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ABSTRACT

 

The diversity and frequency of microorganisms associated
with hydrilla [

 

Hydrilla verticillata 

 

(L.F.) Royle] were deter-
mined by dilution-plating of water, sediment (soil), and hyd-
rilla plant samples from four man-made ponds and two lakes
in north Florida. Aqueous dilutions were plated on six selec-
tive and nonselective culture media: Sneh & Stack selective
medium (SS), Komada’s (K), PART selective medium
(PART), chitin agar (CA, selective for actinomycetes), nutri-
ent agar (NA), and hydrilla extract plus half-strength potato
dextrose agar (HPDA). Four hundred and fifty eight differ-
ent organisms (211 bacteria, 202 fungi, 44 actinomycetes,
and 1 cyanobacterium) were recovered from 48 samples
taken from the four ponds using the six media. Two hundred
and ten (101 bacteria and 109 fungal isolates) were recov-
ered from 15 samples taken from Rowell Lake. Seventy seven
(31 bacteria, 45 fungi, and 1 cyanobacterium) were recov-
ered from 10 samples from Orange Lake. The most effective
medium for isolating the greatest variety of fungi was K.
Nutrient agar and HPDA were best for isolating the largest
diversity of bacteria, and CA and HPDA were best for actino-
mycetes. Fungi belonging to several plant pathogenic genera
including 

 

Botryosporium

 

, 

 

Cercosporidium

 

, 

 

Chaetophoma, Diplodia,

 

and

 

 Pyrenochaeta

 

 were found mainly in hydrilla and soil sam-
ples. Very few actinomycetes were recovered, mostly from
pond soils, with a few from pond hydrilla. The frequency and
diversity of the microorganisms isolated confirmed the occur-
rence of a rich microbial flora associated with hydrilla and
the efficacy of the media and the isolation technique used.
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INTRODUCTION

 

To discover effective microbial agents for use in biological
or integrated control of hydrilla, it is necessary to understand
the microbial ecology of this plant under natural conditions.
However, the microflora associated with hydrilla is poorly
understood (Charudattan 1990). This investigation was
therefore designed to characterize the microbial flora
(pathogens and nonpathogens) of hydrilla at selected sites in

north Florida by using six selective and nonselective culture
media. It has been shown that even organisms that alone
have minimal effect on the host plant may contribute to the
integrated control of a submerged aquatic weed (Sorsa et al.
1988). In view of this, the microorganisms associated with
hydrilla in this study will be screened for their pathogenic or
phytotoxic activities against hydrilla. Those that are effective
in killing hydrilla will be tested for their host specificity and
may then be developed as bioherbicides. It has been sug-
gested that such organisms could be manipulated to improve
their biocontrol efficacy by introducing genes for the produc-
tion of a herbicidal metabolite, a lytic enzyme, or possibly a
plant hormone (Pennington 1984). This is one of our long-
term objectives; the present study is the first phase.

 

MATERIALS AND METHODS

 

Study Sites and Sampling Methodology. 

 

Three field sites con-
sisting of four man-made ponds located at the Center for
Aquatic Plants, University of Florida, Gainesville and two nat-
ural freshwater lakes around Gainesville, Orange and Rowell
Lakes, were used for this study. At each of these sites, two sta-
tions (sub-sites) were established for sampling. Water, sedi-
ment, and hydrilla samples were collected from each station.
Water samples were taken by submerging sterile 5-dram glass
vials and opening them 10 cm under the water surface. Soil
samples were taken from ponds by submerging an inverted,
sterile 5-dram vial into the sediment and retrieving the soil.
Sampling of soil from lakes was carried out by pushing a 3-m
long, 2.25-cm-diam PVC tube into the soil, then closing the
upper end of the tube with a rubber stopper, and retrieving
the soil. Hydrilla samples were taken by gathering apical
shoots of hydrilla (about 20 cm in length) at the water sur-
face and/or 30 cm under the surface. The shoots were trans-
ported to the laboratory in sterile 5-dram vials kept on ice
and were processed within 3 to 4 h of collection. Plant sam-
ples were surface sterilized with 3% H
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2

 

 for 3 min and
ground with a sterile pestle and mortar prior to making dilu-
tions. Sampling was conducted in November 1994, January
1995, and March 1995 for ponds, Orange Lake, and Rowell
Lake, respectively.

 

Media Used for Isolation

 

. Six selective and nonselective cul-
ture media were used to isolate various types of microorgan-
isms: Sneh & Stack selective medium (SS) (Sneh and Stack
1990), Komada’s medium (K) (Komada 1975), PART selec-
tive medium for 

 

Pythium

 

 and 

 

Phytophthora 

 

(PART)
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, chitin
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g thiamine HCl, 8.5 g DIFCO cornmeal agar, 4.5 g
agar, and 500 ml distilled water, and prepared as follows: cornmeal agar was
autoclaved for 15 min, and amendments were added and mixed.
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agar selective medium for actinomycetes (CA) (Lingappa
and Lockwood 1962), nutrient agar (NA) (DIFCO laborato-
ries, Detroit, Michigan), and hydrilla extract plus half-
strength potato dextrose agar (HPDA)

 

4

 

. Because our results
of dilution plating of pond samples showed that growth of
the recovered microbes on CA plates was sparse and the bac-
terial colonies overgrew on the actinomycete and fungal col-
onies, this medium was supplemented with dextrose (10 g/
l), streptomycin sulphate (0.3 g/l), and chloramphenicol
(0.1 g/l) when used for isolating from lake samples. Also,
HPDA medium when used for isolating from lake samples
was supplemented with the above-mentioned antibiotics at
the same rate to suppress bacterial overgrowth.

 

Dilution Plating, Colony Counting, and Culture Storage

 

. Aque-
ous dilutions of pond water, plant, and soil samples were
plated directly on 9-cm agar plates of different media as fol-
lows: 1/200 of all sample types for SS, K, and PART media,
and for CA, HPDA, and NA media, 1/2000 of water and
plant samples and 1/20,000 of soil samples. Aqueous dilu-
tions of lake samples were the same as for the pond samples
except for the water samples plated on CA, HPDA, and NA;
these were plated at 1/200. Each diluted sample was pipetted
at 0.25 and/or 0.5 ml per agar plate and spread with a flame-
sterilized glass rod. Two or three replicates were used. Inocu-
lated plates were incubated in the dark at 28 C. Microbes
recovered on NA and HPDA plates were counted 10 days
after inoculation while those that appeared on the other
media were counted 4 weeks post-inoculation. Different
organisms recovered on each medium were code-numbered
and stored on suitable agar slants [potato dextrose agar
(PDA, DIFCO) for fungi and oatmeal agar (OMA, DIFCO)
for actinomycetes]; bacteria were stored in sterile water
tubes. Working cultures of fungi and actinomycetes were
transferred to 6-cm PDA and OMA plates, respectively, and
exposed to diurnal light (12 h cycle, 37 

 

µ

 

E.m

 

-2

 

.s

 

-1

 

) from two
40-W cool-white fluorescent lamps suspended 45 cm above
the plates to enhance sporulation. Identical-looking colonies
of the recovered microbes on different media were consid-
ered as the same microbe. Calculations were made to stan-
dardize the unit of comparison to be colony forming unit
(CFU)/ml of 1/200 or 1/2000 dilution as appropriate.

 

Identification.

 

 Because of the large number of recovered
microbes, only the most frequently recovered organisms
were identified. Fungal isolates were identified by cultural
characteristics and microscopic examination. Bacterial
strains were tested for Gram reaction. Organisms that show
pathogenic or phytotoxic activity against hydrilla in an 

 

in
vitro 

 

assay will be identified to the species level.

 

Statistical Analyses

 

. The data were analyzed with the Statisti-
cal Analysis System (SAS Institute 1988). The number of col-
onies for each type of microbe was log-transformed to induce
homogeneity among treatments, and all multiple compari-
sons were first subjected to analysis of variance (ANOVA).
Significant differences among treatment means were deter-
mined with Least Significant Means test. Because the num-

bers of isolations are cumulative (not means of samples),
Chi-square (

 

X

 

2

 

) procedure was employed for each type of
microbe.

 

RESULTS

 

Recovery of Microbes from Ponds. 

 

Data obtained from direct
dilution plating of pond samples are presented in Tables 1
through 3 and Figures 1 through 5. Many of the recovered
colonies did not appear until after 3 weeks of incubation
except on NA and HPDA; the bacteria were recovered on
them within 6 to 8 days after plating.

According to the Chi-square procedure used for testing
for microbial diversity, there were significant associations
between the medium and the sample type with respect to
fungi (

 

X

 

2

 

 = 17.67, 

 

P

 

 = 0.02); however, the medium and the
sample type had only a marginally association with respect to
bacteria (

 

X

 

2

 

 = 16.64, 

 

P

 

 = 0.08) and no significant association
existed with respect to actinomycetes. On total, pond waters
yielded 17 fungal colonies/ml (20 different isolates) and 448
bacterial colonies/ml (56 different strains on 4 media only;
excluding CA and HPDA which had too numerous bacterial
colonies to count). No actinomycetes were recovered on the
six media used for pond waters (Table 1, Figure 1). Sixty
nine fungal isolates with a total of 41 colonies/ml, 44 bacte-
rial strains (96 colonies/ml on 4 media only, CA and HPDA
excluded), and three isolates of actinomycetes (7 colonies/
ml) were recovered from pond hydrilla samples. Seventy
seven fungal isolates (399 colonies/ml), 108 bacterial strains
(3641 colonies/ml on 4 media only, CA and HPDA
excluded), and 44 isolates of actinomycetes (933 colonies/
ml) were recovered from pond soils (Table 1, Figure 1).

For the microbial frequencies obtained from pond sam-
ples, there were significant effects of medium, sample type,
and medium x sample type interaction. Hydrilla-potato dex-
trose agar and K were the most effective media (

 

P 

 

< 0.03) for
recovering fungi when isolating from water (Figure 2a) and
hydrilla (Figure 2b) samples; however, there were no differ-
ences between these media and SS when isolating from
plant, and between CA and HPDA when isolating from soil
(Table 1, Figure 2c). The least effective ones in this regard
were NA and PART; there were no differences between these
media and CA and SS when isolating from water samples
(Table 1). Hydrilla-potato dextrose agar and CA followed by
NA were the best media for isolating bacteria from water,
plant, and soil (Table 1, Figure 2a-c) while SS and PART (for
isolating from water and plant) and SS and K (for isolating
from soil) were least effective for isolating bacteria. Regard-
less of the sample type, the best media for isolating microor-
ganisms in terms of frequency were CA, HPDA, and K for
fungi (

 

P

 

 

 

≤

 

 0.02); CA, HPDA, and then NA for bacteria (

 

P

 

 

 

≤

 

0.007); and CA followed by HPDA for actinomycetes (

 

P

 

 

 

≤

 

0.0008) (data not shown). The actinomycetes were recov-
ered only on CA and HPDA, with the former being better
than the latter. The majority of actinomycetes were isolated
from the soil samples and very few of them were recovered
from hydrilla samples (Table 1, Figure 2a-c). Thus, CA and
HPDA were the best media for isolating microbes although
the growth of most microorganisms on these media are very
weak or sparse. With regard to the microbial diversity, these
two media were moderate for fungi but still the best for acti-
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HPDA was prepared as follows: 150 g/l of fresh hydrilla sprigs were
boiled in tab water for 45 - 60 min, extracted through 4 layers of cheese-
cloth, and mixed (1:1 v/v) with half-strength DIFCO potato dextrose agar.
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nomycetes. Nutrient agar and HPDA but not CA were the
best for bacteria (Figure 3).

The most frequent microorganisms recovered from pond
samples and their frequencies in each sample type are pre-
sented in Table 2. Only five genera of fungi were frequently
recovered on the six media but the recovery varied from one
medium to another. Two of these fungi, namely, 

 

Cercosporid-
ium

 

 and 

 

Chaetophoma

 

 are known as plant pathogens (Table
3). Both fungi were recovered from hydrilla and soil. 

 

Cla-
dosporium 

 

and 

 

Penicillium

 

 were recovered from all three types
of samples. Whereas the former was isolated only from the
ponds, the latter was more ubiquitous, occurring in both the
ponds and the lakes. Twelve different bacteria and four acti-
nomycetes were frequently retrieved from pond samples but
their recovery also differed from one medium to another.
Cyanobacteria (= blue green algae) were predominant on
PART medium and the majority was retrieved from soil with
a few from water samples (Table 2).

 

Recovery of Microbes from Orange Lake.

 

 According to the Chi-
square procedure used for testing for microbial diversity,
there was an association between the medium and the sample
type with respect to fungi (

 

X

 

2

 

 = 17.18, 

 

P

 

 = 0.03); however, the
medium and the sample type had no association with respect
to bacteria (

 

X

 

2 

 

= 14.74, 

 

P

 

 = 0.14). Only two isolates of fungi (2
colonies/ml) and 11 strains of bacteria (3 colonies/ml on 5
media; excluding NA which had too numerous bacterial colo-
nies to count) were recovered from the Orange Lake water.
Two fungal isolates (2 colonies/ml) and 8 strains of bacteria
(4 colonies/ml on 5 media only; excluding NA) were isolated
from Orange Lake hydrilla. Soil samples taken from Orange
Lake had larger diversity and higher frequency of fungi and
bacteria: 26 fungal isolates (130 colonies/ml) and 23 strains
of bacteria (48 colonies/ml on 5 media; excluding NA). No

actinomycetes were recovered from Orange Lake samples on
any of the 6 media (Table 4, Figure 4a).

An ANOVA confirmed the effects of medium, sample type,
and medium x sample type interaction on the microbial fre-
quencies resulted from Orange Lake samples. When isolating
from water and hydrilla samples, all six media were equivalent
with no differences among them in recovering fungi and bac-
teria except NA which was the most effective in isolating bac-
teria from both sample types, and CA which was the best for
isolating greatest frequencies of fungi from hydrilla samples
(Table 4). Chitin agar was also the most effective in isolating
fungi from soil samples with no difference with HPDA.
Komada’s and SS were the second most effective while PART
and NA were the least effective in retrieving fungi from the
soil. However, NA followed by PART were the best for recover-
ing bacteria from soil samples. Regardless of the sample type,
the best media for isolating microbes in terms of frequency
were CA, HPDA, and then K for fungi (

 

P 

 

= 0.04); and NA fol-
lowed by PART for bacteria (

 

P

 

 

 

≤

 

 0.03) (data not shown).
Thus, similar order of best media as for ponds occurred also
in Orange Lake with regard to the frequency of fungi but
they differed slightly in terms of bacterial frequency.

In general, Orange Lake soil had a larger quantity of
microflora than hydrilla or water samples (Figure 4a) and
this finding was also similar to that obtained from ponds.
Only four genera of fungi and five strains of bacteria were
frequently recovered on the six media but their recovery dif-
fered from one medium to another. One of the fungal gen-
era recovered, 

 

Diplodia

 

, is known to include plant pathogenic
species and was retrieved from the soil. The saprophyte 

 

Peni-
cillium

 

 was predominant on CA and HPDA (Table 5). Cyano-
bacteria were predominant on PART medium, as with pond
samples, and were recovered only from soils.

 

T

 

ABLE

 

 1. C

 

OMPARISON

 

 

 

OF

 

 

 

SIX

 

 

 

MEDIA

 

 

 

AND

 

 

 

THREE

 

 

 

SAMPLE

 

 

 

TYPES

 

 (

 

WATER

 

, 

 

PLANT

 

, 

 

AND

 

 

 

SOIL

 

) 

 

FOR

 

 

 

ENUMERATION

 

 

 

OF

 

 

 

MICROBES

 

 

 

RECOVERED

 

 

 

FROM

 

 

 

PONDS

 

 

 

IN

 

 

 

NORTH

 

 
F

 

LORIDA

 

.

Medium Microbial type

Water Plant Soil

Isol’ns

 

a

 

Colonies

 

b

 

Isol’ns Colonies Isol’ns Colonies

SS Fungi 1 0.25 b

 

c

 

13 5 ab 25 11.25 c
Bacteria 0 0 d 2 2.13 d 1 0.38 e
Actinomycetes 0 0 a 0 0 c 0 0 c

K Fungi 12 6 a 39 14.17 a 32 21.50 bc
Bacteria 7 8.92 c 6 41 c 5 4.25 d
Actinomycetes 0 0 a 0 0 c 0 0 c

PART Fungi 0 0 b 0 0 c 0 0 d
Bacteria 2 2 d 0 0 e 3 19.67 c
Actinomycetes 0 0 a 0 0 c 0 0 c

CA Fungi 2 1.67 b 5 5 b 12 283.33 a
Bacteria 6 TM

 

d

 

 a 5 TM a 4 TM a
Actinomycetes 0 0 a 2 5 a 31 700 a

HPDA Fungi 4 7.50 a 10 13.33 a 8 83.33 ab
Bacteria 23 TM a 18 TM a 45 TM a
Actinomycetes 0 0 a 1 1.67 b 13 233.33 b

NA Fungi 1 1.67 b 2 3.33 bc 0 0 d
Bacteria 18 436.67 b 13 53.33 b 50 3616.67 b
Actinomycetes 0 0 a 0 0 c 0 0 c

 

a

 

No. of isol’ns = microbial diversity. 

 

b

 

No. of colonies = microbial frequency presented as CFU/ml. Values are averages of 4 ponds 

 

×

 

 2 subsites 

 

×

 

 2-3 replicates.

 

c

 

Values within a column for each type of microbe followed by the same letter(s) are not significantly different according to LS means test (

 

p 

 

≤

 

 0.03).

 

d

 

Too many to be counted.
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Recovery of Microbes from Rowell Lake.

 

 According to the Chi-
square procedure used for testing for microbial diversity,
there were associations between the medium and the sample
type with respect to fungi (

 

X

 

2

 

 = 25.88, 

 

P

 

 = 0.004) and bacteria
(

 

X

 

2 

 

= 19.37, 

 

P

 

 = 0.04). Twelve fungal isolates (3 colonies/ml)
and 17 strains of bacteria (9 colonies/ml on 5 media only;
excluding NA which had too numerous bacterial colonies to
count) were recovered from Rowell Lake waters (Table 6).
Twenty one isolates of fungi (15 colonies/ml) and 13 bacte-

rial strains (7 colonies/ml on 5 media only; excluding NA)
were isolated from hydrilla samples. Soil samples yielded 11
fungal isolates (12 colonies/ml) and 8 strains of bacteria (0.1
colony/ml on 5 media only; excluding NA). No actino-
mycetes were retrieved from Rowell Lake samples on any of
the 6 media (Table 6, Figure 4b).

With regard to microbial frequency, the medium, the sam-
ple type, and the medium x sample type interaction influ-
enced the quantity of the microflora presented in Rowell
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ABLE

 

 2. O

 

RGANISMS

 

 

 

RECOVERED

 

 

 

MOST

 

 

 

FREQUENTLY

 

 

 

FROM

 

 

 

PONDS

 

 

 

ON

 

 

 

DIFFERENT

 

 

 

MEDIA

 

.

Medium Type of organism Microbe

Frequency of recovery from

 

a

 

Water Plant Soil

SS Fungi

 

Cercosporidium

 

 sp. 0 0.50 1.06
Bacteria B502 (G+)

 

b

 

0 0.63 0
K Fungi

 

Cladosporium

 

 sp. 1.71 1.63 1.08

 

Staphylotrichum

 

 sp. 0 0.58 2.25
Bacteria B1003 (G+) 3.63 7.75 0.29

B1007 (G+) 0 6.75 0
B1006 (G+) 0 0 1.08

PART Fungi — — — —
Bacteria B4002 (cyanobacterium) 0.17 0 7.50

CA Fungi

 

Chaetophoma 

 

sp. 0 0.04 0.25
Bacteria B2001 (G-)

 

c

 

TM

 

d

 

TM TM
B2002 (G

 

±

 

)

 

e

 

3.00 0.42 0
B2004 (NT)

 

f

 

7.58 0.63 3.83
Actinomycetes

 

g

 

A2001 0 0 0.42
A2006 0 0 0.42

HPDA Fungi

 

Penicillium

 

 sp. 0.17 0 0.04
Bacteria B3025 (G-) TM 0 TM

B3018 (G+) 6.17 0.04 7.58
Actinomycetes A3001 0 0 0.29

A3014 0 0 0.17
NA Fungi — — — —

Bacteria B2 (G+) 5.92 0.08 3.46
B4 (G+) 4.46 0.25 0.21
B34 (NT) 1.25 0 0.92

 

a

 

Values are averages of the number of CFU/ml recovered from 4 ponds 

 

×

 

 2 subsites 

 

×

 

 2-3 replicates.

 

b

 

Gram-positive.

 

c

 

Gram-negative.

 

d

 

Too many to be counted.

 

e

 

Gram-variable.

 

f

 

Not tested for Gram reaction because of confluent growth.

 

g

 

Actinomycetes were recovered only on CA and HPDA media.

T

 

ABLE

 

 3. G

 

ENERA

 

 

 

OF

 

 

 

FUNGI

 

 

 

MOST

 

 

 

FREQUENTLY

 

 

 

RECOVERED

 

 

 

FROM

 

 

 

SAMPLES

 

 

 

OF

 

 

 

PONDS

 

 

 

AND

 

 

 

LAKES

 

 

 

IN

 

 

 

NORTH

 

 F

 

LORIDA

 

.

Genus

Isolated from

Ponds

 

a

 

OL

 

a

 

RL

 

a

 

Water

 

b

 

Hydrilla

 

b

 

Soil

 

b

 

Botryosporium

 

- - + - + -

 

Cercosporidium

 

+ - - - + +

 

Chaetophoma

 

+ - + - + +

 

Cladosporium

 

+ - - + + +

 

Diplodia

 

- + - - - +

 

Hansfordia

 

- - + - + -

 

Penicillium

 

+ + + + + +

 

Pyrenochaeta

 

- - + - + -

 

Staphylotrichum

 

+ - - - + +

 

a

 

Ponds = four man-made ponds planted with hydrilla; OL = Orange Lake; RL = Rowell Lake. The lakes had natural infestations of hydrilla.

 

b

 

Refer to water, hydrilla, or soil samples from pond and lake locations.
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Lake samples. Hydrilla-potato dextrose agar and PART were
the most effective in isolating fungi from water samples but
there were no differences between PART and the rest of the
six media (Table 6). Chitin agar, HPDA, and PART were the
best for recovering fungi from hydrilla; however, the latter
two had significantly the same effect as K, while the least
effective medium in that regard was NA. Komada’s and PART
were better than the rest of the media in isolating fungi from
soil samples. Similar to the findings from Orange Lake, NA
was the most effective in retrieving the largest quantity of
bacteria from water, hydrilla, and soil samples taken from
Rowell Lake. Regardless of the sample type, SS, K, PART, CA,
and HPDA were equivalent but better than NA (

 

P

 

 

 

≤

 

 0.03) in
isolating fungi (data not shown).

Predominantly six genera of fungi were recovered from
Rowell Lake samples (Table 7). Three of them, namely, 

 

Botry-
osporium

 

, 

 

Chaetophoma, 

 

and

 

 Pyrenochaeta

 

 are known as phyto-
pathogenic genera. The first and the second were isolated
from hydrilla samples only and the third was recovered from
hydrilla and soil (Table 3). Thirteen strains of bacteria were
frequently retrieved from lake samples, 11 of them were
recovered on NA (Table 7). Unlike ponds and Orange Lake,
cyanobacteria were not found in Rowell Lake samples.

 

Comparison of Ponds and Lakes

 

. The four ponds and the two
lakes used in this study seemed to have, in general, similar
diversity of fungi and bacteria. However, actinomycetes were
found only in ponds, with ponds 1 and 2 yielding greater
number of them than ponds 3 and 4 (Figure 5a). With
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ABLE

 

 4. C

 

OMPARISON

 

 

 

OF

 

 

 

SIX

 

 

 

MEDIA

 

 

 

AND

 

 

 

THREE

 

 

 

SAMPLE

 

 

 

TYPES

 

 (

 

WATER

 

, PLANT, AND SOIL) FOR ENUMERATION OF MICROBES RECOVERED FROM ORANGE LAKE.

Medium Microbial type

Water Plant Soil

Isol’nsa Coloniesb Isol’ns Colonies Isol’ns Colonies

SS Fungi 0 0 ac 0 0 b 9 12.67 b
Bacteria 0 0 b 1 0.67 b 2 1.33 cd

K Fungi 0 0 a 1 0.67 b 8 28.67 b
Bacteria 0 0 b 1 1.33 b 5 6.67 c

PART Fungi 0 0 a 0 0 b 0 0 c
Bacteria 0 0 b 0 0 b 1 230 b

CA Fungi 1 6.67 a 1 13.33 a 7 473.33 a
Bacteria 0 0 b 0 0 b 0 0 d

HPDA Fungi 1 6.67 a 0 0 b 2 266.67 a
Bacteria 2 13.33 b 1 20 b 0 0 d

NA Fungi 0 0 a 0 0 b 0 0 c
Bacteria 9 TMd a 5 TM a 15 TM a

aNo. of isol’ns = microbial diversity.
bNo. of colonies = microbial frequency presented as CFU/ml. Values are averages of 2 subsites and 2-3 replicates.
cValues within a column for each type of microbe followed by the same letter(s) are not significantly different according to LS means test (p ≤ 0.02).
dToo many to be counted.

TABLE 5. ORGANISMS RECOVERED MOST FREQUENTLY FROM ORANGE LAKE ON DIFFERENT MEDIA.

Medium Type of organism Microbe

Frequency of recovery froma

Water Plant Soil

SS Fungi F802b 0 0 1.50
Bacteria - — — —

K Fungi F1502 0 0 3.83
Diplodia sp. 0 0 1.33

Bacteria - — — —
PART Fungi - — — —

Bacteria B4501 (cyanobacterium) 0 0 56.5
CA Fungi Penicillium sp. 0.17 0.33 0

Bacteria - — — —
HPDA Fungi Penicillium sp. 0 0 0.50

Bacteria - — — —
NA Fungi - — — —

Bacteria B301 (G+)c TMd TM TM
B303 (G±)e 0.83 TM 0.83
B309 (G+) 0 0 TM
B316 (G±) 0 0 TM

aValues are averages of the number of CFU/ml recovered from 2 subsites × 2-3 replicates.
bFungus collection accession numbers; unidentified isolate.
cGram-positive.
dToo many to be counted.
eGram-variable.
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regard to the frequencies of microbes recovered, all sample
sites were more or less equivalent with respect to fungi
except for Orange Lake which yielded the largest number of
fungal colonies, albeit with least diversity of fungi (Figure 5a
& b). Larger variation was apparent among sample sites with
respect to frequencies of bacteria. Ponds 1 and 2 showed
higher frequencies of bacteria and actinomycetes than those
obtained from Ponds 3 and 4. In general, lakes had fewer
bacteria than ponds; Rowell Lake had the least population of
bacteria (Figure 5b) although it showed a fair amount of bac-
terial diversity (Figure 5a).

In general, genera of fungi regarded as plant pathogenic
were recovered predominantly from hydrilla and soil sam-

ples, whereas water samples yielded only saprophytic or
weakly pathogenic genera (i.e., Penicillium and Cladosporium).

DISCUSSION

Despite the well-known limitations of plate-dilution tech-
nique, namely its proclivity to favor isolation of fast-growing,
heavily sporulating saprophytes over slower growing and
sparsely sporulating plant parasites and its total inability to
isolate fastidious microbes and obligate parasites, it is useful
as a general-purpose method for enumerating and isolating
a wide range of microorganisms especially when selective
media and media containing ingredients suppressive to the

TABLE 6. COMPARISON OF SIX MEDIA AND THREE SAMPLE TYPES (WATER, PLANT, SOIL) FOR ENUMERATION OF MICROBES RECOVERED FROM ROWELL LAKE.

Medium Microbial type

Water Plant Soil

Isol’nsa Coloniesb Isol’ns Colonies Isol’ns Colonies

SS Fungi 2 2 bc 4 2.67 cd 3 3 b
Bacteria 2 2 c 0 0 c 0 0 b

K Fungi 0 0 b 6 4.67 bc 3 34.67 a
Bacteria 1 2 c 1 0.67 c 1 0.67 b

PART Fungi 2 3 ab 5 25 ab 5 33 a
Bacteria 0 0 c 3 35 b 0 0 b

CA Fungi 2 2 b 4 40 a 0 0 b
Bacteria 3 2 c 0 0 c 0 0 b

HPDA Fungi 6 13 a 2 20 ab 0 0 b
Bacteria 4 41 b 0 0 c 0 0 b

NA Fungi 0 0 b 0 0 d 0 0 b
Bacteria 7 TMd a 9 TM a 7 TM a

aNo. of isol’ns = microbial diversity.
bNo. of colonies = microbial frequency presented as CFU/ml. Values are averages of 2 subsites and 2-4 replicates.
cValues within a column for each type of microbe followed by the same letter(s) are not significantly different according to LS means test (p ≤ 0.05).
dToo many to be counted.

TABLE 7. ORGANISMS RECOVERED MOST FREQUENTLY FROM ROWELL LAKE ON DIFFERENT MEDIA.

Medium Type of organism Microbe

Frequency of recovery froma

Water Plant Soil

SS Fungi Pyrenochaeta sp. 0 1.33 0
Bacteria — — — —

K Fungi F1757b 0 0.67 33.33
Bacteria — — — —

PART Fungi F4758 0 20 29
Bacteria B4751 (G-)c 0 33 0

CA Fungi Hansfordia sp. 0 25 0
Bacteria — — — —

HPDA Fungi Botryosporium sp., Hansfordia sp. 0 10 0
Penicillium sp. 5 0 0

Bacteria B3752 (NT)d 24 0 0
NA Fungi — — — —

Bacteria B405 (G-) 0 TMe 166.6
B401 (G-), B403 (G-), B412 (G-), B414 (G+)f TM 0 0
B404 (NT), B415 (G-), B416 (G+), B418 (G-) 0 TM 0
B407 (NT), B410 (G-) 0 0 TM

aValues are averages of the number of CFU/ml recovered from 2 subsites × 2-4 replicates.
bFungus collection accession number; unidentified isolate.
cGram-negative.
dNot tested for Gram reaction because of confluent growth.
eToo many to be counted.
fGram-positive.
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fast-growing saprophytes are employed. For our purpose of
characterizing the most frequent hydrilla-associated microor-
ganisms, the technique has proved to be quite useful. Con-
siderable microbial diversity and frequency were evident,
with certain types of microbes predominating in each milieu
(water, soil, and hydrilla).

Figure 1. Microbial frequencies in water, hydrilla, and soil samples from
ponds. Bars represent the log-transformed means of 4 ponds × 2 subsites × 2-
3 replicates. Columns of bacteria represent the transformed number of colo-
nies recovered on 4 media only; CA and HPDA were excluded since they
had too numerous colonies to count.

Figure 2. Microbial frequencies in pond-water (upper), -hydrilla (middle),
and -soil (lower) samples on 6 media. Bars represent the log-transformed
means of 4 ponds × 2 subsites × 2-3 replicates. Number of colonies recov-
ered on PART medium was an average of 2 ponds × 2 replicates. Bacterial
colonies recovered on CA and HPDA were too numerous to count but were
represented in the graph with the probable largest values of frequency.

We have focused on the basic problem of selecting proper
media for dilution plating to enumerate microorganisms
from water, plant, and soil samples. In general, there was
variation in the types of organisms isolated from the same
sample depending on the medium employed. Samples from
a particular site yielded different microbes when plated on
different media; hence the employment of six selective and
nonselective media in the present investigation is justified.
Another reason for utilizing different media was that for
each type of microbe one or two media are appropriate.
Media containing low concentrations of organic substances
(low-nutrient media) give higher colony counts than those
containing high concentrations of organic substances (high-
nutrient media) (Chand et al. 1992). This is in agreement
with our results since CA and HPDA (low-nutrient media)
provided the highest colony counts for fungi, bacteria, and

Figure 3. Microbial diversity obtained from pond samples on 6 media. Points
represent the total number of different isolates recovered from water, hyd-
rilla, and soil samples from four ponds each was sampled from two stations.

Figure 4. Microbial frequencies resulting from water, hydrilla, and soil sam-
ples from Orange Lake (upper) and Rowell Lake (lower). Bars represent
the log-transformed means of 2 subsites × 2-4 replicates. Columns of bacte-
ria represent the transformed number of colonies recovered on 5 media
only; NA was excluded since it had too numerous colonies to count.
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actinomycetes. Although CA and HPDA were best in that
regard, there was a problem of overgrowth with Penicillium
and/or bacteria on these media. The bacterial overgrowth
was overcome by supplementing the medium with the antibi-
otics streptomycin sulphate and chloramphenicol, but the
antibiotics depressed microbial growth on these media. Also,
colonies too numerous to count or confluent growth
occurred more often on CA, HPDA, and NA. On the con-
trary, K and the selective cultural media SS and PART gave
distinctive colonies and fewer microbial counts. This again
may be due to the presence of different fungicides and anti-
biotics in these media that suppressed the microbial growth.
It can be further explained by the observation that microbial
colonies did not appear on these media until 3 weeks after
plating. Ramsay (1976) selected NA for studies on freshwater
planktons, because it gave as great or greater diversity of bac-
teria than other media. In our study, NA was among the best
for isolating a large variety and high counts of bacteria; it was
comparable to CA and HPDA. However, Chand et al. (1992)
found lower bacterial counts in high-nutrient medium such
as NA presumably due to the rapid overgrowth of fast-grow-
ing bacteria (Hattori 1976). Our results agree in part with
their results since we found lower bacterial count on NA
(high-nutrient) than on CA and HPDA (low-nutrient) only
when plating pond samples; the situation was reversed when

Figure 5: (upper) Microbial diversity in ponds and lakes. Bars represent the
total number (log-transformed) of different isolates recovered on the 6
media pooled together, (lower) Microbial frequencies in ponds and lakes.
Bars represent the log-transformed means of 2 subsites × 2-4 replicates. Col-
umns of bacteria represent the transformed number of colonies recovered
on the 6 media except CA and HPDA (for ponds) and NA (for lakes) since
they had too numerous colonies to count. Data were divided by 10 and then
log-transformed to magnify the small numbers. OL = Orange Lake; RL =
Rowell Lake.

lake samples were plated, possibly due to the addition of
antibiotics to CA and HPDA used for plating the lake sam-
ples.

On the basis of colony characteristics and morphological
properties, organisms were classified into different isolates.
Chand et al. (1992) found that the bacterial cell shape and
biochemical properties (Gram-stain reaction, bacterial
spore-stain reaction, oxidative/fermentative use of glucose,
motility, and oxidase test) confirmed that colonies with iden-
tical physical properties (color, size, and morphology)
belonged to the same bacterial group. Similar observations
were also recorded by Ramsay (1977). During purification
and subculturing of microbial cultures, we observed that the
colony characteristics of each isolate remained stable if
medium and incubation conditions were not changed. Anal-
ogous results were obtained by Chand et al. (1992) with bac-
teria.

It should be noted that plant pathogenic genera of fungi
were recovered only from hydrilla and soil but not from
water samples. These fungi were recovered from asymptom-
atic plants; they are therefore weak or opportunistic parasites
or occur at concentrations below the threshold necessary for
disease initiation. The absence of hydrilla-associated actino-
mycetes is not surprising since actinomycetes generally are
not plant pathogenic. However, they are strong phytotoxin
producers and normally are preponderant in soil.

This is the first detailed investigation of microorganisms
associated with hydrilla. Representative organisms isolated in
the study are being evaluated in a bioassay to determine their
pathogenic and phytotoxic capabilities on hydrilla.
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