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ABSTRACT

Singleton, L. L., Moore, M. B., Wilcoxson, R. D., and Kernkamp, M. F. 1982. Evaluation of oat crown rust disease parameters and yield in moderately

resistant cultivars. Phytopathology 72:538-540,

Twelve oat cultivars that differed in susceptibility to crown rust caused by
Puccinia coronata {. sp. avenae were evaluated during severe, moderate,
and light epidemics in 1971 and 1972 at St. Paul and Rosemount, MN. A
multiline (ML) cultivar and cultivars with the following crown rust
reactions were evaluated: S = susceptible, M = moderate, ET = early telia,
SR =slow ruster,and HR = highly resistant. The differences in both disease
and yield parameters between the moderately resistant types (M, ML, ET,
and SR) and the R and S cultivars were more distinct with increased

Additional key words: Avena sativa, race diversity, nonspecific resistance.

epidemic severity. Correlations between disease severity and the ratios of
yield or kernel weight in rusted and nonrusted subplots were negative and
highly significant. Thus, crown rust reduced yields in direct proportion to
disease severity; however, the yields of some moderately resistant types
(66B1269, Minhafer, lowa M70, and Portage) equaled or exceeded the yield
of the HR types under severe epidemic conditions, even though rust
development on them was greater.

Historically, race-specific resistance has been utilized to control
crown rust of oats (Avena sativa L.) caused by Puccinia coronata
Cde. . sp. avenae Fr. & Led. (1,2,10), but this type of resistance too
frequently has been overcome by new races of the pathogen. As a
result, research efforts have been directed toward identifying more
stable moderate resistance (2,3,5,9,11). To be useful, this resistance
must provide an acceptable degree of protection against rust even if
not equivalent to that provided by race specific resistance. Such a
degree of protection has been suggested by work with wheat
(13,16), and oats (4).

In the present study, we evaluated the resistance of oat cultivars
to crown rust and measured the effects of those resistances on
yields.

MATERIALS AND METHODS

In 1971 and 1972, 12 oat cultivars (Table 1) were planted at St.
Paul and Rosemount, MN, in a randomized complete block with a
split-plot arrangement of treatments replicated four times.
Cultivars were assigned to whole-plots that were isolated with
2.4-m-wide drill strips of a wheat-barley mixture (3:1, v/v). Each
whole-plot was subdivided into two subplots (each 1.8 X 1.8 m)
separated by a single row of the wheat-barley mixture. Each
subplot included 13 rows (15-cm row spacing) and was seeded at
72-90 kg/ ha.
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Forinoculations with P. coronataf. sp. avenae, a spreader hill of
the cultivar Coachman (15 seeds per hill) was planted in the center
of each subplot. Treatments with and without rust were assigned
randomly to each of the subplot pairs. Each subplot without rust
was sprayed with maneb (4.5 kg/ha) at 7- to 10-day intervals
beginning at the time of inoculation. Rusted subplots were treated
as follows: the Coachman spreader hill was inoculated before full
boot growth stage with an oil/ spore mixture (0.10-0.15 ml per hill)
of acciospores or urediospores of P. coronata f. sp. avenae. After
8-10 days, plants in the inoculated spreader hills were thinned to
leave 50150 pustules per hill.

Rust severity (percentage of the flag leaf area infected) was
recorded periodically. Areas under the disease progress curve
(AUDPC) were calculated for each cultivar to quantify rust
severity differences over time. To calculate AUDPC, the rust
severity data were plotted (Y-axis) versus days after planting (X-
axis), by replication for each cultivar. The areas of graph paper
included between each curve and its X-axis were cut out and
weighed to the nearest 0.01 g. Individual curve weights were divided
by the weight of a unit area of paper to obtain replicated AUDPC
values for each cultivar.

The effect of crown rust on the yield of each cultivar was
indicated by the yield ratio; ie, the yield of rusted subplot divided by
the yield of nonrusted subplot. Yield determinations were based on
the threshed grams of grain per plot and 250-kernel weights
(nearest 0.01 g). Standard analysis of variance procedures were
followed for analyzing all the data (14).

The twelve cultivars (Table 1) were selected for study because
they represented a broad range in resistance to crown rust. With the
exception of the multiline (lowa M70; Reg. No. 247), the cultivars
have been stable in reaction to crown rust when tested under



conditions of race diversity in a buckthorn (Rhamnus cathartica
L.) nursery over a period of years (M. B. Moore, unpublished).
Tippecanoe (CI 6913) and Coachman (CI 7684) were included as
susceptible (S) cultivars along with 680bs8038 (CI 8369) and ClI
8235 as highly resistant (HR) cultivars. Cultivar 66B1285
(MN65B1301) was characterized as an early telia (ET) type on
which urediospore fructification was rapidly followed by teliospore
production. Cultivar 66B1269 (MN65B1286) was slow rusting (SR)
(ie, had a slower rate of rust increase than susceptible cultivars).

Kota, Kelsey, Ajax, Minhafer, and Portage (CI1 8178, 8171, 4147,
7680, and 7170, respectively) were classed as moderately resistant
(M).

RESULTS AND DISCUSSION

The mean values for severity of crown rust on flag leaves and
AUDPC for all cultivars were 31, 14, and 9% and 1.84, 1.31, and
0.84 in the severe (1971, St. Paul), moderate (1972, St. Paul) and
light (1972, Rosemount) rust epidemics, respectively (Table 1). The

TABLE 1. The mean severity of crown rust ( Puccinia coronata f. sp. avenae) on the flag leaves and areas under the disease progress curve (AUDPC) for
12 oat cultivars in years when the disease was severe (1971, St. Paul), moderate (1972, St. Paul) and light (1972, Rosemount)

Severity of rust (%) in

AUDPC in epidemics

Maturity Crown 4 ; .
x epidemics that were that were
classes” and rust
cultivars reaction’ Severe Moderate Light Severe Moderate Light
Early
Tippecanoe S 85 57 22 4,55 5.20 1.71
Minhafer M 15 5 3 0.92 0.64 0.91
lowa M70 ML 8 6 0.38 1.19
Midseason
Coachman S 85 50 24 5.55 4.10 2.20
Kota M 40 4 18 2.30 0.70 1.73
Kelsey M 30 18 21 1.81 1.43 1.46
Ajax M 27 5 2 1.80 0.34 0.64
Portage M 5 1 2 0.27 0.19 0.29
Late
66B1285 ET 43 15 2 3.24 1.33 0.20
66B1269 SR 20 3 0-1 1.09 0.45 0.02
ClI 8235 HR 5 0-1 0-tr 0.11 0.11 0.02
680bs8038 HR 5 tr 0-tr 0.04 0.09 0.02
Mean 31 14 9 1.84 1.31 0.84

*Maturity classes are based on the relative heading date differences between the cultivars.
'S = susceptible, M = moderate, ML = multiline, ET = early telia, SR = slow ruster, and HR = highly resistant.

“Mean percentage of flag leaf area infected for four replications.

TABLE2. Mean yield and kernel weight ratios" for 12 oat cultivars that differed in susceptibility to Puccinia coronataf. sp. avenae in years when crown rust
was severe (1971, St. Paul), moderate (1972, St. Paul) and light (1972, Rosemount) in Minnesota

Maturi
claas?;:"t:nd Crwi vt Yield ratios in epidemics that were: Kernel weight ratios in epidemics that were:
cultivars reaction” Severe Moderate Light Severe Moderate Light
Early

Tippecanoe S 0.54 ab* **¥ 0.98 ab" 0.84a" *¥ 0.65ab*  **'  (.88abc® **' 090abc* **

Minhafer M 0.72cde ** 1.07b 0.96a 0.83de w4 094bc * 0.93abed **

lowa M70 ML 0.84e  ** 1.00 ab 0.86a * 0.87e ** 097¢ 0.99d
Midseason

Coachman S 0.50ab ** 0.84ab ** 0.83a * 0.63a e 0.79a b 0.85a *N

Kota M 0.58 abc ** 0.83a ** 09l1a 0.74 abede ** 0.83ab  ** 091 abed **

Kelsey M 0.56ab ** 0.82a ** 090a 0.73abed  ** 0.8B4ab  ** 090abec **

Ajax M 0.57abc ** 091ab * 0.96a 0.73abed  ** 091bc  ** 091abed **

Portage M 0.76de ** 1.02ab 1.03a 080cde  ** 097¢c 0.92abed **
Late

66B1285 ET 049a  ** 0.90ab * 0.94a 0.68abc  ** 0.90abc ** 0.88ab  **

66B1269 SR 0.83e  ** 0.82a ** 0.96a 0.77bede  ** 0.87abc ** 0.92abed **

CI 8235 HR 0.79de ** 0.95ab 096a 0.79cde  ** 093bc * 094bed *

680bs8038 HR 0.65bcd ** 0.93ab 095a 0.79cde  ** 093bc * 094bed *

Mean 0.65 0.92 0.93 0.74 ** 0.90 0.92
hsd (P=0.5)" 0.15 0.23 0.28 0.13 0.11 0.08
cv? 9.7 10.0 123 7.2 53 38

“Yield and kernel weight ratios were derived by dividing the yield from the rusted subplot by the yield from the adjacent nonrusted subplot.
‘ Maturity classes based on relative heading date differences between the cultivars.

S = susceptible, M = moderate, ML = multiline, ET = early telia, SR = slow ruster, and HR = highly resistant.

* Data followed by a common letter are not significantly different as determined by Tukeys hsd test (P = 0.05).

¥ Asterisks indicate a signficant effect on yield of a cultivar due to crown rust (*, P=0.05; **, P=10.01).

*CV = coefficient of variability.
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differences in rust severity and AUDPC between epidemics
resulted from different times of initiation of the epidemics relative
to cultivar maturity. The 1971 St. Paul epidemic was initiated while
the early maturing cultivars (Tippecanoe, Minhafer, and lowa
M70) were heading. The 1972 St. Paul epidemic was initiated when
the midseason cultivars (Coachman, Kota, Kelsey, Ajax, and
Portage) were heading. The 1972 Rosemount epidemic was
initiated as the late-season cultivars were heading.

Regardless of the severity of the epidemic (Table 1), rust severity
ratings and AUDPC values of the cultivars with M, SR, ET, ML
crown rust reactions were intermediate between those of the HR
and S cultivars. Under less severe epidemics, it was more difficult to
separate the cultivars with intermediate reactions to crown rust
from those that were S or HR. AUDPC was probably more
indicative of cultivar differences than was rust severity.

The overall mean yield ratios (0.65, 0.92, and 0.93) and 250-
kernel-weight ratios (0.74,0.90, and 0.92) (Table 2) increased as the
severity of the epidemic decreased from severe to light, respectively.
This was also true for the individual cultivars. The correlation
coefficients (r) between the measures of disease intensity and the
yield and kernel weight ratios were negative, highly significant, and
ranged between —0.75 and —0.81, as similarly reported i 1940 by
Murphy et al (6). Thus, crown rust generally reduced yield in
proportion to the severity of the disease. As shown in Table 2, the
yield ratios of the cultivars with crown rust reactions of M, ML,
ET, and SR, ranged from higher than those of the HR cultivars to
as low as those of the S cultivars. Thus, the yield and 250-kernel-
weight ratios did not as clearly differentiate the cultivars as did the
disease data, because the losses of some moderately resistant
cultivars were less than those of resistant HR cultivars in the
presence of crown rust. This confirms the findings of Murphy et al
(6) that among Bond Hybrids, Markton X Rainbow crosses, and
miscellaneous crosses there were lines with rust coefficients ranging
30-70 that yielded as well as cultivars with rust coefficients that
ranged 0-10. Therefore, for some cultivars that can support
significant amounts of crown rust, the yield loss may be no more
than that sustained by resistant cultivars.

As suggested by Vanderplank (15), the value of cultivars with
moderate degrees of resistance to crown rust may not be fully
realized until they are widely grown. We have no data from these
tests on the stability of the moderate types of resistance studied, but
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the cultivars had been tested and selected for the stability of their
crown rust reactions over a period of years in the presence of a
diverse mixture of P. coronata races (7,8,12).

LITERATURE CITED

1. Caldwell, R. M. 1968. Breeding for general and/or specific plant
disease resistance. Pages 263273 in: 3rd Int. Wheat Gen. Symp.,
Purdue University, Lafayette, IN.

2. Caldwell, R. M., Schafer, J. F., Compton, L. E., and Patterson, F. L.
1958. Tolerance to cereal leaf rusts. Science 128:714-715.

3. Heagle, A. S., and Moore, M. B. 1970. Some effects of moderate adult
resistance to crown rust of oats. Phytopathology 60:461-466.

4, Krull, C. F., Reyes, R., Orjuela, J., and Bustamante, E. 1965.
Importance of the “small-uredia™ reaction as an index of partial
resistance to oat stem rust in Colombia. Crop Sci. 5:494-497.

5. Luke, H. H., Chapman, W. H., and Barnett, R. D. 1972, Horizontal
resistance of red rustproof oats to crown rust. Phytopathology
62:414-417.

6. Murphy, H. C., Burnett, L. C., Kingsolver, C. H., Stanton, T. R., and
Coffman, F. A. 1940. Relation of crown rust infection to yield, test
weight, and lodging of oats. Phytopathology 30:808-819.

7. Saari, E. E. 1962. Pathogenicity of Puccinia coronata avenae on
Avenae sp. M.S. thesis, University of Minn., St. Paul. 65 pp.

8. Schwartz, H. F. and Moore, M. B. 1976. Pathogenic potential of a
population of crown rust perpetuated in a field nursery of Avenae
species and Rhamnus cathartica. (Abstr.). Proc. Am. Phytopathol.
Soc. 3:291.

9. Simons, M. D. 1966. Relative tolerance of oat varieties to the crown
rust fungus. Phytopathology 56:36-40.

10. Simons, M. D, 1970, Crown rust of oatsand grasses. Phytopathological
Monograph 5, Am. Phytopathol. Soc., St. Paul, MN. 47 pp.

11. Simons, M. D. 1972. Crown rust tolerance of Avenae sativa-type oats
derived from wild Avenae sterilis. Phytopathology 62:1444-1446.

12. Simons, M. D., Rothman, P. G.,and Michel, L. J. 1979. Pathogenicity
of Puccinia coronata from buckthorn and from oats adjacent to and
distant from buckthorn. Phytopathology 69:156-158.

13. Statler, G. D., Nordgaard, J. E.,and Watkins, J. E. 1977. Slow leaf rust
development on durum wheat. Can. J. Bot. 55:1539-1543.

14. Steele, R. G. D., and Torrie, J. H. 1960. Principles and Procedures of
Statistics. McGraw-Hill, New York. 481 pp.

15. Vanderplank, J. E. 1968. Disease Resistance in Plants. Academic Press,
New York. 206 pp.

16. Wilcoxson, R. D., Skovmand, B., and Atif, A. H. 1975. Evaluation of
wheat cultivars for ability to retard development of stem rust. Ann.
Appl. Biol. 80:275-281.



