


MEMORANDUM OF UNDERSTANDING FOR COLLABORATIVE RESEARCH AND
CONSULTANCY

Between

Department of Microbiology, pSGVp Mandal,s SIp Arts, GBp
College, Shahada, Dist: Nandurbar, (425 4A\ hereafter called

And

PSGVPM's ASC College

Science and STKVS Commerce
as "PSGVPM's ASC College,'

Shf: S-a]nuda Tapi Parisar Sahakari Sakhar Karkhana Ltd., purushottamnagar, Tal: ShahadaDist Nandurbar, MS, 425424 hereafter called as "Sugar Factory, purushottamnagar,,

This Memorandun of Understanding (Mou) is signed between
and Sugar Factory, purushottamnagar.

That this Mou is purely meant for sharing the research facilities and research outcome andgetting consultancy services between PSGYPM's ASC College and sugar Factory,Purushottamnagar.

That PSGYPM's ASC College shall provide estimation of BoD, CoD and ,ther microbialanalysis of samples submitted b-y sugar Factory, Purushottr*n"gr and sugar Factory,Purushottamnagar shall allow the use-of research 
"facilities 

available ,t tt.i, distillery unit.

That any outcome in the form of technology, patent, R & D project or publication arising outof this collaborative research will be .q*try shared between the staff and students ofPSGVPM's ASC College and concernea itart, scientist and technicians of sugar Factory,Purushottamnagar.

This Mou exists from rSth June zlrt and is varid tiil r4th June zai,Ir.
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Memordlldum o Uhderstandin (fMO 

Between 
P.S.G.V.P. Mandal's SIP Arts GBP Science & STKVS Commerce College 

Rubicon Skill Development Pvt. Ltd. 

For Training students on Rutbicon's Campus to Corpo1ate Program 

This Memorandum of Understanding is made at Pune on 25th day of January P.S.G.V.P. Mandal's SIP Arts GBP Science & STKVS Commerce College. A Here in after referred to as "THE COLLEGE" (Which term shall so far as the context admits be deemed to mean and include its successors and assigns) of 
the First Part, 

AND 

Rubicon Skill Development Private Lirnited a Company incorporated and registered under the 
Companies Act, 2013, having its Corporate office at Bo1, 8h Floor, Tower 1, World Trade Centre, Pune -

411014, Maharashtra, hereinafter referred to as "Rubicon" (which term shall so far as the context 
admits be deemed to mean and include its successors, administrators, executors and assignees) of the 
Second Part. 

1. Introduction 

THE COLLEGE has decided to partner with RUBICON for the conduct of Tomorrow's Foundation
Connect with Work Program (hereinafter referred to as "Training Program") at THE COLLEGE. 

2. THE cOLLEGE Responsibilities: 

2.1. Shall nominate one person with adequate accountability and responsibility to coordinate
the Training Program. He / She would act as the single point of contact for the proposed 
Programme. 

2.2. Shall make available the infrastructure (including IT infrastructure, applications and 

connectivity) required to conduct the Training Program. 

23 Shall provide all the support services and facilities to RUBICON during the conduct of the 

said Training Program. Adequate power backup through UPS and DG uief Hhrty 
training sessions 



2 Shall coordinate with RUBICON and facilitate conduct of all the assessments including the 

assessment to be conducted by the external agency (if any) identified by RUBICON, as per 

schedule communicated by RUBICON 

2.5 Provide lodging, wherever available, as per the standards of RUBICON for faculty 

conducting the Training Programme for the total duration of the Training Programme plus two 

days (one day prior and one day after closure), The lodging so planned to be provided should be 

with independent room (with attached toilet), regular water supply, clean, with access to 

boarding facilities, should have well lit approach and surroundings, have adequate safety & 

protection and peaceful environment. 

2.6. Shall share the detaiis of students in a prescribed format to ensure that there is no 

duplication of beneficiaries 

This is a multi-year program to create social impact. The college shall share few detaits to 2.7 
assess the impact of the program. For e.g. Placement details of trained students will be 

required to assess the impact of the program from one year to another year. 

3 Rubicon Responsibiities: 

3.4. Will provide necessary training as per Training Programme requirements and curriculum for 

delivery as per Annexurel to this MOU 

3.2. Will provide suitable faculties for the training exclusive for classroom training 

3.3. Will conduct assessment of its own and also arrange external assessment as required. 

4. Other Terms& Conditions: 

The following are other terms and conditíons of engagemet: ment p opm 

4.1. Batch Size: The batch size would need to be a min/ max of 35-40. a 
evt 



Each student wold be made ava abie for the Trarning Program for specif ed number of hours 

per day for the duf ation of the Traning Proqram 

Pre assessment & Selecton RUBlCON may carry out pre-asessment of the students who have 

applied for the course and shortlist the select candidates to undergo the Training Program 
The final dec ision on selection of candidates eligible to take the Training Program shall be 

with RUBICON 

44Programmeschedule: 

441.Training Program scheduled commencement date 

442Scheduled Completion Date: and will be completed by not later than 

4.5.Commerciais: 

5.1. a gfees: The training Fees is as follows, 

Since this is a CSR funded Program there is no fee payable by THE COLLEGE for this Training 
Program 

4.5.2 Payment Terms 
Not Applicable 

4.6.Certuticetion: 
Students who are suCcessful in the assessment conducted by RUBICON shall be awarded a 

certificate post completion of the training program. 

4-7.e of engagement 

This MoU is valid from the date of sign off by both paties for a period of Two years, however both 
parties agree that based on mutual agreement, the terms may be exiensrgthearties also agree 
that terms may be renegotiated yely 

4.8. Imutat ions and Waftanties PUNE 

O3iqnd 



Both parties agree that it would be their endeavour to prevent any liability arising Out of default or 
non-compliance of the Mou terms by the other party. 

4.9. ati 

49.1. Both parties can terminate the MoU with a prior written thirty (30) day notice on 

default of terms of non adherence to any condition or responsibilities by the other 
party as outlined in this MoU in case such de fault is not rectified within such 30 days. 

4.9.2. Both parties also agree that it would be their professional endeavour that despite any 
termination of the MOU, progress would contin ue, without any prejudice to the 

ongoing Training Programmes, which would be without any hindrance and would be 
progressed for completion. 

General Terms: 
5.1. Both the parties may receive information proprietary to other party (the Confidential 

Information) in the course of performance of their obligations under this MOU. Confidential 

Information is not meant to include any information which (a) is publicly available (b) is 

rightfully received by the parties from third parties without accompanying secrecy obligations 

(c) is already in either party's possession and was lawfully received from sources other than the 

parties or (d) is independently developed by the parties. The two bodies understand and 

acknowledge that the Confidential Information is valuable and confidential and agrees that it 

will at all times be kept in trust to be disclosed only to such persons as have a "need to know" 

the same for the effective implementation of this MOU and that it will only be used by the 

parties for the benefit of others. 

5.2 Both the parties understand and agree that all written or other tangible data and 

documentation developed or procured by the other party in performing its obligations under 

this MOU, whether in printed or electronic form, belongs to other party and that other party 

will have al ights, titles and interests therein. 

opme 
Both parties shall not use the name and brand of other party in any svortisemet ake 

any public announcement without the prior written approval of the of/ 
53 

t PUNE 



Each party shall be at liberty to terminate this MOU with a written notice period of three (3) 
month to the other party without any compensation and seeking legal redress. 

5.4 

6. Juris diction 

in the event of any litigation, the court of jurisdiction shall be Pune 

7. Indemnification 

Both parties agree to indemnify each other and hold the other party harmless from and against any 
claim, loss, liability, or expense, including, but not limited to, damages, patent, and trademark 

infringement, costs and attorneys' fees, arising out of or in connection with any acts or omissions of 

their agents or employees, as related to the terms of this MoU. 

Any claim, compensation, case initiated by any student against Aricent in relation to the Training 
Program due to any acts or omissions of COLLEGE and/or RUBICON shall be defended and 

contested by the COLLEGE and RUBICON at their sole expenses and cost keeping Aricent 

indemnified from the same. 

8. Limitation of Liability: 

Except for the indemnification obligations, both parties agree that the liability would be limited to 

the amount of actual transactions between the two paties 

Notices: 

Any notices under this MOU will be sent by certified or registered mail, return receipt requested, to 

the respective address of Parties as contained in this MOU. Such notice will be effective upon its 

mailing as specified. 

10. Intellectual Property Rights 

10.1. RUBICON explicitly warrants that it owns all the intellectual properties related to 

content in all formats, the technology framework and all other related objects and the THE 

no 
COLLEGE has no rights to use the content and mode of delivery foageoBrE,PIDOse. 

be 

PUNE 



10.2 Each party hereby undertakes to inform the other party of any violation of Intellectual 

Property Rights or its unlawful use, under prevalent laws of India Further, each of the party 

herein, agrees to co-operate with the other to the extent possible in the process of 

investigating such cases of any violation of Intellectual Property Rights or its unlawful use 

and taking legal action against the said infringement. 

10.3. Upon expiration of this MoU, or two years period of time from the date of completion of the 

coUIses, whichever is later, each party hereby agrees that it shall not make any claim on the 

Trade Name or the copyrights of the other, which belongs exclusively to the other party, 

nor shall either party use any trade name which is deceptively or confusingly similar to the 

trade name of the other. 

11. Force Majeure: 

Neither party to this MOU shall be liable for any failure or delay on its part in performing 11.1. 

any of its obligations under this MOU, if such failure or delay shall be result of or arising out 

of Force Majeure conditions and, provided that the party claiming Force Majeure shall use 

its best efforts to avoid or remove such cause of non-performance and shal fulfil and 

continue performance hereunder with the utmost dispatch whenever and to the extent 

Such cause or causes are removed. 

11.2 Any extraordinary event, which cannot be controlled by the parties, shall for the purpose of 

this MOU be considered as a Force Majeure event. Such events include acts of God, acts or 

omissions of any Government or agency thereof, compliance with rules, regulations or 

order of any Government Authority. Provided however, if either party claims that existence 

of any of the aforesaid conditions is delaying or disabling the performance by said party of 

its obligations under this MOU, such party shall give immediate notice to the other party of 

the existence of such conditions whose existence are claimed to delay or disable the 

performance of obligations as aforesaid.

men pevelo 

PUNE 



IN WITNESS WHEREOF, to show their assent, the duly authorized representative of the parties 

hereto have signed the MoU and set the ir seals as below: 

For P.S.G.V.P. Mandal's SIP Arts GBP Science & 
STKVS Commerce College 

Party of the First Part 

A 
cie 

Dist Rarder 

Stamp of the Party 

Signature of Authorised 
Signatory 
Name of Authorised Signatory 

RRINQIRAL 
PESAPAMEsAASiS8ant 

Commerce Collage,9++AAADA 

DistNaurbar tPin42505 Mr/Mrs 

Designation Director 

Witness 
Signature of Witness 

Prrfess Pr) Dgimdklelka 
Name of Witness 

For Rubicon Skill Deve lopment PyHEn Party of the Second Part 
Stamp of the Party: v bp 

e 

Signature of Authorised 

Signatory 
Name of Authorised Signatory Pravir Kumar 

Designation Chief Executive Officer 

MoU valid upto Jan 25, 2025 



Witness 

Signature of Witness 

SU Menth Name of the Witness 

D 

PUNE 
opmen evelop 
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Annexure a 

To learn Industry expectations from 

freshers 
Expectation 

Role play 
1 setting 

To know more about the trainer & 
introduction 

2 ice breaking candidates 

Organizational Case study To learn Organizational structure 

Structure 
To identify their 

Strength/Weakness/Opportunities/ 

Threat 
To learn most commonly used words in 

Free speech 

4 SWOT Analysis 

Corporate Presentation 
corporates 
To eliminate stage fear 

5 Jargons 
2 

6 Public Speaking Extempore 
To articulate your thoughts through 
Power pont presentation 

Presentation Power Point 

7 Skills presentation 
Presentation/Mock E 

To learn E-mail writing skills 
8 E-mail Etiquette mails 

Presentation/Do's & 

Don'ts/Role play 

Dress to impress/ Proximity/ Personal 

Grooming 
Body language 
Telephone 
Etiquette 

hygiene/ 
To learn positive body language 
To handle telephonic round of interview/ 

9 

10 Role play 

Role play/Mock Calls 
To learn call mechanics 

11 
To access candidates' public speaking 

Group activity skills 12 Group Discussion 

Personal Mock Interviews To perform well during interviews 
13 Interview entA hrs. V 

elopme 
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NAAC 

Reaccredite

d-‘A’ grade 

in 3rd cycle 

PSGVP Mandal’s 

SHRI S. I. PATIL ARTS, G. B. PATEL SCIENCE & STKVS COMMERCE COLLEGE, 

SHAHADA - 425409, Dist- Nandurbar (M.S.) 

Website: www. psgvpasc.ac.in            Email:principal.shahada@gmail.com                  

IQAC- psgvpnaac@gmail.com 

Phone/ Fax Office (02565) 229576                                                                                                                

Mob.9421530100 

 

TITLE OF ACTIVITY/EVENT: New Hire Training On Personality Development and 

Placement By Rubicon by India Pvt. Ltd And  Barkley Bank  

DATE(S): FROM: _ on 5,6 and 7 Feb.2020 __  TIME: _9.00 am  to_5.00 pm____ 

VENUE: ___P.S.G.V.P. Mandal;s Arts Commerce and Science College Shahada_ 

------------------------------------------------------------------------------------------------------------------- 

Brief Description of Event: 

Training and  Placement Cell of  P.S.G.V. P Mandal’s Arts Commerce and Science College 

Shahada Organized Placement activity New Hire Training On Personality Development and 

Placement By Rubicon India Pvt. Ltd And  Barkley Bank   

 

Trainers were 1) Mukesh sing 2) Rahul Chheda 

 

Aims/ Objectives are, to motivate students to upgrade their personality for the knowledge in 

placement fairs. 

This workshop helped students in following areas. 

Soft Skills, Retail Training,  Mind Mapping,  Goal Setting,  Time Management,  Creative 

Thinking, Team Building , Digital Marketing,  Selling Skills,  Leadership Skills etc.  

 

Outcome of the Event: Students learn thorough process of Campus to Corporate training & Soft 

Skills training from the trainer and it was observed by their interactions with the trainers during 

question answer hours. 
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TITLE OF ACTIVITY/EVENT: New Hire Training on Soft Skill and Personality 

Development by Rubicon India Pvt. Ltd and Barclay Bank 

DATE(S): 17, 18 and 19th Feb. 2020  TIME: 9.00 am to 5.00 pm 

VENUE: Mahatma Gandhi Hall,_P.S.G.V.P. Mandal;s Arts Commerce and Science College 

Shahada 

No of Students Involved: 94 

------------------------------------------------------------------------------------------------------------------- 

Brief Description of Event: 

Training and  Placement Cell of  P.S.G.V._P Mandal Arts Commerce and Science College 

Shahada Organized Placement activity New Hire Training On Soft Skill and Personality 

Development   on17,18and 19th  Feb.2020 By Rubicon India Pvt. Ltd and Barclay BANK 

 

Rubicon Conducted Campus to Corporate training & Soft Skills training for final years college 

students. The Trainer was Kallyan Kumar  from Rubicon India Pvt. Ltd. 

The areas of training were Soft Skills, RetailTraining,  Mind Mapping,  Goal Setting,  Time 

Management,  Creative Thinking, Team Building , Digital Marketing,  Selling Skills,  

Leadership Skills etc.  

 

Outcome of the Event: Students learn thorough process of Campus to Corporate training & Soft 

Skills training from the trainer and it was observed by their interactions with the trainers during 

question answer hours. 
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MEMORANDUM OF UNDERSTANDING FOR COLLABORATIVE RESEARCH

/CONSULTANCY

between

Department of Microbiology of PSGVP Mandal's Arts, Science and Commerce College,
SHAHADA 425409,M5

and
S. I. Chemicals, SHAHADA 425409 Dist Nandurbar, MS

This Memorandum of Understanding (MOU) is signed between Department of Microbiology of
PSGVP Mandal's Arts, Science and Commerce College, SHAHADA 425 409, Maharashtra,
INDIA and S. I. Chemicals, SHAHADA 425409 Dist Nandurbar, MS.

That this MOU is purely meant for sharing the research facilities and research outcome
and getting consultancy services between S. I. Chemicals, SHAHADA 425 40g, MS and
Department of Microbiology of P.S.G.V.P. Mandal's Arts, Science and Commerce College,
SHAHADA 425409,M5.

That the Deparlment of Microbiology, PSGVP Mandal's Arts, Science and Commerce
College, SHAHADA 425 409, Maharashtra, India, shall provide microbial analysis and other
relevant microbiological studies of samples submitted by S. I. Chemicals, SHAHADA 425 4Og
Maharashtra,India, and S. I. Chemicals, SHAHADA 425409 Maharashtra, India, shall sponsor
the admission of two students in M.Sc. Microbiology class to Deparlment of Microbiology,
P.S'G.V.P. Mandal's Arts, Science and Commerce College, SHAHADA A2l4}g,Maharashtra.

That any outcome in the form of technology, patent, R & D project or publication arising
out of this collaborative research will be equally shared between the concemed staff, scholars
and Department of Microbiology of P.S.G.V.P. Mandal's Arts, Science and Commerce College,
SHAHADA 425409, Maharashtra, India and concemed staff, Scientist and technician of S. f.
Chemicals, SHAHADA 425 409 Maharashtra. India.

This Mou exists since 15th June 2orl and is valid till 14th June 2021.

Prof. Dr. R. S. Patil, Principal, PSGVP Mandal,s Arts,

Science and Commerce College, SHAHADA 425409,

Maharashtra, India.

E-mail : principal.shahada@gmail.com,

Tel 02565 229576

0u*m enr*.$r. 0dhgg $HSf,t{&A
&ist Flaft *ff rtar (pln-4284ffi)

Mr. Kishore N Patil, Chairman, S. i. Chemicals,

SHAHADA 425 409, Dist Nandurbar, Maharashtra.

India

Tel :02565 223735

9.1.6H gMICAL INDUSTRIES

\'Nrl"ji'JL-
ffiPRleron

KISHOR N. PATIL



S.I.BIOZYME 
Nature the Koy, Technology tho Way 

To, 
The Principal. 

P.S.G.V.P.Mandal's 
Arts, Science & Commerce, 
College Shahada (Dist. Nandurbar). 

Subject: - Industrial Sponsorship for admission to M. Sc. Microbiology.... 

Dear Sir, 

S. I. Biozyme, Shahada, Tal. Shahada, Dist. Nandurbar is pleased to sponsor 

Miss. Patil Bhavini Manohar for the admission to M. Se. (Microbiology) during the 

academic year 2019-20 and 2020-21 at P.S.G.V.P.Mandal's Arts, Science and 

Commerce College, Shahda Dist. Nandurbar.

PROPRIETOR
KISHOR N. PATIL 

MANAGING DIRECTOR 



S.I.BIOZYME 
Nature the Koy, Technology tho Way 

To, 
The Principal. 

P.S.G.V.P.Mandal s 
Arts, Science & Commerce, 
College Shahada (Dist. Nandurbar). 

Subject: - Industrial Sponsorship for admission to M. Sc. Microbiology... 

Dear Sir,. 

S.I. Biozyme, Shahada, Tal. Sia.ii, Dist. Nandurbar is pleased to sponsor 

Mr. Chitte Gopal Nimba for the admission to M. Sc. (Microbiology) during the 

academic year 2019-20 and 2020-21 at P.S.G.V.P.Mandal's Arts, Science and 

Commerce College, Shahda Dist. Nandurbar. 

Yours Faithfully, 
S. I. BIOZYME 
al 

PROPRIETOR 

MANAGNG BIkECTOR 

durhor Pin .425409 Maharasthra, India 





MEMORANDUM OF UNDERSTANDING FOR COLLABORATIVE RESEARCH AND
CONSULTANCY

Between

Department of Microbiology, pSGVp Mandal,s SIp Arts, GBp
College, Shahada, Dist: Nandurbar, (425 4A\ hereafter called

And

PSGVPM's ASC College

Science and STKVS Commerce
as "PSGVPM's ASC College,'

Shf: S-a]nuda Tapi Parisar Sahakari Sakhar Karkhana Ltd., purushottamnagar, Tal: ShahadaDist Nandurbar, MS, 425424 hereafter called as "Sugar Factory, purushottamnagar,,

This Memorandun of Understanding (Mou) is signed between
and Sugar Factory, purushottamnagar.

That this Mou is purely meant for sharing the research facilities and research outcome andgetting consultancy services between PSGYPM's ASC College and sugar Factory,Purushottamnagar.

That PSGYPM's ASC College shall provide estimation of BoD, CoD and ,ther microbialanalysis of samples submitted b-y sugar Factory, Purushottr*n"gr and sugar Factory,Purushottamnagar shall allow the use-of research 
"facilities 

available ,t tt.i, distillery unit.

That any outcome in the form of technology, patent, R & D project or publication arising outof this collaborative research will be .q*try shared between the staff and students ofPSGVPM's ASC College and concernea itart, scientist and technicians of sugar Factory,Purushottamnagar.

This Mou exists from rSth June zlrt and is varid tiil r4th June zai,Ir.



Shree Satpuda Tapi Parisar Sahakari Sakhar Karkhana Ltd. AMAIT o auims aizdl aieaa 
A/p. Purushottamnagar, UNIT Telephone E-mail 

Tal. Shahada Dist.Nandurbar, 

Pin 425 424 (M.S.) 

Sugar: (02565) 229245/229764 satpuda2012@rediffmail.com 
satpudadist@gmail.com 50 Distillery:(02565) 229438 

Bagasse Board: (02565) 229439 satpuda2004@gmail.com ears 
9 to 20 Reg. No.: DHL/PRG/ (A) /2, Fax: (02565) 229453 EBPX Mob. : 099217 51313 

Date. 5 Sept. 1969 

To, 
The Principal, 
P. S. G. V. P. Mandal's, 
SIP Arts, GBP Science & 

STKVS Commerce College. 
Shahada (Dist. Nandubar). 

Subject: Industrial Sponsorship for admission to M.Sc. Chemistry

Dear Sir, 

Shree Satpuda Tapi Parisar Sahakari Sakhar Karkhana Ltd. 

Purushottamnagar is a leading industry in our state. We are in need of 

young and dynamic chemist for our industry.

As a part of Industry Institute interaction we are pleased to sponsor 

Mr. PATIL BHAGYASHRI VIJAY or the admission to M. Sc. Mr 

Chemistry under Industry Sponsored seats for the year 2020-2021 and 

2021-2022 at P. S. G. V. P. Mandal' s. SIP Arts, GBP Science & STKVS 

Commerce College. Shahada (Dist. Nandubar)

Your faithfully, 

(MAN�GING DIRECPOR) 

C.\Users\aa \ Desktop\Indstrial Sponcer Letter 2020-21.docx



Shree Satpuda Tapi Parisar Sahakari Sakhar Karkhana Ltd. 
o aimd aeizdt aieuin A/p. Purushottamnagar, Telephone UNIT 

Sugar: (02565) 229245/229764 satpuda2012@rediffmail.comm 
E-mail 

Tal.Shahada Dist.Nandurbar, 

Pin 425 424 (M.S.) 50 Distillery: (02565) 229438 satpudadist@gmail.com 
Years 1969 Bagasse Board: (02565) 229439 satpuda2004@gmail.com 

Fax: (02565) 229453 Reg. No. : DHL/PRG/ (A)/ 2, 
2019 

EBPX Mob. : 099217 51313
Date. 5 Sept. 1969 

To 
The Principal,
P. S. G. V. P. Mandal's,
SIP Arts, GBP Science & 

STKVS Commerce College, 
Shahada (Dist. Nandubar).

Subject: Industrial Sponsorship for admission to M.Sc. Chemistry 

Dear Sir, 

Shree Satpuda Tapi Parisar Sahakari Sakhar Karkhana Ltd. 

Purushottamnagar is a leading industry in our state. We are in need of 

young and dynamic chemist for our industry. 

As a part of Industry Institute interaction we are pleased to sponsor 

Mr. PATIL RITESH SRIDHAR for the admission to M. Sc. Chemistry 
under Industry Sponsored seats for the year 2020-2021 and 2021-2022 at 

P. S. G. V. P. Mandal' s, SIP Arts, GBP Science & STKVS Commerce 

College, Shahada (Dist. Nandubar)

Your faithfully, 

(MANAGING DIRECPR) 

C:\Usersaa\Desktop\Indstrial Sponcer Letter 2020-21.docx
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Abstract
Alkaline protease of microbial sources is remarkably stable, highly active, and produced conveniently at a large-scale in 
a more cost-effective way. Owing to higher activity and more stability at alkaline pH, the enzyme has attracted significant 
commercial interest in many fields. Although alkaline protease is produced by a large number of microbes; however, the 
search for high yielding novel strains and optimization for getting more yields are always desired. Therefore, the aim of the 
present research work was to search and select high yielding strains and to optimize the physicochemical parameters for 
better yield of alkaline protease. A total of 09 protease positive isolates were obtained from the rhizosphere of various crop 
plants such as peanut (Arachis hypogaea), cotton (Gossypium hirsutum), banana (Musa acuminata) and papaya (Carica 
papaya). Two of these isolates, namely HP_RZ17 and HP_RZ19 produced a copious amount of protease. These isolates 
were later identified as Bacillus cereus HP_RZ17 and Paenibacillus xylanilyticus HP_RZ19. The influence of various phys-
icochemical factors were studied by one variable at a time (OVAT) approach where only one factor was varied keeping other 
factors constant and the results were statistically analyzed using the Student’s t test. The optimized protocol resulted in a 
2.45 and 3.04-fold increase in the production of protease by B. cereus HP_RZ17 and P. xylanilyticus HP_RZ19, respectively.

Keywords Alkaline protease · Bacillus · Paenibacillus · Optimization · 16S rRNA sequencing

Introduction

The alkaline proteases (EC.3.4.21–24.99) have become com-
mercially significant group of microbial enzymes, acquir-
ing about 60% share of the global enzyme market. They are 
widely used in agro-industries as biocontrol agents (BCAs) 
and for plant growth promotion, in pharmaceuticals for drug 
development, in food processing, in detergent industries for 
removing stains and in leather processing, etc. Their demand 
is expected to increase in the upcoming period (Chew et al. 
2019) and this compels the need to produce the enzyme in 

more amounts. Owing to their higher activity, ease in genetic 
modification, availability at large scale, convenience in pro-
cessing and application and safe and cost-effective produc-
tion besides high stability and ability to function over the 
broader pH and temperature range, microbial protease have 
gained more significance than the plant or animal sources 
(Jadhav et al. 2017).

A wide variety of soil microorganisms produce alkaline 
proteases (Jadhav and Sayyed 2016; Jadhav et al. 2017), 
however, the plant growth promoting rhizobacteria (PGPR) 
that produce this enzyme are of major agricultural signifi-
cance due to their role as BCAs (Sayyed et al. 2019; Akin-
rinlola et al. 2018; Shaikh et al. 2018) against phytopatho-
gens like Aspergillus flavus, Aspergillus niger, Aspergillus 
wentii, Alternaria alternata, Byssochlamys fulva, Botrytis 
cinerea (Földes et al. 2000; Tewari et al. 2019). Although 
various strains of Bacillus sp. viz; B. subtilis GB03, B. pumi-
lus GB34, B. thuringiensis BMP123, B. amyloliquefaciens 
FZB24, etc. are in use as PGPR cum BCAs, however, only 
those strains that produce the best amount of protease extra-
cellularly will have significant commercial value. In order 
to get the best yield of enzyme, it is necessary to know and 
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optimize the physicochemical and nutritional factors that 
regulate the production (of enzyme) (Souza et al. 2017; Asha 
and Palaniswamy 2018). This study was aimed to isolate 
high yielding PGPR from the rhizosphere and to optimize 
the protocol for enhanced production of protease by them.

Materials and methods

Sample collection

Rhizospheric soil from various plants such as peanut (Ara-
chis hypogaea), cotton (Gossypium hirsutum), banana (Musa 
acuminata) and papaya (Carica papaya) around Shahada, 
North Maharashtra, India (21°34′04.5″ N 74°32′05.6″ E) 
were used for the isolation of protease producing bacteria. 
Samples were collected from four different corners and cent-
ers of field (of each crop) and were mixed to make a com-
posite sample.

Isolation of bacteria from rhizosphere soil

A 10 g of soil sample from each rhizosphere was transferred 
into each 100 mL of sterile distilled water and shaken at 
120 rpm for 30 min for proper mixing. A 0.1 mL of an ali-
quot  (10−4) was spread on sterile nutrient agar plate and 
incubated at 30 ± 2 °C for 24–48 h (Mukhtar et al. 2019). 
Morphologically different bacterial isolates were purified 
and preserved in 20% (v/v) glycerol with phosphate buffer 
(pH 7.0) until further use.

Screening of protease producing bacteria

For screening of proteolytic activity, each isolate was grown 
on skim milk agar (SMA) containing (g L−1), skim milk 
powder 28, casein enzyme hydrolysate 5.0, yeast extract 2.5, 
dextrose 1.0 and agar 20 at 30 ± 2 °C for 24–48 h. Colonies 
showing zone of protein hydrolysis were selected as protease 
producer isolate (Jani et al. 2016). Extent of protease pro-
duction was determined based on the diameter of the zone 
of protein hydrolysis around the colonies.

Production and quantitative estimation of protease

For the quantitative estimation of protease, isolates showing 
the maximum zone of proteolysis were selected. For this 
purpose all 09 protease positive isolates were separately 
grown in minimum salt medium (MSM) containing (g L−1) 
 KH2PO4 0.2,  MgSO4 0.5, NaCl 0.5,  CaCl2 0.5, peptone 10 
at 30 °C for 48 h at 120 rpm (Saraswathy et al. 2013). After 
incubation, broth cultures were centrifuged at 10,000 rpm 
for 10 min at 4 °C and the cell-free supernatant was assayed 
for alkaline protease activity with casein as a substrate 

(Sevinc and Demirkan 2011). A 1 mL of 0.65% casein pre-
pared in 20 mM phosphate buffer (pH 7) and 1 mL enzyme 
solution was incubated at 37 °C for 10 min. The reaction was 
stopped by adding 5 mL of 110 mM Tri-chloroacetic acid 
(TCA) and the precipitated proteins were separated by cen-
trifugation (10,000 rpm for 10 min). The number of tyros-
ine units liberated was estimated by incubating 1 mL of the 
supernatant in 5 mL of 500 mM  Na2CO3 at 30 °C for 20 min 
followed by the addition of 1 mL Folin–Ciocalteu reagent. 
Absorbance was measured at 660 nm against the reference 
(without enzyme) (Cupp-Enyard 2008). One unit of protease 
activity was defined as the amount of enzyme that liberates 
1 µg tyrosine  mL−1 min−1 from casein (Kim et al. 2016). The 
protein content of the sample was estimated as per Lowry 
et al. (1951) with bovine serum albumin as standard. The 
concentration of protein in the test sample was calculated 
using the following equation: 

where, y—absorbance, m—slope (0.0008), x—concentra-
tion of unknown, b–y-intercept (0.0472).

Optimization of protease production

Influence of incubation period

Incubation period is one of the crucial physical factors in 
bacterial growth and enzyme synthesis as it determines the 
peak period for production and catabolism of any metabo-
lite. In order to know the exact incubation period required 
for  optimum growth and protease production, isolates 
HP_RZ17 and HP_RZ19 were separately grown in MSM at 
30 °C for 96 h at 120 rpm. Samples withdrawn after every 
6 h intervals were subjected for measurment of growth and 
enzyme activity.

Influence of media pH

The pH of the medium regulates growth of organisms and 
their ability to produce metabolites. In order to find the 
optimum pH for good growth and best protease production, 
isolates HP_RZ17 and HP_RZ19 were separately grown in 
MSM prepared with various pH in the range 4.0 to 14.0. The 
pH of MSM was adjusted with 0.1 N HCL and NaOH. Inoc-
ulated media were incubated at 30 °C for 48 h at 120 rpm. 
Following the incubation, growth and protease activity was 
measured.

Influence of incubation temperature

Incubation temperature is yet another parameter that deter-
mines metabolite production. It varies from organism to 

y = mx + b,
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organism and hence needs optimization (for each organ-
ism) (Abusham et al. 2009). In order to know the optimum 
temperature required for maximum bacterial growth and 
production of protease, isolates HP_RZ17 and HP_RZ19 
were separately grown in MSM for 48 at 120 rpm at various 
temperatures in the range from 20 to 50 ± 2 °C. Following 
the incubation, growth and protease activity was measured.

Influence of concentration of inoculum

Production of an enzyme or any metabolite depends on ini-
tial inoculum density. Therefore, it is necessary to decide 
the optimum level of inoculum for maximum production of 
enzyme. In order to determine the optimum level of inocu-
lum lag phase (OD ~ 0.3 at 600 nm), log phase cultures of 
isolates HP_RZ17 and HP_RZ19 were separately inoculated 
in MSM in the range 0.5, 1.0, 1.5 and 2% v/v at 30 °C for 
48 h at 120 rpm. Following the incubation, measurement of 
growth and protease activity was performed.

Influence of carbon source

The source of carbon regulates cell growth of an organism 
and thereby metabolite production. The type of carbon sub-
strate required by organisms varies from organism to organ-
ism and therefore, it is necessary to select the best utilizable 
carbon source for good growth and higher production of 
metabolite. In order to decide the best carbon source for 
good growth and higher production of protease sugars, like 
glucose, fructose, sucrose, lactose, maltose, and dextrose 
were added (1% w/v) in MSM, isolates HP_RZ17 and HP_
RZ19 were separately grown in each sugar at 30 °C for 48 h 
at 120 rpm. Following the incubation, growth and protease 
activity were estimated.

Influence of nitrogen source

Since all the enzymes contain amino groups, type of nitro-
gen substrate plays a vital role in the synthesis of enzymes. 
In order to decide the best nitrogen substrate for cell growth 
and enzyme production, peptone of MSM was replaced 
by casein, tryptone, yeast extract, urea, ammonium nitrate 
 (NH4NO3) and ammonium chloride  (NH4Cl2) (1.0% w/v). 
Isolates HP_RZ17 and HP_RZ19 were separately grown in 
each modified MSM at 30 °C for 48 h at 120 rpm. Following 
the incubation, growth and protease activity were measured.

Protease production in optimized medium

Protease production was carried out in MSM having all 
the optimized parameters. For this purpose, both the iso-
lates were separately grown in MSS at 30 °C for 48 h at 

120 rpm. Following the incubation, growth and protease 
activity were measured.

Identification of isolate by 16S rRNA gene 
sequencing

The genomic DNA of the isolate was separated as per the 
method of Sambrook and Russell (2001). The 16S rRNA 
genes of the isolates were amplified with universal prim-
ers 27F (5′-GAG TTT GATCMTGG CTC AG-3′) and 1525R 
(5′-AAG GAG GTG ATC CAGCC-3′) using Gene Amplifier 
PCR System 9700 (Perkin Elmer, USA). The polymerase 
chain reaction (PCR) was set up with 20–50 ng of DNA. 
The 16S rRNA gene was amplified by following proto-
col—initial denaturation at 94 °C for 5 min, 35 cycles of 
denaturation at 94 °C for 1 min, annealing at 55 °C for 
1 min and extension at 72 °C for 1 min, final extension 
at 72 °C for 7 min with a final hold at 20 °C. The result-
ing PCR products were purified on 1.0% agarose gel and 
sequenced on ABI 3730Xl automated sequencer using 
a ready reaction kit (Perkin Elmer Applied Biosystems 
Division, CA). Amplified sequences were identified from 
NCBI (http://www.ncbi.nlm.nih.gov) and EzTaxon (http://
www.eztax on.org) database and phylogenetic trees were 
constructed by using the neighbor-joining method with the 
help of MEGA5 software (Sonawane et al. 2016).

Statistical analysis

The experimental data mentioned is the mean of three 
replicates. Analysis of resulting data was performed by 
using the Student’s t test and the values of p ≤ 0.05 were 
considered as statistically significant (Parker 1979).

Results

Isolation and screening of protease producing 
microbes

Zone of protein hydrolysis was observed around the colo-
nies of 9 isolates; 5 isolates from peanut (A. hypogaea), 1 
from cotton (G. hirsutum), 2 from banana (M. acuminate) 
and 1 from papaya (C. papaya) rhizospheric soil. The 
maximum zones of protein hydrolysis were observed in 
the case of isolate HP_RZ17 (Supplementary Fig. 1A) and 
HP_RZ19 (Supplementary Fig. 1B). All the isolates exhib-
iting proteolytic activity were evaluated for their ability to 
produce maximum amount of protease (Jani et al. 2016).

Author's personal copy
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Production and quantitative estimation of protease

Among these 9 isolates, HP_RZ17 (49.8 U mL−1) and HP_
RZ19 (34.8 U mL−1) produced higher amounts of protease 
(Table 1), hence these were considered as potent protease 
producers and were selected for further studies.

Optimization of protease production

Influence of incubation period

The incubation period of 48 h appeared as the best suit-
able for the production of protease by isolates HP_RZ17 and 
HP_RZ19 in MSM (Table 2; Fig. 1a, b). In both the isolates, 
protease production started during the beginning of log-
phase (6 h of incubation) and continued up to 48 h. Optimum 
protease activity (46.36 U mL−1 and 52.18 U mL−1) was 
recorded at 48 h of incubation in HP_RZ17 and HP_RZ19. 

Influence of media pH

Both the isolates produced higher amounts of protease at 
alkaline pH. In the case of HP_RZ17, alkaline pH (11.00) 
resulted in higher enzyme yield (87.99 U mL−1) while in 
the case of isolate HP_RZ19, pH 10.00 gave the best pro-
tease yield (73.23 U mL−1) (Table 2). Acidic pH (4.0) 
affected the enzyme yield at this pH isolate HP_RZ17 and 
HP_RZ19 produced minimum protease i.e. 27.57 U mL−1 
and 26.43 U mL−1, respectively.

Influence of incubation temperature

Isolates HP_RZ17 and HP_RZ19 produced an optimum 
amount of protease (36.45 and 50.06 U mL−1) at 30 °C. Incu-
bation temperature below or above 30 °C affected the yield of 
protease (Table 2). A 30 °C incubation temperature was found 
to be the best suitable for the higher production of protease.

Influence of concentration of inoculum

The best inoculum levels for the higher production of 
protease by HP_RZ17 (57.54  U  mL−1) and HP_RZ19 
(63.44 U mL−1) were 1.5% and 0.5% (Table 2). Inocu-
lum levels of 1.0% and 2% resulted in the lowest enzyme 
activity in HP_RZ17 (52.04 U mL−1) and HP_RZ19 and 
(34.48 U mL−1).

Influence of carbon source

Among various carbon sources, fructose appeared as the 
best for higher production of protease by both the isolates. 
Protease production was negatively affected by maltose and 
dextrose (Table 2).

Influence of nitrogen source

In this case, the best suitable nitrogen substrate for isolate 
HP_RZ17 was yeast extract; it yielded a protease activity of 
103.45 U mL−1. While in the case of isolate HP_RZ19, the 
best suitable nitrogen source was casein; as it gave a maxi-
mum protease activity of 92.51 U mL−1 (Table 2).

Protease production in optimized medium

Medium prepared using the above-optimized parameters 
(best selected conditions) resulted in 2.45-fold (144.99%) 
and 3.04-fold (204.6%) increase in protease production by 
HP_RZ17 and HP_RZ19, respectively.

Identification of isolate by 16S rRNA gene 
sequencing

The phylogenetic tree and NCBI blast comparison of isolates 
HP_RZ17 and HP_RZ19 showed 100% and 98.70% iden-
tity with B. cereus (Fig. 2a) and P. xylanilyticus (Fig. 2b). 
The gene sequences of the isolates were submitted to NCBI 
gene bank under the name Bacillus cereus HP_RZ17 and 
Paenibacillus xylanilyticus HP_RZ19 with Genebank acces-
sion number MH235735 and MH235731, respectively. B. 
cereus HP_RZ17 has been deposited in National Center for 
Microbial Resources (NCMR)-NCCS Pune, Maharashtra, 
India under the accession No. MCC4158. Deposition of P. 
xylanilyticus is under process at NCMR.

Discussion

The rhizosphere is a nutrient-rich site and favors the growth 
of various groups of organisms. However, the ability of 
organisms to use various substrates is determined by its 
capacity to produce multiple enzymes (Thakkar and Saraf 

Table 1  Protease activity of isolates (un-optimized)

Colony code Genebank submission Mean enzyme 
activity 
(U mL−1)

HP_RZ11 Brevibacillus brevis HP_RZ11 22.0
HP_RZ12 Brevibacillus brevis HP_RZ12 25.4
HP_RZ13 Brevibacillus brevis HP_RZ13 23.2
HP_RZ14 Brevibacillus brevis HP_RZ14 26.8
HP_RZ15 Bacillus cereus HP_RZ15 29.4
HP_RZ16 Bacillus cereus HP_RZ16 32.5
HP_RZ17 Bacillus cereus HP_RZ17 49.8
HP_RZ18 Bacillus cereus HP_RZ18 31.2
HP_RZ19 Paenibacillus xylanilyticus HP_RZ19 34.8
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2014). A microbe having diverse metabolic potential will 
dominate over the other groups. The ability of isolates B. 
cereus HP_RZ17 and P. xylanilyticus HP_RZ19 to secrete 
protease reflected their metabolic potential of utilizing 
diverse protein substrates. Production of copious amounts 
of protease may be due to the reason that root exudates are 
rich in protein content (Thakkar and Saraf 2014).

The best level of enzyme production at 48 h corresponded 
to the late exponential phase of the growth of both the iso-
lates. Marathe et  al. (2018) have also reported the best 
alkaline protease production in B. subtilis during 48 h of 
incubation. While a decrease in protease production in both 
isolates after 48 h may be due to the change in pH of media 
as a result of enzyme production, depletion of nutrients, and 
due to denaturation of the enzyme (Oumer and Abate 2018).

Production of protease at alkaline pH and mesophilic 
temperature conditions support the alkali nature and sta-
bility of the enzyme. This property makes it useful for the 
application of these isolates in alkaline soil (Contesini et al. 
2018).

Large numbers of Bacillus sp. viz Paenibacillus sp. B2, 
B. amyloliquefaciens CPA-8, B. stratosphericus FW3, B. 
velezensis G341, B. pumilus JUBCH08, B. alvei, and B. 
polymyxa HS-26 isolated from rhizosphere are known to 
secrete protease and are in use as BCAs (Arfaoui et al. 2019; 
El-Sayed et al. 2019; Farzand et al. 2019; Gotor-Vila et al. 
2019; Tewari et al. 2019; Wang et al. 2019).

Chantawannakula et  al. (2002)  have reported higher 
production of protease in B. subtilis strain at 30 °C. Gouda 
(2006) has reported an optimum yield of alkaline protease 
at 30 °C. Anandharaj et al. (2016) have observed a similar 
pattern of alkaline protease production in B. alkalitelluris 
TWI3 and B. clausii. Cui et al. (2015) have reported higher 
yield of alkaline protease at a broad pH range (8.0–11.0) in 
a marine bacterium.

High inoculum concentration with respect to the dis-
solved oxygen in the medium decreases the production of 
the enzyme while low inoculum levels lengthen the dura-
tion of lag phase leading to delay in the production time 
(Limkar et al. 2019). Hui et al. (2019) have claimed that a 

Fig. 1  a Growth kinetics and 
alkaline protease activity of B. 
cereus HP_RZ17 in MSM. Cell 
density and protease activity 
were monitored after every 6 h 
interval. b Growth kinetics and 
alkaline protease activity of 
P. xylanilyticus HP_RZ19 in 
MSM. Cell density and protease 
activity were monitored after 
every 6 h interval
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higher concentration of inoculum supports more cell growth 
and decreases the concentration of ammonia that affects the 
production of the enzyme. Hence, optimization of inocu-
lum concentration is important for better production of the 
enzyme/metabolite.

The types of carbon and nitrogen sources affect the pro-
duction of extracellular enzymes. The physiological mecha-
nisms regulate the enzyme production and catabolite repres-
sion that are channelized by carbon substrates. Patel et al. 
(2018) have reported 1.25-fold increase in alkaline protease 
production in B. cereus AG1 with fructose as a sole source 

of carbon. Reports on the production of alkaline protease by 
Bacillus sp. mention that fructose is one of the significant 
carbon sources required for optimum production of protease 
(Sevinc and Demirkan 2011) as also proven in the present 
study.

Maximum enzyme production in the presence of yeast 
extract is due to the fact that it is a complex nitrogen source 
and provides a complete pool of amino acids required for 
the synthesis of the enzyme (Habicher et al. 2019). Briki 
et al. (2016) and Kim et al. (2016) have reported higher 
production of alkaline protease with yeast extract, casein, 

Fig. 2  a Phylogenetic tree of B. 
cereus HP_RZ17 based on the 
16S rRNA gene sequence drawn 
using the neighbor-joining 
method. b Phylogenetic tree of 
P. xylanilyticus HP_RZ19 based 
on the 16S rRNA gene sequence 
drawn using the neighbor-join-
ing method

Author's personal copy
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and peptone as sole source of nitrogen in Bacillus sp. SB12 
and B. subtilis FBL-1.

The selected isolates B. cereus HP_RZ17 and P. xylanilyt-
icus HP_RZ19 having the ability to produce good amounts 
of protease under diverse physicochemical and nutritional 
conditions and over the wide range of pH and temperature 
may have great demands in various fields and industries and 
were thus deposited in culture collection center.

Conclusion

Alkaline protease is used as an eco-friendly replacement for 
hazardous chemicals that are conventionally used for prote-
olysis. Their increasing demand compels the search for high 
yielding strains that can produce the enzyme under diverse 
conditions. Growth of isolates B. cereus HP_RZ17 and P. 
xylanilyticus HP_RZ19 under mesophilic temperature and 
their capacity to use a wide range of carbon and nitrogen 
substrates indicates their ability to survive under varying 
agro-climatic and nutrient conditions. This suggests their 
possible use as high yielding strains for commercial pro-
duction of alkaline protease and for their applications as 
safe solutions in maintaining environmental sustainability in 
various ways for different industries.
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Abstract
Alkaline protease of microbial sources is remarkably stable, highly active, and produced conveniently at a large-scale in 
a more cost-effective way. Owing to higher activity and more stability at alkaline pH, the enzyme has attracted significant 
commercial interest in many fields. Although alkaline protease is produced by a large number of microbes; however, the 
search for high yielding novel strains and optimization for getting more yields are always desired. Therefore, the aim of the 
present research work was to search and select high yielding strains and to optimize the physicochemical parameters for 
better yield of alkaline protease. A total of 09 protease positive isolates were obtained from the rhizosphere of various crop 
plants such as peanut (Arachis hypogaea), cotton (Gossypium hirsutum), banana (Musa acuminata) and papaya (Carica 
papaya). Two of these isolates, namely HP_RZ17 and HP_RZ19 produced a copious amount of protease. These isolates 
were later identified as Bacillus cereus HP_RZ17 and Paenibacillus xylanilyticus HP_RZ19. The influence of various phys-
icochemical factors were studied by one variable at a time (OVAT) approach where only one factor was varied keeping other 
factors constant and the results were statistically analyzed using the Student’s t test. The optimized protocol resulted in a 
2.45 and 3.04-fold increase in the production of protease by B. cereus HP_RZ17 and P. xylanilyticus HP_RZ19, respectively.

Keywords Alkaline protease · Bacillus · Paenibacillus · Optimization · 16S rRNA sequencing

Introduction

The alkaline proteases (EC.3.4.21–24.99) have become com-
mercially significant group of microbial enzymes, acquir-
ing about 60% share of the global enzyme market. They are 
widely used in agro-industries as biocontrol agents (BCAs) 
and for plant growth promotion, in pharmaceuticals for drug 
development, in food processing, in detergent industries for 
removing stains and in leather processing, etc. Their demand 
is expected to increase in the upcoming period (Chew et al. 
2019) and this compels the need to produce the enzyme in 

more amounts. Owing to their higher activity, ease in genetic 
modification, availability at large scale, convenience in pro-
cessing and application and safe and cost-effective produc-
tion besides high stability and ability to function over the 
broader pH and temperature range, microbial protease have 
gained more significance than the plant or animal sources 
(Jadhav et al. 2017).

A wide variety of soil microorganisms produce alkaline 
proteases (Jadhav and Sayyed 2016; Jadhav et al. 2017), 
however, the plant growth promoting rhizobacteria (PGPR) 
that produce this enzyme are of major agricultural signifi-
cance due to their role as BCAs (Sayyed et al. 2019; Akin-
rinlola et al. 2018; Shaikh et al. 2018) against phytopatho-
gens like Aspergillus flavus, Aspergillus niger, Aspergillus 
wentii, Alternaria alternata, Byssochlamys fulva, Botrytis 
cinerea (Földes et al. 2000; Tewari et al. 2019). Although 
various strains of Bacillus sp. viz; B. subtilis GB03, B. pumi-
lus GB34, B. thuringiensis BMP123, B. amyloliquefaciens 
FZB24, etc. are in use as PGPR cum BCAs, however, only 
those strains that produce the best amount of protease extra-
cellularly will have significant commercial value. In order 
to get the best yield of enzyme, it is necessary to know and 
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optimize the physicochemical and nutritional factors that 
regulate the production (of enzyme) (Souza et al. 2017; Asha 
and Palaniswamy 2018). This study was aimed to isolate 
high yielding PGPR from the rhizosphere and to optimize 
the protocol for enhanced production of protease by them.

Materials and methods

Sample collection

Rhizospheric soil from various plants such as peanut (Ara-
chis hypogaea), cotton (Gossypium hirsutum), banana (Musa 
acuminata) and papaya (Carica papaya) around Shahada, 
North Maharashtra, India (21°34′04.5″ N 74°32′05.6″ E) 
were used for the isolation of protease producing bacteria. 
Samples were collected from four different corners and cent-
ers of field (of each crop) and were mixed to make a com-
posite sample.

Isolation of bacteria from rhizosphere soil

A 10 g of soil sample from each rhizosphere was transferred 
into each 100 mL of sterile distilled water and shaken at 
120 rpm for 30 min for proper mixing. A 0.1 mL of an ali-
quot  (10−4) was spread on sterile nutrient agar plate and 
incubated at 30 ± 2 °C for 24–48 h (Mukhtar et al. 2019). 
Morphologically different bacterial isolates were purified 
and preserved in 20% (v/v) glycerol with phosphate buffer 
(pH 7.0) until further use.

Screening of protease producing bacteria

For screening of proteolytic activity, each isolate was grown 
on skim milk agar (SMA) containing (g L−1), skim milk 
powder 28, casein enzyme hydrolysate 5.0, yeast extract 2.5, 
dextrose 1.0 and agar 20 at 30 ± 2 °C for 24–48 h. Colonies 
showing zone of protein hydrolysis were selected as protease 
producer isolate (Jani et al. 2016). Extent of protease pro-
duction was determined based on the diameter of the zone 
of protein hydrolysis around the colonies.

Production and quantitative estimation of protease

For the quantitative estimation of protease, isolates showing 
the maximum zone of proteolysis were selected. For this 
purpose all 09 protease positive isolates were separately 
grown in minimum salt medium (MSM) containing (g L−1) 
 KH2PO4 0.2,  MgSO4 0.5, NaCl 0.5,  CaCl2 0.5, peptone 10 
at 30 °C for 48 h at 120 rpm (Saraswathy et al. 2013). After 
incubation, broth cultures were centrifuged at 10,000 rpm 
for 10 min at 4 °C and the cell-free supernatant was assayed 
for alkaline protease activity with casein as a substrate 

(Sevinc and Demirkan 2011). A 1 mL of 0.65% casein pre-
pared in 20 mM phosphate buffer (pH 7) and 1 mL enzyme 
solution was incubated at 37 °C for 10 min. The reaction was 
stopped by adding 5 mL of 110 mM Tri-chloroacetic acid 
(TCA) and the precipitated proteins were separated by cen-
trifugation (10,000 rpm for 10 min). The number of tyros-
ine units liberated was estimated by incubating 1 mL of the 
supernatant in 5 mL of 500 mM  Na2CO3 at 30 °C for 20 min 
followed by the addition of 1 mL Folin–Ciocalteu reagent. 
Absorbance was measured at 660 nm against the reference 
(without enzyme) (Cupp-Enyard 2008). One unit of protease 
activity was defined as the amount of enzyme that liberates 
1 µg tyrosine  mL−1 min−1 from casein (Kim et al. 2016). The 
protein content of the sample was estimated as per Lowry 
et al. (1951) with bovine serum albumin as standard. The 
concentration of protein in the test sample was calculated 
using the following equation: 

where, y—absorbance, m—slope (0.0008), x—concentra-
tion of unknown, b–y-intercept (0.0472).

Optimization of protease production

Influence of incubation period

Incubation period is one of the crucial physical factors in 
bacterial growth and enzyme synthesis as it determines the 
peak period for production and catabolism of any metabo-
lite. In order to know the exact incubation period required 
for  optimum growth and protease production, isolates 
HP_RZ17 and HP_RZ19 were separately grown in MSM at 
30 °C for 96 h at 120 rpm. Samples withdrawn after every 
6 h intervals were subjected for measurment of growth and 
enzyme activity.

Influence of media pH

The pH of the medium regulates growth of organisms and 
their ability to produce metabolites. In order to find the 
optimum pH for good growth and best protease production, 
isolates HP_RZ17 and HP_RZ19 were separately grown in 
MSM prepared with various pH in the range 4.0 to 14.0. The 
pH of MSM was adjusted with 0.1 N HCL and NaOH. Inoc-
ulated media were incubated at 30 °C for 48 h at 120 rpm. 
Following the incubation, growth and protease activity was 
measured.

Influence of incubation temperature

Incubation temperature is yet another parameter that deter-
mines metabolite production. It varies from organism to 

y = mx + b,
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organism and hence needs optimization (for each organ-
ism) (Abusham et al. 2009). In order to know the optimum 
temperature required for maximum bacterial growth and 
production of protease, isolates HP_RZ17 and HP_RZ19 
were separately grown in MSM for 48 at 120 rpm at various 
temperatures in the range from 20 to 50 ± 2 °C. Following 
the incubation, growth and protease activity was measured.

Influence of concentration of inoculum

Production of an enzyme or any metabolite depends on ini-
tial inoculum density. Therefore, it is necessary to decide 
the optimum level of inoculum for maximum production of 
enzyme. In order to determine the optimum level of inocu-
lum lag phase (OD ~ 0.3 at 600 nm), log phase cultures of 
isolates HP_RZ17 and HP_RZ19 were separately inoculated 
in MSM in the range 0.5, 1.0, 1.5 and 2% v/v at 30 °C for 
48 h at 120 rpm. Following the incubation, measurement of 
growth and protease activity was performed.

Influence of carbon source

The source of carbon regulates cell growth of an organism 
and thereby metabolite production. The type of carbon sub-
strate required by organisms varies from organism to organ-
ism and therefore, it is necessary to select the best utilizable 
carbon source for good growth and higher production of 
metabolite. In order to decide the best carbon source for 
good growth and higher production of protease sugars, like 
glucose, fructose, sucrose, lactose, maltose, and dextrose 
were added (1% w/v) in MSM, isolates HP_RZ17 and HP_
RZ19 were separately grown in each sugar at 30 °C for 48 h 
at 120 rpm. Following the incubation, growth and protease 
activity were estimated.

Influence of nitrogen source

Since all the enzymes contain amino groups, type of nitro-
gen substrate plays a vital role in the synthesis of enzymes. 
In order to decide the best nitrogen substrate for cell growth 
and enzyme production, peptone of MSM was replaced 
by casein, tryptone, yeast extract, urea, ammonium nitrate 
 (NH4NO3) and ammonium chloride  (NH4Cl2) (1.0% w/v). 
Isolates HP_RZ17 and HP_RZ19 were separately grown in 
each modified MSM at 30 °C for 48 h at 120 rpm. Following 
the incubation, growth and protease activity were measured.

Protease production in optimized medium

Protease production was carried out in MSM having all 
the optimized parameters. For this purpose, both the iso-
lates were separately grown in MSS at 30 °C for 48 h at 

120 rpm. Following the incubation, growth and protease 
activity were measured.

Identification of isolate by 16S rRNA gene 
sequencing

The genomic DNA of the isolate was separated as per the 
method of Sambrook and Russell (2001). The 16S rRNA 
genes of the isolates were amplified with universal prim-
ers 27F (5′-GAG TTT GATCMTGG CTC AG-3′) and 1525R 
(5′-AAG GAG GTG ATC CAGCC-3′) using Gene Amplifier 
PCR System 9700 (Perkin Elmer, USA). The polymerase 
chain reaction (PCR) was set up with 20–50 ng of DNA. 
The 16S rRNA gene was amplified by following proto-
col—initial denaturation at 94 °C for 5 min, 35 cycles of 
denaturation at 94 °C for 1 min, annealing at 55 °C for 
1 min and extension at 72 °C for 1 min, final extension 
at 72 °C for 7 min with a final hold at 20 °C. The result-
ing PCR products were purified on 1.0% agarose gel and 
sequenced on ABI 3730Xl automated sequencer using 
a ready reaction kit (Perkin Elmer Applied Biosystems 
Division, CA). Amplified sequences were identified from 
NCBI (http://www.ncbi.nlm.nih.gov) and EzTaxon (http://
www.eztax on.org) database and phylogenetic trees were 
constructed by using the neighbor-joining method with the 
help of MEGA5 software (Sonawane et al. 2016).

Statistical analysis

The experimental data mentioned is the mean of three 
replicates. Analysis of resulting data was performed by 
using the Student’s t test and the values of p ≤ 0.05 were 
considered as statistically significant (Parker 1979).

Results

Isolation and screening of protease producing 
microbes

Zone of protein hydrolysis was observed around the colo-
nies of 9 isolates; 5 isolates from peanut (A. hypogaea), 1 
from cotton (G. hirsutum), 2 from banana (M. acuminate) 
and 1 from papaya (C. papaya) rhizospheric soil. The 
maximum zones of protein hydrolysis were observed in 
the case of isolate HP_RZ17 (Supplementary Fig. 1A) and 
HP_RZ19 (Supplementary Fig. 1B). All the isolates exhib-
iting proteolytic activity were evaluated for their ability to 
produce maximum amount of protease (Jani et al. 2016).
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Production and quantitative estimation of protease

Among these 9 isolates, HP_RZ17 (49.8 U mL−1) and HP_
RZ19 (34.8 U mL−1) produced higher amounts of protease 
(Table 1), hence these were considered as potent protease 
producers and were selected for further studies.

Optimization of protease production

Influence of incubation period

The incubation period of 48 h appeared as the best suit-
able for the production of protease by isolates HP_RZ17 and 
HP_RZ19 in MSM (Table 2; Fig. 1a, b). In both the isolates, 
protease production started during the beginning of log-
phase (6 h of incubation) and continued up to 48 h. Optimum 
protease activity (46.36 U mL−1 and 52.18 U mL−1) was 
recorded at 48 h of incubation in HP_RZ17 and HP_RZ19. 

Influence of media pH

Both the isolates produced higher amounts of protease at 
alkaline pH. In the case of HP_RZ17, alkaline pH (11.00) 
resulted in higher enzyme yield (87.99 U mL−1) while in 
the case of isolate HP_RZ19, pH 10.00 gave the best pro-
tease yield (73.23 U mL−1) (Table 2). Acidic pH (4.0) 
affected the enzyme yield at this pH isolate HP_RZ17 and 
HP_RZ19 produced minimum protease i.e. 27.57 U mL−1 
and 26.43 U mL−1, respectively.

Influence of incubation temperature

Isolates HP_RZ17 and HP_RZ19 produced an optimum 
amount of protease (36.45 and 50.06 U mL−1) at 30 °C. Incu-
bation temperature below or above 30 °C affected the yield of 
protease (Table 2). A 30 °C incubation temperature was found 
to be the best suitable for the higher production of protease.

Influence of concentration of inoculum

The best inoculum levels for the higher production of 
protease by HP_RZ17 (57.54  U  mL−1) and HP_RZ19 
(63.44 U mL−1) were 1.5% and 0.5% (Table 2). Inocu-
lum levels of 1.0% and 2% resulted in the lowest enzyme 
activity in HP_RZ17 (52.04 U mL−1) and HP_RZ19 and 
(34.48 U mL−1).

Influence of carbon source

Among various carbon sources, fructose appeared as the 
best for higher production of protease by both the isolates. 
Protease production was negatively affected by maltose and 
dextrose (Table 2).

Influence of nitrogen source

In this case, the best suitable nitrogen substrate for isolate 
HP_RZ17 was yeast extract; it yielded a protease activity of 
103.45 U mL−1. While in the case of isolate HP_RZ19, the 
best suitable nitrogen source was casein; as it gave a maxi-
mum protease activity of 92.51 U mL−1 (Table 2).

Protease production in optimized medium

Medium prepared using the above-optimized parameters 
(best selected conditions) resulted in 2.45-fold (144.99%) 
and 3.04-fold (204.6%) increase in protease production by 
HP_RZ17 and HP_RZ19, respectively.

Identification of isolate by 16S rRNA gene 
sequencing

The phylogenetic tree and NCBI blast comparison of isolates 
HP_RZ17 and HP_RZ19 showed 100% and 98.70% iden-
tity with B. cereus (Fig. 2a) and P. xylanilyticus (Fig. 2b). 
The gene sequences of the isolates were submitted to NCBI 
gene bank under the name Bacillus cereus HP_RZ17 and 
Paenibacillus xylanilyticus HP_RZ19 with Genebank acces-
sion number MH235735 and MH235731, respectively. B. 
cereus HP_RZ17 has been deposited in National Center for 
Microbial Resources (NCMR)-NCCS Pune, Maharashtra, 
India under the accession No. MCC4158. Deposition of P. 
xylanilyticus is under process at NCMR.

Discussion

The rhizosphere is a nutrient-rich site and favors the growth 
of various groups of organisms. However, the ability of 
organisms to use various substrates is determined by its 
capacity to produce multiple enzymes (Thakkar and Saraf 

Table 1  Protease activity of isolates (un-optimized)

Colony code Genebank submission Mean enzyme 
activity 
(U mL−1)

HP_RZ11 Brevibacillus brevis HP_RZ11 22.0
HP_RZ12 Brevibacillus brevis HP_RZ12 25.4
HP_RZ13 Brevibacillus brevis HP_RZ13 23.2
HP_RZ14 Brevibacillus brevis HP_RZ14 26.8
HP_RZ15 Bacillus cereus HP_RZ15 29.4
HP_RZ16 Bacillus cereus HP_RZ16 32.5
HP_RZ17 Bacillus cereus HP_RZ17 49.8
HP_RZ18 Bacillus cereus HP_RZ18 31.2
HP_RZ19 Paenibacillus xylanilyticus HP_RZ19 34.8
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2014). A microbe having diverse metabolic potential will 
dominate over the other groups. The ability of isolates B. 
cereus HP_RZ17 and P. xylanilyticus HP_RZ19 to secrete 
protease reflected their metabolic potential of utilizing 
diverse protein substrates. Production of copious amounts 
of protease may be due to the reason that root exudates are 
rich in protein content (Thakkar and Saraf 2014).

The best level of enzyme production at 48 h corresponded 
to the late exponential phase of the growth of both the iso-
lates. Marathe et  al. (2018) have also reported the best 
alkaline protease production in B. subtilis during 48 h of 
incubation. While a decrease in protease production in both 
isolates after 48 h may be due to the change in pH of media 
as a result of enzyme production, depletion of nutrients, and 
due to denaturation of the enzyme (Oumer and Abate 2018).

Production of protease at alkaline pH and mesophilic 
temperature conditions support the alkali nature and sta-
bility of the enzyme. This property makes it useful for the 
application of these isolates in alkaline soil (Contesini et al. 
2018).

Large numbers of Bacillus sp. viz Paenibacillus sp. B2, 
B. amyloliquefaciens CPA-8, B. stratosphericus FW3, B. 
velezensis G341, B. pumilus JUBCH08, B. alvei, and B. 
polymyxa HS-26 isolated from rhizosphere are known to 
secrete protease and are in use as BCAs (Arfaoui et al. 2019; 
El-Sayed et al. 2019; Farzand et al. 2019; Gotor-Vila et al. 
2019; Tewari et al. 2019; Wang et al. 2019).

Chantawannakula et  al. (2002)  have reported higher 
production of protease in B. subtilis strain at 30 °C. Gouda 
(2006) has reported an optimum yield of alkaline protease 
at 30 °C. Anandharaj et al. (2016) have observed a similar 
pattern of alkaline protease production in B. alkalitelluris 
TWI3 and B. clausii. Cui et al. (2015) have reported higher 
yield of alkaline protease at a broad pH range (8.0–11.0) in 
a marine bacterium.

High inoculum concentration with respect to the dis-
solved oxygen in the medium decreases the production of 
the enzyme while low inoculum levels lengthen the dura-
tion of lag phase leading to delay in the production time 
(Limkar et al. 2019). Hui et al. (2019) have claimed that a 

Fig. 1  a Growth kinetics and 
alkaline protease activity of B. 
cereus HP_RZ17 in MSM. Cell 
density and protease activity 
were monitored after every 6 h 
interval. b Growth kinetics and 
alkaline protease activity of 
P. xylanilyticus HP_RZ19 in 
MSM. Cell density and protease 
activity were monitored after 
every 6 h interval
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higher concentration of inoculum supports more cell growth 
and decreases the concentration of ammonia that affects the 
production of the enzyme. Hence, optimization of inocu-
lum concentration is important for better production of the 
enzyme/metabolite.

The types of carbon and nitrogen sources affect the pro-
duction of extracellular enzymes. The physiological mecha-
nisms regulate the enzyme production and catabolite repres-
sion that are channelized by carbon substrates. Patel et al. 
(2018) have reported 1.25-fold increase in alkaline protease 
production in B. cereus AG1 with fructose as a sole source 

of carbon. Reports on the production of alkaline protease by 
Bacillus sp. mention that fructose is one of the significant 
carbon sources required for optimum production of protease 
(Sevinc and Demirkan 2011) as also proven in the present 
study.

Maximum enzyme production in the presence of yeast 
extract is due to the fact that it is a complex nitrogen source 
and provides a complete pool of amino acids required for 
the synthesis of the enzyme (Habicher et al. 2019). Briki 
et al. (2016) and Kim et al. (2016) have reported higher 
production of alkaline protease with yeast extract, casein, 

Fig. 2  a Phylogenetic tree of B. 
cereus HP_RZ17 based on the 
16S rRNA gene sequence drawn 
using the neighbor-joining 
method. b Phylogenetic tree of 
P. xylanilyticus HP_RZ19 based 
on the 16S rRNA gene sequence 
drawn using the neighbor-join-
ing method
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and peptone as sole source of nitrogen in Bacillus sp. SB12 
and B. subtilis FBL-1.

The selected isolates B. cereus HP_RZ17 and P. xylanilyt-
icus HP_RZ19 having the ability to produce good amounts 
of protease under diverse physicochemical and nutritional 
conditions and over the wide range of pH and temperature 
may have great demands in various fields and industries and 
were thus deposited in culture collection center.

Conclusion

Alkaline protease is used as an eco-friendly replacement for 
hazardous chemicals that are conventionally used for prote-
olysis. Their increasing demand compels the search for high 
yielding strains that can produce the enzyme under diverse 
conditions. Growth of isolates B. cereus HP_RZ17 and P. 
xylanilyticus HP_RZ19 under mesophilic temperature and 
their capacity to use a wide range of carbon and nitrogen 
substrates indicates their ability to survive under varying 
agro-climatic and nutrient conditions. This suggests their 
possible use as high yielding strains for commercial pro-
duction of alkaline protease and for their applications as 
safe solutions in maintaining environmental sustainability in 
various ways for different industries.
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Abstract: Gradual depletion in soil nutrients has affected soil fertility, soil nutrients, and the activities
of soil enzymes. The applications of multifarious rhizobacteria can help to overcome these issues,
however, the effect of co-inoculation of plant-growth promoting rhizobacteria (PGPR) and biochar on
growth andnutrient levelsin soybean and on the level of soil nutrients and enzymes needs in-depth
study. The present study aimed to evaluate the effect of co-inoculation of multifarious Bradyrhizobium
japonicum USDA 110 and Pseudomonas putida TSAU1 and different levels (1 and 3%) of biochar on
growth parameters and nutrient levelsin soybean and on the level of soil nutrients and enzymes.
Effect of co-inoculation of rhizobacteria and biochar (1 and 3%) on the plant growth parameters and
soil biochemicals were studied in pot assay experiments under greenhouse conditions. Both produced
good amounts of indole-acetic acid; (22 and 16 µg mL−1), siderophores (79 and 87%SU), and phosphate
solubilization (0.89 and 1.02 99 g mL−1). Co-inoculation of B. japonicum with P. putida and 3% biochar
significantly improved the growth and nutrient content ofsoybean and the level of nutrients and
enzymes in the soil, thus making the soil more fertile to support crop yield. The results of this research
provide the basis of sustainable and chemical-free farming for improved yields and nutrients in
soybean and improvement in soil biochemical properties.

Keywords: biochar; Bradyrhizobium japonicum; Pseudomonas putida; plant growth; plant nutrients; soil
enzymes; soil nutrients; soybean
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1. Introduction

The global climate scenario is experiencing a drastic depletion of soil nutrients due to various
anthropogenic activities, burning of fossil fuel, and excess use of agrochemicals [1]. Applications of
plant-growth promoting rhizobacteria (PGPR) and biochar have been advocated as an effective, cheap,
and sustainable approach for the replenishment of crop health, crop nutrients, and soil nutrients and
enzymes and for improving and sustaining soil fertility [2]. Furthermore, these amendments have
a positive impact on the growth [3], development, and yield of several crops [4,5]. Various reports
claimed that the application of plant growth-promoting rhizobacteria (PGPR) and biochar improves
plant growth, plant nutrients, and physicochemical properties of soil [6–8]. Moreover, such applications
of biochar also keep a check onatmospheric CO2 levels [9] and, thus, contribute todecrease global
warming effects [10], while the use of PGPR to increase soil fertility and plant nutrients will help to
reduce the doses of agrochemicals in the field [11].

A wide variety of symbiotic bacteria, such as Rhizobium sp. and B. japonicum, etc., have been
reported to promote seed germination, the growth of root and shoot, andthe level of nutrients in soybean
and also improve soil biochemical properties [4,5].Rhizobia-legumes symbiosis plays a vital role in
increasing crop yields, reducing the use of inorganic nitrogen fertilizers and improving soil fertility [12].
Rhizobial species are commonly used as inoculants in various parts of the world for improving the
yield of legumes. Co-inoculation with multifarious Bradyrhizobium sp. and Pseudomonas sp. improves
plant growth, plant, and soil nutrients and enzymes through the production of siderophores [13],
phytohormones [14], enzymes [15], exopolysaccharide [16], stress tolerance [17], and phosphate
solubilization [18–23], etc. Thus, several studies reported increases in nodules number, nodule weight,
nitrogen fixed, plant growth, and yield of legumes due to co-inoculation with plant growth promoting
Bradyrhizobium sp. and Pseudomonas sp. [12–14], while the combination of biochar with PGPR further
increases root length, shoot length, nodule per plant, seed number, and yield of crops [5].

The activity of PGPR bioinoculants helps in improving the level of extracellular soil enzymes
that facilitates the decomposition of soil organic matter and ensures the availability of nutrients in the
soil [15]. Among the soil enzymes, proteases and acid and alkaline phosphomonoesterase are the major
enzymes that mediate the hydrolysis of the protein and phosphate (P) into bioavailable amino acids,
organic nitrogen, and soluble P [16]. However, the activities of these enzymes are governed by many
factors, such as soil properties, soil organic matter level, and the presence of organic compounds [24].
We hypothesized that co-inoculation with B. japonicum+P. putida and biochar would facilitate the
beneficial effects on soybean plant growth, plant nutrients, and soil nutrients and enzymes.

The present study was aimed at evaluating the effects of co-inoculation of multiple plant
growth-promoting traits positive in Bradyrhizobium japonicum USDA 110 and Pseudomonas putida TSAU1
and different levels (1 and 3%) of biochar on seed germination, growth parameters, and nutrient levels
in soybean and the level of nutrients and enzymes in soil. The outcome of this study may provide a
better way of increasing soil fertility and increasing the growth and yield of soybean. This approach
has multiple dimensions; as utilization of biochar is not only a cheaper option but will also help
in solving the management issues of biochar, it is expected to minimize the doses of agrochemicals
and produce chemical-free food. The consortium effect of PGPR and application of biochar provide
excellent benefits to the farmers as theyincur less investment and yield more crop productivity, and
this organically grown crop has more demand with a good selling price.

2. Materials and Methods

2.1. Bacterial Culture, Soybean, and Biochar

B. japonicum USDA 110 and P. putida TSAU1 strains were collected from the culture collection
of the Department of Microbiology and Biotechnology, National University of Uzbekistan, Tashkent,
Uzbekistan. Soybean (Glycine max L. Merr.) seeds were obtained from Leibniz Centre for Agricultural
Landscape Research (ZALF), Müncheberg, Germany.
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The maize biochar (MBC) was collected from the Leibniz-Institute for Agriculture Engineering
and Bioeconomy (ATB), Potsdam, Germany. Pyrolysis of MBC was carried out at 600 ◦C for 30 min
and the chemical compositions of MBC were analyzed according to the method of Reibe et al. [25].

2.2. Screening for the Production of PGP Metabolites

B. japonicum USDA 110 and P. putida TSAU1 strains were screened for phosphate (P) solubilization
on Pikovoskaya’s agar and in Pikovoskaya’s broth [26] for the production of indole-3-acetic acid
(IAA)according to the method of Brick et al. [27], for production and estimation of siderophore
according to the method of Patel et al. [28] and Payne [29], and the production and estimation of
aminocyclopropane-1-carboxylate deaminase (ACCD) activity according to the method of Penrose
and Glick [30]. The ACCD activity was measured as the amount of α-keto-butyrate produced per mg
protein per h.

2.3. Surface Sterilization, Germination, and Bacterization of Seeds

Soybean seeds were sorted to eliminate broken, small, infected seeds and sterilized with 10%
sodium hypochlorite solution for 5 min and washed three times with sterile, distilled water. Seeds
were germinated in 85 mm × 15 mm tight-fitting plastic Petri dishes with 5 mL of water. B. japonicum
USDA 110 and P. putida TSAU 1 broth rich in PGP metabolites were used for the inoculation of
germinated seeds. Germinated seeds were first placed with sterile forceps into bacterial suspension
(5 × 106 CFU g−1) for 10 min before planting, were air-dried, and then planted in plastic pots containing
400 g sandy loamy soil.

2.4. Experimental Design

The effect of rhizobacteria on the growth of soybean was studied in pot experiments in a greenhouse
at ZALF, Müncheberg, Germany during July 2015. All the experiments were carried out in a randomized
block design (RBD) with three replications. Experimental treatments included un-inoculated control
(soil without biochar and soil with two levels of biochar (1 and 3%)), inoculation with B. japonicum
USDA 110 (soil without biochar and soil with two levels of biochar (1 and 3%)), and co-inoculation
with B. japonicum USDA 110 and P. putida TSAU 1 strains (soil without biochar and soil with two levels
of biochar (1 and 3%)). The plants were grown in greenhouse conditions at 24 ◦C during the day and
16 ◦C at night for 30 days.

2.5. Measurement of Plant Growth Parameters and Plant Nutrients

Plants harvested after 30 days were subjected to the measurement of seed germination rate,
root length, shoot length, root dry weight, shoot dry weight, and the number of nodules per plant
of soybean. Plant nutrients, such as nitrogen (N), phosphorus (P), potassium (K), magnesium (Mg),
sodium (Na), and calcium (Ca) were estimated from crushed plant tissue with an inductively coupled
plasma optical emission spectrometer (ICP-OES; iCAP 6300 Duo, Thermo Fischer Scientific Inc.,
Waltham, MA, USA) via Mehlich-3 extraction [30]. The nitrogen and phosphorus contents of root
and shoot were determined from dried powdered biomass. For nitrogen estimation, 1 g of plant
biomass was digested with 10 mL concentrated H2SO4 and 5 g catalyst mixture in the digestion tube.
The mixture was allowed to cool and then processed for distillation. The distillate was collected and
titrated with H2SO4 blank (without leaf). Total nitrogen was calculated from the blank and sample titer
reading [31]. For the estimation of P content, plant P was extracted with 0.5 N NaHCO3 (pH8.5)and
treated with ascorbic acid in an acidic medium [32]. The intensity of blue color produced was measured
and the amount of P was calculated from the standard curve of P. For the estimation of potassium
content of plant biomass, 25 mL of ammonium acetate solution was added in 5 g of the biomass sample,
the content was shaken for 5 min and filtered, and the amount of K from the filtrate was measured [33].
For the estimation of Na, Mg, and Ca, 1 g of plant extract was mixed with 80 mL of 0.5 N HC1 for
5 min at 25 ◦C followed by measurement of concentrations of these elements in the filtrate [34].
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2.6. Analysis of Soil Nutrient and Soil Enzymes

The rootsoil (10 g) of experimental pots was air-dried soil, shaken with 100 mL ammonium acetate
(0.5 M) for 30 min to effectively displace the available nutrients, and adhered to soil minerals. The soil
organic carbon (SOC), nitrogen (N), phosphate (P), and potassium (K) content of soil were determined
by the dry combustion method according to the method of Sims [35] and Nelson and Sommers [36]
using a CNS analyzer (TruSpec, Leco Corp., St. Joseph, MI, USA). For this purpose, 10 mL of 1 N
K2Cr2O7 and 20 mL of concentrated H2SO4was added in 1g soil, mixed thoroughly and diluted with
200 mL of distilled water followed by the addition of 10 mL each of H3PO4 and sodium fluoride. The
resulting solution was used for the elemental analysis. Blank (without soil) served as control. Soil
Organic Carbon (SOC) of soil sample was calculated with the help of blank and sample titer reading.

The acid and alkaline phosphomonoesterase activities were assayed according to the method of
Tabatabai and Bremner [37].Moist soil (0.5 g) was placed in a 15 mL vial, and 2 mL of modified universal
buffer (MUB) (pH 6.5 for the acid phosphatase assay or pH 11 for the alkaline phosphatase assay) and
0.5 mL of p-nitrophenyl phosphate substrate solution (0.05 M) were added to the vial, sequentially.
The assay and control batches were replicated 3 times. The concentration of p-nitrophenol (p-NP)
produced in the assays of acid and alkaline phosphomonoesterase activities were calculated from a
p-NP calibration curve after subtracting the absorbance of the control at 400 nm. Protease activity was
assayed according to the method of Ladd and Butler [38]. For this, 0.5 g of soil was weighed into a
glass vial, and 2.5 mL of phosphate buffer (0.2 M, pH of 7.0) and 0.5 mL of N-benzoyl-L-arginine amide
(BAA) substrate solution (0.03 M) were added. The ammonium released was calculated by relating the
measured absorbance at 690 nm.

2.7. Statistical Analyses

All the experiments were performed in three replicates and the average of triplicate was considered.
Experimental data were analyzed with the StatView Software (SAS Institute, Cary, NC, USA, 1998)
using ANOVA. The significance of the effect of treatment was determined by the magnitude of the
p-value (p < 0.05 < 0.001).

3. Results

3.1. Analysis of Maize Biochar

Analysis of pyrolyzed maize biochar contained (g%) dry weight: 92.85, ash: 18.42, total C: 75.16,
N: 1.65, P: 5.26, and K: 31.12 with a pH of 9.89 and electrical conductivity of 3.08.

3.2. Screening for the Production of PGP Metabolites

Both the cultures under study produced a wide variety of PGP traits. B. japonicum USDA 110 and
P. putida TSAU1 produced 22 and 16 µg mL−1 of IAA, 79 and 87% siderophore, and 0.89 and 1.02 99 g
mL−1 phosphate solubilization, respectively.

3.3. Measurement of Plant Growth Parameters and Plant Nutrients

The effect of rhizobacteria and biochar levels indicated a significant improvement in the seed
germination rate and growth of the soybean plant treated with biochar and rhizobacteria over the
control plant (without biochar treatment). The addition of different levels of biochar, inoculation of
B. japonicum USDA 110, and P. putida strain TSAU 1 with biochar and without biocharshowed variable
increases in the growth parameters. Addition of 3% biochar alone enhanced the seed germination
by 15%, root length by 20% (Figure 1a), shoot length by 41% (Figure 1a), root dry weight by 22%
(Figure 1b), and shoot dry weight by 13% (Figure 1b), as compared to the control plant (without biochar).
Individual addition of B. japonicum USDA 110 and P. putida strains TSAU 1 with varying levels of
biochar (1–3%) and without biochar also promoted the growth of the plant. However, a co-inoculation
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with B. japonicum USDA 110 and P. putida strains TSAU 1 with 3% biochar resulted in significant
increasesin seed germination and plant growth attributes. Increases in seed germination by 20%, root
length by 76% (Figure 1a), shoot length by 41% (Figure 1a), root dry weight by 56% (Figure 1b), shoot
dry weight by 59% (Figure 1b), and number of nodules per plant by 57% (Figure 1c) were recorded
over the control plant treated with 3% biochar alone.
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Figure 1. Effect of rhizobacteria and biochar concentrations on (a) root length [cm] and shoot length
[cm], (b) dry weight of the root [g] and dry weight of the shoot [g], and (c) number of nodules.
Plant growth parameters were measured after 30 days of growth of plant growth under greenhouse
conditions.* = values significant at p 0.01.

Analysis of nutrients in a soybean plant (before sowing and after harvesting) revealedthat
treatments with 1 and 3% biochar improved the content of total N, P, K, Mg, Na, and Ca in the plant.
The inoculation of B. japonicum USDA 110 alone (0% biochar) increased N content by 36%, P content by
8.3%, K content by 5.6%, Mg content by 4.8%, Na content by 30%, and Ca content by 2.88%. However,
the co-inoculation of B. japonicum USDA 110 and P.putida TSAU1 with 3% biochar showed a significant
improvement in N content by 62.85%, P content by 7.42, K content by 76.85%, Mg content by 5.14%, Na
content by 20%, and Ca content by 28%, as compared to the control (without biochar) (Table 1).
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Table 1. Effect of rhizobacteria and biochar levels on plant nutrients.

Biochar Application Treatments N (%) P (%) K (%) Mg (%) Na (%) Ca (%)

0%

Control 1.75 + 0.01 0.24 + 0.01 1.40 + 0.04 0.39 + 0.10 0.02 + 0.00 0.82 + 0.03

TSAU1 2.00 + 0.02 * 0.25 + 0.04 1.41 + 0.02 0.43 + 0.02 0.06 + 0.01 * 0.91 + 0.03

USDA 110 2.39 + 0.02 * 0.26 + 0.04 1.49 + 0.02 0.47 + 0.02 0.08 + 0.01 * 1.07 + 0.03

USDA110+TSAU1 2.60 + 0.02 * 0.27 + 0.02 2.09 + 0.15 * 0.62 + 0.01 * 0.09 + 0.01 * 1.17 + 0.01 *

1%

Control 1.77 + 0.02 0.27 + 0.03 2.33 + 0.02 0.66 + 0.02 0.03 + 0.01 0.95 + 0.03

USDA 110 2.51 + 0.02 * 0.28 + 0.02 2.52 + 0.04 0.52 + 0.02 0.07 + 0.01 * 1.25 + 0.03

USDA+TSAU 1 2.64 + 0.02 * 0.32 + 0.02 2.33 + 0.03 0.68 + 0.02 0.13 + 0.04 * 1.21 + 0.02

3%

Control 1.91 + 0.02 0.28 + 0.01 2.41 + 0.02 0.64 + 0.02 0.03 + 0.03 1.09 + 0.02

USDA 110 2.27 + 0.01 0.37 + 0.01 3.64 * + 0.01 0.48 + 0.01 0.02 + 0.01 0.99 + 0.01

USDA+TSAU1 2.85 * + 0.01 0.35 + 0.01 * 3.72 * + 0.01 0.39 + 0.01 0.03 + 0.01 1.04 + 0.01

Values are the average of three replicates ± values are standard deviations. Plant nutrient contents were measured after 30 days of growth of plant under greenhouse conditions. * = values
significant at p 0.01.
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3.4. Estimation of Soil Nutrient Content and Soil Enzymes

Analysis of soil nutrient content revealed that the inoculation of soybean with B. japonicum
USDA 110 alone (3% biochar) increased N content by 73%, P content by 173%, and K content by 17%,
as compared to the control of 3% biochar. B. japonicum USDA 110 alone (3% biochar) significantly
enhanced the N content by 98% and K content by 117%, as compared to the control without biochar
(Table 2).

Table 2. Effect of rhizobacteria and biochar levels on soil nutrients.

Biochar Application Treatments SOC (%) Total N (%) P (mg) K (mg)

0%

Control 21.09 ± 0.01 0.080 ± 0.01 4.29 ± 0.03 2.95 ± 0.02

TSAU1 23.06 ± 0.01 0.082 ± 0.01 4.43 ± 0.03 3.05 ± 0.02

USDA 110 27.08 ± 0.01 0.083 ± 0.01 4.60 ± 0.02 * 3.27 ± 0.03 *

USDA+TSAU1 29.04 ± 0.02 * 0.094 ± 0.8 * 4.88 ± 0.02 * 5.58 ± 0.03 *

1%

Control 25.09 ± 0.01 0.091 ± 0.01 4.22 ± 0.03 4.83 ± 0.02

USDA 110 29.06 ± 0.01 0.101 ± 0.02 * 6.14 ± 0.01 * 5.44 ± 0.01 *

USDA+TSAU1 32.07 ± 0.8 * 0.164 ± 0.03 * 16.67 ± 0.05 * 5.68 ± 0.02 *

3%

Control 25.09 ± 0.01 0.094 ± 0.01 6.02 ± 0.01 5.35 ± 0.03

USDA 110 33.05 ± 0.01 0.163 ± 0.01 * 16.47 ± 0.01 * 6.30 ± 0.01 *

USDA+TSAU1 41.08 ± 0.01 * 0.170 ± 0.01 * 18.33 ± 0.01 * 8.49 ± 0.01 *

Values are the average of three replicates. ± values are standard deviations. * = values significant at p 0.01.
Soil nutrient contents were measured after 30 days of growth of plant under greenhouse conditions.

The lowest level of these elements was evident in the soil without biochar treatment. The highest
values of SOC, N, P, and K were observed in soil amended with 3% biochar and co-inoculation
with B. japonicum USDA 110 and P. putida TSAU1 vis-à-vis the lowest value found in soil with B.
japonicum USDA 110 and P. putida TSAU1 alone or in combination but without biochar and soil with
no bioinoculants and no biochar treatments (Table 2).

Co-inoculation of soybean with of B. japonicum USDA 110 and P. Putida TSAU 1 strains enhanced
nutrient contents of soil compared to all other treatments. The combination with B. japonicum USDA
110 and P. putida TSAU 1 (3% biochar) significantly increased N content by 80%, P content by 204%, and
K content by 58% compared to the control of 3% biochar. When co-inoculated with B. japonicum USDA
110 and P. putida TSAU 1 (3% biochar)the N content rose by 11% and K content by 35% compared to
variants inoculated with B. japonicum USDA 110 alone.

The addition of biochar to soil increased the activity of soil protease and acid and alkaline
phosphomonoesterase. Substantial increases of 25.05%, 21.02%, and 23.02% in the activities of protease
and acid and alkaline phosphomonoesterase, respectively, were evident due to the co-inoculation of
B. japonicum USDA 110 and P. Putida TSAU1 (0% biochar). A combination of this treatment with 1%
biochar further improved the activities of these enzymes. However, the activities of these enzymes were
significantly improved due to the co-inoculation of B. japonicum USDA 110 and P. Putida TSAU 1 with
3% biochar. 2-fold, 1.52-fold, and 1.25-fold increases in the activities of protease and acid and alkaline
phosphomonoesterase, respectively, were evident due to co-inoculation with two bioinoculants and
3% biochar (Table 3).
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Table 3. Effect of rhizobacteria and biochar levels on soil enzymes.

Biochar Application Treatments Protease Activity
(µg NH4

+-N g−1h−1)
Acid Phosphomonoesterase

Activity (µg pNPg−1h−1)
Alkaline Phosphomonoesterase

Activity (µg pNPg−1r−1)

0%

Control 19.2 ± 0.05 650.3 ± 30.1 300.1 ± 16.3

TSUA1 20.1 ± 0.05 697.1 ± 20.1 317.1 ± 12.3

USDA 110 23.5 ± 0.10 703.3 ± 34.5 365.6 ± 18.1

USDA+TSAU 1 25.8 ± 0.19 * 780.6 ± 38.8 * 380.2 ± 20.4 *

1%

Control 21.4 ± 0.07 766.3 ± 35.7 370.5 ± 19.5

USDA 110 25.8 ± 0.20 * 820.9 ± 45.3 * 425.3 ± 21.6 *

USDA+TSAU 1 27.7 ± 0.18 * 940.6 ± 43.2 * 482.2 ± 20.8 *

3%

Control 24.3 ± 0.09 810.3 ± 37.6 420.6 ± 19.5

USDA 110 28.5 ± 0.11 * 911.8 ± 46.3 * 483.5 ± 21.2 *

USDA+TSAU 1 30.8 ± 0.15 * 1020.4 ± 48.6 * 535.7 ± 25.2 *

Values are the average of three replicates. ± values are standard deviations. * = values significant at p 0.01. Soil enzyme levels were measured after 30 days of inoculation of PGPR
and biochar.
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4. Discussion

4.1. Screening for the Production of PGP Metabolites

PGPR is known to produce a wide variety of plant-beneficial metabolites that help in plant nutrition
and the overall vigor of the plant [39–42]. Production of IAA, siderophore, and P solubilization have
been reported in various species of Bradyrhizobium, including B. japonicum [42–45] and P. putida [46,47].
Sayyed et al. [48] reported the production of siderophores from P. fluorescence NCIM5096 isolated
from the groundnut field rhizosphere. Shaikh et al. [49] reported the production of siderophore from
P. aeruginosa isolated from the banana field rhizosphere. Pandya et al. [50] reported the production
of siderophore and phytohormones, such as IAA and gibberellins in Pseudomonas sp. Rhizobium sp.,
and Azotobacter sp. isolated from the sugarcane field rhizosphere. Theyobserved higher yields of
phytohormones in Pseudomonas sp., as compared to the other isolates. Wani et al. [40] reported the
production of siderophore in soil bacterium P. aeruginosa RZS9. They claimed a further increase in
siderophore yield following the optimization of the process by a statistical approach. Jabborova et
al. [14] reported the production of siderophore, IAA, and enzymes, such as protease, cellulose, lipase,
P solubilization, and antifungal activity in nine endophytic PGPR strains. Sayyed et al. [51] reported
the production of copious amounts of siderophore in P. fluorescence NCIM 5096 and P. putida NCIM2847.

4.2. Measurement of Plant Growth Parameters and Plant Nutrients

An increase in seed germination is due to the phytohormone production, while plant growth
promotion during the symbiotic association is due to the nitrogen and other nutrients supplied by the
bacterial symbiont. Sayyed et al. [48] reported plant growth-promoting effects of siderophore producing
P. fluorescence NCIM5096 in wheat and groundnut. Wani et al. [40] reported the plant growth-promoting
effects and antifungal-activities production of siderophore producing P. aeruginosa. Pandya et al. [50]
reported that the inoculation of siderophore and phytohormone producing Pseudomonas sp., Rhizobium
sp., and Azotobacter sp. promoted growth in wheat. Jabborova et al. [14] found that inoculation
of siderophore, IAA, and enzymes producing P-solubilizing endophytic PGPR strains promoted
the growth of medicinal plants. Sayyed et al. [13] observed growth promotion in wheat due to the
inoculation of siderophore-producing P. fluorescence NCIM 5096 and P.putida NCIM2847.

Masciarelli et al. [45] reported a significant increase in the number of root nodules in soybean due to
inoculation with B. japonicum. Egamberdieva et al. [23] reported the synergistic effect of co-inoculation
of B. japonicum and P. putida to be more effective in increasing nodulation in soybean.Several researchers
reported that biochar increased plant growth, nodule number, and yield in different crops [3,5,47].
Pandit et al. [7] claimed that the application of 3% biochar promoted the growth of maize. Uzoma
et al. [52] recorded a significant increase in the productivity of biocharrized maize, as compared to
a control under sandy soil conditions. Increased growth, more nodulation, and improved yield of
soybean after the application of biochar were also reported by Iijima et al. [53].

The addition of organically rich biochar and inoculation with PGPR plays a vital role in increasing
the soil microbial activity that provides more nutrition to the plant [54]. Egamberdieva et al. [55]
reported significant (p < 0.05) increases in N, P, K, and Mg contents in chickpea plants treated with
Mesorhizobium ciceri and biochar. It has been reported that the biochar amendment improves the
water-holding capacity of soil [56], which increases the availability of minerals and nutrients [55]. Shen
et al. [57] reported the positive effect of biochar amendment on the plant uptake of plant nutrients.
Prendergast et al. [58] claimed that the addition of biochar can induce changes in nutrient availability
and may provide additional N, P, K, Mg, Na, Ca. Shen et al. [57] observed an increase in P uptake in
plants due to the application of biochar. Egamberdieva et al. [55] observed a significant increase in
K content in chickpea roots and shoots treated with M. ciceri and biochar. Wang et al. [59] observed
similar results and claimed an increasing level of K and Mg uptake in soybean due to the addition of
bamboo biochar. Ma et al. [60] reported a positive effect of co-inoculation of B. japonicum and biochar
on N and other nutrient contents in soybean root and shoot biomass. An increase in N content may be
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due to the positive impact of biochar on the nodule number that contributes more N to the shoot and
root biomass.

4.3. Estimation of Soil Nutrients and Soil Enzymes

Since biochar is an organically rich amendment, its addition is expected to increase the level of soil
nutrients. Egamberdievaet al. [55] reported a two-fold rise in SOC, N, P, K, and Mg concentrations in
soil amended with biochar, and a three-fold increase in these nutrients in the soil treated with biochar
and inoculation with M. ciceri. Similar results were reported by Wang et al. [61]. An increase in the
soil’s organic carbon and other nutrients can also be correlated with increased mineralization due
to increased enzyme activity. A linear relationship between soil nutrients and the activities of soil
enzymes involved in mineralization has been proposed by Ouyang et al. [62]. Fall et al. [63] reported
significant (p < 0.05) increases in SOC, available N, soluble P, and total nitrogen upon the application
of biochar at a higher rate (12 t ha−1). They also recorded an increase in rice rhizospheric carboxylate
secretions. Głodowska et al. [6] suggested a combination of biochar and B. japonicum strain 532 C,
which significantly increased the number of nodules and the growth of soybean. The combination
with biochar and B. japonicum resulted in enhanced nodulation, nodule biomass, and shoot biomass of
soybean [63]. Numerous studies have shown that biocharapplication increases the nutrient contents of
plants and soil and improves soil fertility [7,62–64]. Egamberdieva et al. [55] found that inoculation of
B. japonicum USDA 110 halophilic P. putida TSAU1 promoted growth, protein content, nitrogen, and
phosphorus uptake and improved the root-system architecture of soybean. Their results indicated
that the synergistic effect of co-inoculation of these two strains significantly improved plant growth,
nitrogen, phosphorus contents, and contents of soluble leaf proteins as compared with the inoculation
with B. japonicum USDA 110 alone or the control.

Masciarelli et al. [45] found that co-inoculation of soybean plants with B. Amyloliquefaciens
subsp. Plantarum and B. japonicum showed significant improvement in plant growth parameters and
nodulation. They found that inoculation of B. amyloliquefaciens subsp. Plantarum with B. japonicum
enhanced the ability of B.japonicum to colonize host plant roots and increase the number of nodules.
Phosphomonoesterase (E.C. 3.1.3.2) in the soil is either of plant-root or microbial origin. It plays a major
role in P solubilization in soils and in making P available to plants [40]. Acid phosphomonoesterase is
dominant in acidic soil, while alkaline phosphomonoesterase occurs in the alkaline soil. The presence
of these enzymes and their level in the soil is directly related to the extent of P solubilization and, hence,
the amount of soluble P in the soil. Non-nitrogen fixers, such as Pseudomonas sp. assimilate nitrogen
through the decomposition of protein–nitrogen to low molecular nitrogenous compounds and increase
the soil nitrogen and, thus, soil fertility. Extracellular proteases enter the soil via microbial production.

Co-inoculation of B. japonicum and P.putida along with the application of biochar has been reported
to enhance the activities of a wide variety of enzymes in soil [60]. The increase in activities of soil
enzyme may be due to increased microbial activity as a result of the addition of consortium of organisms
and the addition of biochar that contains good amounts of carbon, nitrogen, and minerals to support
cell proliferation and, therefore, enzyme activities [60]. Egamberdieva et al. [55] demonstrated a 2-fold
increase in protease and a 40% increase in acid phosphomonoesterase activity due to the addition of
biochar. The positive effect on the activities of the soil enzymes can be attributed to the stimulating
effect of biochar on microbial activity [63]. The enhancement in the soil enzyme activities due to
rhizobial inoculation was also observed by Fall et al. [63]. Ouyang et al. [62] reported that the addition
of biochar increases the activities of soil enzymes and attributed this increased enzyme activity to the
availability of nutrients and increased microbial activities brought by the addition of biochar to the soil.
Egamberdieva et al. [55] and Ma et al. [60] also reported the positive effect of increasing the level of
biochar on protease activity. Oladele [64] reported a significant (p < 0.05) increase in soil enzymes,
such as invertase, alkaline phosphatase, urease, and catalase as a result of the higher application of
biochar. It has been reported that with the amendment of more biochar, more soil proteins adhere to
the surfaces of biochar pores, make the protein (substrate) unavailable in the soil, and cause a decrease
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in protease activity [22]. However, we report increased protease activity with an increase in the biochar
amendment to the soil.

5. Conclusions

The application of biochar positively affects the growth and nodulation of soybean by increasing
nutrient contents, such as N, P, and K in soil. Inoculation with B. japonicum USDA 110 alone increased
the number of nodules, the length and dry weight of roots, and the length of shoots of soybean, as
compared to the control. B. japonicum enhanced the total N content, P content, and K content of the
soil, as compared to controls with biochar and without biochar, respectively. Co-inoculation with B.
japonicum USDA 110 and P. putida TSAU 1 significantly increased the growth of soybean, nutrient
contents in soybeanand soil, and activities of soil protease and acid and alkaline monophosphoeserase,
as compared to the control. However, the combined application of B. japonicum USDA 110 and P. putida
TSAU 1 and biochar (3%) showed pronounced positive effects on growth and vigor of soybean, nutrient
levels in plant biomass and soil, and activities of soil enzymes. Thus, the co-inoculation with rhizobia
and application of biochar offers the best eco-friendly and chemical-freestrategy for the sustainable
increase in the yield and replenishment of nutrients in soybean and soil and increase in soil biochemical
properties. In general, consortia of PGPR and biochar application improves plant growth, contents of
plant and soil nutrients, and soil enzyme activities, which influence soil nutrient retention, nutrient
availability, and improve crop growth.The present study demonstrates that application of B.japonicum
alone has the capacity to improve soybean growth, nutrient contents, and improve soil biochemical
properties, however, the co-inoculation of this symbiont along with P.putida has a more positive effect
on plant growth and soil biochemicals, and co-inoculation of these rhizobia in combination with
biochar possesses the capacity to significantly improve the growth and nutrient contents in soybean
as well as nutrients and enzyme activities in soil. However, to claim the bio-efficacy potential of the
co-inoculation of rhizobacteria and application of biochar needs multiple field studies over the season
and in different agro-climatic zones.

Author Contributions: D.J. designed the experiments and wrote the manuscript; S.W. and K.D. supervised the
work; A.N. and S.D. performed the methodology; R.Z.S., S.W., H.E.E., and A.S. interpreted the data and edited
the paper; A.K. and R.A.M. performed analysis, and A.H.B. conceived the funding. All authors have read and
approved the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by The Researchers Supporting Project Number RSP-2020/15, King Saud
University, Riyadh, Saudi Arabia, Allcosmos Industries Sdn. Bhd research project No.R.J130000.7344.4B200, and
German Academic Exchange Service DAAD 2019, 57440916 for funding this research and UTM-TNCPI research
fund for the payment of APC.

Acknowledgments: The authors extend their appreciation to The Researchers Supporting Project Number
(RSP-2020/15), King Saud University, Riyadh, Saudi Arabia. We thank colleagues at Leibniz Centre for Agricultural
Landscape Research (ZALF), Müncheberg, Germany for providing necessary support laboratory and greenhouse
facilities, namely the Experimental Field Station and the Central Laboratory.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sarfraz, R.; Hussain, A.; Sabir, A.; Fekih, I.B.; Ditta, A.; Xing, S. Role of biochar and plant growth promoting
rhizobacteria to enhance soil carbon sequestration—A review. Environ. Monit. Assess. 2019, 191, 251.
[CrossRef] [PubMed]

2. Zhang, A.; Bian, R.; Pan, G.; Cui, L.; Hussain, Q.; Li, L.; Zheng, J.; Zheng, J.; Zhang, X.; Han, X. Effects of
biochar amendment on soil quality, crop yield and greenhouse gas emission in a Chinese rice paddy: A field
study of 2 consecutive rice growing cycles. Field Crops Res. 2012, 127, 153–160. [CrossRef]

3. Asai, H.; Samson, B.K.; Stephan, H.M.; Songyikhangsuthor, K.; Homma, K.; Kiyono, Y.; Inoue, Y.; Shiraiwa, T.;
Horie, T. Biochar amendment techniques for upland rice production in Northern Laos: 1. Soil physical
properties, leaf SPAD and grain yield. Field Crops Res. 2009, 111, 81–84. [CrossRef]

http://dx.doi.org/10.1007/s10661-019-7400-9
http://www.ncbi.nlm.nih.gov/pubmed/30919093
http://dx.doi.org/10.1016/j.fcr.2011.11.020
http://dx.doi.org/10.1016/j.fcr.2008.10.008


Agronomy 2020, 10, 1142 13 of 15

4. Saxena, J.; Rana, G.; Pandey, M. Impact of addition of biochar along with Bacillus sp. on growth and yield of
French beans. Sci. Hortic. 2013, 162, 351–356. [CrossRef]

5. Agboola, K.; Moses, S. Effect of biochar and cowdung on nodulation, growth and yield of soybean (Glycine
max L. Merrill). Int. J. Agric. Biosci. 2015, 4, 154–160.

6. Głodowska, M.; Schwinghamer, T.; Husk, B.; Smith, D. Biochar based inoculants improve soybean growth
and nodulation. Agric. Sci. 2017, 8, 1048–1064. [CrossRef]

7. Pandit, N.; Mulder, J.; Hale, S.; Martinsen, V.; Schmidt, H.; Cornelissen, G. Biochar improves maize growth
by alleviation of nutrient stress in a moderately acidic low-input Nepalese soil. Sci. Total Environ. 2018, 625,
1380–1389. [CrossRef]

8. Chen, H.; Ma, J.; Wei, J.; Gong, X.; Yu, X.; Guo, H.; Zhao, Y. Biochar increases plant growth and alters
microbial communities via regulating the moisture and temperature of green roof substrates. Sci. Total
Environ. 2018, 635, 333–342. [CrossRef]

9. Laird, D. The charcoal vision: A win–win–win scenario for simultaneously producing bioenergy, permanently
sequestering carbon, while improving soil and water quality. Agron. J. 2008, 100, 178–181. [CrossRef]

10. Hossain, M.; Strezov, V.; Chan, K.; Nelson, P. Agronomic properties of wastewater sludge biochar and
bioavailability of metals in production of cherry tomato (Lycopersicone sculentum). Chemosphere 2010, 78,
1167–1171. [CrossRef]

11. Zhang, H.; Prithiviraj, B.; Charles, T.; Driscoll, B.; Smith, D. Low-temperature tolerant Bradyrhizobium
japonicum strains allowing improved nodulation and nitrogen fixation of soybean in a short season (cool
spring) area. Eur. J. Agron. 2003, 19, 205–213. [CrossRef]

12. Egamberdieva, D.; Jabborova, D.; Wirth, S. Alleviation of salt stress in legumes by co-inoculation with
Pseudomonas and Rhizobium. In Plant-Microbe Symbiosis: Fundamentals and Advances; Springer: Singapore,
2013; pp. 291–303. [CrossRef]

13. Sayyed, R.; Gangurde, N.; Patel, P.; Josh, S.; Chincholkar, S. Siderophore production by Alcaligenes faecalis
and its application for growth promotion in Arachis hypogaea. Indian J. Biotechnol. 2010, 9, 302–307.

14. Jabborova, D.; Annapurna, K.; Fayzullaeva, M.; Sulaymonov, K.; Kadirova, D.; Jabbarov, Z.; Sayyed, R.
Isolation and characterization of endophytic bacteria from ginger (Zingiberofficinale Rosc.). Ann. Phytomed.
2020, 9, 116–121. [CrossRef]

15. Buckley, S.; Allen, D.; Brackin, R.; Jämtgård, S.; Näsholm, T.; Schmidt, S. Microdialysis as an in situ technique
for sampling soil enzymes. Soil Biol. Biochem. 2019, 135, 20–27. [CrossRef]

16. Sayyed, R.; Patel, P.; Shaikh, S. Plant growth promotion and root colonization by EPS producing Enterobacter
sp. RZS5 under heavy metal contaminated soil. Indian J. Exp. Biol. 2015, 53, 116–123.

17. Sagar, A.; Riyazuddin, R.; Shukla, P.; Ramteke, P.; Sayyed, R. Heavy metal stress tolerance in Enterobacter sp.
PR14 is mediated by plasmid. Indian J. Exp. Biol. 2020, 58, 115–121.

18. Elkoca, E.; Kantar, F.; Sahin, F. Influence of nitrogen-fixing and phosphorus solubilizing bacteria on the
nodulation, plant growth, and yield of chickpea. J. Plant Nutr. 2007, 31, 157–171. [CrossRef]

19. Jabborova, D.; Davranov, K. Effect of phosphorus and nitrogen concentrations on root colonization of soybean
(Glycine max L.) by Bradyrhizobium japonicum and Pseudomonas putida. Int. J. Adv. Biotechnol. Res. 2015, 6,
418–424.

20. Egamberdieva, D.; Jabborova, D.; Berg, G. Synergistic interactions between Bradyrhizobium japonicum and the
endophyte Stenotrophomonas rhizophila and their effects on growth, and nodulation of soybean under salt
stress. Plant Soil 2016, 405, 35–45. [CrossRef]

21. Egamberdieva, D.; Wirth, S.; Jabborova, D.; Räsänen, L.; Liao, H. Coordination between Bradyrhizobium and
Pseudomonas alleviates salt stress in soybean through altering root system architecture. J. Plant Interact. 2017,
12, 100–107. [CrossRef]

22. Jabborova, D.; Enakiev, Y.; Davranov, K.; Begmatov, S. Effect of co-inoculation with Bradyrhizobiumjaponicum
and Pseudomonas putida on root morph-architecture traits, nodulation and growth of soybean in response to
phosphorus supply under hydroponic conditions. Bulg. J. Agric. Sci. 2018, 24, 1004–1011.

23. Egamberdieva, D.; Jabborova, D.; Wirth, S.; Alam, P.; Alyemeni, M.; Ahmad, P. Interaction of magnesium
with nitrogen and phosphorus modulates symbiotic performance of soybean with Bradyrhizobiumjaponicum
and its root architecture. Front. Microbiol. 2018, 9, 1.

24. Holik, L.; Vranová, V. Proteolytic activity in meadow soil after the Application of phytohormones. Biomolecules
2019, 9, 507. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.scienta.2013.08.002
http://dx.doi.org/10.4236/as.2017.89076
http://dx.doi.org/10.1016/j.scitotenv.2018.01.022
http://dx.doi.org/10.1016/j.scitotenv.2018.04.127
http://dx.doi.org/10.2134/agronj2007.0161
http://dx.doi.org/10.1016/j.chemosphere.2010.01.009
http://dx.doi.org/10.1016/S1161-0301(02)00038-2
http://dx.doi.org/10.1007/978-81-322-1287-4_11
http://dx.doi.org/10.21276/ap.2020.9.1.14
http://dx.doi.org/10.1016/j.soilbio.2019.04.007
http://dx.doi.org/10.1080/01904160701742097
http://dx.doi.org/10.1007/s11104-015-2661-8
http://dx.doi.org/10.1080/17429145.2017.1294212
http://dx.doi.org/10.3390/biom9090507
http://www.ncbi.nlm.nih.gov/pubmed/31546949


Agronomy 2020, 10, 1142 14 of 15

25. Reibe, K.; Götz, K.; Roß, C.; Döring, T.; Ellmer, F.; Ruess, L. Impact of quality and quantity of biochar and
hydrochar on soil Collembola and growth of spring wheat. Soil Biol. Biochem. 2015, 83, 84–87. [CrossRef]

26. Nautiyal, C. An efficient microbiological growth medium for screening phosphate solubilizing
microorganisms. FEMS Microbiol. Lett. 1999, 170, 265–270. [CrossRef] [PubMed]

27. Bric, J.; Bostock, R.; Silverstone, S. Rapid in situ assay for indoleacetic acid production by bacteria immobilized
on a nitrocellulose membrane. Appl. Environ. Microbiol. 1991, 57, 535–538. [CrossRef]

28. Patel, P.; Shaikh, S.; Sayyed, R. Modified chrome azurol S method for detection and estimation of siderophores
having affinity for metal ions other than iron. Environ. Sustain. 2018, 1, 81–87. [CrossRef]

29. Payne, S. Detection, isolation, and characterization of siderophores. In Methods in Enzymol; Elsevier:
Amsterdam, The Netherlands, 1994; pp. 329–344. [CrossRef]

30. Penrose, D.; Glick, B. Methods for isolating and characterizing ACC deaminase–containing plant
growth–promoting rhizobacteria. Physiol. Plant. 2003, 118, 10–15. [CrossRef]

31. Labconco, C. A Guide to Kjeldahl Nitrogen Determination Methods and Apparatus; Labconco Corporation:
Houston, TX, USA, 1998.

32. Upadhyay, A.; Sahu, R. Determination of total nitrogen in soil and plant. In Laboratory Manual on Advances in
Agro-Technologies for Improving Soil, Plant and Atmosphere Systems; CAFT: Jabalpur, India, 2012; pp. 18–19.

33. Upadhyay, A.; Sahu, R. Determination of potassium in soil and plant. In Laboratory Manual on Advances in
Agro-Technologies for Improving Soil, Plant and Atmosphere Systems; CAFT: Jabalpur, India, 2012; pp. 23–35.

34. Sahrawat, K. Determination of calcium, magnesium, zinc and manganese in plant tissue using a dilute HCl
extraction method. Commun. Soil Sci. Plant Anal. 1987, 18, 947–962. [CrossRef]

35. Sims, J. Soil test phosphorus: Principles and methods. Methods of Phosphorus Analysis for Soils, Sediments,
Residuals and Waters. Southern Coop. Ser. Bull. 2009, 408, 9–19.

36. Nelson, D.; Sommers, L. Total carbon, organic carbon, and organic matter. Methods Soil Anal. Part 2 Chem.
Microbiol. Prop. 1983, 9, 539–579. [CrossRef]

37. Tabatabai, M.; Bremner, J. Use of p-nitrophenyl phosphate for assay of soil phosphatase activity. Soil Biol.
Biochem. 1969, 1, 301–307. [CrossRef]

38. Ladd, J.; Butler, J. Short-term assays of soil proteolytic enzyme activities using proteins and dipeptide
derivatives as substrates. Soil Biol. Biochem. 1972, 4, 19–30. [CrossRef]

39. Patel, P.; Shaikh, S.; Sayyed, R. Dynamism of PGPR in bioremediation and plant growth promotion in heavy
metal contaminated soil. Indian J. Exp. Biol. 2016, 54, 286–290.

40. Wani, S.; Shaikh, S.; Sayyed, R. Statistical-based optimization and scale-up of siderophore production process
on laboratory bioreactor. 3Biotech 2016, 6, 69.

41. Saxena, B.; Rani, A.; Sayyed, R.; El-Enshasy, H.A. Analysis of Nutrients, Heavy Metals and Microbial Content
In Organic and Non-Organic Agriculture Fields of Bareilly Region-Western Uttar Pradesh, India. Biosci.
Biotechnol. Res. Asia 2020, 17, 399–406. [CrossRef]

42. Sagar, A.; Sayyed, R.; Ramteke, P.; Sharma, S.; Najat Marraiki Elgorban, A.; Syed, A. ACC deaminase and
antioxidant enzymes producing halophilic Enterobacter sp. PR14 promotes the growth of rice and millets
under salinity stress. Plant Physiol. Mol. Biol. 2020. [CrossRef]

43. Seneviratne, M.; Gunaratne, S.; Bandara, T.; Weerasundara, L.; Rajakaruna, N.; Seneviratne, G.; Vithanage, M.
Plant growth promotion by Bradyrhizobium japonicum under heavy metal stress. S. Afr. J. Bot. 2016, 105,
19–24. [CrossRef]

44. Mubarik, N.; Mahagiani, I.; Wahyudi, A. Production of IAA by Bradyrhizobium sp. World Acad. Sci. Eng.
Technol. 2013, 152–155. [CrossRef]

45. Masciarelli, O.; Llanes, A.; Luna, V. A new PGPR co-inoculated with Bradyrhizobium japonicum enhances
soybean nodulation. Microbiol. Res. 2014, 169, 609–615. [CrossRef]

46. Meliani, A.; Bensoltane, A.; Benidire, L.; Oufdou, K. Plant growth-promotion and IAA secretion with
Pseudomonas fluorescens and Pseudomonas putida. Res. Rev. J. Bot. Sci. 2017, 6, 16–24.

47. Genesio, L.; Miglietta, F.; Baronti, S.; Vaccari, F.P. Biochar increases vineyard productivity without affecting
grape quality: Results from a four years field experiment in Tuscany. Agric. Ecosyst. Environ. 2015, 201,
20–25. [CrossRef]

48. Sayyed, R.; Naphade, B.; Joshi, S.; Gangurde, N.; Bhamare, H.; Chincholkar, S. Consortium of A. feacalis and
P. fluorescens promoted the growth of Arachis hypogea (Groundnut). Asian J. Microbiol. Biotechnol. Environ. Sci.
2009, 48, 83–86.

http://dx.doi.org/10.1016/j.soilbio.2015.01.014
http://dx.doi.org/10.1111/j.1574-6968.1999.tb13383.x
http://www.ncbi.nlm.nih.gov/pubmed/9919677
http://dx.doi.org/10.1128/AEM.57.2.535-538.1991
http://dx.doi.org/10.1007/s42398-018-0005-3
http://dx.doi.org/10.1016/0076-6879(94)35151-1
http://dx.doi.org/10.1034/j.1399-3054.2003.00086.x
http://dx.doi.org/10.1080/00103628709367874
http://dx.doi.org/10.2134/agronmonogr9.2.2ed.c29
http://dx.doi.org/10.1016/0038-0717(69)90012-1
http://dx.doi.org/10.1016/0038-0717(72)90038-7
http://dx.doi.org/10.13005/bbra/2843
http://dx.doi.org/10.1007/s12298-020-00852-9
http://dx.doi.org/10.1016/j.sajb.2016.02.206
http://dx.doi.org/10.5281/zenodo.1070293
http://dx.doi.org/10.1016/j.micres.2013.10.001
http://dx.doi.org/10.1016/j.agee.2014.11.021


Agronomy 2020, 10, 1142 15 of 15

49. Shaikh, S.; Patel, P.; Patel, S.; Nikam, S.; Rane, T.; Sayyed, R. Production of biocontrol traits by banana field
fluorescent Pseudomonads and comparison with chemical fungicide. Indian J. Exp. Biol. 2014, 52, 917–920.
[PubMed]

50. Pandya, N.; Desai, P.; Sayyed, R. Antifungal, and phytohormone production ability of plant growth-promoting
rhizobacteria associated with the rhizosphere of sugarcane. World J. Microbiol. Biotechnol. 2011, 13, 112–116.

51. Sayyed, R.; Badgujar, M.; Sonawane, H.; Mhaske, M.; Chincholkar, S. Production of microbial iron chelators
(siderophores) by fluorescent Pseudomonads. Indian J. Biotechnol. 2005, 4, 484–490.

52. Uzoma, K.; Inoue, M.; Andry, H.; Fujimaki, H.; Zahoor, A.; Nishihara, E. Effect of cow manure biochar on
maize productivity under sandy soil condition. Soil Use Manag. 2011, 27, 205–212. [CrossRef]

53. Iijima, M.; Yamane, K.; Izumi, Y.; Daimon, H.; Motonaga, T. Continuous application of biochar inoculated with
root nodule bacteria to subsoil enhances yield of soybean by the nodulation control using crack fertilization
technique. Plant Prod. Sci. 2015, 18, 197–208. [CrossRef]

54. Lehmann, J.; Rillig, M.C.; Thies, J.; Masiello, C.A.; Hockaday, W.C.; Crowley, D. Biochar effects on soil biota–a
review. Soil Biol. Biochem. 2011, 43, 1812–1836. [CrossRef]

55. Egamberdieva, D.; Li, L.; Ma, H.; Wirth, S.; Bellingrath-Kimura, S. Soil amendment with different maize
biochars improves chickpea growth under different moisture levels by improving symbiotic performance
with Mesorhizobium ciceri and soil biochemical properties to varying degrees. Front. Microbiol. 2019, 10, 2423.
[CrossRef]

56. Bruun, E.; Petersen, C.; Hansen, E.; Holm, J.; Hauggaard-Nielsen, H. Biochar amendment to coarse sandy
subsoil improves root growth and increases water retention. Soil Use Manag. 2014, 30, 109–118. [CrossRef]

57. Shen, Q.; Hedley, M.; Camps Arbestain, M.; Kirschbaum, M. Can biochar increase the bioavailability of
phosphorus? J. Soil Sci. Plant Nutr. 2016, 16, 268–286. [CrossRef]

58. Prendergast-Miller, M.T.; Duvall, M.; Sohi, S. Localisation of nitrate in the rhizosphere of biochar-amended
soils. Soil Biol. Biochem. 2011, 43, 2243–2246. [CrossRef]

59. Wang, C.; Alidoust, D.; Yang, X.; Isoda, A. Effects of bamboo biochar on soybean root nodulation in
multi-elements contaminated soils. Ecotoxicol. Environ. Saf. 2018, 150, 62–69. [CrossRef] [PubMed]

60. Ma, H.; Egamberdieva, D.; Wirth, S.; Bellingrath-Kimura, S.D. Effect of biochar and irrigation on
soybean-Rhizobium symbiotic performance and soil enzymatic activity in field rhizosphere. Agronomy
2019, 9, 626. [CrossRef]

61. Wang, Y.; Yin, R.; Liu, R. Characterization of biochar from fast pyrolysis and its effect on chemical properties
of the tea garden soil. J. Anal. Appl. Pyrolysis 2014, 110, 375–381. [CrossRef]

62. Ouyang, L.; Tang, Q.; Yu, L.; Zhang, R. Effects of amendment of different biochars on soil enzyme activities
related to carbon mineralisation. Soil Res. 2014, 52, 706–716. [CrossRef]

63. Fall, D.; Bakhoum, N.; NourouSall, S.; Zoubeirou, A.; Sylla, S.; Diouf, D. Rhizobial inoculation increases
soil microbial functioning and gum arabic production of 13-year-old senegaliasenegal (L.) britton, trees in the
north part of Senegal. Front. Plant Sci. 2016, 7, 1355. [CrossRef]

64. Oladele, S. Effect of biochar amendment on soil enzymatic activities, carboxylate secretions and upland rice
performance in a sandy clay loam Alfisol of Southwest Nigeria. Sci. Afr. 2019, 4, e00107. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/25241593
http://dx.doi.org/10.1111/j.1475-2743.2011.00340.x
http://dx.doi.org/10.1626/pps.18.197
http://dx.doi.org/10.1016/j.soilbio.2011.04.022
http://dx.doi.org/10.3389/fmicb.2019.02423
http://dx.doi.org/10.1111/sum.12102
http://dx.doi.org/10.4067/S0718-95162016005000022
http://dx.doi.org/10.1016/j.soilbio.2011.07.019
http://dx.doi.org/10.1016/j.ecoenv.2017.12.036
http://www.ncbi.nlm.nih.gov/pubmed/29268116
http://dx.doi.org/10.3390/agronomy9100626
http://dx.doi.org/10.1016/j.jaap.2014.10.006
http://dx.doi.org/10.1071/SR14075
http://dx.doi.org/10.3389/fpls.2016.01355
http://dx.doi.org/10.1016/j.sciaf.2019.e00107
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.


116

Article Info

Article history
Received 24 April 2020
Revised 15 June 2020
Accepted 17 June 2020
Published online 30 June 2020

Keywords
Ginger
Zingiber officinale Rosc.
Endophytic bacteria
Salt tolerance
IAA
Siderophore
Antifungal activity

Original article: Open access

Isolation and characterization of endophytic bacteria from ginger (Zingiber
officinale Rosc.)

Dilfuza Jabborova*, Kannepalli Annapurna*, Mohina Fayzullaeva, Khurshid Sulaymonov, Dilbar Kadirova**, Zafarjon Jabbarov***
and R. Z. Sayyed****

Laboratory of Medicinal Plants Genetics and Biotechnology, Institute of Genetics and Plant Experimental Biology, Uzbekistan Academy of Sciences,
Tashkent, Uzbekistan

*Division of Microbiology, ICAR-Indian Agricultural Research Institute, Pusa, New Delhi-110012, India

**Termez State University, Termez, Uzbekistan

***Department of Soil Science and Agriculture, Faculty of Biology, National University of Uzbekistan, Tashkent, Uzbekistan

****Department of Microbiology, PSGVP Mandal's, Arts, Science and Commerce College, Shahada-425409, Maharashtra, India

Abstract

The present investigation was aimed to isolate and characterize endophytic bacteria from Ginger
(Zingiber officinale Rosc.) plant with salt tolerance, antifungal activity, and plant growth-promoting
traits. A total of 15 endophytic bacteria were isolated from ginger by standard microbiological culture
methods. Nine endophytic bacterial isolates (GS1, GS2, GS3, GS4, GS6, GS7, GS8, GS9, and GS11) showed salt
tolerance up to 10% NaCl concentration. Six isolates showed salt tolerance up to 7-8% NaCl
concentrations. Studies on plant growth-promoting activity suggested that four endophytic bacterial
isolates (GS2, GS5, GS8, and GS10) were positive for IAA production, siderophore production, and phosphate
solubilization activity. All the endophytic bacterial isolates were screened for the production of enzymes.
The result of the study revealed that maximum isolates have positive protease activity and this was
followed by lipase and cellulase activities. While studying the antifungal activity of the bacterial
isolates, it was determined that eight isolates showed antifungal activities against fungal strains F.
globosum 905 and F. graminearium 611. Four endophytic bacterial isolates (GS4, GS6, GS8, and GS9) had
antifungal activity against several fungal strains. The results indicated that endophytic bacteria were
isolated from ginger with salt-tolerant and plant growth-promoting activities that were reported, that
could be used as inoculants to establish a sustainable ginger production system.
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1. Introduction

Ginger (Zingiber officinale Rosc.) is a spice and medicinal plant
belonging to the Zingiberaceae family. Ginger has long been used in
folk medicine in India and China. Especially, the wet and dry root
of ginger is widely used in medicine and food industry in India. The
wet root of Z. officinale is also used as a vegetable. It is used to
make gingerbread, sweets, cakes, snacks, and soft drinks in many
countries. It has been used in folk medicine for colds, sore throats,
asthma, joint pain and stimulates appetite (Grzanna et al., 2015).
Ginger is also rich in beneficial nutrients for example phosphorus,
potassium, and calcium, which play important roles in human
physiological processes. These substances play an important role
in boosting human immunity and maintaining health (Zadeh and
Kor, 2014). The dry rhizome of ginger is medicinal contains
biologically active compounds. The rhizome contains carbohydrates,

fats, proteins, vitamins, minerals, amino acids, monoterpenoids
(camphene, sineiol, borneol, citral curcumin, and linalool), gingerol,
and sesquiterpenoids (Sharma, 2017). Microorganisms such as
rhizobacteria and endophytic bacteria play an important role in
increasing the growth, development, and productivity of plants
(Egamberdieva et al., 2013; Egamberdieva et al., 2015, Egamberdieva
et al., 2016, Egamberieva et al., 2017; Egamberdieva et al., 2018;
Jabborova et al., 2018; Li et al., 2018; Sayyed et al., 2015).

Endophytic bacteria directly improve plant growth such as producing
phytohormones IAA, gibberellins, cytokinins (Jabborova et al., 2015),
solubilizing phosphate (Sharma et al., 2013), increase nutrients (Liu
et al., 2016; Liu et al., 2017), increase stress tolerance in plants
(Sagar et al., 2020), biological control of plant pathogens (Sayyed
and Chincholkar, 2009; Sayyed et al., 2010; Shaikh et al., 2014;
Reshma et al., 2018;) and nitrogen fixation (Li et al., 2018). Phosphate
solubilizing and phytohormone producing bacteria improve plant
growth and yield of crops (Sharma et al., 2013; Jabborova et al.,
2015). The endophytic bacteria possess the capacity to solubilize
and assimilate phosphates in plants (Kuklinsky-Sobral et al., 2004).
The objective of this study was to isolate and characterize the
endophytic bacteria from Ginger (Z. officinale) medicinal plant with
salt tolerance, antifungal activity, and plant growth-promoting traits.
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2.   Materials and Methods

2.1 Determination of soil properties

Soil samples were collected from Termez district, Surkhandaryo
province (Figure 1). To determine the soil properties before
experimenting, soil samples were collected from 0-10, 0-20, and 0-
30 cm depth of soil. The total nitrogen content was determined by
the Kjeldahl method. The phosphorus content by Machigin, the
potassium content by Machigin-Protasov, and organic matter by
Tyurin methods were analyzed (Table 1).

medium separately. The plating was done in triplicate for each
dilution. The plates were incubated at 28 °C for 2-4 days for isolation
of bacterial endophytes. The colonies of  bacterial endophytes were
picked and streaked on the 3 selective media for the selection of
clone.

Figure 1: Map showing the location of the sampling sites. Surkhandaryo
Region, Uzbekistan.

Table 1: Soil properties of field experiments

Soil Total nitrogen Phosphorus Potassium Organic
properties (N), % (P

2
O

5
), % (K

2
O), % matter, %

0-10 cm 0.094 0.180 0.73 1.69
10-20 cm 0.097 0.175 0.63 1.71
20-30 cm 0.088 0.175 0.54 1.59

2.2 Isolation of endophytic bacteria

For the isolation of endophytic bacteria, the ginger (Z. officinale)
was collected from the Surkhandaryo Region, Uzbekistan (Figure 2).
The bacterial endophytes were isolated from root, stem, and leaves
of the healthy ginger plants. The plant samples were washed under
running tap water for 10-15 min. to remove adhering soil particles,
air-dried and roots, stem and leaves were separated. The separated
plant root, stem, and leaves were weighed up to one gram on a
weighing balance. The weighed samples were soaked in distilled
water and drained. The samples were then surface-sterilized by
dipping in 70% ethanol for 1 min, stem and leave with 4% sodium
hypochlorite for 5 minutes and roots with 2% sodium hypochlorite
for 10 min and then treated with 70% ethanol for 30 sec, followed
by rinsing five times in sterilized distilled water. The surface-
sterilized samples were blot dried using sterile filter paper. The
samples were crushed. The root, stem, and leaves samples serial
dilutions were prepared, up to 10-5 dilutions. One hundred microliters
from each dilution of the respective sample were then poured in
their respective Petri-plates so labeled from 10-1 to 10-5 containing
tryptone soy agar medium, KB agar medium, and nutrient agar

2.3 Salt tolerance

NaCl was added into nutrient agar medium at various concentrations
in the range of 1 to 10% and the test bacterial isolates were streaked.

2.4 Phosphate solubilization

Phosphate solubilization ability of bacterial endophytes was
detected by spot inoculating pure bacterial endophytes on the
Pikovskaya medium (Pikovskaya, 1948) and incubated at 28 °C for
three to seven days along with the control plates. The uninoculated
plates served as control. All the inoculations were done in triplicate.
After seven days of incubation at 28 °C, the formation of clearing
zones were evaluated.

2.5 Indole acetic acid (IAA) production

Bacterial isolates were grown for 48 h on their respective media at
28 °C. Fully grown isolates were centrifuged at 3000 rpm for 30
min. The supernatant (2 ml) was mixed with two drops of
orthophosphoric acid and 4 ml of the Salkowski reagent (50 ml,
35% of perchloric acid, 1 ml 0.5 M FeCl

3 
solution). The development

of pink color indicates IAA production (Brick et al., 1991).

2.6 Siderophore production

The bacterial isolates were spotted on the Chrome azurol S agar
media as described (Patel et al., 2018). Isolates were incubated at
28 °C for 5-7 days. The development of yellow-orange hallow
zone around the bacterial spot has been considered as a positive
indication for siderophore production.

Figure 2: Ginger (Zingiber officinale) used in the present study for
the isolation of endophytes.
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2.7 Lipase production

Production of lipase was carried out in a medium containing (gL-1),
(Ghodsalavi et al., 2013), peptone; 10, calcium chloride; 0.1, NaCl;
5, agar; 15, distilled water 100 ml; 10 ml sterile Tween 20. All of the
isolates were streaked on this medium and incubated at 27 °C for
48 h. Depositions around the bacterial colonies indicated the
activity of the lipase enzyme.

2.8 Production of protease

The qualitative assay for protease production was performed on
sterile skim milk agar containing (gL-1) pancreatic digest of casein;
5.0, yeast extract; 2.5, glucose; 1.0, agar; 15.0, distilled water
1000 ml, skim milk  (inducer), 7%. Isolates were spot inoculated
grown at 30 °C for 48 h. After incubation plates were observed for
the appearance of the zone of clearance around the colony indicating
the enzymatic degradation of protease (Malleswari and
Bagyanarayana, 2013).

2.9 Production of cellulase

Screening and production of the cellulose-degrading ability of
bacterial isolates were performed by separately streaking each
isolate on the cellulose congo red agar media containing (gL-1)
KH

2
PO

4
; 0.5, MgSO

4
; 0.25, cellulose; 2, agar; 15, congo red; 0.2,

gelatin; 2; distilled water 100 ml. pH was set to 6.8 with the help
of 0.1 N HCl. Plates were incubated at 30 °C for 48 h. After
incubation clearance of halos around and beneath the colony was
taken as an indication of the enzymatic degradation of cellulose
(Gupta et al., 2012).

2.10 Antifungal activity

The bacterial isolates were tested for in vitro inhibitory effects
against common phytopathogenic fungi namely: Fusarium
sporotrichiodes 404, F. globosum 905, F. oxysporum 328, F.
culmorum 903, F. graminearium 611, F. solani 528, and F.
proliferatum 516. Fungal cultures were grown on the ISP

2
 agar

plate at 28 °C for 5 days until the fungi had grown over control
plates without bacteria. Antifungal activity was recorded as the
width of the zone of growth inhibition between the fungus and the
test bacterial isolates. All bacterial isolates were used in triplicate
for the determination of antifungal activity.

2.11 Statistical analysis

Stat View software packages were used to perform Fisher’s PLSD

test following an ANOVA (SAS Institute Inc., Cary, NC, USA).

3.  Results

3.1 Salt tolerance test of bacterial isolates

Fifteen bacterial isolates obtained from ginger showed varied
tolerance to salt levels (Table 2). Nine endophytic bacterial isolates
(GS1, GS2, GS3, GS4, GS6, GS7, GS8, GS9, and GS11) tolerated 10%
of NaCl. Four isolates (GS5, GS10, GS12, GS13, GS14, and GS15)
tolerated up to 7% of NaCl and were inhibited at 9% and 10% NaCl

concentration.

3.2 Plant growth-promoting traits

A total of 15 bacterial isolates were isolated from the medicinal
plant Z. officinale were screened for multiple plant growth-
promoting traits such as phosphate solubilization, IAA production,
siderophore production, and enzymes activities (Table 3). Most
bacterial isolates exhibited one or more plant growth-promoting
activities. Four bacterial isolates (GS2, GS5, GS8, and GS10) were
able to solubilize phosphate and produce IAA, siderophore, lipase,
protease, and cellulase.

Table 2: Salt tolerance of bacterial endophytes from Ginger (Z. officinale)

Bacterial
isolates
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GS5

GS6
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Table 3: Overview of plant beneficial properties of the fifteen isolated
bacterial isolates

GS1

GS2

GS3

GS4

GS5

GS6

GS7

GS8

GS9

GS10

GS11

GS12

GS13

GS14

GS15

Plant growth-promoting traits

Bacterial
isolates

+ - - + + -

+ + + + + +

+ + + + + -

+ + - - - +

+ + + + + +

+ + - - - -
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The results of the plant promoting growth test revealed that three
isolates (GS9, GS11, and GS15) produce IAA, lipase, protease, and
cellulase enzymes. Among all isolates, about 26% of them did not
produce IAA (GS1, GS7, GS12, and GS14), lipase (GS4, GS6, GS12,
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and GS13), and protease (GS4, GS6, GS7, and GS12) and did not
solubilize phosphate (GS9, GS11, GS12, and GS15). About 47% of
the isolates (GS1, GS4, GS6, GS7, GS9, GS11, and GS15) did not
produce siderophore. About 33% of bacterial isolates (GS1, GS3,
GS6, GS7, and GS14) did not produce cellulase.

3.3 Antifungal activity of endophytic bacterial isolates

The endophytic bacterial isolates showed antifungal activity against
selected fungal strains (Table 4). Thirteen isolates did not show
antagonistic activity against fungal strain F. sporotrichiodes 404.
Eight bacterial isolates had antifungal activity against fungal F.
globosum 905 (GS1, GS3, GS4, GS6, GS7, GS8, GS9, and GS15) and
F. graminearium 611 (GS1, GS2, GS3, GS4, GS8, GS11, GS12, and
GS13) strains. Three endophytic bacterial isolates exhibited
antifungal property against fungal strains F. oxysporum 328 (GS4,
GS11, and GS15) and F. culmorum 903 (GS2, GS6, and GS15). A total
of 5 bacterial isolates exhibited antifungal property against fungal
strains F. solani 528 (GS5, GS6, GS9, GS12, and GS13) and
F. proliferatum 516 (GS5, GS6, GS7, GS8, and GS9).

GS6, GS7, GS8, GS9, and GS11) tolerated 10% of NaCl. Several other
investigations have also reported that endophytic bacteria efficiently
tolerated the high salt concentration (Kumar et al., 2015; Mohamad
et al., 2020). Rashid et al. (2012) reported that Pseudomonas sp.
tolerated up to 4% NaCl and Bacillus sp. 2% NaCl. The endophytic
bacterial strains of Curcuma longa L showed tolerance to the
increasing salt concentration. B. thuringiensis (ECL2) and B. pumilus
(ECL4) tolerated higher salt level (8% NaCl) whereas B. cereus
ECL1 and Bacillus sp. ECL3 tolerated 7% of NaCl. Pseudomonas
putida (ECL5) and Clavibacter michiganensis (ECL6) tolerated 6%
of NaCl concentration (Kumar et al., 2016).

Several endophytic bacteria interact positively, via., various
mechanisms with their host plant. They produce plant growth,
phosphate solubilization, IAA production, siderophore production,
and activities of enzymes. In the present study, it was observed
that several bacterial isolates isolated from medicinal plant Z.
officinale were able to produce IAA, siderophore, enzymes, and
solubilize phosphate (Table 2). Similar investigations indicated that
endophytic bacteria exhibited plant beneficial traits (Singh et al.,
2013; Ali and Rante, 2018; Mohamad et al., 2020). In this study
production of IAA, siderophore, and solubilization phosphate was
observed in four bacterial isolates namely GS2, GS5, GS8, and GS10,
similar to the previous report by Mohamad et al. (2020). Mohamad
et al. (2020) reported Bacillus sp. and Pseudomonas sp. with plant
growth promotion and their activity was associated with the
production of IAA and siderophore. Earlier research reported
endophytic bacteria B. pumilusa and P. protegens produce
siderophore (Etminani and Harighi, 2018).

Phosphorus is an important macronutrient necessary for plant
growth and development. Phosphate solubilizing bacteria are capable
of solubilizing the insoluble phosphate; enhance soil quality and
plant growth and development of different plants (Sharma et al.,
2013 and 2016; Jabborova et al., 2015). Kumar et al. (2016) reported
solubilization in Bacillus cereus ECL1, Bacillus sp. ECL3, Bacillus
pumilis ECL4, and Pseudomonas putida ECL5. In this research, all
seven endophytic bacterial isolates (GS2, GS5, Gs8, GS9, GS10 GS11,
and GS15) were able to produce different enzymes such as lipase,
protease and cellulase enzymes (Table 2). These results are in general
agreement with (Mohamad et al., 2020) who reported that
endophytic bacteria associated with the medicinal plant, Thymes
vulgaris capital were able to produce enzymes. Li et al., (2018)
reported endophytic bacteria with the same capacity of producing
plant growth-promoting traits.

Many endophytic bacteria exhibited antifungal properties that
inhibit the growth of fungal pathogens. This study has demonstrated
the antifungal activity of bacterial isolates (GS1, GS3, GS4, GS6,
GS7, GS8, GS9, and GS15) against F. globosum 905 and F.
graminearium 611 (GS1, GS2, GS3, GS4, GS8, GS11, GS12, and GS13)
strains in Table 3. Our results showed that three endophytic
bacterial isolates (GS4, GS11, and GS15) inhibited the growth of
fungal strain F. oxysporum 328. Endophytic bacteria isolated from
different medicinal plants have been reported to inhibit the growth
of fungi (Kumar et al., 2016; Mohamad et al., 2020). Endophytic
bacteria isolated from medicinal plant Glycyrrhiza uralensis have
been reported to exhibit antifungal activity. Many of the previous
studies have shown that endophytic bacteria control fungal
pathogens, including Bacillus sp. ECL3 (Kumar et al., 2016), Bacillus

Table 4: Antagonistic activity of bacterial endophytes from Ginger
(Z. officinale) against some pathogenic fungi
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- + - - - - +

- + - - + - +
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- - + - + - -

- - - - + + -

- - - - + + -

- - - - - - -

- + + + - - -

growth inhibition zone "+",
"-" - no inhibition

4.  Discussion

The endophytic bacterial isolates were isolated from root, stem,
and leaves of ginger. Endophytic bacteria previously reported in
various medicinal plants such as Momordica charentia (Singh
et al., 2013), Cassia tora (Kumar et al., 2015), Glycyrrhiza uralensis
(Li et al., 2018), Talinum triangulare (Ali and Rante, 2018) and
Thymes vulgaris (Mohamad et al., 2020).

Endophytic bacteria are particularly tolerant of environmental
stresses such as high salinity, heat, and cold. Our results showed
that the nine endophytic bacterial isolates (GS1, GS2, GS3, GS4,
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atrophaeus (Mohamad et al., 2018) and Bacillus sp. and
Pseudomonas sp. (Mohamad et al., 2020).

5.  Conclusion

Nine endophytic bacterial isolates (GS1, GS2, GS3, GS4, GS6, GS7,
GS8, GS9, and GS11) tolerated high salt (10% of NaCl) concentration.
Endophytic bacterial isolates have different abilities related to plant
growth promotion such as solubilization of phosphate, IAA,
siderophores, protease, lipase, and cellulase. Only four bacterial
isolates (GS2, GS5, GS8, and GS10) were able to solubilize phosphate
and produce IAA, siderophore, lipase, protease, and cellulase. All
the bacterial isolates variously showed antifungal activity against
selected fungal strains F. sporotrichiodes 404, F. globosum 905,
F. graminearium 611, F. oxysporum 328, F. culmorum, F. solani,
F. proliferatum 516. Four endophytic bacterial isolates (GS4, GS6,
GS8, and GS9) had antifungal activity against several fungal strains.
This study provides future encouragement for the plant growth-
promoting endophytic bacterial isolates (GS2, GS5, GS8, and GS10)
for the improvement of eco-friendly biofertilizers to increase the
ginger yield and enhance plant tolerance to salt stress.
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