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ABSTRACT

Cyanobacteria experience changes in light quaratitgt light quality in their natural habitat. In respse to changes
in light quality, they re-distribute excitation egg and adjust photosystem stoichiometry to maxtie utilization
of available light energy. In the present study, (§6) cyanobacterial strains namely, Nostoc spA&J, Nostoc sp.
BTA61, Nostoc commune BTAG67, Calothrix sp. BTAT3tdd sp. BTA80 and Nostoc muscorum BTA950 were
cultured under different qualities of light modesgh{te, blue, green and red) to ascertain on theretian of
extracellular ammonium. Among the four light quastused, white light was found to be most effedtifowed by
red, green and blue light in all the strains test&bstoc muscorum BTA950 released maximum extudexell
ammonium (236.98 pglin white light followed by red light (231.77 pghnlgreen light (225.17 ugy and blue
light (220.18 pgmt). Nostoc sp. BTA80 released minimum extracellaamonium in white light (103.29 ughl
and all other light conditions (red, green and Bluéhe present findings suggest that Nostoc mustcdBiA950
could be used for commercial production of ammonimen grown under white light. These strains wersé to
be useful for their utilization in agriculture amddustry.
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INTRODUCTION

Light is one of the most important environmentattéas for photosynthetic organisms. It is used tved
photosynthesis and to regulate growth and develapn@hanges in the spectral composition of light afect the
rate of quanta transfer to one reaction centre ¢iverother, which in turn leads to a decreasedgsyothetic
efficiency and damages the photosynthetic appafatu]. Light quality has a strong influence in light hastiag
system of the cyanobacteria [3, 4]. The chromatiimation process allows the cells of cyanobaatéoi alter its
light absorption characteristics in order to retpl@hotosynthesis according to light availability different
environmentsThe physiological and molecular basis of short-tamd long-term adaptations under changing light
quality have been well characterized [5, 6]. Howetlee response of cellular functions other thaatpsynthesis to
changing light quality is largely unexplored.

The photosynthetic system of many cyanobactertaghly adaptable to quality and quantity of light different
environments. The heterocystous cyanobacteria tizelight energy to support both carbon-dioxiikation and
nitrogen fixation under aerobic conditions [7]. Fhillows them to produce fertilizer nitrogen thah contribute to
the growth of plants. The application of nitrogéxinfg cyanobacteria replaces 20-30% of the chemidabgen
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fertilizer demand, increasing the natural fertiliti/the paddy-field soils [8]. The nitrogen fixegt byanobacteria is
made available to the environment mainly by auisly@nd mineralization after death [9]. The use loé¢ t
conventional chemical farming methods, which suligfly increased crop production, was once regaatea kind

of agriculture revolutions which would solve albptems relating to producing sufficient food foetaver growing

world population. Increasing prices of agro-cheisiespecially nitrogen often leaves farmers with fwofit.

The role of cyanobacteria as biofertilizer has bkerited to its relevance and utilization in riceops [10]. In

attempting to develop productive, profitable andtaimable agriculture systems, several agricuisisahave been
turned to farming methods, which are based on tiwtelogies. One of the several approaches to aeltiés goal
is using the nitrogen fixing cyanobacteria to immosoil fertility and productivity. The use of roggen fixing

cyanobacteria ensures saving entirely or partidiléy mineral nitrogen required in crop productiornwéver, our
knowledge about chromatic adaptation and tffeces of light upon its extracellular ammonium ekiore are

limited.

In this paper, we report the findings obtained rattee responses of cyanobacterial strains undetraltad
laboratory conditions in attempt to elucidate holamges in light quality féect its growth and extracellular
ammonium excretion which could be potential sodiocéiofertilizer formulation.

MATERIALS AND METHODS

Cyanobacterial strains

Six (06) cyanobacterial strains namelgstocsp. BTA60,Nostocsp. BTA61,NostoccommuneBTA67, Calothrix
sp. BTA73,Nostocsp. BTA80 andNostoc muscorunBTA950 used in the present study were obtainedh fro
National Repository for Cyanobacteria and Microgredgae (Freshwater) at DBT-IBSD, Imphal, Manipadia
which were earlier isolated from Loktak Lake, thdydargest freshwater lake in the North-Eastegiae of India.

Growth conditions

The cyanobacterial strains were grown in 150 mtaceplugged Erlenmeyer flasks containing 100 mktgfrile

nitrate-free (-N) BG-11 medium [11] and kept in thdture room. Cultures were allowed to grow irhtigntensity

of 54-67 umol photons fs' provided by cool white fluorescent tubes followiag h light:10 h dark cycle
maintained at 28+2°C. Chromatic illumination wasvided by red, blue and green coloured cellophaaq@ers

interposed between the flasks and the fluorescdeist One of the flasks was kept in white lightavered (without
cellophane paper) under same experimental conditeord was considered as control. The flasks wea&esh
manually for two to four times daily to preventladlUmping, circulation of air and nutrients.

Extracellular ammonium determination

Culture filtrates were collected by filtration obimogenized algal suspension to estimate the ammmoreleased

into the medium. Ammonium concentration in the mediwas measured by phenol-hypochlorite method [AR].

the experiments were carried out in triplicates teddata were presented as mean values + SDesf thplicates.
RESULTS AND DISCUSSION

Photomicrographs of cyanobacterial strains usedampresent study were presented (Fig. 1).
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Fig. 1. Photomicrographs of cyanobacterial strainsised in the present study
A. Nostoc sp. BTA6@. Nostoc sp. BTA6XS. Nostoc commune BTAG6I3; Calothrix sp. BTA73E. Nostoc sp. BTA8®;. Nostoc muscorum
BTA950

In the present study, among the four light qualitiesed, white light was found to be the most effecbn
extracellular ammonium excretion followed by redeen and blue light (Fig. 2a-2f). The observed proe
preference of light quality by the cyanobactertediss were white > red > green > bliNostocmuscorunBTA950
released maximum extracellular ammonium (236.98 litgin white light followed by red light (231.77 pghl
green light (225.17 ugm) and blue light (220.18 pgi. Nostocsp. BTA80 released minimum extracellular
ammonium in white light (103.29 ugMland all other light conditions (red, green anaeb)
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Nostoc sp. BTA60 Fig. 2a Nostoc sp. BTA61 Fig. 2b
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Figs. 2a-2f.Excretion of extracellular ammonium in different qualities of light

The present findings showed that the ammonium &rerés maximal under white light and is signifidgnteduced
under red, green and blue light. This discrepamyjccbe due to various reasons e.g. due fierginces in species,
physiological age and light intensity and nutriémtels. Concentrations of extracellular ammoniuroretion for
cultures grown under white light were significarttigher than those in cultures grown under all ottt colour
treatments. There were no significarffetiences between the red, green and blue lighitezds. The ammonium
concentration under blue light was significantly éswthan those grown under all other light qualignditions.
Recently, information about how light quality regids vegetative cell shape and integrity of cyaotval
filaments has begun to emerge [13]. When incubatei@rured, green and blue light, cultures changghentation
towards blue, green and red colour. In this stil\green and blue light the culture appeared tcaierthe same.
[14] reported that these strains used in the ptesteidy also showed good nitrogenase activity. Timidings on
ammonium production by cyanobacteria was simildahwie earlier report [15, 16]. They have repoegtensively
on photosynthetic production of ammonia by cyantdyéa
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With the growing realization that chemical basedcadfure is unsustainable and is slowly leadingetmlogical
imbalance, the latter part of the last century assed the emergence of the concept of “organiccualture”
advocating minimum use of chemical fertilizer andreasing dependence on biological inputs like asffarm
yard manure, green manure and biofertilizers. Theioe of biological fertilizer is due to eco-fridgd fuel
independent, cost effective and easily availabil@yanobacteria also add organic matter, synthesizeliberate
amino acids, vitamins and auxins, reduce oxidizabégter content of the soil, provide oxygen to sbmerged
rhizosphere, ameliorate salinity, buffer the pHubdize phosphates and increase the efficiencfedflizer use in
crop plants [17]. Thus the concept of usingfiXing cyanobacteria as nitrogenous biofertilienot fully explored
and major short comings are still limiting the wigled effective utilization of this bio-fertilizatiotechnology.

The findings revealed that ammonium excretion amduwr of strain drastically changed in responskgiat quality
through complementary chromatic adaptation. Cyackeiia species are recommended to be used asthindes
instead of utilizing the expensive industrial cheahifertilizers. This is because of the increasest of chemical
fertilizers that cause soil and water pollutioncbhmparison, cyanobacteria are a cheap source whigh does not
cause pollution. Data generated during the prasgastigation could be useful in understanding cbeamercial or
biotechnological potential of these strains. Amnoomiexcreting cyanobacteria are useful for many gsep.

CONCLUSION

In summary, white, red, green and blue colour gtitiwas employed for the production of extracelammonium
from freshwater cyanobacterial strains from Loktadke. A maximal ammonium excretion was observednwvhe
grown under white light. Only a few cyanobactespécies were found to be chromatically adaptakbdesavery few
have been known to produce high ammonium underabtarilight quality employing chromatic adaptation.
Improvement in the ammonium excretion with changieenvironmental factors (especially different dies and
intensity of light) could be a good basis for thpleitation of studied cyanobacterial strains aarce of valuable
products. The present findings indicate that produenass culture of potent cyanobacterial strainsild attract
attention for biotechnological purposes. These miod&rains could be useful for their utilizationagriculture and
industry. This study would offer an excellent scdpe the exploitation of such strains as good bitilfeer,
generating valuable nitrogen fertilizer.

Acknowledgements

The authors thank to the Director, DBT-IBSD, Imphilanipur, India for providing laboratory faciliseand
required infrastructure. The authors acknowledge fthancial grant provided by Indian Council of Agitural
Research (ICAR), Government of India.

REFERENCES

[1] Anderson JM, Chow WS, Park YPhotosynttRes 1995 46, 129.

[2] Dietzel L, Brautigam K, Pfannschmidt FEBSJ, 2008 275, 1080.

[3] Bennett A, Bogorad L] Cell Biol, 1973 58, 419.

[4] Korbee N, Figueroa FL, Aguilera JPhotochenPhotobiolB, 2005 80, 71.

[5] Fujita Y, PhotosyntiRes 1997, 53, 83.

[6] Allen JF,Science2003 299, 1530.

[7] Stewart WDP AnnuRevMicrobiol, 198Q 34, 497.

[8] Venkataraman GS, The role of blue-green algatadpical rice cultivation. In: Stewart WDP. (gdNitrogen
fixation by free living micro- organisms, Cambridgaiversity Press, Cambridgé&9d75 pp 207.

[9]Martinez MR, Algae: biofertilizer for rice, Pljlpines Council for Agriculture Research and Resesr
Development (PCARRD), Monito,984 pp 9.

[10] Prasanna R, Jaiswal P, Singh YV, Singh R&aAgronHung, 2008 56, 149.

[11] Stanier RY, Kunisawa R, Mandel M, Cohen-Bat¥eBacteriolRey 1971, 35, 171.

[12] Solorzano LLimnol Oceanogr1969 4, 799.

[13] Bordowitz JR, Montgomery BL] Bacteriol 2008 190, 4069.

[14]0jit SK, Avijeet SO, Indrama Th, Gunapati OwEiri ON, Curr ResMicrobiol Biotechno]2015 3, 643.

[15] Guerrero MG, Ramos JL, Losada Ekperientia 1982 38, 53.

[16] Ramos JL, Guerrero MG, Losada BlptechnolBioeng 1987, 29, 566.

[17] Kaushik BD, Use of blue-green algae akzblla biofertilizers in rice cultivation and their inftnce on soil
properties. In; Jain PC. (ed.), Microbiology andt®chnology for Sustainable Development, CBS Pheélis &
Distributors, New Delhi, India2004 pp 166.

27
Pelagia Research Library



