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ABSTRACT

SCHALL,R.A,,R.L. NICHOLSON, and H.L. WARREN. 1980. Influence of light on maize anthracnose in the greenhouse. Phytopathology 70:1023-1026.

When maize seedlings were inoculated in the greenhouse with
Colletotrichum graminicola and incubated in the dark for 18 hr, the
percentage of leaf tissue affected was influenced by light. Solar radiation
was measured over an 8-day period from 2 days before the day of
inoculation through 6 days after inoculation. Leaves of seedlings exposed to
relatively low levels of solar radiation (1,234 gm cal/cm?®) exhibited a
significantly greater percentage of lesion coverage than did those of
seedlings exposed to higher levels of light (2,530 to 3,361 gm cal/cm?).
Among the 22 corn cultivars studied, lesion coverage under low light
intensity ranged from 42.2 to 97.5% whereas under conditions of high
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light intensity, lesion coverage ranged from 0.2 to 57.2%. When seedlings were
incubated in the dark for 42 hr following inoculation, the lesion coverage
ranged from 53.2 to 100% regardless of the subsequent amount of solar
radiation the plants received. Thus, the critical period for illumination was
during the day after inoculation. The data demonstrate that high disease
ratings may be obtained when light is limiting, such as during periods of
extensive cloud cover. Though lesion coverage was variable, the host
reaction type did not change under the variable light conditions. Evalution
of plants for resistance should be done on the basis of host reaction type as
well as extent of lesion coverage.

The leaf blight and stalk rot phases of maize anthracnose have
become a significant problem on both sweet and dent corn (Zea
maysL.)(3,4,9,11,12,17,18,26,28-31). The increased occurrence of
the disease has prompted screening of germplasm stocks for
resistant genotypes. Studies have been reported for plants grown in
the greenhouse, the growth chamber, and the field (8,14,19,20,22,24,
25,27,30). Seedlings were used in most investigations of disease
development (6,7,13,21) and resistance screening (14,19,22,25) that
have been reported. The use of seedlings is appropriate since the
pathogen, Colletotrichum graminicola (Ces.) Wils., causes a
seedling leaf blight (8,19) and the leaf reaction of seedlings is the
same as that of adult (post-anthesis) plants in the field (14).

Several disease rating schemes have been employed for
measuring the extent of lesion coverage (14,19,22,25). These
schemes yield similar estimates of lesion coverage (8). Although
lesion coverage has been used as a measure of resistance and
susceptibility, Nicholson and Warren (19) argued that the type of
lesion may be more important than lesion size or coverage. They
described reaction types of host plants based on characteristic leaf
symptoms. Color and shape of lesions, and patterns of chlorosis
differentiated susceptible, resistant, and hypersensitively resistant
reaction types.

Evaluation of plants on the basis of lesion coverage yielded
discrepancies in categorizing plants as susceptible or resistant
(22,27). These discrepancies may result from differences in
virulence of the C. graminicola isolates (19) or may be based on
host physiology as affected by light, temperature, and maturity.
For example, Poneleit et al (22) suggested that inconsistency in
their greenhouse ratings for anthracnose resistance may have been
attributable to differences in temperature or light intensity.
Wheeler et al (30) subsequently demonstrated that low light
intensity increased disease severity.

Thompson and Leonard (25) grew plants in a Phytotron
chamber under high illumination (40,000-50,000 lux) and used
lesion length as a measure of resistance in seedlings. They noted the
problem of lesion size as a measure of resistance when they
subsequently reported (13) that lesion elongation was significantly
affected by temperature and host maturity.
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Hammerschmidt and Nicholson (6) also evaluated the influence
of light on lesion area. Lesions on plants grown under low light
intensity (9,800 lux) were significantly larger than those on plants
grown under high light intensity (37,600 lux). They also
demonstrated that under low light intensity, lesions on resistant or
hypersensitively resistant plants were not significantly smaller than
those on susceptible plants. Plants that could not be distinguished
on the basis of lesion size could still be distinguished by lesion type.
Thus, host reaction type (19) appears to be a valid means for rating
disease resistance of seedlings, especially when environmental
conditions of light and temperature are not easily controlled.

The greenhouse is often the appropriate place for screening
large populations for resistance to disease. Often such facilities
are poorly equipped for supplemental lighting or supplemental
lighting is not used to avoid unacceptable increases in temperature.
When the experimenter does not use artificial light, the effect of
solar radiation is critical to disease development (2,23). Light
affects the development of individual anthracnose lesions, but it is
not known how much it affects overall lesion coverage. The
purposes of this investigation were to determine the importance of
variation in solar radiation in screening for anthracnose resistance
in the greenhouse, and to determine when exposure to light is most
important for expression of resistance.

MATERIALS AND METHODS

Experiments were conducted during the winter. Plants were
grown without supplemental lighting in a greenhouse from which
the whitewash had been removed. Plants were exposed to sunlight
prior to and during disease development. Throughout each
experiment solar radiation was measured at the Purdue Agronomy
farm, 11 km northwest of the greenhouse, by the National Weather
Service. Radiation was measured as energy per unit area and was
expressed in Langley units accumulated per hour. Langley units
were totaled for each day and expressed as gm cal/cm?/ 24 hr (16).

Corn cultivars included 19 open-pedigree hybrids and three
inbred lines (Table 1). The inbreds were used because the host
reaction types are known. Inbreds Mo0940, H91, and 33-16 are
susceptible, resistant, and hypersensitively resistant to C.
graminicola, respectively (6,7,19). Thus, the inbreds could be
compared with the hybrids for extent of lesion coverage at various
light intensities. An isolate of C. graminicola obtained from
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diseased corn leaves was maintained on oatmeal agar under
constant fluorescent light (3,500 lux) at 24 C (6). Spore suspensions
for inoculations were prepared from 2-wk-old cultures. Spore
suspensions were filtered through cheesecloth and their
concentration was adjusted to 1.5 X 10° spores per milliliter. One
drop of Tween-20 wetting agent was added per 100 ml of inoculum
suspension.

Seedlings were inoculated at the three- to four-leaf stage by
spraying the inoculum onto their leaves with an atomizer
pressurized at 0.5 atmosphere. Following inoculation, plants were
incubated in the dark at 100% relative humidity for either 18 or 42
hr. The 18-hr incubation experiment was done four times and the
42-hr incubation experiment was done twice. Plants were
inoculated at 1700 hours, at the end of measurable radiation for the
day. The 18-hr incubation period lasted until 1100 hours the
following day, so that plants only lost 3 hr (0800-1100 hours) of
measurable radiation. The 42-hr incubation period lasted until
1100 hours a full day later, so that plants were in the dark during
one full day and the first 3 hr of measurable radiation the next day.

Following the incubation period, the moisture chambers were
opened and leaf surfaces were allowed to dry. Pots were then

TABLE 1. Percentage of lesion coverage and host reaction type on corn

hybrids and inbreds inoculated with Colletotrichum graminicola (18-hr
dark incubation)

Lesion coverage (%)"
Host reaction

Corn hybrid or inbred” Grand mean DMRT type*
1. Mol 7u X A634y, 15.8 a R
2. 33-16 17.1 ab HR
3. H98 X B73 20.9 abc R
4. Oh545 X B73y, 23.7 abed R
5. B73 X H99 24.2 abcde R
6. H98 X A632xu. 26.6 abcdef R
7. H60 X B73 26.8 abcdef R
8. Ag23 X A634y, 27.6 abcdefg R
9. Mo 174 X H100 28.1 abcdefgh R

10. N28y, X Mo17y, 28.2 abcdefgh R

11. Mo 17y X B73u, 28.8 abcdefgh S

12. H60 X A632u 29.3 abcdefgh S

13. (Ag23 X Mo174) X H100 31.4 bedefgh S

14. (Ag23 X Mo17u) X B73 35.5 cdefgh S

15. H91 36.4 defgh R

16. Mo 17w X B79 37.8 defgh S

17. A632u X H99 39.2 efgh R

18. Ag23 X B73y, 40.6 fgh S

19. C123w X B73 40.9 fgh S

20. A632u X A619m 42.0 gh R

21. A632u X H9S 43.5 h S

22. Mo9%40 60.7 i S

“Percentage of lesion coverage reported as the grand mean across four
experiments.

®The grand mean for inbreds 33-16, H91, and M0940 s based on 29, 35, and
30 plants, respectively.

‘DMRT, Duncan’s Multiple Range Test. Numbers followed by the same
letter in the column do not differ significantly. (P = 0.05).

4Host reaction type for each line was consistent across the four experiments.
S, R, and HR = susceptible, resistant, and hypersensitively resistant host
reaction types, respectively.

randomly distributed on the greenhouse bench and symptom
development was recorded. Ten plants of each hybrid were
evaluated for lesion coverage and for host reaction type in each
experiment. For the inbreds, the sample sizes differed among the
experiments (Table 1). The extent of lesion coverage was estimated
12 days after inoculation by determining the percentage of lesion
coverage for each plant on the upper three leaves that had been
fully exposed to the inoculum. The plumular leaf was not included
in disease ratings since in the greenhouse it typically senesces within
3 — 4 wk after planting. The percentage of leaf area covered with
lesions was determined according to the southern corn leaf blight
assessment key described by James (10). An average value for
lesion coverage was calculated for each corn cultivar based on the
total plant population of that cultivar. Host reaction type was
evaluated according to the criteria described by Nicholson and
Warren (19).

RESULTS AND DISCUSSION

Table 1 presents the percentage of lesion coverage for each of the
22 corn cultivars averaged (grand mean) across the four
experiments with 18-hr incubation periods. Host reaction type
(19) for each corn cultivar was consistent across the four experiments
and separated the cultivars into the discrete categories of
susceptible, resistant, and hypersensitively resistant. However, the
corn cultivars were not classifiable in discrete categories of
susceptibility and resistance based upon percent lesion coverage,
although a substantial range in percentage of lesion coverage was
observed.

Significant differences in lesion coverage were observed among
the three inbreds in each of the four 18-hr incubation experiments
(Table 2). For example, in experiment 1 lesion coverage averaged
3% on the hypersensitively resistant inbred 33-16, which differed
significantly from the 20.4% of the resistant inbred H91, whichin turn
differed significantly from the 48.3% of the susceptible inbred M0940.

Plants exposed to relatively low light intensities in experiment 4
had significantly more lesion coverage than did plants exposed to
higher light intensities in experiments 1-3 (Table 2). The values for
total solar radiation to which plants had been exposed are for an
8-day period of 2 days before inoculation, the day of inoculation,
and 5 days after inoculation. In experiments 2 and 3, an
intermediate level of solar radiation occurred and lesion coverage
was statistically different from that in experiment 4 but not
different from that in experiment 1 in which plants had been
exposed to the highest level of solar radiation.

Lesion coverage on the 22 corn cultivars is presented in Fig. 1A
for experiments 1 and 4, in which the level of solar radiation was
highest and lowest, respectively. Lesion coverage foreach of the 19
hybrids and three inbred lines was significantly greater at the lower
level of light in experiment 4 (1,234 gm cal/cm?). Experiments 2
and 3 are not shown on the graph since, as with the inbreds (Table
2), no significant difference in lesion coverage was observed for
any hybrid across experiments 1 through 3.

The data in Fig. 1A suggest that plants exposed to less than some
threshold amount of light do not readily inhibit lesion coverage.
Hammerschmidt and Nicholson (6,7) demonstrated that the
restriction of lesion enlargement is associated with phenolic
compound synthesis and that increases in phenols are evident 24-48

TABLE 2. Comparison of percent anthracnose lesion coverage on inoculated (18-hr dark incubation) seedlings of corn inbreds maintained in the greenhouse

and exposed to solar radiation as their only source of light

Cumulative solar radiation” in four experiments

Inbred line’ 3,361 gm cal/cm’ 2,780 gm cal/cm’ 2,530 gm cal/cm? 1,234 gm cal/cm’
33-16 3.0a (a) 2.5a(a) 12.7 a (a) 42.2a (b)
H91 20.4 b (a) 22.4b (a) 28.4b (a) 67.3 b (b)
Mo940 48.3 ¢ (a) - 56.5 ¢ (a) 97.5¢c (b)

*Solar radiation expressed as that accumulated over an 8-day period from 2 days before inoculation through 5 days after incubation.

YInbreds 33-16, H91, and M0940 are hypersensitively resistant, resistant, and susceptible to Colletotrichum graminicola, respectively.

“Numbers represent the average percent lesion coverage. Values in a column (within an experiment) are statistically different (P = 0.05) if followed by a
different letter. Values in a row (across experiments) are statistically different (P = 0.05) if followed by a different letter in parentheses.
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hr after inoculation. Since phenol synthesis is light-mediated
(5,15), the most critical period for exposure to a high level of light
may be within 24 — 48 hr after inoculation. This hypothesis was
tested by subjecting plants to a 42-hr dark incubation following
inoculation rather than the standard 18-hr dark incubation period.
The results of two experiments are presented in Fig. 1B. Corn
genotypes | through 22 are the same in both Fig. 1A and 1B and the
numbering corresponds to the specific cultivars listed by number in
Table 1. Extensive lesion coverage occurred on each line in both
42-hr experiments (Fig. 1B). Significantly, lesion coverage on a
given corn cultivar did not differ greatly between the experiments,
eventhough the level of solar radiation before and after incubation
differed substantially (3,933 vs 2,618 gm cal/cm?). It also is
important that lesion coverage was significantly greater in both
42-hr dark incubation experiments than in the 18-hr incubation
experlment in which the accumulation of light was greatest (3,361
gmecal/cm?, experlment 1, Fig. 1A). This occurred even though the
accumulation of light in one of the 42-hr incubation experiments
was greater than the highest accumulation which occurred in any of
the 18-hr incubation experiments (3,933 vs 3,361 gm cal/cm?).
Thus, the total exposure to light over 8 days did not necessarily
affect inhibition of lesion coverage. Plants had to be exposed to
high levels of light at some time during the 24 hr following the
normal 18-hr incubation period to reduce percent lesion coverage.

This assertion is reinforced by the data in Table 3 which shows
that the highest percentages of lesion coverage were associated with
the lowest levels of light on the day after inoculation. The high
levels of solar radiation both before and after the 42-hr incubation
period in experiment 1 did not compensate for the absence of light
on the first day after inoculation. This is consistent with the fact
that phenol synthesis in corn is light-mediated (5,6) and that
phenolic compounds inhibitory to C. graminicola begin to
accumulate in leaf tissue between 24 and 48 hr after inoculation
when plants are kept in a 14-hr photoperiod (7). Furthermore,
Anthenill (1) demonstrated that when plants are placed in the dark,
phenols do not accumulate in response to inoculation. Thus,
maintaining plants in the dark would temporarily prevent the
synthesis of phenolic compounds which presumably help to restrict
lesion development.

This investigation demonstrates that the results of screening for
resistance to anthracnose in the greenhouse can be significantly
influenced by periods of cloudy weather as Poneleit et al (22)
suggested. This is especially a problem when lesion size or lesion
coverage is used as a sole criterion for evaluation of resistance. The
problem can be avoided by evaluating resistance on the basis of
host reaction type as well as lesion coverage (19) since reaction type
does not vary under conditions of low light in the greenhouse (6).
To avoid the problems of light fluctuation we regularly use a 12-hr

TABLE 3. Daily solar radiation during greenhouse screening trials for corn anthracnose disease development

Solar radiation, gm cal/cm’

Experiment I?ays before ‘Days afFer Lesion coverage
conditions inoculation Day of inoculation range (%) across
and no. 2 1 inoculation 1 2 3 4 5 Total 22 genotypes
Dark incubation 18-hr
1 446 156 249 338 623 622 565 362 3,361 3.0-48.3%
2 463 462 485 527 103 312 107 321 2,780 1.5-56.5
3 256 344 375 370 275 337 382 191 2,530 0.2-57.2
4 171 154 404 68 78 71 143 145 1,234 42.2-97.5
Dark incubation 42-hr
1 598 620 673 A 347 320 684 691 3,933 58.0-100
2 636 635 474 - 36 377 58 402 2,618 53.2-100
*Plants were kept in the dark the day after inoculation.
A B
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Fig. 1. Influence of light on percent anthracnose lesion coverage on 22 corn genotypes in the greenhouse. A, Plants incubated in the dark for 18 hr following
inoculation. B, Plants incubated in the dark for 42 hr following inoculation. Corn genotype numbers correspond to numbered genotypes listed in Table 1.
Light values represent total solar radiation to which plants were exposed over an 8-day period from 2 days before the day of inoculation through 6 days after

inoculation.

Vol. 70, No. 10, 1980 1025



photoperiod of supplemental light (two Sylvania Cool White
FR96T12/SW/VHO/ 135 fluorescent tubes positioned 30 cm
above the plants). Inoculating plants when weather predictions
indicate bright sunny days should also reduce the problem. The
most critical time for plants to be exposed to light is during the day
after inoculation.
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