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NABARD - KfW Soil Project

(2019 - 2022)
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CYANOBACTERIA

Cyanobacteria are photosynthetic
prokaryotes that capture sunlight
for energy using chlorophyll a

and various accessory pigments.
They are common in lakes, ponds,
springs, wetlands, streams, and
rivers, and they play a major

role in the nitrogen, carbon, and
oxygen dynamics of many aquatic
environments. Several unique
features of cyanobacteria such

as oxygenic photosynthesis, high
biomass yield, growth on non-
arable lands and a wide variety of
water sources (contaminated and
polluted waters), generation of
useful by-products and bio-fuels,
enhancing the soil fertility and
reducing greenhouse gas emissions,
have collectively offered

these bio-agents as the

Chikku Marin John
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economically sustainable manner.

Some cyanobacterial members

are endowed with the specialized
cells known as heterocyst - thick-
walled modified cells, which are
considered site of nitrogen fixation
by nitrogenase enzyme. The
enzyme is a complex, catalyzes the
conversion of the molecular N2 into
reduced form like ammonia. The
fixed nitrogen may be released in the
form of ammonia, polypeptides, free
amino acids, vitamins, and auxin-like
substances; either by secretion or by
microbial degradation after the cell
death.

Organic matter and N added by the
cyanobacteria in such soils helps
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precious bio-resource for |

sustainable development.

Biocontrol agents

Cyanobacterial biomass is
the effective bio-fertilizer
source to improve

soil physicochemical
characteristics such as
water-holding capacity Phyto-
and mineral nutrient
status of the degraded
lands. The unique characteristics of
cyanobacteria include their ubiquity
presence, short generation time and
capability to fix the atmospheric N2.
Similar to other prokaryotic bacteria,
the cyanobacteria are increasingly
applied as bio-inoculants for
improving soil fertility and
environmental quality. Genetically
engineered cyanobacteria have
been devised with the novel genes
for the production of a number of
bio-fuels such as bio-diesel, bio-
hydrogen, bio-methane, synga, and
therefore, open new avenues for
the generation of bio-fuels in the
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binding of the soil particles and
thus, improves soil permeability and
aeration. Since the cyanobacteria
are capable of solubilizing nutrients
from insoluble carbonate nodules
through the secretion of oxalic acid;
they improve the physico-chemical
quality of saline and alkali soils such
as soil aggregation by lowering

the pH, electrical conductivity, and
hydraulic conductivity.

Cyanobacteria release extracellular
plant growth promoting substances;
some described as hormones like
gibberellins, cytokinin, auxin, or
abscisic acids. Others are explained

remediation
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as vitamins, particularly vitamin

B or amino acids, antibiotics and
toxins. They also produce a variety
of biologically active compounds of
antibacterial, antifungal, antialgal,
and antiviral potential.

Because of the photosynthetic
nature, some cyanobacterial species
are conferred with the additional
advantages like higher interior pH,
which is almost two units higher
than the surrounding pH conditions
and this confers resistance to

mass transfer of pollutants out of
their biofilms from the external
environment and thus helps in
removal of heavy metals from the
wastewaters.

Carbon dioxide
(CO2) is taken up by
cyanobacteria through
Tg photosynthesis, to be
m,.@ converted to carbon-
rich lipids that can be

used in production of

bio-fuels. Cyanobacteria
also produce molecular

- hydrogen (H2) which
could be the better
option and the ideal

Development of sustainable
agriculture and ecosystem

substitute for fossil fuels. These
microbes can produce different
feed-stock for energy generation
like H2 (by photosynthesis), lipids for
biodiesel, jet fuel and hydrocarbons,
isoprenoids for gasoline and
carbohydrates for ethanol
production. Being photosynthetic,
cyanobacteria contribute to a large
share of the total photosynthetic
conversion of solar energy and
assimilation of CO2. The CO2 fixation
rate in cyanobacteria is about

10-50 times faster than the terrestrial
plants. Thus the use of biological
agents is considered one of the



effective approaches to reduce the
concentration of atmospheric CO2
and thereby, to help in mitigation of
possible global warming.

Spirulina - a cyanobactria, contains
more than 60% proteins and is rich
in beta-carotene, thiamine, and
riboflavin, and is considered to be

one of the richest sources of vitamin
B12. Itis used as a food supplement
because of its richness in nutrients
and digestibility. It also contains

a wide spectrum of prophylactic

and therapeutic nutrients including
B-complex vitamins, minerals, proteins
-linolenic acid and super antioxidants

such as -carotene, Vitamin E,
trace elements, and a number of
unexplored bioactive compounds.

Cyanobacteria seem to be a
prominent organism which can help
to maintain a sustainable lifestyle to
nature.

WATER GOVERNANCE IN INDIA -
SCOPE AND CHALLENGES

K.A. Shinimole?, K. Sreedharan?, R. Satheesht

Water plays a pivotal role in
sustainable development, including
poverty reduction. The use and
abuse of increasingly precious
water resources has intensified
dramatically over the past decades,
reaching a point where water
shortages, water quality degradation
and aquatic ecosystem destruction
are seriously affecting prospects for
economic and social development,
political stability and ecosystem
integrity (UNDP, 2007a). Given the
importance of water to poverty
alleviation, human and ecosystem
health, the management of the

water resources becomes of central
importance (Hope, 2007). Currently,
over 1 billion people lack access to
water and over 2.4 billion lack access
to basic sanitation. Access to clean
water is lowest in Africa, while Asia
has the largest number of people
with no access to basic sanitation.
This water crisis is largely our own
making. It has resulted not from the
natural limitations of the water supply
or lack of financing and appropriate
technologies, even though these are
important factors, but rather from
profound failures in water governance
(UNDP, 2007b).

Natural Resource Management Division

Water problem have become
extremely pronounced in recent
years. India is home to 17% (approx)
of world's population but has

only 4% of the world's freshwater
resources and managing these
disproportionately small resources
for a huge population is a herculean
task. The annual utilizable water
resources in the country are 690
BCM from surface sources and 447
BCM from groundwater. According
to Central Groundwater Board
(CGWB), contribution of groundwater
is nearly 62% in irrigation, 85% in
rural water supply and 45% in urban

Areas of physical and economic water scarcity

=] Little or no water scarcity
I Physical water scarcity
Approaching physical water scarcity
Economic water scarcity

E Not estimated

Source: IMWI raport, Insights from the Comprehensive Assessment of
Water Management in Agriculture, 2006 / p8
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water supply. In spite of possessing
surface water resources, India is
highly dependent on groundwater
resources for day to day survival.
While India is facing issues of water
scarcity, the mismanagement of
the 4% of water resource, is making
access to water a challenge. It is
this mismanagement that needs

to be resolved. And while tackling
the wicked water challenge facing
India, it is imperative to take a holistic
view of water, starting with the
hydrological system, the interactions
of this system with climate change
on the one hand, and with human
factors across agriculture, industrial,
and energy production activity on
the other, in regard to the context it
is positioned and societal norms it
abides to.

Water governance is widely
acknowledged as an important
factor for sustainable development.
The biweekly presentation by
Shinimole et al., (2021) addressed
the need for effective water
governance in India given the fact
that the country has been facing
serious water stress in recent years.
The water management in the
country needs a serious scientific
understanding coupled with the
cooperative approach rather than a
competitive one. It looks at current
water regulations and underlines

the need for overhaul of some laws
to ensure that high water usage
efficiency is attained, groundwater
depletion is arrested and
management of available resources
is carried out in a disciplined
manner. It also looks at the role

of stakeholder engagement and
improved demand side efficiency as
a mechanism to manage demand
in the wake of rapid population
growth and industrialization. The
present climate change scenario
and consequent rainfall variability
exacerbated the overuse of ground
water resources and shrinkage of
the water sources.

Water budgeting is one of the
best tool to evaluate the water
governance at local level. It is
highly effective technique of
involving the local community in
the understanding and monitoring
of water resources and also helps
in identifying the risk areas of water
loss, ways to minimize it and bring
out water used in different sectors
etc. It empowers the authorities

to achieve Water Security, Safety
and Sustainability through a wide
array of interventions in Water
Governance, Supply Management,
Demand-side Management, water
saving technology for improved
water Use Efficiency v. Water
Quality Management. It involves

m Ground
Water

Outflow

gaining an understanding of water
availability, community's existing
needs and requirements of water,
crop-planning based on water
availability, optimizing irrigation,
equitable sharing of excess water,
and considered decisions on
groundwater withdrawals. To ensure
water environment and water
security, we must design the green
watershed with low emissions, high
self-purification ability, ecosystem
healthy, and excellent service
functions. We should learn from the
experience of developed countries
on their successful watershed
governance and management.

On the basis of water environment
capacity and carrying capacity,

the basic characteristics within the
watershed should be investigated
in-depth to determine key factors
and processes that influence the
ecosystem and service functions.



BIOLUMINESCENCE, FUTURE GLEAM

Bioluminescence “living light" is
the name given to the visible light
emission from living organisms.

In the marine environment, it has
been estimated that in the dimly Lit
mid-ocean between 200 and 1200
m ~ 95% of fish and 86% of shrimps
and squid are bioluminescent.

In surface water < 10%, and

in the abyssal depths 25% of
organisms are bioluminescent. The
phenomenon of bioluminescence
has been known since ancient
times. Aristotle (384-322BC)
described the luminescence

of fungi and dead fish in De

Anima, and in 1668 Robert Boyle
established the requirement for

oxygen in bioluminescent reactions.

Duboisin the late 1880s performed
experiments with hot and cold
water extracts of fire beetle and
extracts of clam, and showed that
light emission resulted when the
hot and cold water extracts were
mixed together in the presence of
oxygen. He named the heat labile
(cold water) extract luciferase,
and the heat-stable (hot water)
extract luciferin. These generic
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names have come to be used for the
enzymes (luciferase) and substrates

(luciferin) in bioluminescent reactions.

Bioluminescence is always the result
of a chemical reaction. A small
molecule called a luciferin reacts
with oxygen to produce light, and this
reaction is always helped along by an
enzyme called a luciferase.

In a bioluminescent reaction,

a luciferase or a photoprotein
catalyzes a reaction that produces
chemiexcited intermediates that
decay to the electronic ground

state and release energy in the

form of visible light (390-750 nm).
The function of bioluminescence

is diverse and includes luring prey
(Midshipman fish, Porichthys),
camouflage (Hatchet fish), schooling
(euphausiid shrimp), vision (Flashlight
fish), mating (firefly), and symbiosis
(marine bacteria).

The sensitivity and versatility of
bioluminescent reactions has led

{| to a wide range of use in clinical,

\ Immunoassay and Nucleic Acid
Probe Assays, Food, Environmental
and Industrial applications. A lot of

researches are focusing on the
practical use of bioluminescence
as a real time sustainable solution.
The most obvious practical
purposes considered are the use
of bioluminescent organisms to
illuminate urban and domestic
environments.

Relocating the organisms or by
genetically engineering native
species to produce light it can be
achieved. This way of producing
light does not need electricity it
is interesting to look at different
ways of using this property to our
advantage, for instance by using
them to light up emergency exit
signs, as a form of art, or as a night
light.

The use of genetically modified
organisms is still a ban in lot of
countries to make a real time
use. A bright idea surpassing

the challenges in developing
bioluminescence to a feasible
technology will be a gleam of the

¥ future, until then we can enjoy
| our light emitting friends in glass

containers.




