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Abstract: A survey method is presented for the unbiased sampling and identification of
bacterial species. The method utilizes a randomized selection process and the MIDI
Microbial Identification System (MIS) which uses whole cell fatty acid analysis by gas
chromatography rather than relying on colonial growth morphology and conventional
biochemical testing. Approximately 1093 bacterial isolates were made and identified
from cotton. The method uncovers a greater diversity of bacterial species from cotton
than has hitherto been reported. In California, the bulk of bacterial species consisted of
Bacillus spp.; and in Mississippi and Texas region cottons, the bulk of bacterial species
consisted ofPseudomonaspp. No significant differences between populations were
observed in the nonsticky, moderately sticky and sticky cottons. A Gram-index concept
is introduced which relates the ‘Gram-reaction character’ of a cotton growing region.
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INTRODUCTION and the recent emphasis on relieving cotton stickiness by
microbial decomposition of the insect honeydew which
Since the work of Prindle [23, 24, 25] and Clatkal. might increase the endotoxin potential of cotton [2, 17,
[13] on the association of bacteria and cotton lint, and ti#d]. This has created an intense interest in the ecology of
paper by Nealet al. [19] on the etiology of an acute cotton bacteria and the need for more precise
illness among rural mattress makers who used low graddentification of microorganisms on both normal and
stained cotton, which showed that the severity of thaicky cottons.
symptoms and physical manifestations were dependent ormhe study of cotton bacteria has revolved almost
the presence and concentration of the ‘cotton bacteriumntirely on determining the viable population of bacteria,
or its products in cotton dust, researchers have had a k&éth special interest on the proportion of Gram-negative
interest in the bacterial population on cotton lint and dudtacteria, on either the lint or dust [3, 8, 9, 11, 30] or on
This interest to health professionals was heightened whedetermining levels of endotoxin [10, 15] which led
it became known that decreases in pulmonary functidnvestigators to find that different cotton growing regions
were highly correlated with endotoxin level [5, 6, 26Jmay exhibit different bacterial populations and endotoxin
since endotoxin is a biological product of Gram-negativievels [14, 15, 30]. Less emphasis has been placed on the
bacteria. Of more current interest to the industry was actual make-up of the bacterial population. Studies where
report by Wyatt and Heintz [31] that associated capsul&lentifications have been made, have relied upon general
producing coryneform bacteria with stickiness in cottosurface morphology of the colonies and conventional
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biochemical methods [3, 14, 29]. Hundreds of colonie25 spots and above — heavy stickiness. These spots are
may appear on a plate, making it practically impossible tmuntable sticky points/spots produced on an aluminum

isolate and identify each colony. This study reports doil by the thermodetector test which indicates an area of

unbiased method of selecting colonies for identificatiostickiness on a web of cotton). The cotton samples were

and utilizes the MIDI Microbial Identification Systemsorted by TD into the three categories (Tab. 3). Ten one

(MIS) which uses whole cell fatty acid analysis by gagram samples were chosen from each stickiness category;
chromatography as a means of taking a census of thed from these 30 one gram samples, ten samples were
bacteria common to cotton. In addition, a Gram-indesandomly chosen and processed at a time. Dry weights of
concept is introduced which takes into account thihe samples were determined.

proportion of Gram-negative or Gram-positive bacterial

species present and the total bacterial population. Culturing Method for Bacterial Identification and
Viable Microbial Count. Viable total bacterial
MATERIALS AND METHODS populations were determined for each of the one gram

samples [9, 12], except that instead of pour plates, spread

Cotton. Three Region StudyCottons used were all plates were used and the plates were cultured for 24 hours
from the 1995 harvest year. The three cotton growirgt 28°+ 0.5°C before being counted. A 1:5 dilution series
regions chosen were California, Texas, and Mississippias used beginning with either a 1:75 or 1:150 initial
since these regions characteristically have low, variablgijution and ranged to a 1:18,750 dilution, depending on
and high endotoxin cottons, respectively [7, 15, 20]. Thiae sample. The initial dilution consisting of the one gram
cottons were originally sent to the Cotton Qualitysample in either 74 or 149 ml of diluent [0.4 M NaCl, 1.0
Research Station (CQRS; Clemson, SC) from thaM MgSQ, 0.01% gelatin, and 0.01% Tween-80 in 50
Agricultural Marketing Service (AMS) testing centers (0imM phosphate (K Na&") buffer, pH 7+ 0.2; cooled in an
that region) for sugar analysis and were on their way fge bath] was shaken for 20 minutes on a Burrell Wrist-
Cotton Inc. The cotton samples from a region were magigtion Laboratory Shaker (Model BT, Burrell
into composite samples: Pinches of cotton were collecteshrporation, 2223 Fifth Avenue, Pittsburgh, PA 15219) at
from the sampling bags from a region (to make a total gf setting of 10. Aliquots of 0.1 ml were removed from
15+ grams), and passed three times through a rotafjch dilution to make spread plate counts on TSBA plates
cotton blender to produce the composite samples. Frqfipticase soy broth agar). Bacterial populations were
each composite regional sample, 12 one gram samplged on colony forming units per gram cotton lint
were used for testing. Dry weights of the compositgorrected for dry weight (cfu/g). Prior to counting the
samples were determined. plates, bacterial cells from well isolated colonies were

Seasonal Cotton StudZotton was supplied by Dr. O. taken for identification and the number of species found in
L. May (USDA, ARS, SAA, Pee Dee Research andach genera was tabulated for comparison.
Education Center, 2200 Pocket Road, Florence, SCAafter incubation, the best subjectively countable dilution
29506-9706, USA) from the 1995 harvest year. Cottoplate (preferably, containing 50-250 colonies/ plate) from
collection began approximately at the time of boll crackach sample was placed on a circle drawn on a transparent
and continued at approximately weekly intervals until theheet. The circle contained the same area as the petri plate
time of cotton harvest. Twelve bolls, each from a separgi®ttoms used and was subdivided into 44 #-goations
cotton plant, were collected at each harvest and packecbinsquares. Each location was numbered sequentially from
paper bags. The samples were mailed on the day |eft to right, top to bottom. To eliminate bias, ten locations
harvest using over-night delivery to CQRS. On receipfvere chosen randomly (using a random number generator)
each boll was hand ginned and from each boll one grag} each sample and an individual, well separated, colony
samples were removed for testing. Dry weight of the lidjosest to the center of the square was touched with the
was determined. end of a sterile toothpick. The bacterial cells adhering on

Sticky Cotton StudyNinety-five cotton samples from the toothpick tip were then subcultured for one or more
field experiments were sent by Dr. Eric Natwickdays on a fresh TSBA plate to amplify the starting
(University of California, Cooperative Extension, 1050 Einoculum. If no colonies were found in the randomly
Holton Road, Holtville, CA 92250-9615, USA) to CQRSchosen location or the square was over run with
to be tested for stickiness. A precise hiStOfy of the COttomeﬂapping colonies, that location was Sk|pped and the
was unavailable at the time of writing; however, theext location was used until ten isolates were made.
cottons are known to be from whitefly field control The amplified inoculum was then spread over the plate
experiments during the 1994 season. The cottons Wejigrface as described by the MIDI system (see below) and
rated for stickiness on a thermodetector (TD) [4, 22hyjtured for 24 hours at 28°0.5°C after which time the

Instead of using the four categories recommended, thg)is were harvested for fatty acid extraction.
light stickiness and moderate stickiness categories were

combined as moderate stickiness so that only 3 categoriegacterial Identification. Bacterial identification was

of stickiness were examined (less than 5 spots made using the MIDI Microbial Identification System
nonsticky; 5-24 spots — light to moderate stickiness; anf{1|s; MIDI, Inc., Newark, Delaware) which uses whole
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cell fatty acid analysis by gas chromatography [27, 28]. For the California, Texas, and Mississippi growing
Fatty acid saponification, methylation, and extractionegions, 120, 118 and 120 isolates were counted and
were performed as directed by the MIS protocol andentified, respectively. Even though only a few
analyzed using the MIDI MIS software (Sherlock systermorphologically different colonial types appeared on the
software, version 1.06: Version 3.8 of the Aerobispread plates, when the different isolates were sorted to
Method, and TSBA and CLIN libraries were used for thbacterial taxa, 68 species and 31 different genera,
sticky cotton and seasonal cotton studies. Version 3.9 iotluding the ‘No Match’ category, were obtained. This
the Aerobic Method, and TSBA and CLIN libraries,represents a far greater number of genera and species than
which was released after the studies had begun, was ussgbrted by others using just the morphological character
for the regional cotton study). The chromatographic undf colonies and conventional biochemical tests (Tab. 6)
used consisted of a Hewlett-Packard 5890E Series Il Plds 3, 14, 29]. Of these 31 different genera categories, 14
gas chromatograph with electronic pressure control, genera made up less than 2% of the total isolates
7673B automatic sampler (with injector, controller, anddentified (Fig. 2). The ‘No Match’ samples fell in this
tray), and the Hewlett-Packard 3365 Series || ChemStatigroup. The number of isolates found in these genera were
Software, version A.03.34 (Hewlett-Packard, Wilmingtonlow; and chi-square testing did not suggest any unusual
DE). Column type, length, operating parameters were dsstribution of these genera to the growing regions.
prescribed by the MIS. Because of the overview nature Gfenera containing 2% or more of the isolates identified
this study, the first recommended identification was usetid have a highly significant probability of being
even when its similarity index (S.l.) was low or very closeinevenly distributed between the three growing regions
to the next recommended identification; and while thé-ig. 3). Most of the individual genera did not show
MIS reports bacterial identification to the species levesignificant distribution differences. However, some of the
identification was sorted only to the genus level. ‘Nandividual genera stood out as being more commonly
matches’ were few and treated as a separate category. found in one or more of the growing regioSalmonella
spp. were distributed significantly differently in the three

Gram Index. A Gram-index was calculated for each ofegions (p < 0.005). No difference was observed between
the three sticky categories: a Gram-negative index wagxas and Mississippi; but, the 15 isolatesSafmonella
calculated as the sum of the frequency of Gram-negati -~
genera divided by the total frequency of the Gran
negative plus the Gram-positive genera; and a Gral o
positive index was calculated as the sum of the frequen 5.0x10 ]
of Gram-positive genera divided by the total frequency « 1
the Gram-negative plus the Gram-positive genera. Tl ]
‘No Match’ category was not included in either index. Tt E
obtain a relative index, this raw index was multiplied b~ 4.0x10 7
the logarithm (base 10) of the average population of th
region.

Statistical Analysis Data was analyzed using releastz 3.0x10 -

6.08 of SAS (SAS, Statistical Analysis System; SA!‘:
System for Windows version 3.95: SAS Institute, Inc.2

9, dw)

Cary, NC USA) for making mean separations. Chi-squas ]
comparisons were made on the observed and expec® 20x10 T
distribution using the CHITEST function in Microsoft = 1 i 1
EXCEL for Windows 95 version 7.0 (Microsoft Corporation £ 7
USA). @ |
1.0x10

RESULTS AND DISCUSSION

Three Regions Study. Total bacterial population . -
(Fig. 1) was highest for cotton grown in Texas (3.4 % 1(
cfulg, S.E.=85x fcfulg) but this difference in (x40 [
Mississippi Texas California

44%0

population was not significantly different from the
bacterial population found in Mississippi (1.9 *¥ &fu/g,
S.E. = 2.1 x 1%cfu/g). However, the populations found Three Cotton Growing Regions
on California cottons (1.1 x 16fu/g, S.E.=4.9 x 10

cfu/g) were distinctly and significantly lower than that oFigure 1. Average total bacterial populations found in three major
L e i cotton growing regions (cfu/g, corrected for dry weight; each half error
cottons grown In either Texas or Mississippi. bar represents 2 S.E.).
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The occurrence of Zscherichia spp. isolates in the
California lint vs. none in either the Texas or Mississippi
lints was significant (p = 0.005). The distribution of 7
Citrobacterspp. isolates in the California region and none
in Texas and Mississippi was highly significant
(p = 0.0002). The occurrence of Xeellulomonasspp.
isolates in Texas and the absence of @ejlulomonas
spp. in California and Mississippi was highly significant
(p < 0.0001).

Most of the above isolates occurred as relatively small
percentages of the genera obsenidcillus spp. and
Pseudomonaspp., however, hold greater interest because
they were more frequently found and showed distinct
distributions between the three regions (Fig. 3).
Pseudomonaspp. was the most common genus found in
the Mississippi cottons (51 isolates), followed by Texas
cottons (29), and least often in the California cottons (11).
The frequency in Mississippi was significantly greater
than in the Texas and California cottons (p < 0.0001) and
in Texas alone (p <0.0001). The higher frequency of
Pseudomonasspp. was highly significant for Texas
compared to California (p = 0.0015). Almost the reverse
was observed with thBacillus spp. Mississippi had no
Bacillus spp. and this frequency was significantly lower
than observed for Texas and California (15 and 32

Figure 2. The genera of bacteria found in California, Texas and

Mississippi growing regions making up less than 2% of the total numb
of isolates identified.

found in California was significantly higher than the tota
of 8 found in Texas and Mississippi (p = 0.000®gntoea

spp., formerly grouped agrwinia or Enterobacter

species (both genera showing approximately the sal
distribution asPantoeaspp. - compare Figures 2 and 3
reflect changes due to the software library upgrade fro
version 3.8 and 3.9), also showed a significant distributic
difference between the three regions (p <0.0001). TI
distribution between California and Mississippi (12 an
19 isolates, respectively) was not significant; but the
found in Texas was significantly lower (p = 0.0016) tha
California and Mississippi. The opposite was found wit|
Listeria spp. None were found in California and
Mississippi, but 8 were found in Texas (p = 0.000045
Kluyvera spp. were also not uniformly distributed: 8, 1
and 17 isolates for California, Texas and Mississipp
respectively (p =0.003). The chi-square test betwet
California and Mississippi was not significant (p = 0.06)
but the chi-square foKluyvera spp. between Texas and
both California and Mississippi was highly significant
(p = 0.001). Klebsiella spp. also showed an unever
distribution between the three regions (p =0.05). Tt
distribution was not significant between California (3) an
Mississippi (6); but was significant between Texas (0
California, and Mississippi (p = 0.03Fklavimonas spp.

distribution was not different between California anc
Mississippi, 3 and 2 isolates, respectively; but, the 1
found in the Texas cottons was significant whe
contrasted to California and Mississippi (p = 0.000038
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Figure 3. The genera of bacteria found in California, Texas and
Mississippi growing regions making up 2% or more of the total number
of isolates identified.
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Table 1.Gram-index of cottons from three cotton growing regions.

Cotton Raw Gram-Indek Relative Gram-Indéx
Growing

Region G(-) G(+) G() G(+)
California 0.7 0.3 3.5 1.6
Texas 0.6 0.4 3.8 2.7
Mississippi 1.0 0.0 6.3 0.0

qTotal frequency of Gram(-negative or -positive)[3 (Total frequency
of Gram-negative + Gram-positive)]
P(Raw Gram-indexX [logo(bacterial population)]

Table 2. Seasonal Gram-Index of Florence grown cotton.

Harvest Raw Gram-Indek Relative Gram-Indéx
Date, 1995

G(-) G(+) G(-) G(+)
Sept. 18 0.9 0.1 5.9 1.0
Sept. 27 1.0 0.0 7.4 0.1
Oct. 9 1.0 0.0 7.3 0.0
Oct. 23 1.0 0.0 7.3 0.1

qTotal frequency of Gram(-negative or -positive)[s (Total frequency
of Gram-negative + Gram-positive)]
P(Raw Gram-index [log;(bacterial population)]

Table 3. Description of the categories — average percent sugar al

number of thermal detector spots.

Cotton Category Percent Sugar {%) TD spots

Nonsticky Cottons 0.49 3.9
Moderately Sticky Cottons 0.64 11.8
Sticky Cottons 1.70 89.3

#USDA potassium ferricyanide test (Brushwood and Perkins, 1993)

isolates,

the percentage dBacillus spp. averaged 67%. Here the
California percentage dBacillus spp. was only 26.7%.

respectively; p <0.0001). The difference i wmicrobacterium
distribution of Bacillus spp. was also highly significant
between Texas and California (p < 0.0001). Even thoug
the percentage d@acillus spp. in California is high, it is Salmonella
considerably lower than what was observed in the 3 leve grwinia

of western sticky cottons from California (Fig. 9), where
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of this index would require additional studies to determine
the correlation of, or lack of, an increased Gram-negative
index with increased endotoxin levels. On speculation, a
rational explanation might be that the cottons in this study
were processed commercially before reaching CQRS and
may have spent time stored in cotton modules before
being ginned; whereas the cottons used in the sticky
cotton study were sent direct to CQRS from researchers in
the field. Conceivably, the time in storage may have
contributed to the higher proportion of Gram-negative
bacteria [12]. Moreyet al. [18] have suggested that fiber
yellowness was significantly and positively correlated
with endotoxin content. Since endotoxin content is
generally highly correlated with Gram-negative bacteria

Table 4. Average number of isolates found in each genera in the three
categories of sticky cottons.

Genera Avg. Nd
Bacillus 60.33 A
NO MATCH 7.33 B
Staphylococcus 5.67 C B
Listeria 3.33 C B D
Arthrobacter 2.33 c D
Cellulomonas 1.33 Cc D
Rathayibacter 1.33 C D
Acinetobacter 1.00 D
Hydrogenophaga 0.67 D
Actinobacillus 0.67 D
Streptococcus 0.67 D
Chryseomonas 0.33 D
Enterobacter 0.33 D
Micrococcus 0.33 D
0.33 D
Curtobacterium 0.33 D
0.33 D
0.33 D
Corynebacterium 0.33 D

& Mean separation within column by Duncan’s multiple range test, 5%

This difference was more pronounced when the ralevel Means with the same letter are not significantly different.
Gram-indexes were compared. In Table 1, the raw Grai

positive index for California was 0.3; whereas the avera(Table 5.Gram-index of cottons from the three sticky cotton categories.
raw Gram-positive index for the sticky cottons was 0.¢

Table 5. In addition, while n®seudomonaspp. was ng'e‘g”jf,s Raw Gram-indek __ Relative Gram-Indé
observed on the sticky cottorBseudomonaspp. made G() G(+) G() G(+)
up 9.2% of the genera found in California (Fig. 3). In th nonsticky 0.0 1.0 01 44
stlcky_ co_tton study, th(.a average raw relative Gran Moderate o1 0.9 0.3 43
negative index was 0.06; whereas the raw Gram-negati

index for California was 0.7 (Tables 1 and 5). The Gran Sticky 01 0.9 0.3 4.6

index fO_IIO_WS tre_nds of oth_er studies which SUQQ?St_ tha[TotaI frequency of Gram(-negative or -positive)]> (Total frequency
California is low in endotoxin levels and that MissiSSipPof Gram-negative + Gram-positive)]
is high in endotoxin [14, 15, 30]. To verify the usefulnes®(Raw Gram-index [log:o(bacterial population)]
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[15], the effect of module storage should be examined
very closely as it relates to cotton color and quality. This
thesis may focus future endeavor.

Seasonal changes in bacterial genera studythe
spread plate method used here instead of the pour plate
method resulted in greater variation as shown in Figures 1
and 4. While this has obscured differences between the
sampling dates, the general pattern of the seasonal bacterial
population of Florence grown cotton (Fig. 4) followed the
same general pattern observed elsewhere [3, 15, 16, 32]
for bacterial population from the time of boll crack
(September 18) to harvest (October 23).

For the sampling dates, September 18 (6.9%c0g,

S.E. = 3.6 x 19cfu/g), September 27 (3.3 x16fu/g,

S.E. = 9.7 x 10cfu/g), October 9 (2.2 x 1@fu/g, S.E. =

8.2 x 16 cfu/g) and October 23 (2.9 x 16fu/g, S.E. =

1.2 x 10 cfu/g), 1995, - 117, 116, 120 and 120 isolates
were identified, respectively. When sorted into bacterial
taxa, 26 different genera comprising 46 species, including
the ‘No Match’ category, were obtained. Of these, 10
genera made up less than 2% of the total isolates identified
(Fig. 5). The ‘No Match’ category fell into the group
containing more than 2% of the population. The number
of isolates found in the genera making up less than 2% of

Figure 4. Average seasonal total bacterial population on Florencdh€ total isolates group were too few to warrant chi-square

South Carolina, grown cotton (cfu/g, corrected for dry weight; each hdiesting. No outstanding seasonal trends were observed in
error bar represents 2 S.E.).
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Figure 5. The seasonal genera of bacteria found on Florence, So
Carolina, cotton from the time of boll crack to harvest. These gene!
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make up less than 2% of the total number of isolates identified.

the genera making up more than 2% of all the isolates
identified (Fig. 6). A high proportion oPseudomonas
spp. occurred throughout the growing season (Fig. 6).
Actinobacillus spp. andFlavimonasspp. were the next
most frequently occurring genera but even combined were
fewer than the number #fseudomonaspp. As expected,
the Florence cotton appears most similar to the Mississippi
region cotton (compare Figures 3 and 6) genera profile.
Even the Gram-index suggests a close similarity to the
Mississippi region (compare Tables 1 and 2). Through the
entire season, the Florence cotton exhibited a high Gram-
negative tendency. Taking into account the bacterial
population, Florence cotton, like the cottons from the
Mississippi region, exhibited a very high relative Gram-
negative index. For now, based solely on the Florence
genera profile example, there is no reason to believe major
shifts occur within genera through the growing season for
the California, Texas, or Mississippi region cotton. While
outside the realm of this small study, one wonders if the
genera profile of particular regions can act as a ‘fingerprint’
of that region which could later be used in discriminate
analysis to identify the origin of unknown cottons?

Sticky Cotton Study. The total bacterial population
tended to increase with stickiness (Fig. 7); however, total
population was not significantly different for the three
categories of sticky cotton (nonsticky = 2.9 ¥ Hu/g,
S.E. = 6.6 x 19 cfu/g; moderately sticky = 3.6 x40
cfulg, S.E. = 1.7 x Tocfu/g; and sticky = 7.6 x f@fu/g,
LéE. = 3.2 x 1Bcfu/g). The low bacterial population was
consistent with California/Western cottons [7, 30].
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Figure 6. The seasonal genera of bacteria found on Florence, Sot
Carolina, cotton from the time of boll crack to harvest. These gene
make up more than 2% of the total number of isolates identified.

For the nonsticky, moderately sticky and sticky cotton:
90, 85 and 87 isolates were identified, respectively. Eve

though only a few morphologically different colonial 2

types appeared on the spread plates from which colon
for isolation were taken, when the different isolates wel
sorted to bacterial taxa, 19 different genera comprising !
species, including the ‘No Match’ category, were
obtained. This represents a far greater number of gen
and species than reported by others using just t
morphological character of colonies and conventioni
biochemical tests (Tab. 6) [1, 3, 14, 29]. Of these 1
different genera categories, 10 genera made up less tl
2% of the total isolates identified (Fig. 8). The number ¢
isolates found in these genera were low; and chi-squz
testing did not appear warranted.

On the other hand, chi-square tests on gene
containing 2% or more of the isolates identified did have
highly significant probability of being unevenly
distributed between the three categories (Fig. 9). The ‘M
Match’ samples fell in this group. Most of the individua
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Table 6. Full list of the number of bacterial species isolated and identified from cotton in the three region study, the seasonal cotton study and the

sticky cotton study.

Chun DTW, Perkins HH Jr

Bacterial Species

Aab

Bacterial Species

Aab

Acinetobacter calcoaceticus
A. johnsonii
A. genospecies
Actinobacillus lignieresii

Kluyvera ascorbata
K. cryocrescens
Kurthia gibsonii
Listeria grayi

=
N

Bab
0
0
1
0
Aerococcus viridans L. innocua 0
Alcaligenes piechaudii L. ivanovii 0
Arthrobacter oxydans L. monocytogenes 0
A. pascens L. seeligeri 0
A. protophormiae/ramosus Microbacterium imperiale 1
A. viscosus Micrococcus halobius 0
Aureobacterium testaceum M. luteus 0
Bacillus alcalophilus M. varians 0
B. alvei Morganella morganii 1
B. aminovorans NO MATCH 17
B. amyloliquefaciens Paenibacillus alvei 0
B. atrophaeus P. macerans 0
B. brevis P. pabuli 0
B. cereus Pantoea agglomerans 0
B. chitinosporus P. ananas 0
B. circulans Pseudomonas aeruginosa 36
B. filicolonicus P. alcaligenes 2
B. firmus P. chlororaphis 4
B. freudenreichii P. corrugata 0
B. gordonae P. fluorescens 0
B. laterosporus P. mendocina 65
B. lentus P. pseudoalcaligenes 33
B. licheniformis P. pumilus 1
B. macerans P. putida 110
B. megaterium P. saccharophila
B. pabuli P. savastanoi pv. oleae
B. pantothenticus P. syringae
B. polymyxa P. savastanoi pv. fraxinus
B. pumilus Rathayibacter rathayi
B. sphaericus R. tritici
B. subtilis Rhodobacter capsulatus
B. thuringiensis Salmonella choleraesuis

Brevibacterium acetylicum
Brevundimonas vesicularis
Cedecea davisae

S. enteritidis
S. typhimurium
Serratia proteamaculans

C. neteri Sphingobacterium multivorum
Cellulomonas biazotea S. paucimobilis
C. cartae S. spiritivorum
C. flavigena S. thalpophilum
C. gelda Staphylococcus aureus
C. turbata S. chromogenes
Chryseomonas luteola S. epidermidis
Citrobacter amalonaticus S. hominis
C. freundii S. lugdunensis
Clavibacter michiganense S. warneri

Corynebacterium bovis
Curtobacterium flaccumfaciens

Stenotrophomonas maltophilia
Streptococcus aureus

Enterobacter agglomerans S. mutans
E. asburiate S. pyogenes
E. cancerogenus Weeksella zoohelcum
E. cloacae Xanthomonas campestris
E. taylorae X. fragariae
Erwinia carotovora X. maltophilia

Escherichia coli
E. vulneris

Yersinia enterocolitica
Y. frederiksenii

NrooooooonvooorkrRrNRRRERRPRORJOOORrROOZoOOOWRrROONORRNMRIPRORONORONOORR

CO'_;HCDOOOI\JOOI\)I—‘OOOQJOU‘IOOJOOHLO!—‘I—‘OOO\)D—‘N

[ee]

OOOOOOIﬂOIﬂO":Ol—"-bOlﬂ'OOOOOOO|4OO-bOOOO(3OOOOOOOOOOOOOBOOI—"OI—‘\Iﬂ'l\)(l'llﬂl—"OOO(?’U

Flavimonas oryzihabitans
Flavobacterium indologenes
F. meningosepticum
Gluconobacter asaii
Hydrogenophaga palleronii
H. pseudoflava
Janthinobacterium lividum
Klebsiella pneumoniae
K. trevisanii

#A =Three Region Study; B = Seasonal Changes Study; C = Sticky
Cotton Study. For each species, the number of isolations is shown;
® Sherlock system software, version 1.06: Version 3.8 of the Aerobic
Method, and TSBA and CLIN libraries were used for the sticky cotton

and seasonal cotton studies. Version 3.9 of the Aerobic Method, and
TSBA and CLIN libraries, which was released after the studies had
begun, was used for the regional cotton study. ‘No matches’ were few
and treated as a separate category.
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CONCLUSIONS
NO MATCH

We have presented a survey method for the unbiased
sampling and identification of bacterial species. The
method utilizes a randomized selection process and the
MIDI Microbial Identification System (MIS) which uses
whole cell fatty acid analysis by gas chromatography
rather than relying on colonial growth morphology and
conventional biochemical testing. The method is capable
of identifying a large sampling of the bacterial population
and it has uncovered a greater diversity of bacterial
species than has been reported on cotton. In addition, the
frequency of specific genera and species can be
Cellulomonas determined which may permit characterization or

profiling of specific cotton. In regard to this, a Gram-

’
[
. ‘ index concept was introduced which relates the ‘Gram-
Bacillus j reaction character’ of a cotton growing region and is
1
||
1

Staphylococcus

Rathayibacter

Listeria

Hydrogenophaga

Genera of Bacteria

consistent with the general level of endotoxin attributed
Arthrobacter with cotton grown in California, Texas and Mississippi.
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identified. of the product to the exclusion of others which may also be
suitable.
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