Journal of Applied and Natural Science 2 (1): 134-139 (2010)

DANS

Significance of cyanobacterial diversity in different ecological conditions of
Meghalaya, India

Mayashree B Syiem*, B Bashisha Nongbri, A Pinokiyo, Amrita Bhattacharjee, Natasha A
Nongrum and L uxemburgh Hynniewta

Department of Biochemistry, North Eastern Hill University, Shillong-793022 (Meghalaya), INDIA
* Corresponding author. E-mail: mayashreesyiem@yahoo.co.in

Abstract: The present study deals with preliminary investigation of cyanobacterial diversity in Meghalaya. A total of
75 samples were collected from 10 different ecosystems and analyzed. 65 strains of cyanobacteria isolated under
11 genera include Nostoc, Anabaena, Calothrix, Cylindrospermum, Gleocapsa, Fischerella, Plectonema, Tolypothrix,
Stigonema, Loriella andWestiellopsis. Nostoc was most abundant. Diversity analysis indicated maximum Shannon’s
diversity index (H) in Mawlai. Highest Simpson’s diversity index was seen in Sung Valley (0.75). Both Shannon’s and
Simpson’s diversity indices were lowest in Mairang. Richness was highest in Sung valley and Syntuksiar with both
the sites supporting 17 strains each. Although, highest diversity was recorded from Mawlai, richness recorded at
this site was only 11 strains thereby indicating richness need not be a function of diversity in this region. This study
revealed the cyanobacterial strains, which can withstand acidic pH and prevail in the region. A study on colonization
also identified some potential biofertilizer strains from the region such as Nostoc punctiforme, Nostoc muscurum
and Anabaena azollae that could be effective in acidic crop fields.
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INTRODUCTION

Cyanobacteria are a group of gram negative,
morphologically diverse, aerobic phototrophs whose
distribution is ubiquitous in nature and are found
everywhere including places with extreme climatic
conditionssuch asin Antarctica, in hot springs (Whitton
and Potts, 2000) and evenin oxic and anoxic environments
(Thajuddin and Subramanian, 2005). They flourish in
places with nitrogen deficient environment. They are
important as they contribute towards carbon and
nitrogen economy of different ecological habitats and
cangrow in purely inorganic medium using light asenergy
and CO, and N, as sole carbon and nitrogen sources
respectively (Wyatt and Silvey, 1969). Theroleof nitrogen
fixing cyanobacteriain enhancing soil fertility has been
long known and is well documented (Singh, 1961;
Venkataraman, 1981). Cyanobacteriacontributeto overall
soil health not only by its ability to perform biological
nitrogen fixation but also because of itsability to produce
polysaccharides and other bioactive compounds which
have growth stimulating effect on plants, as well as
important in maintaining soil quality and preventing
erosion. However, in nature cyanobacteriaare constantly
challenged by different factors and stresses including
fluctuations in temperature, pH, moisture content
(droughtsand floods), salinity and so forth. Thesefactors

influence distribution and diversity of cyanobacteriain
aregion. Among these, pH is an important determinant
as cyanobacteria are known to prefer neutral to alkaline
pH for their optimum growth (Singh, 1961; Kaushik, 1994).
In recent times, studies on cyanobacterial diversity has
received due attention (Thajuddin and Subramanian,
2005; Prasanna et al. 2009). However, work and
publications on this group of microorganisms from
Northeast India is sporadic despite the fact that this
region falls within Indo-Malayan biodiversity hot spot
(Myreset al. 2000). Meghalayais one of the 8 states of
the northeastern India, lying between 25°5°N and 26°10°N
latitudes and 89°47"E and 92°47 E longitudes covering
anareaof 22,429 sg. km. Physio-geographically theregion
consists of hilly terrains. Diverse terrestrial and aquatic
ecosystems including extreme ones (hot springs) could
be encountered within the state. The climateismoderate
but humid. It also receivesthe highest rainfall intheworld
with average annual rainfall as high as 1200 mm making
Meghalaya the wettest state of India. The natural
ecosystems such as soil, freshwater bodies-streams,
ponds, lakes, rivers, hot springs, and trees within
extensive forest areas provide excellent habitats and
favourable environments for the luxuriant and diverse
growth of cyanobacteria. However, theregion al so exhibit
neutral to acidic range of soil and water pH. It is the
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Table 1. Cyanobacterial Collection sites

Locality L ocation No. of Type of ecosystems
Longitude Latitude samples
Syntu Ksiar 92012’ 39"E, 25°25'59"N 8 Rice fidd, soil, water
Mawphlang 91°45'37"E 25°27'02"N 7 Soil, water, tree barks
Sung Valley 92°06' 15"E 25°30'09"N 8 Ricefield, soil, water
Nongstoin 91°16'14"E 25°30'34"N 8 Rice fidld, soil, water
Mairang 91°38'26"E 25°33'55"N 7 Soil, water, tree barks
) Tree barks, rice fieds,
Mawlai 91952'11"E 25°35'42"N 8 ]
soil, water
Rice field, soil, water,
Mawroh 91953 54"E 25°35'54"N 7
tree barks
Umkhen 92°07'51"E 25°36'18"N 7 Sail, water, tree barks
) Tree barks, soil, water,
Umiam 91954'11"E 25°39'59"N 8 o
ricefield
) Stagnant pond, rice fields,
Umsning 91°54'10"E 25°42'59"N 7

soil

Total number of samples collected = 75

interplay among such favourable and adverse conditions
that has resulted in shaping the distinct biodiversity of
theregion. Keeping thesefactsin view, we have collected
samples from diverse ecosystems to assess
cyanobacterial diversity of the state. Since, cyanobacteria
have immense potential for varied biotechnological
applications, the present investigation was undertaken

to get adatabase of available cyanobacteria (blue green
algae) under diverse ecological conditions in different
districts of Meghalaya.

MATERIALSAND METHODS

Study Area: Four districts of Meghalaya namely East
Khas Hills, West Khasi Hills, Jaintia Hills and Ri Bhoi

Table 2. Distribution of strains within generain different localities.
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Anabaena (24) 1 2 2 5 2 4 3 2 2 1 11
Nostoc (64) 6 5 8 7 7 7 9 5 5 5 34
Calothrix (08) 0 0 1 1 1 1 1 1 0 2 4
Westiellopsis (01) 0 1 0 0 0 0 0 0 0 0 1
Gleocapsa (04) 0 0 0 0 0 1 1 2 0 0 3
Fischerella (09) 0 1 3 0 1 1 1 0 1 1 4
Tolypothrix (01) 0 0 0 0 0 0 0 0 0 1 1
Sigonema (01) 0 1 0 0 0 0 0 0 0 0 1
Cylindrospermum  (05) 1 0 0 0 1 1 1 0 1 0 3
Loriella (01) 0 1 0 0 0 0 0 0 0 0 1
Plectonema (07) 1 0 0 1 0 2 1 1 1 0 2
Total (125) 9 11 14 14 12 17 17 11 10 10 65

The numbers in (brackets) indicates the total number of isolates. The numbers in { brackets} indicates the pH of the soil/water

sampl e collected.
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Table 3. Generic diversity indices and dominance for different localities.
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Shannon-
Weiner's 1.002 1976 111 1.09 1.23 1.624 1476 1414 1.359 1.359 1.63
Diversity Index
Simpson’s 052 071 060 061 061l 075 067 071 068 068 068
Diversity index
Simp_son'S 0.48 0.29 0.40 0.39 0.39 0.25 0.33 0.29 0.32 0.32 0.32
Dominance
Cyanobacteria g 11 14 14 12 17 17 11 10 10 65
richness

were chosen for the study. Samples were collected
randomly from different types of ecosystems: terrestrial
ground, terrestrial epiphyte and aquatic (Table.1). The
sites were selected carefully to include diverse
environments in terms of altitude, pH, and temperature,
moist or water logged conditions as well as hilly or low
lying terrain.

Aquatic samples were collected in specimen collection
tubes. Soil sampleswere collected by scraping the surface
of the soil and epiphytic samples were collected by
scraping the upper surface of barks of different trees. pH
of the collected sampleswas analysed using the method
described by Black in 1992.

I'solation, purification and cultivation of cyanobacteria:
I solation and purification of cyanobacterial strainswere
carried out as described by Packer and Glazer (1988). The
pure strains were maintained in BG-11, media (Rippkaet
al. 1979).

Growth, heter ocyst frequency and nitrogenaseactivities:
Growth wasmeasured asincreasein chlorophyll a content
(McKinney, 1941). Heterocyst frequency was cal cul ated

as percentage of total cells by using an Olympus BX 51
light microscope (Wolk, 1965). The results are mean of
three independent observations. Nitrogenase activity
was estimated invivo by gas chromatography using the
acetylenereduction assay. 5ml liquid culturewas placed
inal5 ml serum vial and 1 ml air in the tube was replaced
by 1 ml of pure acetylene. Thesevialswereincubated for
1 hr at 25+1°C with constant shaking. The ethylene
produced in each vial wasdetermined using aTracor 540
GC with a Porapak ‘T’ column and a flame ionization
detector (Stewart et al. 1967).

Immobilization for preservation: The purified strains
were preserved by immobilization in calcium alginate
beads (Musgrave et al. 1982). Theviability of thestrains
under preservation was established by regenerating the
isolates periodically in liquid media. Regeneration of the
immobilized filaments was confirmed visually.
Nitrogenase enzyme was assayed in the regenerated
cultures to ascertain no loss of this crucial character in
the isolates due to preservation.

Richness and diversity of cyanobacteria: Genera were

Table 4. Colonization study: Associated chlorophyll a content and comparative nitrogenase activities of associated Nostoc

isolatesto their free-living counterparts.

Sl. No. Isolate  Associative chlorophyll Nitrogenase activity
no. a(ug g root dry wt) Free-living isolates Associated isolates
(nmol CH,4 produced pg™* (nmol C,H, produced pg™*
chl ah? chl ah®
1 27 987 7.92 12.5€
2 12 782 7.20 9.69
3 28 767 6.88 9.41
4 29 532 6.53 7.31
5 18 519 6.41 7.22
6 411 6.35 6.65
7 7 368 6.32 6.67
8 8 362 6.21 6.49
9 20 330 5.90 6.11
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identified under microscopewith the help of Desikachary
(1959) and strains were sorted out on the basis of
morphology. Total number of strains under each genus
was counted for estimating diversity and richness of
cyanobacteria in study area. Generic diversity was
estimated by Shannon-Weiner Index (H) (Shannon and
Weaver, 1949) and Simpson’s diversity (1-D) (Simpson
1949) using the following formulae:

Shannon-Weiner Index, H =-Spi In pi
Simpson’sDominance, D = S (pi)?

Simpson’s Diversity Index, 1- D = 1- S (pi)?

wherepi = Total number of strainsof genusi/total number
of al strains.

Rice-cyanobacterial colonization study: Rice plants
(Oriza sativa L.) local variety ‘Synteng’ was collected
from I CAR-NEH Region Complex (Umiam, Shillong, India).
The seeds were washed and surface sterilized using 1%
sodium hypochlorite solution for 5 minutes. They were
then rinsed thoroughly with sterile water and grown on
autoclaved perlite in glass beakers. These beakers were
irrigated with 10 times diluted sterile BG-11, media
supplemented with 2mM NaNO, from time to time. 10
daysoldriceseedlingsweretransferred to 15 ml capacity
tubesafter washing themwith distilled water. 5ml BG-11
medium was poured into the tubes carefully dipping the
rootsin the medium. Nostoc filamentsfrom exponentially
growing cultures were introduced into the tubes (initial
chlorophyll a content of theinoculumswaskept at 1 ug
m-! per tube). Association was confirmed under
microscope as well as by estimating chlorophyll a
concentration in the rice roots after removing loosely
associated filaments using a sonic bath.

RESULTSAND DISCUSSION

Roleof cyanobacteriainimproving soil health and fertility
iswell known. Toexploitthefull potentia of cyanobacteria
in management of soil quality and fertility coordinated
efforts between laboratory and field level research is
needed. Region-based specific cyanobacterial isolates
could be more effective in such applications asthey are
pre-acclimatised to the existing environmental
conditions. Hence a region-specific biodiversity study
is important for deriving optimum benefits from
indigenous strains. Knowledge of cyanobacterial
diversity of aregion may help in selecting appropriate
cyanobacterial inocula to be applied as biofertilizer
consortiain crop fieldsaswell as help in finding strains
with other biotechnological potentials. Earlier we have
reported one such Anabaena isolate from an acidicrice
field in Cherrapunjee, Meghalayathat can grow at high
cadmium concentration and is efficient in removing
cadmium (Syiem et al. 2009). Thus, this investigation of
cyanobacterial diversity is ecologically significant asit
enumerates diversity, abundance, dominance and
richness of various cyanobacteria in a region with

primarily acidic soil and water pH. Such findings are
important asthey pinpoint biological strainsthat can be
used to improve quality and enhance fertility of acidic
soil.

Seventy five sampleswere collected from ten independent
sites located in different districts of the state (Table 1).
Almost al collection sitesrecorded acidic pH (6-7 in the
pH scale). Of the total 65 strainsisolated (Table 2), 92%
were heterocystous cyanobacteria. Of which 51% alone
was Nostoc and 16% was Anabaena. Predominance of
the genera Nostoc in all collection sites irrespective of
pH and other influencing factorsincluding terrain, water
logging, temperature, altitude and moisture content
indicates towards their versatility, competiveness and
ability to occupy diverse ecological niches. Growth was
estimated in all 34 Nostoc isolatesat pH 6.0 and at pH 7.5.
Low growth of all isolates in pH 6.0 indicated
compromised growth in acidic field conditions.
Heterocyst frequency of the Nostoc strains at pH 6.0
was found to be within the range of 4.2 —8.3% (Fig. 1a).
Corresponding nitrogenase activity ranged from 3.9-7.9
nmol CH, produced pg* chl a h* (Fig. 1b). When
compared, the correlation between increased heterocyst
frequency and nitrogenase activity in theNostocisol ates
was evident with isolate no. 27 showing highest
heterocyst frequency and nitrogenase activity followed
by isolate nos. 12, 28 and 29.

Syntuksiar and Sung valley in Meghalaya primarily
constitute widespread rice cultivation areasin the state.
Statistical analysis revealed high richness and high
Shannon’ sdiversity indicesin Syntuksiar and Sung valley
(Table 3). Such values suggest that rice fields provide
ideal environments for cyanobacterial diversity and
growth despite the frequent use of agrochemicalsinrice
cultivation in order to enhance yield. In our study
richness of cyanobacterial generawasfoundto vary with
respect to pH of a particular collection site (Table 2).
Although all sites recorded acidic pH, greater diversity
and larger number of isolates were gathered from places
that showed pH close to neutral. Prevalence of Nostoc
and Anabaena in all sites indicated their resilience and
high adaptability in varied typesof ecosystems. However,
Westiellopsis, Tolypothrix, Stigonemaand Loriellasps.
of cyanobacteria were not common in the state as only
oneisolate of each was found in the total collection.

In diversity study, richness relates to abundance of
different genera/species of a group of organismsin an
areaand stands asameasure of number of different kinds
of genera/species in that particular area. Low generic
richnesswas seen in Mairang, Mawphlang and Mawroh
areas. On the other hand, high generic richness was
recorded in Syntuksiar and Sung valley. That diversity
of an area strongly depends on pH and on interplay of
variousenvironmental factorsisevident from thisstudy
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Fig. 1. (a) Heterocyst frequency of Nostoc isolates (data is mean of three independent experiments).
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Fig. 1. (b) Nitrogenase activity of Nostoc isolates.

asMairang, Mawphlang and Mawroh haslower pH (5.8-
6.3) and lower temperature than warmer areas of
Syntuksiar and Sung valley where pH was close to 7.0.
The values of Shannon-Weiner’'s diversity, Simpson’'s
Diversity and Simpson’ s Dominanceindicesrecorded as
awholefromall siteswasfound to be 1.630, 0.68 and 0.32
respectively. Richness was highest in Sung valley and
Syntuksiar with both the sites supporting 17 strainseach.
Although higher diversity was seen in Sung valley,
highest was recorded from Mawlai where richness was
only 11 strainsthereby indicating richness need not bea
function of diversity inthisregion (Table. 3).

Nilsson et a (2002) have shown that many competent
Nostoc strainscolonizericeroot surfacesand intercellular
spaces. Such Nostoc strains were shown to have higher
nitrogenase activity compared to their free-living
counterparts. In pursuit of identifying indigenousNostoc
strains as potential biofertilizersin acidic rice fields, we
have screened our Nostoc isolateswithlocal rice variety
‘Synteng’. All 34 Nostoc isolates showed root
colonization to various degrees. Isolate no.27, 12 and 28
showed high degree of colonization and enhanced
nitrogenase activity (Table.4) during association. These
isolates could be marked for future soil and/or seedling
inoculantsin acidic ricefields.

Characters like nitrogen fixation have been found to be
stable under immobilization in calcium alginate beads up
to aperiod of two years. All our purified isolates have

been preserved this way after characterization and
cataloguing. We believe this would be helpful in future
diversity study as reference as well as in researching
strains for biotechnological applications. This would
greatly reduce workload such as isolation, purification
and characterization of unknown strains for such study
asregenerated purified culturesfrom the preserved beads
could be the starting point for future research.
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