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Enrichment cultures for purple nonsulfur and sulfur photosynthetic bacteria 
were prepared from soil samples collected in central and northern Minnesota. 
The purple nonsulfur bacteria were found in most wetland soils sampled but were 
uncommon in woodland and grassland soils. The pH range of the soils in which 
these bacteria occurred was 3.8 to 7.8. and the oxidation-reduction potential (£h) 

range was +510 to ~65 m V. Soils with a pH below fi.O or an £,, above + :110 m V 
had few purple nonsulfur bacteria ( < 10/g of soil). Rhodopseudomonas viridis, a 
photosynthetic bacterium containing bacteriochlorophyll b, and the purple 
sulfur bacteria were common only in low-acidity wetland soils that were usually 
being reduced. 

The limitation of the distribution of purple 
sulfur photosynthetic bacteria by environmen
tal factors has received considerable study (7, 
20). The factors controlling the distribution of 
purple nonsulfur photosynthetic bacteria have 
not been studied widely, although these bacte
ria have been subjected to intensive laboratory 
investigation (7). In Minnesota, the occurrence 
of purple nonsulfur bacteria has been recorded 
along gradients of moisture in woodland and 
wetland soils over a pH range from 3.1 to 7.0 (5, 
23). This paper extends these earlier studies by 
exammmg the distribution of Rhoda
pseudomonas viridis and certain purple sulfur 
bacteria. It also improves on the earlier studie£ 
by determining most probable number (MPN) 
of purple nonsulfur bacteria per gram of sample 
and by relating distribution not only to habitat 
but also to the pH and oxidation-reduction 
potential (Eh) of the soil sample from which the 
bacteria were isolated. By the example of Baas 
Becking et al. (1), pH and Eh are used "as 
empirical parameters rather than as electro
chemical data capable of thermodynamic inter
pretation." 

MATERIALS AND METHODS 

Field sampling. Surface soils were collected in the 
Cedar Creek Natural History Area 30 miles north of 
Minneapolis and from a site 7 miles north of Marcell 
in northern Minnesota. Floristic data for both sites 
have been given by Gorham and Pratt (5), and the 
Cedar Creek site has also been described by Linde-

' Contribution no. 119 from the Limnological Research 
Center, University of Minnesota, St. Paul. Minn. 55101. 
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man (9), Conway (2!. and Gorham and Sanger (6! 
The Cedar Creek habitats included an old field 
dominated by bluegrass, mixed oak-pine-bircb-maple 
woodland, cedar and tamarack swamp. and a small. 
shallow lake. At Marcell a jack-pine forest, a Splwg
num bog, and its shrubby, marginal alder-willow 
swamp were investigated. Th€ wetland habitats in
cluded hummocks and associated hollows. as well as 
t1at areas. In each type of habitat. thrE'e areas were 
marked with stakes so that the same sites could be 
sampled throughout the year. 

Near each stake a 5-cm core of soil was collected for 
inoculations. For chemical tests, two sterile pol yet h:.·t. 
ene bags ( Whirlpak) were filled at each site. excluding 
air as far as possible. Lake samples were collected 
with a ,Jenkin core sampler ( J:l)_ Holes were drilled 
into the corer and filled with silicone (24) so that 
samples could be withdrawn at various levels for 
inoculation and E" and pH measurement. Summer 
samples were iced as s9on as collected. 

When the soil was not frozen, its pH was deter
mined at the site with a portable Beckman model N 
pH meter. Waterlogged samples were analyzed quali
tatively tor hydrogen sulfide by a modified lead-acetate 
test available commercially ( Hach Chemical Co., 
Ames, Iowa). 

At Cedar Creek. the woodland soils wbich we 
examined were leached brown sands (A 1 in the 
horizon terminology of Lutz and Chandler [10]), 
overlain by humus layers (A 0 ) which usually lacked a 
well-defined H horizon and were normally less than 5 
em thick. The wetland peats were all highly organic, 
but .varied greatly in their degree of decomposition. In 
general, the peats of the hollows were the most highly 
decomposed. The pond sediments were highly organic 
dark-brown muds lacking the strongly gelatinous 
character of true gyttja. At Marcell the woodland soils 
(A,) were also very sandy but more heavily leached, 
and showed signs of incipient podzol (A,) develop-
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ment. The overlying humus layers (A 0 ) were normally 
less than 5 em thick. and consisted of a mat of pine 
needle litter (L) and decayed needles (Fl. without 
much development of an H horizon. The wetland 
peats at Marcell were all highly organic hut usually 
less decomposed than those at Cedar Creek. Some of 
the Sphagnum hummock peats at Marcell showed 
extremely little decomposition. 

Culture techniques. The standard medium and 
conditions for enrichment of the purple nonsulfur 
bacteria were the same as described previously (2:3). 
Because many soil samples were acid, Pfennig (20) 
acid enrichment medium (pH .5.2) for Rhoda
pseudomonas acidophila was also used. Purple nonsul
fur bacteria of the R. viridis type were selectively 
enriched in the medium of Drews and Giesbrecht (:3). 
Illumination through gelatin filters (no. Kst, Giittin
gen Farbfilter, Gottingen, W. Germany), which trans
mit light only above 900 nm, provided a seiE'ctive en
richment for these bacteria. The presence of purple 
sulfur bacteria was tested with the medium of Pfennig 
(18) as modified by Pfennig and Lippert (21). All cul
tures were incubated at approximately 25 C under 
1,000- to 2,000-lx continuous illumination. 

The MPN of purple nonsulfur bacteria was deter
mined by inoculating 2.5 g of each sample into 25-ml 
tubes containing enrichment medium. Serial 10-fold 
dilutions were then prepared in duplicate. The MPN 
of organisms per gram of sample was determined from 
the tables of Fisher and Yates (4). The presence of 
purple nonsulfur or sulfur bacteria was verified b:.• red 
or green pigmentation in the culture tube, microscope 
examination, and spectrophotometric analysis as de
scribed previously by Pratt and Gorham (23). Suspen
sions of R. viridis cultures displayed the strong 
spectral absorption peak at 1,020 nm which is charac
teristic of bacteriochlorophyll b. Pure cultures of 
various purple nonsulfur and sulfur photosynthetic 
bacteria were obtained by dilution in suitable media, 
followed by incubation in an anaerobic growth cham
ber under continuous illumination. 

Chemical analyses. Within 1 or 2 days after 
collection, the E" was determined in duplicate at 
several positions within the soil sample by insertion of 
microelectrodes of Pt and Ag-AgCI (24). The E" 
measured by this method was quite stable and repro
ducible within narrow limits (30 m V) except for 
extremely dry soil samples; in these, considerable 
variation was observed, but the potentials never 
approached reducing levels. The pH of each soil 
sample was measured by glass electrode within 3 days 
after collection in water expressed by hydraulic press 
under nitrogen. The laboratory pH, which is the figure 
used in this paper, was compared with the field pH 
and usually did not vary by more than 0.5 U. 

The moisture content and water-holding capacity 
of the soils were determined by the method of Pramer 
and Schmidt (22). The organic content of these 
non-calcareous soils was determined from the loss of 
weight of 10-g samples upon ignition at 500 to 550 C. 

RESULTS 
Acidity and Eh in the various habitats. 

Tables 1 and 2 provide a summary of pH and Eh 

data. and Fig. lA shows the relationship hE'
tween these two ,·;:uiahlrs for each samplr in the 
diverse habitats of the Cedar Creek and Marcell 
sites. The dashed line. which provides an ap
proximate boundary lwtween oxidizing and re
ducing samples. was derived by drawing a 
limiting line beneath all ,.,amples whose water· 
holding capacity was not fully saturated. All nf 
thrse unsaturated samplps must han' hel'n 
oxidizing. and the linl' defines thl'ir lower E .. 
limit. The tully saturated samplt>s an• generally 
reducing, hut sonw samples, fully saturatl'd 
with what must be at least partially ox
ygenated water. exhibit E., valup,., as much as 
l."iO mV above the boundnrv litH'. This boundary, 
from an E, of t ~00 mV at pH I to . :lHO m\' at 
pH ·l, is very similar to tlw honndary tor the 
occurrencP of fpr_rous iron in aquatic and wet land 
soils of the English Lake District. Data of 
Pearsall. ( 14 II)), Misra ( ll ), PE>arsall and 
MortimPr (!/),and Mortimer (1:2, I:l) indicate 
that ferrous iron is ohsNvt>d only up to an E, of 
+~00 mV at pH 7, of , :WO mV at pH 6, of • :lfltl 
mV at pH fl. and of .:lHO m\' at pH 4. This 
boundary for occurrence of ferrous iron appears 
to depart somewhat from linearity. Our empiri-
cally observed slopP of GO mY pPr unit of pH in 
Fig. lA is one common!~· emploved to correct E,, 
values to constant pH. although Baas Becking 
et al. ( l) find no theoretical justification for 
such a practice. 

Figure lA compares the various habitats at 
Cedar Creek and Marcell. The open sym bois 
represent the dryer soils and the solid symbols 
represent the wetter soils. It is clear that the 
Marcell soils are generally more acidic (pH :u 
to 5.7) than those of Cedar Creek (pH 4.·1 to 
7.7). The Spha{?num hummocks (often domi
nated by S. fuscum) exhibit the greatest acidity 
at Marcell, and it is also the swamp hummocks 
which are generally most acid at Cedar Creek. 
The wetter Cedar Creek sites, namely, the pond 
muds, the swamp hollows, and the swamp llats. 
are generally the least acidic. The sa rnP is true 
of the marginal swamp flats at Marcell. 

As might he expected, the old field and 
woodland soils are all oxidizing, and the peats of 
the swamp hummocks are predominantly oxi
dizing. The peats of the swamp llats are more 
evenly divided between oxidizing and reducing 
conditions, whereas the swamp hollow peats are 
predominantly reducing and a few exhibit nega
tive Eh. The pond samples are generally reduc
ing, and slightly negative potentials are gener
ally obtained in the lower parts of the mud 
cores. Neither the swamp peats nor the pond 
muds yield more than traces of hydrogen sul
fide, so that the strongly negative potentials 
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TABLE 1. Summary of data" on the occurrence of photosvnthetic bacteria and un carious phvsica/ parameters 
at Cedar Creek 

Purple nonsulfur I Purple 
R.l'lridi.-: sulfur 

bacteria 
bacteria 

I 
Organic :\loisture 

Sample 
E, tm\'ij pH content ('I ~nl (•nt :\'o. ot 

:\o. of 
and date lr; dry 1', wet Occur-

MP:\ Occur· :\IP:\ 
:\o. ot oc-

Wtl WI) rences/ 
where rences/ where 

currences./ 
no. of 

found' no. nf sites. found( no. of site~ 
sites tested 

tested tested 

Grassland soil 
8/05/71 +460 5.8 5.0 I2.6 1/2 6 X 10 1 0/2 0/2 

10/08/71 -,-420 5.8 2.7 8.8 0/2 0/2 0/2 
12/08/71 +345 6.2 11.6 40.0" 0/2 0/:2 0/2 
. 4/25/72 +460 5.9 8.0 14.7 0/3 o;:J o;:J 

Woodland soil 
8/05/71 +390 6.0 30.4 15.5 J/2 2 >< 101 1/2 2 X 10 1 1/2 

10/08/71 +425 5.7 49.7 46.7 1/:3 7 y !0' 1/3 2 X 102 0/3 
I2/08/7J +445 6.0 24.0 46.9 0/2 0/2 0/2 
4/25/72 +455 5.3 28.0 3:3.5 0/3 0/3 0/3 

Swamp peat hummock 
8/05/71 +355 5.2 73.4 70.7 2/2 2 X 102 J/2 2 :< JOI 0/2 

10/08/71 +395 4.3 82.6 69.7 3/3 3 X 102 0/.3 0/:1 
I2/08/71 +365 5.3 88.2 86.0 I/2 6 10' 0/2 0/2 
4/25/72 +285 6.1 79.1 79.3 4/4 :3 X !02 2/:3 7 j()l 0/:l 

' 
Swamp peat hollow 

8/05/71 +I90 6.1 72.0 78.3 3/3 I X I0 3 2/3 2 X 103 :3/3 
10/08/71 +115 6.7 84.3 89.4 3/:3 5 X 10' 2/:3 3 X 102 3/:3 
12/08/71 +2C:O 6.5 82.5 9:3.6 2/2 4 X 10' 2/2 :3 X J02 2/2 
4/25/72 +15 6.8 82.2 90.1 4/4 4 X I0' 3/:3 I X 10' 3/:3 

Swamp peat flat 
8/05/71 +190 6.7 80.7 88.3 3/3 3 X 10' 3/3 8 102 3/:3 

10/08/71 +:3I5 5.5 87.2 90.3 3/3 9 X 10' 2/3 2 X 10' 3/:3 
I2/08/7J +:310 6.3 88.1 90.7 3/:3 8 X JO' 1/3 6 j()l 2/:3 
4/25/72 +75 6.7 88.7 90.5 4/4 4 X JO' 3/3 I X !0' 3/:3 

Lake sediment 
8/05/71 +I25 7.I 4/4 6 X 10 1 2/4 1 X 10' 4/4 

o The data in this table represent an average of all samples of a particular type. 
• The MPN of purple nonsulfur bacteria per gram of sample was determined in the standard purple nonsulfur 

enrichment medium (2:3). 
c The MPN of R. viridis per gram of sample was determined in the medium of Drews and Giesbrecht (3). The 

cultures were illuminated with light above 900 nm. 
d This sample was taken under the snow and contains more organic matter and more moisture than usual for 

a 5-cm core. 

which characterize habitats rich in sulfides (8) 
are not observed. 

Purple nonsulfur bacteria: Cedar Creek. 
Purple nonsulfur photosynthetic bacteria are 
found in all swamp peat hollows and flats 
studied (Table 1), and they also are more 
abundant (103 to 105 bacteria per g of sample) in 
these than in other sites. Also, as reported 
previously (5, 23), these bacteria are commonly 

found in swamp hummock peats. However, they 
occur in much lower numbers ( < 10 1 to 102 

bacteria per g of sample) in the hummocks, 
presumably because of lower pH and moisture 
content and higher Eh. Only on rare occasions 
are purple nonsulfur bacteria identified in 
grassland soil or woodland humus, and in such 
cases the bacteria are present in very low 
numbers (10 1 bacteria per g of sample). There 

• 
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TABLE 2. Summarv of data" on the occurrence of photosynthetic bacteria and on t·arious pllvsica/ parameters 
north of Marcell 

! Purple Purpll' nonsulfur 
R" v1ridis sullur bactena 

bactt>ria 
Organic !\loisture ·~-- ·--

Sample E111m\') pH content rnntent :\o of 
:\o. nf 

and date ( c; dry {c; wet Occur- MP:\ OcnH· MP:\ ~0. ol OC· 

wt) wO rences/ where rrn1·Ps/ wtwre currenrrs/ 
no. of found' no. nl site!-. found( 

no. ol sites 
sites tested 

tested tested 
------

Jack pine soil 
1/20/11 +480 5.0 5.1 15.3 0/5 0/5 0/5 

10/26/11 +415 5.:3 116 14.1 0/8 0/:l 0/8 
4/07/7'2 +:185 4.4 85.7d 88.:ld 0/5 0/.'i 0/5 

Sphaf?num peat hummock 
7/20/11 +485 3.6 9Z.:l 87.0 '2/5 2 X 10' 0/:J 1/5 

10/26/71 +455 3.8 95.9 88.2 3/8 1 X 102 0/.'i 0/8 
4/07/72 +345 4.1 97.0 917 0/5 0/5 0/5 

Sphaf?num peat hollow 
7/20/11 +305 4.6 82.6 912 5/.5 4 10 1 0/5 2/5 

10/26/71 +395 4.3 84.6 89.7 4/8 2 X 10 1 0/:l 1/8 
4/07/7'2 +345 4.1 9L'i 92.3 0/5 0/5 0/5 

Marginal swamp flat 
7/20/71 +310 5.4 74.9 91.9 5/5 3 10' 5/5 2 ' 10' 4/5 

10/26/71 +340 5.4 88.0 88.9 8/8 7 '· 10' :3/:l 8 X 103 7/8 
4/07/7'2 +345 4.7 94.0 89.2 4/5 2 10' 2/5 1 X 10' 4/5 

a The data in this table represent ar{ average of all samples of a particular type . 
• The MPN of purple nonsulfur bacteria per gram sample was determined in the standard purple nonsulfur 

enrichment medium (23). 
c The MPN of R. uiridis per gram sample was determined in the medium of Drews and Giesbrecht (3). 
d This sample was taken under the snow and contains more organic matter and more moisture than usual for 

a 5-cm core. 

was only one case where a relatively high 
number ( > 7 x 102

) of purple nonsulfur bacteria 
was found in woodland humus soil. This site 
was tested at several other times and purple 
nonsulfur bacteria were not isolated. The one 
occurrence of these bacteria in such unfavorable 
sample taken near a frequently used trail. The 
occurrence of these bacteria in such unfavorable 
sites is probably due to transport of soil from 
more favorable sites on the feet of animals or 
man. However, because moisture conditions 
fluctuate in these areas, it is possible that at 
certain times of the year conditions are favora
ble for growth of the purple nonsulfur bacteria. 
In previous studies (5, 23), these bacteria were 
most frequently recorded in unfavorable sites 
during the wetter periods of the year. 

The cultures obtained from all these sites 
usually consist of both Rhodopseudomonas and 
Rhodospirrillum. At higher dilutions Rhoda
pseudomonas is usually prevalent, indicating its 

presence m higher numbers. There are, how
ever, cases where almost pure cultures of 
Rhodopseudomonas or Rhodospirillum are ob
tained in the higher dilutions. Although Rho
domicrobium was not visible in routine light 
microscope examination of several cultures, it 
was detected in several cultures by electron 
microscopy. 

The results obtained with the R. acidophila 
medium of Pfennig (20) are similar to those 
obtained with the standard enrichment me
dium. The same types of b~cteria are obtained 
in similar numbers. One minor difference is that 
occasionally the very acidic hummocks yield a 
greater number of bacteria in the R. acidophila 
medium. Also, hollows with a pH near 7 occa
sionally fail to yield bacteria in the R. acido
phila medium. One difficulty with this acid 
medium is that it favors the growth of algae. 

Within the accuracy of the technique, there 
appears to be little seasonal change at Cedar 
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Creek in the numbers of purple nonsulfur bac
teria found at various sites. Table 3 lists the 
differences in numbers of bacteria. pH. and Eh 
for several staked sites from which photosyn· 
thetic bacteria are consistently isolated. The 
pH fluctuates markedly in the swamp tlats and 
hummocks. probably because these areas go 
through cycles of drying and wetting throughout 
the year, whereas the hollows are consistently 
wet. The fact that the numbers of bacteria do 
not change markedly bet ween seasons suggests 
that these bacteria can survive anaerobically in 
very low light intensities (cf. 25) because this 
area is under heavy snow cover from ;) to .S 
months of the year: yet samples taken beneath 
the snow show no significant decline in the 
numbers of bacteria. The bacteria are able to 
survive the low temperatures found in the area 
for the sites are frozen 1 foot (about 30.48 em) or 
more in depth for 4 months of the year. except 
for some hollows which remain unfrozen under 
the snow throughout the year. 

It is extremely difficult to obtain lake sedi
ment during winter months because of the thick 
ice cover, and blue-green algae are present in 
such abundance during most of the year that it 
is difficult to eliminate them from the cultures. 
Photosynthetic bacteria are always present in 
the pond muds, but the numbers are much 
lower (10' to 102 bacteria per g of sample) than 
in the swamp hollows and flats. 

Purple nonsulfur bacteria: Marcell. Purple 
nonsulfur bacteria are consistently found in the 
marginal swamp area at Marcell (Table 2), 

although the numbers are lower ( 10' to 10' 
bacteria per g of sample! than in some of the 
more favorable sites at Cedar ( 'rt•ek I usual!\· 10 1 

to 10' bacteria per g of sample!. ThP low pH of 
the Marcell sites is probably on(' reason for the 
lesser abundance of the purple nonsulfur bacte· 
ria, although other limiting favtors such as low 
concentrations of mineral nutrients and low 
temperatures may also he involved. Soil tern 
perature in this area does not rise above 18 C in 
mid-July, and the soil is frozen for almost () 
months of the year. Bacterial numbers appear 
to be fewer in spring samples. suggesting that 
very little active growth occurs during the 
winter months. 

Purple nonsulfur bacteria are recorded in the 
acidic bog hollows and hummocks frequently 
enough to indicate that tlwy are capable at least 
of surviving extremely high acidities. The fact 
that numbers are always low ( < 10' bacteria per 
g of sample) suggests that these bacteria do not 
multiply rapidly in such habitats. 

Growth of the purple nonsvlfur bacteria from 
the more acidic Marcell samples occurs more 
quickly in R. acidophila medium than in t hr 
standard enrichment medium, but within a 
week the kinds and numbers of bacteria ob
tained in both media are similar. Rhodo
pseudomonas and Rhodospirillum are both ob
served, although microscope examinations indi· 
cate that the incidence of spirals is slightly 
higher at Marcell than in the Cedar Creek area. 

R. viridis. R. viridis is isola ted from fewer 
sites in the two areas than are the other purple 

TABLE 3. MPN of purple nonsulfur bacterio., pH; and E. at various Cedar Creek sites sampled at different 
times of the vear 

pH E.im\'1 
MP:'\ of purple 

Sample 
nonsulfur bacteria• 

10/8/71 12/8/71 4/25/72 10/8/71 12/8/71 4/2[>/72 10/8/71 12/8/71 4/25/72 

Swamp hummock peats 
7B 3.9 5.3 +385 +280 2 . 10' 2 )( 10 1 

8B 4.4 5.5 6.3 +370 +295 +27.') 7 ' 10' 6 X 10 2 2 10' 
9B 4.6 5.5 6.3 +430 +295 +260 2 ~· 10' 6 10' I ,, 10' 

Swamp hollow peats 
7A 6.8 6.8 +160 20 2 X 103 2 X 10' 
8A 6.8 6.4 6.6 +.'i +240 +4.5 7 X 10' I X 10' 7 X 10' 
9A 6.4 6.6 6.8 +180 +315 +50 I 10' 6 X 103 7 X 10' 

Swamp flat peats 
10 5.7 4.8 6.3 +360 +370 +10 6 10' 2 X 103 2 X 101 

11 6.5 5.9 7.3 +355 +300 +145 2 :~ 10' 2 10' 7 X 10' 
12 6.6 6.8 6.7 +210 +285 +110 2 X 10' 6 X 10' 2 X 10' 

4 The MPN of purple nonsulfur bacteria per gram sample was determined in the standard purple nonsulfur 
enrichment medium (23). 
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nonsulfur bacteria (Tables 1 and 2). It is almost 
as abundant ( 10 1 to 10' bacteria per g of sample) 
as the other purple nonsulfur bacteria in the 
swamp hollows and flats at Cedar Creek. and is 
also abundant (102 to 10' bacteria per ~ of 
sample) in the marginal swamp flats at Marcell. 
In fact, it can easily be isolated in standard 
enrichment medium from the marginal swamp 
at Marcell without special illumination, espe
cially in the fall and spring. In addition. R. 
uiridis is often isolated in the sulfur enrich
ment medium from those Marcell peats and 
Cedar Creek pond muds which give a positive 
reaction for H 2S. Indeed, it grows normally in 
Ia bora tory cui ture if 0.1% N a.S is added to the 
medium, and will grow for two to three transfers 
in the sulfur medium which contains no organic 
source. However, cultures grown with Na,S 
appear more motile than normal. 

All organisms isolated 'from cultures and 
found to contain bacteriochlorophyll b look like 
the typical R. uiridis under the light micro
scope. No evidence has been found for new 
types of bacteria containing bacteriochloro
phyll b. 

Purple sulfur bacteria. The occurrence of 
purple sulfur bacteria at Cedar Creek and north 
of Marcell is shown in Tables 1 and 2. For the 
most part these bacteria are restricted to the 
swa:mp flats at Cedar Creek and to the marginal 
swamp at Marcell. These areas are the only 
places where positive reactions for H.S are 
obtained. All cultures obtained are mixed. but 
usually Chromatium. Thiospirillum, or both, 
can be identified. However, these are always in 
the minority in the cultures even after three to 
four transfers in H,S medium. The predomi
nant organisms in these cultures are motile rods 
or spirals indistinguishable from purple nonsul
fur bacteria on morphological or spectral 
grounds. In fact, some Rhodopseudomonas or 
Rhodospirillum cultures isolated in the stan
dard enrichment medium for purple nonsulfur 
bacteria are able to grow well through two to 
three transfers in the H,S medium. The only 
difference in these cultures under the light 
microscope is that the cells appear more motile 
in the H.S medium. In all cases where purple 
sulfur bacteria are isolated from hummocks, the 
cultures contain. only motile rods. The purple 
sulfur bacteria are generally restricted to the 
less acidic swamp areas, particularly those 
areas that are more consistently anaerobic. 

DISCUSSION 

In the areas studied, the patterns of distribu
tion of the various groups of photosynthetic 

bacteria differ appreciably. For the purple non· 
sulfur bacteria, Fi~. 18 indicates a pH range of 
3.8 to 7.8 and an E" range of ' 510 to 65 m \'. 
Except for a few cases. those sites with a pH 
below .5.0 or an E., abo\·e -:170 mV have fewer 
than 10 purple nonsulfur bacteria per ~ of 
sample. For R. uiridis, Fig. 1 C shows a pH ran~e 
of 4.6 to 7.3 and an E" range of + 420 to 6.5 m \'. 
with the numbers of this bacterium highest 
where pH is above 5.6 and E,, below +:t10 m\'. 
For bacteria capable of growing in the medium 
for enriching purple sulfur bacteria, Fig. lD 
shows a pH range of 4.4 to 7.8 and an E" range of 
+415 to -65 mV. Thiospirillum shows narrowt>r 
ranges. of pH 5.2 to 6.9 and E., + :t15 to - 6S m V. 
The ranges for Chromati urn are pH 5 .. 5 to 7 .:l 
and E" +:380 to --20 mV. 

In the case of the purple nonsulfur bacte
ria, pH and E" values are recorded far above the 
upper limits of acidity (pH 4.9) and redox 
potential IE,, ,.:328 mV) given by Baas Reeking 
et a!. ( 1). Most of their data were obtained from 
laboratory cultures. The higher limits recorded 
in our stuuy are probably owing to the prest>nct> 
of small numbers of photosynthetic bact t>ria 
accidentally transported to many of the acid. 
aerobic sites from more favorable habitats !Fig. 
18). Although these photosynthetic bacteria 
probably do not normally grow in highly acid. 
aerobic habitats. they will of course grow upon 
inoculation into suitable media. Previous stud· 
ies by Gorham and Pratt ( 5) indicated growth of 
a mixture of purple nonsulfur bacteria down to 
pH S.3. whereas Pfennig ( 20) observed growth of 
R. acidophila down to pH 4.8. Another possibil
ity is that microsites within a given sample 
provide locally less acid and less oxidizing 
conditions than those characteristic of the soil 
sample as a whole. 

Figures 1B to 10 indicate the presence of all 
the photosynthetic bacteria in oxidizing as well 
as in reducing soils. It should be noted, however, 
that the wetland peats may vary seasonally 
from oxidizing to reducing. depending upon the 
level of soil moisture, and they may also vary 
from one part of a soil sample to another. The 
purple nonsulfur bacteria appear to be most 
tolerant of oxidizing conditions, because they 
are often found in areas that are oxidizing for 
most of the year and reducing for only short 
periods. The purple sulfur bacteria generally are 
restricted to those areas that are reducing 
throughout the year. 

An R. uiridis strain isolated from the Marcell 
site has been shown to fix nitrogen (0. C. Pratt, 
P. L. 8ergad, and G. E. Ham, 8acteriol. Proc., 
p. 139, 1971), and it is conceivable that the 

" 



VoL. 117. 197-l DISTRIHUTION OF PHOTOSYNTHETIC BACTERIA 833 

photosynthetic bacteria play a significant role 
in nitrogen fixation in some of the more acid 
peats unfavorable to other nitrogen-fixing orga
nisms. 
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