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ABSTRACT
Lamari, L., and Bernier, C. C. 1991. Genetics of tan necrosis and extensive chlorosis in tan spot of wheat caused by Pyrenophora tritici-repentis.

Phytopathology 81:1092-1095.

Pyrenophora tritici-repentis (Ptr) induces tan necrosis and/ or chlorosis,
including extensive chlorosis in differential wheat cultivars. Reciprocal
crosses were made in all combinations between the hexaploid wheats
Glenlea (necrotic only), 6B365 (chlorotic only), and Salamouni (non-
necrotic, nonchlorotic). F, F,, and F; progenies were sequentially tested
for extensive chlorosis by using isolate D308 (nec chl™) and for tan necrosis
with isolate 86-124 (nec’chl”) and/or the Ptr necrosis toxin. Reciprocal

effects were not observed throughout the study. Resistance to tan necrosis
and insensitivity to the Ptr necrosis toxin were recessive. Resistance to
extensive chlorosis was dominant and incompletely dominant in crosses
of line 6B365 with Glenlea and Salamouni, respectively. The F, and F;
segregation ratios were consistent with the action of two independent
genes, one controlling the development of tan necrosis, the second
controlling the development of extensive chlorosis.

Additional keywords: Drechslera, Helminthosporium, host-pathogen interactions, inheritance.

Tan spot, caused by the ascomycete Pyrenophora tritici-repentis
(Died.) Drechs. (anamorph Drechslera tritici-repentis (Died.)
Shoemaker) is an important leaf disease of wheat (Triticum
aestivum L.) worldwide. P. tritici-repentis has been reported to
infect many gramineous species (8,9,12,13,20) and has the widest
host range of any Pyrenophora species (24).

Resistance of wheat to tan spot has been previously reported
(2,3,10,21-23). Lamari and Bernier (14) characterized wheat
reaction to the fungus by using lesion types. Susceptibility con-
sisted of small dark brown spots with tan necrosis and/or
chlorosis, often extending to cover the entire leaf. Resistance was
characterized by the absence, or the presence of slight amounts,
of necrosis and/or chlorosis. Tan necrosis and chlorosis, which
may be extensive, were found to be distinct components of the
tan spot syndrome. Necrotic lesions were well defined and
consisted of tan colored, collapsed tissue, whereas chlorotic lesions
exhibited a gradual yellow discoloration, initially without collapse,
of large areas of the leaf (14). Nitrogen fertilization reduced tan
spot severity (11).

Isolates of P. tritici-repentis differ in virulence (3,6). Krupinsky
(13) tested 27 isolates of P. tritici-repentis from smooth bromegrass
on wheat and smooth bromegrass and found that these isolates
varied in their ability to cause disease in wheat, as measured
by lesion size and percentage of leaf area infected. Lamari and
Bernier (15) identified three pathotypes in P. tritici-repentis based
on the ability of isolates to induce, on appropriate differential
cultivars, tan necrosis and extensive chlorosis (nec'chl™), tan
necrosis only (nec’chl”), and extensive chlorosis only (nec chl").
A fourth pathotype (nec™chl”) was later identified (L. Lamari,
unpublished data).

P. tritici-repentis releases a host-selective toxin in culture
(16,26), designated as the Ptr necrosis toxin (1). The toxin was
produced by (nec") isolates only and found to be associated with
the induction of tan necrosis in the host (16). It was subsequently
purified and shown to be a protein of low molecular weight (1,27).
Susceptibility of necrotic wheat genotypes to nec' isolates and
sensitivity to the Ptr necrosis toxin were found to be controlled
by the same dominant gene (16). Lines developing extensive
chlorosis only were found to be insensitive to the Ptr necrosis

© 1991 The American Phytopathological Society

1092 PHYTOPATHOLOGY

toxin and resistant to (nec*chl”) isolates.

Resistance of wheat to P. tritici-repentis was reported to be
quantitatively (4,21) and qualitatively inherited (16,18,25). Rees
(23) found that resistance to tan spot was recessive and complex,
involving at least four genes. Most of the above studies (4,18,21,25)
were carried out before the recognition of tan necrosis and
extensive chlorosis as two distinct symptoms in tan spot (14)
and before the identification of pathotypes differing in virulence
patterns (15). Lamari et al (17) reported the existence of wheat
lines and cultivars capable of developing tan necrosis to nec*
isolates and extensive chlorosis to chl” isolates, and suggested
that the two symptoms were genetically distinct.

The objectives of this study were to determine the mode of
inheritance of the extensive chlorosis response and its relationship
to the tan necrosis response to further our understanding of the
genetics of resistance to tan spot.

MATERIALS AND METHODS

Inoculation. Inoculum was produced on V8-PDA (150 ml of
V8-juice, 10 g of Difco potato-dextrose agar [PDA], 3 g of CaCO,,
10 g of Bacto agar, 850 ml of distilled water) as described pre-
viously (14). Cultures were incubated in the dark at 20 C until
the colonies reached about 4-5 cm in diameter. They were then
flooded with sterile distilled water, the mycelium was flattened
with a flamed test tube bottom, and the excess water was decanted.
The cultures were incubated for 18-24 h at room temperature
(20-24 C) under light (about 90 pE'm >s") provided by three
cool white fluorescent tubes, followed by 18-24 h in the dark
at 15 C. Spores were suspended in distilled water by using a
wire loop and inoculum concentration was measured with a cell
counter (Hausser Scientific, Blue Bell, PA) and adjusted to
3,500-4,000 conidia per milliliter with distilled water. Ten drops
per liter of Tween 20 (polyoxyethylene sorbitan monolaurate)
were added to the spore suspension to reduce surface tension.
Seedlings at the two-leaf stage were sprayed with the spore
suspension until runoff, with a DeVilbis-type sprayer connected
to an air outlet and operated at 69 kP (10 Ib/in®. The seedlings
were incubated for 24 h under continuous leaf wetness, at 22
C, and a 16-h photoperiod. Leaf wetness was provided by two
computer-controlled ultrasonic humidifiers filled with distilled
water (14). The plants were then transferred to a growth room



bench and kept at 22/18 C (day/night) and a 16-h photoperiod
(about 180 pEm2s™") for 8 days at which time they were rated
for the presence (+) or absence (—) of tan necrosis or extensive
chlorosis. Seedlings were also infiltrated with about 100 ul of
a 1:50 dilution of cell-free culture filtrates from isolate 86-124
(nect chl™), known to contain the Ptr necrosis toxin. Culture
filtrates were produced and processed as described previously
(1,16) and were infiltrated into wheat leaves by using a Hagborg
device (7). Sensitivity to the toxin was recorded 48 h after
infiltration as “+” or “—", respectively, for the presence or absence
of symptoms.

Crosses of host lines. Line 6B365 (University of Manitoba
accession 6B365) (susceptible to extensive chlorosis only) was
reciprocally crossed to Salamouni (University of Manitoba
accession 6B359) (resistant to necrosis and chlorosis) and cultivar
Glenlea (pedigree [Pembina® X Bage] X CB100 [5]) (necrotic with
little, restricted chlorosis), previously characterized for their reac-
tions to P. tritici-repentis (15). Seeds from the F, and F, genera-
tions and parental lines were planted in 13-cm-diameter pots
containing a 2:1:1 soil mix (soil/sand/peat) at the rate of six
to eight seeds per pot. F; and F, progenies from all crosses were
sequentially inoculated, at 10-day intervals, with isolate D308
(nec” chl®) to test for the presence of extensive chlorosis and
with 86-124 (nec* chl") for tan necrosis. Infected leaves from
the first inoculation were discarded before the second inoculation,
and only the two youngest leaves were used. Preliminary tests
with sequential inoculation did not reveal changes of reactions
nor isolate contamination (L. Lamari, unpublished data).
Seedlings were rated with lesion types of 1-5, as described
previously (14). Seedlings with lesion types 1-2 were considered
to be resistant (—), whereas those with scores of 3-5 were classified
as susceptible to a given trait (+). For analysis, the seedlings
were assigned the following binomials (+,—), (+,+), (—,—), and
(—,1) to indicate the presence (+) or absence (—) of necrosis
and chlorosis, respectively. Twenty-five to 30 seedlings of each
of 123 F; families from the cross between Glenlea and 6B365
were tested with chlorosis isolate D308 for extensive chlorosis

and with the Ptr necrosis toxin for necrosis reaction. They were
rated for each symptom as resistant, segregating, or susceptible.

RESULTS

The reactions of the three parental lines were as described
previously (14-16) and are shown in Table 1. Salamouni was
resistant to both isolates (—,—), and developed only small brown
to black spots. Line 6B365 was resistant to isolate 86-124, but
developed extensive chlorosis (—,+) to isolate D308. Glenlea
developed tan necrosis to 86-124, and typically small brown spots
surrounded by a thin ring of chlorosis to isolate D308 (+,—).
Only Glenlea was sensitive to the Ptr necrosis toxin. Reciprocal
effects were not observed throughout this study.

6B365 X Glenlea. All the F, seedlings from the reciprocal cross
6B365 X Glenlea developed symptoms similar to those of Glenlea,
when tested to isolates 86-124, D308, and the Ptr necrosis toxin
(Table 1). All seedlings developed tan necrosis to 86-124, but
were resistant to extensive chlorosis when tested to D308, indi-
cating that resistance to necrosis was recessive but that resistance
to extensive chlorosis was dominant. Seedlings from the F,
populations segregated for necrosis in a 1:3 (resistant/susceptible)
ratio and in a 3:1 ratio for extensive chlorosis (Table 2), indicating
control by a single gene for each of the two symptoms. Seedlings
that developed tan necrosis were sensitive to the Ptr necrosis
toxin. When reactions for necrosis and extensive chlorosis were
combined for analysis, the F, populations segregated in a
9(+,—):3(+,1):3(—,—):1(—,+) ratio (Table 3), which is consistent
with the action of two independent loci, where resistance to
necrosis is recessive, and resistance to extensive chlorosis is
dominant. The segregation ratio of the F; populations fit a ratio
of 1:8:7 (homozygous resistant to both necrosis and chlorosis,
segregating for either or both traits, homozygous susceptible to
either or both traits), indicating the involvement of two
independent genes (Table 4), with necrosis being dominant and
extensive chlorosis recessive.

Salamouni X Glenlea. All the F, seedlings derived from this

TABLE 1. Reactions of Glenlea, Salamouni, and 6B365 and their F; and F, progenies to the necrosis isolate of Pyrenophora tritici-repentis and

the Ptr necrosis toxin

Toxin® 86-124 (nec*chl™)® D308 (nec chl*)®
Lines/crosses Generation" = + 1 2 3 4 5 1 2 3 4 5
Glenlea P 0 177 0 0 0 75 102 23 154 0 0 0
6B365 P 212 0 120 92 0 0 0 0 0 0 21 185
Salamouni P 133 0 80 53 0 0 0 130 3 0 0 0
Glenlea X 6B365 F, 0 9 0 0 0 2 7 6 3 0 0 0
6B365 X Glenlea F, 0 11 0 0 0 0 11 5 6 0 0 0
Glenlea X 6B365 F, 53 183 6 47 15 86 82 18 160 1 43 14
6B365 X Glenlea F, 43 156 10 33 20 52 84 21 124 0 24 30
Salamouni X Glenlea F, 0 10 0 0 0 0 10 7 3 0 0 0
Salamouni X Glenlea F, 73 200 23 50 24 71 105 185 88 0 0 0
6B365 X Salamouni F, 12 0 10 2 0 0 0 0 0 12 0 0
6B365 X Salamouni F, 191 0 125 66 0 0 0 21 29 95 7 39
Salamouni X 6B365 F, 222 0 198 24 0 0 0 32 23 99 25 43

*P = parental.
®Ptr necrosis toxin (+, sensitive; —, insensitive).

“Lesion types of 1-5 in which 1-2 represent resistance and 3-5 susceptibility.

TABLE 2. Segregation of F, populations from crosses between Glenlea, 6B365, and Salamouni for tan necrosis and extensive chlorosis induced

by Pyrenophora tritici-repentis

Ratios®
Tan necrosis Extensive chlorosis
Cross Observed Expected Probability” Observed Expected Probability”
Glenlea X 6B365 53:183 1:3 050> P>0.25 178:58 31 0.90 > P>0.75
6B365 X Glenlea 43:156 1:3 050> P>0.25 145:54 31 075> P> 0.50
Salamouni X Glenlea 73:200 1:3 0.75> P> 0.50 200:0 1:0

“Resistant/susceptible.
YA fit to the expected ratio is accepted if P> 0.05 (chi-square test).
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cross were resistant to extensive chlorosis but susceptible to
necrosis and sensitive to the Ptr necrosis toxin (Table 1). The
F, seedlings were all resistant to extensive chlorosis and segregated
for necrosis in a 1:3 (resistant/susceptible) ratio (Table 2), indica-
tive of a single gene controlling the expression of necrosis. All
seedlings susceptible to necrosis were also sensitive to the Ptr
necrosis toxin.

6B365 X Salamouni. All F plants developed a faint chlorosis
over large portions of the leaf, but were resistant to tan necrosis
and insensitive to the Ptr necrosis toxin (Table 1). The F, progenies
were all resistant to tan necrosis (and insensitive to the Ptr necrosis
toxin), but segregated for extensive chlorosis in a ratio of 1:2:1
(resistant/intermediate/susceptible) (Table 5). The F; populations
segregated as nine resistant/ 16 segregating/six susceptible, and
fit a 1:2:1 ratio, indicative of the action of a single gene locus.

DISCUSSION

The F,, F,, and F; data from crosses between resistant, necrotic
only, and chlorotic only lines indicated that the development of
necrosis and extensive chlorosis in wheat was controlled by two
independent loci, each associated with a single symptom. The
results of this study support previous findings about the qualitative
inheritance of wheat reaction to tan spot (16,18,25). The mono-
genic and recessive nature of resistance to tan necrosis and
insensitivity to the Ptr necrosis toxin confirms the results of a
previous study (16), suggesting that the Ptr necrosis toxin (1)
could be used as a surrogate for necrosis-inducing isolates of
P. tritici-repentis to screen large host populations.

The inheritance of reaction to extensive chlorosis has not been
previously reported. The expression of this symptom in the
heterozygous condition appears to vary with the parental lines
used, and can be recessive or incompletely dominant. The inter-
mediate chlorotic reaction observed in 6B365 X Salamouni, but
not in 6B365 X Glenlea, suggests the possibility of minor gene(s)
action. Additional studies with more parental lines and larger
F, and F, populations are required to resolve this question. This
condition, in addition to the presence of tan necrosis in some
crosses, may add complexity to observed genetic ratios and be
suggestive of quantitative inheritance. The separation of tan
necrosis and extensive chlorosis for genetic studies, as done in
this study, helps avoid such complications but requires the use
of isolates from appropriate pathotypes. The use of (nec*chl™)
isolates would be useful for breeding purposes, but may not be

TABLE 3. F, combined segregation ratios for necrosis and extensive
chlorosis induced by Pyrenophora tritici-repentis

Ratios"
Cross Observed Expected Probability”
6B365 X Glenlea 139:39:44:14 9:3:3:1 090> P> 0.80
Glenlea X 6B365 118:27:38:16 9:3:3:1 025> P>0.10

“Phenotypes are: (necrosis, no extensive chlorosis), (no necrosis, no
extensive chlorosis), (necrosis, extensive chlorosis), (no necrosis, extensive
chlorosis).

A fit to the expected ratio is accepted if P > 0.05 (chi-square test).

reliable in differentiating between (+,+) and (—,+) reactions.

The epistatic effect of the incompatible interaction observed
in systems that follow the gene-for-gene model (19) was not present
in the wheat-P. tritici-repentis system. In gene-for-gene systems,
resistance may be conferred by a single incompatible interaction
between a gene for resistance in the host and a gene for avirulence
in the pathogen, regardless of the number of compatible interac-
tions present in the system. In tan spot of wheat, however, an
incompatible interaction for a symptom (necrosis or chlorosis)
does not override a compatible interaction at the second locus.
This is supported by the identification, in the Glenlea X 6B365
F, populations, of seedlings with both necrosis and extensive
chlorosis (+,+) and also by the recent identification of two wheat
lines capable of developing tan necrosis to nec’ isolates and ex-
tensive chlorosis to chl" isolates (17). It would appear from the
present results that wheat cultivars must carry at least one gene
for resistance to necrosis and a second gene for resistance to
chlorosis to ensure the expression of “full” resistance. The
existence of two nonallelic and independent genes determining
the reaction to tan spot is demonstrated for the first time. It
appears from the present findings that P. tritici-repentis is a highly
specialized pathogen, possessing genes that are matched by specific
genes in the host. The necrotic subsystem was previously shown
to involve the Ptr necrosis toxin (1,16) and follows the interaction
for susceptibility model, where specificity in the host-parasite
system is based on compatibility (susceptibility), as opposed to
incompatibility (resistance) in gene-for-gene systems (19). The
present results suggest that the chlorosis subsystem follows the
same model because susceptibility (compatibility) is the basis for
specificity. However, the involvement of a toxin capable of differ-
entially inducing extensive chlorosis in known chlorotic wheat
genotypes has not been conclusively demonstrated.

The presence of two independent subsystems in tan spot of
wheat may have confounded some early genetic studies. Lee and
Gough (18) reported that in crosses between susceptible and
resistant wheat genotypes, 30 out of 97 clearly segregating F,
populations followed a 3:1 ratio (resistant/susceptible) and 67
populations segregated in a 1:3 ratio. The authors concluded that
resistance was recessive based on the observation that two thirds
of the populations segregated in a 1:3 ratio. Their observation
could be partly explained on the basis of the results of this study,
because 25% of the total F; segregating populations (assuming
(+,7),(—1) and (+,+) = susceptible reaction) will, theoretically,
segregate for chlorosis in a ratio of 3:1 (resistant/susceptible)
and 75% will follow ratios of 1:3 and 3:13. Sykes and Bernier
(25) reported a genetic study in which they used an isolate of
type (nec*chl™), capable of inducing both necrosis and chlorosis,
to test F, seedlings from hexaploid crosses and found a 3:13
ratio (resistant/susceptible), indicative of the involvement of two
genes. Their ratio is consistent with the necrosis/chlorosis model
and can be generated from Table 3 by pooling all classes that
develop necrosis and/or chlorosis, yielding the following ratio:
3(—,7):9(+,—) + 3(+,+) + 1(—,1) (i.e., 3 resistant/ 13 susceptible).
The 3:13 ratio in the study of Sykes and Bernier (25) was likely
due to the fact that the susceptible parent Columbus developed
both necrosis and chlorosis (15).

In addition to the qualitative inheritance of wheat reaction

TABLE 4. Segregation of F; populations derived from a cross between necrotic (Glenlea) and chlorotic (6B365) wheat genotypes

Segregation ratios Probability®
F, genotypes" NNCC:NNCec:NNce:NnCC:NnCe:Nnce:nnCC:nnCe:nnce
Expected F, l: 2: 1: 2y 4 2u 1: 2:1
Observed F; 4: 17: 10: 13: 26: 25: 5: 14:9
Expected Fy° IR:8Seg:78
Observed F, 5 :53 :65 0.50> P>0.10

*NN, Nn = necrotic; nn = resistant to necrosis; CC, Cc = resistant to extensive chlorosis; cc = susceptible to extensive chlorosis. Necrosis is
dominant (N) over resistance to necrosis (n); resistance to extensive chlorosis (C) is dominant over susceptibility (c).

"A fit to the expected ratio is accepted if P> 0.05 (chi-square test).

“Categories are grouped as homozygous resistant (R = nnCC), segregating for either or both traits (Seg= NnCc + nnCc + NnCC), and homozygous
susceptible to either or both traits (S= NNCC -+ NNCc + NNcc + Nncc + nncc).
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TABLE 5. Sc§regation of F, for extensive chlorosis caused by isolate
D308 (nec chl™) of Pyrenophora tritici-repentis

Ratio®
Observed  Expected Probability®
6B365 X Salamouni F; 50:95:46 1:2:1 095> P=>0.90
Salamouni X 6B365 F; 55:99:68 1:2:1 025> P>0.13

*Resistant (no chlorosis, no necrosis) intermediate/susceptible (extensive
chlorosis).
A fit to the expected ratio is accepted if P > 0.05 (chi-square test).

to tan spot, this study has shown that it is possible to identify
resistant wheat genotypes from crosses between two susceptible
lines, provided that one line is susceptible to necrosis only and
the second to chlorosis only. This would allow for the development
of resistant cultivars from crosses between some susceptible
parental lines. The need to screen large numbers of accessions
for high levels of resistance would be reduced.

LITERATURE CITED

1. Ballance G. M., Lamari, L., and Bernier C. C. 1989. Purification
and characterization of a host-selective toxin from Pyrenophora tritici-
repentis. Physiol. Mol. Plant Pathol. 35:203-213.

2. Cox, D. J., and Hosford, R. M., Jr. 1987. Resistant winter wheats
compared at differing growth stages and leaf positions for tan spot
severity. Plant Dis. 71: 883-886.

3. da Luz, W. C., and Hosford, R. M., Jr. 1980. Twelve Pyrenophora
trichostoma races for virulence to wheat in the Central Plains of
North America. Phytopathology 70: 1193-1196.

4. Elias, E., Cantrell, R. G., and Hosford, R. M. Jr., 1989. Heritability
of resistance to tan spot in durum wheat and its association with
other agronomic traits. Crop Sci. 29:299-304.

5. Evans L. E., Shebeski, R. C., Briggs K. G., and Zuzens, D. 1972.
Glenlea red spring wheat. Can. J. Plant Sci. 52:1081-1082.

6. Gilchrist, S. L., Fuentes, S. F., and de la Isla de Bauer, M. de L.
1984. Determinacion de fuentes de resistencia contra Helmintho-
sporium (ritici-repentis bajo conditiones de campo e invernadero.
Agrociencia 56:95-105.

7. Hagborg, W. A. F. 1970. A device for injecting solutions and
suspensions into thin leaves of plants. Can. J. Bot. 48:1135-1136.

8. Hosford, R. M., Jr. 1971. A form of Pyrenophora trichostoma
pathogenic to wheat and other grasses. Phytopathology 61:28-32.

9. Hosford, R. M., Jr. 1982. Tan spot. Pages 1-24 in: Tan Spot of
Wheat and Related Diseases. R. M. Hosford, Jr., ed. North Dakota
State University, Fargo.

10. Hosford, R. M., Jr., Jordahl, J. G., and Hammond, J. J. 1990. Effect

20.

21.

22,

23,

26.

27.

of wheat genotype, leaf position, growth stage, fungal isolate, and
wet period on tan spot lesions. Plant Dis. 74:385-390.

. Huber, D. M., Lee, T. S., Ross, M. A., and Abney, T. S. 1987.

Amelioration of tan spot-infected wheat with nitrogen. Plant Dis.
71:49-50.

. Krupinsky, J. M. 1982. Observations on the host range of isolates

of Pyrenophora trichostoma. Can. J. Plant Pathol. 4:42-46.

. Krupinsky, J. M. 1987. Pathogenicity on wheat of Pyrenophora tritici-

repentis isolated from Bromus inermis. Phytopathology 77:760-765.

. Lamari, L., and Bernier, C. C, 1989, Evaluation of wheat for reaction

to tan spot (Pyrenophora tritici-repentis) based on lesion type. Can.
J. Plant Pathol. 11:49-56.

. Lamari, L., and Bernier, C. C. 1989. Virulence of isolates of

Pyrenophora tritici-repentis on 11 wheat cultivars and cytology of
the differential host reactions. Can. J. Plant Pathol. 11:284-290.

. Lamari, L., and Bernier, C. C. 1989, Toxin of Pyrenophora tritici-

repentis: Host specificity, significance in disease, and inheritance of
host reaction. Phytopathology 79:740-744.

. Lamari, L., Bernier, C. C., and Smith, R. B. 1991. Wheat genotypes

developing both tan necrosis and extensive chlorosis in response to
isolates of Pyrenophora tritici-repentis. Plant Dis. 75:121-122

. Lee, T. S., and Gough, F. J. 1984, Inheritance of Septoria leaf blotch

(S. tritici) and Pyrenophora tan spot (P. tritici-repentis) resistance
in Triticum aestivum cv. Carifen 12. Plant Dis. 68:848-851.

. Loegering, W. Q. 1978. Current concept in interorganismal genetics.

Annu. Rev. Phytopathol. 16:309-3.

Morrall, R. A. A., and Howard, R. G. 1975. The epidemiology of
leaf spot disease in a native prairie. [I. Airborne spore populations
of Pyrenophora tritici-repentis. Can, J. Bot. 53:2345-2353.

Nagle, B. J., Frohberg, R. C., and Hosford, R. M., Jr. 1982. Inher-
itance of resistance to tan spot of wheat. Pages 40-45 in: Tan Spot
of Wheat and Related Diseases Workshop. R. M. Hosford, Jr., ed.
North Dakota State University, Fargo.

Raymond, P. J., Bockus W. W., and Norman, B. L. 1985. Tan spot
of winter wheat: Procedures to determine host response. Phyto-
pathology 75:686-690.

Rees, R. G. 1987. Breeding for yellow spot resistance. Pages 52-61
in: Breeding for Cereal Resistance. D. R. de Kantzow and N. Derera,
eds. Austral. Inst. Agric. Sci., NSW. Publ. 34.

. Shoemaker, R. A. 1962. Drechslera Ito. Can. J. Bot. 40:809-836.
. Sykes, E. E., and Bernier, C. C. Qualitative inheritance of tan spot

resistance in hexaploid, tetraploid and diploid wheat. Can. J. Plant
Pathol. In press.

Tomés, A., and Bockus, W. W. 1987. Cultivar-specific toxicity of
culture filtrate of Pyrenophora tritici-repentis. Phytopathology
77:1337-1366.

Tomés, A., Feng, G. H., Reeck, G. R., Bocks, W. W., and Leach,
J. E. 1990. Purification of a cultivar-specific toxin from Pyrenophora
tritici-repentis, causal agent of tan spot of wheat. Mol. Plant-Microbe
Interact. 3:221-224,

Vol. 81, No. 10, 1991 1095



