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ABSTRACT )

This chapter examines the relations of India with its neighbouring countrie.
economic, cultural and diplomatic arenas and how these relations have evolved o
the years. India’s immediate neighborhood consists of nine nations that are not onl
close proximity but also share historical, religious, ethnic, economic, security .
cultural ties. Post-independence, India's foreign policy focused mainly on forging i
relationships with other nations for mutual benefits& development. The developnm
projects of India in its neighborhood focusing basically on capacity buildi
development of media & information technology, upgradation of educational facili
and human resource development have been discussed. Initiatives taken to strengt
the relations through high level exchanges, signing of various agreements, increa
connectivity and promotion of people-to-people ties are highlighted. It also gives
account of the manner in which the partnerships among the neighbors have progres
and what were the areas of conflict & discord between them. P

INTRODUCTION

India has always given due consideration & importance to its neighborho
Principles of non-interference & non-alignment have dominated India’s foreign po!
apart from having a blend of security, economic & moral imperatives. After adopt
economic reforms in the 1990s, India’s approach shifted from idealism to pragmati
[t preferred the route of soft power diplomacy wherein it emphasized culture, value
people centric policies rather than coercion or military force.

Two policies, namely ‘Neighborhood First’&‘Act East’ of the central governm
prioritize the need for exploiting strategic opportunities and strengthening India’s relat:
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CHAPTER -3

OBLIGATIONS OF PUBLIC AUTHORITIES UNDER RTI

Dr. Aditi Acharya
Assistant Professor, Department of Commerce
St.Thomas College, Bhilai, District- Durg
Chattisgarh

ABSTRACT : Democracy involves public participation in governance
and transparent administration. Free access to information is a
mechanism that makes government accountable to public regarding their
actions. Right to Information Act (2005) is a tool that empowers the
Indian citizens to seek information regarding matters of governance to
know more about the plans and decisions of state bureaucracies. The
success of RTI Act depends predominantly on its implementation by
public authorities who act as repositories of information. This chapter
examines the obligations of public authorities in facilitating access to
information held under their control. Section-4 of the RTI Act not only
lays down the rules and parameters for disclosing information but also
defines the standards of transparency that the public authorities should
seek to achieve. In that regard, the regulations related to maintenance of
records, disposal of appeal by First Appellate Authority and various
provisions of voluntary disclosures to be followed by public authorities
have been discussed. The chapter also gives an account of the guidelines
regarding decision making process, digital publication of disclosures
made, norms established and budget allocation of public authorities.

Keywords: public authorities, voluntary disclosure, PIO

1.0 INTRODUCTION

Right to Information Act (2005) seeks to bring public grievances to
light, promotes decentralization, thereby bringing equity and
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inclusiveness. It allows people to review, question and inspect decisions
of the government, thereby making them partners in development rather
than mere beneficiaries. |

Right to Information Act has got a demand and a supply side. Its
demand side gives public a right to seek information from public
authorities. The supply side involves voluntary disclosure of information
by the public authorities.

Department of Personnel and Training has been identified as the

nodal department at the national level for the purpose of implementation
of the said Act.

According to the RTI Act, a "public authority" means any
authority or body or institution of self-government established or
constituted by or under the Constitution; by any other law made by the
Parliament or a State Legislature; or by notification issued or order made
by the Central Government or a State Government and includes bodies
owned, controlled or substantially financed and non-Government
organizations substantially financed by funds provided by appropriate
government.

2.0 APPOINTMENT OF PUBLIC INFORMATION
OFFICERS,ASSISTANT PUBLIC INFORMATION OFFICERS ETC.

As per the directions of the government, all public authorities are
required to appoint:

1) Public Information Officers (PIOs) in all administrative units or its
subordinate offices

2) First Appellate Authorities

3) Assistant Public Information Officers (APIOs) at sub-divisional level
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3.0 MAINTENANCE OF RECORDS AND INFORMATION
DISSEMINATION BY PUBLIC AUTHORITIES

All public authorities are required to maintain their records with
proper cataloguing and indexing. They should be computerized and
connected through a network throughout the country to ensure easy
accessibility. They should publish all information regarding crucial
policies and decisions that will affect people. They should provide
reasons for administrative and quasi-judicial decisions to the parties
involved. Information dissemination can be done using the medium of
notice boards, newspapers, public announcements, media broadcasts or
internet keeping in mind the factors of cost effectiveness and use of local
language.

4.0 VOLUNTARY DISCLOSURE BY PUBLIC AUTHORITIES

Section-4 of the RTI Act deals exclusively with the information
processed by government departments and their subsidiaries.To
strengthen the implementation of the Act, Central government has
directed all the public authorities to include a separate chapter in their
annual reports dealing with the implementation of RTI Act. That chapter
should contain details of RTI applications received and disposed off by
them along with the cases where information was refused.

To ensure that maximum information is proactively disclosed by
public authorities, Department of Personnel and Training has ordered to
conduct third party audit of obligatory disclosures on yearly basis.

Public authorities will also disclose information regarding their
process, decisions and actions on their websites which will also be
valuated and graded by CIC by grouping them into six categories,
namely, organization and function, budget and programmes, publicity
and public interface, e-governance, information disclosed as prescribed
and information disclosed on own initiative. The areas for improvement
in content and quality of disclosures will be identified and requisite
measures will be taken to make them more effective.
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5.0 SUPPLY OF INFORMATION BY PIOs

The PIOs have been directed to supply information according to the
guidelines issued by the government so that second appeal is not filed
later on. They should ensure that information is provided in such a form
that applicant is able to understand it. If possible, it should be given in
his local language and if needed, it should be properly stamped.
Following points should be kept in mind while furnishing the
information:

1) The PIO should check if the information that is asked for or a part
of it is not permissible to be disclosed under Section 8 or Section 9
of the Act. Such a request can be rejected and rest of the
information is to be supplied immediately or after submission of
additional fees.

2) If the request for information is rejected, PIO must inform the
applicant regarding the reason for rejecting the request and the
duration within which and authorities to whom the appeal can be
filed.

3) If the applicant needs to pay any additional fees as per the Fee
and Cost Rules, it's the responsibility of the PIO to inform him
after the receipt of RTI application.

4) If decision on information sought is not given within the given
time limit, it will be deemed that it has been refused.

5) Information should be made available to the applicant within 30
days from receipt of his application. In case the information is
related with issue of life or liberty of the information seeker, it
should be provided within 48 hours. If the information is not
provided within the prescribed time limit, it has to be provided
without charging any fees.

#
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6.0 GUIDELINES FOR PROVIDING INFORMATION

Although there is no standard format for providing information
to the applicant or appellant, the replies should necessarily contain the
following information:

(a) Application number with its date of filing and date of its receipt
by the public authority

(b) Contact details of Central Public Information Officer- name,
designation, official telephone number and e-mail id

(c) In case the application is rejected, reasons for refusing the request
along with mention of relevant sections of the Act on the basis of
which the request was denied.

(d) Information about the PIO to whom application has been
transferred and who will be able to furnish the information

(e) Provision of appeal that can be filed with the First Appellate
Authority within 30 days of receipt of reply

(f) Correspondence details of First Appellate Authority

If applicant has asked for certified copies of the documents or
records, CPIO should endorse the document as “True copy of
document/record supplied under RTI Act” and put his signature and
seal underneath. If certified copies are required in large numbers, PIO
can furnish the needed information and certification work can be done by
a junior gazette officer.

7.0 SUO MOTU DISLOSURE

Public authorities should disclose information on proactive basis
on regular intervals on public domain through different sources so that
people need not use RTT application to obtain them. They need to publish
information in 16 categories, namely, details of organization in terms of

RS L e e e R e e e S G
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particulars, functions and duties; authority of the staff in terms of powers
and duties of employees and officers; decision making procedure; norms
established to perform functions; manuals and records maintained to
discharge functions; statement regarding records of documents
maintained; system for public consultation or representation for policy
formulation and implementation; constitution of bodies for advisory
purpose; staff directory; remuneration system; budget allocation; subsidy
allocation and execution; details of people to whom concessions, permits
or authorizations were granted; information held in electronic formy

facilities provided to citizens for obtaining information and details of
PIOs.

Publication of the above-mentioned information is not optional
but obligatory. It is also statutory for public authorities to update this
information on annual basis.

8.0 OTHER DISCLOSURES UNDER SUO MOTU DISCLOSURES

Other than the ones mentioned above, following information should
also be provided by public authorities under Suo Motu disclosures:

e Procurement related information

e Public Private Partnerships used for providing public services

e Transfer Policies and orders of employees of various grades who
are working in public authorities

o RTIapplications and appeals received along with their responses

e Paras of Comptroller and Auditor General and Public Accounts
Committee and Action Taken Reports after their presentment in
houses of the Parliament

e Citizens Charter and half yearly performance report against its
benchmarks

e Discretionary/non-discretionary grants given

e Details of foreign tours of Ministers and officials of government
departments

#
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9.0DISCLOSURE OF THIRD-PARTY RELATED INFORMATION
BYPUBLIC AUTHORITIES

In case, PIO wants to disclose some information furnished by a
third party, it needs to invite that party to make requisite submission in
that regard. The third party can file an appeal against PIO’s decision of
disclosure to Departmental Appellate Authority. A second appeal can be
filed with the Information Commission if its dissatisfied with the decision
of the first appeal.

10.0 DISCLOSURE OF THE ANNUAL CONFIDENTIAL
REPORTSAND PERSONAL INFORMATION OF INDIVIDUALS

According to the Ministry of Personnel and Training along with
the Department of Legal Affairs, public authorities are under no
obligation to disclose either personal information of their employees or
details of a complaint filed against some government officer and action
taken in that regard or information which is not related to public activity.
Such a disclosure would mean invasion of privacy of an individual and
its revelation is left on the discretion of the PIOs. If such information is
disclosed for greater public interest, it should be done with the approval
of a competent authority.

Similarly, while dealing with RTI applications, public authorities
should neither ask for personal details of the applicants not publish them
on their websites in case they have that information.

11.0 DISPOSAL OF APPEAL BY FIRST APPELLATE AUTHORITY

First Appellate Authority should act in a fair and judicious
manner and give detailed justification of his decision in the order passed
by him.If he is of the opinion that the PIO needs to provide extra
information to the appellant, he can either direct the PIO to furnish such
information or give it himself.

T e e e e L e s i A R
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He should dispose off the appeal within 30 days of its receipt and
if that is not possible, it should be disposed off in not more than 45 days.
But reasons for such delay should be given by him in writing.

12.0 RETENTION OF RECORDS BY PUBLIC AUTHORITIES

Record retention is to be done by public authorities as per the
related schedule applicable for them. In addition, weeding of records
should not mean complete destruction of information present in that file.
If such information is sought after 20 years, it should be made available
to the public. Normally, the information whose disclosure was earlier
exempted can be revealed after 20 years. However, in the following cases,
public authorities are not obligated to disclose information even after 20
years:

1) The information, if revealed will affect the sovereignty, integrity,
and security of the nation along with its relations with other
countries.

2) It would lead to breach of privilege of the Parliament or State
legislature.

3) It includes documents related to discussions of Council of
Ministers, Secretaries and other government officers.

13.0 GUIDELINES FOR  DIGITAL PUBLICATION  OF
INFORMATION DISCLOSED BY PUBLIC AUTHORITIES

Following principles should be followed along with adherence to
standards of Department of Information Technology and Department of
Administrative Reforms and Public Grievances:

e Electronic disclosure of entitlements to citizens and transactions
between citizen and government

e Providing information from point of origin to point of delivery of
services on their websites

T i e e e ey B R T e
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¢ Uploading information about orders of public authorities after
their issuance on their websites

e Furnishing information about relevant Acts, rules, forms and
documents which are normally used by citizens on their websites

e Providing detailed directory of key officials on their websites

e Providing details of digital information which are not available on
public domain on their websites

e Bringing greater transparency in delivery of e-services

e Automatic updating of digitalized information

e Presenting information from user’s perspective i.e., in a simplified
manner

o Ensuring ready availability of information as per “National Data
Sharing and Accessibility Policy’

e Presenting information in open data formats

e Including the mandatory field of ‘Date last updated
(DD/MM/YY)" on top right corner of every webpage of their
websites

14.0 GUIDELINES REGARDING DECISION MAKING PROCESSES
FOR PUBLIC AUTHORITIES

a. Identify the output/tangible results/services/goods to be
provided to the pubic

b. Identify chain of decision making in form of a flowchart with
clear explanation of the officials involved in decision making

c. Mention the powers of the officials next to the flowchart along
with decentralization of decision-making process undertaken, if
any

d. Application of above-mentioned presentation for all their
operations

e. Explanation of alterations or changes made in decision making

process

w
e e ™
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150 SETTING OF NORMS BY PUBLIC AUTHORITIES
FORDISCHARGING THEIR FUNCTIONS

Public authorities are required to disclose the standards on the
basis of which their performance is to be judged. They can be laid down
with help of Citizen Charters. Such norms should be linked with decision
making process. They should include information regarding
goods/services provided by public authorities, process to access them,
eligibility to receive those goods and services, applicability of
quantitative parameters and timelines for their access, qualitative and
quantitative outcomes sought by public authorities and determination of
responsibility for delivery or implementation of goods or services.

16.0 GUIDELINES REGARDING THE BUDGET ALLOCATION OF
PUBLIC AUTHORITIES

The public authorities should disclose their budget allocation on
the public domain in a simplified form so that common man can
understand it. Outcome budget should be presented in such a way that
their actual performance can be easily compared with planned physical
targets during that particular time period. Information about funds
released to different organizations should be made available through
their websites on quarterly basis along with links for accessing the
budgets of those bodies. Sector specific allocations and achievements
should be highlighted, especially if they deal with issues related to
gender, children, Scheduled Castes and Scheduled Tribes and religious
minorities.

17.0 PENALTY ON PUBLIC AUTHORITIES

Penalty on public authorities can be imposed by the central or state
government in the following cases:

» It has refused to accept the request for information.
» It did not provide information within the prescribed time limit.
» It maliciously refused to give information.
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» It destroyed the information which was requested.
> It created obstructions in supplying the information.

The penalty imposed by the Information Commission will be of Rs.
250 per day till the concerned public authority accepts the application or
provides the information. The maximum penalty that can be imposed is
Rs. 25,000. If rules are continually violated, then the Commission can
recommend to take disciplinary action against the said authority after
giving it an opportunity to be heard.

18.0 ORGANIZATION OF EDUCATIONAL PROGRAMMES BY
PUBLIC AUTHORITIES

Public authorities should develop and organize educational
programmes for the general public to increase their awareness about how
to use their rights under RTI Act. In addition to that, they should also
make arrangements for imparting training to PIOs, First Appellate
Authorities and their other employees so that they can ensure effective
implementation of the Act. The training programmes can be based on
issues related to office procedures, civil society action, governance, legal
literacy, information management etc.

19.0 CONCLUSION

Indian Constitution implicitly guarantees the right to information
to all its citizens. Indian Parliament expanded this right in form of an Act
to enhance its practical utility. Right to Information Act allows the
citizens to seek information regarding government projects & plans at
par with Members of Parliament and Members of State Legislatures. It
ensures that the authority is not misused and funds allocated for public
welfare are not diverted to private/personal purposes. Public can
scrutinize records, tenders, agreements, payments etc. to find out
misappropriations, if any.

M
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The public authorities are required to send necessary information
related to implementation of the Act on annual basis to their concerned
Government department or ministry which will then forward it to
Information Commissions. In case, Information Commission is of the
opinion that any operation of a public authority is not in compliance with
mandatory provisions of the Act, it may recommend steps to be followed
to bring it in conformity with the Act.

However, according to an audit report submitted to Central
Information Commission in 2018, it was found that public authorities
have not fully shared and/or updated the crucial information on their
websites. Such information included matters related to delegation of
power, public consultation for policy making, minutes of meetings,
postings & transfers of senior officials, applications for information &
appeals received, grants given, grievance redressal mechanism, domestic
& foreign visits of senior officers, allocation & utilization of funds,
donations given to political parties and public private partnerships.

This calls for regular audits to be conducted by Central
Information Commission to evaluate the disclosure standards of websites
of public authorities. Till the state institutions embrace complete
transparency in their functioning, Right to Information Act will be
powerless to fortify accountability in the governance of public
authorities.
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Abstract

The steel city Bhilai is one of the planned cities of Chhattisgarh,
India and standard of living is better than other cities. The present
study aims at understanding and examining the socio-economic
conditions of domestic workers during COVID-19 in Bhilai City. To
Julfill the objectives, 70 samples of domestic workers has “been
collected from different areas of Bhilai. The result shows that 96% of
Jemale domestic workers are engaged as a part-time basis in four to
Jive houses per day with fixed and decided works and spending less
than 2 howrs per house for completing the job, and monthly salary
recen-mg_}rom each house is approx Rs. 1200/- to Rs. 2500.':—, in this
‘5‘:(‘)0,”“;1: ;2}‘??2?2 f::to :’Zh%' ifeome eonverts approxiniately K.
workers at their h.uu‘se :'f'~ ”jf el b ol .jor yeaniit
o O s ; nstea of male workers. Due to high demand
workers in B

considered high gs compare
maid who have been enga
monthly s

hilai city their remuneration is also
d to other districts of Chhattisgarh. The
alary certainly | ged for child care or adult care their

3 r(ﬂﬂy ehveen ) ', . n[h
depends on the nature Rs. 5000/~ to Rs. 9000/- per mo

of works. It has been found that maxinuun
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numi‘fr 55 OH!_Of 70 SQE‘D:CS (78.57%) of female domestic w k

are migru.'n'd_ from neighboring State O;f:_fha. The w;{:l.(:“_‘or US
conditions of domestic workers are b ccoming :t]:dcr'?_‘rj'.'f;’ -otff'o;'.on-lzt
COVID-19. manv emplovers were started ta cut I'th."r :‘,g‘;:-t:: ..('m,‘r.‘g
been found that they were highly dependent on their ‘m.or:hht‘:.- " "‘f
or daily wages. they don’t kave amy savings to .nm-z‘rc"l T"Jr-cd:ims
economic crises during COVID-19 o0k bi;rh of many _.mcz'a.’hl

cio-
like domestic violence, divorce. unrest, suicide in studv area

issues

Key H'nrds:. Socio-ecoromic conditions, domestic workers, demand
& supply of domestic workers, economic development. exploitations
family background, COVID-19 Pandemic.

Introduction

Chhattisgarh carved out of Madhya Pradesh and came into
existence on 1 November 2000 as the 26" State of India. Bhilai is
renowned for its multicultural and diverse population, 1t is also
called as mini pan India. with an urban agglomeration had a
population of 10,64.222. Bhilai has an average literacy rate of
86.63% and it is the second largest urban area after

Raipur. Bhilai Steel Plant was set up with the help of the
USSR in 1955. The total of 68,742 permanent employees (data as
of 1% June 2020, SAIL) have been employed in Steel Authority
of India Limited (SAIL) is a public sector undertaking. Mega
Industry attracts many invesiments in this arca. The socio-
economic status of people is much better in Bhilai City. The
demand for domestic workers is high as compared to its supply in
this area. It is estimated that there are over four million domestic
workers in India and according to the International Labor

Organization (1LO). currently t

here are at least 67.1 million adult
domestic workers worldwide. They are as a part of an informal

and unregulated sector, obscured in pnvate homes, not
[ M \a
recognized as workers but rather as ‘informal help™.

The COVID-19 induced lock down ip entire_country and
maintains social distancing, has been an ulmnalr:_solut‘lon to sl.Op
spread of Corona virus, econonfnc activity of \"anous;?i:t:.rgﬂ\:;:
completely closed down in India and cven the domestie s

R
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were off from their work. Ovcru'llfiruss Qomcstic Product (GDp)
of our cconomy negatively uilec_lcdl in six mom_hs during
CovID-19 pandemic. Incomes of individual domestic workers
are also a part of National Income ol'_uur country. Country’g
cconamic health greatly threatened during this period and the
GDP of India has been registered upproxumalely 2.5% during
pandemic time, whercas the overall GDP was estimated 5.3% in
2018-19.

Definition of Domestic Workers

The International Labour Organization (ILO)® defines
wdomestic work” as work performed in or for one or more
houscholds. **Domestic workers” are defined as all people
engaged in domestic work within an employment relationship.
Domestic worker may work full-time or part-time. They may do a
number of different tasks, cleaning, cooking and washing to
gardening or driving for the family. Domestic workers also
engaged in caring people who needs care, such as children,
persons who are elderly sick, or with a disability.

Methodology

The present study focuses on the socio-economic conditions
of domestic workers with special reference to Bhilai Steel City of
Durg district of Chhattisgarh. It helps to know the problems of
domestic workers and their living condition during COVID-19
and how lo overcome their problems. There are 68 wards in the
Bhilai city; among which Bhilai Nagar Ward No. 63, is the most
crowded ward which is selected for the present study with around
26 thousand people, consist of 52% male and 12% females are
under the working population. The data has becn collected
through primary source, total 70 samples of male and female
domestic workers has been collected through Stratified Radom

S'dmlplz basis based on questionnaire and personal interview
method.

LR
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Objectives of the Study

a) To study the demographic characteristi
. ristic i
workers in study area. ® of domestic

b) To study the monthly income and expendi
: ndit
domestic workers. penditure pattern of

c) To find out thc problems of domestic work
during COVID-19. RS
d) Suggestions for remedial measures.

Review of Literature

Many studies have been done in this topic, some of the
consequences are taken here for compares this present study.
Javaid Ahmad Dhar (2014)* examined on “Socio-Economic
Conditions of Female Domestic Workers in Punjab: A Case
Study of Sangrur District” found that monthly earnings of the
lower caste female domestic workers and Sikh respondents are
lower than that of other migrant workers, nearly half of these
respondents are living below poverty line their families are
negatively affected by anti-social habits of their husbands/fathers
(like drug addiction). Ramesh Maruti Adin and Mohan S Singhe
(2016)° studied on “Socio-economic conditions of women
domestic workers in Mangalore city” found that domestic work is
the major growing informal sector largely occupicd by women
and they are the most cconomically exploited group and there is
no uniformity in the workers’ wages structure. There is highly
inequality and development discrimination among the urban
livelihood and new life style patterns of living in the urban
middle class.

Socio-Demographic Features of Domestic Workers

Social analysis starts  from understanding  the soci(?-
economic and environmental context in which people live. That's
why it is very important to know the socio-economic conditions
of people of any region, because It helps to analys!s an o;vervw“:
over the population living in that area such as their i'n;-p.-oymc:l
level, educational level, income soprtijeé ;;a;r:;;dico fc;:;:fscof
Table no.l reflects on lhc‘ ?omo
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.. caste, religion, migration, education gy
rcspgndm}lsisl‘llzl;lzs E)é:l gl' total 70bsump]cs 61.43% of domcslii
lhe”‘mf‘%lio:ﬂs lol above 30 years of age, 25.71% are in betweey
:(;)rll::;] \'Lears‘ut'agc and only 12.86% in between 15 10 20 yearg
:\f auu: aréup. many smdics_ have proved that b_cfm'c the year 2016

eo;'\lt"demanded for child labor because 1t was C'l'le'd'p. The
Féovcmmcm of India expanded the coverage of the Child Laboyy
prohibition and Regulation  Act and ban the _employment of
children s domestic workers and as workers in restaurants,
dhabas, hotels, spas and resorts effective from 10 October 2016°.

If we talk about the caste of the respondents 41.43% are
belongs from scheduled tribe (ST) which percentage is maximumn
(41.43%) than general (21.43%) followed by Scheduled Caste
(20%) and OBC (17.14%). It has been observed that maximum
number of domestic workers belongs from Hindu family
(92.86%). and a very negligible percentage 2.86% from Muslim
family. Only 21.43% of domestic workers belonging from
Chhattisgarh and largest number (55 out of 70 samples) ie
78.57% are migrated from neighboring states like Odisha, Bihar,
Maharashtra and they are living in their own hut (Kuccha and
Khapda house)in the nearby basti, some of the respondents also
staying in rental house (a very nominal rent has been paid
benween Rs. 800/~ to Rs.1200/-). Respondents either local
(Chhauisgarhi) or migrated, receiving all the welfare facilities

provided by Chhattisgarh govemnment such as items under Public
Distribution System (PDS).

Table no. 1 also focused on educational level of domestic
workers, Approximately 72.86% domestic workers are illiterate,
22.86% (16) female domestic workers were attained primary
lfevel ‘of education and only 4.25% (3) respondents were reached
eil[ut:‘;%ihcr secondary schoal. It shows that domestic workers are
Chndmgpally} ban_:kward. Bul they are very positive for their
ot meniasl'c 1ooling and size of family. But it has been observed
Out of 70 ;;y Olf son preferences is still there among w‘orkerS-
12.86%, a MPIES, 65.71% of domestic workers are married and
° ATC unmarried, sq we can come to the conclusion that
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illiterate/less cducated women in labour class family arc mo
interested to take up these jobs casily. Many women are in stucic
arca found suffering from domestic violence by thci);
husband/father (due to consumption

of alcohol/narcotics).
Table No.-]
Social Factors of Respondents
Wfﬂ'[ Factors Respondents Frequencies Percentage
Age 15-20 9 12.86%
20-30 18 2571%
30 & above 43 61.43%
Total 70 100%
Caste ST 29 41.43%
SC 4 20%
0BC 12 17.14%
Others 15 21.43%
Total 70 100%
Religion Hindu 65 92.86%
l Muslim 2 2.86%
l Christian 3 4.28%
l Others 0 0
Total 70 100%
Migration Yes 33 78.57%
No I5 21.43%
F‘oml 70 100%
Education [lliterate 51 72.86%
- —— 16 22.86%
Higher school 03 4.25%
F-m. al 70 100%
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M\ farital status

e

| Family siz¢

Source

Married

_n'pul':m'

Widow \ 4

—

\ 70

100%,

\ Total

\ 6 \ 8.57%
26 37.14%
i \\ 3l \ 44.29%,
\ 5 & above \ 7 \ 10%,
\

L?u

100%

Economic Conditions of Domestic Workers

: Primary data;

As we all know that economic condition expresses the
standard of living of people, as income increases consumption
expenditures and savings also inerease. 1t means overall demand
by people increases. Symbolically we can write as -

Y={(C+3)

Where Y= Income

status
Tesponde
and only
o Rs 30
Workers

C= Consumption

5= Savings

F denotes functional relationship

It means Consum
Income (YYy of

{ dor
nt's monthly
2.86% resp
00. 1t hag
is high in

_

Plant

ption (C) and Savings (S) depends on

p*-?gplc. Table no.2 specifies about the cconomic
mestic workers,

. Out of 70 samples 61.43%
meome range between Rs.S000 to Rs.7000,

ondents earning minimum between Rs. 1000

been found thag monthly sal
the area of

darter  (Bhilaj Steel

ary of Jomestic

Private personal houses instead of
Quarter), The 54.29%

respondents said that their monthly family cxpenditure up to
Rs.5000/- and 44.28% replied Rs.5000 to Rs.7000/- and 4 very
less percentage i.c 1.43% replied Rs.7000/- and above their
monthly expenditure. Seventy five percent (75%) of domestic
workers of all age group agreed that their owners arc well
behaved with them and timely paid, where as 25% were not
happy with their owners. It has been noticed that female domestic

workers have their own local level group, where they share and
discusses their views related to income, owners' behavior etc.,

Poor people don’t have enough money for permanently
saving, even though 27.14% respondents are aware about saving
and have their future plan for child's education, marriage etc, and

61.43% taken loans from the banks or owners to fulfill their
family requirements,

Table No.-2
The Economic Conditions of Domestic Workers
\ Economic \ Respondents \ Frequencies | Percentage |
Factors
Monthly  income L} 000-3000 2 J (2.86%) \
(Rs:) \ 3000-5000 22 (31.43%) \
\ 5000-7000 43 (61.43%) \
\ 7000& above 3 (4.23%)J
\ Total 70 100% J
Monthly 3000-5000

\ k

\ \

\ l

\ l

] \ (54.29;%,)

\ 31 ‘ r44.28f,.)
\ 7000 & above T 1 \ (1.43%)

\ \

==

| \

expenditure (Rs.) \ 5000-7000

Wm' 100%

(75.71%)
(24.29%)
100%

Timely paid by | Yes
their owner

‘No

Foral

. -
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the
premises

(27.14%)

Natre of saving

\ 4(5.71%) \ 66 (100%) \ 70 (100%) "}

Source: Primary data;

employers’ \ \ \ 7
(72.86%)
100%

W (61.43%) Table No.-4

“ 27 (38.57%) | Respondents Views’ to Payment during COVID-19

t M/,f?ﬁ l IOO%j ‘ Types ] Male ‘ Female l Total |
C—oreer Primary data . ’ j Fully paid I 33 l 34 (48.57%) j
Domestic workers and Pa)'me;l Cu: durlfng (iOlID‘:IS) | R;praid 3 \ 30 \ 371437 l
e v e e rs o s | [ | T L R
. idered as a feminine work in our society. Table no. 3 deals Total 4(5.71%) \ 66 (94.29%) l 70(100%) |

with the types of job of domestic workers, where 85.71%
respondents are engaged for part time and only 10% engaged for
full time job from morning 9 00 am to 5.00 pm for caring child or i The Nature of Job of Domestic Warkers

%

elders. Only 3 male demestic workers out of 70 samples are
esiding wi i ily i i wner’ i : . : : .
residing with their family in the premises of owner's housc, brooming and mopping, dusting, caring children and dependent

Sy Caﬁi Hiele “];?D]e famll;'. has beer) ‘elngaged f‘?r the (ljwm_ar 5 old people. Table no.5 reveals that 65.71% of respondents are
service hik Jng : ¥ 20 o ! A
service like cooking, washing utensils, mopping Clealing, | engaged for housckeeping where cent percent are females.

Source: Primary data:

The nature of job of domestic workers like washing utensils,

dusting, gardening, car washing etc. 15.72% engaged for cooking (2 male and 9 females),1 1.43%
Table no. 4 depicts about payments of domestic workers engaged of baby or clders care (cent percent females). Female
during COVID-19, 48.57% of respondents fully paid by their work participation rate in unorganized sectors are growing
owner during tough time of COVID-19 lock down, 31.43% half | rapidly because of many reasons such as to increase their family
paid and 20% not received any payment from their owner. | income, mentality of self-depend and to raise the standard of
; o
Table No.- 3 5 _—
- . j Table No.- 5
s ypes of Job of Domestic Workers i Nature of Job of Domestic Workers
ypes of Joh | Gender ; Nature of Job Gender Toral
E Male Female ; Male Female
art i i o
gl 125% | 39 (89.39%) : Housekeeping 0 5| (e
ll tin ' i y
ve with family in] 3 (75%) 0 f‘ i
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//
[Baby ‘Elders care l

W < 5(7.]4%)
h—:,‘: | 4 66 \ 70 (100%)

s

Source: Primary data;
problems of Domestic WwWorkers during COVID-19

Earlier studies are evident that women are largely engaged in
houschold works in our Socicty and facing many problems in
their workpluce as well as in their family. In E}hilai steel city the
percentage of workplace harassment or exploitation of domestic
workers are found very negligible. In study area 95% of middle-
class family demands for female maid and only 4% of upper
middle-class family or from a higher entity of respondents’
demand for male domestic workers.

The advantages of male domestic workers are along with
domestic works, they helps in buying vegetables, buying grocery
items from market, gardening, dusting, picking baby from the
school and many more. Table no.6 deals with the problems of
domestic workers, out of 70 samples only 10 (14.29%)
respondents exploited by their owner like engaged in extra works
and not behaving well. Female domestic workers have their local
level small group where they share and exchange their views.
Th;y aren’t lolerates any kind of exploitation or harassment at
their workplace, if it is so immediately they quit the job. Every
female household worker has been engaged in more than three 0
f?urkl_:ouscs and compares their owner’s behaviour, burden of
::]L;:]J‘GT:[::{“_‘“J'-A0?‘)’ 4?% of respondents not getting'lhcir
A yn time, 100 7o agrecd that they have no security of
rovided g _Piﬂlc_lllar_'nohdays has been there, even no leave
il fcu;:-l-lf Dfnvah or Dushera holidays, which is the most
their wapegen o COUITY. In Bhilai city 15% of owner cut

ses/salaries during first lockdown from March 2020.
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Table No.- 6
Problems of Domestic Workers
Problems Respondents (%)
Exploited — Yes 10 (14.29%)
No 60 (85.71%)
Total 70 (100%)

(Not timely paid 34 (48.57%) j
More works with less 55(78.57%)
payment \

@ Holiday r 70 (100%) J

Source: Primary data;

Conclusions

The economic conditions of domestic workers are found
better in Bhilai Steel City but on the other hand social conditions
of female domestic workers are found vulnerable due to family

distractions with consumption of alcohol by their husband/father
(male head of their family).

The demand for female domestic workers are found basically
for broom and mopping, dusting, cleaning, washing utensils and
caring children/ or elders, and the demand for male domestic
workers are found for cooking, gardening, car wash and other
outside works. Female domestic workers in unorganized sectors
are growing day by day to become an economically self-depend,
to increase their family income and to uplift their standard of
living, 78.57% of female domestic workers arc found rr_l':gfatled
from Odisha, internal migration also attracts people to Bhilai city
because of job scopes are available and well known City for best
educational institutions and coaching center.

Almost all domestic workers are belonging from BPL
(Below Poverty Line) family and getting benefits of Public

48
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Distribution  System (PDS) provided by the  Chhattisgarp,
.mrnu 1. Even widows are also getting monthly financig
(Ju\-crnnllmf(;‘n‘] the Chhattisgarh government. The socio-economic
S.thotl:mi of domestic workers are becoming undemrivileged
zil:magucb\f]D-w, many employers wcrc_startcd o cut thejr
<u|uri§s. they are highly dcpcnder?l on their mgmh'.y salary or
wage. they don’t have any savings to survive. The socjo-
ccc;nomic crises took birth »o? many social issues like domestic
violence, divorce, unrest, suicide etc.

If we talk about the caste of the respondents 41.43% are
belongs from scheduled tribe (ST) \_vhich percentage is maximum
(41.43%) than general (21.43%) followed by Scheduled Caste
(20%) and OBC (17.14%). It has been observed that maximum
number of domestic workers belongs from Hindu family

(92.86%), and a very negligible percentage 2.86% belongs from
Muslim family.

Suggestions

Some of the suggestions for policy marker or the Government
to improve the conditions of domestic workers are as follows-

1. Festival leave should be introduced for the domestic

workers.

2. Strict restrictions should be implemented for the entry of
child labour in domestic works.

3. Awareness campaign publicity is necessary for BPL
families regarding government schemes.

4. Alcohol consumption should be banned in state, because
alcohol is one of the reasons for family distractions in
such familjes,

.

Adult cducational facilities should be extended by the
Govemmem so that the quality of domestic workers Of
workers in unorganized sectors will improve.

“ea
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LIGNIN DEGRADING ENZYMES AND
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Abstract

Lignin is one of the most primitive organic polymers for modern applications. This chapter portrays
the concepts of lignin degrading enzymes and their insights. The chapter also portrays the
industrial applications of these enzymes ranging from food industries to biotechnological
applications with detailed sub-application areas. Additionally, the chapter opens the gate for
researching the application of enzymes in more enhanced applications like WFRC (Weather and
Forecasting Research Model).

Keywords: Enzymes, Lignin, Organic Polymers, Biotechnology.

Introduction

Lignin is a complex constituent of the wood. After cellulose, lignin is one of the most
bountiful organic polymers in plants. In wood it is present in 20-40% and in gramineae
present in 15-20%. It is the sole chemical composition of angiosperm and gymnosperm
(Jiang, 2001). Lignin is a complex chemical compound linked with mainly three monomers
coniferyl alcohol, sinapy! alcohol and coumaryl alcohol. On the bases of their monomers
it will be divided in to three types; guaiacyl lignin polymerized by guaiacyl propane,
syringy! lignin poly merized by syringyl propane and hydroxy-phenyl lignin polymerized by
hydroxy-phenyl propane. Usually, gymnosperm contains guaiacy! (G) lignin; monocotyledon
contains guaiacyl-syringyl-hydroxy-phenyl (GSH) lignin and dicotyledon contains guaiacyl-
syringy! (GS) lignin (Wei and Song, 2001).

Structure of lignin

[t consists of aromatic rings with the units of guaiacyl propane, para-hydroxy-phenyl-
propane and phenyl-propane units. Lignin is part of secondary cell wall of plants. It is
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different from cellulose and hemicellulose (Ralph ef al., 2004). It has highly resistance to
biological degradation and chemicals (Martinez et al., 2005). Lignin is composed of three
basic units of p-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol (Liu ef al., 2008;

Cai et al, 2010). OH
o
.0 o
HC® H OH
HO
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CH, OH
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f O O OH
HO o
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Lignin

Fig. 1. Structure of a lignin molecule (Chhabra, 2013).
Lignin Degrading Enzymes

Lignin is highly resistance for biodegradation. White-rot fungi are known to best lignin
degrader. Lignin is mainly degraded by three types of lignolytic enzymes such as lignin
peroxidase, manganese peroxidase and laccase (Eriksson e al., 1990).

Lignin Peroxidase

Lignin peroxidase is an enzyme, which degrade lignin in the plant cells. It produced from
fungi like Phanerochaete chrysosporium. It interacts with veratryl alcohol (lignin polymer),

*
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Fig. 2. Lignin-peroxidase mediated conversion of veratryl alcohol (VA) to veratraldehyde
(Albayrak and Yang, 2002).
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which is secondary metabolites and acts as cofactor. Lignin peroxidase enzyme catalyzes
the chemical reaction. Use 1,2-bis (3,4-dimethoxyphenyl) propane-1,3-diol and H,0, use
as substrate (Renganathan er al., 1986).

1. Manganese Peroxidase

Manganese peroxidase enzyme belongs to oxidoreductase family. It discovered in 1985
from Phanerochaete chrysosporium (Glenn and Gold, 1985: Paszcynski et al., 1985).
Manganese peroxidase enzyme catalyzes the chemical reaction. Use Mn (I1) H™ and
H,0, as a substrate. It oxidizes the substrate by one-electron oxidation process with
intermediate cation radical formation (Malherbe and Cloete, 2002).

2Mn (1) + 2H* + H,0, ¢ 2Mn (IIl) + 2H,0,

HiCO H.CO OCH-
/7—\  manganese peroxidase
WO, = g ————— - 0 = 0
0 MnZ*, H,0,
HsCO HsCO OCHs
2.6-dimethoxy- cerulignone
phenol

Fig.3. Manganese peroxidase mediated conversion of 2,6-dimethoxyphenol to cerulignone
(Lopez et al., 2004),

Laccase

Laccase is a copper- containing polyphenol oxidase (blue multi copper oxidase) enzyme. It
was discovered in the effluence of Japanese lacquer tree Rbus vernicifera (Yoshida, 1883).
[t is broadly distributed in fungi, higher plants bacteria and insects. Deuteromycetes,
Ascomycetes, Basidiomycetes and many white-rot fungi are contains laccase (Kunamneni,
2008).

Laccase
BBa_K1159002

T T T
LGy — - '“‘D@”“
==
0~ °C 0 O
He
dimers + oligomers + polymers

Fig. 4. Catalytic breakdown of 2,6-dimethoxyphenol by laccase (Arora and Sharma, 2010).
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Fungal laccase is involved in the lignin degradation and during degradation it removes
potentially toxic phenol from the lignin. It requires oxygen for enzymatic action as a
second substrate. It is capable to catalyze the ring cleavage of aromatic compounds. It
used ABTS, 2,6-dimethoxyphenol, dimethyl-p-phenylenediamine and syringaldazine as a
substrate. It moniterate with an oxygen sensor, through the oxidation process reduces
oxygen to water (Claus, 2004).

Versatile Peroxidase

Versatile peroxidase is a novel class enzyme of ligninolytic peroxidases. It shows combine
properties of lignin peroxidase and manganese peroxidase (Ruiz-Duenas ef al., 1999;
Camarero ef al.. 2000; Martinez, 2002). Little data shows versatile peroxidase oxidizes
lignin or lignin-derivatives. Bjerkandera sp. Strain BOSSS5 is first reported versatile
peroxidase secretes in vitro testing (Moreira et al., 2001).

Versatile Peroxidase

H0/L /] H:0:

Oxidized \ 7
substrate ¢ )/

/¢ Mn (111} H0
Aromatic
substrate
Mn (111) Mn (I1)
n (i) <%
Compound Il Compound |
Ouidized Aromatic
substrate substrate

Fig.5. Oxidation of manganese and aromatic substrates by versatile peroxidase (Ravichandran
and Sridhar, 2016).

Lignin Degrading Microbes

Basidiomycetes group fungi are mainly degrades lignin and its derivatives. In environment
it will be ability to grow in accommodate detrimental conditions and act as environmental
natural lignocelluloses destroyers. Leaf litter, white rot and brown rot fungi are present
in these groups (Cho ef al., 2009). Lignin is natural aromatic polymer and recalcitrant
aromatic polymer on the earth. They are mostly degrading by white rot fungi by enzymatic
combustion. Basidiomycete’s families as well as Ascomycetes family fungi also degrade
lignin in nature (Kirk and Farrell, 1987).
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Table 1: Lignin degrading enzyme producing fungi

S.No. Organisms References
l. Fungi
1. Trametes versicolor Dion, 1951
2. Glomerella sp. Mayer and Harel, 1979
3. Podospora anserina Durrens, 1981
4, Aspergillus nidulans Kurtz and Champe, 1982
5. Fomes annosus Haars and Huttermann, 1983
6. Daedalea flavida Arora and Sandhu, 1985
7. Schizophyllum commune De Vries et al., 1986
8. Pleurotus ostreatus Arora and Sandhu, 1987
9. Pleurotus sajor-caju Bourbonnais & Paice, 1988
10. Polyporus pinsitus Huttermann et al., 1989
11. Rigidoporus lignosus Galliano et al., 1991
12. Armillaria ostoyae Robene-Saustrade et al., 1992
13. Ceriporiopsis subvermispora Ruttimann-Johnson et al., 1993
14, Agaricus bisporus Bonnen et al., 1994
15. Ganoderma trabeum Palaez et al., 1995
16. Pycnoporus cinnabarinus Eggert et al., 1996
17. Ganoderma lucidum Perumal, 1997
18. Trametes trogii Garzillo et al., 1998
19. Lentinula edodes D'Annible et al., 1999
20. Marasmius quercophilus Farnet et al., 2000
21. Phellinus ribis Min ef al., 2001
22. Trametes modesta Nyanhongo et al., 2002
23. Piloderma byssinum Chen et al., 2003
24. Volvariella volvacea Chen et al., 2004
25. Irpex lacteus Svobodova, 2005
26. Volvariella speciosa Fasola et al., 2007
27. Ganoderma austral Mendonca et al., 2008
28. Lentinus polychrous Suwannawong et al., 2010
29. Pycnoporus sanguineus Kalarani et al., 2011

30. Lentinus squarrosulus
1. Bacteria
1. Azospirillum lipoferum
2. Aquifex aeolicus
3. Escherichia coli
4. Pyrobaculum aerophilum

Tripathi et al., 2012

Givaudan et al., 1993;
Deckert et al., 1998
Sanchez-Amat et al., 2001
Fitz-Gibbon et al., 2002

[Table Contd.
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Contd. Table]

S.No. Organisms References
5. g-proteobacterium Bains et al., 2003
6. Thermus thermophiles Miyazaki, 2005
7. Streptomyces galbus Sharma et al., 2007
1. Insect
1. Bombyx mori Yamazaki, 1972
2. Lucilia cuprina Barrett, 1987
3. Anapheles gambiae Dittmer et al., 2004
4. Nephotettix cincticeps Hattori et al., 2005

Industrial Applications of Lignin Degrading Enzymes

D'Souza et al. (2006) studied that ligninolytic enzyme such as lignin-peroxidase (lip),
Manganase-peroxidase (MnP) and laccase had three major classes of lignin degrading
enzymes, which have great potential for industrial applications.

Food Industries

In the food industries laccase is the known a best wine stabilizer. They easily control to
the haze formation. Haze formation occure in the presence of phenolic compound such
as proanthocyanidins (Osma ef al., 2010). Brijwani ef al. (2010) reported to presence of
enzyme in dough they improve the dough consistency and also inhance the gulten structure.
After the addition of laccase in the dough, they showed softness, volume increasing and
crumb changes into the structure.

Paper and Pulp Industries

While using wood for paper making, lignin is the main compound and harsh chemicals
(sulphite, chlorine and oxygen based oxidants) or strong acid used for processing. These
compounds generate water pollution and soil pottution (heavy soil) (Scott et al., 1998).
Laccase is capable to depolymerize and de-lignifing the wood pulp fiber, use in chlorine-
free in bio-palpation process (Camarero et al., 2004; Vikineswary ef al., 2006).

Textile Industries

In the textile industry various dyes are secrested with wast water. Generally effluents of
waste water are highly coloured with COD (chemical oxygen demand) and BOD (biological
oxygen demand) (Nagraj and Kumar, 2006). Trametes versicolor (white rot fungi) help
in the decolourazation of dyes (Roseline et al., 2013).
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Laccase enzyme are applicable for denim finishing, it is a new trend. For stone-
washed look of denim fabrics pre-bleach, rinsing and neutralize by sodium hypochloride.
All steps of denim processing are cause substantial environmental pollution. For bleaching
of denim fabrics Zrametes versicolor secretes laccase at normal environmental conditions
(Sharma ef al., 2005). Some textile dyes degradation showed in the table no. 2.

Bioremediation

Lignolytic enzymes producing microorganisms are capable to degrade lignin. They also
degrade several xenobiotic compounds and recalcitrant pollutants like PHA
(polyhydroxyalkanoates). White rot fungi totally mineralized the lignin compounds. It
generates the research interest in the industries and environmental microbiology fields
(Van and Villaverde, 2005; Ruiz-Duenas and Martinez, 2009; Dashtban et al., 2010).
Bioremediation by ligninolytic enzymes showed in the table no. 2.

Table 2: Ligninolytic enzymes used in the processing of textile dyes and bioremediations

S. Compounds Organisms Ligninolytic References

No. enzymes

1= Textile dyes Phanerochaete Manganese Koyani et al., 2013

chrysosporium peroxidase

2. Azodyes Pleurotus ostreatus Manganese Arunkumar and
peroxidase Sheik Abdulla, 2014

3; PHAs Pleurotus ostreatus Laccase and Pozdnyakova
versatile peroxidase et al., 2010

4. Bentazon

B. Textile effluents

6. Poly R-478
(polymeric
model dye)

7. QOlive oil waste-
water

8. Endocrine
disrupters

9.  Nonyphenol

Ganoderma lucidum

Phanerochaete
chrysosporium,
Curvularia lunata

Irpex lacteus

Hapalopilus croceus,
Phanerochaete
chrysosporium,

lrpex lacteus

Cerrena unicolor

Pleurotus ostretus

Manganese
peroxidase and
laccase

Laccase

Manganese
peroxidase

Manganese
peroxidase,
manganese
independent
peroxidase and
laccase

Laccase

Laccase

De Silva et al., 2009

Miranda et al., 2013

Wang et al., 2013

Koutrotsios and
Zervakis, 2014

Songulashvili
et al., 2012

Macellaro et al., 2014

[Table Contd.
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S. Compounds Organisms Ligninolytic References
No. enzymes

10. Naphthalene, Lentinula edodes Laccase Wong et al., 2013
Benzola]
anthracene
and anthracene

11. Diclofenac and Aspergillus oryzae laccase Nguyen et al., 2014
bisphenol A

12. Salicylic acid, Trametes versicolor Laccase Nguyen et al., 2014
triclosan, naproxen,
diclofenac,
ibuprofen and
gemfibrozil

Bio-Ethanol Production

Production of fuel ethanol by wood hydrolysates fermentation is very difficult. White-rot
fungi are capable to degrade lignin. White-rot fungi (Trametes versicolor) secrete
peroxidases (lignin peroxidase and manganese peroxidase) and phenol oxidase laccase,
which is transform the aromatic compounds of wood (Lipin et al., 2013). Saccharomyces
cerevisiae is used for ethanolic fermentation. Peroxidases and laccase a phenol oxidase
increase the productivity ot ethanol (Olsson, 1996).

Conclusion

Ligninolytic enzymes are involved in recalcitrant polymer lignin and complex lignin polymers
degradation. They are highly versatile group in nature and very wide applicable in various
industries. Ligninolytic enzymes applications in industries and also found in WRFC (Weather
Research and Forecasting Model) have (a) paper whitening, (b) textile industries in
degradation of industrial dye, (c) biotechnological application and (d) xenobiotics compounds
degradation, including herbicides, polycyclic aromatic hydrocarbons, phenolics and other
pesticides. Laccase as an oxidase used in many industrial, agricultural and medicinal
applications (Arora and Sharma, 2010). Fungal enzyme laccase had been used for decades
in enzyme-technology industries (Shukla. 2014).
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Introduction

[n such a busy life full of responsibilities, long
schedule, we mostly forget to be happy. Sometimes

difficult to balance between work life and personal li:
our mental and physical health. It is very impo
some time for physical exercise, yoga, etc. So, it
to include yoga in our daily life because it help
body, mind and soul, which in turn brings the phys
discipline which is necessary for good mental and

Yoga leaves a positive effect on our life and also ha
and mental benefits. '

Life is very busy today. We all Human beings have bec
- mentally, physically as well as emotionally. We chas
more than we chase for our relationships. We put o
through regular hours, days and months of wor
complement when termed as “workaholics”. We mal
every year that we will leave all unhealthy habits an
life, we will eat fresh instead of junks, and we w
we will care about our near and dear one more t
money-oriented things; but believe it or not, li
materialistic, goal-oriented, competitive. After onl
New Year we forget all the promises we made wi
our New Year resolution goes in vain. Yoga helP_S usd
balance between our work and personal life by ma

and mind healthy. e

Anyone can start doing yoga at any age. It 15 8
8¢ group people and can be done without
stran. We can easily include it in our daily life. I o
pathof self-knowledge and self-realization. Italsohelps

=
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voga Education at Academic Institutions

o thinking, persistence, discipline,
e bleness and kindness.

i

4 right orientation, prayer as
" th is the most important thing in our life, if we } .
Igtu{ " then only we will be able to develop a ; e .,h??’e;;?:“hg
bt . able to achieve goals of our life which in turn will hel SR

Wil v and successful life. =P usto

e a hapP. ;
. rightly said that “Health is Wealth” if we have a
115 e to accumulate wealthtoo, - good health we

\\‘.lil be e

Importance of Yoga in Our Daily Life

oracticing Y088 in regular basis develops mental and physical health.
it helps in developing good social health; if we will have a good
_ental health, our social health will automatically be healthy. Yoga
Jlso helps in developing spiritual health and so as self realization.
Yoga 1S comprised of several postures or asanas to keep our body
realthy. Yoga also includes some breathing exercises like pranayama
.nd meditation to develop a healthy mind.

Benefits of Yoga

Yoga is helpful In many diseases like heart disease, blood pressure,
Disbetes, Sciatica and many others. It is also helpul in weight
management. It also improves Ouk digestive system and improves
our metabolism. It is helpful for treatment of insomnia. Ithelpsm
flushing out toxins from our body as well as mind and thus helps m
leading a peaceful life. |
Yoga helps in self-control, reducing stress, boosts mmmuty,
increases flexibility, increases lungs and liver functioning and makes

bones stronger. : o

‘f"‘er the last few years, there is an instant increase in :“-PEl.igfmqn o
/982 Medical professionals and celebrities are also ;practmng and
“Mphasizing the daily practice of yoga

Wt
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Mental as well as physical heath.
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Yoga Educati

Yoga education can enhance the qu
oducation. It can help in strengthen
and mentally and make them stress-free S0
ciizens of a country. It also helps in improy
which helps in improving their academi
selt-disciplined.
Benetits of Yoga education are: :
[t helps the students to gain good h
{timproves mental health and awa
3. Itimproves emotional health and th
4 Ithelps in inculcating moral values,
3. lthelps in higher level of consciousn 25
toga education can help a person in
situations. |
\

on

et

ko)

b/

oga education is also helpful in mprovir
students, be it academic or sport or soci
attention in studies, better st mina and
and balanced attitude for social activit
Yoga not only helps in sharpening the
healthy but it also lays emphasis on mo
the power of changing the world b
be an important and compulsory pa

it must be included in students’ life :
their all round mental and physical de
development of positive attitude towarc
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Actinomycetes: Implications and
Prospects in Sustainable Agriculture

V. Shanthi

Department of Microbiology, St. Thomas College, Bhilai Nagar,
Durg District Chhattisgarh, India

Abstract

Biofertilizers are being considered as a great gift of nature to mankind. The latent
microorganisms being active ingredients of biofertilizers have served the purpose
of solving environmental and health issues related to indiscriminate usage of harsh
chemical fertilizers. Biofertlizers serve as important components of integrated
nutrition management system for sustainable agriculture. Among the diverse
types of microorganisms in nature, the role of actiomycetes cannot be underrated.
Their large population in diverse soil types and their dynamic nature to maintain
soil fertility and ecology is of prime importance in agriculture field. Biological
management of soil ecosystem by actinomycetes through their diverse features
like plant growth-promoting ability, managing plant health and vigor, and pro-
duction of agro active compounds greatly contributes to the agricultural sector.
The capacity of actinomycetes to mitigate unsafe and adverse effects of chemical
fertilizers and also to promote positive effects in plants highlights their role in
ecosystem resilience. These filamentous bacteria have immense beneficial effects
in soil and hence open a great avenue for improved crop production in future.

Keywords: Actinomycetes, sustainable agriculture, agro active compounds,
biofertilizer

Email: shanti_162@rediffmail.com
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336  BIOFERTILIZERS

11.1 Introduction

Nutrient management is a practice which deals with conservation of soil by
managing essential soil nutrients at their best and optimum levels, and bio-
fertilizers are considered as an important part of this management system.
It is believed that biofertilizers have an edge over the chemical fertilizers.
They are unique in the sense that they are safe, eco-friendly, and, at the same
time, quite efficient [1]. In simple terms, biofertilizers can be described as
substances containing living, eflicient microorganisms that help upgrade
and assist plant yield by enhanced extension of required nutrients to the
host plant [2]. Their role in sustainable crop production and effective, eco-
friendly nature is of paramount importance in agricultural field. These fea-
tures of biofertilizers are inspired by the very nature of their constituent
components—the microbes. The microbes tend to provide all the bene-
ficial properties a biofertilizer should possess. Biofertilizers, as tools for
food safety and sustainable agricultural practices, incorporate within them
impressive features like nutrient mineralization and mobilization, serving
as effective biocontrol agents against several plant diseases [3], sustaining
plants under both biotic and abiotic stress and maintaining soil ecology
and fertility by incorporating certain plant growth-promoting factors,
etc. [4].

Microorganisms in biofertilizers are the ones which are creditable for
all these features. Many different microorganisms are considered suit-
able for preparation of biofertilizers. But actinomycetes among them are
unique. Characteristic distinctive features from bacteria and fungi: acti-
nomycetes are unique by playing pivotal role in soil ecosystem, and their
benefits being reaped not only in industries but in agriculture as well [5].
As prospective contenders for production of biofertilizers, actinomycetes
possess the characteristic feature to secrete wide range of secondary meta-
bolic derivatives and factors with antibacterial, antifungal, and antagonis-
tic effects [6].

Actinomycetes rule the roost among the large diverse microbial pop-
ulation in terms of production of bioactive compounds. Reports confirm
that of the 23,000 varieties of bioactive compounds produced by microbes;
nearly 50% of them are produced by actinomycetes [7, 8]. Antibacterials,
antivirals, and agrobiologicals like weedicides, insecticides, and growth
regulatory compounds are some of them [9, 10]. Their ability to exist and
survive in diverse soil conditions help themselves to indulge in various soil
processes: nitrogen fixation, phosphate solubilization, and formation of
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humus to name a few [11]. Also, production of agro active substances and
hence their role in sustainable agriculture arguably makes actinomycetes
the most impressive and potent contenders for biofertilizer formulations.

Among the vast assortment of microbes that exists on earth and in
nature, actinomycetes are one of the most widely distributed organisms.
Almost more than 100 genera of actinomycetes are natural inhabitants of
soil [12]. Actinomycetes belong to the order Actinomycetetales and can
be distinguished from other microbes with elevated levels of G+C content
(74 mol %) [13, 14]. These gram-positive bacteria exist as saprophytes in
the soil [15]. Being saprophytic soil inhabitants, they possess the ability
to decompose organic matter like lignocelluloses and various types of
complex carbohydrates like starch and chitin [16]. Morphologically, they
show mycelia growth which culminates in sporulation. Actinomycetes
usually exist in significantly high numbers in semi-arid soil environ-
ments although very little numbers of actinomycetes have also been
known to exist in other climatic conditions too [17]. Actinomycetes usu-
ally prefer low level of moisture for growth and survival and are very well
acclimatized to semi-dry conditions [18] probably due to their ability to
sporulate even under dry conditions [19]. Actinomycetes are mesophilic
in nature, though some species may be found in thermophilic habitats
too [20]. They can also grow as epiphytes and have a wide host range
121, 23],

Recently, actinomycetes have garnered a lot of interest in microbiolo-
gists because of their diverse properties which makes them a good source
for development of bioinoculants [23, 24]. Actinomycetes are very import-
ant microbes which can promote the overall vigor and yield of crop plants.
They can be introduced directly into soil or can be applied to crop seeds
(25, 26]. Actinomycetes are known to directly influence growth of plants
by mechanisms like nitrogen fixation, phosphate solubilization, produc-
tion of growth hormones, or indirectly by scavenging of iron by sidero-
phore production and hence protection of plants from pathogens [27].
Also, they influence their growth by magnifying their sufferance to various
stress conditions [28, 29].

A well-known genus of actinomycetes is Streptomyces [30]. Streptomyces and
other actinomycetes genera contribute to over 75% of the many known active
biological compounds [31]. Actinomycetes have long been inviting a lot of
attention due to their capability and capacity to inhibit a broad range of fungal
pathogens by producing antifungal agents, thereby protecting the plants from
a variety of fungal diseases [32]. Actinomycetes are very good repositories of
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antibiotics and extracellular enzymes [33, 34]. Also, their prospective ability to
serve as a source of biocontrol elements, biologically active agricultural agents
and plant growth-enhancing ingredients cannot be ignored.

11.2 Role in Maintaining Soil Fertility

11.2.1 Nitrogen Fixation

One of the critical element which limits plant growth is nitrogen. Availability
and uptake of sufficient nitrogen by plants is crucial and indispensable for
their growth and maturation [35]. The importance of nitrogen for plants
lies in the fact that it is utilized for biosynthesis of important nitrogenous
compounds like nucleic acids, amino acids, and proteins [36, 37]. It is
a vital component of photosynthetic pigment; chlorophyll and also it is
used for biosynthesis of ATP and nucleic acids [38]. However, the element
nitrogen in spite of its abundance in earth’s atmosphere is not available
to plants due to its inert nature unless it is converted to a more available
form [39]. Elemental nitrogen is to be converted to either ammonium ion

(NH: ) or nitrate (NO3 ) for it to be used conveniently by plants. There are a
variety of microorganisms including actinomycetes with a potential to fix
atmospheric nitrogen in both leguminous and non-leguminous plants, but
when compared to other microbes, actinomycetes have a unique property
of entering into a more collaborating relationship with a diverse group of
plants [40] which other nitrogen fixing microbes lack. This feature of acti-
nomycetes ensures its place as a top contender for production of biofertil-
izer in terms of nitrogen fixation ability.

Actinomycetes can form nodule clusters and possess nitrogen fix-
ing ability. Some actinomycetes enable their potential of nitrogen fixa-
tion by interacting with the plant while some help the plant by existing
independently in the soil. In either case, the beneficial effect in plants is
very much obvious. A considerable number of studies have evolved asso-
ciated to the group of actinomycetes which interact with plants in some
or the other way and increase soil fertility and hence affect the nature of
plant growth. Some species of actinomycetes exhibit a very strong plant-
microbe interaction which is of great importance for the health of the
plant. A unique and substantially strong interaction exists between
Streptomyces lydicus WYEC108 which is a root-colonizing actinobacteria
and Pisum sativum, a leguminous plant as reported by Tokala et al. [41].
This interaction between the pea and actinomycetes seems to be of utmost
importance because the root-colonizing soil actinomycetes, Streptomyces
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lydicus WYEC108 not only promotes growth of healthy nodules in the
legumes but also influences the pea root by greatly enhancing the fre-
quency of root nodulation. Pea being a leguminous plant also is known
to enter into symbiotic relation with bacteria (Rhizobium). Studies reveal
that probably Streptomyces lydicus colonizes the pea root at a time when
the common symbiotic nitrogen fixing Rhizobium species infects the pea
plant to form root nodules. These active bacteria after colonization start to
sporulate within the nodules and precisely within their cell layers [42]. So,
such settlement by both Rhizobium and Streptomyces possibly causes an
increase in nodule size which finally helps to improve the vigor of organ-
isms inside the root nodules. This helps to enhance the assimilation of var-
ious essential soil nutrients by the nodules [43]. So, perhaps, it is quite
clear that several important actinomycetes like Streoptomyces act as natural
soil fertility enhancers for improved growth of not only pea but also for
many other leguminous plants. Such study reports provide substantial evi-
dence that many actinomycetes have nitrogen fixing ability and may work
independently to promote plant growth and health but the fact that they
are also quite compatible with other root nodulating organisms cannot be
ignored.

[t is also believed that some actinomycetes have poor to average N, fixing
ability as independent organisms but, when combined with other nitrogen
fixing microorganisms or bacteroides, show extraordinary improvement
in nitrogen fixation. This has also been experimentally proved by Soe
et al. [44]. The evaluation of the compatibility of Streptomyces griseoflavus P4
strain isolated from pea root nodules with Bradyrhizobium japonicum strain
USDA 110 was successful. It was reported that the combination had notewor-
thy effects on the dry weight of nodules, shoot nitrogen accumulation, seed
weight, etc. Individually, neither Bradyrhizobium japonicum nor Streptomyces
griseoflavus P4 strains improved nodulation and seed weight but the two,
when combined, had significant beneficial effects in soybean. Improved nod-
ulation and hence enhanced nitrogen fixation were some of them.

Actinomycetes not only interact symbiotically with leguminous plants
but also fix atmospheric nitrogen by interacting with non-leguminous
plants. In fact reports confirm that actinomycetes can fix comparably
higher rates of atmospheric nitrogen with non-leguminous plants than
leguminous plants [45]. Gautheir et al. [46] were the first to report the iso-
lation of free-living actinobacteria from a nitrogen fixing non-leguminous
tree (Casuarina equisetifolia) with the ability to form nodules. Two different
actinomycetes were isolated from the nodules which were shown to pos-
sess nitrogenase activity based on acetylene reduction test [47]. The acti-
nomycetes strains Streptomyces sp. D11 and Streptomyces sp. G2 although
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did not initiate nodulation in the host plant indicating the non-infective
nature of these strains, these strains produced significant amount of nitro-
genase which was found to be more sensitive to the presence of combined
nitrogen. The influencing nature of Streptomyces sp. to nodulate pea root to
a very high degree was reported by Tokala et al. [41]. Streptomyces sp. was
also responsible for enhanced assimilation of iron by the root nodules and
other soil nutrients.

Non-legumes like Casuarina, Alnus, and Hippophae can symbiotically
interact with the actinomycete called Frankia. These organisms have been
reported to revive the soil fertility by fixing huge amounts of atmospheric
nitrogen. Such interactions are believed to be very important for ecology
also because such woody trees and shrubs are known to actively grow
under stressful soil conditions [48, 49].

Frankia ceanothi has been reported to contain nitrogen fixing proper-
ties [50]. This actinomycete exists as an endophyte within the cortex of a
shrub, Ceanothus greggii [51]. Nitrogen fixing ability was long assumed to
be limited to the genus Frankia but there are non-Frankia actinomycetes
which have shown to possess nif genes and catalyze atmospheric nitro-
gen to a more assimilable form. Gtari et al. [52] have reported presence of
nif genes in non-Frankia actinomycetes like Slackia exigua, Rothia muci-
laginosa, and Gordonobacter pamelaecae. Tt was verified by their capabil-
ity to grow and multiply on a medium lacking nitrogen and also by their
potential to reduce acetylene [53]. It has been reported that these nif gene
sequences are transferred either vertically or horizontally [54, 55]. Several
non-Frankia actinomycetes have been isolated till date with nitrogen fix-
ing ability. All actinomycetes including Frankia show typical filamentous
cellular morphology in their initial stage of their life cycle. Later on, these
filaments show fragmentation. Apart from nitrogen fixation ability, actino-
mycetes species, viz., Streptomyces, Actinoplanes sp., and Micromonospora
sp. reportedly have shown promotional effect on shoot growth and also
enhanced actinorhizal symbiosis with Frankia. Also, these atinomycetes
have been reported to produce bioactive metabolites [56].

11.2.2 Phosphate Solubilization

Plant growth depends on availability of all essential nutrients of which
phosphorus is one of them. Its essentiality to plants lies in the fact that it
is basis for synthesis of several macromolecules, respiratory chain compo-
nents, energy transduction processes, etc. [57]. Plants take up phosphorus
only when available in soluble form, but unfortunately its insoluble nature
in soil makes it unavailable to plants [58]. The conversion from soluble
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to insoluble form is aided by presence of large quantities of cations (Zn*,
Ca”, etc.) [59, 60]. The problem of phosphorus precipitation has not only
caused depletion in soil fertility but also great economic loss to farmers
in terms of low crop productivity. These issues have instigated an urge in
researchers to look out for probable solutions which culminated into the
implementation of phosphate solubilizing microbes in crop farming. The
category of phosphate solubilizing microbes includes a range of soil inhab-
iting microbes like bacteria, actinomycetes, fungi, etc. These organisms are
believed to solubilize phosphorus by producing specific enzymes and mak-
ing it available to plants [61, 62].

Among the different phosphorus solubilizing microbes, actinomycetes
probably have an edge over other microbes firstly because of their large
population numbers in rhizosphere soil than other microbes [63] and sec-
ondly because the slow, yet steady degradative activities of actinomycetes
compared to bacteria or fungi [64] allow them to constantly release sol-
uble phosphorus throughout the plant life. Actinomycetes are one such
group of organisms which help improve plant development and hence
crop productivity. The growth of plants and the agricultural yield from
such plants finally depends on the soils’ nutritional quality and capacity
of plants to uptake and assimilate those plant supplements. An important
and commendable aspect of these organisms is that they have the abil-
ity to survive on the plant root exudates, which is their only source of
nutrient supply [65]. In return, these actinomycetes help release soluble
phosphate. The most important group of actinomycetes with phosphate
solubilizing ability is Streptomyces but non-Streptomyces actinomycetes
include Micromonospora endolithica [66], Gordonia, Rhodococcus, and
Arthrobacter [65, 67, 68].

Actinomycetes have evolved to transform insoluble phosphates into
soluble form by adapting different means. Some actinobacteria solubilize
insoluble phosphates by secreting enzyme phytases. These extracellular
enzymes enable degradation of phytate in a stepwise manner and belong
to phosphomonoesterase group [69, 70]. Another method by which acti-
nomycetes enable phosphate solubilization is by creating an acidic envi-
ronment by producing a combination of acids like oxalic, malic, propionic
acid, and gluconic acids. The acidic pH near the rhizosphere soil plays crit-
ical role in transformation of insoluble phosphates and making this essen-
tial nutrient available to plants [68, 71].

The phosphate solubilizing actinomycetes like Streptomyces griseus BH
do not just act as soluble phosphate suppliers for the plants but also exhibit
multitasking activities like inhibition of potential phyto pathogens includ-
ing fungi, yeasts, and bacteria. Some strains of Streptomyces have shown to
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stimulate exorbitant increase in wheat aerial growth and biomass of nearly
70% in in vitro studies and to more than 30% in farm conditions when
compared to controls. So, such reports are quite convincing for the devel-
opment of biofertilizers and biocontrol agents from actinomycetes.

11.2.3 Potassium Solubilization

Another essential element required for growth of plants is potassium. The
ionic state of potassium usually absorbed by plants is required for opening
and closing of stomata pores. Apart from decreasing stress effect in plants,
potassium is also associated with plant detoxification process by disabling
the toxic effect of reactive and unstable species of oxygen. Also, its role
in various respiratory chain and metabolic processes is well known [72].
Deficiency of potassium is known to make the plant vulnerable to various
plant pathogens including infestation by pests [73]. Depletion in potassium
levels along with other essential plant macro nutrients is a common prob-
lem in the present situation citing reasons of intensive crop production
system and use of high-yielding varieties [74]. An eco-friendly approach
of integrated nutrient management system is to use potassium solubilizing
microbes to alleviate the depleted potassium levels and revive the fertility of
soil. These microbes enable this by using several mechanisms like exchange
and complexation reaction, organic acid production followed by acidoly-
sis, and chelation [75]. Various Streptomyces species have been reported to
possess good potassium solubilizing ability, for example, Streptomyces sp.
KNC-2 and Streptomyces sp. TNC-1 [76-78].

11.3 Role in Maintaining Soil Ecology

Actinomycetes are known to be abundantly present in the root-soil inter-
face of plants. These microorganisms are known to exercise favorable
effects on plants. On the same note, the abundance can still be increased by
application of biofertilizers prepared from actinomycetes. The approach of
adding actinomycetes in form of biofertilizers would be beneficial to crop
plants and enhance crop yields as demanded by the current status of agri-
culture which make indiscriminate application of chemicals as fertilizers
leading to decline in fertility of soil and its nutritive value. Actinomycetes
are known to possess certain compounds which upgrade plant growth
ability and aid in maintaining ecology of the soil. These organisms have
a unique potential of producing a variety of extracellular enzymes in soil
like cellulase, amylase, protease, phytase, chitinase, and phosphatases [79].
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These exoenzymes help maintain the ecological health of soil by recycling
the nutrients [80]. These enzymes help organisms to utilize the nutrients
secreted by the plants in the plant rhizosphere soil. This activity helps to
construct a nutritive pool of sugars, amino acids, peptides, organic phos-
phorus, and many other important supplements in the rhizosphere, hence
enhancing both soil ecology and fertility. Such plant growth-promoting
ability of actinomycetes can ensure extensive growth of plants and their
development with respect to root length, plant height, vigor, and overall
improved biomass [81].

Various species of actinomycetes are known to play critical role in rhi-
zosphere by suppressing pathogenic species and, at the same time are also
known to encourage both growth and multiplication of useful groups of soil
microbes like nitrogen fixing microorganisms. For example, Streptomyces
fumanus when applied or treated to wheat seeds in the form of biofertilizer,
encouraged enhanced colonization of Azotobacter sp. contributing to addi-
tional inputs of nitrogen to the soil [82]. Also, actinomycetes have shown
to create a balance between the rhizosphere inhabitants and stimulate
secretion of growth stimulating compounds from these inhabitants which
ultimately are reported to promote and improve soil ecology and hence
improved plant growth. A good soil ecosystem ensures delivering all the
essential services for overall plant growth and development with respect
to enhanced division of root hair cells by producing growth stimulating
compounds like auxins and cytokinins, thus leading to increment in num-
bers of lateral root hairs. This helps in developing a good and appropriate
surface root system [83].

Actinomycetes are filamentous, thread-like organisms. Their intense
hyphal networks allow them to penetrate through lignocellulosic organic
materials like lignin and xylan and cause their degradation, thereby con-
verting complex polymers to more simple assimilable form [84, 85].
Such degradative ability of actinomycetes plays crucial roles in produc-
tion of compost from plant materials which are beneficial to plants [86].
Representatives of actinomycetes mainly Streptomyces like S. griseus,
S. termoviolaceus, S. globisporus, S. albovinaceus, S. caviscabies S. setonni,
S. virginiae, S. ruber, and S. viridosporus are known to secrete a combi-
nation of hydrolytic extracellular enzymes like chitinases [87], cellulases,
glucanases [88], and peroxidases which aid in decomposition and degrada-
tion of polymers during composting [89, 90]. Such breakdown of polymers
into small molecules helps turnover of essential nutrients like carbon and
nitrogen [91]. Actinomycetes secreting extracellular enzymes like N-actyl
glucosaminidase and urease help them to act on substrates like chitin and
urea, enabling them to recycle soil nitrogen [92]. Their role in carbon
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cycling is with regard to their potential in solubilization of insect cuticles,
exoskeleton of crustaceans, and cell walls of plants and fungi by secret-
ing extracellular enzymes. Also, enzymes produced by these microbes
cause breakdown of complex recalcitrant biomolecules like lignin and
chitosan [93].

Actinomycetes are known to exert a positive effect on plants by inten-
sifying their growth and overall performance. Biological nitrogen fixation,
secretion of growth influencing elements, and production of micronutri-
ents like vitamins are some mechanisms which actinomycetes are known
to exert on plants as a part of their positive effect. Some variants of actino-
mycetes also appear to enhance both the quality and quantity of growth-
promoting nutrients in the rhizosphere of plants which ultimately promotes
growth and development [94]. There are reports which suggest that addition
of actinomycetes into the plant root surroundings indeed enhances their
growth and yield [95]. Inoculation of actinomycetes to plant rhizosphere is
known to generate Indole Acetic Acid (IAA)—a phytohormone which acts
on plant root system and stimulates nutrient consumption by the plants
[31]. Also, Vurukonda et al. [96] have reported increased dry mass and
higher protein content in peas when inoculated with Streptomyces. Berg
et al. [97] reported that presence of actinomycetes especially certain spe-
cies of Streptomyces in the strawberry plant rhizosphere reflected antago-
nistic effect in opposition to diverse number of fungal pathogens which
usually infect and cause decline in strawberry yield.

Several species of actinomycetes encourage plant growth promotion.
They are believed to exhibit a positive and beneficial impact on the plant
height and weight. Many species like Streptomyces sp 9K have shown to
influence plant growth and dry mass of plants. Rhizosphere soil is rich
in microflora. These microflora engage themselves in producing several
plant growth influencing components resulting in enhanced productiv-
ity. The microbiological processes of these rhizosphere microorganisms
can be additionally energized by applying biofertilizers. The application
of biofertilizers stimulates microbial reproduction in soil and henceforth
their magnified extracellular enzyme levels aids in maintaining influential
levels of essential organic components in soil [98]. However, the impact
of introducing bacterial inoculants and thereafter the consequential rise
in microbiological activity in soil ultimately depends on several factors
like condition and soil type, plant variety, adaptability, and survival rate of
microorganisms introduced [99, 100].

There are different soil types where crops can be grown. Each soil type
varies from other in its organic matter content. A good biofertilizer based
on actinomycetes requires that it works under broad and wide varieties
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of soils and organic matter content. Several important representatives of
actinomycetes have tremendous ability to promote growth of plants and
are termed as plant growth-promoting rhizobacteria (PGPR). PGPR are
believed to enhance growth of plants like sugar beet, both under green
house conditions as well as under different soil types. These rhizobacte-
ria are known to affect these promotional activities at early stages of plant
growth where they have been proved to serve as suitable resources for
organic and sustainable agriculture and farming [101]. Sugar beet seeds
applied with nitrogen fixing and phosphate solubilizing rhizobacteria have
shown to undergo drastic changes in their growth pattern and yield as
compared to controls. Moreover, there was a tremendous increase in beet
root weight to as high as 46.7% and also the beet sugar content by nearly
15% by such seed treatment.

11.4 Role as Biocontrol Agents

The conventional pest management systems are presently facing a huge
crisis [102]. The use of chemical insecticides and pesticides has not only
caused serious environmental harm but also evolution of resistant patho-
vars and resurgence and ability to bioaccumulate are causing hazardous
health issues. The recalcitrant property of these chemicals is also caus-
ing extensive damage to biodiversity. These and several other issues have
prompted researchers to think of alternatives to pest control measures and
thus the emergence of integrated pest management system. This system is
conceptualized around biological control, which works on the principle of
using living organisms to either completely inhibit or reduce the density of
population of other living organisms [103]. Protection to crops through-
out the crop period, environmentally safe, non-toxic to plants, and, above
all, encouraging beneficial soil inhabitants are some of the commendable
and impressive features of biocontrol agents [104]. Actinomycetes pro-
duce diverse chemical substances like -lactums, peptides, and polyketides
apart from a wide range of secondary metabolic compounds [24, 105].
Studies reveal that about 70% of biologically active agents are derived from
actinomycetes [106, 107]. Diverse biological functions of actinomycetes to
manage the plants in good health compel us to consider these organisms as
good biological control agents [108, 109].

Another impressive feature of actinomycetes is that they exhibit their
potential as biocontrol agent not only by existing independently in the
plant rhizosphere but also as plant symbionts. So, obviously considering
their bio controlling properties, various species of actinomycetes grow as
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symbionts in various plant organs as in case of rhododendron. This plant
is commonly subjected to various fungal diseases just like any other plant,
but experimental studies have proved rightly that rhododendron harbors
various species of actinomycetes (Streptomyces sp.) as endosymbionts
during its growth, helping the plant against major fungal pathogens espe-
cially Phytophthora cinnamomi and Pestalotiopsis syndowiana, suggesting
the production of antifungal compounds by actinomycetes relieving the
plant from attack by such fungal pathogens [110]. A simple yet impressive
mechanism acquired by actinomycetes to enable their biocontrol potential
for the plants is to colonize their internal structures. Most of the actino-
mycetes especially those belonging to Streptomyces genus enact their dis-
ease suppressing activity by occupying the intracellular plant structures as
endophytes and prevent attack by phytopathogens [111].

11.4.1 Production of Antibiotics

The secretion of variety of bioactive compounds by actinomycetes in rhi-
zosphere soil of plants is believed to show pronounced positive outcome on
productivity of crops. Enhanced defense mechanism and crop productivity
by actinomycetes is made possible due to their mechanism of antibiosis
which is enabled by production of several groups of antibiotics ranging
from erythromycin, oleandromycin of macrolides group; streptomycin and
kanamycin of aminoglycosides group; and nystatin and levorin belonging
to polyene group [112, 113]. Some of these antibiotic producing actino-
mycetes genera include Streptomyces, Microtetraspora, and Actinoplanes
[114, 115].

Biofertilizers based on certain actinomycetes like Streptomyces fumanus
have divulged reports to successfully foster plant growth in extensive soil
types and also in different host cultivars. Seeds pre-treated with actinomy-
cetes have shown to stimulate growth and enhance yield even in low fertile
soil and in low irrigated soil [116]. Many species of actinomycetes are very
good antibiotic producers. The toxicological properties of these antibiotics
against plant pathogens are abundant [117]. Such ability of these micro-
organisms probably can be exploited to inhibit specific plant diseases. The
variants of actinomycetes used for such biological control depends on the
plant disease. At this point, the ability of certain actinomycetes for use
as both biocontrol agent and as a root-nodulating agent in leguminous
plants should be well acknowledged. The actinomycetes have been known
to exhibit these properties when the seeds are coated before planting or
treating the seeds at the time of planting [118]. For example, antibiotic pro-
ducing Streptomyces species when introduced around the alfalfa (Medicago
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sativa L.) seeds at the time of planting showed that those alfalfa seedlings
which received Streptomyces amendments had produced hyphal filaments
and spore chains as compared to control with no Streptomyces amend-
ments. These strains of Streptomyces also enhanced root nodulation in the
plant causing exemplary increase in nitrogen fixing ability. Moreover, the
same Streptomyces species because of its antibiotic producing nature could
inhibit the growth of Phoma medicaginis, causal organism of spring black
stem and leaf spot disease in alfalfa.

Many actinomycetes especially Streptomyces are known for their inti-
mate relationship with plants by colonizing their internal tissues. For
example, Streptomyces strains as endophytes in tomato roots have been
acknowledged to produce antibacterial and antifungal elements and
are responsible for impeding the growth of Rhizoctonia solani, a fungal
pathogen of tomato affecting the crop and yield [50, 119]. Also, other
actinobacterial strains like Microbispora sp. and Streptosporangium sp.
are known to have strong relationship with maize roots and show antag-
onistic effect against many fungal and gram-positive bacterial pathogens
(120, 121].

Alnus glutinosa is another plant which harbors Streptomyces sp. in its root
nodules and this endophyte reportedly produces a novel antibiotic called
naphthoquinone, which protects the host plant against attack from many
bacterial and fungal pathogens suggesting the broad spectrum attribute
of the antibiotic [122]. The intimate relationship of Streptomyces strains
with plants like tomato and wheat suggest that harboring these organisms
as endophytes within their tissues is only to derive some benefits of them,
in form of secondary metabolites produced by endophytes. Also, these
endophytes have an ecological edge over the competitive fungal pathogens
[123]. These reports make it quite clear that many strains of actinomycetes
play prominent role in plant development and also confer enhanced resis-
tance to diseases hinting that these organisms indeed have an outstanding
potential to serve as prspective biocontrol agents for many cash crops like
wheat and maize [120, 124, 125].

As part of their ability to protect plants from various pathogens, reports
of Streptoverticillium albireticuli possessing nematicidal activity are quite
interesting. Innumerable Streptomyces representatives have been iso-
lated and reported with ability to produce potent antihelminthic agents,
thereby providing protection to plants from attack by various nematodes.
For instance, Streptomyces avermitis has been disclosed to synthesize aver-
mectins which showcase their potency against nematodic pathogens like
Meloidogyne incognita [126] and Caenorhabditis elegans [127]. Avermectins
have been classified as a new class of macrocyclic lactones.
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11.4.2 Production of Siderophores

Actinomycetes also possess another feature making it a unique contender
as an active ingredient of biofertilizers. They synthesize small molecu-
lar weight and iron chelating molecules described as siderophores [128,
129]. Important representatives of actinomycetes producing siderophores
belong to Streptomyces genus. For example, Steptomyces coelicolor is known
to produce a peptide siderophore called coelichelin [130]. Another sid-
erophore called enterobactin is reported to be produced by Streptomyces
tendae [131]. There are many other representatives of actinomycetes which
exhibit biocontrol activity through siderophore production. Some of
which are Rhodococcus and Nocardia, which produce heterobactin type of
siderophores [128]. These siderophores help scavenge ferric iron forming
ferric-siderophore complexes [132]. The siderophores produced by actino-
mycetes are of hydroxymate type [133] possessing the capability to inhibit
growth of a variety of phytopathogens. The pathogens succumb due to
non-availability of iron in the rhizosphere soil environment [134] due to
scavenging activity of actinomycetes like Streptomyces rochei IDWR19 and
Pseudonocardia halophobica. :

Many different types of plants like Cicer arietinum L. (chick pea), Lens
sativum (pea), and Vicia faba (faba bean) harbor different types of actino-
bacterial strains in their rhizoshere soil. Most of these actinomycetes are
known to produce various kinds of antimicrobial components suggesting
their role as biocontrol agents. Also, most of the actinomycetes obtained
from these plants possess the ability to produce siderophores and phosphate
solubilizing enzymes, thereby helping the concerned plants in improving
their nutrient uptake from soil and thus enhanced yields. Many different
pathogens like Phytophthora, Pythium irregulare, and Botrytis cinerea were
suppressed when a combination of Streptormyces species strains was applied
to seeds before sowing [135]. Such reports probably suggest that co-
inoculation of seeds with selected combination of actinomycetes possess-
ing biocontrol activity can indeed prove to be beneficial to combat diverse
plant diseases,

The biocontrol action and other different attributes like growth-
promoting activity and siderophore production by actinomycetes are not
only restricted to cash crops like maize and wheat but also are very much
prominent in fruit crops like guava [136]. Species of Streptomyces like
S. canus, S. fradiae, S. avermitilis, S. Cinnamonensis, and Leifsonia poae
are prominent in guava rhizoshere soil. Guava seedlings inoculated with
a combination of these Streptomyces cultures reportedly caused consider-
able increment in both plant dry matter and height. Studies revealed that
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the culture combination of Streptomyces produced phosphate mobilizing
enzymes, siderophores, and chitinases along with phytohormones like
auxins and Gibberllic acid (GA3) [19, 22].

Crop plants are not only infected by primary pathogens like bacteria
and fungi but are also prone to secondary infectious agents like nema-
todes which are commonly found in soil [137]. Several Streptomyces spe-
cies are known to have brilliant antagonistic effect on nematodes as well.
Streptomyces sp. CMU.MHO021 is known to possess excellent potential to
lessen the egg hatching rate of nematode pathogen like Meloidogyne incog-
nita, and at the same, this nematophagous strain effectively promotes plant
growth by producing IAA and hydroxamate siderophores.

11.4.3 Production of Hydrogen Cyanide

Another mechanism of actinomycetes enabling it to act as a poten-
tial biocontrol agent is production of hydrogen cyanide (HCN). Several
Streptomyces species have been recognized to produce HCN which inhibits
the terminal electron acceptor in electron transport chain system of respi-
ratory phyto pathogens and thereby inhibiting their growth and survival
[138, 139]. Moreover, reports of actinomycetes producing HCN enhance
phosphate and other mineral solubilization, thus enriching the fertility of
soil is quite encouraging [140].

11.4.4 Production of Lytic Enzymes

Actinomycetes have been acknowledged to secrete innumerable number
of lytic enzymes [141] as one of their mechanisms to exhibit their roles
as biocontrol agents. These lytic enzymes bring about the disintegration
of cell wall material and hence the pathogens [142, 143]. For example,
Pythium aphanidermatum, causal agent of damping-off disease in seed-
lings of cucumber (Cucumis sativus L.) can be inhibited by the exceptional
and competent biocontrol activity of several strains of actinomycetes like
Actinoplanes phillippinensis, Microbispora rosea, Micromonospora chal-
cea, and Streptomyces griseoloalbus. All these actinobacterial strains were
shown to produce significant quantities of p-glucanases with the ability to
lyse the fungal pathogen hyphae. Some strains produce diffusible inhib-
itory metabolites while a few have the ability to parasitize the oospores
of pathogens [144]. Similarly, Streptomyces sp. 9P is another potent strain
having broad spectrum antifungal properties. This strain secretes many
important hydrolytic enzymes like chitinases, glucanases, and cellulases
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along with lipases and proteases, enabling it to inhibit a range of fungal
phytopathogens like Alternaria brassiceae, which infects plant belonging
to Brassica species; Collectotrichum gleosporioides, a common pathogen of
perennial plants; Rhizoctonia solani, a pathogen with wide host range; and
Phytophthora capsici, pathogen affecting peppers and other commercial
crops [145].

There are many crop plants other than cash crops which add to the econ-
omy for the farmers and agriculturists. These include fruits and vegetables.
Fruits and vegetables are probably more vulnerable to bacterial, fungal,
and viral diseases, causing great economic loss probably due to their tex-
ture, nutritional content, etc. Considering the environmental issues and
emergence of pathogen resistance to chemicals, natural and eco-friendly
biocontrol agents are the need of the hour. In this very context, microbes
like actinomycetes have garnered ample interest owing to their ability to
produce volatile organic compounds. Although many soil inhabitants are
known to produce these compounds which possess antifungal and antibac-
terial properties, but actinomycetes are considered good biocontrol agents
with regard to this aspect as they show broad range antifungal activity and
can control and sometimes prevent a variety of plant diseases [146]. The
ability of actinomycetes originated volatile organic compounds to diffuse
easily through the soil particles and cause severe morphological damage to
the attacking pathogens [147] make these organisms to be used as a potent
biocontrol agent over other conventional agents.

There are several reports which corroborate with this remark. For exam-
ple, volatile organic compounds produced by Streptomyces globisporus JK-1
have been reported to exert excellent antifungal activity against Botrytis
cinerea, a pathogen attacking many plants like tobacco and tomato [148].
Similarly, Streptomyces coelicolor is known to inhibit spore germination
of Penicillium chrysogenum and Botrytis cinerea [149]. The pathogenecity
of Fusarium moniliformei can easily be damaged by volatile organic com-
pounds from Streptomyces philanthi [73]. Another fungus Peronophythora
litchii which causes litchi downy blight in litchi (Litchi chinensis Sonn)
can be easily countered by volatile organic compounds produced by
Streptomyces fimicarius BWL-H1 [150]. Studies reveal that Streptomyces
fimicarius produces around 32 different volatile organic compounds
of which important ones include phenyl ethylalcohol, caryophyllene,
a-copaene, and methyl salicylate, each exerting its own systemic resis-
tance to plants [151]. Studies confirm that volatile organic compounds like
methyl 2,4,6-trichlorophenyl ether and methyl 2-methylpentanoate from
Streptomyces have the ability to completely inhibit hyphal growth [152].
Also, the characteristic earthy smell of moist soil is due to volatile organic
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compounds-2-methylisoborneol and trans-1-10-dimethyl-trans-9-decalol
produced by Streptomyces species [153].

11.5 Role as Plant Stress Busters

Agricultural productivity depends on a number of factors including both
biological and non-biological factors. The most important and significant
factors which influence the crop productivity is the genetic makeup of the
crop plant. The genetic makeup of a particular plant decides the produc-
tivity and hence yields of the plant, ability of the plant to resist attack of
various pathogens and thus diseases, and also the genes enable the plants
to resist various abiotic stresses like water scarcity, salinity, and drought
conditions. Therefore, it is clear that genetic makeup of a plant is an asset
as well as greatest limitation in the field of agriculture. But fortunately, the
knowledge and techniques in genetic engineering have advanced leaps and
bounds in containing these limitations.

Development of new and better crop varieties has certainly solved these
issues, of course, only when even the non-biological factors like average
rainfall, humidity, and soil nutrition are present within the favorable limits
considering the genetic makeup of the plant. The non-biological factors
at times may limit the crop productivity and may prove to be stressful to
the plants in spite of the intrinsic ability of plants to cope up with external
environmental pressures. But not ignoring the power of nature, we have
been provided with a diverse group of microorganisms with enormous
ability. These natural inhabitants have evolved such that they can cope with
a variety of adverse conditions and hence can be considered as natural mit-
igating agents for plants against abiotic stress. Animals including humans
created a rather unique relationship with microorganisms. Plants also have
shown great interaction with microbes. In fact, plant-microbe interactions
are considered as important and integral in an ecosystem. Such integrated
interaction between plants and microbes are believed to benefit both the
partners. Plant rhizosphere creates a unique environment for microbial
population while the microbes benefit the plant in various ways. They are
also believed to offer defense against many abiotic stress conditions apart
from overall development of [154, 155].

Plants are constantly confronted with innumerable stress factors includ-
ing biotic and abiotic stress. Some of these stress elements include exposure
of plants to high salinity conditions, infections from various pathogens
including nematodes, attack from pests, water scarcity, and stress due to
heavy metal contamination. Fortunately, plants have evolved such that
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they have an inbuilt mechanism to respond to all these stress conditions,
the mechanism opted ultimately depends on type of stress. Plants produce
an assortment of secondary metabolites [156] which help maintain their
metabolism, and at the same time, their roots exude an important mixture
of compounds into the root-soil interface which include amino acids, sug-
ars, and organic acids. This is where the rhizosphere microbiome and plant
interaction begins. The microbial population load in the plant rhizosphere
interacts with roots and responds to stress by producing ethylene—a plant
hormone for overall growth and development, in large quantities. Ethylene
production in plants occurs at two successive phases [157, 158]. In the first
phase, lower levels of ethylene production enable the plant to sense the
stress and respond in a milder way. The second successive phase of eth-
ylene peak helps the plant to overcome the stress, but such high levels also
prove toxic to plants which can be seen in the form of low productivity,
vellowing and falling of leaves, etc. [159]. It is at this point that the plant
growth-promoting bacteria like actinomycetes help to bail out the plants
from ethylene toxicity by producing 1-aminocyclopropane-1carboxylate
deaminase (ACC deaminase) which acts by degradation of ethylene to
non-toxic low molecular weight compound, leaving just enough ethylene
to burst the stress and at the same time promote growth [160].

11.5.1 Resistance From Heavy Metal Toxicity

Industrialization and persistent use of harmful chemicals have made man
realize the seriousness of environment related issues. The indiscriminate
use of chemicals containing heavy metals in industries and the release of
hazardous industrial effluents without proper treatment into water bodies
has caused serious implications on the ground water resources and to the
environment as well. Heavy metal contaminated soil and water resources
have taken a heavy toll on mankind. Of course, certain heavy metals like
zinc, cobalt, iron, and chromium are considered as essential micronutrients
necessary for growth of plants, microorganisms, and animals. But their
presence exceeding even in millimolar concentrations than their required
limits proves to be highly toxic to life forms. They cause various devastat-
ing effects on life forms like chromosomal aberrations and reduced growth
rate. Plants usually are exposed to such heavy metal contamination stress
in soils. Plants although have inbuilt mechanisms to wade off such stressful
conditions, but only to a certain limit.

There are some soil-borne microorganisms like actinomycetes which are
naturally resistant to many heavy metals and have an excellent ability to
either accumulate or remove such metals from soil, thereby serving as a
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unique heavy metal stress buster for plants [161]. The major and import-
ant representative genera of actinomycetes, i.e., Streptomyces have been
reported to have an efficient bioaccumulation and biosorption mechanism
for heavy metals, some of which are summarized in Table 11.1. This import-
ant characteristic feature of actinomycetes plays vital role in biological dis-
posal of heavy metals from polluted or contaminated soils. Their ability to
amass and remove particular heavy metals from soil is probably due to their

Table 11.1 Actinomycetes with soil bioremediation properties.

S. No. Name References
1. Chromium
Streptomyces sp. MCI (163, 164]
Streptomyces rimosus [165]
Amycolatopsis sp. [166]
2. Zinc
Streptomyces viridochromogenes (167]
Streptomyces chromofuscus [168]
Streptomyces ciscaucasicus [169]
Streptomyces rimosus [170]
Streptomyces zinciresistens [171]
Streptomyces sp. K11 [172]
3. Copper
Streptomyces coelicolor [173]
Streptomyces fradiae (174]
Streptomyces zinciresistens [171]
4. Lead
Streptomyces fradiae [175]
Streptomyces rimosus (176]
Streptomyces sp. VITSVK9 [177]
Streptomyces Sp. WW1 (178]
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extensive surface structures and enormous intracellular space [162] which
other heavy metal resistant microbes lack. So, there is no reason to argue
as to why actinomycetes cannot be exploited for agricultural purposes in
the form of biofertilizer formulations owing to their soil bioremediation
efficiency.

11.5.2 Resistance Against Drought/Water Deficit

Lack of proper irrigation system and dependency on natural precipitation
is a grave problem in many countries. Development of drought resistant
crop varieties is of course a good solution to the problem. But developing
new varieties do come with a cost. Sustainable agricultural practices using
valuable microbes that may augment drought resistance of plants and
enhancing crop yield even under acute water deficits may solve the issue
[179]. Actinomycetes are known to grow and survive in dry and semi-dry
conditions in contrast to other rhizosphere microorganisms. These organ-
isms are adapted so well to the adverse climatic conditions that they may
very well be used to compensate the crop loss due to such detrimental envi-
ronmental conditions [180, 181]. Actinomycetes can colonize the roots or
survive as endophytes and help the plants in increasing their survival rate
and also enhance their resistance to various abiotic stresses simultaneously
supporting the plants to acquire essential supplements efficiently from soil
(182, 183].

Colonization of actinomycetes and other rhizosphere microbes in
soil proves to be a cordial yet intense relationship which certainly enable
the plants to establish properly even in water deficit soil conditions and
improved fertility of soil help boost productivity [184]. So, role of such
drought-tolerant actinomycetes, be it free-living, symbiotic, or endo-
phytic [156], has caught the attention of agricultural research in recent
years. Actinomycetes especially strains belonging to Streptomyces genus
like S. coelicolor DEO7, S. olivaceus DE10, and S. DE 27 obtained from rhi-
zosphere soil are believed to be quite tolerant to drought and their plant
growth-enhancing attributes and acute water stress tolerance attributes are
quite commendable. Records of significant enhancement in wheat yields
when seeds were grown in water stressed soil after treatment with these
inoculants [185] provide enough evidence to prove the different attributes
of actinomycetes.

Many crop plants have to deal with erratic precipitation patterns. Global
warming leading to lack of rains and drought-like conditions are com-
mon problems which many agriculture-based countries have to face. Lack
of proper irrigation system further adds to the woes of farmers in most
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developing countries resulting in low productivity and yield. Many crop
plants like onion (Allium sepa L.) have to deal with conditions like drought
and osmotic stress. So, novel agricultural strategies need to be pulled up and
the fact that microbes like osmotolerant actinomycetes can surely allevi-
ate the crops from such problems [186] is quite encouraging. Osmotolerant
actinobacterial strain, Citricoccus zhacaiensis B-4, has a plethora of traits
ranging from plant growth promotion, secretion of zinc and phosphate sol-
ubilizing enzymes, and plant growth hormones like TAA, GA3, and ACC
deaminase activity to tackle the osmotic stress conditions. The strain when
applied to seeds caused a drastic increase in germination rate under stress
conditions [187].

11.5.3 Resistance Toward Salinity

Salinity, of the many environmental problems, is another stress factor
which crop plants usually encounter. Loss in productivity due to reduced
plant cell division is the common issue that plants face under salinity stress
condition. Many plant crops like Oryza sativa L. have shown significant
resistance by withstanding salinity stress conditions. Investigations have
revealed that ability of these crop plants to encounter such stress was by
the virtue of existence of endophytic actinomycetes with the character-
istic feature to secrete several bioactive metabolites rendering the plants
to sustain under such stressful conditions and at the same time enabling
enhanced productivity. Studies reveal that actinomycetes like endophytic
Streptomyces sp. GMKU 336 in plants with ability to produce ACC deam-
inase caused significant increase in potassium and calcium levels but
decreased ethylene levels enabling Oryza sativa plants to encounter the
salinity stress [188]. Additional traits like plant growth-promoting ability
and siderophore production facilitated even more stability to the plants to
survive under conditions like heavy metal toxicity.

11.6 Conclusion

Actinomycetes by virtue of their capacity to influence plant growth and
promote plant development have engrossed enormous consideration in
recent years. Their interdependency with variety of plants and associa-
tion with major soil inhabitants are the key factors which enables them
to survive diverse and adverse environmental conditions. The remarkable
characteristics of actinomycetes to create a healthy and conducive environ-
ment can be exploited and employed fruitfully for agricultural practices in
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future. Their role in nutrient recycling, providing defense to plants against
pathogens and abiotic stress conditions, promoting plant growth is com-
mendable, all of which ultimately targeted toward healthy crop plants and
hence enhanced productivity. Furthermore, actinomycetes play significant
role in maintaining soil equilibrium by possessing properties to remove
harmful and destructive heavy metals in soil. Actinomycetes, with their
competent caliber to produce several secondary metabolites like broad
spectrum antibiotics, lytic enzymes, and volatile substances help in using
them as potential biocontrol agents in agriculture. A dominant and prin-
cipal feature of producing extracellular degradative enzymes and agro-
active compounds by these organisms is effective in formation of humus
and compost. The ability to confer innumerable advantages over plants and
the multi-tasking actinomycetes can be efficiently used as a tool in alter-
nate farming technique, thereby replacing harmful chemicals. It is obvious
that all these qualities of actinomycetes are compelling enough to force
our focus on these microbes and consider them as efficient and inevitable
alternative for sustainable agricultural farming.

11.7 Future Perspectives

Actinomycetes no doubt can be considered as rejuvenating agents for
development of sustainable agriculture. Many important representatives
of actinomycetes play critical role in healthy soil management process.
The diverse characteristics of actinomycetes to benefit plant growth even
under adverse environmental conditions are remarkable. Identification of
effective and competitive strains of actinomycetes is the need of the hour.
Also, multitasking actinobacterial strains need to be identified to cut down
the economical burden in isolating and culturing single function varieties.
Such actinobacterial consortium with most of the desirable characteristics
will ensure improved assimilation of growth supporting nutrients by plants
and hence productivity. Also, there is a need to evaluate the efficacy of
these actinobacteria-based biofertilizers over a wide range of crop variet-
ies. Needless to say, certain advanced methodological approaches are to be
developed for further improving the dynamics of these organisms. Various
advanced biotechnological tools can be employed to improve the standards
of actinomycete-based biofertilizers. The shelf life, screening of potential
carriers to support the credentials of actinomycetes, and hence the eco-
nomic implications thereafter have to be evaluated and explore approaches
for their mass production. The problem of creating awareness concerned
to the concept of biofertilization and its beneficial effect over chemical
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fertilizers is to be properly addressed and above all taking the end-users
into confidence and mobilizing them to switch over from using conven-
tional chemical fertilizers to safe eco-friendly biofertilizers is an enormous

task.
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