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Development of Cercosporidium personatum in Three

Peanut Canopy Layers!
J. L. Plaut** and R. D. Berger?

ABSTRACT

Disease progress of late leafspot of peanut caused by
Cercosporidium personatum was monitored on the variety
‘Florunner’ in unsprayed plots and in plots sprayed
weekly with chlorothalonil (343 ug active ingredient/ ml
H,0). The canopy was divided into three vertical semi-
circular leaf layers, each 15 cm high. Proportions of
visible disease (x,) and defoliation (d) per leaf layer
were estimated with a modified Horsfall-Barratt rating
system. Total disease (x,) in each leaf layer and per
plant were calculated W’i{é‘l the equation

x, = [(1-d) * x, + d].

Apparent infection rates (sensu Vanderplank) were cal-
culated for x,, d, and x, in each leaf layer and for the
total plant canopy. Rates of disease increase and defolia-
tion on sprayed and unsprayed tissue were not signifi-
cantly different (P = 0.05). Disease severity in plots
sprayed with chlorothalonil usually lagged three to five
days behind disease in unsprayed plots. The disease
components, x,, d, and x, were greatest in the bottom
canopy layer. The rate ofxaefoliation in the top leaf layer
of unsprayed plots was significantly slower (P = 0.05)
than that in the other two leaf layers, possibly because
of dilution by the new plant growth. Chlorothalonil
sprays reduced initial disease but did not reduce the
rate of increase of C. personatum.

Key Words: Arachis hypogaea L., late leafspot, epi-
demiology.

The peanut (Arachis hypogaea L.) is the thirteenth
most important crop plant grown for food in the
tropical, subtropical, and warm temperate zones
of the world (9). Peanut production is limited by
numerous plant diseases. The most prevalent of
these diseases are the early and late leafspots
caused by Cercospora arachidicola Hori (My-
cosphaerella arachidicola Jenkins) and Cercospori-
dium personatum (Berk. & Curt.) Deighton (M.
berkeleyii Jenkins), respectively. Worldwide eco-
nomic losses are estimated at 15 to 50 percent of
final yield annually (5, 8).

Lesions resulting from both fungi develop on
leaves, petioles, stems, gynophores, and pods. These
diseases can defoliate the plant and cause a reduc-
tion in yield. Defoliation results in the reduction
of the dry weight of stems, pods, and seeds (2).

Chemicals are widely used for control of Cercos-
pora leafspots (10, 11, 13). However, there are few
reports on the effect of these chemicals on the
rate of disease progress throughout a growing sea-
son (4). Fungicides generally slow the rate of
disease progress and do not affect the initial level
of disease (1, 15).
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Jenkins (8) reported that C. personatum was the
more destructive of the two fungi, particularly late
in the season (September through harvest) and on
late maturing varieties. Late leafspot causes more
rapid defoliation than early spot (8, 16). In Florida,
naturally occurring epidemics of C. personatum
are generally more destructive than those resulting
from C. arachidicola (Berger and Plaut, unpublished).

Infection and subsequent defoliation by C. per-
sonatum occurs first in the lower canopy and pro-
gresses upwards. Disease assessments in previous
reports always have been made on a whole plant
basis (3, 6, 8). However, it is difficult to evaluate

recisely the contribution of disease in a canopy
ayer to the whole plant, particularly when disease
distribution on the plant is nonuniform. Provided
the peanut plant foliage canopy could be divided
into several layers, assessed and then reassembled,
a more accurate disease evaluation might be made.
The use of three canopy layers for disease assess-
ment may provide more accurate disease assess-
ment and better definition of disease progress.

Defoliation is usually excluded in disease evalua-
tions because of numerous difficulties, although
its importance in yield reduction has been recog-
nized (2). The loss of a single leaflet may be of
equal photosynthetic importance to the plant as an
equivalent loss of leaflet area due to a lesion. The
integration of visible disease with defoliation would
provide a more realistic assessment of disease
stress on the peanut plant.

In this paper three concepts of the development
of late leafspot are reported: 1) the division of the
peanut plant into three canopy layers for a more
accurate disease assessment; 2) the mathematical
integration of the proportion of visible disease and
of defoliation to obtain a single value for total
disease; and 3) the observed effects of a protectant
fungicide on the apparent infection rate of C.
personatum.

Materials and Methods

Peanuts (Arachis hypogaea L. var. ‘Florunner’) were planted
in rows 1 m apart on June 7, 1978, (day 0) at the University of
Florida agronomy farm, Newberry, FL. Experimental plots
consisted of two parallel rows, 3 m in length, which were
established by roguing soon after seedling emergence. A ran-
domized complete block design with four replications was
used. Two peanut rows bordered each experimental plot. All
plants received standard cultural practices, including adequate
fertilization. Plants were overhead irrigated when necessary,
receiving 2.5 cm of water per irrigation. The entire experi-
mental plot area was bordered by ‘Florunner’ peanuts on the
East, North, and South, and by soybeans (Glycine max L.) on



CERCOSPORIDIUM PERSONATUM IN THREE PEANUT CANOPY LAYERS 47

the West. During 1977, peanuts were also grown in the plot
area; blue lupine (Lupinus sp.) was used for the winter cover
crop.

A total of ten approxugately weekly applications of chloro-
thalonil fungicide (Bravo™ 6F, Diamond Shamrock, Cleveland,
Ohio, 44110) were initiated on day 22 and terminated on day
84. A uniform application rate of chlorothalonil at 343 ug
active ingredient/ml water was maintained with a back-pack
sprayer (Weed Systems, Inc., Gainesville, Florida, 32611) using
pressurized carbon dioxide gas as a propellant. The concentra-
tion per volume of fungicide was one-half of the commercial
recommendation (12) and was applied at approximately one-
half the recommended time interval to facilitate coverage of
new plant tissue.

Plants were exposed to naturally occurring C. personatum.
The first symptoms of leafspot was observed on day 37 on the
border rows.

Disease Assessment.

Each plot in the peanut canopy was randomly divided into
three vertical semicircular leaf layers, henceforth referred to as
the top, middle, and bottom leaf leayers (Fig. 1). The arcs
separating each leaf layer were 15 cm apart (Fig. 1). Using
several criteria, disease was assessed weekly. Assessments
were made in both rows of the experimental plots for each of
the three leaf layers beginning on day 64. Visible disease, (x,),
including necrosis and chlorosis of a leafspot per total leaflet
area, and defoliation (d) due to late leafspot were estimated
with the Horsfall-Barratt rating scale (7) modified by within
class categories to obtain more accurate intraclass ratings (Ber-
ger unpublished). Total disease ) in each leaf layer and on
total plot was calculated by the equation

x, = (1) @ x, + dl.
The values of the 1nd1v1dua] disease components, x,, d, and x
for the total canopy were obtained by calculating the mean of
the three canopy laryers.

The values of x, d, and x, in each leaf layer and for the total
plant canopy were loglstxcaﬁly transformed with the equation
f(x)'log! (léi)

(14, 17). The function is called the logit of x. In this paper, the
values of x,, d, and x, were so transformed. The apparent
infection rate, r sensu tVanderpl:mk (14) is the slope of the
linear regression line, often termed the logit line, determined
by plotting logit (x) against time. The equation:
t-t)) * (logit (x)-logit (x,))
where t=time, X=X, d, or xe at time 2, and xl 'y d, or X, at time 1,

was used to calculate the apparent infection rate for logit (x,),
logit (d), and logit (x,), respectively (14, 17).

The delay in time (At) represents the time needed in a
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Fig. 1. Model of a peanut canopy divided into three vertical
semicircular leaf layers. The distance between each are sep-
arating the canopy leaves is 15 cm.

treated plot to reach a given severity compared to the time in
an untreated plot. This delay in time between the plotted
lease squares regression lines under all experimental treatments
was calculated using the equation:

A:-l (logit (x )-logit (xg))
apparent mfectlon rate,

X, Xy, dé, or xt
under unsprayed conditions, and

Xg Xy d, and Xy

under sprayed conditons.

Results and Discussion

where r =

After the initial appearance of focal infection of
C. personatum in border rows, the pathogen spread
uniformly throughout the plot area. There was not
significant variation among replicates for any mea-
sured parameter on any observation date.

The logistically transformed disease progress
curves for unsprayed tissue are given in Fig. 2A-
C. The amount of visible disease (x,) was usually
greatest in the bottom canopy layer and least in
the top layer. The rates of increase of x, in the
three canopy layers were not signiﬁcantlyxéiﬂ'erent
(P = 0.05) for days 64-78 (Fig. 2A). Defoliation of
the lower leaves beginning around day 80 caused
a confounding of the x, rating for the bottom layer
on day 84. Defoliation lagged behind the x, by
about seven days. The rate of defoliation (Fig. 2B)
was slowest in the upper canopy layer possibly
because of the influence of new plant growth
diluting the total defoliation for this layer. Defolia-
tion rates were faster than rates for progress of
visible disease during all calculated time periods;
defoliation made up the major component of total
disease for days 78-84. Total disease was greatest
in the bottom canopy layer and least in the top
layer; the middle layer had intermediate values
(Fig. 2C).

Disease progress in plots sprayed weekly with
chlorothalonil (Fig. 3A-C) was similar to disease
development in unsprayed plots, i. e., x,, d, and
X, were usually greater in the bottom canopy layer,
intermediate in the middle layer and least in the
top layer.

The comparison of disease development in un-
sprayed plots and in plots sprayed weekly with
c lorotha?oml is best seen in the disease summ
for the total canopy (Fig. 4A-C, Table 1). In gener;r
the disease progressed at similar rates in unspraye
and spraye<f ots. The exception, shown in Fig.
4A, is due to the significant decrease in visible
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Fig. 2A-C. Logistically transformed disease progress curves for
unsprayed peanut leaf tissue infected with Cercosporidium
personatum. Figures A, B, and C represent three disease
components including visible disease (x,), defoliation (d),
and total disease (x,) respectively in three canopy layers.
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Fig. 3A-C. Logistically transformed disease progress curves for
peanut tissue infected with Cercosporidium  personatum
sprayed with chlorothalonil at 343 ug active ingredient/ml
water. Figures A, B, and C represent three disease components
including visible disease (x,), defoliation (d), and total disease
(x,) respectively for three canopy layers. Arrows indicate
spray dates.
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Fig. 4A-C. Least-squares regression lines for unsprayed and
sprayed (343 ug chlorothalonil a. i./m]l water) peanut tissue
infected with Cercosporidium personatum. Figures A, B,
and C represent three disease components, visible disease
(s,), defoliation (d), and total disease (x,) respectively for the
total canopy. Total canopy values are the mean of three leaf
layers with four replications. The delay in time ( t) is represented
by arrows while r is equal to the slope of the regression
line.

Table 1. The linear equation, correlation coefficient (least
squares linear regression analysis) and delay in time (At)
values for the total canopy. Three disease components
(visible disease (x ), defoliation (d), and total disease (x,))
by two treatments sprayed and unsprayed) are presented.
Data are diagrammed in Fig. 4A-C. Values are the average
of four replications.

Disease camponent Linear Equation Correlation Delay in time
treatment (y = ol + b) coefficient (In:)b
(R) Initial Final
Visible disease (x,)
sprayed?® y=.21X~18.26 .98 5.25 1.00
unsprayed y=.15%-13.39 .69
Defoliation (d)
sprayed y=.31%X-26.79 .99 3.60 5.00
unsprayed y=.34X-27.61 .98
Total Disease (xt)
sprayed y=.24%~20.08 .99 3.25 5.00
unsprayed y=.26X~20.49 .96

a
Weekly application of chlorothalonil {343 ug active ingredient/ml
water) .

b 1 ..C .
At = ¥ (logit~ X unsprayed - logit X sprayed).

€ logit = In (.

a r = Vanderplank's term for the slope of the linear regression line.

disease on unsprayed tissue on day 34. As a result,
the slope of the line decreased and correlation
coefficients for the regression line are relatively
poor. In all other cases, the severity of x,, d, and

x, in sprayed plots lagged three to five days behind
the disease in unsprayed plots. This delay in time
(At) between sprayed and unsprayed did not vary
greatly over the period 64-84 days. We interpret
this lack of change in At to mean that the fungi-
cide was only effective at reducing initial inoculum
and it was not effective at slowing the epidemic
when x >.01. The lack of control of C. personatum
with weekly sprays of chlorothalonil was not typi-
cal of commercial practice or other experimental
results (4). With the spraying system used, poor
fungicide coverage of the lower surfaces of leaves
may have occurred which allowed those areas to
remain unprotected. In addition, the frequency of
fungicide application allowed new plant growth to
remain unprotected for a period sufficient to allow
infection by the fungus.

The epidemic rates which we observed (r = .25-
.6) would be considered extremely fast for a leaf
spotting fungus (14). These rates are in the range
observed for cereal rusts and potato late blight in
epidemics that have led to substantial yield losses.
For a leaf spotting fungus to proceed at such a
pace, a fully susceptible host, an aggressive patho-
gen, and a favorable environment must have occurred.

Our division of the plant canopy into three
layers provided greater definition of disease pro-
gression of C. personatum. Defoliation was identi-
fied with clarity as the major component of total
disease severity. This quantification will lead to
more accurate charcterization of this disease in a
simulation model; a procedure which may allow
the development of more efficient control strategies.

Literature Cited

1. Berger, R. D. 1977. Application of epidemiological prin-
ciples to achieve plant disease control. Ann. Rev. Phyto-

path. 15:165-183.

2. Enyi, B. A. C. 1975. Effects of defoliation on growth and
yield in groundnut (Arachis hypogaea), cowpea (Vigna
unguiculata), soybean (Glycine max) and green gram (Vig-
na aurens). Ann. Appl. Biol. 79:55-66.

3. Farrell, J. A. K., B. E. Bailey, and W. R. Mills. 1967. The
effects of time of planting, spacing, and fungicide on
Cercospora leafspots of groundnut in Malawi. Rhod. Zamb.
Mal. J. Agric. Res. 5:241-247.

4. Fungicide and Nematicide Tests. 1979. 39:91-95.

5. Garren, K. H. and C. R. Jackson. 1973. Peanut diseases.
In: Peanut - Culture and Uses. A Symposium. p. 424-494.
American Peanut Research and Education Assoc. Inc.,
Stillwater, OK 684 p.

6. Hemingway, J. S. 1954. Cercospora leafspots of ground-
nuts in Tanganyika. E. Afr. Agr. J. 19:263-271.

~1

Horsfall, J. G. and R. W. Barratt. 1945. An improved grad-
ing system for measuring plant diseases. Phytopathology
35:655.

8. Jenkins, W. A. 1938. Two fungi causing leafspots of pea-
nut. J. Agr. Res. 56:317-332.



9.

10.

11.

12.

13.

CERCOSPORIDIUM PERSONATUM IN THREE PEANUT CANOPY LAYERS 49

Mangelsdorf, P. C. 1961. Biology, food, and people. Econ.
Bot. 15:279-288.

Miller, C. R,, T. A. Kucharek, and R. W. Lipscomb, 1970.
Chemical control of Cercospora leafspot on peanuts. Soil
and Crop Sci. Soc. of Fla. 30:371-376.

Miller, C. R. and T. A. Kucharek. 1972. Chemical control
obeer)cospora leafspot of peanut. Phytopathology 62:12
(Abstr.).

O’Brien, R. G. and R. D. Davis. 1977. Peanut leafspot and
rust control on the Atherton Tableland. Queensland Agric.
Journal. March-April: 113-115.

Sanden, G. E., A. E. Knutson, and D. W. Gorbet. 1974.
Effect of various fungicides on yield and on development
of Cercospora leafspot on peanuts. Soil and Crop Sci. Soc.
of Fla. Proc. 34:179-180.

14.

15.

16.

Van der Plank, J. E. 1963. Plant Diseases: Epidemics and
Control. New York & London. Academic 349 p.

Van der Plank, J.E. 1969. Chap. III. Epidemiology of
fungicidal action. In: Fungicides an Advanced Treatise.
Vol. I, (D. C. Torgeson, ed.) pp. 63-92. Academic Press,
New York.

Woodroof, N. C. 1933. Two leaf spots of peanut. (Arachis
hypogaea L.) Phytopathology 23:627-640.

Zadoks, J. C. and R. O. Schein. 1979. Epidemiology and

Plant Disease Management. Oxford University Press, New
York. 427 pp.

Accepted March 14, 1980





