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Preface

This report presents partial results of research with plant patﬁo—
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of Engineers, and the Florida Department of Natural Resources. Funds for
the Corps' part of this effort were provided by the Office, Chief of Engi-
neers, under appropriation number 96X3122, Construction General, through
the APCRP at the U, S. Army Engineer Waterways Experiment Station (WES).

The principal investigator for the contract under which this work
was a part was Dr. T. E. Freeman, University of Florida. Dr. K. E.
Conway directed the work reported herein. This report was written by
Drs. K. E. Conway, R. E. Cullen, T. E. Freeman, and J. A. Cornell.

The authors would like to extend a special appreciation to Mr. John
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mentation site for the past three years. The authors would also like
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ment of the test in the lake and for collection of data throughout the
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Plant Research Branch (APRB), under the general supervision of Mr. W. G.
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and Mr. B. O. Benn, Chief of the Environmental Systems Division, and
under the direct supervision of Mr. J. L. Decell, Chief of the APRB.
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vironmental Laboratory (EL). Dr. John Harrison is Chief of EL.
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FIELD EVALUATION OF CERCOSPORA RODMANII AS A BIOLOGICAL
CONTROL OF WATERHYACINTH
INOCULUM RATE STUDIES

Introduction

1. The fungus Cercospora rodmanii Conway has been shown to have
good potential as a bioclogical control for waterhyacinth in Florida
(Conway 1976, Conway and Freeman 1976). In most previous research,
epidemics of the disease were initiated by application of a known weight
of the fungus onto an area of waterhyacinth. Therefore, this research
was initiated to quantify the effect of (. rodmanii on limited popula-
tions of waterhyacinth. The objectives to this research were to:

a. Determine if there was an optimal inoculum concentration
of the fungus to begin an epidemic.

b. Determine what effect various levels of inoculum had on
limited populations of waterhyacinth over a period of time.

c. Determine what morphological changes occurred on plants
infected with C. rodmanit.

d. Determine if a second inoculation of the fungus onto
waterhyacinth populations in the fall of the year would
increase disease severity.

e. Determine if the disease could be controlled on the water-

hyacinth by the use of available fungicides.

Materials and Methods

2. The lake (1.6 ha) used in this study was located in Fish
Prairie, near Micanopy, Florida. The experimental design of the study
is illustrated in Figure 1. Thirty-five polyvinyl chloride (PVC)
frames (5.08 cm in outside diameter) were constructed so that each en-
closed an area of 9 mg. A galvanized wire screen was attached to the
PVC to prevent the movement of waterhyacinth out of the frames (Figure 2).
A wire was strung along one side of the lake and was supported from

posts that had been driven into the bottom of the lake. The frames
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Experimental design in Trasher Pond




Figure 2. Structure of the PVC frames showing the
wire barrier surrounding the frames
were attached to this wire and each frame was separated from the next
by a distance of at least 2 m (Figure 3). The inoculum rate test con-
sisted of a string of 32 frames. Three additional frames were anchorec

approximately 35 m from this test and were used as extra untreated

control plots.

Figure 3. Placement of the PVC frames in the lake
showing attachment to poles and wire



3. Three basic inoculum rates were used in this experiment based
on previous studies (Conway and Freeman 1976). The inoculum used con-
sisted of a mycelial suspension which was applied at concentrations of
48, 96, and 192 g/m2. These basic rates were designated treatments
T-3, T-4, and T-5, respectively. Initially, each inoculum rate was
applied to waterhyacinth in eight of the frames. Waterhyacinth in four
of the remaining frames were left as untreated controls (T-1) and water-
hyacinth in the last four frames were treated with a fungicide (T-2).

In the fall of the year, waterhyacinth in four frames from each basic
rate received additional inocula at a rate proportional to the initial
rate (5.3, 10.7, and 21.3 g/m2), and these treatments were designated
T-6, T-7, and T-8, respectively. Data for plots receiving these treat-
ments were recorded separately from plots receiving just the basic rates
even though they represented the same rate until the second inoculation.
However, when the data are pooled in the Results and Discussion section,
the inoculum levels will be designated T—(3-6), etc.

4. All frames were originally stocked with 100 waterhyacinth plants
(Figure 4). These plants were collected from the resident plant popu-~
lation of the lake and were trimmed so that only two to three healthy

Figure 4. 1Initial coverage of the original stock of
100 waterhyacinth plants, 15 April 1976




leaves remained. The older, frost, or otherwise, damaged leaves were
removed. Frames were stocked during the first week of March, and the
plants were allowed to stabilize for approximately 1 month before they
were inoculated with the fungus. The area covered by the plants in the
frames at the time of inoculation was approximately 1 mg.

5. Treatments were randomly assigned to the frames (Figure 1),
although a slight bias was interjected to avoid the placement of the
higher treatments (T-(5,8)) in juxtaposition with the untreated
controls (T-1).

6. The fungus was grown on potato-dextrose broth with 0.5 percent
yeast extract added. The mycelial mats of (. rodmanii were harvested
at the enda of 17 days and comminuted in a blender. The fungus was then
applied to waterhyacinth with a portable power pump sprayer with a hol-
low cone nozzle which had been calibrated to deliver 1 £ of inoculum in
a 10-sec period. Proper dilutions of inocula were prepared and the
fungus was applied to the plants in the frames between 5:00 and 6:30 p.m.
on 22 April 1976. The air temperature was 23°C.

7. The second inoculation of (. rodmanii to waterhyacinth in treat-
ments T-6, T-7, and T-8 was applied on 30 September 1976. Application
was completed between 5:30 and 6:30 p.m.; the air temperature was 230 to
QhOC. Due to limited production facilities, the original rate per square
metre could not be duplicated. However, the same weight of inoculum
was applied per frame except that it was applied to a 9—m2 area of
plants since the frames were completely filled with waterhyacinth at
that time.

8. Data were collected at approximately 3-week intervals. Data
collected included: visual assessment of plots, disease damage per
leaf, the number of leaves (both emergent and submergent) per plant,
height of the longest leaf per plant, and the length of the longest
root per plant (Table 1). Damage per leaf was based on a rating scale
of 0 to 9 (Table 2) where 0 meant no apparent infection on the leaf and
9 indicated a dead, submerged leaf blade and petiole. The values be-
tween 1 and 8 corresponded to increasing coverage (damage) of the leaf

blade by C. rodmanii. Total damage to the plant was a sum cf the damage



to individual leaves. Data also indicated the number of dead leaves
and the number of emergent leaves per plant. Data were recorded from
subsample populations that consisted of 10 plants selected at random
from each plot. For the first six sampling periods, only the original
plants that had been stocked in the frames were sampled. After that
time, older offshoots (plants derived from the original mother stock)
were sampled due either to the death of the original plants or the
difficulty in identifying them in the population of plants.

9. Two fungicides were used to control the disease on water-
hyacinth: Daconil 2787 (Diamond Shamrock) and Benlate (Dupont). In
order to avoid the possibility of a fungicide-resistant strain of
C. rodmanii developing, the fungicides were at first alternated on a
10~ to lh-day spray schedule. It was known from previous experiments
(Conway and Freeman 1976) that the disease would spread to infect the
untreated controls within a few months. Therefore, the fungicide-
treated plants would act as a baseline that would indicate how plants
in the lake functioned without the stress of the disease.

10. Data were analyzed by computer, and for each sampling date an
analysis of variance was performed in order to test for differences
among the treatments. For comparisons between pairs of treatment means,
the standard t-test (Steel and Torrie 1960) was employed, and signifi-
cant differences were usually recorded only at the 0.05 level. Occa-
sionally, highly significant responses (0.01) were observed and these,
along with less significant indications (0.1 or less), will be noted
in Table 3 and the Results section. Regression slope analyses were
performed on the first three and the last four sampling dates for the
following variables: number of emergent leaves per plant, total damage

per plant (emergent leaves), and total damage per emergent leaf.

Results

Number of leaves
per plant (Figure 5)

11. This variable represented a count of all leaves, both emer-

gent and submergent, on each plant sampled. At the beginning of the
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test there was an average of four to five emergent leaves per plant in
all frames. The data indicated that the number of leaves per plant in-
creased in all treatments at a similar rate until the fifth sampling
period (15 April-20 July). On this date, there was a significant dif-
ference between the number of leaves at the highest inoculum concentra-
tion, T-(5,8) (16.85 leaves per plant), compared to the untreated con-
trols, T-1 (15.70 leaves per plant).

12. The number of leaves per plant coﬁfinued to increase and
reached maxima for all treatments during the sixth and seventh sampling
dates (9 August and 7 September). On 9 August, maximum values were
reached in T-1, T-4, and T-8 treatments with the highest value being
20.13 leaves per plant at the T-4 level. The other treatments reached
peak values on T September and the T-5 treatment had the highest number
of leaves per plant (20.93). The numbers rapidly decreased by the
eighth sampling date (27 September) and, except for T-5, T-6, and T-T7,
all treatments reached minima on 18 October. Although there were no
significant differences on the last sampling date, treatments T-5, T-6,
and T-T7 showed a decline in the number of leaves per plant, whereas the
other treatments, including T-8, showed an increase.

Number of dead
leaves per plant (Figure 6)

13. When the frames were initially stocked, plants in the frames
had been cleaned of all dead leaves and, consequently, no dead leaves
were recorded on the plants for the first sampling period. However, by
the third sampling date (3 June), there was a significant increase in
the number of dead leaves per plant at all inoculum levels compared to
the untreated controls, T-1. The number of dead leaves in these treat-
ments averaged approximately 2.20 compared to 1.39 for T-1. Signifi-
cant differences were also recorded for the fourth (28 June) and fifth
(20 July) sampling dates for each treatment versus T-1 as determined by
using Dunnett's test (Steel and Torrie 1960). Treated plots averaged
approximately 1.20 and 0.9 dead leaves per plant more than T-1 for the
fourth and fifth sampling dates, respectively.

14. The number of dead leaves per plant increased in all

10
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treatments and reached maxima on the seventh sampling date (7 September).
The highest number of dead leaves was recorded for T-5 (15.25) while

the lowest was T-1 (12.68). There was a decrease in the number of dead
leaves for the next two sampling periods (27 September and 18 October)
for all treatments except T-3 and T-7 which initially decreased and

then increased on 18 October. There was a slight increase in the number
of dead leaves in T-1, T-4, and T-8 on the last sampling date (15 Novem-
ber) and a slight decrease in T-3, T-5, T-6, and T-7. Significant re-
sponses were determined by using Dunnett's test (Steel and Torrie 1960).

Total damage
per plant (Figure T)

15. Prior to the first inoculation of the fungus onto waterhya-
cinth, an assessment of damage in the plots indicated that there was a
resident population of the pathogen present and the highest incidence
of disease occurred in T-(3,6) plots and the least in T-(4,7) plots.
After application of the fungus to waterhyacinth, the disease ratings
for total damage were significantly higher (0.01) for all treatments
compared to T-1. These differences were recorded through the fourth
sampling date (28 June), whereas, on the fifth sampling date (20 July),
only the T-(5,8) treated plots were significantly higher than the T-1
treatments. For comparison, on 13 May the assessed values of damage
were twice as high for T-(5,8) compared to T-1 (32.83:15.87). However,
as damage to T-1 increased, this ratio eventually decreased by 28 June
(66.92:57.00).

16. Total damage continued to increase for all treatments as the
T-1, T-4, and T-8 treatments reached maxima on 9 August while the other
treatments reached maximum total damage on 7 September. The highest
damage recorded for the treatments occurred in T-5 and T-6 (148.58 and
148.57, respectively) which represented one of the highest and one of
the lowest inoculum levels used in the test. A decline in total damage
was noted for all treatments, except T-3 and T-T7, during the next two
sampling dates (27 September and 18 October). After an initial de-
crease in damage in T-3 and T-T7, there was an increase noted by

18 October. On the last sampling date all treatments showed an increase

12
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in damage; however, the largest increase in damage occurred in T-3, T-L,
and T-8 plots. Although there were no significant differences among
treatments, there were indications that plants in treatments T-3, T-4,
and T-8 were more damaged than T-1.

Height of plants (Figure 8)

17. The initial area covered by the 100 plants placed in each 9—m2
frame at the beginning of the experiment was approximately 1 mg, and
plants in each of the frames measured 13 to 14 cm in height. The height
of the plants in each treatment decreased over the first four sampling
dates (15 April - 28 June). In addition, plants in T-7 and T-8 con-
tinued to decrease in height until 20 July. Measurement of height was
initially a measurement of the longest leaf; but later, when the frames
became filled with the plants, this measurement was also indicative of
the actual height of the plant. The initial decrease in the length of
the longest leaf probably resulted from the spreading of the plants
horizontally until the frames became filled with plants. A slight in-
crease in height was noted on the fifth and sixth sampling dates
(20 July and 9 August).

18. The plants completely filled the frames by 20 July and larger
increases in the height of the plants were noticed in all frames fol-
lowing this complete coverage. There was, however, a significant dif-
ference noted throughout the duration of this experiment that indicated
that waterhyacinth in the untreated controls, T-1, were taller than the
plants in most of the plots inoculated with C. rodmanii. However,
there were no indications that a second application of the fungus to
the plants in the fall influenced the height of the plants. At the
end of the experiment, there were no significant differences in height
among plants in T-3, T-8, and T-1. Plants in T-1 were, however, sig-
nificantly taller than plants in T-4, T-5, T-6, and T-7. In addition,
plants in T-8 were significantly taller than plants in T-L.

Length of roots (Figure 9)

19. At the beginning of this experiment the average length of the
roots varied significantly from 11.40 cm (T-7) to 16.01 cm (T-1). How-
ever, by 13 May root lengths were similar in all plots except that there

1k
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were indications that roots of plants in T-3 were longer than T-5 and
T-7. The length of the roots of waterhyacinth in all treatments in-
creased with time. The initial increase in the length of the roots,
which occurred during the sampling period 15 April to 28 June, corre-
sponded to the horizontal spread of the plants in the frames. Once the
plants became established, the root growth remained more or less con-
stant until 7 September. However, plants in the T-(5,8) plots had
slightly longer root systems during the month of June.

20. There was a second increase in root length from 7 September
to 27 September, with the greatest increase in length recorded for the
T-6 treatment; however, this was not significantly different from the
other treatments. After the second application of the fungus to the
plants (T-6, T-7, and T-8) on 30 September, there was a general reduc-
tion in root length in all treatments except the T-U4 and T-7 inoculum
levels. On 18 October there was a significant difference between the
T-8 compared to the T-3, T-5, and T-T7 treatments, with the T-8 being
longer (62.48 cm versus 49.35, 51.8L4, and 53.90 cm, respectively).
There were no significant differences recorded among the treatments at
the end of the testing period (15 November); however, the greatest
length was recorded for plants in T-3 plots which represented the
greatest average increase for any treatment. Plants in T-T7 had the
shortest roots (55.91 cm) at that time.

Number of emergent
leaves per plant (Figure 10)

21. Waterhyacinth in all plots initially averaged between 4.3 and
L.T7 emergent leaves per plant. The number of emergent leaves per plant
increased in all treatments for the first month after application of
C. rodmanii to the waterhyacinth. There were indications on the second
sampling date (13 May) that plants in T-1 had fewer leaves than plants
in the T-(3,6) plots. However, by 3 June and 28 June, T-1 plots aver-
aged 10.0 to 10.5 emergent leaves per plant and had significantly more
emergent leaves per plant than any of the other treatments. The number
of emergent leaves reached maxima in all treatments on 20 July with T-1

plants averaging 10.5 leaves compared to approximately 10 leaves per

1T
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plant in the other treatments. These numbers declined to minimal values
by 7 September. There were indications that plants in T-4 had the

least number of emergent leaves per plant, whereas plants in T-1 had
the highest number.

22. The number of leaves increased in all treatments over the
next three sampling periods (27 September to 15 November) with no sig-
nificant differences noted except that there were indications (0.09)
that plants in T-1 had more emergent leaves than those in T-3 and T-5
on 18 October. On the last sampling date (15 November), although there
were no significant differences in treatments, there were indications
that all treatments, except T-3, had fewer emergent leaves per plant
than T-1. Plants in T-3 plots had significantly more emergent leaves
per plant than those in T-6 and T-7 plots. Inoculum levels T-6 and T-7
had fewer emergent leaves than their basic inoculum levels T-3 and T-L
(7.48:810 and 7.60:7.7h4, respectively). The number of emergent leaves
in T-5 and T-8 was similar (7.83:7.84, respectively).

Total damage per plant
(emergent leaves) (Figure 11)

23. Cercospora rodmanii was applied to the plants in the desig-
nated plots when the plants averaged approximately 4.5 emergent leaves;
therefore, only a small number of leaves actually received the initial
inoculum. At the beginning of the test, there was a resident damage on
the origihal plants due to natural infection. Additional damage to
emergent leaves of waterhyacinth was apparent approximately 2 weeks
after the application of (. rodmanii to the plants. There was a highly
significant difference (0.01) in the total damage to the emergent leaves
per plant for all treatments relative to T-1 on 13 May and 3 June, with
the highest damage present on plants in T-(5,8) (30.21) and the least
damage on plants in T-1 (18.11). There was a sharp increase in total
damage to plants in T-1 plots during the next sampling period (28 June)
and, although there were no significant differences among inoculated
treatments, there was a significant difference in damage per plant for
T-1 when compared to plants in T-(5,8) and T-(3,6) plots.

2k, Maxima for total damage per plant were reached on 20 July in
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Figure 11. Total damage per plant (emergent leaves) versus time
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all treatments and controls:; there were indications that damage was
greatest in T-1 plots compared to plants in T-7. All plots showed a
decrease in total damage until 7 September when damage to plants rapidly
increased in all plots for the duration of the test. Although there
were no significant differences in total damage among treatments on

15 November, there were indications (0.1) that the greatest damage per
plant occurred on the emergent leaves in the T-8 plots. The least
damage per plant was recorded for plants in T-1 and T-6. In comparison
to the basic inoculum levels, only plants in the T-8 plots showed an
increase in damage of those plots receiving a second application of

the fungus.

Total damage per
emergent leaf (Figure 12)

25. The resident damage on the emergent leaves at the beginning
of the test was approximately 1.2 and, according to the rating scale
used, this represented only a few lesions per leaf. However, there were
indications that plants in T-(5,8) plots had higher damage ratings than
plants in T-(4,7). Data collected on the second and third sampling
dates (13 May and 3 June) showed that a highly significant difference
existed between all treatments compared to T-1, which showed the least
damage. In addition, a highly significant difference (0.0l1) existed on
13 May between T-(5,8) and the T-(3,6) treatments, with the T-(5,8)
having more damage per leaf. There was no significant difference be-
tween the T-(5,8) and T-(4,7) inoculum levels at that time. There were
no further differences among treatments until after the second applica-
tion of the fungus to the plants on 30 September.

26. Damage per emergent leaf increased until 20 July when maximum
values were recorded for T-1, T-4, T-5, and T-8. Maximum values were
recorded for T-3, T-6, and T-7 plots on 9 August. There was a rapid
decrease in damage for all treatments and T-1 on 7 September. On the
first sampling date after the application (18 October), there was a
highly significant difference (0.01) in damage between T-8 compared to
the T-3 and T-6 treatments and a significanﬁ difference (0.05) between

T-8 and T-1, with the greatest damage per leaf occurring in the T-8
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Figure 12. Total damage per emergent leaf versus time
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plots. Although there were no significant differences on the last
sampling date (15 November), there was an indication (0.1) that greater
damage per emergent leaf of waterhyacinth occurred in the T-8 plots com-
pared to T-=1l. Of those plots receiving a second application of the
fungus, only T-8 showed an increase in damage per emergent leaf compared
to the basic inoculum levels. However, emergent leaves in all treated
plots were assessed higher damage ratings compared to those in T-1 plots.

Rate of increase in the number of
emergent leaves per plant (Figure 13)

27. Sampling dates 15 April-3 June. Using a simple regression

equation, the rate of increase in the number of emergent leaves per
plant, which is a measurement of the slope Bi , was determined. The

equation used was:

22)
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Figure 13. Rate of increase in number of emergent leaves
per plant versus time
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where

Y = number of emergent leaves per plant

. initial number of emergent leaves per plant

;7 rate of increase in the number of emergent leaves per plant
X = time, days

Similar inoculum levels were combined for the computation (i.e., T-(3,6),
T-(4,7), and T-(5,8)) because they represented the same inoculum level
at that time. The rate of increase values for each basic inoculum level

are given in the following tabulation:

Treatment _?i__
T-1 2.822
T-(3,6) 2.048
T—(4,7) 2.1183
T-(5,8) 2.108

28. All regression line slopes are significantly greater than O,
and the common rate of increase for the four lines is 2.194. The common
rate was determined because the treatment slopes were not significantly
different from each other relative to variations within the treatments.
There were indications, however, that the rate of new leaf production
over the first three sampling periods was greatest for plants in T-1.
This rate increase for plants in T-1 plots indicated that there was an
increase of 2.8 leaves per plant for each sampling period compared to
an average increase of 2.1 leaves per period for plants in the treated
plots.

29. Sampling dates 7 September-15 November. All rates were again

significantly greater than 0, and the common rate of increase or slope

was 0.496. Rate of increase values for individual treatments are shown

below.
Treatment Bi
T-1 0,537
T3 0.480

(Continued)
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B

Treatment i
T-4 0.842
T-5 0.491
T-6 0.380
T-7 0.512
T-8 0.458

Each rate was recorded separately to reflect the effect of the second
application of C. rodmanii to treatments T-6, T-7, and T-8. During the
last four sampling periods, the rate of new leaf production for T-1 was
0.54 leaves per plant for each period and, for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>