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‘species is almost axiomatic, but it Is surprising that the rapid height
growth should be accompanied by so proportionally little weight gain.

In effect, however, the phenomenon is consistent with the conclusions of
Long and Smithl from their observations on growth of plants confined in
these same frames for their experiments. They report that the peak bio-
mass in their control plots occurred about 15 September, but that on a
per plant basis, weight decline began in the latter part of July. They
conclude,

"The picture emerging is that the weights of individual
plants tend to increase early in the growing season,
reach a peak, and then decrease late in the season.

The number of plants...increased drastically in all

the control plots and the weights...[of these plots]
increased as long as plants could reproduce unrestrict-
edly. At the end of the season, reproduction of the
plants stopped or drastically slowed, and the average
weight of an individual plant decreased, resulting in

a slight decrease in biomass in the control plots."

53. This is consistent almost to the date with the results from
the tests reported here, in which peak biomass (weight) was recorded for
most plots on 16 September, followed by a continuing decline thereafter
(Tables 2 and 3); whereas, the slight decline in height preceding the

height growth spurt began with the 21 July observation on these plots.

Agent Persistence and Spread

Data presentation

S5hk. Figure 10 summarizes the presence and migration of the insects
and pathogens applied to the various test plots. Some further explana-
tion of the legend in Figure 10 is needed.

55. The numbers enclosed by the square symbol represent the plot
numbers. The normal treatment, i.e. the agent put on the plot, is
represented by a column containing letters and dots located directly
under the left-hand corner of each plot symbol. The letters a, b, c,'
and d are placed in the sequence shown in the lower part of the legend.
If a dot is shown in the column instead of a letter, no treatment of

the respective agent was placed on the plot. The observed treatment is

37



- a Qg C 2 a - . a a g a-ee«a aa
** bb .. b bb ¢+ o «+ bb
1875¢ cc c c cc c cc €€ ccercercC
dd d(d dd d ¢ dig @w did &
. Q . . . - a . a a . » Q . . a
b b . . b b . b . b b . . . b
23 JUN 1976 < < < c < < < < L4 < c < <
. . (d) . . . . . . . . . . . N
. . N . . . . . . . . . a . . {a)
. b . (b) b b . b b b b b . b .
16 JUL 1976 < N . 5 e & - & e . c . . € < c
aa a a aa .. * (ajw-a a .. aa o a .. o a a . QO O~ O .. .. .. aa
bb = *+* bb ¢+ bb ** bbb =+ bb bb +* bb *++ bb ¢+ bb -
e lee s CerCeCcCCrC +“Ce4CC CC CC €CC CC4sC CC CC—peC—eC—sC
dd—es d s e dd s ++» dd dd dd=es(d ++ ++ dd dd dd-e+d -+ dd
. a . . . . . . . . . . . a . . a . . . . . . a
. b . b b b b . . b . b . b . b b b b . b . b .
< < c < < < < < < < c < < < < c < < < < < < < c
5 5 = ~ v . - . (a) . . . . . . v . . . - . » -
. b . b b b b (b) b b b b b b - b b . b b b . b .
< < < = < < c < < < < c < < c < < < (3 < < < c .
LI aa .. aa a a-es(a) ..
bb s @ *(b)»b b b b b b L LI
cCc—er C cC C-ee+C cc—e»r C cCC-e+* C
dd dd d(d) dd »+ * .. .. .
. . . . . a . .
b . . b b b . .
< < < < < c < <
. . . . . (d)  (d) .
. - . (a) . . . .
b . . b b b . .
LEGEND < E < € N f:) < N
@TEST PLOT NO.
S NOMINAL TREATMENT
@ OBSERVED TREATMENT (TIME- [39] "]
INDEPENDENT AFTER APPLICATION) i
UNCERTAIN OR TENUOUS EVIDEN F .o aa .. aa o« aa e a . a4+ Qa-#+a QA+ T aa-e-
E) AGENT NOT APPLIED G QAR b b b b " . .. * @ * bebb bb L LI b b LI bb bb =* bb
GENT NOT OBSERVE + Ce—+Cw+ Cecc CcC + ca-c c ce ece c¢c C Cme C© s Ce-C C—pr TG
= A SERVED .. *(d)edd *+ +(dedd dd dd d* dd—*+*{d) *++ dd=++-d xd dd
—& DIRECTION OF NEAREST CONTAMINATION SOURCE
. a . a - . . . . . . . a . . .
TREATMENT DATES OF b b . b . b b . . . . . b . b
AGENT RELEASE c c c . 3 < & c c c < c < c <
a ARZAMA (MOTH) 10 JUL & 13 AUG 1975 = : E * : : ' ' ' ' ' ' * ' ) 1
o NEOCHETINA (WEEVIL) 10 JUL 1975 . . . . . . . . . . . . . . . .
< CERCOSPORA (FUNGUS) 24425 JUN 1975 b b b b . b b . . b . b b b . b
d ACREMONIUM (FUNGUS) 24- 25 JUN 1975 2 < o £ < L < € € 2 L L = & 5 5

Figure 10. Chronology of insect and pathogen dynamics



what was actually reported to be on the plot and is designated in the
same manner as described for the normal treatment, except the dot indi-
cates that the respective agent was not observed. Three sets of treat-
ment or observation symbols are shown under each plot in Figure 10, i.e.,
composite treatment and observation data for the entire season of 1975
irrespective of time of observation but exclusive of the dates of appli-
cation, and observation data (observed organism presence) for the two
dates in 1976. Because the agents were applied only in 1975, there are
no treatment symbols corresponding to the 23 January and 16 July 1976
observations. Arrows between the columns for 1975 indicate the nearest
potential source of infection when the observed treatment differs from
the nominal treatment for a given plot. The direction of the arrow is
arbitrary when a potential source of infection is equally near from
either direction, i.e., when the next adjacent plot on either side has
been treated with the contaminating agent.

Population dynamics

56. After a study of Figure 10, the following observations about

the movements of the organisms during 1975 were made:

a. Arzama on 12 plots where it had not been applied.

b. Neochetina on two plots where it had not been applied.

c. Cercospora on 32 plots where it had not been applied
(it is reported on nearly every plot).

d. Acremonium on 11 plots where it had not been applied.

e. No Arzama on two plots to which it had been applied (92

and 8). (This may be attributed to the "inherent" low
vigor of these two plots.)

f. DNo Acremonium on one of the plots to which it had been
applied (70).

5T. 1In every case, except three cases for Cercospora, contamina-
tion could have occurred from an immediately adjacent plot. In fact,
problems have been experienced with the leashes coming loose or break-
ing, allowing a plot to drift along the anchor cable to rest against
its neighbor; therefore, other possible mechanisms for contamination,
in addition to natural or self-dissemination, would be escaped plants

drifting to their neighbors, or from natural vagrants drifting from
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plot to plot. The surprise in this set of data is Neochetina, which
established itself well during its first season and exhibited very
little transmigration during that year, but which reappeared very early
in the following spring and very quickly spread throughout the test
plots (e.g. 16 July 1976). It also appeared extensively throughout the
native waterhyacinth population on the lake early in the 1976 season.

58. Arzama appeared only sporadically in the first season, and
indeed the first release on 10 July was declared a failure, so a second
release was made on 13 August. DNote that it reappeared sporadically in
1976, most often on plots with the taller plants (e.g. 101, 64, 85).
Damage by Arzama is obvious this year (1976) on the native waterhyacinth
population in the area but only on very tall, lush plants, or plants
that were obviously lush at the time of attack. It does have a severe
debilitating effect on such plants, however.

59. Note also the relation between Acremonium and Cercospora.

Although Acremonium was never reported to be strong on any plot in 1975,
it did at least establish itself on most plots to which it was applied
and was still present on most of these plots on 16 September. At that
time, Cercospora had not yet spread extensively and was not yet reported
to be especially strong on any plot. But on 31 October, Acremonium was
reported to be nearly extinct on most plots, while Cercospora was now
very widespread and reported strong on most plots. Acremonium was re-—
ported tentatively on a few plots on 23 June 1976, early in the season,
but its presence since that date has not been confirmed. Cercospora,
by contrast, reappeared vigorously in the second season and, at the
time of this report, is profuse throughout the test plots, as well as
widespread on the native population of waterhyacinths in the area.

60. The Orthogalumna terebrantis (waterhyacinth mite) began to

appear on the test plots on 20 August 1975 and, by the end of the sea-
son, was reported to be on every plot with Neochetina, but only on

those. Tetranychus gloveri (spidermite) was discovered on several plots

on 8 August 1975, but it was sprayed with an acaricide and was not
reported on any plot after 20 August.

61. Orthogalumna has appeared again in the second season and is
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distributed profusely over the test plots, but its specific association
with Neochetina has not yet been examined. In September, Tetranychus
had not yet reappeared on the test plots, though it is present on the
native populations of waterhyacinths in the area. These are not shown
on the chart.

62. The previous discussion provides a strong affirmative answer
to the second question in paragraph 37b, for it appears reasonable to

conclude that as a minimum Arzama, Neochetina, Cercospora, in some com-

bination, are capable of establishing and sustaining a debilitating
epiphytotic on waterhyacinths under the climatic and other environmental

conditions of these tests.

Concluding Comments

63. The accumulated data are rather more complex than they orig-
inally were expected to be, consisting as they do of observations on
several variables observed at several times. Obviously, the selection
of the test design was based on the supposition that an analysis of
variance and Duncan's Multiple Range tests would reveal the relative
contribution of each agent combination to the demise of the water-
hyacinths. However, the test agents have migrated to the controls, and
this contamination makes a comparison of control and treatment meaning-
less. For this reason a more valid datum is needed to determine the
effectiveness of the test agents, since the test provides for continua-
tion for 1 or 2 years. Control data collected in 1974 at Lake Concordia
during the evaluation of the effects of 002 laser irradiation on water-
hyacinth growthl would probably be a good indication of expected plant
growth in natural conditions. For example, the instantaneous growth
rate (k) is 0.0216L5, which yields a daily increment factor (ek) of
1.0219, a figure comparable to Bock's calculation)4 of 1.0217 for water-
hyacinth growth at about the same time of the year.
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PART VI: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

64. As a result of the data collected during this reporting per-

iod and the preliminary analysis performed to date, the following con-

clusions were drawn:

8.

|o

jo

The selected agents, once established on the plots of
waterhyacinths, have maintained an effective population
throughout more than one yearly cycle (paragraph 62).

The first-year effect of the agents' presence is to re-
duce the peak weight and height of the plants (Figures T
and 8, respectively).

The optimum cause, i.e. the best combination of control
agents, of the apparent reduction of the second-year
growth rate from the first-year growth rate cannot be con-
firmed without additional data and systematic analysis of
those data.

Recommendations

65. As a result of the effort conducted to date and the conclu-

sions resulting therefrom, it is recommended that:

&.

=

The experiment be continued for at least one more seasonal
cycle to determine (1) the optimum cause of the apparent
reduction of growth rate of the plants, and (2) the effec-
tive overwintering of the agents.

The analysis of the presently collected data be continued,
and the results obtained from the nominal test design be
reevaluated on the basis of the observations noting the
cross—-contamination of plots (Figure 10).
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Table 1

Cumulative Plant Mass, kilograms

Date (Julian Day and Conventional Calendars), 1975-76

OWVOWVI VTUIVO VIVVTO OOVIO QOVIVI MTOOW OWUVOoOO Jow o

Treat- Frame 17k 188 202 218 231 245 259 273 295 337 57
ment ¥ No. 23 Jun 7 Jul 21 Jul 6 Aug 19 Aug 2 Sep 16 Sep 30 Sep 22 Oct 3 Dec 2 Feb
0 35 36.0 k9.5 68.0 98.5 107.5 110.0 121.0 118.0 109.0 101.0 82

96 3k4.5 60.0 T8 108.0 123.0 137.0 151.0 146.0 134.0  133.5 98
25 48.0 70.0 91.0 120: 5 121.5 127.0 147.5 1h41.0 130.5 12h.5 97
30 39.0 53.5 67.0 92.0 111.0 125.0 1h7.5 150.0 136.0 125.0 92
a 107 30.0 43.0 58.5 87.0 104.5 121.5 134.0 133.0 12k,0  115.0 67
50 45.0 56.0 73.5 97.5 103.0  115.5 131.0 127.0 112.5 106.0 78
38 38.5 53.0 67.0 95.5 106.0 116.0 139.5 136.5 134.0 132.5 95
L1 27.5 57.0 73.0 99.0 115.0 128.0 153.5 154.0 150.0 149.5 104
ab 85 32.0 55.0 72.5 103.0 114.0 11k.0 11k.5 109.0 101.0 100.0 8l
36 20.0 38.5 L4.0 57:5 63.0 68.5 4.0 715 70.5 68.0 67
6 48.0 62.0 78.5 102.0 110.0 110.0 1215 115.5 104.5 102.0 82
23 39.0 49.5 58.0 85.0 96.0 97.0 105.0 102.0 100.0 98.0 83
abe 52 25.0 32.5 Ly.o 65.0 1175 78.0 81.0 83.5 81.5 81.0 53
89 36.5 57.0 67.5 89.5 96.0 101.0 106.0 99.0 9L.0o 91.0 80
19 39.0 54,5 63.0 90.5 100.0 104.0 114.0 106.5 97.0 95.0 85
16 7.0 530 63.5 87.0 98.0 87.0 98.0 90.5 8L.0 83.5 T
abed 101 31.0 43.0 56.5 81.0 95.0 96.5 98.0 101.0 98.0 124.5 6l
97 45.0 55.0 69.0 93.0 98.0 95.0 102.5 102.0 97.5 96.5 80
y 30.5 Lo.5 52.5 72.0 75.0 72.0 82.5 76.0 3.0 66.5 68
8 19.0 22.0 22.0 25.5 25.5 24.0 24.5 24.0 21.0 24,0 22
b 43 28.0 36.0 48.5 71.0 86.0 93.0 95.0 95.5 9h.s5 9k.s 63
86 Lo.o 50.0 66.5 9kL.0 10k.0  105.5 177...0 108.5 100.0 99.0 80
69 37.0 43.0 59.0 81.5 95.0 98.5 110.0 100.0 96.0 9L.o 86
il 34.0 54.0 67.0 97.0 107,00 dd2.0 119.0 119.5 116.5 116.0 96
be 58 355 48.0 62.5 90.0 95.0 93.0 99.5 98.0 100.0 98.5 86
71 42.5 565 T3:5 99.0 109.0  109.5 13540 11k.0 112.0  110:5 93
33 37.0 4745 575 81.0 88.0 90.5 102.0 100.0 98.0 95.0 85
82 30.5 36.0 42.0 62.0 70.0 73.0 84.0 80.5 82.5 82.0 76
bd 51 30.0 k2.5 58.0 8h.5 95.5 96.0 93.0 95.0 9L.5 94.0 60
90 33.0 48.5 5T7.5 9.5 86.5 86.5 91.5 90.0 86.5 84.0 76
40 38.0 46.5 60.5 82.0 90.5 9k.0 106.0 103.5 100.0 98.0 85
iln] 35.5 58.0 5.0 98.5 112.5 113.0 118.0 116.5 109.5 109.0 90
c T 37.0 52.0 68.5 98.0 118.5 231:5 148.0 157.0 1k4.0  130.5 78.0
i 23.0 3k4.5 37.0 52.0 58.0 T0:5 85.0 85.0 83.5 81.5 69.0
13 41.5 53.0 65.0 90.0 99.0 113.5 1350 130.0 129.0 122.0 93.0
10 39.5 5C.0 570 82.5 95.5 111.5 134.0 137.0 129.0 129.0 96.0
cd 67 35.0 52.5 73.0 103.0 111.0° 123.5 138.5 145.0 136.0 121.0 72.0
106 L8.0 59.5 80.5 111.5 121..0. 133.5 156.0 157.5 143.5 134.0 103.0
T2 31.5 L3.0 56.0 76.5 87.0 96.0 119.5 116.5 109.0 10k.0 87.0
R 33.0 33.0 36.0 49.5 56.0 67.0 82.5 81.0 6.5 76.5 69.5
ac 18 29.5 48.5 62.5 90.0 103.5 117.0 135.0 137.0 133.5 327.5 92.0
105 47.0 65.5 82.5 112.0 115.5  127.0 14,5 141.0 126.0 116.0 9k.0
92 17.5 18.5 15:5 16.0 1h.5 12.0 13.0 1255 11.0 10.0 9.0
24 Lh. o 56.0 63.5 89.0 94.5 108.5 122.0 121.0 1335 IE8.0 87.0
d 104 31:5 54.5 76.5 108.0 119.0 128.0 1h4.0 149.0 145.0 137.0 106.0
87 sh.0 69.5 92.0 119.5 123.0 127.0 14h2.5 1b41.0 133.5 119.5 9k.5
2 41.0 53.5 67.5 96.5 106.5 117.0 139.5 133.0 129.5 125.0 9L.0
37 39.5 51.0 61.0 87.5 97.0 110.0 131.5 129.0 121.0 121.0 95.0
ad 99 37.0 52.0 72.0 101.0 117.0: 125.0 1.36.5 140.5 124.0 107.0 62.5
80 19.0 32.5 37.0 51.5 60.0 76.0 95.5 94.0 98.5 95.0 13.0
T 50.0 57 .0 81.0 114.5 123.0 134.5 156.5 1k9.0 137.0 126.5 97.0
83 Lk.s 51.0 63.5 89.0 99.0 110.0 1315 131.0 TX30 IG5 79.5
acd an 39.0 6h.0 85.0 118.5 123.5 129.5 1440 139.0 132.0 124.0 99.0
108 23.0 33.0 375 48.5 55.5 68.0 87.0 88.0 80.0 73.0 66.0
32 36.5 48.0 58.5 77.0 83.0 91.0 109.0 101.0 92.0 89.5 4.0
70 36.0 26.0 27.0 35.0 38.5 L2.5 k9.0 L6.5 43.5 L3.0 Lk, 0
bed L6 30.0 37.5 48.5 70.5 72.0 T1.:0 8.5 75:5 76.0 T8.5 69.5
17 43,5 51.0 64.0 91.0 97.5 100.0 105.0 109.0 107.5 100.0 91.0
21 34.0 52.0 66.5 102.5 103.0 100.0 110.0 105.0 100.0 96.0 88.0
27 35.0 L1.0 45.0 63.5 67.5 71.0 79.0 77.0 T6:5 76.0 T3:5
abd 65 La.s 62.0 84.0 117.0 118.0 116.0 119.5 114.0 108,0 10h4.5 85.5
.00 L3.0 56.0 77.0 105.5 117.0 15.0 122.5 114.5 104.5 104.0 85.5
51 28.5 34,0 40,5 57.0 58.0 58.5 67.0 61.5 ) 49.0 60.0
26 38.0 56.0 71.0 91.0 93.5 88.5 95.5 89.0 82.0 75.0

* () = no treatment (controls); a

= Arzama; b

Neochetina; ¢ =

Cercospora; and d = Acremonium.







APPENDIX B: TFLOWERING ACTIVITY OF WATERHYACINTHS

1. In general, flowering (Table Bl) was reported to be profuse on
23 June 1975 and, according to the recorded data, continued so through
6 August. No flowers were observed on 19 August, but flowers were ob-
served sporadically thereafter until 12 October and presumably continued
so until frost. This pattern is consistent with the observations re-
ported by Long and Smith.l Their data for 1974 show a profusion of
flowering on the test plots at the 2L4-25 June and 11 July observations,
with sporadic flowering thereafter.

2. Any deviations from the designated treatment series that may
affect the results of the experiments with respect to plant mass accumu-
lation must, of course, also be accounted for in the interpretation of
the flowering data. Though it would be erroneous to assume that a one-
to-one correlation or a cause-effect relation exists between plot
welght and flowering activity, observation suggests that an inverse re-
lation probably exists; that is, lush plants bloom profusely, less
vigorous plants bloom sporadically, and stunted plants bloom little or
not at all.

3. An uncritical tentative evaluation of the flower data for the
test (Table Bl), without consideration of unsuccessful introduction of
agents, contaminations, or other extra-experimental effects, suggests
the following results: all plots treated with Neochetina (and coin-

cidentally with Orthogalumna), in the absence of other designated treat-

ments, exhibited somewhat suppressed late-season flowering relative to

the controls, and the plots treated with both Neochetina and Cercospora

exhibited greater suppression of late-season flowers. None of the other
treatment combinations appear to have had a noticeable suppressive
effect on flowering, but some plots designated for Arzama appear to

have exhibited somewhat enhanced late-season flowering, relative to the

controls. These observations, however, must not be taken uncritically.
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Table Bl

Flowering Activity, Number of Open Inflorescences

3 Dec

22 Qet

30 Sep
I & 1. @ &

1975
19 Aug 2 Sep 16 Sep
4 0 7 04 2 0 0 0O O1L O OO 20

6 Aug

21 Jul

7 Jul¥*
8§ 6 4 3 3 2

23 Jun

Sequence

Frame No.

Treatment
Code

/

0 0 1

1

ik
2
0
3
3

3
2
In
2
2

3
7
0

2
1

25 30

96
50
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89
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35
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001 1 0 0 0 I 2 3
0 0 01 00 0 0 O
0 0 0 0 0 0 0 0 0

01 3 18 2 0000041 0000
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Summary :

Suppressed late inflorescence
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Somewhat suppressed

b

Greatly enhanced late inflorescence
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Field inspection on 1 July 1975; no flowers available for photographs.
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Somewhat enchanced late inflorescence
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Addor, Eugene E

A field test of selected insects and pathogens for con-
trol of waterhyacinths; Report 1: Preliminary results for
the 1975-76 season / by Eugene E. Addor. Vicksburg,
Miss. : U. S. Waterways Experiment Station, 1977.

44, rl2zp. : ill. ; 27 cm. (Technical report - U. S.
Army Engineer Waterways Experiment Station ; A-77-2, Report

Prepared for Office, Chief of Engineers, U. S. Army,
Washington, D. C.

Bibliography: p. 43-44.
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