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Abstract Investigations on plant community and micronutrient status of Schirmacher
QOasis, East Antarctica have been presented in this paper. The dominant plant com-
munities include moss and lichen. The frequency of species occurrence and changes
in species composition at different location varied. Thirty-four soil samples were ana-
lyzed for chemical properties of the soils of Schirmacher Oasis and Nunatak , East Ant-
arctica. The most common plant species growing throughout the areas of Schirmacher
Oasis and Nunataks are; Candelariella flava (lichen) and Bryum pseudotriquetrum
(moss). Large variations were observed among different soil samples in all the nutri-
ents and other measured soil chemical parameters. The soils are characterized by a-
cidic pH ranging from 4.42 ~6.80. The mean organic carbon content was 0. 62 and
ranged from 0. 06 — 1. 29% . The electrical conductivity in 1: 2 soil water ratio
ranged from 0. 06 — 1. 29. The average content of macronutrient cation, which are
ammonium acetate extractable was in the order of Ca > K > Na > Mg. The average
content of DTPA extractable micronutrient cations was in the order of Fe > Mn > Cu >
Zn. Thirty one out of 34 samples contained less than 0. 80 ppm DTPA extractable Zn.
Correlation studies revealed that content of macronutrient cations significantly and
positively correlated to that of chlorides. Electrical conductivity exhibited significant
and positive relationship with pH, K, Ca, Mg, Na and chloride content. Sodium (r
=0.876" * ) exhibited highest correlation followed by K (r=0.831"* * ) with chlo-
ride content. The correlation coefficient for chlorides was higher with electrical con-
ductivity (r=0.732** ) than pH (r=0.513** ). Organic carbon content of the
soil was positively correlated with Fe (r=0.442* ). The nutrient status did not ap-
pear to be a limiting factor in growth of plants. Lichen and moss community structure
and composition in the study area were not related with fertility status of soil. Terres-
trial mosses are most abundant and luxuriant along the soil habitats near bank of water
bodies and the melt water streams.
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1 Introduction

Scientific expeditions by Indians at Schirmacher Oasis of East Antarctic region have
been a regular feature since 1981. Due to harsh climatic conditions, most of the soil forma-
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tion results from weathering processes or microbial activities on sparse organic material ,
produced under stone shelters or depressions. Due to increases in summer temperatures in
the Antarctica and glacial retreat in particular, fresh area is exposed. This promotes the
processes of soil formation. Further this offers an opportunity to study the physico-chemical
and biological properties of soil including nutrient availability, which are important for sup-
porting the flora and fauna. Soil properties influence soil forming processes. Accumulation
of soil organic matter and podzolization are important up to the Antarctic polar desert!'!.

Soil properties like soil reaction and salinity influence the conditions for micro biotic
processes and adaptation of plant and microbial communities. Hazral?! found highly signifi-
cant correlation between pH and soil nematode population. In seils of Mawson Base and the
Vestfold Hills, east Antarctica; relationships were evident between the components of the
microflora and electrical conductivity of soill>}. There was a strong correlation between
plant Ca and pH of the substrate in Signy Island, South Orkney Islands{*]. The information
on plant communities in the study area of Schirmacher Oasis and Nunatak, East Antarctica
as also the information on availability of nutrients, which support the survival of these plant
communities is lacking. The present study was undertaken to study the relationship between
nutrient regimes of soils and plant communities in area of investigation.

2 Materials and Methods

Topographically, the area can be divided into three distinct units, the southern conti-
nental ice-sheet, central landmass exposed as structural hills and valleys and the northern
ice shelf. The central landmass spread over about 57sq km is known as Schirmacher QOasis
(70°44"' ~-70°46'S; 11°20' —11°55'E). It has a maximum width of 3.5 km and a length
of about 17 km and is aligned in a general East-West trend. It’s elevation varies between 0
and 236 m above the mean sea level. The area has three types of lakes viz. Pro-glacial
lake, Land locked lakes and Epi-shelf lakes(>). The average annual temperature is — 10C
and means wind velocity of about 10 ms ~!. The average precipitation ( snow) ranges be-
tween 250 — 300 mm and relative air humidity is 15 —20% . During polar summer ice melts
and water flows often into the lakes. The valleys are ice-free because the Mountains block
the flow of ice from the polar plateau and low precipitation and strong Katabatic winds lead
to little accumulation of snow in the area. The lakes occupy closed basins and vary in sur-
face area, depth, and ice-cover thickness. Thirty four GPS locations ( Table 1) of Schirma-
cher Oasis and nearby Nunataks of Dronning Moud Land, East Antarctica were sampled in
the present study ( Fig. 1). Soil samples were also collected from Nunataks. Lichens, mos-
ses, microbial mats growths were visible to the naked eye as blackish, greenish-brown or as
green growths at moist habitat.

The present materials were collected from oasis and adjoining Nunataks during Januar-
y-February 2004. Soil samples were collected near streams, ponds, lakes and areas of moss
carpet. Lichen and mosses were air-dried and safely packed in sterile bag for species deter-
mination at laboratory. The lichens and mosses were observed with a Nikon & Olympus mi-
croscopes equipped with image analysis software. All samples are stored in Polar Biology re-
pository at NCAOR, Goa.

Soil samples from same GPS locations were also collected and analysed for soil chemi-
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cal parameters. The undecomposed organic residues were removed. The soil samples were
air dried and crushed gently in a wooden pestle and mortar passed through 2 mm sieve for
chemical analysis. Soil pH and EC were determined in water using 1: 2.5 (soil: water ra-
tio) and 1: 2 (soil; water ratio), respectively. Organic carbon by wet digestion meth-
0d(®] | available/mineralizable N by steam distillation method!”) using Gerhardt make VAP
30 apparatus, available P was estimated by following Bray and Kurtz{®] colour development
method on a UV-VIS spectrophotometer. Calcium, Mg, Na and K were extracted using
neutral normal ammonium acetate. Available Zn, Cu, Fe and Mn were extracted by DTPA
method®) and determined by atomic absorption spectrophotometer ( Perkin Elmer Analyst
100 model ). The chlorides in water extract were determined by titration method using silver
nitrate.

70.75+
' ll."\
70.80
Nunatak
+- Site of soil sample
70.85F
Nunatak
70.90 1
&
11.40 11.50 11.60 11.70 11.80 11.90 12.00

Fig.1 Location map of the soil sample in Scirmacher Oasis and adjoin-
ing Nunatak. (Based on Ravindra et al. 2001(5))

3 Results and discussions

Plant communities :

The terrestrial plant communities at different GPS locations on soil habitat were recor-
ded. These include species of lichens and mosses. The frequency of species occurrence and
changes in species composition at different location varied. The lichen species growing on
soil-moraine and moss habitats of Schirmacher Oasis are: Acarospora williamsii Filson,
Buellia grimmiae Filson, Caloplaca citrina (Hoffm. ) Th. Fr. , Candelariella flava (C. W.
Dodge & Baker) Castello & Nimis, Lepraria cacuminum ( A. Massal. ) Lohtander, Lecano-
ra expectans Darb. , Lecanora geophila (Th. Fr. ) Poelt, Lecidella siplei (CW Dodge & GE
Baker) May. Inoue, Lecidella sp. B, Physcia caesia ( Hoffm. ) Furnr. Rinodina olivaceo-
brunea CW Dodge & GE Baker. Terrestrial mosses were most abundant and luxuriant along
the soils habitats near bank of water bodies and the melt water streams. The moss communi-
ty of Schirmacher Oasis includes species of Bryum argenteum Hedw. var. muticum Brid. ,
Bryum archangelicum Bruch & Schimp, Bryum pseudotriquetrum ( Hedw. ) P. Gaertn. , B.
Mey. & Scherb, Ceratodon purpureus ( Hedw. ) Brid, Orthogrimmia sessitana ( De Not. )
Ochyra & Zarnowiec, Syntrichia sarconeurum Ochyra & RH Zander.
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These species were abundant on soil surface near the edge of the streams. The most
common plant species growing throughout the areas of Schirmacher Oasis and Nunataks are:
Candelariella flava (lichen) and Bryum pseudotriquetrum ( moss).

Soil parameters ;

The diversity in the fertility status of the soils with respect to micronutrients is presen-
ted in Tablel. The soils are characterized by an acidic pH ranging from 4.42 to 6. 80. The
earlier studies of cryosoils from eastern Antarctica also characterized the soils acidic in reac-
tion'2). The electrical conductivity ranged from 0.06 to 1.22 dS/m with a mean value of
0.34 dS/m +£0.27 SD.

Total organic carbon contributes to the microbial food supply. Although large variation
was observed in the organic carbon content majority of the samples had organic carbon con-
tent in the optimum range ( >0.50% ) to support the plant communities. The mean organic
carbon content was 0. 62% —~0.29% SD and ranged from 0. 06% - 1.29% . Burikins et
al. ['°] have reported organic content as low as 0.025% +0.019% SD in Taylor valley of
the Antarctica. The presence of accumulation of organic matter (organic carbon) indicated
that soil-forming processes are in progress in the study area. The accumulation of soil organ-
ic matter and podzolization are important soil-forming processes up to the Antarctic polar
desert!!). The N (mineralizable) content was low and ranged from 14 to 105 ppm with a
mean value of 52.95 ppm +21.06 SD. Ino{!!) observed low nitrogen content (range 0.011
to 4.51 mg N/g dry soil) in the vicinity of Syowa Station. Available P content varied wide-
ly (5.46 to 52.85 ppm) with a mean value of 19.32 ppm +11. 20.

Among the neutral normal ammonium acetate extractable cations calcium was the most
abundant followed by potassium and sodium. Potassium ranged from 50 - 355 ppm, Ca from
50.05 to 357 ppm, Mg from 16 to 152. 5 ppm and sodium from 25 to 297.25 ppm. The
mean values for K, Ca, Mg and K were 116.01, 170. 17, 68. 38 and 102. 42 ppm, respec-
tively. The chloride content in water extract varied greatly (8. 87 to 275 ppm) with a mean
value of 74.77 ppm + 56. 30.

The DTPA extractable Fe content was the highest among all the four-micronutrient cat-
ions studied followed by manganese in all the soil. The iron content ranged from 14.3 to
101 ppm with a mean value of 51. 16 ppm +25.56. The manganese content was very low
compared to iron and ranged from 0. 79 to 6. 36 ppm with a mean value of 2. 43 ppm +
1.16. The mean Cu content of the soil was 0.89 ppm +0.61 indicating a wide variation.
The zinc content also varied widely in different soils from 0. 22 to 1. 33 ppm with a mean
value of 0.5 ppm £0.23. On an average the soil contained higher Cu than Zn. The soils
contained abundant amounts of micronutrients for the growth of the vegetation. Considering
the critical limits of DTPA extractable micronutrient cations from higher plant growth point
of view (0.20 ppm for Cu, 0. 80 ppm for Zn, 4. 50 ppm for Fe, and 1.0 ppm for Mn) , all
the soil samples were high in Cu and Fe and only two samples were deficient in Mn. How-
ever, all the soil samples except three were deficient Zn. The data presented above showed
a large variation in all the micronutrient contents. Bayer and Bolter(!] observed a high vari-
ability in soil geography and soil properties at both a profile and landscape level.
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The inter-relationship among soil parameters is given in Table 2. The correlation stud-
ies showed that EC exhibited significant and positive correlation with K (r=0.731%"* )
Ca(r=0.632"") ,Mg (r=0.436""), Na (r=0.809""), chloride (r =
0.732"*),Cu0.552" * and Mn content (r=0.453" " ). Soil pH also exhibited positive
and significant correlation with EC (r =0.497*" ), K (r=0.684""), Ca (r =
0.547**) Mg (r=0.750*"*), Na (r=0.667" * ), chloride content (r=0.513" "),
One of the prominent features of Antarctic soils, and one which shows their relationship
with soils in other arid regions of the world, is the high content of soluble salts. These salts
consist largely of the sulphates, chlorides, and nitrates of sodium, potassium, magnesium,
and calcium and Cl ™! is the major anion in Cold Desert soils in the McMurdo Sound vicinity
and in noncalcareous Polar Desert soils{'2). None of the micronutrient cations exhibited
significant correlation with EC. The correlation coefficient for chlorides was higher with EC
(r=0.732""*) than pH (r=0.513").

Organic carbon content of the soil was positively correlated with N (r=0.0.563* * )
and Fe (r=0.0.442" ) only. The available micronutrient contents depended largely on the
organic carbon content in inceptisols('3]. All the macronutrient cations (K, Ca, Mg and
Na) and chloride content were positively and significantly correlated among themselves. Po-
tassium exhibited highest correlation with chloride (r =0. 899 * * ) followed by Na (r =
0.874" * ). Copper and Mn were positively correlated with Ca, Mg and K but not with Na.
Inter-relationship among different micronutrient cations were not significant.

No specific pattern was observed with respect to the type of species observed. Concen-
trations of micronutrients nutrients determined at thirty-four locations did not appear to ac-
count for the variations in number of communities and species composition. Mataloni{'*] in
Cierva Point, the Antarctic Peninsula observed that water content and concentrations of nu-
tricnts did not appear to account for the large inter-polygon variation found in species com-
position and relative frequencies of occurrence. In Vestfold Hills in the Eastern Antarctica
soil nutrients were not significantly associated with moss diversity or abundance(!*). Metal-
oxide species of Al, Fe, and Mn were more abundant in lichen-dominated environments! 16)
but in present study it does not show any correlation.

Marine environment is the main source of major ions in lichens and mosses! 78]
This is also true in Schirmacher Oasis where white-salt depositions were observed on rock
surfaces in the study area. The nutrient contents did not relate with the vegetation composi-
tion in Schirmacher Oasis. Similar observations were made in Windmill Island, suggesting
that nutrient levels are not affected by the vegetation, but by seabird droppings ['%).

The available nutrient contents present in different samples in the study area did not
appear to limit/affect plant adaptation. The present observations resembles to Windmill Is-
land region of East Antarctica where nutrient availability is a not a limiting factor, whereas
microclimate , such as moisture availability, ground-level wind speed, soil surface tempera-
ture, availability of light and other geomorphological features together have a primary influ-
ence on plant growth!1°]. Thus, the microclimate might have affected the lichen and moss
community structure and composition in Schirmacher Oasis, East Antarctica.
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