahts bearing the same
anthesis date in each cultivar, were kept 1ntact, while in another 1%
plants half of the spikelets/spike weré removed. In the desiccated plots.
additional plants were covered with paper bays durinyg the magnesium
chlorate application and were femovec thereafter. The schematic
presentatiun of the experinental design is presented in Figure 1. In each
one of the plants which was harvested when ripe, the following paramefers
were assessed : shoot dry weiyht, kernel numper and kernel weight.,

Mon-structural carbohydrates analysis. . The carbohydrate analysis was

conducted dur1ng the 1963-1984 seéson for the cultivars : Barkai, Ceeon,
Hazera 337, Lakhish and Hiriam, Six plants per cultivar in each replica
were harvestéd in the three major treatments : contrQ1, Septoria infected
and chenical desiccation. Sampling was started prior to anthesis for 6
weekly intervals thereafter. -Each main tiller was assessed for disease

severity, residual yreen leaf tissue, stem dry weiyht, number of kernels
and kernel dry weight. Stems of main tiller were dried for 48 hr at 70%C.
The dried stem portion was yround and inmersed in 50 ml of 8U% ethanol..

The sample was shaken for 24 hr at 55°C.  This fraction included the
sugars soluble in oryanic solvents (lower molecular weight caroohydrates,
i.e. mono- and disaccharides). Following evaporation of the ethanol,

100 wl of HZU were added and the residue was boilea for 1 hr to remove the

o]igusaécharides and fructosans (10, 12, 14). Total carbohydrate was



PROTECTED INFECTED DESICCATED
control Septoria tritici magnesium chlorate

Figure 1. Schematic presentation of treatments performed in
Source-Sink trials, Bet Dagan, 1982-1984,
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deteruined for each fraction bythe phenvl-sulfuric acid method (4) with a
glucuse standéru. The mohosaccharides and fructosans were determined
accordinyg to Smith (1b). Total nonstructural carbohiydrates {THC) thus

Jincluded monosaccharides + pulysaccharides + starches.

RESULTS

Source-sink re]atiuns.b _During the 1982-1963 gfpwing season, disease
proyress was stower than that_of the fo]Towing season (1963-19Y84), with
consequently lower losses in l,UOU-kerne] we1ght (Table 1;. The effect of
the. desiccant on kernel weight was similar in poth trials. The effect of
septoria tritici blotch and chemical aesiccation.on total piomass (stem
welght) was siynificant, though yreater 1n the latter,-ds'expected. The
cultivar Miriam expressed the lowest luss in biomass under chemical
desiccation. Uestruction of assimilates source by abiotic (maynesium
chlorate) dr by biqtic (septoria tritici Dlotch)‘stresses greatly affected
kernel weight, The yreat aifferences in luss response between the twu
seasuns-préventeu the drawiny of specific conclusions as to the endurance
of a specific cultivar under these stresses. Hanipulations of sink size
by reducing spikelets number prior to anthesis was perfornted, to evaluate.
the capability of source aftected p]ants'to mobilize assimilates when
needéd. Reauction in sink size by half, in all treatments, significantly
incrased the kernel weight as compared to kernel weight in non-reduced
spikes, yet the compensation in kerne].weight due to reduction in sink
size was assessed by calculating the loss in 100U-kernel weighit in treated
plants, as compared to reduced spikes in the control (Table 1). Loss in
10UG-kernel weiyht due to septoria in the reduced spikes was significantly
lower than losses in non-reduced spikes in all cultivars. This is partly

due to the ability of the septoria affected plants to mobilize assimilates



Table 1.

THE EFFECT UF SEPTURIA TRETIC BLUTCH AHD THE DESICCANT MAGNESIUM CHLURATE {IAG; ON 1000-KERNEL WEIGHT I# WHULE ARND HALF SPIKES ANU UN BLUMASS ARD

BARVEST IHDEX IK 6 SPRING BREAU UHEATS UURLNG THE 1982-1984 SEASONS.

Luss 1n azzm LosS in qxzc Gain 1n qxzn Loss in adoammma Loss in :m1<mmﬁm Contrivution of md:;mmq
from Control (half) from self (half) Index + Awns
WHEAT YEAK  Septoria MAGS Septoria FAG Septoria HAG Septoria MAG Septoria MAG self {wrole) Self inalf;
CULTIVAR
BARKAL . 1y82/83 - 7.09 23.20 .w.mm 27.07 16.506 12.02 8.77 16.29 10.76 17.09 12.65 22.36
1983864 27.00 - 27.52 10.9u 24.55 3s.27 23.90 15.96 25.98 26 ,U2 - 29.82 19.7y 16.494
BET-LEHEM 1982/83  6.3U 10.13 3.41 19.33 6.67 13.42 .77 16.29 10.70 26.02 13.41 17.62
1963/84 26.29 28 .43 .94 3U.56 25.06 12.34 7.71 25.47 1.39 21.73 8.05 e5.7%
CEEOH 1482/63 6.13 27.69 2.2 36.03 c.82 9v.12 5.90 22.59 8.24 26.63 11.25 33.0Y
19¢3/84 12.%9Y 35.31 5.58 3Y.44 1¢.6b b.31 9.99 29 .49 5.14 4u.52  29.15 47 .0b
HAZERA 337 1982/83  0.54 3.22 1.93 25.29 6.36 7.64 4,05 12.64 1.96 21.08 6.17 . 20,44
1983/84 18.2]7 18.87 1.53 19.76 24.03 8.57 11.26 20.33 9.74 18.89 7.69 13.9Y JL
>
LAKHISH 1582/83  4.68  19.77 u.74 20.03 1.69 1.00 7.52 7.98 5.€1 11.73 5.59 16.59
1983/84 21.85 16.75 /.40 18.36 27.68 8.05 18.08 19.4¢ 9.68 &.34 10.32 16.82
1962/83 3.04 11.25 6.02 14.97 9.42 13.81 7.65 3.86 3.79 20.93 7.13 2.u4
11,56 20.81 8.77 . 16,50

1u63/64  ZbebU 186.37 4,00 29.30 32.52 6.1Y 15.20 12.94

a; Tkw = lUCU-Kernel welyhit T{vrotectea control - Infected)/Protectea’ x 10U
5} [{Protected helf spike-infectea nalf. spike}/Protected nalf spike] x 10U

¢} T{ualf spixe-whole spike)/Half spike; x 10U

a}  C{Stem weight protected-Ste weight infected)/Stem weight protected; x 1U0

il = Kernel welght,/Sten dry welght
trected with cuvered spike -
riayiiesius chlorate

A6 treatea uncoveredfiau treated with covered sprkes x 10U

-




from non-affected foliar tissue, and also from non-affected peduncles,
ylumes and awns,

The yain 1in 100U-kernel welght 1n reduced Septuria'infecteu plants,
as éompared to non-recﬁced séptoria 1nfe;ted plants was yreater in Barkai
cand #irtaw than in the other cultivars, The sinilar maynitude of Tosses
in 1000-kernel weight in non-reduced plants as compared to gains in 1000-
kernel weight in reduced spikes suggests ayain that assimilates 1n tie
infected plants are availavle from residual green tiséue. Part of the
compensation is explained by the contribﬁtion of ¢lumes and awns as
expressed in the desiccated plants (Table 1). -

The relationsnips between % loss in kernel weight and % loss in
kernel weight frow the control in reduced spike acrosé cultivars in the
two years, were positive in voth stresses. A slope, b = G.9109, was
calculated in the desiccated plants (Figure 2) as compared to b = 1,613
in the septuria nfected plants {Figure 3). The yain n kernel weignt
from reduced sink across cultivars in the two years (f~982/1983 and 1983/
1984 was pusitively correlated vith « loss in kernel weiynt in infected
plants (Figure 4) but with poor positive correlation in desiccated plants
(Figure b). The losses in kernel weiyht were positively ana strongly
correlated withlosses in total biomass in the abiotic (magnesium chlorate)
and vivtic {septoria tritici blotch) stresses (Figure &, Figure 7,
respectivelyj.

The reduction in sink size prior to anthesis iidas siynificantly
increased stem dry weigfht in the control plants and the septoria infected
plants {Table 2;. 1n tHe Tatter, no increase in stewm weigyht wds recorded
in the cultivars Be::Lehem, Lakhish and Mirian, although disease severity
was high and no significant differences were recorded between reducea and

non-reduced spikes.
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Septoria tritici blotch

The linear relationship between loss in 1000-kernel weight (TKW)
in half-spike of treated plants from that of half-spike of non-
treated control and percent loss in 1000-kernel weight of treated
whole spike across 6 spring bread wheat cultivars during 1982/1983

and 1983/1984.
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The linear relationship between loss in total biomass in treated
plants and loss in 1000-kernel weight across 6 spring wheat




Table 2. .

EFFECT PF REDUCED SPIKE SIZE ON STEM DRY WEIGHT, NUMBER OF KERNELS PER HEAD AND 1000-KERNEL WEIGHT IN 6 SPRING BREAD WHEAT CULTIVARS INOCULATED WITH
MYCOPHAERELLA GRAMINICOLA AND NON-INOCULATED, FUNGICIDE-TREATED CONTROL PLOTS. BET DAGAN 1983/1984.

STEM DRY WEIGHT NUMBER OF KERNELS/HEAD 1000-KERNEL WEIGHT % DISEASE COVERAGE
CULTIVAR Control? mmcﬁoqima Control , Septoria - Control " Septoria Septoria
whole® 172° W -1/2 W 1/2 W 1/2 W 1/2 W /2 W 1/2

BARKAI 1.08 1.14 ns 0.99 1.06 * 45 .6 21.5 **  45.3 22.9 ** 40,6 55.6 ** 35.8 49,5 * 86.3 88.0 ns
BET LEHEM 1.74 1.94 **  1.62 1.67 ns 52.6 25.7 ** 54,3 27.4 ** 45.3 52.4 ** 40.7 50.9 ** 88.8 89.5 ns
CEEON 1.39 1,56 ** 1.29 1.39 * 37.2 . 17.6 ** 37.7 19.3 ** 48.8  52.9 **  42.7 49,9 ** 87.8 88.4 ns .
HAZERA 1.49 1.74 ** 1.49 1.53 ** 52.2 25.1 ** 51,0 25.1 ** 38.8 42.7 ** 33.7 42,0 ** 87.3 87.7 ns
LAKHISH 1.41 1.58 ** 1.20 1.29 ns 39.9 21.1 ** 38.6 20.5 ** 49,9 55.4 ** 40.1 51.2 ** 85.5 88.5 ns
MIRIAM 1.38 1.48 ns H.mm 1.37 ns 44.8 19.0 ** 41.5 20.2 ** 41,6 51,0 ** 36.9 48,9 ** 89.7 89.8 ns

a) NON-INOCULATED, FUNGICIDE-PROTECTED (PROPICANAZOLE, TILT, CIBA GEIGY)

b) SEPTORIA TRITICI BLOTCH INFECTED .
c) WHOLE SPIKE; 1/2 = HALF SPIKE

* SIGNIFICANT AT P = 0.05; ** P = 0.01; NS = NOT SIGNIFICANT
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An ncrease in sten weiynt in spike-reduced plants was recorded in
cheriically desiccated plants (Table 3). However, the stem weight of
reduced spikes in desiccatea plants was Tower than that of stew weight pf

intact contro]Iplants.

Kerhel yrowth . Typical proyress curves for disease severity (PCUj,
residual green 1eaf area in septoria-infected plants (GRN), yreen leaf
area decline in_huu-infectea plants ana kernel yrowth curves (l0UG-kernel
weight) are given for the early-maturing cultivars Barkai (non-tolerant)
and Hiriam (tolerant) in Fig. 8 and Fig. Y resperctively. The proyress of
M., graminicola in the dwarf cultivar was fTaster than that of ifiriam and
the consequent residual yreen area in sarkai frow anthesisfward was
siynificantly Tower than that in Mirtam. The discase progression in the
cultivars Hazera 337 anu Lakhish resenbled that of iiriai, while the

cultivar Ceeon resembled the progression of Barkai (Fiyg. 10).

Monstructural carbohydrates . The accumulation and cepletion of stem dry

weight, nonstructural carbohydrates and fructosans in control and
septuria-infected plants of the cultivars Barkai and H1r{am, arc presented’
in Fig. 11 and Fig, 12 respectively. The weight of stem dry weiyht
reached its peak at about 10-14 days following anthesis and thereafter
started to decline with cofresponaing increase in kernel yield. The non-
structural Cdroonydrates and fructusans followed a sinilar proyression
schene. The comparison betvieen cultivars in the three major treatments
ccontrol, septoria ana desiccant j was conducted on the area under the
curve for kernel weight, stem dry weighﬁ, nonstructural carbohydrates,
fructosans, % disease cuveraye and resiaual yreen leaf in septoria-
infected p]antS {Table 4). Percent loss in the above paraneters was

calculated for septoria-infected and desiccated plants from that of the



Table 3.
EFFECT OF REDUCED SPIKE SIZE ON STEM DRY WEIGHT, NUMBER OF KERNELS PER HEAD AND 1000-KERNEL WEIGHT IN 6 SPRING BREAD WHEAT CULTIVARS INOCULATED WITH

-MYCOSPHAERELLA GRAMINICOLA AND TREATED WITH MAGNESIUM CHLORATE. BET DAGAN 1983/1984

STEM DRY WEIGHT NUMBER OF KERNELS/HEAD 1000-KERNEL WEIGHT % DISEASE COVERAGE
CULTIVAR SEPTORIA®  DESICCANT® _ SEPTORIA DESICCANT SEPTORIA DESICCANT SEPTORIA
whole® 172 W  1/2 W 1/2 "I 7 2 R V- 2 B V) W 1/2

BARKAT 0.99 1.06 * 0.99 1.01 ns 45.3 22.9 ** 40.9 17.7 ** 35.8 49.5 ** 33.8 41.9 ** 86.3 88.0 ns
BET LEHEM 1.62 1.67 ns 1.47 1.49 ns 54.3 27.4 ** 48.8 21.4 ** 40.7 50.9 ** 32.4 36.4 * 88.8 89.5 ns
CEEON 1.29  1.39 * 1.28 1.39 *  37.7 19.3 ** 32,7 16.4 ** 42.7 49.9 ** 30.1 32.0 ns 87.8 88.4 ns
HAZERA 337 1.40  1.53 ** 1.33 1.39 ns 51.0 25.1 ** 45.8 20.2 ** 33.7 42.0 ** 31.5 34.2 ns 87.3 87.7 ns
LAKHISH 1.20 1.29 ns 1.21 1.38 *  38.6 20.5 ** 38.2 18.1 ** 40.1 51.2 ** 41,6 45.2 * 88.5 88.5 ns
MIRIAM  1.28 1.37 ns 1.28 1.37 *  41.4 20.2 ** 40.2 19.5 ** 36,9 48,9 ** 33.9 36.0 * 89.7 89.8 ns

a) wmvaoxm> TRITICI BLOTCH INFECTED WHEAT CULTIVARS
b) POSTANTHESIS TREATMENT WITH MAGNESIUM CHLORATE

€) WHOLE SPIKE; 1/2 = HALF SPIKE

0.05; ** P = 0,01; ns = NOT SIGNIFICANT

*  SIGNIFICANT AT P
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Figure 10. The linear progression of septoria tritici
blotch 30 days from the onset of anthesis in the spring
wheat cultivars Barkai (BR), Bet Lehem (BL), Bobwhite "S“
(BOW "S"), Ceeon (CE), Hazera 337 (H337), KVzZ-K4500, Lakhish
(LK), and Miriam (MR) during 1983/1984.



PERCENT

100

80

60

40

20

DEVELOPMENT STAGE DECIMAL CODE

DEVELOPMENT STAGE DECIMAL CODE
58 687076 83 8791 92

TN T 1 T 7T L 50 100 go 6'87'07'7 8'4 8r7 911 9'2 50
oa-coNTROL ¥ AN
O a-SEFTORIA ® a-CONTROL |}
— O A-SEPTORIA .
L 140 2 80} 440 3
E g
- e
0 O s
- - ‘ T
g 6o 0 35
—_ w
ICEE- 2.
{20 2 O 40 i
§ Z & 420 z
w
x e w
S X
L 1o g 20} 1o g
L 1 ._/,‘ I
T 100 120 140 160 0 80 100 120 140 160
DAYS FROM EMERGENCE DAYS FROM EMERGENCE
. Figure 8. Figure 9,
Cultivar: Barkai Cultivar: Miriam
(early-maturing, dwarf) (early-maturing, semi-

dwarf)

The relationship between percent disease coverage (PCD), the
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Table 4.

PARAMETERS : KERNEL WEIGHT, STEM DRY WEIGHT, NON-STRUCTURAL CARBOHYDRATES, FRUCTOSAN, PYCNIDIAL

AREA UNDER vxcmzmmw CURVE CALCULATED FOR THE PERIOD OF 100-136 DAYS AFTER SEEDLING EMERGENCE FOR THE

COVERAGE AND GREEN LEAF TISSUE IN SEPTORIA INFECTED, DESICCANT TREATED AND NON-INOCULATED, FUNGICIDE

PROTECTED CONTROL PLANTS. BET DAGAN 1983/1984.

WHEAT KERNEL WEIGHT STEM DRY WEIGHT Nsc? FRUCTOSANS SEPTORIA
CULTIVAR .
nu s¢ za ¢ S M ¢ S M C S M pcp® GREEN
TISSUE
BARKAI 695.3 564.9 486.5 54,8 44.6 43.3 17.7 12.2 11.2 7.6 6.2 6.0 2782 369
CEEON 719.2 569.8 478.5 58.4 55.3 51.9 17.1 8.6 14.4 7.3 2.3 4.7 2704 523
HAZERA 638.9 374.9 385.3 62.8 49.6 59.4 12.7 11.7 10.6 5.8 4.6 4.l 2272 695
337 : .
LAKHISH  552.0 309.4 359.8 50.3 39.5 47.7 16.1 12.8 15.0 6.2 6.1 7.3 2264 939
MIRIAM 703.5 557.7 506.8 56.1 56.7 56.1 16.9 8.5 13.4 7.1 3.5 5.8 2088 830

a) NON-STRUCTURAL CARBOHYDRATES

b) CONTROL : NON-INOCULATED FUNGICIDE-PROTECTED (Tilt)
¢) INFECTED WITH Septoria tritici BLOTCH

d) MAG - MAGNESIUM CHLORATE DESICCANT

e) PERCENT DISEASE COVERAGE



10
,ndn-infected, fungicide-protected control (Table 5). The lossin kernel
weight in septoria infected plants was the lowest in the tolerant Miriam
cultivar, but was not siygnificant from that of the non-tolerant cultivars
Barkai and Ceeon, while thé highest losses in kernel Weight were recorded‘
inthe cultivars Hazera 337 and Lakhish, which previohs]y expressed a hiyn
deyree of-endurance to the bathogen. The differénces in losses in kerne}
weight amony cultivars in desiccated plants, was of low maygnituae. The
depletion in stem dry weight in septoria-infected plants was the lowest in
the cultivars Ceeon and Hiriam witi correspondingly high losses in the
nonstructural carbohydraets and fructosans. This trend was not expressed
inthe desiccated plants} The relationship between loss in sugars (non-
structural carbohydrates and fructosans; and loss in kernel weight
expressed as differences in area under proyress curves of the treatedv
(septoria-infected) from the non-infected coritrol, is presentea in Fig.
13. The ability of the host plant to riopilize nonstructural carbohyarates
and fructosan durinyg the post-anthesis grain fil]ing period, is partly

explained by the relation represented in this figure.

DISCUSSION

The explanation of plant tolerance to septoria tritici plotch and
chemical desiccation, in'terms of sustained deve]opment of yield
compunents, was proposed tou be Qgea on superior capacity for
translocation-based kernel growth in the tolerant cultivars (21, 20).
Uther éxp]andtions related this phenoumenon to gehbtype-environment inter-
actions (Y). Their interpretation of this interaction led to the
hypothesis that cultivars which develop a relatively small skink in
relation to the source, may redact as tolerant. When the sink-source

ratio is high, namely, yreater demana (kernel number and/or size) is



Table 5.
.vmwnmz._. LOSS IN WEIGHTS ;cvnv FROM THE CONTROL CALCULATED OVER THE PERIOD FROM 14 DAYS POSTANTHESIS

AND ADDITIONAL 22 DAYS, FOR THE PARAMETERS : KERNEL WEIGHT, STEM DRY WEIGHT, NON-STRUCTURAL
CARBOHYDRATES, FRUCTOSANS AND GRAIN YIELD PER SPIKE, IN SEPTORIA INFECTED AND CHEMICALLY DESICCATED
PLANTS, BET DAGAN, 1983/1984.

WHEAT CULTIVAR  KERNEL WEIGHT STEM DRY WEIGHT NSC

FRUCTOSANS  GRAIN YIELD
| | PER SPIKE
s MC s M S M-S M S M
BARKAI 23.4  28.8 20.4  22.9 3.5  43.2 22,1 245 5.2  37.1
CEEON 21.3  34.3 ;6  13.0 1.1  17.9 68.5 37.9 51.8  37.2
HAZERA 337 40.9  39.9 20.3 6.4 2.7 211 8.6 327 16.6  28.9
LAKHISH 43.9  34.8 23.5 6.8  23.5 8.9 17.3 14.9 43.7  63.4

MIRIAM 19.5 27.9 5.0 4.0 51.0 24.5 45.1 21.1 41.5 33.8

a) NON-STRUCTURAL CARBOHYDRATES
b) SEPTORIA TRITICI BLOTCH
c) MAG-MAGNESIUM CHLORATE DESICCANT
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tritici blotch infected plants across cultivars (B = Barkai ,
C = Ceeon, H = Hazera 337, L = Lakhish, and M = Miriam).
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greater than assimilate supply in healthy plants, any loss in photo-
synthetic capecity of thé_source cannot be compensated for by trans-
Tocation of reserves, because these have already been utilized by sink-
Filliny, As a result of this, a lToss in yleld is imminent.,  High sink-
‘source ratio cultivars will, therefore, behave as non-tolerant. Ellis (5)
related tolerance to the capacity of a cultivar to supply assimilates ffom
a reservoir until exhaustion, more or lTonger fhan a non-tolerant cultivar.
It was thus important tuverify whether intolerant and non-tolerant
cultivars sink-source relation and translocation of reserves offer the
explanation to the gifferential response in kernel weight under stress
conditions.. Zilverstein et al. (20) were able to show that plant
tolerance to pthanthesis stress (either by septoria tritici blotch or by
darouyht) in terms of tfans]ocation-oased kernel yrowth, can be developeu
in hiyli-yielding yenotypes. The coipensation in kernel weight in source-
liited plants, when sinkfsize wds reduced by half, indicates that the 6
tested spring wheat yenotypes had the capacity to translocate reserve
assimilates during kernel growth, |

This cCapacity vds of hiygher maynitude in septoria-infected plants
probably due to a rather larye residual green leaf area, which continues
to prouduce assinilates despite loss in photbsynthesizing apparatus of the
necrotic leaves, This translocation can be derived from stored reserves
and fromphotosynthesis of non-affected plant tissue, i.e. sheath,
peduncle, ylumes and awns, The contribution of glumes and awns to kernel
weiyht in desiccated intact spikes was inthe ranye of 5-20%.

The above findings @o not support or disprove the notion of whether
there is a stimulation of photusynthesis or translocatin by sink demand in
stressed (abiotic and biotic) plants. The bell shape of stem dry weight

curve in non-infected control plants is typical of pre- and post-anthesis



12
accumulation and depletion processes (11, 12). This may be due to
enhanced transpiration and to mobilization of reserves.

The potential for photosynthate production was at a maximum level -
arpund anthesis., Stoy (16) has pointed out that'stem carbohydrate reserve
coula contribute to grain filling or energy requiring processes Within the
plants. Ko attempt was made to calculate the pa]ance between stem weight
depletion and nonstructural carbohydrate utilization énd accunulation of
dry matter in the grain, There is a general agreenent thét vegetative.
nonstructural carbohydrates contribute only 7-12% of the final grain yield
under nonstressed yrowiny conditions (18, 19j. 1t is clear that pre-
anthesis assimi]étes were responsible for the provision of stored reserves
to kernel yrowth, especially in chemically desiccated plants. Veyetative
dry weight loss in septoria-infected plants raﬁged from 5-24% and 4-23% in
desiccated plants, while loss in kernel weight ranyed from 2U-44% in the
former and from 28=-4U5% in the latter, counted for the period of 10U¥136
days from seedlinyg emergence, or from around aﬁtnesis to 3U daysvpost-
anthesis.

Lusses 10 kernel weiyht were cbrre]ated tolosses in nonstructural
carbohydrates and fructosans. The cultivar Hiriam which ménifested the
lowest luss in kernei welynt expressedthe greatest loss in sugars. It is
sugyested that this cultivar has a yreater ;apacity to translocate sugars
for kernel growth under biotic stress. However, in the cultivar Lakhish,
which in the past has shown a capacity for stress enaurance, low losses in
sugars were recorded. Such discrepancy may be derived frow the somewhat
late wmaturity of this cultivar. The balance between translocation of

assimilates and kernel growth may provide a proper neasure for better
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understanding of the differential loss response of wheat cultivars to
septoria sterss, yet there vas no clear indication that septoria stress

increased the contribution of pre-anthesis assimilates to grain yield,
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_ ABSTRACT
Field trials were conducted during the 1984/1985 season to evaluate
the relations between disease severity, green leaf area and losses in
kernel weight. Bread, durum wheats and triticale cultivars of diverse
origin, differing in maturity, plant stature and response to septoria
tritici blotch were subjected to two treatments : inoculation with

virulent isolates of Mycosphaerella graminicola (anamorph : Septoria

tritici ) until an epidemic was initiated, and a control in which a
fungicide was applied to protect against loss of green tissue. The
progress of thg pathogen on the four uppermést leaves was monitored at
weekly intervals, The wheat and triticale cultivars were classified

according to the following maturity classes : early-maturing, moderate-
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maturing and late-maﬁuring cultivars. The early-méturing cuitivars
expressed high leQel and rapid progress of the diseasé, with consequent
rapid decline in residual green leaf area. Some moderate and late-
maturing cultivars”expressed'rapid decline in the residual green leaf area
in the septoria tritici blotch infected area and also in the green leaf
area in protected plots. The late-maturing cultivars Giorgio VZ 331 and
Polk/Waldron senesce rapidly regardleSs of infection. The rate of decline
in the residual green leaf area is faster in the late-maturing cultivars
due mainly to postanthesis environmental constraints. The net loss in
green leaf area revealed wheat cultivars expressing differential yield
loss. Loss in green leaf area and disease severity expressed as the area

under disease progress curve resembled an estimated loss in kernel wheat.

[

‘Septoria tritici blotch, which is caused in wheat by the fungus

Mycosphaerella graminicola (Fuckel) Schroeter (Anamorph : Septoria

tritici Rob, ex Desm.), may impose severe limitations on cropyields in
several parts of the world (3). The annual average losses in yiéld due to
septoria diseases of wheat in the U.S.A, were estimated at 1% in a 1965
report (3). With severe epidemics, some vulnerable wheat cultivars may
suffer 30-50% losses in yield, resulting in shrivelled grain unfit for
milling (3).

Under certain environments, early build-up of infection by M.
graminicola on lower plant parts may adversé]y affect root biomass and
plant development (1, 7). Early infection of lower 1eave§ also may reduce
yield, especially by altering sink qevelopment (the number of tillers per

plant, the number of spikes per plant and the number of grains per spike)
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and consequently affect assimilate distribution (7, 13). Infeétion of the
upper plant parts that are responsible for grain filling is considered to
be the most significant factor contributing to losses in yield (13).
Infection on upper plant parts usually affects kernel weight and grain
number (3, 13). The magnitude of reduction in yield components depends

on the pre- and pbstAanthesis level of disease-affected plant tissues,
disease progress relative to plant growth stage and cultivar response to
disease stress (13). Gaunt (6, 7) has pointed ouit that disease is rarely
measured by physiological parameters but rather by a pathogen based
character such as lesion numbér, lesion size, spore number, etc,

Gauht (7) and Hooker (10) suggested that absolute green leaf area was
correlated with yield loss. They suggested that disease should be
measured by several different parameters, including host-based parameters
such as total leaf area, senescence, etc. (6).

Evans et al. (2)vstated that under mdst-circumstances,‘90-95% of the
carbohydrate in grain is derived from carbon dioxide fixation after
anthesis. Grain yield may, therefore, bear a close relation to the
duration and rate of photosynthesis after anthesis. Photosynthesis before
anthesis and particularly during ear development, may profoundly influence
yield through effects on the components of storage capacity (2, 5, 8, 9).

There is a close correlation between disease severity of septoria
tritici blotch expressed in terms of percent leaf area covered with
pycnidia and loss in kernel weight (3). Some cultivars express
differential loss in yield under apparently similar disease severity and
disease progress (3). This differential loss expression of some cultivars
was recorded in chemically desiccated plants where the desiccant
(magnesiumbchlorate) was applied 14 days post-anthesis (13). In the case

of septoria-affected plants, kernel growth was achieved through the
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genotypic capacity to translocate reserve whén photosynthetic sburce is
limited and via residual transient photosynthitic green area (unafected
leaf area, peduncle and spike).

The present study was undertaken to assess the relationships between

septoria-affected and residual green areas and loss in kernel weight

MATERIALS AND METHOUDS

The trial was conducted at the Bet-Dagan Experiméntal Farm during the
1984-1985 growing season. Forty-two wheat and triticale cultivars were
evaluated., The bread wheat, durum and triticale cultivars included
accessions varying in plant height, maturity and response to séptoria
tritici blotch. The experimental design was in split plots, with
treatments in main plots and cultivars in subplots in four replications.
Each subplotwas 2 m wide and 6 m long. Two treatments were performed on
all cultivars: fungicide-protected (three applications of Tilt-

Propiconazole, CGA 64250) control, and inoculation with Mycosphaerella

graminiCOIa (anamorphic state : Septoria tritici ). Septoria tritici

blotch epidemics were incited by inoculating the plant canopy weekly with

7 spores per milliliter, starting at the emergence of

a suspension of 1U
the flag-minus-2 leaf and finishing at the end of the milk stage of the
moderately maturing accessions. The suspension was prepared from a

mixture of virulent isolates of M. graminicola, which included isolate

ISR 8036, whichis virulent on Aurora-Bezostaya 1l-Kavkaz varieta1 complex.
Inoculation was performed during rainy days and/or dewy nights, by using a
low-volume low-pressure sprayer (Ulva 8 - Micron Co., Bromyaro, England).
Weekly assessment bf percent disease coverage was initiated on the four
uppermost leaves upon the emergence of the flab?minus-z leaf in 10

randomly selected plants per treatment, across cultivars in all
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replications (4, 13). These plants were also assessed fof residual green
leaf area. The plots wre combine-harvested and 1000-kernel weights were

determined,

RESULTS

The classification of the wheat and triticale accessions which were
included in the trialvinto maturity classes are presented in Table 1. The
majority of the Israeli bread and durum wheat cultivars are of‘early-
maturity (90-105 days to anthesis) and of short plant stature (80-105 cm).
Some of the bétter known CIMMYT cultivars (Bobwhite, Genaro, Glennson,
Pavon 76 and Seri) are of moderate maturity (110-113 days to anthesis) and
of short stature (95-110 cm). Most‘pf the late maturing accessions (125-
132 days to anthesis) are also of tall plant stature (130-150 cm).
Disease severity and the residual green leaf area were assessed in all
cultivars 6 times during the season. Since accessiohs varied in maturity,
the calculations were performed for the above parameters for the 30 days
period from the onset of anthesis in the plot. The data is presented as a
logit transformation for groups of cultivars with a common denominator
with the following cultivars serving as checks : Barkai (early-maturing,
short-statuﬁe, susceptible); Bobwhite "S" (moderate-maturing, semidwarf,
resistant); and Kvz-k4500 L.A.4 (moderate-maturing, semidwarf, resistant).

Israeli bread wheats - The Israeli commercial bread wheat cultivars tested

in the trial are susceptible to septoria tritici blotch. The cultivars Bet
Lehem (BL) and Miriam (Mir) expressed the slower disease progress (Fig.
$-1), while Barkai (BR), Bet-Hashita (BH), Ceeon (CE), Hazera 337 (H337),
Lakhish (Lk) and Shafir (SH) all expressed similar regression

coefficients.,



Table 1. The classitfication of wheat and triticale accessions according to
maturity classes. Bet-Dagan, 1984-1985.,

CULTIVAR ‘ " GOURCE  GROWTH  DAYS TO PLANT HEIGHT
HABIT ANTHESIS (cm)

EARLY MATURITY

BARKAL v Nk 97 80
BET LEHEN v SBU 95 B (1
BET HASHITAH v SBM 102 87
BEAGLE C TCL3 102 130
CEEUR H SBH 91 | 102
CIANO 79 C SBM 05 102
DGARI T W SBW 100 | 80
HALERA 337 W SBW 95 100
HAZERA 870 H SUWe 16U 100
HAZERA 223U o SBW 105 102
1AS-20 M SBY 105 B P
LAKH1SH v SBH 102 105
MAPACHE ¢ TCL 102 | 120
MARCUS JUAREZ IHTA C SBW 105 110
HIRIAM v SBW 95 105
SHAF IR H SsW yb 10U
vV 392-304 v SBW 97 105
V 447 v Dl 105 100
V 979-28 vV SBW 105 100
V 8828-233 v SBW 105 85
ZENATI BUUTEILLE M suW 105 125
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Figure 1. A, the linear progression of septoria tritici blotch

30 days from the onset of anthesis and B, the decline in green leaf

area in septoria-infected plots in Israeli spring bread wheat cultivars:
BR = Barkai, BH = Bet Hashita, BL = Bet Lehem, CE = Ceeon, H337 = Hazera
337, LK = Lakhish, MIR = Miriam, SH = Shafir and the resistant check
cultivars BOW = Bobwhite "S" and KVZ-K4500.




DAYS TU

PLANT HEIGHT

=
I

Miscellaneous

SUUKCE  GRUWTH
HABIT ANTHESIS (cm)
MODERATE MATURITY
BUBWHITE "S" C SBW 111 100
GENARO 81 C SBW 110 102
GLERNSON ¢ SBW 110 110
THBAR v SDW 107 90
KVZ/7¢ C SBH 120 122
KVZ-K450U L.A.4 ¢ SBW 112 110
KVZ-UP 301 C SBW 120 107
LI 217 M TCL 107 132
MUSALA "S" C SEH 120 105
PAVUN 76 SBW 112 105
SERL 82 SEW 112 95
VERANOPULIS 7 SBW 114 130
LATE MATURITY
CULUTARA i StsH 125 147
ETIT 38 M SDW 125 132
FURTALEZA-1 i SBW 125 148
GIORGIV VZ 331 i SLW 125 90
OLAF i SBW 125 115
PULK/HALDKON I SBW 132 135
TITAR M SBW 125 150
TORUPI M SBW 125 140
ZT 7551 M SBW 125 - 130
1 - SBW : Spring bread wheat
2 - SbW : Spring durum wheat
3 - TCL : Triticale '
* .y = Volcani Center
= Hazera seed Co.
W = Weizmann Institute
C = CIMMYT
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The cultivars Dganit and Bet-Dagan (V8828-233), V392-304, V979-28 and
Hazera 2230 resembled the pattern expressed by ﬁost of the other Israeli
cultivars,

The decline n residual leaf area was rapid in Barkai, somewhat slower
in Bet Hashita, Hazera 337 and Lakhish (Fig. 1-2). In the cultivars Bet
Lehem, Ceeon, Miriam and Shafir the slope of the regression line was not
as steep and resembled that of the resistant cultivars Bobwhite "S" (BOW)
and Kvz-k4500.

Tall-late bread wheats - The regression coefficients of the tall-late

cultivars resembled that of the resistant cultivars, but differed markedly
from that of the susceptiblevcultivar Barkai (Fig. 2-1). The onset of
anthesis of Veranopolfs (VER) resembled that of Bobwhiﬁé "S" (BOW) and
Kvz-k4500 was very similar in the level of disease of the other cultivars
to the two resistant checks. The decline in green leaf area was rapid in
Polk/Waldron (P/W) despite low level of disease (Fig. 2-2). The
regression coefficients of the cultivars Colotana, Olaf (01f), Toropi (TP)
and Veranopolis (VER) all resembled that of Bobwhite "S" (BOW) and
Kvz-k4500. ’

Durum and triticale - The regression coefficient of disease progress of

the durum and triticale varied considerably within the group (Fig. 3-1),
Giorgio VZ 331 (G331) expressing high level of symptoms, despite its late-
ness. Inbar (IN) and V 447 exhibited moderate level of disease, higher
than that of Bobwhite "S". Zenati-Bouteille (ZB) expressed somewhat
higher level of diseae than the triticale Beagle (BGL) but less than the
triticale Mapache (MP). The decline in residual green leaf area was very
rapid in the durum wheat Giorgio VZ 331 (Fig. 3-2). The rest of the
accessions had similar regression coefficients, although they differed in

the level of the residual area.
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A, the linear progression of septoria tritici blotch 30

days from the onset of anthesis and B, the decline in green leaf area
in septoria-infected plots in durum wheat and triticale cultivars:

BGL = Beagle, IN = Inbar, G331 = Giorgio VZ331, MP = Mapache, V447 =
Volcani 447, ZB = Zenati-bouteille, and the susceptible check cultivar
Barkai (BR) and the resistant cultivars BOW = Bobwhite "S", KVZ = Kvz -

K4500, and Titan.
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CIMMYT cultivars - The level of disease coverage of the CIMMYT cultivars

was lower than that of the susceptible, somewhat.late cultivar Lakhish
(LK). The cultivar Seri 82 expressed a slower disease progress than Ciano
79 (CNO), Genaro 81 (GEN), Glennson (GLN), Marcos Juarez Inta (MJI),
Musala “"S" (MUS) and Pavon 76 (PVN). All the above cultivars had higher
disease levels than Bobwhite “S" (BOW) and Kvi-k4500 (Fig. 4-1). The
regression coefficients of the residual green leaf area were similar for
all CIMMYT cultivars, with the exceptiono of Pavon 76 (PVN) which retained
a higher green leaf area for the 30 days post anthesis (Fig. 4-2).

A summary of the trends in disease progression and residual green
leaf area across cultivars is presented in Figures 5-1 and 5-2.

“Relation to yield

A significant linear correlation was expressed between the green leaf
area in infected plots and that in the protected (Fig. 6). The cultivars
Polk/Waldron (P/W) and Gioryio VZ 331 (G331), which express low to
moderate levels of symptoms, expressed a rapid decline in green leaf area
even in non-inoculated, protected control plots. The relationship between
disease proggéss and residual green leaf area Quring the 30 days post
anthesis revealed that the retained green area is cultivar dependent (Fig.
7). Late maturing cultivars under Israeli growing conditions encounter
high temperatures and/or water stress towards the end of the season, which
strongly affect the senescence of the green tissue. However, the
capacity to retain green leaf duration is genotype dependent. Some late
maturihg cultivars, i.e Zenati-Bouteielle (ZB) and Beagle (BGL) express
high green leaf retention capability, whereas the cultfvars Polk/ Waldron
(P/W), Giorgio VZ 331 (G331), Kvz-UP30l, ZT 7551 (ZT) and to a lesser
eitent : Ettit 38 (ET), Colotana (CL), Titan (T), Olaf (01f), Fortaleza-1
(F), Toropi (TP) and IAS 20 (I120), do not. If the above 11 accessions
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Figure 4. A, the linear progression of septoria tritici blotch

30 days from the onset of anthesis and B, the decline in green leaf

area in septoria-infected plots in CIMMYT cultivars: CNO = Ciano 79,

GEN = Genaro 81, GLN = Glennson, MJI = Marcos Juarez Inta, MUS = Musala "S",
and PVN = Pavon 76 and the susceptible cultivar Lakhish (LK) and the
resistant cultivars Bobwhite "S" (BOW) and KVZ_K4500.
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Figure 5. A, the linear progression of septoria tritici blotch

30 days from the onset of anthesis and B, the decline in green leaf
area in septoria-infected plots in cultivars representing the major
trends: BR = Barkai, BL = Bet Lehem, BOW = Bobwhite "S", IAS 20 =
IASSL, LK'= Lakhish, P/W = Polk/Waldron and Titan.
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BGL = Beagle, G331 = Giorgio VZ331, and P/W = Polk/Waldron.
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BD = Bet Dagan, BGL = Beagle, CL = Colotana, ET = Etit 38, F = Fortaleza-1,
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P/W = Polk/Waldron, T = Titan, TP = Toropi, ZB = Zenati Bouteille, and
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are excluded from the analysis the correlation between the necrotic area
and the residual greenleaf area markedly improves (R2 = 0,7992) from

that of the regression across the‘42'accession.s‘(R2 = 0,2440). This may be
indicative that in the case of septoria tritici blotch, the effect of the
~ pycnidia-bearing necrotic leaf area is confined to the lesion and does not
affect the residual green leaf tissue. |

The relation between disease progress and 1oss in 1000-kernel weight
is presented in Figure 8. Some accessions expfess differential yield
response, namely, lower loss with equivalent disease level or higher
vulnerabiiity with equivalent disease level. Similar relationship is
expressed between loss in green leaf area to loss in 1000-kernel weight
(Fig. 9). The loss in green leaf area during the 30 days post anthesis,
was calculated from the difference in the area under the green leaf area
curve in the protected control and that of the residual green leaf area in
the infected plot of each accession,

DISCUSSION

Increase in the yield of crop plants can come from many quarters,
such as better adaptation to environmental conditions, greater resistance
to pest§ and diseases, -improved agronomic practices, increased genetic'
yield potential and 1nteractions between these. In a system where the
balance between the source, transport and sink capacities is being
disrupted by septoria tritici blotch; through the adverse effect on the
ability of the source (photosynthesizing capacity) to produce asSimilates,
special attention should be given to the relation between source magnitude
and losses in yield. Under at least some well-defined conditions, grain
growth.rates are not limited by photosynthetic rate, since carbohydrate

balance sheets reveal that more assimilate is available for grain filling
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than is uséd (2, 11, 12). Reserves built up at the time of anthesis,
especially in the lower internodes of the stem, are not drawn on as fully
as they are when the plants are under stress (2). In previous work
presented in this BARD report, no such upgradfng in build up of reserves
was found. Septoria tritici blotch significantly decreased the amount of
accumulated assimilates.

The significant reductions in kernel weight under septoria tritici
blotch epidemics are therefore the result of the affected reserves built
up prior to and post anthesis and its translocation to the grain. The
confinement of septoria tritici blotch symptoms to the necrotic lesion
leaves residual green leaf area which, together with non-affected photo-
synthesizing tissde (peduncles, glumes and awns) is insufficient ﬁo
support grain filling (rate and duratfon) as is the case in the disease-
unaffected plants. The expression of losses in terms of residual green
leaf area reveals aaditional constraints in addition to the pathogen,
During the 1984/1985 growing season the cultivars Giorgio VZ 331 and Polk/
waldron expressed decline in greén leaf area devoid of septoria tritici
blotch infection. Most late-maturing cultivars are confronted with
adverse post anthesis environmental conditions (temperatures and water
stress), which may serve as yield constraints. In most of these late-
maturing cultivars the yield potential under Israeli conditions is low as
compared to better adapted early-maturing cultivars. In terms of the
relationship between maturity and losses in yield, under severe septoria
tritici epidemics the moderate-maturing accessions (i.e. CIMMYT derived
cultivars) express relatively high disease severity and consequent losses.

The expression of losses in kérnel weight in terms of losses in net
green leaf area during the 30 days post anthesis, still exhibited

differential yield losses similar to that between lossesi n kernel weight
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and disease severity. Kernel weight endurance under septoria tritici
blotch epidemics exbressed in terms of loss in green leaf area in the
tolerant cultivars Lakhish and Miriam reveals that these two cultiQars
retained sufficient photosynthesizing leaf area. This phenomenon was not
unique only to the tolerant cultivars. The estimation of losses in yield

components on the basis of loss in green leaf area did not improve the

correlation coefficient (Rz) over that of disease severity expressed as

the area under disease progress curve.
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Septoria 1leaf blotch of wheat, which is inated by the fungus

Mycasphaerella graminicola (Fuckel) Schroet () (anamorph: Septoria tritici

Rob. ex Desm.), may impose severe limitations on crop yield.

Wheat cultivars of similar phenotypic characters may express differential
yield response under similar apparent septoria severity and disease
progress (4). Wheat cultivars may vary in their ability to endure
(tolerate) severe epidemics ﬁithout sustaining significant losses in yield
when compared to vulﬁerable (non tolerant) cultivars (4). This endurance or'
the tolerance of plaﬁts to pathogen generated stress (4, 8), though widely '
mentioned, is poorly understood. One of the majbr obstacles in evaluating
plant responses to disease stresses relates to the inherent difficulties in
establishing equivalent disease stresses across cultivars and characteri-
zing the ﬁagnitude and nature Qf the imposed stresses. Difficulfies in
detection, transmission, and utilization of tolerance have so far limited
its usefulness in breeding programs. In theofy, the characteristic of not
placingAselective-pressure on the pathogen, the-projectedvdurability,-aﬁd
the. reduced need for fungicide make toleranée an:--attractive concept to
exploit as means of protecting plants from disease damage (4).

Postanthasis chemical desiccation has been utilized as a measure for
revealing wheat cultivars tolerant to septoria tritici blotch in the
absence of infection by m. graminicola (8). Chemical desiccation has been
used to simulate postanthesis drought stress (2,3 ). Wheat cultivars
tolerant to both septoria tritici blotch and drought could also tolerate
postanthesis chemical desiccation stress.

Leaf-canopy femperatures were found to be a reliable indicator of plant

water stress (5, 6). The close association between leaf temperature and



plant water stress stems frqm the reduction in franspirational cooling of
the leaf.upon stomatal closure at low leaf water potential (1).
Leaf-canopy temperature obtained 'by infrared (IR) thermometer were
correlated.with leaf water potential across cultivars and thus can be'used
as a screening method fér dehydration avoidance (1). Septoria leaf blotch
causes leaf necrosis and leaf dehydration, the rate of which depehds on
disease severity and cultivar resistance.
It was therefore hypothesis that infrared sensing of canopy
- temperature under disease conditions may ‘gerve as an. indirect relative
measure of damage caused by septoria énd the resistance of varieties. This
experiment was performed fo evaluate the hypothesis in a preliminary

mannere.

Materials and Hethods
The experiment was‘conducted at the Bet Dagan Experiment farm during
the 1983-1984 growing seaéon. Forty six wheat and triticale cultivars were
sown in a split plot design, with treatments in main ploté and cultivars in
subplots in four replications; Each subplot was 2 m wide and 6 m long. Two
treatments were employed: fungicide-protected (three applications of Tilt-
Propiconazole, CGA 64250) non-inoculated control, and inoculation with M.

graminicola (anamorph: Septoria tritici). Septoria tritici blotch epidemics

were incited by inoculating the plant canopy weekly with a suspension of
107 spores per milliliter starting at the emergence of the flag-minus-2
leaf and finishing at the end of the milk stage. The suspension was

prepared from a mixture of virulent isolates of M. graminicola (anamorphic

stage: S. tritici). Inoculation was performed during rainy days and/or dewy



nights by using a low-volume low-pressure sprayer (Ulva 8-micron Co.,
Bromyard, England). Weekly assessments of percent disease vcoverage was
initiated on the uppermosf four leaves upon the emergence of the
flag-minus-2 ieaf. In each disease assesshent ‘the growth stage of the
cultivar was recorded using the Zadoks et al decimal code (7).

Leaf temperatures were measuredvfwice during the season at 117 and 145
days after seedling emergence, in conjunction with disease bseverity
assessments. Measurements were made from the'ground; using a hand—held;
"Bverest"” IR thermometer with a 2° angle of view. The viewing target
consisted only of plants, évoidihg the imaging of the ground; Temperatures

were recorded at solar-noon.
Results and Discussion

Septoria tritici blotch epidemic developed rather fast during the
1983-1984 season. The progress of the disease on eight representative
cultivars was calibrated to 30 days past-anthesis for non-transformed
(Figure 1) and logit transformation of log x/1-x where x = disease severity
(Figure 2). The cultivars included: early maturing, short stature wheats -
Barkai, Bet-Lehem, and the somewhat later maturing wheat Lalhich; medium-
maturity, short stature wheats4BObwhite's;VKVZ“-UP301; and KVZ-K4500 L.A.4
and the tall cultivar IAS.20-IASSUL; apd the late maturing, tall cultivar
Titan. Disease progress on the early maturing short wheats was fast and the
pathogen reached upper plant parts early during the season. The cultivar
KV2-UP301 represent a group of moderate-maturity cultivars with moderate

level of disease as compared to Bobwhite "S" (BOW"S") and KVZ-K4500 L.A.4.
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which are resistant. The tall, late cﬁitivar Titan harbored low level of
symptoms..

‘The relafionship between disease severity expressed as the Area under
disease progress curve for the period from anthesis plus 30 days thereafter
and loss in fOOOfKernel Weight [(1000-kerne1 Weight.in protected plots -
1000-kernel weight in infected plots)/ 1000-kernel weight in protected
plots] x 100 is presented in figure 3. |
A Significant association existed between diéease.severity and losses in
Kernel weight, whereas Miriaﬁ and Lakhish expressed low losses in kernel
weight despite high pycnidia coverage.

The relation between percent disease coverage and leaf temperatures
recorded by IR thermometer 117 and 145 days after anthesis for 46 cultivars
are presented in Figure 4.

Five wheat cultivars aré marked for identification: Barkai (BR),
KVZ-K4500. L.A.4, Lakhish (LK), and the tall late cultivars Titan and
Toropi,: The vulnerable cultivar Barkai expressed higher temperatures
during the 117 recording, however, the tolerant cultivar Lakhish expressed
high canopy temperaturé during the late recording (145). The range of
differentiation across cultivars was greater with respect to disease
coverage while the range of temperatures across cultivar was of lower
differentiating magnitude.

It is clear that thé cultivar's growth stage, and residual green tissue
are of influencing the interpretation of the results with regard to the
associafion between disease severity, consequent losses in Kernel weight
and' canopy temperature.

While the gross association between disease and 1leaf temperature

indicates the potential of infrared thermal measurements, much more work is
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needed in order to increase the sensitivity of the test and to elucidate

the factors involved in this association across varied genetic materials.
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Septoria tritici blotch of wheat incited by Mycophaerella

graminicola (Fuckel) Schroeter (Anamorph : Septoria tritici Rob. ex.

Desm.) causes seridus yield reductions in certain parts of the world (6,
19). The annual average Tosses in yield due to septoria diseases -
leptoshaeria nodorum blotch and septoria tritici plotch, in the United
States, were estimated at 1% 16 the report of 1965 (6). With severe
epidemics some vulnerable wheat cultivars maysuffer 30-50% losses in
yield, resulting in shrivelled grain unfit for milling.

Some susceptible wheat cultivars display tolerance and can endure
high levels of septoria tritici blotch epidemics without sustaining
appreciable losses in yield (6, 18, 19).

Selection for tolerance, based on kernel weight in segregating
diseased populations in crosses between nontolerant cultivars x tolerant
cultivars, produced lines with superior kernel weight, but not necessarily

higher yields (1, 7, 9, 12, 14, 15, 16, 19). Several reports indicated
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that kernel weight would be the easiest character to improve by direct
selection procedures, and that selection fOr.kernel‘weight could be
effective in increasing grain yield (19). .Ziv et al. (19) reported that
tolerance deriyed from the cultivar Miriam seemd to be incompatible with
dwarf plant stature. This may be the result of a longer pathogen stress
exerted on the receptive photosynthesizing-tissue of the dwarf cultivars
prior to and during grain fil}ing (19). It was suggested that breeding
for tolerance would be possible if the selection goals are high kerne]
weight among semidwarf plants and trying to avoid dwarf and tall lines.
Despite these findings, difficulties in detection, transmissioh_and
utilization of tolerance in breeding programs have not been overcome;
This can be attributéd in part to the reluctance 1in Qs1ng susceptibie-
tolerant germplasm in- breeding programs and to release of cultivars with
such chéracteristics to wheat growers.

Fassati et al. (7) used a mutagenesis technique to improve tolerance
or resistance to S. nodorum in the cultivar Fermo. The technique was
valuable but many genotypes had to be treated because mutants could not be
selected from.allthe genotypes. All the isolated mutants expressed
reduction of yield potential. These authors suggest that the best way of
obtaining plants which resist S. nodorum would be the association of

partial resistance and tolerance in the same plant.

MATERIALS AND METHODS
The septoria-tolerant, high-yielding, éarly-maturing, short-statured
cultivars Lakhish (Yaktana//Norin 10/Brevor/3/Florence Aurore) and Miriam
(Chapingo 53//Norin 10/Brevor/3/Yaqui 54/2 Merav) were crossed with each
of the followingf septoria-resistant cultivars : the winter, early-

maturing, semidwarf cultivar Bezostaya 1 (Pl 345685); the spring,
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moderate-maturing, semidwarf accession Musala "S" (Lee x kvz/CC x Ron-Cha,'
CIMMYT accession CM 16780-J-1M-2Y-501M-0Y, from 7 ISEPTON # 56); the
spring, late-maturing, semidwarf cultivar Olaf (CI 15930); and the spring,
late-maturing, tall stature cultivar Titan (CI 12615).

In each of the above 8 basic crosses, the F, were backcrossed once to
the resistant parent and once back to the tolerant parent. In the F2 and
the BCF, of each cross, resistant and susceptible plants expressing high

kernel weight under severe septoria tritici blotch epidemics were
-selected.

During 1982/1983 and 1984/1985 each population was split into
septoria-infected and fungicide-protected subplots. Septoria tritici

blotch epidemics were incited by inoculating the plant canopy weekly with

a suspension of 107 spores per milliliter, starting at the emergence of
the flat-minus-2 leaf and finishing at the end of the milk stage. The
'suspension was prepared from a mixture of virulent isolates of M.

graminicola. Inoculation was performed during rainy days and/or dewy

nights by using low-pressure sprayer (Ulva 8 - Micron Co., Bromyard,
England). Protected subplots were sprayed 3 times during the season with
Tilt (Propiconazole CGA 64250). Selection for resistant ahd susceptible

Fo plants was performed in populations inoculated with the M.

gfaminicola isolate ISR 398Al. This isoléte is virulent on both Lakhish
and Miriam, avirulent on Bézastaya_i and Titan and may induce moderate
level of symptoms on Musala "S" and Olaf. In the following years the
isolate mixture included isolate ISR 8036 which is also virulent on

Bezostaya 1 (5, 17).
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Assessment of percent coverége of the uppermost four leaves, plant
height and kernel weight were performed on plants within each of the
families or on advanced ]1hes.' In selecting»high kernel weight lines
under septoria épidemic, a 1000-kérne1 weighi of 40 gm was established as
the selection cut-point. Thus, lines exceedihg this_cht-point were

selected for further testing.

RESULTS

The scheme for the.development of tolerant populationé to septoria
tritici blotch of wheat is presented in Fig. 1. Two directives were
taken : a) develop populations from a single cross between resistant and
tolerant parents anq select among.them resistant and susceptible lines
with high kernel weight, and continue to select for high kernel weight and
plant height under disease epidemic in following generations; and b)
develop pbpulations in which the portion of the resistant and the tolerant
parents was enhanced via backcrossing with selection for high kernel
weight and plant héight in future generations.

Tolerant lines from the two directives would then be subjected
separately to two M. graminicola isolates : isolate ISR 398A1, lacking
gene(s) for virulence on Bezostaya l-Kavkaz-Titan, and isolate ISR 8036
possessing virulence gene oh the Bezostaya 1-Kavkaz parents and
derivatives (Musala "S").

Bezostaya 1 x Lackhish - This cross between the resistant, ear]y,'semi-

dwarf, winter wheat Bezostaya 1 and the tolerant cultivar Lakhish, yielded

rather high kernel weight populations with a low mean loss in the F4 and

BC2F2 (Table 1). In this cross there was no backcross to Bezostaya 1.
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Table 1. Observed generation means for 1000-kernel weight, disease severity and plant height in septoria
tritici blotch infected families of the cross Bezostaya 1/Lakhish and backcross to Lakhish.

1000 - KERNEL WEIGHT

CROSS GENERATION  NUMBER  MEAN  RANGE LOSS DISEASE - PLANT
. OF LINES | (%) SEVERITY HEIGHT

(%) (cm)

BEZOSTAYA 1/LAKHISH Fy - 47.0  21.5-54.1 - 28.2 120.6

| F, 132° 39.8  24.1-58.1 - 25.2 113.7
Fy 115 43.2 15.8-61.7 11.93 64.3 -

BEZOSTAYA 1/LAKHISH//LAKHISH ,mnma. - 36.8  24.7-45.8 - 50.1 105.8
| BC,F, 56 41.5  28.3-56.6  4.61 48.6 -

a) Mean loss from corresponding non-inoculated, fungicide-protected family
b) Mean pycnidia coverage of the 4 upper leaves recorded at dough stage

c) Number of plants

d) Backcross to P, (Lakhish)



5
The range of kernel weight under sever septoria epidemics was very high

(61.7 gm). The progress of the breeding scheme was terminated at F3 :

and BC,F, due to severe susceptibility to stem rust ( Puccinia graminis )

and leaf rust ( Puccinia recondita ) of wheat.

Bezdstqya 1 x Miriam - This cross between Bezostaya 1 and the early, semi-
dwarf, tolerant cultivar Miriam yielded susceptible, semidwarf populations

with high kernel weight. The losses in Kernel weight were lower in F3

populations than in backcrosses with Miriam (Table 2). Backcrosses to
Bezostaya 1 yieided late, more resistant populations with corresponding
low losses in kernel'weight (2.21%). The progress of this breeding scheme
was terminated as the prévious cross, due to susceptibility to leaf and
stem rusts of Wheat.

" Musala “S" x Lakhish - The cross between the semidwarf, somewhat late,

moderately-resistant CIMMYT accession Musala "S" and Lakhish yielded
agronomically suitable populations and lines, among which were some in
the maturity range of Lakhish and plant height similar to both parents

(Table 3). The resulting Fg lines were susceptible to the mixture of the

virulent isolates of M. graminicola. The range of the kernel weight in

the single cross and backcross to Musala “S" was higher than that of lines
derived from backcross to Lakhish, yet with similar mean loss. Families
from this cross yielded 38 tolerant lines for further evaluation.

Musala "S" x Miriam - The mean loss in kernel weight in the 56 F, lines

was in the range of 4.7 x 7.6% (Table 4). The mean kernel weight of the

tolerant F5 lines was similar to the previous cross. Lines of this cross

yielded somewhat taller plants, though within the range of the early,

tolerant parent Miriam (90-110 cm.). This cross yielded grains with



Table 2. Observed generation means for 1000-kernel weight, aammmmm mm<m1~ﬂ< and plant height in septoria
‘ tritici blotch infected wmsdddmm of the cross Bezostaya 1/Miriam and backcrosses to both parents.
J000 - KERNEL WEIGHT
CROSS GENERATION  NUMBER  MEAN  RANGE Loss ~ DISEASE PLAAT
OF LINES (%) SEVERITY HEIGHT
(%) (cm)
BEZQSTAYA H\szH>z‘ ‘ Fy - 45.6 36.6-51.4 - 18.3 116.1
F, 82¢  38.9 30.0-50.8 - 32.3 110.4
F, 121 417 30.0-52.5 4.05 58.9 -
BEZOSTAYA 1/MIRIAM//BEZOSTAYA 1 d
_ mnH - 43.6 34.2-63.2 - 1.2 121.0
wnHmN 51 46.6 37.1-53.9 2.21 39.6 -
BEZOSTAYA 1/MIRIAM//MIRIAM | wnmm - 30.8 18.9-52.6 - 18.3 116.1
BC,F, 17 38.5 31.7-46.5 13.89 61.2 -

a) Mean loss from corresponding non-inoculated, fungicide-protected family
b) Mean pycnidia coverage of the 4 upper _mm<mm 1mnosama at dough stage

c) Number of plants

d) Backcross to Pl (Bezostaya 1)

e) Backcross to P5 (Miriam)
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Table 4.

Observed generation means for 1000-kernel weight, disease severity and plant height in septoria
infected families of the cross Musala "s"/Miriam and backcrosses to both parents.

tritici blotch

1000- KERNEL WEIGHT

CROSS GENERATION ~ NUMBER  MEAN RANGE LOSS  DISEASE . PLANT

OF LINES SEVERITY HEIGHT

(%) (cm)

MUSALA/MIRIAM Fl - 44.9  39.6-49.4 - 44.9 113.3

F, 31¢ 36.5 28.2-43.6 - 36.5 107.2
Fy 98 42,5 30.2-58.1 14.91 65.9 -

F, 97 36.3 22.9-48.2 - - 95.7

Fe 32 43.1 37.4-48.8 4.70 83.7 111.3

MUSALA/MIRIAM//MUSALA wnHa - 40.1 29.2-62.1 - 40.1 112.7
BC,F, 23 46.9  28.4-61.0 10.81 65.1 -

BC,Fy 21 38.4  18.9-46.2 - - 95.1

BC,Fy 21 42.9 31.1-47.2 7.64 84.4 103.7

MUSALA/MIRIAM//MIRIAM BC,° - 33.3  22.9-49.9 - 33.3 116.6
BC,F, 34 39.9  26.2-53.7 10.29 79.6 -

BC,F, 31 35.7  29.9-42.6 - - 104.1

BC,F, 3 41.5 35.1-44.9 5.12 190.0 110.0

D OO T w

e v B et

Mean loss from corresponding non-inoculated, fungicide-protected family

Mean pycnidia
Number of plan
Backcross to p

Backcross to P

~
b

ts

1
2

M

Musala"s

Miriam)

/erage ow the 4 upper leaves recorded at dough stage

__.v
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kernel weight smaller than lines obtained with cross with Lakhish, due to
higher.kernel weight Lakhish. This cross yielded lines as early-maturing
as Miriam with excellent agronomic types, which are being tested for yield
and introduced to re-breeding, .

0laf x Lakhish - The cross between the semidwarf, late-maturing,

moderately resistant cultivar Olaf and the tolerant cultivar Lakhish
yielded late populatiohs and lines with a relatively small kernel weight
under septoria epidemics similar to that of the cultivar Olaf (Table 5).
The number of agronomically suitable lines with high kernel weight was
small as wéll (2). This cross was also characterized by weak straw and

lodging, thus the breeding scheme was not continued beyond the F4

generations of the backcross populations.

Olaf x Miriam - The cross between these two parents yielded small kernel

weight populations and linés, with no single line which yielded 1000-
kernel weight above the 40 gm, which was the selection cut-point. This is
rather surprising since even the backcross to the tolerant cultivar Miriam

yielded a surprisingly low kernel range in the BC2F3 which terminated

further selection and progress (Table 6).

Titan x Lakhish - The cross between the tall, late-maturing, resistant

cultivar Titan and Lakhish resulted in rather tall, late-maturing
populations and lines with relatively high kernel weight and relatively
low losses (Table 7). Two lines with a short stature, but with a kernel
weight lower than 40 gm were kept for further evaluation. The relatively
high kernel weight range dictates that a severe selection for plant height
under septoria should be continued,

Titan x Miriam - This cross yielded tall populations and lines with

relatively low disease coverage and correspondingly high kernel weight
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(Table 8). Severe selection for shorter plant stature would determine

the future of this cross..

The performance of the pabents involved in the breeding scheme (with
the exception of Bezostaya 1) in the 1984/1985 season when advanced lines
were selected, is presented in Table 9. The cultivar Miriam continued to
express kernel weight endurance under high disease severity with
significant losses (14%) in Lakhish. The accession Musala “S" expressed
high disease severity to the virulent M. graminicola isolate mixture
which included the Qirulent isdlate ISR 8036, yet, with statiStically not
significant losses in kernel weight. The two late-maturing cultivars Olaf
(semi-dwarf) and Titan (tall) expressed low disease severity and resulting
lowlosses. In the samé trial, the non-tolerant, dwarf cultivar Barkai

expressed a loss in kernel weight of 35%.

DISCUSSION
Susceptible wheat cultivars that were able to enqure the damaging

effects of septoria and rust diseases are classified as tolerant (1, 2,
10, 11, 12, 14). It is generally accepted that tolerance describes a
phenomenon in which less yield loss or less quality loss occurs with equal
pathogen or insect infestation when two cultivars are compared (1, 4, 8,
12). - This interpretation is a retrospective analysis since it is not
pdssible to measure or see the phenomenon in segregating early generations
in breeders' plots (8). Buddenhagen (2, 3, 4) considered that selecting in
segregating generations fqr.tolerance to non-systemic diseases (leaf spdts
or rusts) is not really possible., His main objectives relate to the

establishment of 'equal disease infestation' and to the reliability of
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ascribing a certain yield loss to a certain percent leaf area diseased
across cultivars which have different ratios of siﬁk/source limitation of
yield.

Ziv et al. (19) have shown that selection for tolerance to septoria
tritici blotch in segregating popu]atiohs is possible in advanced
generations and when certain a priori considerations are oeing-followed.
Selection of broper parents is of crucial importance, since a negative
correlatidn was found between kernel weight endurance and dwarfness 1in
septoria infected trials (19). Ziv et al. (19) suggested that this
association may be the result of a longer (in time) pathoygen stress
exerted on the receptive photosynthesizing tissue of the dwarf cultivars
prior to and during grain filling. The difficulties associated with
disease stress are thus related fo the question of measuring the effect of
disease stress in terms of physiologifcal systems of the host affecting
kernel growth, Different factors affecting the measurable disease
parameters, namely diseasé severity and disease progress, associated with
host growth dynamics (6, 13), plant stature (tall vs. dwarf), maturity
(growth stage) and genotype, affect the final expression of aiseése on
kernel growth. Kernel weight endurance under severe septoria epidemics
could be readily sélected for in populations where the twovparents, the
tolerant and the resistant, were selected within a relatively
agronomically similar germplasm. The introduction of extermities, such as
stature (tall or dwarf) and late maturity require thé investment of
genetical corrections difficultvt0‘encounterviﬁ breeding for tolerant
lines. Thus, crosses with Bezostaya 1 would require selection for
tolerance or resistance not only under septoria tritici blotch, but also
under leaf and stem rust epidemics. This would interfere with the

philosophy of combing frontal protection via low disease coverage,



.9

' together with kernel weight endurance whenever this protection is being
succumbed.

This hypothesis that backcrosses to the recurréﬁt tolerant parent
would increase the probability of selecting more readily for kernel weight
endurance, was disproven in the present»study; In éll combinations the
range of kernel weight under septoria tritici blotch epidemics was the
same'or even higher than the range and the means of the backcrossed
populations and lines, when»subjected to isolate mixtures. The level of
retained resistances in these combinations has to be tested. It is
conceivable that the level ‘would be significantly higher in lines derived
from backcrosses to the recurrent resistant parent.

In the populations which were subjected to a mixture of virulent
isolates the initial resistance which was selected for at early
generations (Fig. 1) Was over ome by virulence of ISR 8036. In order to
test whether resistance was retained in the selected tolerant lines they
are being evaluated during the 1985/1096 seasons by the following
treatments : 1) inoculations with isolate ISR 398Al1, which is avirulent
to Bezostaya l-Kavkaz-Titan and thus would reveal resistant lines in
crosses with.Musala "S" and Titan; 2) inoculations'with isolate ISR 8036
which is virulent to the Bezostaya l-Kavkaz genes, and would serve as the
equivalent check for tolerance whenever resistance is overcome; and 3) a
non-inoculated, fungicide-protected control. Thus, each line is grown in
3 replicated subplots (treatments). The scheme for future development of
agronomic advanced lines which combine frontal resistance to septoria

tritici ploch and tolerance in the background, is presented in Figure 2,



HTRY FB

HTKH BCF,

(Tolerant famwilies)

~ screeninyg for tolerance
and resistance

N\

Screening for
tolerance

Microplots yicld trials ‘Row yield trials-
{infected vs. protected) (gitferent virulence
' patterns vs. protected
“selection for ayronuiine
traits;

Selection for

_agronomic traits

v

Row yield trials (intected ‘ Yielu trials (intected
vs. protected) vs, protectec)

yield trials ~ Breediny Yiela trials ~ breediny

Figure 2. Procedures to be followed in testing and developing
agronomic lines possessing "frontal™ resistance and

tolerance in the background.
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This scheme would ehable breeding for agronomic lines which possess
resistance to the prevalent virulences and selelection for tolerance by
means of chemical desiccation (magnesium chlorate) and virulent

combinations which overcome the introduced resistance.
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Selection of winter wheat lines for resistance to S. tritici at Stillwater,

Oklahoma, and Tel-Aviv, Israel.

A total of 99 winter wheat lines, having resistant cultivars Carifen-12
and Primepi in their pedigrees, were evaluated for resistance at Stillwater
and Te]-Aviv. At Stillwater, the seed were sowh in the fier in late
November-. Verna]izatidn,.growth, and infection by S. tritici followed
naturally. The lines were evaldated in growth stage 10.5, and classed
susceptible if the third leaf (F-3) below the flag leaf was more than 50%
necrotic and supported pycnidia. Conversely, lines in which the F-3 leaves
were less than 50% necrotic were classed resistant. At Tel-Aviv, seed]ing;
were started in a greenhouse, vernalized at 3C for 8 wk, and transplanted into
the field on December 10. The transplant date was considered as the emergence
date. Plants were spray-inoculated in the spring with a mixture of conidia
from five virulent Israeli isolates of S. tritici (designated ISR398, ISR8036,
ISR7801, ISR7901, and ISR TD).F The 1ines were eva1uated by estimating the
. amount of necrosis in the flag leaves and the first three lower ones.
Additionai]y, plant height (cm), upward spread height of disease (cm), and
heading date (days after emergence) were recorded.

To obtain a commonality for scoring disease reaction at both Stillwater
and Tel-Aviv, we classed lines susceptible if their F-3 leaves were more than
50% necrotic. On this basis, 12 lines were resistant at both Stillwater and
Tel-Aviv, 13 were resistant at Sti]]watér and susceptible at Tel-Aviv, 16 were
susceptible at Stillwater and resistant at Tel-Aviv, and 58 were susceptible
at both locations (Table 1).

A1l lines resistant in both the USA and Israel will be entered into the
~ breeding nurseries at Sti]]water,'0k1ahoma.' One line,

Payne/3/Primepi/Exile//Payne, because of its resistance and early heading at



Tel-Aviv, will be incorporated into the breeding program at Tel-Aviv

- -

Unijversity.

Table 1.

Israel and in Oklahoma, USA. (a)

Reaction of selected winter wheat lines to Septoria tritici in

Dis.

70

% infection Plant Head
Row No. on leaves (d) Ht. Ht. Date

- USA Israel Lines and Cu]ti&ars (b,c) F F-1 F-2 F-3 (cm) (cm) (e)

Resistant in the USA and Israel

5035 895  PYN/3/PMP/EXILE//PYN t 5 10 20 70 110 112
5039 899 PYN/3/PMP/VONA//VONA | 5‘ 5 10 20 90 110 111
5049 963 TAM101//TAM101/CAR-12 5 10 20 30 100 135 +112
5057 971 " _ 0 5 20 30 60 105 +112
5065 979 TAM101/3/0K72-2721*2//TAM101/CAR-12 5 10 20 30 95 125 +112
5066 980 " ' .0 5 20 30 85 125 +112
5073 987 " 5 10 20 30 80 110 +112
5079 993 TAM105//TAM101/CAR-12 | ‘ 5 10 20 30 -80 100 +112
5086 1001 CSM//TAMIOi/CAR-lZ ' 10 20 30 40 90 110 +112
5088 1003 VONA//TAMIOI/CAR-IZ 5 10 20 30 85 120 +112
- 5096 1011 " : 10 20 30 40 80 100 103
5098 1013 " | : 5 20 30 4b 100 +112
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Resistant in the USA, Susceptible in Israel-

5028 888  PYN/3/PMP/VONA//VONA - 50. 60 70 80 75 100 109
5029 889  PYN/3/PMP/NWT//NWT | 70 70 80' 90 80 105 109
5043 956 PYN/3/PMP/VONA//VONA | ,- 20 30 40 50 90 120 106
5044 957  PYN/3/PMP/VONA//VONA , 20 30 50 60 75 105 110

5067 981 TAM101/3/0K72-2721*2//TAM101/CAR-12 60 70 80 90 85 105 +112

5068 982 _ " 30 40 50 60 85 115 107
5069 983 " 20 30 40 50 80 110 109
5077 _991 " 20 30 40 50 90 130 +112
5084 998 CSM//TAM101/CAR-12 60 70 70 80 80 105 +112
5089 1004 VONA//TAM101/CAR-12 50 60 70 80 85 110 106
5090 1005 " 40 50 60 70 S0 115 +112
5091 1006 " 40 50 60 70 80 110 106
5093 1008 ! , 40 50 60 70 85 110 106

Susceptible in the USA, Resistant is Israel

5002 862  TAMLO1/3/PMP/VONA//VONA 10 20 20 30 90 125 105
5004 864 5 10 20 30 85 110 110
5005 865 " | 0 0 5 10 80 105 +112 .
5007 867 " ,' 20 30 40 50 80 110 +112

5010 870 TAM101/3/PMP/TX71A-562-6//0K72-2721 5 10 20 30 90 120 +112
5013 873 M 5 10 20 30 90 115 110

5022 882  VONA/3/PMP/VONA//VONA 5 10 20 30 80 105 -
5036 896  PYN/3/PMP/EXILE//PYN 5 10 10 20 75 115 111
5039 897  PYN/3/PMP/VONA//VONA 5 10 20 30 90 115 -
5041 954 ! 5 10 30 40 80 120 106
5054 968  TAM101//TAM101/CAR-12 0 5 10 30 60 100 +112
5058 972 " 0 5 20 30 60 105 +112



5052 - 973 " 0 5 40 50 65 90 +112
5062 976 " 0 5 20 30 70 115 +112
5073 987  TX71A-562-6//TAM101/CAR-12 5 10 20 30 80 110 +112
5078 992  TAM105//TAM101/CAR-12 5 10 20 30 80 120 +112
1030 KAVKAZ (check) 40 50 60 70 100 120 -
1031  AURORA (check) | 60 70 80 90 100 130 110

(a)

(b)

(c)

(e)

Entries with less than 50% leaf necrosis at or below 20 cm of stem height
were scored resistant at Stillwater, Oklahoma.

A total of 101 entries were grown both at Stillwater, Oklahoma, and at
Tel-Aviv. Entries at Tel-Aviv were inoculated with five Israeli cultures
(1SR398, ISR8036, ISR7801, ISR7901, and ISR TD). Infection occurred
naturally at Stillwater.

Cultivar names abbreviated as follows: CAR-12 = Carifen—lé; CSM =
Chisholm; EXILE = Exile; PYN = Payne; PMP = Primepi; TAMIOl = TAM W-101;
TAM105 = TAM 105; 0K72-2721 and TX71A-562-6 = eXperimental Tines.

The % infection (necrosis) was recorded for the flag leaf (F) and on three
Tower ones (F-1, F-2, F-3) at Tel-Aviv.

Heading date (at Tel-Aviv) is shownAas days following emergence (Dec. 10,

1984).

Selection of winter x spring wheat lines for resistance to S. tritici at

Tel-Aviv, Israel.

spri

Thirty-four lines derived from crosses made at Stillwater among winter x

ng wheats were tested in 1985, using the same cultures and inoculation

techniques applied to the winter wheat lines. Of the 34 lines tested, four

were selected for incorporation into the breeding program at Tel-Aviv

University (Table 2).
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Table 2. Selected winter x spring wheats which will be incorporated in the

Israeli spring wheat breeding program. (a)

% infection Dis. Plant

Row No. on leaves (c) Ht. Ht.  Head
Israel Materiai (b) F F-1 F-2 F-3 (cm) (cm) Date (d)
913 CSM//GALLO-CUCKOO/KVZ-SX ti »5 10 20 100 130 100
918 EXILE//CONDOR"S"-MUSALA"S" 10 20 30 60 80 105 95
921 "o : 5 10 20 30 75 105 89
:928 CSM/BOBWHITE"S" 10 20 30 40 80 100 96

(a) Thirty-four winter x spring wheats were grown at Tel-Aviv and data
collected in the spring of 1985. The entries were inoculated with five
Israeli cultures (ISR398, ISR8036, ISR7801, ISR7901, and ISR TD).

(b) Cultivar names abbreviated as follows: CSM = Chisholm; and KVZ = Kavkaz.

(c) The % infection (necrosis) was recorded for the flag leaf (F) and for
three lower ones (F-1, F-2, and F-3).

(d) Heading date is shown as days following emergence (Dec. 10, 1984).

Inheritance of‘resistance'to S. tritici, culture St83A, in winter wheats.

We stated in the initial report that in winter x winter wheat crosses
performed at OSU, data from.F2 populations indicated that resistance to S.
tritici, culture St83A, was conditioned by single domfnant genes in cvs.
Cappe]]e_Deprez and Vilmorin 27 and by a recessive gene pair in Atlas 66.
Although the crosses were made prior to the grant award date, the 6bjective
was consistent with that of the BARD grant. Thus, the testing was made an
integral part of the grant effort. Of the three resistance sources, Vilmorin

27 appeared most useful because it was also highly resistant to tan spot
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(caused by Pyrenophora tritici-repentis) than the other cultivars. Only

Vilmorin 27 derivatives were retained in the BARD program. Subsequent F3
tests confirmed that resistance of Vilmorin 27 to culture St83A was
conditioned by a single dominant gene that is probably éssbciated (p =
0.02-0.05, chi square test for 1ndependence) with a sing]e gene for resistance

to our test cultures of P. tritici-repentis. Lines were recovered from

Vilmorin 27/Chisholm that were sinQ]y resistant to the test cultures of S

tritici (St83A) and P. tritici-repentis, and one line that was resistant to

both organisms. We anticipate that this dually resistant line, tentatively
designated 'Septan,' will be released as germplasm.

Resistant winter wheat cvs. Dur Concur, Hadden, and H574-1-2-6 were each
crossed with the commercially grown susceptible cv. TAM W-101. Additionally,
Dur Concur and Hadden were crossed with the susceptible cv. Chisholm, and
Hadden with the susceptible cv. Newton.

The F1 and F2 p]énts derived from the crosses were grown in the
greenhouse during the winter of 1983-84, Three attempts to inoculate the
plants with St83A were unsuccessful. Although infections occurred on some
plants with each inoculation, the incidence was too Tow to establish the mode
of inherited resistance. The F3 families descended from the F2 plants were
space-planted in rows in the field in the fall of 1984. Rows of a very
suceptible cv., Danne, were grown between those of the F3 families.

The F3 families and susceptible Danne were inoculated on March 27, 1985,
and twice thereafter at weekly intervals with culture St83A. The inoculum was
produced by'flooding V-8 agar in petri dishes with conidial suspensions of
St83A and incubating the cultures under fluorescent lamps for 7 days.

Conidial colonies on the agar were collected in water poured into each plate

and the resulting suspensions combined in a common container to derive a
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suspension of about 40 X 106 conidia per‘ml. This required 100-200 betri dish
cultures to produce 1 L of inoculum. The inoculum was applied to the plants
with a back-pack mist blower. |

The fami11es were scored for reaction to St83A on April 30 and again on
May 10. Counts of resistant and susceptible plants on April 30. On May 10
the scbring was limited to confirming the description of eaéh family as either
homozygous for resistance, segregating for resisfance and susceptibility, or
homozygous for susceptibi]fty. |

Results of the F3 test indicated that resistance was conditioned by a
single gene in each of thé cultivars (Table 3). Although the number of
families tested from each cross was small, their reaction to infection was
very distinct. Similarly, reactions of plants within segregating families
were discrete and indicated that reéistance in each of the three resistant

cultivars was dominant.
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Table 3. An F3 analysis of the inheritance of resistance to Septoria tritici

(culture St83A) in resistant winter wheats Dur Concur, Hadden, and H574-1-2-6.

Numbers of F3 families Probability.
Homoz. Seg. Res. Homoz. of fit to a
Cross Res. and Susc. Susc. Total 1:2:1 ratio (a)
TiM W-101/Bur Concur 17 36 6 59 f "0.02-0.05
Chisholm/Dur Concur 4 12 11 27 0.10-0.20
TAM W-101/Hadden 5 19 15 39 0.05-0.10
Chisholm/Hadden 9 1 0 20 0.01-0.02
Newton/Hadden 4 23 13 40 0.05-0.10
»TAM W-101/H574-1-2-6 10 43 19 72 0.05-0.10

(a) chi-square test for goodness of fit.

Biological Control:

Effect of streptomycin on development of Septoria leaf blotch.

The effect of streptomycin on development of Septoria leaf blotch in flag
leaves of winter wheat cv. TAM W-101 was tested in the fie]d-ih the spring of
1984 and again in 1985. In 1984, plots were established within large (30 m x
15 m) no-till plots (having a full complement of residue from the previous
wheat crop) used in a crop residue management study. In 1985,‘the plots were
established within both no-till and clean-till plots of the crop residue
study. A randomized complete block design with four replications was used in

2

all tests. The treated and untreated plots were each 1 m~, and so arranged

that they occupied diagonally opposed quadrants of 2 m x 2 m squares. This
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Arrangehent pérmitted maximum access to the plots, minimized spray drift, and
maintained close proximity of the treated and check plots.

Streptomycin HC1 (125 ppm) in distilled water containing a drop of Tween
~20/L was applied to rqnoff with a hand-held CO2 préssurized mist sprayer. In
1984, applications were made 6n May 8, 14, 21, and 31, when the plants were in
growth stages (Feekes' scale) 9.0, 10.0, 10.3, and 10.5, respectively. 1In
1985, streptomycin was applied on April 13 and 20 and on May 1 and 11; plant
growth stages were not recorded.

Ten flag leaves wére collected randomly from each plot on June 6, 1984,
and on May 20, 1985. The number of Septoria leaf blotch Tesions/g of dry leaf
tissue was determined. |

AAttempts were made éach year, during the timé the streptomycin was being
applied, to isolate bacteria antagonistic to growth'of S. tritici from leaves
collected from plants adjacent to the plots. Nutrient agar and V-8 agar were
used as the isolation medium in 1984, and hutrient agar and Pseudomonas
isolation medium were used in 1985,

The application of streptomycin resulted in a 52.6% increase in number of
lesions/g of dry leaf tissue in 1984, and in a 14.2% and 22.1% increase,
respectively, in similar tissue from plants in the no-till and clean-till
plots in 1985 (Table 4). These data stkongTy indicate that naturally
occurring bacteria inhibit infection by 'S. tritici. Attempts to isolate
bacteria antagonistic to S. tritici failed in 1984. However,-two bacteria,

jdentified as Bacillus subtilis and Pseudomonas fluorescens biovar I, which

inhibited growth of S. tritici were isolated in 1985,
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Table 4. Effect of streptomycin on the development of Septoria leaf blotch

lesions in flag leaves of a winter wheat cv. TAM W-101.

Crop Tillage Lesions/g of dry leaf %

year - practice (a) Streptomycin Check Increase LSD

1984  No-till ’ 11.9 7.8 52.6 1.08
© 1985  No-till 43.4 38.0 14.2 0.84

1985 Clean-till  45.8 37.5 22.1 1.25

(a) No-till = all residue from prior wheat crop left on soil surface;

clean-till = residue buried with a moldboard plow.

Isolation and testing bacterial antagonists of S. tritici.

Bacterial antagonists of S. tritici were isolated from soil and from
nylon mesh dipped in budding cultures of S. tritici in liquid V-8 medium and
buried in a wheat field for 48 hr. Efforts to isolate antagonists from wheat
leaves were unsuccessful during the 1983-84 crop season, but were successful
during the spring of 1985 (see preceding section). Soil samples, nylon mesh
V-8 medium baits, and leaf segments were shaken vigorously in sterile
distilled water with either a vortex mixer or a sonic bath. Standard serial
dilutions of the wash water were spread on V-8 agar énd nutrient agar in 1984
and on Pseudomonas isolation agar and nutrient agar in 1985. Individual
bacterial colonies taken directly from the dilution plate series or from
secondary cultures were used to point-inoculate fresh media in petri dishes.
After 48 hr the medium was spkayed With S. tritici conidia suspended in

sterile water. Growth inhibition of S. tritici around the bacterial colonies
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was'the criterion for selecting antagonists. Two bacteria from soil which

appeared most inhibitory to growth were identified as Bacillus pumilus and B.

subtlis. _ _

Beginning on April 4, 1984, B. pumilus and B. subtlis were suspended in

_water and sprayed on 1-m2 plots of TAM W-101 wheat seven times at 7-day

intervals at the rate of 125 ml pér p]ot.'lConcentrations of the suspensions
ranged from 770 to 1100 million cfu/ml for B. gdhilué and 90 to 930 for B.
subtlis. The experimental design was a randomized complete block with eight
replications.

The experiment was repeated in 1985 with some variations: namely, plots
were established within large no-till and clean-till plots with four
rep]icétion in each; two check plots were included in each replication--one
sprayed with water and one with Ve8'1iquid medium--;and LSD values rather than
Duncan's multiple range tests were determined to indicate significant
differences between treatments. The bacterial Suspensions,Awater,‘aﬁd V-8
liquid medium were applied to the foliage on April 13 and 20 and on May 1 and -
5. Rates of application on the consecutive dates for B. pumilus were 790,
656, 805, and 863 million cfu/ml, and for B. subtlis were 830, 723, 1001, and
775 million cfu/ml.

Ten flag 1eave§ were random]y collected from each plot on June:20.
Lesions'per gram of dry leaf tiséue were determined.

Results of the tests were reasonably similar in both years (Tables 5 and
6). Both B. pumilus and B. subtlis significantly reduced the number of

Septoria leaf blotch lesions in the flag leaves of the wheat cv. TAM W-101.
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Table 5. Development of Septoria leaf blotch lesions in flag leaves of wheat

cv. TAM W-101 treated with two bacteria in 1984 (a).

Bacteria and check Lesions/g of dry leaf tissue (b)
Bacillus pumilus 58.6 a
Bacillus subtlis B 49.6 a
water spray (check) 218.3 b

(a) Plots were established in a wheat plot under no-till management
(b) values followed by the same letter are not significantly different (P =

0.01) according to Duncan's multiple range test.

Table 6. Development of Septoria leaf blotch lesions in flag leaves of wheat

cv. TAM W-101 grown under two ti]1age systems and treated with two bacteria in

1985.
h  Lesion§[gvofgdryfleafttissug .

| o »ihbindicated tillage plots (a).,i§&
Bacteria and check - .. .- - _f-“;,fNoatill . Clean-till -
Bacillus pumilus o 21.1 22.4
Bacillus subtlis . 2000 2140,
water spray (check) e 338000, . 00, 374
V-8 1iquid medium (check) - _ 3%.9.. . ... .38.3

(a) LSD = 3.32 for no-till and 2.04 for.clean-till.. .,

S N N
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INHERITANCE OF RESISTANCE TO S. TRITICI IN DURUM WHEAT
Overview for BARD report (Maarten van Ginkel)

In 1983 and 198u,lcrosses and related generations were
produced between thirteeﬁ durum wheat Qarieties obtained from
wheat research and breeding programs in North Africa and Israel.

'Varieties were selected based on one or more of the
following criteria:

a. field resistance to S, tritici

b. high yielding

c. good agronomic type

d. proven local adaptatiod

e. good combining ability

Seedling'disease reactions were assessed of these varieties
and the subsequent progenies, following inoculation with 34
different S. tritici isolates, originating froﬁ countries in the
Mediterranean region including Israel, Italy, Spain, Syria,
Tunisia, and Turkey.

Various genetic parameters, including those on mode of
inheritance and number of genes involved in disease expression
were estimated. Close agreement was observed between the data
presented by Eyal et al. (1985) on the variety-isolate disease
matrix and results obtained in this genetic study.of durum wheat

varieties.
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The implications of the analyses regarding breeding and
selection strategies directed toward increasing resistance to S.
tritici in durum wheat, as well as. a complete report of -the

various analyses will be presented in the form of a pending

doctoral thesis.
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INTRODUCTIOR
The first step in formulating any control strategy 1s'to establish'
the life cycie qf the organism, especially the source and timing bf the
primary infection. It is generally assumed that the priméry inoculum 1s
by windblown or trashborne pycnidiospores (4, 5, 6). Because of tne

difficulty, even for the trained eye, 1n detectiny pseudothecia of

Mycosphaerella graminicola (Fuckel) Schroeter on stubble or crop deoris,
there are few recors of this organism in the literature. The importance
of the perfect state as the source of primary inoculum 1s'be1ng greatly
underestimated (6, 7).

The contribution of the perfect state of M. graminicola to the
virulence spectrum of the pathogen in regions where it is operative, has
not been investiyatea. The ineffectiveness of Bezostaya 1 -.Kavkaz_
complex in conferring resistance to septoria tritici blotch in Oregon ws
attripbuted to the presence of correSponding virulence in the pathogen.
The detection of pseudothocia of M. yraminicola on trash of wheat,
together with_pycnidia of the asexual state has drawn attention to the
inter-relations between the two states (asexual and sexual) Operating'

concurrently in the same location.
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- RESULTS AND DISCUSSION

Leaf saniples bearing‘perithecia of Mycosphaerella graminicola were

collected at Hyslop Agrononw‘Farm,‘Oregon'State University, Corvalis,

Uregon, in the spring of 1982, Leaf segments were attached to ﬁhe inside
of upper part of a petri plate containing 1% potato dextrose agar. Asco-
spores were removed 1n order ana transferred to malt agar slants (1). The

marked cultivars were grown in liquid meaium for 5 days and thereafter the

spore suspension was used after equilibration to 1-2 x 107vconidia per
milliliter to inoculate trays containing seedlings of 8 cultivars. The
cultivars used.in-the study were as follows : Aurora x Kalyaneona-
Bluebira/Woodpecker "S" (CM 33203-k-9M-2Y-1M-1Y-1M-UY), Siete Cerros (7C)
Ci 14493, Bobwhite “S", Bezostaya 1 (PI 345685), Fortena (CI 13596),
Colotana (CI 13556), Wampum, 81M UWWMN 2024 (Palmaress/(TF 1u35) Fauereau/
4/Martin/K3/Hohen 77/0ro/2/Capelle/Magdalena) sel.l) and Weibull 7389.

The 1noculated p]ahts were scored for percent necrotic leaf area on a
U-9 scale. The response of the wheat cultivars was determined by using a
cluster analysis where 6 response yroups were arbitrarily established :
very susceptible (VS), susceptible (S), moderate susceptible (MS),
moderate resistant (MR), resistant (R) and very resistant (VR). The
distribution of the means of the 8 (cultivars) x 20 (isolates) is
presented in Table 1. The 20 isolatres inc]udea three check anamorphic
isolates, one from the‘same location (ORG 82076), an isoléte from
Stillwater, Oklahoma (OK 83106} and an isolate from New Zealand (NZ1).
Three ascospore-derived isolates were used in the study: isolate 46 with 6
subcultures; isolate 48 with 3 subcultures, and isolate 53.1 with the full

ascospore-derived subcultures.
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The cutpoint betwen resistant and susceptible host response was
determined by adding the standard deviation of the moderately resistant
response group to its mean. The cutpoint between resistant and
susceptible was thus 1.8351 + 0.2166 = 2.05, |

A cultivar (8) by isolate (20) matrix was formed using resistant (R)
and susceptible ($) calculated values (Table 2). This matrix was analyzed
bythe GENEALOGY computer analysis which estimates the minimum number of
_1nteracting genes assuming a gene-for-yene analysis (2, -3, 8). The gene-
for-ygene analysis identified 6 hypdthetiéal different interacting genes in
the 2u-isolate x g-cultivar matrix. The cultivar 81 MUWWMN 2024 which was
resistant toall 20 isolates of M, graminicola and thus was not possible
to assiyn any specific genes for resistance to it. The hypothetical genes
for resistance assigned to the 7 cultivars are presented in Table 3. The
cultivars Siete Cerros, Bezostaya 1, Fortuna and Colotana pessesseach one
different gene for resistancer. The cultivar Bobwhite "S" passes 3 genes,
with one common‘gene for resistance with Bezostaya 1. The cultivar
Weibull 7389 possesstwqéenes for resistance, one comion with Bobwhite “S".
The hypothesized genes for virulence assiyned to the 20 isolates are
presented 1n.Table 4. The isolate Oregon 82076 was assigned a yene
virulent on Siete Cerros but not on Bezostayal and Bobwhite "$" to which
this isolate was virulent in a previous study ( 2 ). The distribution
of virulence genes according to their ascospore distribution aid not
follow an brganized pattern. The attempt to follow virulence patterns
according to ascospore arranyement can be more readily done according to
reaction types (susceptible or resistant) as presented in Table 1. In
isolate 46 an ascospore arrangenent fitted a2 4 : 2 combination on
Bezostaya 1 assuming that this cultivar possess one gene for resistance.

The same 2 : 4 : 2 combination was found in 1solate 53.1 on this cultivar.
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There was ayreement in virulence arrangement for isolate 53.1 on gene for
virulence VST 3 whiﬁh was identified by the GENEALUGY analysis (Table 4).
Such a combination (2 : 4 : 2) may be indicative'tﬁat the reduction
division occurred in the second division and that a crossing over occurred
in chromosome segment'containfng that responsible for virulence. 'vath1s
assumption is correct, this may led to the conclusion that virulence of
those cultures is based on two un-linked loci in those haploid ascospore-
derived cultures.

The gene virulent on Bezostaya 1 or any gene for virulence are
hypothesized genes and are rather ambiguous markers for>use in genetical

analysis. This was the first attempt done with Mycosphaerella

graminicola to follow distribution of virulence as an outcome of meiosis.
The above suggestion should pe carefully checked on a larger number

of M. yraminicola cultures with more refined genetical markers. The

attempts made in the laboratory to produce the sexual state in vitro were

not successful.



Table 1., Cluster analysis of six cultivar response classes in a

20-isolate ( Mycosphaerella graminicola ) x 8-cultivar matrix.

Number of Necrosis
Response class Evaluations (mean %)
: : + standard deviation

Very susceptible o 8 | 5.56 + 0.49

Susceptible 14 4,00 + 0.42
Moderately susceptiple 18 2.74 + 0.25
Moderately resistant 3% 1.83 + 0.22
Resistant 34 1.13 + 0.20
Very resistant 51 U.34 + 0.24'

The analysis forms clusters of variables which are based on a measure of
association (similarity) between the variables, or of distance

(difference) between theri.
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Table 2. The distribution of susceptible host response in the 20 isolate

( tlycosphaerella gyraminicola ) x 8-cultivar matrix.

Cultivar Siete Bobwhite Bezostaya Fortuna Colotana Wampum 81 M Weibull -

Isolate Cerros "$" 1 2024 7389
Uregon _ : |
82076 + + + +
Ok 1ahoma |
83100 + + + +
H.Z. 1 + + + + + +
46A ot + ' + | + | + + | +
463 ' ' + + +
46C |
46t
46F
464 ‘ + + + + + + +
48A 4 | + , + +
488
48H
53.1A + + + +
53.1 + v + + +
53.1C
53.1b + +
53.1E ' ' +
53.1F + +
53.1G + ' + +
53.1H + + + +

+ = denotes a susceptible host response



Table 3. Hypothetical resistance yenes assigned to the 7 cultivars from a

gene-for-gene analysis using the GENEALOGY computer analysis on

2U-isolatres x 8 cultivar interacting matrix.

Genes for resistance Hypothetical

Cultivar ' : number of

1 2 3 4 > genes
Siete Cerros +4 1
Bobwhite "S" + + 3
pezostaya 1 ' + 1
Fortuna : + 1
Colotana + 1
wampum 0
81 M 2U24 - * * * * -

Weibull 7389

* presistant to all isolates

a Presence of resistance genes based on P, Kampmeijer's DIFFER and

GENEALOGY ( 3 ) analysis of incomplete Person scheme of a variety x

1solate reaction matrix.
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Table 4. Hypothesized virulence genes derived from analysis of reaction
matrix in 20 Mycosphaerella graminicola isolates tested on 3
cultivars - ‘ .

Mycosphaerella ' Hypothesizéd virulence genes
graminicola ' -

Jsolate VT V2 V3 Vi V5 V6

uregon 82076 +
uklanoma 83100 ‘ + ¢ +

N.Z.i + 4 + + +

46A ., : + + + + | + +
468 ' + +

46C

46k

46F

466 - - +

48A oy . '

488

53.10 - "
53.1E

53.1F +

53.16 + +

53.1H + + +

a - Presence of virulence genes based on P. Kampmeijer (3 ) analysis of

incomplete Person scheme of a cultivar by isolate reaction matrix,
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4. o DESCRIPTION UF CO-OPERATION

qghmplasm screened and evaluated for séptoria tritici;blotch in the
u. Sf:dnd Isrel was incorporated in both countries breeding for resistance
| programs. Segregating populations and lines where shuttied to both
countries for further evaluation and screening. The most promising lines
were maue available to breeders both in Israel and the U. S.
| Resistant germplasm both of bread and durum wheats, was screened to a

wide spectrum of virulences of Mycosphaerella graminicola at Montana

State University, utilizing techniques developed by the co—operatihg
investigyators. Exchange of material and information was performed during
visits in the co-operating Institutions by the co-operating scientists.

Evaluation of yield components under septoria tritic blotch and
chemical desiccation.(magnesium chlorate) was conducted by the Israeli

“team. In addition, infrared thermometry sensing was evaluated in yield
trials conducted by the Israeli investigators.

Resistant germplasm anda lines posséssing combined frontal resistance
and tolerance were made available to the Volcani breeding program and are
peiny evaluated for yield and quality in the ARV breedihg progyram,

Assessmen of virulence patterns of the sexual state was carried out
by the Montana team with the aid of Lr. Sanderson, who is noted for his

scientific contribution to the subject.



5. BENEFIT TO AGRICULTURE

Germplasm resistant to a wide spectrum of virulences of '
Mycosphaerella graminicola was identified and incorporated into national
breeding programs in the two countries.

Methods were developed to identify ana assess wheat cultivars capable
of enduring both biotic and abiotic stresses. The understanding of the
ability of wheat cultivars to tolerate stresses will enavle its better
utilization. |

A breeding schehe for the incorporation of resistance and tolerance
in high yielding wheats was proposed and experimentally evaluated. This
novel approach will enable wheat breeders to continue to select for
frontal resistance and assess its incorporated endurance for septoria
tritici blotch and abiotic stress, using septoria epidemics and chemical
desiccation as stress agents.

The understanding of the parameters involved jn the endurance of
tolerant cultivars under disease and abiotic stresses contributed to its
potential use in breeding programs and in wheat production in the future.

Infrared thermometry sensing may'offer a rapid technique to assess
tne relative resistance of wheat cultivars under septoria tritici plotch
epidemics. Residual yreen leaf area of resistant and susceptible
cultivars may explain their ability to maintain hiyh yields under disease
stress. Selection of wheat cultiVars which do not exhibit rapid depletion

in green leaf area offer an advantage in protecting yie]d.‘

The isolation of biocontrol agents antagonistic to Mycosphaerella
v . .
graminicola and capable of reduciny the level of symptows offers an
opportunity of future use of biological control of this pathogen and

possibly of other foliar pathogens.
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The understanding of the virulence spectrum of the pathogen énd the
‘conﬁribution of the sexual state to the virulence recombination of M.
graminicola as pursued for the first time in this project. The
implications on breeding for resistance to septoria tritici blotch are far

reaching.
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