Ecolagy, 82), 1979, pp. 362-375
@ 1979 by the Ecological Society of America

SOIL ALGAE IN FIELD AND FOREST ENVIRONMENTS!
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Abstract. The prokaryatic and eukaryatic algal camponents of soil were quantified and identified
generically over a 17-mo period in 2 successianal fields and a climax forest. A correlation of the
quantitative and qualitative changes was sought with ather biological components {bacteria, actino-
mycetes and fungi) and major chemical and physical parameters, The highest counts obtained for the
eukaryotic algae were 3.3 % 107, 2.2 % 107, and 1.2 » 10° cells/g sail far a L-yr old field, an 11-yr old
field and the forest, respectively. The highest cannts obtained far the prokaryotic (bluegreen) algae
were 8.2 % 10%, 2.3 x 105 and 1.6 x 10* cells/g soll for the same sites. The total number of algae in
all 3 sites declined during the summer. There was no further decline in winter. The greatest number
of algal genera was found in the 1-yr old field, 28 of a total 35 isolated or 80%; fewer were abserved
in the 11-yr old field and the forest, 37% and 63%, respectively.

A predictive model for numbers of sail algae was formed by multiple regression analysis. The
significant factors that showed a relationship with the bluegreen algae were pH, time, Mg, precipitation
and the eukaryatic algae, R? = 45%; significant factors with the eukaryotic algae were time, Mg and
the bluegreen algae, R® = 317%. Predictian equations were tested against additional data with success.
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INTRODUCTION

Algae have been isolated from soils worldwide, in-
cluding the Antarctic (Cameron and Devaney 1970,
Curl and Becker 1970}, tropics (Durrell 1964) and des-
ert regions (Forest and Weston 1966, Friedman et al.
1967). Their importance in soil has been discussed ear-
lier (Lund 1962, Shields and Durrell 1964, Dom-
merques and Mangenat 1970, Round [973). As pho-
toautotrophs, algae are thought to be important
contributors to the organic carban content of soil.
Bluegreen algal nitrogen fixation can increase soil ar-
ganic nitrogen cantent (Mayland and Mclntosh 1966,
Mayland et al. 1966). When growth is extensive, pro-
duction of mucilage is thought to stabilize the soil
against erosien (Fritsch 1907, Booth 1941, Durrell and
Shields 1961, Bailey et al. 1973).

Many previous studies have resulted in taxonomic
lists (e.g., Forest 1962, Fairchild and Willson 1967,
Jurgenson and Davey 1968, MacEntee et al. 1972,
Dystra et al. 1975) and these studies have relied on
relatively small numbers of soil samples (one in many
cases). Round (1973) has broadly classified the soil
alga microflora into 2 groups: the ephemerals which
appear at random and multiply rapidly under suitable
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conditions and the perennials which are constantly
subjected to the extremes of the soil habitat. A single
soil isolation may give an incamplete picture of the
algae present, both taxonomically and numerically.
Recently, investigators have broadened the scope of
soil algal studies to include changes in populations in
response to land use and soil treatment (Drew and
Anderson 1977, King and Ward [977). The purpose of
the present study was to continue to expand the nature
of soil algal studies by determining the qualitative and
quantitative changes in the algal microflora over an
extensive period and to relate these changes to the
biclogical, chemical and physical environment. Using
multiple regression equations we offer a statistical
maodel of the microflora. Different isolation procedures
were used to quantify each component of the micro-
flora. Macro and microclimatic conditions were con-
sidered as well as concentrations of the major ele-
ments. Three sites with differing vegetation were
selected for this study: a newly-plowed field left aban-
doned, an 11-yr-old successional field, and a climax
farest.

MATERIALS AND METHODS

Research area

Hutcheson Memorial Forest, 1.6 km east of East
Millstone, Somerset County, New Jersey, was select-
ed for this research hecause of the availability of
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fields in various successional stages. The red shale
soil of the area is part of the Upper Triassic Bruns-
wick formation on the Piedmont Plateau (Ugolini
1964).

Sampling

Thtee sites separated by 50 to 100 m were in-
vestigated from April 1974 to August 1975: a field
last plowed in late April 1974 and abandoned after
plowing, (1-yr-old field), a field abandoned after hay
harvest in the fall 1963 (11-yr-old field), and a forest, =
250 yr old. The predominant macro-vegetation in the
I-yr-old field after plowing was wild radish, Raphanus
raphanistrum L. During the summer the predominant
vegetation was cammon ragweed, Ambrosia artemis-
iffatia L. and giant foxtail, Seraria faberii Herrm.
Lesser dominants were hedge bindweed, Convalvulis
sepium L., woodsorrel, Oxalis stricta L. and common
crabgrass, Digitaria sanguinalis (1.) Scop. Daminants
in the |I-yr-old field were aster, Aster pilosus Willd.,
and the goldenrads, Salidago rugosa Mill., S. milfora
and §. juncea Ait. The forest site, located 30 m in
from the periphery of the forest, had an overstory of
white oak, Quercus alba L., an understory of dog-
wood, Cornis florida L., a shrub layer of mapleleaf
viburnum, Viburnum acerifolium L. and an herb layer
of mayapple, Podophyllum peltarum L. Complete de-
scriptions of these sites are in Bard (1952), Small et al.
(1971} and Sulser (1971). Map reference points are D3
for the I-yr field, C5 for the 11-yr field and BS for the
forest (Small et al. 1971).

Quadrats (1¢ x 13 m) were randomly selected at
each site and were equally subdivided into [2 sections.
Three randomly selected sections of each site were
sampled manthly by collecting 1-2 ¢m thickness of
soil over an area of approximately 30 cm?, after first
removing the litter and 4-7 mm of surface soil to avoid
recent contamination from airborne cells. The same
section was nat disturbed for a minimum of 4 mo. The
sampling instrument, a scoop spatula, was wiped clean
after each use. Samples were held in commercial plas-
tic bags and the bags were discarded after use.

Chemical and physical analyses

All sites were assumed to have identical climatologi-
cal conditions. Minimum and maximum air tempera-
ture and precipitation were measured daily at the
forest weather station located wihtin 200 m of each
site. Snowfall was converted to rain equivalents. In
March 1975, light intensity readings were taken at
the soil surface in all 3 sites using a Weston Illu-
mination Meter.

For pH readings, a 10 g portion of each sample was
aseptically mixed 1: | with water. After | h the pH was
determined using a Sargent-Welch Mode]l LS pH me-
ter with a glass, combination electrode. Additional soil
was sieved through a United States Standard Sieve
#1(Q (pore size 1.0 mm). Freshly sieved samples were

SOIL ALGAE

KK

weighed anto dried aluminum trays, heated at 103-
110°C for 24 h, and reweighed to determine maoisture
lass. These readings were used to normalize all mi-
¢robial counts from numbers per g wet weight to num-
bers per g dry weight of soil. All samples were held
in commercial paper bags at 3-5°C, for no longer than
48 h until microbial isalations were completed. Soils
were then air dried for further analyses.

Analyses for Mg, Ca, P and K were run an leachates
of dried samples as described by Black et al. (1965)
and Chapman and Pratt (1961). Total nitrogen was de-
termined by Kjeldahl extraction and subsequent col-
arimetric analysis. Organjc carban was calculated by
loss on ignition with oven dried samples.

Organism isolations and identifications

One g soil samples were used to initiate a 10-fold
dilution series, each dilution being vartexed to ensure
uniformity of suspension.

Soil algae were isclated using the 5 tube Most Prob-
able Number technique (MPN} (Meynell and Meynell
[965). One ml of suspended innoculum was aseptically
transferred to each of 5 plastic capped test tubes (18 x
150 mm) for each 10-fold dilution step. Four to 5 serial
dilution levels were used.

BG-11 medium (Allen and Stanier 1968), incubated
at 35 = 1°C, was used for preferential isolation of blue-
green algae. The eukaryotic algae were isolated in
Bristol's medium {Nichols 1973) at 20 = [°C. Both
were incubated on a 16/8 h light-dark cycle with a
light intensity of 3200 to 4300 [x. For ane 4-ma period,
the medium (TBIM) of Smith and Wiedeman (1964)
also was used to isolate eukaryotic algae.

Following incubation of 4 to 7 weeks, all tubes were
examined and numbers of viable algae estimated
(Meynell and Meynell 1965). Generic identifications of
algae in the highest dilution tubes were made using
numerous resources (Smith 1950, Chapman 1962,
Brown and Bold 1964, Smith and Bold 1966, Groover
and Bold 1969, Kantz and Bald 1969, Archibeld and
Bald 1970, Baker and Bold 1970, Prescott 1970, Whit-
ford and Schumacher 1973, Lee and Bold 1974).

For plating and isclation of bacteria, actinomycetes,
and fungi, | g of soil was placed in 1¢ ml of sterile
physialogical saline (0.9% NaCl) and serially diluted
in 107 steps. Three dilutian levels were plated (0.1 ml)
in triplicite on media preferential for the growth of
each group (see below). Plates for bacteria and acti-
nomycetes were incubated at 37°C for | to 14 days and
fungi at 25-28°C for 5 to 14 days.

Bacterial population estimates were made after plat-
ing on nutrient agar (Difco) supplemented with anti-
fungal antibiotics (Pimaricin [00 g/ml and Actidione 10

‘gml). The actinomycete microflora was estimated af-

ter growth on a starch-nitrate casein medium madified
from that of Kuster and Williams (1964} by the sub-
stitution of soluble starch (4 g/1) for glycerol and sup-
plemented with the antifungal antibiotics. Fungi were
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Fig. 2. Sail moisture and temperature at time of collection. Each point is the mean of triplicate samples. @ = 1-yr field,

W = [1-yr field, & = forest.



